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• • • TABLE F-2. SURFACE SOIL SAMPLES- SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters mg!kgl 
Extraeublt 0t'llanlcs 

1 2 ._ Trk:hlomt>enzene 
1 2~Dichlombenzene 
1 2-0IOilenv!hvdrazlne 
1 3-Dichlorobenzene 

2 4 5-Trk:hloroph@_nol 
2 4 6-Trk:hlomohenol 

2 ~Dinltrotoluene 

2-Chlomphenol 
2-Metlwl-<l.t'>-Dinhmohenol 
2-MettMnar>hlhalene 
2-Methvlohenol 
2-Nttroanlnne 
2-N~rooh<>nol 

3 3'-Ciclllomt>enzidlne 
3 4-Benzoftuoranthene 
46-Din~l 

3-Ntr:roanlllne 
4-Bromophenvt Pnenvt Ether 

~hlomanlllne 

._Chloroohenvt Pt>envt Ether 

._Metlrifpt>enol 
4-NitroanRine 

Acenaohlhene 
Acenallhthvlene 
Alkanes 
Anmne 
Anthracene 

Anthracenedione 

BenzaceohenanthtYiene 
Benzanthracenontt 
Benzidine 
Benzol a )Anthracene 
Benzo(a)Pyrene 
Benzo(b and/or k Fluorantt>ene 
Benzolb and/or klfluoranthene 
Benzo(b)Fiuoranthene 
Benzo(bj_N"ll_hthotl!loohene 
Benzolb.klFiuoranthene 
Benzo(ah~Fiuoranthene 

Benzo(ghJ)I'_erytene 
BenzomFiuoranthene 
Benzo k Fluoranthene 
Benzoanthracenone 
Benzoanthracenone (2 Isomers 
Benzoftuaranthene not b or k 
Benzofluorene 
Benzoic Add 
Benzonaohlhothioohene 

Benzvl Alcohol 
Benzvl Butyl Phthalate 
Blollenvl 
Bls12·ChloroethoxvlMethane 

Bis(2-Chlorolsopro~ther 

SWP•1 

4/S0/82 

490 
NO 

190 

NO 

NO 

NO 

NO 

NO 

SWP-3 

4/S0/82 

50 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NCOHR·1 NCOHR·S Ar.,. A 'Aru B·1 'Aru B·2 Anla B·S Area B-4 

4/S0/82 4/S0/82 e!SS.V/IS staS.9/SS stas-9/IS S/as-9/SS staS.IlaS 

300 16 

1000+ 200 

500 90 

PAGE 1 Of 18 

Anla B-5 'Anla 11-1 • Area 8·7 'Anla C·1 • Anla c:-2 

S/as-9/13 stas-11113 stas-9/13 stas-9113 staS.V/13 

Area 0.1 

stas-9/13 

Area 0.3 

S/8:1-D/SS 

C:IMYDOCS\WILIRIISURFACESOIL 
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TABLE F-2. SURFACE SOIL SAMPLES- SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Para~ters mg/l(gl SWP.1 SWP-3 NCOHR·1 NCOHR·S 'Area A • Area B-1 .,..,.. B-2 Area 11-3 'AreaB-4 'Area B-5 'Area 11-4 Area B-7 AreaC.1 Aruc-2 • Area D-1 'Area D-2 • Area D-3 
Extroctablt Organics 4130/82 4/30/82 4130/82 4130/82 II/SWISS 11/13.9/8S 11/Ss-9/83 II/SWISS 11/SS.IISS IIIS3-91S3 11/Ss-9/SS 11/Ss-!IISS 11113-IISS 11/Ss-!IISS 11/Ss-9/SS 11/Ss-!IISS 'IIIS3-IIISS 

Bls(2·ethvthexv0Phthalale 
Bul;iBenzvl Phthalate 
Carbazole 
Carbo><VileAdd 

l~ene 240 200 400 120 

'Cvdooenlaohenanlhrene 
ICvdopentaohenanlhrenone 
Oibenzofa h\Anlhracene 380 190 

Dibertzofuran 
OietiM Phthalate 

Dlhvdn:>naohlt-oluran 

Dlmet!M Phthalate 

Dlmethvfnaohlhafene 

Dlmettwfohenanathrene 

Olmet!Mohenanlhrene 121somers 

Olmethy11et~rorwran-2-one 

01-N-Bulyfp!l!_halate 

DJ.N-Odvfohlhalate 

~eneofvrol 

~ldeneinde"" 
Fluoranthene 1800 970 

Fluorene NO NO 

Ftuorenone 

Hexaclllon:>benzene IHCBl 

Hexaclllon:>buladlene 

Hexaclllo CCP 
HexachlOroethane 

lndeno t 2 3-Cd\Pvrene NO NO 

lsoohorone 

Meti1VIanthracene 
Meti1VIanthracene 21somers 

MetiMbenzanthll!Cene 

Methvldlbenzofuran 

Methvt11uoreno 

Meti1VInaohlhalene 

Methvtohenanthrene 

Methvtovrene 

Methvtovmne f21somersl 

Naplllhalene NO NO 8.0 2.0 1.8 0.1 1.2 NO 0.9 NO NO 2.8 NO 3.8 81 420 0.2 

Nitrobenzene . 
N-Nftn:>sodlmethv!amlne 

N-Nftn:>sodJ.N-Proov!amiM 

N-Nftmsodlohenvtamine/Dlt>henyfamlne 

lr>Chioro-m-oesol 
Penlachloroohenol 1300 1000 3000+ 2000+ 13 4.9 83 0.2 4.5 0.66 0.98 0.48 104 13 3.4 0.17 

Pervtene 

Phenanthrene 2200 100 26 35 9.2 NO 1.6 NO 3.7 29 0.7 16 3000 10000 4.6 

Phenol 
Phenvtnaohlhalene 

IPvrene 1090 640 1000+ 500 

Tetrachloroohenols 3.5 2.5 5.2 0.006 0.16 0.01 0.18 0.14 0.12 2.9 7.9 1.2 0.022 
Tetrahvdrodlmettwtrwranone 

Tlfchloroohenols 

T~methvlnaohlhalenes 

Xanthene 

Notes: 1 SWP·1, SWP-3, NCDHR·1, & NCDHR-3 are Split Samples from lhe Creosote and Pentachloltlllher><>l Drip Track Area 'AreaG·Prod~S~eArea 
Background Location • Area A • Treating Area 111· Road In Front of Old 15 Pole Machine 

Estimated Value 1 Area B • CCA Area 'n · Road lri Front of Old #5 Pole Machine 

N Presum~eE~~ofPres~ofMat~ 
1 Area C • CreG-Penta Track Area 0 #3 • Road Crossing Separating State Ports & City 

NO Not Detected 1 Area D ·Old Ditch Area • #4 • Road Crossing Separating State Pofls & City 

Not Analyzed 1 Area E • Bulk Storage Area (CII!osote Storage Area Only) 
1 Area F • Banding House Area 

PA •• 
C:IMYOOCS\Wl.ACESOIL • 



• • • . TABLE F-2. SURFACE SOIL SAMPLES- SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Paramele"' mgtkgl 'Area E 
1-E-xt_ra_eta....:bc::lo"'o"')rg:::::a"'n"'tc'"'•""""'"''---t 8183-9/U 

1 2 .(. TrichiOrobenzene 
I 2-Diclllorobenzene 
I 2-0iphenylhyllrazlne 
I 3-0iclllorobenzeno 
I 4-0ic111orobenzeno 
1-Met!IYtnaohthalene 
2 4 5-Trlchlomohenol 
2 4 S.Trlchlomohenol 
2 4-0ichloroohenol 
2 4-0imethylphenol 
2 4-0in~rool>enol 
2 4-0in~rotoluene 
2 ~Dinttrotoluene 

2.Chloronaohthatene 
2.Chloroohenol 
2-MethYI-4,6-0in~rophenol 

2-Me!l!Y!naohthalene 
2-Methvlohenol 
2-Nitmannina 
2-Nitm.Qhenol 
3 3'-0iclllombenzldlno 
3 ~Benzotluoranthene 
4 8-0in~~cresol 

3.Nitroanmne 
4-Bmmophenyl Phenyl Ether 

4-Chloro-3-MethviDIN!nol 

4-Chlorophenvl Phenvl Ether 
4-Methvlnhonol 
4-Ntt:roanlnne 

Acenaphthvlene 
Alkanes 
Aniline 
Anthracene 

Benzaceohenanttvvteno 
Benzanthracenone 
Benzidine 
Benzo a Anthracene 
Benzo a\Pvreno 
Benzo(b and/01' k)Fiuorantheno 
BenzoCb and/or k\Fiuor1!ntheno 
Benzo b Fluorantheno 
Benzo(b)Napltthothlool>eno 
BenzoCb.k Fluorantheno 
Benzo(ahi\FlUOranthene 

Benzol!)Ftuorantheno 
Benzolk\Fiuoranthene 
BenzoanthraeenOne 
Benzoanthracenone 12tsomen; 
Benzoftuorantheno (not b or k 
Benzoftuorene 
Benzoic Acid 
Benzonaohtl1othloPhene 
Benzopyrene not a 
B~Aicohol 

Benzvl Butvl Phthalate 
Biphenyl 
Bls/2-Chlomethoxv\Methane 
Bls/2-Chlomethvt\Ether 
Bis 2-Chlomisopmpyi)E!her 

'Anlaf 

8/83-9183 

Area G·1 • Area G·2 
8183-9183 8/83-9183 

'Area G-3 

8/83-9183 
JA.C1 

1n185 

NO 
NO 

NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.400J 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
2.0J 

NO 
2.7 
4.8 

5.8 
5.8 

NO 
3JN 

NO 

NO 
NO 

NO 
NO 
NO 

LA-C2 
1n115 

NO 
NO 

NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.500J 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
liD 
NO 
NO 
NO 
1.5 

NO 
5.2 

NO 
11 , 
14 
12 

4JN 

NO 
6JN 

NO 

NO 
NO 

NO 
NO 
NO 

PAGE30F18 

LB.C3 

1nras 

NO 
NO 

NO 
NO 

NO 
liD 
NO 
NO 
NO 
NO 
NO 

0.400J 
NO 
liD 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
1.0J 

NO 
2.0J 

NO 
3.9 
5.8 
7.3 
8.8 

NO 
4JN 

NO 

NO 
NO 

NO 
NO 
NO 

LC-<:4 
1nl85 

NO 
NO 

NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
18 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
170 
8.3 

NO 
170 

NO 
130 
37 
48 
45 

40JN 

9 
40JN 

NO 

NO 
NO 

NO 
NO 
NO 

NTA·1 
2128111 

NO 
NO 

NO 

NO 
NO 

o.n 

1.2 
1.0 

4.1 

NTA·2 
2128111 

NO 
NO 

NO 

NO 
NO 

NO 

1.8 
u 

5.9 

NTA-3 
2128111 

NO 
NO 

NO 

NO 
NO 

0.79 

1.1 
1.0 

4.1 

NTA-4 
2128111 

NO 
NO 

NO 

NO 
NO 

NO 

NO 
NO 

0.80 

NTA·5 
2128111 

NO 
NO 

NO 

NO 
NO 

0.38 

0.57 

0." 

2.2 

NT A-I 
2128111 

NO 
NO 

NO 

NO 
NO 

0.55 

0.47 
NO 

NO 

NTA·7 
2128111 

NO 
NO 

NO 

NO 
NO 

1.1 

0.97 
o.n 

1.7 

NTA4 NTA-11 
2128111 2128111 

NO NO 
NO NO 

NO NO 

NO NO 
0.48 NO 

0.95 NO 

1.5 NO 
1.3 NO 

2.9 NO 

.. • lr. 

Jw, 

C:IMYDOCS\WILIRIISURFACESOIL 



-----~------~----------~--------~----------------~-----------------------------------~-

TABLE F-2. SURFACE SOIL SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Par;unetera (mglkg) 

Extractable Organics 

IRI<I?. 

Butvl Benzyl Phthalate 
Carbazore 
COrboXVIIc Acid 
Cmvsene 
Cvdooentaohenanthrene 
Cvdooentaohenanthrenono 
Olbenzo a hJAnthraceno 

Dibenzofuran 
Olei!M_Phthalato 

OihYdronaollthofuran 

Olmet__!lyi_Phthalate 

Olmethvlnaohthalene 

Olmethvlohenanathrene 

Olmethvlohenanthrene 2 lsome" 
Olmethvltetrahvdroovran-2-one 

01-N-BuMoll!halate 

01-N-Octvlohthalate 

Ethvleneolvcol 

Ethylldenelndene 
Fluorantlleno 

Fluorene 
Fluorenone 
Hexachlorobenzene IHCB 

Hexachlorobutadlene 
HexachlorocvdooentadlenetHCCPl 
Hexachloroethane 
lndeno{J 2 3-Cd}Pyre!\0 

lsopho_rono 
Me!hytanthracene 
Me!hytanthracene 12 Isomer> 

Methyl_benzanthracene 

Mei!1Yt<l_Jbenzofuran 

Mei!Mohenanthreno 

M~ (21somero 
Naphthalene 
Nftrobenzene 
N-Nftrosodlmethvlamlno 
N-Nitmsodi-N-ProJ)VIamine 
N-NftrosodlllhenvlamlneJt)tpl!enytamlne 

Pentachlorophenol 

Pe<Yfene 
Phenanthrene 

Phenol 
Phenytnaphthalene 

Tetr:>chloroJ'henols 
Tetrahvdrodlmethvlovranone 
Trichlorophenols 
Trimethylnaphthalenes 
Xanthene 

Notes: 

Bad<Qround Location 
Estimated Vatua 

N Presumptive Evidence of Presenc 

NO No1 De!eded 
No1 AnalyZed 

• 

maE 
8/83-11183 

Anlaf 

8183-11183 

Anla G-1 Ana G·2 'Arta G-3 JA.C1 
1n115 

lA-<:2 
1nl8s 

lC-C4 NTA-1 NTA·2 NTA·3 NTA-4 NTA-5 NTA-1 NTA•7 NTA-1 NTA-1 
8183-11183 11/13-11183 11/83-11183 1n/8s 21211191 21211191 21211191 21211191 212S/11 21211191 212S/11 212SII1 21211191 

NO NO NO NO 

NO 

NO NO 7.1 120 1.7 
70JN 

NO NO NO NO NO 
0.300.1 0.900J 0.300J 110 

NO NO NO NO 

BJN 
NO NO NO NO 

50JN 

BJN 

NO NO NO e.5 
NO NO NO NO 

10JN 
15 25 10 2Q 2.5 

NO NO NO 170 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO 10.1 0.68 

NO NO NO NO 

40JN 
20JN 

NO NO NO NO 1.2 NO NO NO 

NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

NO NO NO NO 
NO 

50 0.24 0.32 NO 4.0.1 NO 150 NO 

1.1 0.4 2.1 u 5.4 1.4 390 0.12 

NO NO NO NO NO 

12 22 10.1 220 

1.9 0.012 0.068 NO 
7JN 

NO 
20JN 
20JN 

' SWP·1, SWP·3. NCOHR·1, & NCOHR-3 Bnl Split Samples fn>m 1he Creosote and Pentachloropheool Or1p Track Area 
1 Area A· Treating Area 
'AreaB·CCAArea · 
1 Area c. Creo-Penta Track Area 
1 Area 0. Old Oftch Area 
1 Area E. Bulk Storage Area (Creosote Storage Area Only) 

'Area F ·Banding House Area 

0.54 

2.7 

NO 

4.0 

0.68 

NO 

NO 
NO 

NO 
NO 

NO 

NO 

0.49 NO NO NO 

1.7 NO 0.93 0.93 

NO NO NO NO 

2.4 0.52 1.5 1.3 

0.15 NO NO NO 

0.68 NO NO NO 

NO NO NO NO 
NO NO NO NO 

1.0 NO 0.42 0.44 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

'Area G • Product Storage Area 
1 11 , Road In Front of Old 15 Pole Machine 
'12· Road In Front of Old IS Pole Machine 
'.s · Road Crossing Separating State Ports & City 
1 14 • Road Crossing Separating State Ports & Cly 

1.1 1.0 NO 

1.5 1.7 NO 

NO NO NO 

1.7 2.0 NO 

NO 0.58 NO 

0.99 NO NO 

NO NO NO 
NO NO NO 

1.1 0.47 NO 
NO NO NO 

NO NO NO 

NO NO NO 



• • • TABLE F-2. SURFACE SOIL SAMPLES- SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters (mglkg) NTB-1 NTB-2 NT8·3 NTB-4 NTB-5 NT B-e NTB-7 NTIH NTIH NTB-10 NTB-11 NTB-12 NT8•1S 1WS.1A TWS.2A TWS.3A TW5-4A TW5-5A TW5-IIA TWS.7A 

Exll'llcbble Organics :111191 :111191 21281111 :111111 :111191 212S/91 21281111 :111191 :111191 :111111 :111191 :111191 :111/91 21281111 21281111 21281111 21281111 21281111 21281111 2127111 

1 2 4-Trldlloroben:ene 
1 2·01ctllorobenzene 
1 2·01phenyllr;drazlne 
1 3-0ictlloroben:ene 
1 4-0ictllorobenzene 
1·Methylnaphthalene 
2 4 s. Trldlloroooenol 
2 4 8-Trldllorophenol 

2 4-0ichloroDhenol 
2 4-0imetflvlohenol NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

2 4-Dinftrophenol NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

2 .C·Dinltrotoluene 
2 8-0inlttotoluene 
2-chloronaphthalene 
2-ChlorcDilenol NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

2-MetiM-4.8-0inftrcDilenol 
2-Methylnaphthalene 
2·Methvlohenol 
2·Nitroanmne 
2-Nftrophenol 
3 3'-Dk:lllorcben:ldlne 
3 4-Benzonuoranthene 
4 8-0inftrc-o-cresol 
3-Nitroanmne 
4-Brorooohenvt PhenYl Ether 
4-Chloro-3-Methylphenol ""' 4-Chloroanlllne ;:.. ... 
4-Chlorcohenvt PhenYl Ether ..... 
4-Methylphenol 
4-Nttmanmne 
4-NftroDhenol 
Acenaohthene NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

Acena!>hthvtene 1.6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.06 0.48 NO 0.66 0.50 

Alkanes ~ 
Anmne 
Anthracene 7.8 3.7 NO 64 NO NO NO NO NO 1.3 NO NO NO 38 0.58 1.7 1.4 1.1 2.3 1.2 

Antl'lr.>cSnedlone ., 
BenzaceJli>Manlhrvlene 
Benzanthraeenone 
Benzkl!lne 
Benzo{a)Anthnlcene 3.1 0.58 NO 25 NO 0.38 NO NO NO 3.1 0.50 NO 0.692 8.2 2.2 1.7 2.8 0.88 5.0 2.4 

Benzo(a\Pvrene 4.3 NO NO 17 NO 0.39 NO NO NO 1.2 NO NO NO 5.1 1.3 u 1.4 0.58 3.5 1.8 

Benzolb and/or k Fluoranthene 
Benzo(b and/or k Fluoranthene 
Benzo(b}fluoranthene 
Benzolb)Na!>hthothloohene 
Benzolb.k Fluoranthene 11 1.0 0.45 50 NO 1.7 1.5 1.2 2.0 5.5 t.7 1.2 1.3 12 8.7 7.0 8.2 0.73 13 7.4 

Benzo(glli)Fiuoranthene 
BenzolohOPervtene 
BenzomFiuoranlhene 
Benzo(klfluOranthene 
Benzoanthracenone 
Benzoanthracenone !2 Isomers 
Benzonuorantf'tene not b or k 
Benzoftl.llrene 
BenzoleAdd 
Benzono.]ll1t!>Qt!lloohene 

Bonzo""'"""' not a 
Benzyl ,llrohol 

Benzvt BuM Phthalate 

Blohenvl 
Bls(2-Chlorcethoxy}Methane 

Bl~-chloroethvllEiher 

Bls(2·ChlorclsooroP'If)Ether 

PAGES OF 18 C:IMYOOCS\WILIRIISURFACESOIL 



---- ---~----- -- -------------------

TABLE F-2. SURFACE SOIL SAMPLES- SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters mg/kg) NTB-1 NTB·2 NTB-3 NTB-4 NTB-5 lfTW NTII-7 NTB-1 NTB-8 NTB-10 NTB-11 NTB-12 NTB•1S TWS.1A TWS.2A TW5-3A TWs-14 TWS.SA TWS-BA TW5-7A 
I:Ext:-:-ra-ct-:-a-7b7-lt::O:O:::=rg;a"'n'='les'"""="'---t 3/1111 311181 2128181 3111111 3111111 2128181 2128181 3111111 311111 311181 3/11111 3/11111 3111111 2128181 2128181 2128181 2128181 2128181 212111!11 2127111 

BuM Benzvl Phthalate 

Carbazole 1.8 
cartoxvtie Acid 
Chrvsena 4.8 
lcvmoentaollenanthrena 
ICV<Jooentaollenanttvenono 
Dibenzn a h)Anthr.lcena 1.3 

Dlbenzofuran 
Ol!!lh';l Phthalate 

Dlhvdronaphthofuran 
DimethYl Phthalate 

Olrnethytnaphthalene 

DlrnethVIol\enanathrene 
DirnethVIollenanthrena_(21some'"l 
DimethYftelr.!hydroPY"!n-2-one 
DHI-Butylphthalate 

Oi-N-Octy!phthalate 

EtllvJenegfycol 

Et11vildenelndene 
Fluoranthene 7.5 

Fluorene 

Fluorenone 
Hexadllorobenzena (llCBl 

Hexachlorobut:adiene 
Hexachlo lene(l:fCCI' 

Hexachloroethane 
lndenol1 2 ~)Pyrena 3.8 

lsooi\Orone 
MethV!anthracene 
MethV!anthracene (21somero 
Methylbenzanthracene 

Mothyldibenzofuran 
Mothvlftuorene 

M othVIollenanthrena 
MothVJpyrene 
MethV!ovrene (2 lsomerol 
Naohthalene 0.93 

N~robenzeno 

N-Nftrosodlmethvfamlne 
N-Nftrosodi-N-Proovlamlna 
N-Nftrosodlollenvfamlne!Diol\envlamlne 
IM:h~ NO 
Pentacllloroohenol NO 
PI!!VIene 

Phenanthrene 2.0 
Phenol NO 

Phenylnajlllthalene 

Totracllloro~ls NO 
TotrahvdrodlrnethVIDYranone 
T~cllloroollenols NO 
T aleneS 
Xanthemt 

Notes: 
Bacl<ground Laeatlon 

J Estimated Value 
N Presumptive Evidence of Presenc 
NO No!Dotected 

Not Analyzed 

• 

2.2 

NO 

1.3 

NO 

NO 

NO 
NO 

1.0 

NO 

NO 

NO 

NO 11 NO NO NO NO NO 0.51 NO NO 

0.40 52 0.49 0.82 0.75 0.79 1.2 4.5 0.78 0.59 

NO NO NO NO NO NO NO NO NO NO 

0.39 97 0.70 0.91 0.83 0.68 1.0 5.8 0.83 0.58 

NO NO NO NO NO NO NO 0.57 NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO 3.0 NO NO 
NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO NO 

'SWP·1, SWP·3, NCOHR-1, & NCOHR-3 ant Split Samples from the Creosote and Pentachlorophenol Drip Track Area 
1 Area A· Treating Area 

'Area B • CCA Area 
• Area c. Creo-Penta Track Area 
• Area 0 • Old Oftcl1 Area 
• Area E • Built Storage Area (Creosote Storaoo Area Only) 

• Area F ·Banding House Area 

NO 

0.93 

NO 

0.68 

NO 

NO 

NO 
NO 

NO 
NO 

NO 

NO 

7.1 NO 0.77 1.0 

8.0 3.5 3.2 4.8 

NO NO NO NO 

25 3.4 3.9 5.9 

NO 0.53 0.84 0.83 

NO NO NO NO 

NO NO NO NO 
NO NO NO NO 

13 NO 0.75 0.75 
NO NO NO NO 

NO NO NO NO 

NO NO NO 

• Area G • Product Storage Area 
- '•1 · Road In Front of Old IS Polo Maclllna 

012 ·Road In Front of Old 85 Polo Maclllne 

'•3 · Road Crossing SOJ)Otatlng State Ports & Cly 
'14 • Road Crossing Separating State Ports & Cly 

NO 1.8 0.90 

0.95 8.1 3.8 

NO 0.492 NO 

1.2 18 4.2 

NO 1.9 1.0 

NO NO NO 

NO NO NO 

NO NO NO 

0.64 2.4 0.73 

NO NO NO 

NO NO NO 

NO NO NO 
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• • • TABLE F-2. SURFACE SOIL SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters (mg/kg) TWS-aA TWS.VA TW5-10A TW5-11A TW5-1ZA TW5-13A #1 12 13 " lWSB1A lWSB2A lWSB3A 
Extractable Organics 2127/V1 2127/V1 21271V1 2127/V1 2127/V1 2127/V1 :11121U :1112/VS :1112/VS :1112/VS 2114/96 2114196 2114196 
t 2 4-Trlchlorcbenzene . . . . . NO NO NO NO - . -
t 2-0ielllorobenzene . . . . . . NO NO NO NO - . . 
t 2-0iphenvlhvdrazlne . . . . . . NO NO NO NO . - . 
t 3-0iclllorcbenzene . . . . . . NO NO NO NO . - . 
t 4-0iclllorcbenzene . . . . . NO NO NO NO . . . 
1-Mett1y1naohthalene . . . . . . . . . . . . 
2 4 S-TriclllorcohenOI . . . . . . . . . NO NO NO 
2 4 6-TriclllorcohenOI . . . . . . NO NO NO NO NO NO NO 
2 4-0iclllorcohenOI . . . . . . NO NO NO NO . . . 
2 4-0imethYiphenol NO NO NO NO NO NO NO NO NO NO NO NO NO 
2 4-0in~rcoheool NO NO NO NO NO NO NO NO NO NO NO NO NO 
2 4-0inltrctoiuene . . . . . . NO NO NO NO . . . 
2 6-0lnltroloiuene . . . . . . NO NO NO NO . - . 
2-Chtoronaohthalene . . . . . NO NO NO NO . . . 
2-ChlorcohenOI NO NO NO NO NO NO NO NO NO NO NO NO NO 
2-Melt1y1-4,8-0in~oheool . . . . . . . . . . . . . 
2-MeltMnaohthaiene . . . . . . . . . . . . . 
2-MethVIohenol . . . . . . . . . . . . . 
2·Nitroanifine . . . . . . . . . . . . . 
2-N~ohenol . . . . . . NO NO NO NO . . . 
3 3'-0iclllorcbenzldlne . . . . . . NO NO NO NO . . . 
3 4-Benzotruoranthene . . . . . . NO NO NO NO . . . 
4 8-0in~rc-o-=t . . . . . . NO NO NO NO . . . 
3-NltrcanHine . . . . . . . . . . . . 
4-Brcmo"""'"" Phenvl Ether . . . . . . NO NO NO NO . . . 
4-Chlon:>-3-Methv!ohenol . . . . . . . . . . NO NO NO 
4-Chk:uoanmne . . . . . . . . . . . . . 
4-Chtoroohenvl Phenvt Ether . . . . . . NO NO NO NO . . . 
4-MeltMohenOI . . . . . . . . . . . . 
.C..Nltroanlnne . . . . . . . . . . . . 
4-N~rcohenol . . . . . . NO NO NO NO . . . 
Acenaohlhene NO NO 0.93 NO NO NO NO NO NO NO NO NO NO 
Acenaoht!>Yiene NO NO 2.5 0.46 NO NO NO NO NO NO NO NO NO 
Alkanes . . . . . . . . . . . 
Anlnne . . . . . . . . . - . . 
Anthracene 1.2 NO 14 1.2 NO NO NO NO NO NO NO NO NO -: 
Anthracenedione . . . . . . . . . . . . 
BenzaCI!ohenanthr;tene . . . . . . . . . . . . . 
Benzanthracenone . . . . . . . . . . . . . 
Benzidine . . . . . NO NO NO NO . . . 
Benzo a\Anthracene 1.2 NO 23 2.9 NO NO NO NO NO NO 2.1 0.50 NO 
Benzo(a\Pvn!ne 0.89 NO 17 1.8 NO NO NO NO NO NO 2.6 0.45 NO 
Benzolb and/or k\Fiuoranthene . . . . . . . . . . . . . 
Benzolb and/or k Fluoronthene . . . . . . . . . . . 
Benzo(b)Fiuoronthene . . . . . . . . . 2.8 1.1 NO 
Benzolb\Naoh!hothloohene . . . . . . . . . . . . . 
Benzolb.k Fklor.>nthene 4.9 2.0 80 2.7 NO NO . . . . . . . 
Benzo(ghllfluoranthene . . . . . . . . . . . . . 
BenzolohOPel\'tene . . . . . NO NO NO NO . . . 
BenzoffiFiuoronthene . . . . . . . . . . . -
Benzo(k)FkJoranthene . . . . . . NO NO NO NO 0.99 0.40 NO 
BenzoanthracenOne . . . . . . . . - - . . 
Benzoanthrocenone C2 lsomero . . . . . . . . . . . . 
Benzolluoro~1not b or k . . . . . ' . . . . . - . 
eenzonuorene . . . . . . . . . - . . 
Benzoic Add . . . . . . . . . . . . -
Benzonaphthothf<>J)hene . . . . . . . . . -
Benzo"""'"" 1 not a . . . . . . . - - . . 
Benzvl Alcohol . . . . . . . - . . 
aenz.t B<Jiyl_ Phthalate . . . . . . . . . . . -
Blohe!M . . . . . - . . . . - . 
Bls 2-ChlorcethoXV\Methane . . . . . . NO NO NO NO . . . 
BI$(2-Chlorcethy!}_Ether . . . . . . NO NO NO NO NO NO NO 
Bis{2-Chlorc1sooroD'/IlEther . . . . . NO NO NO NO . . . 
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TABLE F-2. SURFACE SOIL SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parametere (rnofkg) 

Extractable Otganles 

Butvl Benzvl Phthalate 
C.rbaz<>le 

Carbo>Mie Add 
Chrvsene 
Cydo~allhenanthrene 

CVclooentaohenanthrenone 
DlbenzO a h)Anthracene 

DlbenzOiuran 
Dletllyt_phthalato 
O~ronaohthOiuran 

Dimethyl Phthalate 
Dlmethylr)aphthaieno 

01 athrene 
Dlmethytphenanthrene 121somors 
Olmelhy!tetrahvdroovran-2-one 
01-N-Butvlnhthalate 
DI-N-Oct;1phthaiate 
Ethy1enegt;tol 

ElhV11denelndene 
Fluoranthene 
Fluorene 
Fluorenone 
Hexachlorcbenzene (HCB 
Hexachlorcbutadlene 
Hexachlorccvc1o__MIItadlene!HCCP 
Hexachloroethane 

linde<1011 2 :J.Cd)f'vrene 

lsophOrcno 
Methytanthracene 
Methytanthracenel21somon; 
Methylbenzanthtacene 
Methyldibenzoluran 
Methytftuoreno 
Methyirlaphthalene 
Methytphenanthrene 

Methytpyrene . 
MethvlllVIMA 2 Isomers\ 

Naphthalene 

Nitrobenzene 
N-NftroSOdlmethytamlno 
N-Nftrcsodi-N-Propytamlne 
N-NRrcSOdlohenYtamlne/Diphenvtamlne 

I r>Chloro-rn-cresol 

PentachloroohenOI 
PerAene 
Phenanthrene 
Phenol 
Phenv1naohlhaiene 

Pvreno 

Tetrachlorcohenols 
Tetrahvdrcdlmethytovranone 
Trlchlorochenols 
Trlmethvtnal)hthalenes 
Xanthene 

Noles: 
Background lDcatlon 

Estimated Value 
N ~umptlve Evidence of Presenc: 
ND Not Detected 

No! Analyzed 

• 

TWs-a.\ TWS-IA 
2127111 2127111 

- -- -
0.74 ND 

- -
2.5 0.89 

- -- -
ND ND 

- -
- -- -- -- -- -
- -
- -- -- -- -- -

3.8 1.3 

- -- -- -- -- -- -
0.84 NO 

- -- --- -- -- -- . 
- -- -- -

NO NO 

- -- -- . 
- -

NO NO 
NO NO 

- -
0.74 NO 
NO NO 

- -- -
NO NO 

- -
NO ND 

- . 
- . 

TWS.1DA TWS.11A TWS.12A TW5-13A 11 12 n 
2127111 2127111 2127111 2127111 :!112/IS S/12/IS S/12/IS 

- - - - ND ND ND 

- - - - ND ND ND 
3.4 0.93 ND ND - - -- - - - - - -
27 4.0 ND ND ND ND ND 

- - - . - - -- - - - - - -
2.4 ND ND ND ND ND ND 

- - . - - -
- - - - ND ND ND 

- - - - - - -- - - - ND ND ND 

- - - - - - -- - - - - -- - - - - - -- - - - - - -- - - - ND ND ND 

- - - - ND ND ND 

- - - - - - -- - - - - -
33 4.9 ND 0.58 ND ND ND 

- - - - NO ND ND 

- - - - - -- - - - NO ND ND 

- - - - ND NO ND 

- - - - NO ND ND 

- - - - ND ND ND 
7.2 0.88 NO NO NO NO ND 

- - - - NO NO NO 

- - - - - - -- - - - - - -- - - - - - -- - - - - - -- - - - - - -- - - - - - -- - - - - - -- - - - - - -- - - - - - . 
0.87 NO NO ND NO NO ND 

- - - - NO NO ND 

- - - - NO NO NO 

- - - - NO NO ND 

- - - - NO ND NO 

ND NO NO NO ND NO ND 
ND ND ND ND NO NO NO 

- - - - - - -
4.2 0.43 ND NO NO NO ND 
ND NO NO ND NO NO NO 

- - - - - . -- - - - NO ND NO 
2.8 NO NO NO - - -- - - - - - -
NO ND ND NO - - -- - - - - . . 
- . - - - . . 

' SWP-1, SWP·3, NCDHR·1, & NCDHR-3 are Spilt Samples !rem the Creosote and Pentachlorophenol O~p Track Area 
1 Area A • Treallng Area 
'Area B • CCA Area 
1 Area C • Cnoo-Ponta Track Area 
1 Area 0 • Old ORch Area 
'Area E • Bulk Storage Area (Creosote Storage Area Only) 
1 Area F - Banding House Area 

14 
:!112/IS 

ND 
ND 

--
ND 

--
ND 

-
ND 

-
ND 

-
--

ND 
ND 

--
ND 
ND 

-
ND 
NO 
ND 

ND 
ND 
ND 

---------
ND 
ND 

ND 
NO 

ND 
ND 

ND 

-
ND 
NO 

-
ND 

-----

1WSB1A 1WSB2A 1WSB3A 
2114196 2114/96 2114/96 

- - -- - -
NO NO NO 
- - -

2.5 0.68 NO 
- - -- - -

NO NO NO 
- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -

1.6 0.66 NO 
- - -- - -- - -- - -- - -- - -

0.97 NO NO 
- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -

NO NO NO 
- - -- - -- - -- - -- - -

NO NO NO 
- - -

NO NO NO 
NO NO NO 
- - -. . . 

NO NO NO 
- - -- - -. - -- - -

• Area G • Prcduct Storage Area 
1#1• Road In Frcnt of Old #5 Pole Machine 
• #2- Road In Front of Old #5 Pole Machine 
0#3 • Road Crossing Separating State Ports & City 
0#4 ·Road Crossing Separating State Ports & City 



• •• • TABLE F-2. SURFACE SOIL SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters mglkg) TWSB4A TWSBSA TWSB6A TWSB7A TWSBSA TWSB9A 
Extncubla Organics 2114/96 2114/96 2114/96 2114/96 2114/98 2114/98 

I 2 4-Trlchlomben:zene . . . . . . 
I 2-Dk:lllomben:zene . . . . . . 
I 2-Diohenvlhvdrazlne . . . . . . 
I 3-Dichlombenzene . . . . . . 
I 4-Dichlombenzene . . . . . . 
I·MethVInaohthalene . . . . . . 
2 4 S.Trlchlomohenol NO NO NO NO NO NO 
2 4 s. Trlchlomoherol NO NO NO NO NO NO 
2 4-Dk:lllomphenol . . . . . . 
2 4-Dimethvlohenol NO NO NO NO NO NO 
2 4-Dinftmoherol NO NO NO NO NO NO 
2 4-Dinftrctoluene . . . . . . 
2 S.Dinftrcloluene . . . . . . 
2-Cl11omnaolrthalene . . . . . . 
2-Cl11ortlohenol NO NO NO NO NO NO 
2·Metl1vi-4.S.Oinftl!lohenol . . . . . . 
2·MethVInaohthaiene . . . . . . 
2-MethVIDhenol . . . . . . 
2-Nftl!lanmne . . . . . . 
2-Nftmphenol . . . . . . 
3 3'-Dk:lllomben:zidine . . . . . . 
3 4-Benzonuoranthene . . . . . . 
4 S.Dinftro-o-cresol . . . . . . 
3-Nitmaninne . . . . . . 
4-Bmmoohe<M Ph8!1\'l Elhet . . . . . . 
~hloro-3-MethVIPhenol NO NO NO NO NO NO 
4-Chtoroanmne . . . . . . 
4-Cl11omoh8!1\'l Phen'll Elhet . . . . . . 
4-MethVIollenol . . . . . . 
.t.Nitroanmne . . . . . . 
4-Nftl!lohenol . . . . . . 
Acenaohthene NO NO NO NO NO NO 
Acenaohthvlene NO NO NO NO NO NO 
Arkanes . . . . . . 
Anmne . . . . . . 
Anthracene NO 15 NO NO NO NO 
Anthracenedione . . . . . . 
Benzaeephenanthtylene . . . . . . 
Benzanthracenone . . . . . . 
Benzidine . . . . . . 
Benzo a)Anthnlcene 4.8 59 2.7 0.64 0.85 NO 
Benzo(a)PyTene 11 28 2.0 0.36 0.52 NO 
Benzo!b and/Or k Fluoranthene . . . . . . 
Benzo!b and/Or k Fluoranthene . . . . . . 
Benzo(b)Fiuoranthene 22 60 5.6 1.4 1.5 0.58 
Bet1ZQ!b1Nanhthothloohene . . . . . . 
Benzo!b.k Fluoranthene . . . . . . 
Benzo(ghl Fluoranthene . . . . . . 
Benzo(ghOPeMene . . . . . . 
BenzoffiFiuoranthene . . . . . . 
BenzoO<lFiuoranthene 7.1 30 1.9 0.55 0.61 NO 
Benzoanthracenone . . . . . . 
Benzoanthracenone 2 Isomers . . . . . . 
Benzonuoranthene no1 b or kl . . . . . . 
Benzofluorene . . . . . . 
Benzoic Add . . . . . . 
Benzonaohthothlo[)hene . . . . . . 
Benzopyrene not al . . . . . . 
BenzYl Alcohol . . . . . . 
Benzvt Butvl Phthalate . . . . . . 
BioherM . . . . . . 
Bls 2-Cl11ol!lethol!VlMethane . . . . . . 
Bls(2-Cl11oroethyf)Eihet NO NO NO NO NO NO 
Bls(2-Cl11omlsopn>P'ii)Eihet . . . . . . . 
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TWSB10A TWSB11A TWSB12A 
2114/98 2114/98 2114/98 . . . 

. . . 

. . . . . . 

. . . 

. . . 
NO NO NO 
NO NO NO . . . 
NO NO NO 
NO NO NO . . . 
. . . . . . 

NO NO NO . . . . . . . . . . . . . . . 
. . . . . . . . . . . . 
. . . 

NO NO NO . . . . . . . . . . . . 
. . . 

NO NO NO 
NO NO NO . . . . . . 

0.45 NO NO . - . . . . . . . 
. . . 

0.90 2.4 NO 
0.54 1.3 NO . . . 
. . . 

2.3 3.9 0.66 . . . . . . . . . 
. . . 
. . . 

1.0 1.6 NO . . . . . . 
. . . . . . . . . . . . 
. . . 
. . . . . . 
. . . 
. . . 

NO NO NO . . . 

TWSB13A TWSB14A 
2114198 2114/98 . . 

. . 

. . . . . . . . 
NO NO 
NO NO . . 
NO NO 
NO NO . . . . 
. . 

NO NO . . . . . . 
. . 
. . . . . . . . . . 
. . 

NO NO . . 
. . . . . . . . 

NO NO 
NO NO . . 
. . 

NO NO . . 
. . 
. . . . 
10 2.4 
8.8 1.8 . . . . 
20 7.0 . . 
. . 
. . . . 
. . 
10 2.5 . . 
. . . . 
. . . . 
. . . . . . 
. . . . 
. . 

NO NO . . 

TWSB15A 
2114196 

. . . . 

. . 
NO 
NO . 
NO 
NO . 
. . 

NO . 
. 
. . . 
. 
. . . . 

NO . . . . . 
NO 
NO . . 
2.2 . . . . 
7.7 
5.5 . 
. 
13 . . . . . 
5.9 . . . 
. . 
. . . . . . 

NO 

' . 

·~· 

:-. 
~l-·· 

C:IMYDOCSIWILIRJ\SURFACESOIL 



TABLE F-2. SURFACE SOIL SAMPLES- SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Pa .. meters mg/kg) 
Extractable Organlctl 

li<l?., 

Butvl Benzyl Phthalate 
Carbazole 
CalboXVIIc Acid 
letvysene 
ICVdooenlaohenanthrene 
ICVdooentaQhenanthrenone 
Dlbenzola .hlAnthracene 
Dlbenzofuran 
Dlethli Phthalate 

D luran 
Dimethyl Phthalate 
Dimethylnaphthalene 
Dimethylphenanathrene 
Dimethylphenanthrene_12_1somen~ 

Dlmethvltetrah'Jdroovra~>-2-one 

alate 

Ethvlldenelndene 
Fluoranthene 
Fluorene 

Fluorenone 
Hexachlorobenzene IHCB 
Hexachtombutadlene 
Hexachto lene/HCCPl 

Hexachloroethane 
lndeno{1 2 3-CdlPvrene 

lsophorone 
Methylanthracene 
Methylanthracene 12 lsom0n1 
Methylbenzanthracene 
Melhyldlbenzofuran 
Methylftuorene 
Methylnaphthalene 

MethyiQhenanthrene 
Methylpyrene 

MethyiPYWlO C2isomersl. 
Naphthalene 

Nitrobenzene 
N-Nttrosodlmethvlamlne 
N-Nftrosodl-N-Propylamlne 
N-Nttrosodlohenvlamlnellllohenvlamlne 

I!>Chloro-m-cresol 
Pentachtoroohenol 
PeMene 

Phenanthrene 
Phenol 

f'.henytl130hthatene 
Pyrone 

Tetrachloroohenols 
T etrahydrudlmethvlovranone 
Trichloroohenols 
TrimethvlnaDI!thalenes 
Xanthene 

Notes: 
Background Location 
Estimated Value 

N Presumptive Evidence of Presenc 
NO Not Detected 

Not Analyzed 

• 

TWSB4A TWSBSA 
2114196 2114/96 

. . 

. . 
NO NO . . 
6.3 68 . . . . 
NO NO 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 

6.1 85 
. . 
. . 
. . 
. . 
. . 
. . 

6.4 10 . . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 

NO NO . . . . 
. . 
. . . . 

NO NO 
. . 

NO NO 
NO NO . . 
. . 

NO NO 
. . 
. . 
. . . . 

TWSB6A TWSB7A TWSB8A TWSB9A TWSB10A TWSB11A 
2114196 2114196 2114/96 2114196 2114196 2114196 

. . . . . . 

. . . . . . 
NO NO NO NO 0.37 NO . . . . . . 
4.7 1.5 1.4 0.43 2.0 3.7 . . . . . . . . . . . . 
NO NO NO NO NO NO 
. . . . . . . . . . . . . . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 

4.6 3.3 2.2 0.58 3.6 6.8 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 

1.5 NO NO NO 0.40 0.92 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 

NO NO NO NO NO NO 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 
. . . . . . 

NO NO NO NO NO NO . . . . . . 
0.73 0.71 NO NO 0.53 NO 
NO NO NO NO NO NO . . . . . . 
. . . . . . 

NO NO NO NO NO NO . . . . . . 
. . . . . . 
. . . . . . . . . . . . 

I SWP-1, SWP-3, NCDHR-1, & NCOHR-3 818 Splft S"'""lles from the Creosote and Pentachlorophenol Drip Tract< Area 
1 Area A • Treating Area 
I Area B • CCA Area 

'Area C • ~enta Tract< Area 
1 Area D • Old O~ch Area 
'Area E • Bulk Storage Area (Creosote Storage Area Only) 

'Area F • Banding House Area 

TWSB12A 
2114196 

. 

. 
NO . 
0.54 . 
. 

NO . . . 
. 
. . . 
. 
. 
. 
. 
. 

0.53 . 
. . . 
. . 

NO 
. . . . 
. . . 
. . . 

NO . 
. 
. 
. 
. 

NO 
. 

NO 
NO 
. 
. 

NO . . . 
. 

TWSB13A TWSB14A TWSB15A 
2114196 2114196 2114196 

. . . . . . 
NO NO NO . . . 
17 5.2 9.8 . . . . . . 
NO NO NO . . . 
. . . . . . . . . . . . . . . 
. . . 
. . . . . . . . . . . . . . . 
17 8.8 12 . . . 
. . . . . . 
. . . 
. . . 
. . . 

6.2 NO 3.1 . . . . . . 
. . . 
. . . . . . 
. . -. . . . . . . . . . . . 

NO NO NO . . . . . . . . . . . . . . . 
NO NO NO . . . 
NO NO 2.5 
NO NO NO . . . . . . 
NO NO NO . . . . . . 
. . . . . . 

• Area G • Pruducl Storage Area 
'•1· Road In Front of Old #5 Pole Machine 
'n. Road In Front of Old #5 Pole Machine 
'n ·Road Crossing Separating State Ports & City 
'#4 • Road Crossing Separating State Ports & City 



• • • TABLE F-2. SURFACE SOIL SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Para met"'" jmglkg) 1WSB15AOUP PDA1A PDA2A PDA3A PDA4A PDASA PDA6A PDA7A PO ABA PDA9A PDA10A PDA11A 
Extractable Organics 2114/96 2114196 2114196 2114196 2114196 2114196 2114196 2114196 2114/96 2114196 2114/96 2114/96 
1 2 4-Trlchlorobenzene . . - - - - - - . - . -
1 2-0lchlorobenzene - - - - - - - - - - - -
1 2-Dinhenvlhvdrazlne . - - - - - - . . - - -
1 3-Dichlorobenzene - - - - - - - - . - - -
1 4-0ichlorobenzene . - - - - - - - . - - -
1-Methvlnaohthalene - - - - - - - - . - - -
2 4 5-Trlchlorophenol NO NO NO NO NO NO NO NO NO NO NO NO 
246-Trlchloroohenol NO NO NO NO NO NO NO NO NO NO NO NO 
2 4-Dichloroohenol - - - - - - - . . - - -
2 4-Dimethvllllw!nnl NO NO NO NO NO NO NO NO NO NO NO NO 
2 4-Dinftroohenol NO NO NO NO NO NO NO NO NO NO NO NO 
2 4-0initrotoluene - - - - - - - - - - - -
2 6-Dinftrotoluene - - - - - - - . - - - -
2-Chloronaohthalene - - - - - - - - . - - -
2-Chlorophenol NO NO NO NO NO NO NO NO NO NO NO NO 
2-M~,6-Dinftroohenol - - - - - - - - . - - -
2·Methvlnaohthalene - - - - - - - - - - - -
2-Methvtohenol . - - - - - - - - - - -
2ooNttroanmne - - - - - - . - - - - -
2·Nftrophenol - - - - - - - - - - - -
3 3' -Dichlorobenzldlne - - - - - - . - - - - -
3 4-Benzoftuoranthene - - - - - - - - - - - -
4 6-Dinftto-<>CteSOI . - - - - - - - - - - -
3eNitroanmne - - - - - - - - - - - -
4-BromoJ)Ilefr;tPhenvt Elller - - - - - - - . - - - -
4-Chlon>-3-Methv!ohenol NO NO NO NO NO NO NO NO NO NO NO NO 
4-Chklroanmne - - - - - - - - - - - -
4-Chlorophenyl Phenvt Elller - - - - - - - - - - - -
4-Methv!oherol - - - - - - - - - - - -
4-Nftroanlllne - - - - - - - - - - - -
4-Nftroohenol - - - - - - - - - - - -
"cenaohthene NO NO NO NO NO NO ·NO NO NO 0.45 NO NO 
"cenaphthylene NO NO NO NO NO NO NO NO NO 0.38 NO NO 
Alkanes . - - - - - - - - - - -
Aniline - - - - - - - - - - - -
A.nthmcene NO NO 1.1 NO NO 3.6 2.6 NO 21 4.5 NO NO 
"nthtacenedlone - - - - - - - - - - - -
BenzacephenanlhfYiene - - - - - - - - - - - -
aenzanthtacenone - - - - - - - - - - - -
Benzidine - - - - - - - - - - . -
eenzo(aV.nthracene 4.2 6.6 0.53 0.71 NO 1.6 3.7 1.1 8.1 1.4 NO NO 
Benzo(a)Pyrene 3.6 5.3 0.68 0.90 NO 1.5 3.1 0.67 7.3 1.9 NO NO 
Benzo_(b and/or k Fluoranthene - - - - - - - - - - - -
BenzoCb and/or klFiuoranthene - - - - - - - - - - - -
Benzo(b)Fiuoranthene 8.4 15 1.7 2.4 1.1 6.2 10 1.7 17 3.7 NO NO 
Benzo(b)Naphlhothloohene - - - - - - - - - - - -
BenzoCb.klFiuoranthene - - - - - - - - - - - -
Benzo(ohOFiuoranthene - - - - - - - - - - - -
Benzo(gh0Pe!Yiene - - - - - - - - - - - -
BenzoffiFiuoranthene - - - - - - - . - - - -
Benzo(lc)Fiuoranthene 3.4 6.0 0.49 0.86 NO 2.0 3.9 0.67 6.3 1.5 NO NO 
Benzoanthracenone - - - - - - - - - - - -
Benzoanthracenone 12 lsomefS - - - - - - - - - - - -
Benzofluoranthene not b or k - - - - - - - - - - - -
Benzoftuorene - - - - - - - - - - - -
Benzolc"cld - - - - - - - . . . . -
Benzonaphlhothlophene . . . . . - - . . . . . 
Benzoovrene Inola! . . . . . - - . . . . . 
Benzvl ... lcohol . . . . . . - . . . . . 
Benzvl Butyl Phthalate . . . . . . - . . . . -
Blohenvl . - . . . - . - . . . -
Bls(2-ChloroethoxvlMethane . - . . . . - . . . . -
Bls(2-Chloroethv!)EIIler NO NO NO NO NO NO NO NO NO NO NO NO 
B~-Cilloroisoomovi)EIIler . - . . - . - . . . . . ' 
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TABLE F-2. SURFACE SOIL SAMPLES- SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters mglkg) 

Extr.lctablo Organles 

le~sr2-
BuM Benzvl Phthalate 
carbazole 

camoxvllcAcld 

etuvsene 
Cvclooentaohenanthrene 
Cvdooentaohenanthrenone 
Dibenzo a h)Anthracene 
Dibenzofuran 
Dlelhvl Phthalate 
0111\'dronaphlhofuran 
Dimethyl Phthalate 
Dimelhylnaphlhalene 
Dlmelhvll)henanathmne 
Dlmelhvlt>henanthmne (21somers 

Dlmelhyltetrahvdropyran-2-one 
0>-N-Bulylphlhalate 
DI-N-Odylphlhalate 
Elhyleneglycol 
Ethyfodenelndene 
Fluoranthene 
Fluorene 
Fluorenone 
Hexachlorobenzene (HCBI 
Hexachlorobuladiene 
HexachlorocydopentadlenerHCCPI 
Hexachloroethane 
lndeno(1 2 3-Cd)Pyrene 

lsophorone 
Methylanthracene 
Methylanthracene (2 lsomen< 

Methvlbenzanthracene 
Methvldibenzofuran 
Methvlfluorene 
Methv!naphlhalene 
Methvll)henanthrene 

Methvlovrene 
Methvfpyrene (2 Isomers) 

Naphthalene 
Nftrobenzene 
N-NIIrosodlmelhvlamlne 
N-NIIrosodi-N-Pronvlamlne 
N-Nftrosodlphenvtamlne/Dit>henvtamlne 
l~hlorc>-n>-creSol 
Pentachlorophenol 
Pervlene 
Phenanthrene 
Phenol 

Phenvlnaphlhalene 

IPvrene 
Telrachloroohenols 
T etrahYdroodlmethvlovranone 
T rfchloroohenols 
Trlmethvlnaphlhalenes 
Xanthene 

Notes. 

Background location 
Estimated ValUe 

1WSB15ADUP 
2114/96 

--
NO 
-

6.4 

--
NO 
------------

6.6 

------
2.0 

----------
NO 
-----

NO 
-

NO 
NO 
--

NO 
----

N Presumptive Evidence of Presenc 
NO Not Detected 

Not Analyzed 

• 

PDA1A 
2114/96 

--
NO 
-

11 
--

NO 
-
-----------
13 

------
NO 
----------

NO 
-----

NO 
-

NO 
NO 
--

NO 
----

PDA2A PDA3A PDA4A PDASA PDA6A PDA7A 
2114/96 2114/96 2114/96 2114/96 2114/96 2114196 

- - - - - -- - - - - -
NO NO NO 0.44 NO NO 
- - - - - -

0.91 1.4 NO 3.0 7.2 1.3 

- - - - - -- - - - - -
NO NO NO 0.51 NO NO 
- - - - - -- - - - - -- - - - - . 
- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -

1.1 1.5 0.90 1.7 9.4 1.9 

- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -
0.63 0.57 NO 1.7 2.9 0.46 

- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -
NO NO NO NO NO NO 
- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -

NO NO NO NO NO NO 
- - - - - -

NO NO NO 0.50 2.7 NO 
NO NO NO NO NO NO 
- - - - - -- - - - - -

NO NO NO NO NO NO 
- - - - - -- - - - - -- - - - - -- - - - - -, 

SWP-11 ;lWP-3, NCOHR-1, & NCOHR-3 are Spll Samples fnlm the Creosote and Pentachlorophenol Drip Track Area 
• Area A- Treating Area 
1 Area B - CCA Area 
I Area c- Creo-Pett.o Track Area 
2 Area D·OidDI!d1Area 
• Area E - Bulle SIDr.!ge Area (Creosote Storage Area Only) 
• Area F - Banding House Area 

PDA8A 
2114196 

--
7.8 

-
12 

--
NO 
------------
14 

------
5.0 

----------
NO 
-----

NO 
-

6.7 
NO 
--

NO 
----

PDA9A PDA10A PDA11A 
2114/96 2114196 2114/96 

- - -- - -
0.56 NO NO 
- - -

2.0 NO NO 
- - -- - -

0.39 NO NO 
- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -

3.0 NO NO 
- - -- - -- - -- - -- - -- - -

2.0 NO NO 
- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -

0.92 NO NO 
- - -- - -- - -- - -- - -

NO NO NO 
- - -

1.5 NO NO 
NO NO NO 
- - -- - -

NO NO NO 
- - -- - -- - -- - -. Area G • Proodutl SIDr.!ge Area 

1#1- Road In Front of Old #5 Pole Machine 
1#2 ·Road In Front of Old #5 Pole Machine 
1 #3 • Road Crossing Separating State Portl & Clly 
1 #4 • Road Crossing Separating State Porll & Clly 



• • • TABLE F-2. SURFACE SOIL SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters mglkg) 55..()1 SS.02 55..()3 55..()4 55..()5 55.06 ss-o1 55-oa 55.09 55·10 SS·11 55·12 55·13 
Extractable Organics 10/4196 10/4196 10/4196 10/4196 10/4196 10/4196 10/4196 10/4/96 10/4198 10/4/96 10/4198 10/4196 10/4/96 

1 2 .(.. TrtchiOmbenzena . . . . . . - - . . - . . 
1 2-0ichlorobenzene . . . - . . . . - . - . . 
1 2-0ioherMhvdrazine . . . - . - - . - - - . . 
1 3-CichJorobenzene . . . - . - . . . . - . . 
1 4-Dichlorobenzene . . . - . - . . . . . . . 
1·Methvlnaohthaiene - 0.090JN . . - . . 0.100JN . - - . . 
2 4 s. Tr1chiorophenol . . . - . . . - - - . . . 
2 4 6-Tr1chiorooheool - . - . . . - . . . - . -
2 4-0lchlorophenol . . . . . . - - - - - - -
2 4-0imethvlcheool NO NO NO NO NO NO NO NO NO NO NO NO NO 
2 4-0inKrooheool - - . . . . - - . . - . . 
2 o(...Otnttrotoluene - . . . . . - - . . - . . 
2 6-0initmtoluene . . . - . - - . . - - . . 
2-Chk:lronaohthalena . . . . . . . - . - - . -
2-Chlorophenol NO NO NO NO NO NO NO NO NO NO NO NO NO 
2-MetiM-4.6-0inKroohenol . . . - . - . . - - - . . 
2-Methvlnaohtha\ene NO 0.120J NO NO NO NO 0.470J 0.360J NO 0.230J NO 0.066J NO 
2-Methylphenol . . . - . . . . . - . . . 
2-NKroanmne . . - - . . . - . . - . . 
2-NKrt>ohenol . . . - . . - . . - . . . 
3 3'-0ichlorobenzldine - . . - . . - . . - . - . 
3 4-Benzoftuoranthene . . - - . . - . . - . - -
4 6-0inltro-o-cmol . . . - . . - . . - . . . 
3-NKroaniline . . - - . . - . . - . - . 
4-Bmrnoohenvl Phenvl Ether . . . - . . - . - . . . -
4-ChiOro-3-Methvlohenol - - . - . - . - - . . . -
4-Chloroanlline - . . . . - - - - . . - -
4-Chioroohenvl Phenvl Ether . . . . . . - - . . . - . 
4-Methvtohenol . . . . . . - . - . . . -
4-NKroanmne . . - - - . . . - . . . -
4-NKroohenol . - - - . . - . . - - . -
,t,cenaahthene NO NO NO NO NO 0.110J NO 0.300J NO NO NO 0.053J 0.039J 
,t,cenaohthylene. NO NO NO NO 0.038J 0.160J 0.470J 0.160J NO 0.190J NO NO 0.120J 
Alkanes . - . . . . - 0.400JN . 4JN . 5J . 
Anmne . . . . . . . . . - - . . 
,t,nthracene NO NO NO O.OSOJ 0.220J 2.2 O.BOOJ 0.670 0.220J 0.510J NO 0.120J 0.370 
Anthracenedione . . . - 0.300JN . 0.600JN 1JN - . . . . 
Benzaoeohenanthrvtene . . . - . . 4JN - - . . . . 
Benzanthraeenone . - - - - . . O.BOOJN 0.100JN . . . . 
Benzktlne . - . . - . . . - . . . . 
Benzo 'alAnthracene NO NO 0.110J NO 0.740 2.7J 4.2 1.5 0.170J 1.8 NO 0.200J 0.190J 
Benzo a)Pyreno 0.150J 0.087J 0.140J 0.110J 0.140J 1.4J 5.3 1.0 0.180J 1.3 NO 0.130J 0.310J 
Benzolb and/or k Fiuoranlhene . . . . . . . . . . . . . 
Benzo(b and/or k Fiu<>ranthene . - . - . - . - - - - - . 
Benzo(b)Fiuoranthene 0.220J . . - . - . . - . . . . 
BenzllM_Naohthothioohene . . . - . . . - . . . . . 
Benzolb.k Fluoranlhene 0.220J 0.150J 0.260J 0.300J 1.6 2.8J 13 6.2 0.830J 5.5 NO 0.460J 0.780J 
Benzo(ghOFiuoranthene - . . . . . - . - - . . -
Benzolahi Pl!f\'lene 0.110J 0.056J 0.180J 0.079J 0.260J 0.910J 5.1 1.9 0.200J 1.3 NO 0.200J 0.580 
BenzoffiFiuOranthene . . . . . - - . . . - . -
BenzolkJFIUoranlhene 0.220J . . - . - . . . . . . -
Benzoanthraeenone . . . - . - . . . . - . . 
Benzoanthracenone f2 lsornerol - . . . 0.300JN . . - . - . - . 
Benzonuoranthene (not b or kl. . . . - . . . . - - - . . 
Benzoftuorene . . . - - . . - - 0.700JN . . . 
BenzoicAckl . . . . - . - . - . . . -
BenzonaohthothiOohene. . . . - 0.200JN . - 1JN . 0.300JN . - -
Benzopyrene _Inola). . - . . . - . . - - - - -
Benzvt ,t,lcol'ol . - . . . . . . . - . . . 
Benzvt BuM Phthalate . . . . - . - . . - . . -
Blohenvl . . . - - - - 0.200JN . - . . . 
BisC2-Chloroethoxv\Methane . . . - . . - . . . . . . 
Bis(2.ChloroethvtJE!t>er . . . - . - . . . . . . . 
Bis(2-Chlorolsopro!"JJ)Ethe< . - . - . . . . . . . . ;, 
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TABLE F-2. SURFACE SOIL SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Pa,.motars (mg/l<gl_ 55-01 55.02 
Extractable Organics 10/4196 10/4196 

'~;.,_ NO NO 
Butyl Benzyl Phthalate . . 
carbazole NO NO 
C.rboXVIlcAc:id . . 
Ch_M~ 0.220J 0.100J 
CVdooenlaollenanthreno . . 
CVdoPOnlaphenanlhrenono . . 
Oibenzo a h\Anlhr.ltene . . 
Dibenzofuran NO 0.045J 
Ole!IM Phthalate . . 
OIIMlronanl!thofuran . . 
D~Phthalata . . 
Olmel_m.lnaphthaleno . 0.090JN 
Dimel_!lylphenanatllnme . . 
Olrne!IMr>honanlhreno (2 lso"""" 1 . . 
D~etrahyd~n-2-one . . 
01-N-Butvloh!halate NO 0.100J 
O~phthalate . . 
Elflyl~neglycol . . 
Et~_ldenelndene . . 
Flooranthene 0.250J NO 
Floorene NO NO 
Ftuorenone . . 
Hexathlombenzene_(HCBl NO NO 
Hexachlombutadlene . . 
Hexathlorocytlopef1tadlene/HCCPl . . 
Hexachloroethane . . 
!nd~ 2.3-CdlPvrene 0.110J 0.063J 
lsoohomne . . 
Met!Nianlhratene . . 
Met!Nianlhratene f21somers . . 
Melhvlbenzanlhr.ltene . . 
Melhvfdlbenzofuran . . 
M~uorene . . 
M~naphthaJeno . . 
M~anthrene . . 
Meltlylpyrene 0.100JN . 
M~no (21somers) . . 
Naphthalene NO 0.085J 
Nitrobenzene . . 
N-Nitmsodlmelhvlamlne . . 
N-NKmscxii-N-PmtJVfamlno . . 
N-NKmsodlohen-;lamlneiOlollenvlamlne . . 
o-Chloro-m-eresol . . 
Penlathlomohenol NO NO 
PeMen& 0.200JN 0.100JN 
Phenarrthrene NO 0.140J 
Phenol . . 
Phenvlnaohtllalene . . 
IPvrene 0.220J 0.095J 
Tetrathloroohenols . . 
Telra_Mrodlme1_!1\1pyranone . . 
Trlthlort>ohenols . . 
T~mel_!lylnap11111;llenes . . 
Xanthene . . 
Noles: 

Bad<ground Lotatlon 
J Estimated Value 
N Presi.IT1ptlve Evidence of ~ent 
NO Not Oelecled 

Not Analyzed 

• 

55.03 55.04 55.05 55.06 55.07 55.08 
10/4196 10/4196 10/4196 10/4196 10/4196 '10/4196 

NO NO NO NO NO NO . . . . . . 
NO 0.077J 0.220J 0.320J 0.400J 0.270J 

0.700JN . . . . . 
0.150J 0.310J 1.3 3.9J 6.6 2.7 . . . . . . . . 0.300JN . 0.600JN 0.300JN . . . . . . 

NO NO 0.042J 0.084J 0.360J 0.590 . . . . . . . . . . . . . . . . . . . . . . 0.400JN 0.200JN . . . . . . 
. . 0.500JN . . . . . . . . . 

NO NO NO NO NO NO 
. . . . . . . . . . . . 
. . . . . . 

0.160J 0.52 1.6 9.8 5.5 5.2 
NO NO NO 0.130J NO 0.230J . . O.OBOJN . . 0.200JN 
NO NO NO NO NO NO . . . . . . . . . . . . . . . . . . 

0.140J 0.092J 0.290J 0.910J 5.0 1.6 . . . . . . . . . . 0.500JN o.300JN . . 0.200JN . . . . . 0.600JN . . . . . . . . . 
. . . . . . 
. . . . . . 
. . 0.400JN . . 0.200JN . . 0.090JN . . . 
. . . . . 4JN 

0.062J NO NO 0.042J 0.570J 0.620 
. . . . . . 
. . . . . . 
. . . . . . . . . . . . 
. . . . . . 

NO NO 0.170J 4.8 NO 12 . 0.400JN 0.200JN . . 0.090JN 
0.072J 0.059J 0.390 1.5 1.5J 1.9 

. . . . . . 

. . 0.090JN . . . 
0.1BOJ 0.400J 1.5J 8.0J 9.4J 4.9J 

. . . . NO . 

. . . . . . . . . . . . 

. . . . . . 

. . . . . . 
1 SWP-1, SWP-3, NCDHR-1, & NCDHR-3 are Spill~ from lhe Creosote and Penlathlorophenol ~p Track Area 
'Area A· TreOtktg Area 

• Area B. CCA Area 
• Area c. Cre<>-Penla Track Area 

'Area 0 • Old Dllch Area 

• Area E • Bulk Slorage Area (Creosote Slorage Area Only) 
• Area F • Banding House Area 

55.09 
10/4196 

NO . 
0.097J 

0.500JN 
0.340J . . . 

NO . . . . . . . 
NO . . . 

0.380 
NO . 
NO . 
. . 

0.190J . 
. 
. . . . . 
. . . 

NO . . . . . 
NO . 

0.071J . 
. 

O.SBOJ . . . . 
. 

55-10 55·11 55·12 
10/4196 10/4196 10/4196 

NO 0.800 NO . . . 
0.360J NO 0.04BJ . . 0.600JN 

3.6 NO 0.270J . . . 
. . . . . . 

0.220J NO 0.065J . . . . . . . . . 
0.400JN . . . . . . . . . . . 

NO NO NO . . . . . . . . . 
5.0 NO 0.430J 
NO NO NO 

0.600JN . . 
NO NO NO . . . . . . 
. . . 

0.240J NO 0.170J . . . . . . . . . 
. . . 

0.200JN . . . . . 
0.200JN . . 

. . . . . . . . . 
0.250J NO 0.180J . . . . . . 

. . . 

. . . 

. . . 
NO NO NO 

0.200JN . 0.200JN 
0.920 NO 0.240J . . . . . . 
4.9J NO 0.360J . . . 
. . . 
. . . . . . . . . 

' Area G • Product Sloraga Area 
1#1· Road In Fronl of Old 115 Pole Mac:hlne 
'#2 • Road In Fronl of Old 115 Pole Mac:hlne 
• #3 • Road Crt>sslng Sepatllllng State Ports & Clly 
1114 • Road Crossing Sepatatlng State Ports & Clly 

55·13 
10/4/96 

NO . 
0.095J . 
0.280J . . 

. 
0.047J . 

. 

. 

. 

. 

. . 
NO . . . 

0.400 
0.055J . 
0.040J . . 

. 
0.550 . . . . . . 
. 
. . . 

0.065J . . 
. 
. . 

0.160J 
0.200JN 
0.210J 

. 

. 
0.340J 

. 

. . . 

. 



• • • TABLE F-2. SURFACE SOIL SAMPLES· SEMI-VOLATILES 
SOUTfiERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters fmall<al SS·14 SS·15 SS·16 SS·17 SS·18 SS·19 SS·20 SS·21 
Extractablo Organics 10/4196 10/4196 10/4196 10/4/96 10/4196 10/4196 10/4196 10/4196 

t 2 4-Trlclllorobenzene . - . . . . . . 
1 2-Dictllombenzene . - . . . . . . 
1 2-0iollenvlhvdrazine . - . - . - . . 
1 3-Dic:hlombenzene . . . . . . - . 
I 4-Dic:hlorobenzene . . . . . . . . 
1-Methvtnaohthalene . . . . . - . . 
2 4 5-Trlclllorophenot . . . . . . . . 
2 4 11-Trlcllloroollenol . . . . . - . . 
2 4-DictllomollenDI . . . . . - . . 
2 4-Dimetl1\llollenol 0.070J NO NO NO NO NO NO NO 
2 4-Dinltroohenol . . . . . . . . 
2 4-Dinttmroloene . . . . . . . . 
211-Dinftrotoloene - . - . . . . . 
2.Chloronaohthalene . - . . . . . . 
2-chlomphenot 0.039J NO NO NO NO NO NO NO 
2-M~.II-Dinftmollenol . . . . . . . -
2-Methvtn01lhthalene 0.250J NO NO 0.420J NO NO NO 0.047J 
2-Methytpherol . - . . . . . . 
2-Nftroanlllno - . . . . . . -
2-Nftmollenol . . . . . - - . 
3 3'-Dictllombenzldlne - . . . . . - . 
3 4-Benzofluoranthene . . . . . - . . 
4 11-Dinftro.o.ctesol . . . - . . . . 
3-NHmanlllne - . . . . . . . 
4-Bmmophenyi_Phenyt Ether . . . . - . . -
4-chlo~!I-Methvlohenol . . . . - . - . ·: 

4-Chtoroanlfine . . . . . - . . 
4-chloroohenvt Phenvt Elher - - . . - . . -
4-Methvtollenol . . . - . - . . 
4--Nftroanmne - . . . . . . . 
4-Nftroohenol . . . - - . . . 
Acenaohthene 0.510 NO NO NO NO NO NO NO 
A 11 NO NO 0.360J NO NO NO 0.037J 
Afkanes . . . - . . 1J . 
Anmne . . . . . . . -
Anthracene 33 NO NO 0.670J NO NO 0.034J 0.110J 
Anthr.leenedlone . . . 0.700JN . . . 0.400JN 
Benzacepflenanthrylene . . . . . . . . 
Benzanthracenone . . . . . . 0.100JN . 
Benzidine . . . . . . . -
Benzo(alAnthracene 21J NO NO 3.7 0.350J 0.200J 0.140J 0.270J 
Benzo(a)Py!ene ~ 29J NO NO 4.7 0.340J 0.250J 0.095J 0.260J 
Benzolb and/or k\Fiuoranthene . . . . . - . . 
Benzo(b and/or k Fluoronthene . . . . . . - . 
Benzo(b ]Fiuoranthene - . . . . . . . 
BenzolbiNaohthothloollene . . . . . . . -
Benzolb.k Fluoranthene 34J NO NO 12 0.330J 0.2BOJ 0.450J 1.1 
Benzo(llhQFiuoranthene . . . . . . . . 
Benzolahl PeMene 17J NO NO 4.6 0.250J 0.160J 0.09BJ 0.360 
BenzoffiFiuoranthene - . . . . . . -
Benzo(lc)Fiuoranthene - . . . . . . . 
Benzoanthracenone - . . O.SOOJN - . . . 
eenzoanlhracenone 12150"""' . . . . . . . . 
Benzonuora,.hene (not b or kL - . . . . . . O.OBOJN 
Benzoftuorene . . . . . . 0.100JN . 
Benzoic Acid . . . - . . . . 
BenzonaphthothlonhAne - . . . 0.100JN . 0.100JN . 
Benzoovrene tnot a . . . - . . . O.OBOJN 
Benzvt Alcohol . . . . . . . . 
Benzyl Butyl Phthalate . . . . . . . . 
Blohenvt . . . . . - . . 
Blsl2-chloroethoxvlMetllane . . . . . . . . 
Bls!2-chloroethyt)Ether . . . . . . . . 
Blsl2-chlorolsoonnl'lflEther . . . . . . . . 
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, _______ -------~~-- -------- ------~-----~-------~ --------- -~~-- --

TABLE F-2. SURFACE SOIL SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters mglkg) SS·14 55·15 55·16 55·17 SS·18 55-19 SS·20 
Extractable Organics 10/4196 10/4196 10/4198 10/4196 10/4196 10/4196 10/4/96 

NO NO NO NO NO NO NO 
Butvl Benzvl Phthalate . 0 . 0 . 0 0 

carbazole 3.5.1 NO NO 0.320J NO NO 0.046J 
Corboxvllc Acid . . 3J . . . . 
ctvvsene 28J NO NO 5.7 0.300J 0220J 0.290J 
Cyclopentaphananthrena . . . . . 0 0 

ICVdooentaohenanthrenona . . . O.SOOJN . . 0 

Olbenzo a h)Anthracena . . . 0 . 0 0 

Olbenzofuran 0.380 NO NO 0.300J NO NO NO 
olethyiPhthalate . 0 . 0 . . 0 

Olhydmnaphthofuran . 0 . . . 0 0 

Olmet_l>il_ Phthalate . 0 . 0 . . 0 

Olr!1e!hy!n;~phthalena . . . 0.400JN . 0 0 

Olmet . . . 0.400JN . 0 0 

Olmet)1y!p!1enanthrena 12 isomers . 0 . 0 . . 0 

O~etrahydroovran-2-<>nfJ . 0 0 0 . . 0 

01-~ltuty!J)hthalate NO NO NO NO NO NO NO 
O~N-OcMohthalate . . . 0 . . 0 

Ethyte""!tlycol . 0 . 0 . . 0.300JN 
Etllytldenelndene . 0 . 0 . . 0 

FkJoranthena 23 NO NO 4.8 0.620 0.210J 0.360J 
FkJorena 0.690 NO NO NO NO NO NO 
FkJorenono . 0 . 0.400JN . . 0 

Hexachlorobenzane_!HCS)_ NO NO NO NO NO NO NO 
Hexachlorobutadlena 0 0 . 0 . . 0 

Hexachlorocvoopentadlene(I:!_CCPJ . 0 . 0 . . 0 

Hexachloroethane 0 0 . 0 . . 0 

lndeno(l • ._,..,.,..., f7J NO NO 4.5 0.210J 0.130J 0.097J 
lsophorona . 0 . 0 . . 0 

Methy!anthracena 0 0 . 0.200JN . . 0 

Methy!anthracena 12 isomers 0 0 . . . . 0 

'-lethy!betllanthracene 0 0 . 0 0.100JN 0 0 

M~ofuran 0 . 0 . 0 . 0 

Mt!lllylfluQ_rene 0 0 0 0 . . 0 

Methyfna!lllthalena . . 0 0 . 0 0 

M "'"" 
0 . . 0 . . 0 

M~ 0 0 0 . . 0 0.400JN 
Methy!PYft!ne (2 Isomers) 0 0 0 . 0 . . 
Naphthalene 0.620 NO NO 0.480J NO NO NO 
N~mbenzena 0 0 0 . . . 0 

~NHmsodimethvtamlna 0 . . 0 . . 0 

~NHmsod~movtamlna 0 . 0 0 0 - 0 

~NHmsodlohenv!amlne/Oipllenvtamlne 0 - . . . . . 
!>-Cillo ro-m-cresol 0 - 0 . - . 0 

Pentachlomohenol 1.9 NO NO NO NO NO NO 
Pervtene 0 . . 3JN 0.200JN 0.200JN 0.100JN 
Phenanthrene 3.6J NO NO 1.4J O.f50J 0.055.1 0.038J 
Phenol 0 . . . - - 0 

Phenvtnaohthalena 0 - . . - - 0 

'Pvrene 41J NO NO 7.2J 0.560 0.230J 0.340J 
Tetrachlomohenols - 0 - - 0 0 -
T etral>idmdlrnelhVII!vranona - . . . 0 0 -
Trfchlomohenots - - . . . 0 . 
Trimethy!naotrthalenes 0 . . . . 0 -
Xanthene 0 0 - 0 - 0 0 

' Notes; SWP-1, SWP-3, NCOHRo1, & NCOHR-3 are Spll Samples f!Om the Creosote and Pentachlorophenol Drip Track Area 

Bacl<ground l.ocaiJon 1 Area A o Tn!aflng A11!1 
Estimated Value 1 Area B; CCA Area 

N Pn!Sumpllve Evidence of Pn!Senc! Area co Cn!ooPenta Track Area 
NO Not Detected 2 Area 0 o Old Olch Area 

Not Analyzed 'Area E o Bulk Storage Area (Creosote Storage Area Only) 
'Area F o Banding House Area 

• 

SSo21 
10/4196 

NO 
0 

0.063J 
0 

0.480 
0 

0.100JN . 
0.054J . 

0 

. 

. 
0 

0 

0 

NO 
0 

0 

0 

0.520 
NO 

0 

NO 
. . 
. 

0.340J . 
0 . 
0 

0 . 
0 

0 

0.200JN 
0 

0.082J . 
. 
. 
--

NO . 
0.210J 

-
0 

0.710J 

--. 
0 

0 

• Area Go Product Storage Area 
'#1 o Road In Fmnl of Old #5 Pole Machine 
1 #2o Road In Front of Old #5 Pole Machine 
1113 o Road Crossing Separating State Ports & Clly 
1114 o Road Crossing Separating State Ports & Clly 



• 
ParameterslmaiL} 

Puraeable Organics 
1 1 1· Trichloroethane 
11 2,2-Tetrachlomethane 
1 1 2· Trichloroethane 
1 1-0ichlomethane 
1 1-0ichloroethene 
1 2-0ibromomethane 
1 2-0ichloroethane 
1 ,2-Dich\oropropane 
2-chlomethvtvinvl Ether 
Acetone 
Benzene 
Bromodichlomethane 
Bromodichloromethane 
Bromofonn 
Bromomethane 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chlorofonn 
Chloromethane 
Cls-1 3-Dichtompropene 
Olbromochloromethane 
Oichlorodiftuoromethane 
Oichtoromethane 
Elhvi Benzene 
Fluorotrtchloromethane 
M!P-X ene 
Methv BuM Ketone 
Meth Ethvi Ketone 
Meth lsobutvt Kerooe 
Meth ene Chloride 
Mll_thy T-BuM Ether MTBE 
M-Xviene 
O&P.l9'1_ene mixed 
o-Xvlene 
Plnene 
Stvrene 
Tetrachloroethane 
Toluene 
Trans-1 2-0ichloroethene 
Trans-1 2-0ichloroethvtene 
Trans-1 3-0ichlompropene 
Trichloroethene 
Trtmethvtcvclohexanone 
VlnvtAcetate 
VinYl Chlor1de 

• 
TABLE F-3. SURFACE SOIL SAMPLES· VOLATILES 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

JA.C1 
1f7/85 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 

Notes. 

LA.C2 LB-cl 
1f7/B5 1f7/85 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO ·NO 
0.010JN 0.010JN 

NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
NO NO 

NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
NO NO 

NO NO 
NO NO 

BaCkground Location 
J Estimated Value 

LC.c4 
1f7/B5 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
·NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 
NO 
NO 
NO 

NO 
NO 

0.007JN 
NO 
NO 
NO 
NO 

NO 
NO 

0.006.JN 
NO 
NO 

TWSB1A 
2/14/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

N Presumptive Evidence of Presence of Material. 
NO Nol Detected 

Nol Analyzed 

TWSB2A 
2/14/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

TWSB3A 
l/1419& 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

PAGE 1 OF2 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

TWSB9A 
2/14/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.0065 

NO 

NO 

NO 

NO 

NO 

NO 

TWSB10A 
2/14/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

• 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

TWSB13A 
2/_14/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 
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~-------~------- --~---- ------------- ------------- ---------------------- ------~---~----------

Parameters Cma/L \ 
f'urgeablo Oraanlcs 
11 1·Tr1chloroethane 
11 2 2· Tetrachloroethane 
1 1 2· Trichloroethane 
11-0icllloroethane 
1 1·Dichloroethene 
t 2-0ibromomelhane 
12-0ichloroethane 
t -OiclliO<'ClO<"OPane 
2-ChloroethVMnvt Ether 
!Acetone 
!Benzene 
IBromodlchloroethane 
Bromodlchlommethane 
Bromoform 
Bromomethane 
Cart>on Disulfide 
Carton Tetrachloride 
Chlorobenzene 
Chlomethane 
Chloroform 
Chloromethane 
Cls-1 3-0ichl"""'"""'"e 
Oibromochlommethane 
Olclllorodiftuoromethane 
Olchlommethane 
Ethv!Benzene 
Fluorotr1chloromethane 
MIP·X ene 
Meth'l Butvt Ketone 
Mettw EthYl Ketone 
Mettw lsobutvl Ketone 
Meth ene Chloride 
Mettw T -Butvt Ether MTBEI 
M-Xvtene 
O&P-Xvtene mixed 
o-XYiene 
Pinene 
Stvrene 
Tetrachloroethane 
Toluene 
Trans-1 2·0ichloroethene 
Trans-1 -Oichloroethvtene 
Trans-1 3-0ichlomorooene 
Tr1chloroethene 
Tr1methYicvclohexanone 
Vinyl Acetate 
VInyl Chloride 

• 

TABLE F..:S. SURFACE SOil SAMPLES- VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 

NO NO NO 

NO NO NO 

NO NO NO 

NO NO NO 
Notes. 

Background location 
J EsUmated Value 
N Presumptive Evidence of Presence of Mater1al 
NO Not Detected 

Not Analyzed 

PDA1A PDA2A 
2/14/96 2/l4/96 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
NO NO 

NO NO 

NO NO 
NO NO 
NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

PAGE20F2 

• 

PDA4A 
l/l4/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

PDA6A 
2/l4/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
NO NO 

NO NO 

NO NO 
NO NO 
NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO 0~0086 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

PDA10A 
2/14/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.011 

NO 

NO 

NO 

NO 

NO 

NO 

POA11A 
2/14/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 
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• 

P.n~mtters fma/tl:al -Notunlly 

lnoraanles Oecurri'na Lwels 

Aluminum 7000·15000 
Antimony 
Arsenic 0·2.8 
Bartum 10·200 
Bervtnum 
Cadmium nla 
Cak:fum 0-2 300 
Chromium 0·20 
Coba~ •3 
Coooer 0·10 
Cvanlde 
Iron 0·10000 
Lead •10 
Maoneslum 0·1500 
Manoanese 0·150 
Me.eto~V 0-0.051 
Nlcl<el 0·5 
Potassium 0-8800 
Selenium 
Sliver 
Sodium 0-2000 
Thallium 
Tin 
Vanadium 0·20 
Zinc •0 

• 
TABLE F-4. SURFACE SOIL SAMPLES ·INORGANICS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 

1 AruS.t 
11111:1-!l/IIS 

30 

22 

19 

Noles: 

1 ANIIB..Z 
1/SS-1/IIS 

421 

13 

123 

Badcgmund LocatJon 
J Estlma1ed Value 

• o\JN 11-3 

ll/liS-1/IIS 

578 

53 

251 

N Pmumpi!Ye Evidence of Presence of Ma!erlaL 
NO Not Deteded 

Not Analyzed 

. 299 

238 

n 

1308 

218 

1 Arn8-1 
llllls.IIIIS 

552 

123 

211 

•Arua..7 
lllliS-1/IIS 

150 

181 

293 

Area A· Treating Area 
1 Area 8 • CCA Areo 
1 Area C • Creo-Penta Trade Area 
1 Area D • Old Ditch Area 

'A,..B-1 
lllliS-1/IIS 

40 

82 

'Aru:B-1 
ll/liS-1/IIS 

59 

'Area E • 8ulk Storage Area (Creosote Storage Area Only) 
1 Area F • Banding House Area 
1 Area G ·Product Storage Area 

PAGE10F7 

1ANIB--1 
ll/liS-1/IIS 

150 

58.1 

• 

130 32 

32.7 1.78 

I o\JN f-1 
IIIli WIIlS 

2.2 

11 • Road In Fmlt of Old t5 Polo Machine 
2 12 • Road In Fmlt of Old 15 Polo Machine 
•n. Road Crossing SeJ)allltlng State Ports & cny 
'14 • Road Crossing Separating State Ports & City 
-Ret't!rence 2, p. 50: Ret't!rence 70 

'o\JN F4 
llllls.IIIIS 

4.5 
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TABLE F-t. SURFACE SOIL SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 

P•ram.t.r1 tmolka1 -N.otunlly 1 AruF-3 1 Arul4 • Ar.o f.5 ·-F-5 1AruF-7 JA.C1 LA.Q LJI.C3 I.CC4 NTA-1 NTA.Z NTA.S NTA-4 NTA-5 NTA .. NTA·7 
ln~lcs Oe<unlnalOYOIO 1183-9113 118U/13 1183-9113 1183-tll3 118U/13 117115 117115 117115 117115 2121191 2121191 2121191 2121191 2nl/91 2121111 2nl/91 

AtumJnum 7 000·1S 000 21500 4300 2100 1700 
Antimony NO NO NO NO 

Arsenic 0·2.8 0.1 0.011 0.2 0.8 0.7S 10 610 10 20 11 1.8 30 2.8 7.1 25 6] 

Barium 10-200 NO NO NO NO 

BeMllum NO NO NO NO 

Cadmium nla NO NO NO NO 

Caldum 0~,300 4000 12000 8300 2000 

Chromium 0-20 NO 390 NO 10 8.4 3.8 IS 5.1 4,7 4.3 13 

Cobaft <3 NO NO NO NO 

eo'""'' 0-10 40 620 30 60 n 11 300 4.5 56 51 240 

IC:V.nldo 0.88 0.41 0.11 NO 

Iron 0·10000 4 BOO 12000 S600 61500 

lead <10 12 ISO 33 61 

'-lagneslum 0·1500 NO NO NO NO 

Manganese 0·150 40 100 52 so 
Merct!IV O·O.OS1 NO 0.48 NO 0.45 - o.s NO NO NO NO 

Potassium 0· 6 600 NO NO NO NO 
Selenium NO NO NO NO 

Silver NO NO NO NO 

Sodium 0·2000 NO NO NO NO 

Than/um NO NO NO NO 

Tin NO NO NO NO 
Vanadium 0·20 NO 20 NO NO 
Zinc <0 NO 7S 20 87 

Noles: luea A· Treating luea •t· Road In Fmnt al Old •s Polo Machine 
BadtgiOUid Location 'Area B • CCA Ale a 112 • Road In Fmnt al Old IS Polo Machine 

J Estimated Value 'luea C • Cnoo-Penta Tract< Ale a • n • Road Crossing Separating Sla1o Parts & City 

N Plesumptivo Evidence a1 Presence a1 Material 'luea 0 ·Old Oitcllluea .... Road Crossing Separating Sla1o Ports & City 

NO Not Dele<:1od 'luea E ·Built Slorage luea (CnooSO!e Slorage luea Only) -Reference 2, p. 50; Reference 70 
Not Analyzed 'luea F • Banding House luea 

'luea G • Pn>ducl Slorage luea 

• 



• • • 
TABLE F-t. SURFACE SOIL SAMPLES ·INORGANICS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 

Porarnetera fmall<ol -Nmnlly NT A-I NT A-I NTB-1 NTB-2 NTB-S ~ NTB-5 NTB-1 NTB·7 NTB-1 NTB-9 NTB-10 NTB-11 NTB-12 NTB-U TWS-1A TWS-2A TWS-2A 
,.,__nics Oeeutrlna L.ovols Z/21111 Z/21111 311111 311111 Z/21111 311111 311111 Z/211111 Z/28191 311111 311111 311111 311111 311111 311111 Z/211111 Z/211111 Z/211111 
Atumlnum 7 000·15 000 
Antimony 

Arsenic 0·2.8 10 54 7.0 NO 4.8 1.7 1.8 5.0 9.4 5.3 12 4.7 8.1 3.2 13 6.8 M 13 
Bartum 10·200 
Be(YIIIum 
Cadmium nla 

Calcium 0·2300 
Chromtum 0·20 5.9 8.9 8.0 1.8 9.1 2.9 3.2 23 2.7 5.6 5.7 2.2 4.6 1.4 22 6.5 8.8%_ 7.0 
Cobaft <3 
Coooer 0·10 7.8 8.8 30 NO 4.3 9.7 3.9 11 2.8 90 130 8.6 81 3.1 20 88 NO 8.2 
Cvanlde 
Iron 0·10000 
Lead <10 
Maaneslum 0·1500 
Manganese 0·150 
~~~~----------t-----~~~---i----~-t----~-t--~--t---~-t----~-t--~--t---~-t-------+-------+--~--t---~-t--~--,_--~--t---~~~--~-.--~---+--~---+--~---1 ~~" 

Merrurv 0·0.051 
Nickel 0·5 
F'otasslum 0·8800 
Selenium 
SiNer 
SOdium 0·2000 
Thalnum 
Tin 
vanadium 0·20 
z;nc cO 

Notes: 
Bad<ground Location 

J Estimated Value 
N Presumptive Evldei1CI! oll'resena! of Material. 
NO Not Detected 

Not Analyzed 

Alea A· Treating Area 
'Alea B • CCA Alea 
'Area C • Cteo-Penta Tradt Alea 
'Alea D • Old Dlfch Area 
'Area E ·Built Storage Alea (Cteosote Storage Alea Only) 
'Alea F • Banding House Area 
'Alea G ·Product Storage Area 
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11 • Road In Front of Old #5 Polo Maclllne 
112 ·Road In Front of Old #5 Polo Maclllne 
113 ·Road Crossing Separating State Ports & City 
1 U • Road Crossing Separating State Ports & City 
-Releronc:e 2, p, 50; Releroi1CI! 70 

C:IMYOOCSIWIL\RIISURFACESOII. 



Pa.....-tsrmall<al -Natuqlly 

l!_norganleo Occurrina lovelo 

Aluminum 7 000·15 000 

Antimony_ 
Arsenic 0·2.8 

Barium 10·200 

BefYIIIum 
Cadmtum n/a 
Cak:lum 0·2300 

Chromium 0·20 

COba~ <3 

coooer 0·10 

Cvanlde 
Iron 0-10000 

Lead <10 

Maoneslum 0-1500 

Manaanese 0·150 

Merrurv O·O.OS1 

Nld<el 0·5 
Potassium 0·8 800 
Selenium 
Silver 
Sodium 0·2000 
Thanlum 
Tin 
VanacHum 0·20 
Zinc <0 

• 

TABLE F-4, SURFACE SOIL SAMPLES· INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 

'JWS.4A lWS-54 lW$.4A 'IWS-7A 
212111!11 212111!11 2121111 21271!11 

26 ~I 8.7 2.7 

8.4 19 13 5.3 

7.3 71 7.2 3.8 

No1es: 
Background Location 

J EslimaledValuo 
N Plesumptlve Evidence ~Plese nee of Material. 
NO Not Deteded 

Not Analyze<! 

lW$.4A 
21271!11 

1.9 

3.~ 

4.~ 

'I'WlHA 'IWS-10A 'IWS-11A 
21271!11 2127111 

NO 1.3 

4.1 2.7 

3.3 17 

Area A • Tfl!atlng Ani a 
'Aroa B • CCA Area 
'An! a C • Crea-f'enla Tllldt Anla 
'Aroa 0 • Old Olld! Anla 

21271!11 

31 

II 

15 

'IWS-12A 
2127111 

NO 

2.7 

NO 

1 Aroa E • Bulk S1orage Ani a (Cfl!asote Sl!lrage Anla Only) 
'Area F • Banding House Anla 
'Area G • Pnxluc:l Sl!lrago Anla 

PAGE40F7 • 

'IWS-1SA . ., 'liZ •ts ... 
2127111 S/1:!/IS S/1:!113 S/1:!/IS S/1:!/IS 

NO 8.e NO NO 
1.8 10 2.8 NO 2.9 

NO NO NO NO 
NO NO NO NO 

5.2 130 150 18 75 

NO 40 48 u 17 
NO NO NO NO 

590 510 59 420 

NO 0.012 NO 0.018 
17 110 NO 5.4 

NO NO NO NO 
NO NO NO NO 

NO NO NO NO 

240 310 40 150 

11 • Road In Front ol Old 15 Polo Madllne 
1 11Z ·Road In Front olotd 15 Polo Madllne 
1 113 • Road Crossing Separating Slate Polls & City 
• il4. Road CroSSing Separ.rtlncr Slate Polls & City 

-Rete,_,. 2. p. 50; Rele"'nce 70 

TWSBIA 
:VU/11 

4.1 

19 

21 

~~-~~~-----~-~-

TWS82A 
2114111 

1.4 

2.1 

8.2 



• 

P•rameters {molka) -Naturally 
llnoroanles OeeumnalAYelo 

Atumtnum 7000-15000 
Antlmonv 
Arsenk: 0·2.8 
Barium 10·200 
Bervlllum 
C&dmlum ,. 
calcium 0·2300 
Cnromfum 0·20 

Coba- <3 
CoP<>Or 0·10 
ICvanldo 
Iron 0·10000 
lead <10 
Maoneslum 0·1500 
Manoanese 0·150 

Me"""" 0·0.051 
Nld<el 0·5 
Potassium 0-8800 
Selenium 
Sifvef' 

Sodium 0·2000 
Thamum 
Tin 
Vanadium 0·20 
Zlne cO 

•• 

TABLE F-4. SURFACE SOIL SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 

TWSB3A 
2114191 

NO 

1.9 

NO 

Notes: 

TWSB-CA 
2114191 

38 

29 

Background Location 
J Estimated Value 

TWSBSA 
2114191 

5.7 

5.1 

27 

TWSBIA 
2114191 

5.9 

6.1 

53 

N Prwlmp!Ne Evldenoo of Presenoo of Malellal. 
NO Not Detected 

Not Analyzed 

TWSB7A 
2114191 

NO 

2.5 

NO 

TWSBIA 
2114/91 

NO 

2.7 

NO 

TWSBIA 
2114191 

16 

7.2 

28 

Ml A • Treating Area 
1MIB•CCAArea 
I Ml c. Cnoo-f'enta Tract< Ml 
1MI0•01dOIIchArea 

TWSB10A 
2114/91 

NO 

1.8 

NO 

TWSBIIA 
2114/91 

20 

5.2 

10 

1 Area E. Bulk S1Draao Area(Creoaole S1orage Area Only) 
1 Area F. Banding House Area 
1 Ml G • Produd S1orage Area 
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TWSB12A 
2114/91 

5.3 

5.0 

6.9 

TWSB13A 
2114/91 

39 

110 

TWSB14A 
2114/91 

NO 

2.0 

NO 

TWSB15A 
2114191 

13 

12 

II• Road In Front of Old 115 Polo Machine 
I 112. Road In Front of Old 15 Polo Machine 
1 13 • Road Crossing Separating Stale Ports & City 
1111. • Road CrossinG Separating Stale Ports & Clly 
-Refe111noo 2. p. 50: Reference 70 

• 

TWSB15ADUP 
2114191 

14 

13 

60 

C:IMYDOCS\WII.IRIISURFACESOII. 



-----~----------~--------~--------

TABLE F-4. SURFACE SOIL SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 

..... _tmall<ol -Noturally PDA1A PDA2A PDA:sA PDA4A PDA5A PDAIA PDA7A PDAIA PDAIA PDA10A PDA11A 'sH1 S$-42 ~~ - Ss-45 -lno""'nleo Oceumna t..v.ls 2114191 2114191 2114191 2114/H 2114191 2114191 2114191 2114191 2114191 2114191 2114191 1014191 1014111 1014111 1014111 1014/H 1014111 

Aluminum 7000-15000 990 2400 4700 710 710 1.200 

Antimony 

Arsenic 0-2.8 !300 5.6 27 3.2 3.1 67 74 45 2.5 NO NO 1.8.1 58.1 H NO 2.2 210 

Barium 10·200 8.8 27 .3 13 u 28 
Belylllum 
Cadmium n/a NO NO NO NO NO NO 

calcium 0·2300 1.200J 580J HOO 280J 230 22000 

Chromium 0·20 1200 9.3 37 6.9 9.0 56 84 38 5.3 15 2.7 3.8 3.5J 10.9 2.2J 2.2 130J 

Cobaft <3 NO UJ 1.8.1 NO NO 1.8.1 

Coooer 0-10 1600 II 32 IS II !50 89 88 19 NO NO 19 2. 2. 5.7J 14 170J 

lcvanlde 

Iron 0-10000 2000J 5000J 8600 2300J 1300 11000 

Lead <10 25J s.J 100 5.8.1 2.8 19J 

Maaneslum 0-1500 200 220 MO 84 110 .80J 

Manoanese 0-150 11 60 65 21 8.8J 110J 

M<t_"""Y_ 0·0.051 NO NO NO NO NO 0.17 

Nickel 0·5 1.3J 3.3J NO NO NO NO 
Potassium 0-6800 220 170 300 120 NO 150 

Selenium 
Sliver 
Sodium 0·2000 28 18.1 270 13J 87 62 

ThaHium 
Tin 
Vanacnum 0·20 •. 3J UJ 1 3.5J HJ •. 1J 
Zinc <0 11 18 100 •o 13 57 

Notes: Area A· Treatinll Area 11 • Road In Front of Old 115 Pole Machine 
Bac:l<ground location 'Area B • CCA Area 

1#2 • Road In Front of Old #5 Pole Machlno 

J Estitna12d Value 'Area C • Creo-Penta Tract Area • #3 • Road Closslng Separating State Ports & City 
N Pn!surnptfvo Evidence of Pn!senc:e of Ma1erlal. 'Area 0 • Old Olldl Area 1 #4 • Road Crossing Separating State Ports & City 
NO Nol Oetecled 'Area E • Bulk S1Drage Area Cc-sote S1Drage Area Only) -Reference 2, p. 50; Reterenc:e 70 

No! Analyzed 'Area F ·Banding House Area 
'Area G • Produel StDrage Area 

• C:IMYDOCSI~ACESOIL 



P1rameters (ma/ka) -Naturally 
ln~rganlcs Occurrlrut_Levels 

Aluminum 7000·15000 
Antimony 

Arsenic 0·2.6 
Barium 10·200 

Bervtnum 
Cadmium nia 
Caldum 0·2.300 
Chromium 0-20 
Cob a~ <3 
Coooer 0·10 
Cvanlde 
Iron 0·10000 
Lead <10 
Maonesium 0·1500 
Manoat'l@se 0·150 
Mercury_ 0·0.051 
Nlcl<el o-s 
Potassium 0-8800 

SeJenlum 
SIM!r 
Sodium 0·2000 
Thallium 
nn 
Vanadium 0-20 
z;nc <0 

• 

TABLE F"". SURfACE SOIL SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 

SS-47 ss.oa SS-41 SS.1D SS.11 
10141!11 10141!11 10141!11 10141!18 10141!11 

1200 1900 1500 1900 HOO 
- . - -

15 27 NO 18 NO 
22 21 3.2 12 17 

- - - - -
NO NO NO NO NO 
720 15 000 5 200 710 540 
9.2 22 2.8 5.7 6.3 
NO O.BQJ NO NO NO 
18 55 NO 18 NO 

- - - - . 
2 500 3.500 1.300 3100 1100 

37 19 2.7 9.9 24 
140 610 170 140 91 
40J 120 11J 26J 6.4J 
0.12 0.22 NO 0.15 NO 
NO NO NO NO NO 
NO 310 NO NO NO 

- . - -- - - - -
34 230 110 120 NO 

- - -- - - - -
4.6J 5.7J 2.4J 5.9J 8.2J 
32 43 6.7 14 57 

Notes: 
Bac:kg ...... Location 

J EstimatedValue 
N P~ Evidence of Presence of Malerlal. 
NO Nol Oeloded 

No! Analyzed 

SS.12 ss.u SS.14 
10141!18 10141!11 10141!11 

2300 2 000 3700 

- - -
12 3.1 5 
11 3 15 

- - -
NO NO NO 

7700 280 1.200 
18 4.1 7.6J 
NO NO NO 
11 NO 35J . . 

2400 1800 4 800 
45 3.2 16J 

260 86 370J 
34 8 53J 
NO NO 0.77 
NO NO NO 

240J_ NO 230 

- - -- - -
100 NO 48 

- - -- - -
5.4J 3.6J 9J 
32 7 37 . Area A Treating Area 

• Area B- CCA Area 
• Area C- Creo-Penta Track Area 
'Area D • Old Dllch Area 

SS.15 
10141!11 

6(0 

-
NO 
23 

NO 
33J 
2.9 
NO 
NO . 

1 100J 
2.6J 
96 
6.9 
NO 
NO 
180 

-
NO . . 
3.6J 
1.8J 

• Area E • Bulk Slorage Area (Creosola Stotage Area Only} 
• Area F • Banding House Area 
• Area G -Product SIDtage Area 
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SS.11 
10141!18 

310 

-
NO 
2 

NO 
NO 
1.7J 
NO 
NO . 
850 
2.6 
NO 
3.6J 
NO 
NO 
NO 

-
NO 

--
NO 
5.8 

SS.17 S$-11 SS.1t 
1014111 10141!18 10141!11 

850 1.200 3 400 

- - -
NO NO 3J 
4.1 3 7.7 

- - -
NO NO NO 
NO 15J 37J 
2.2J 4 9.2 
NO NO NO 
NO NO NO . . . 

1300 2200J 4 700J 
6.5 5.5J 6.1J 
62 170 430 

4.9J 9.2 14 
NO NO NO 
NO NO NO 
NO 210 800 . - -- - -
NO NO NO 

- - -. - . 
2.6J 6.3J 14 
6.9 5.8 8.3 

-11 Road kl Front of Old 15 Pole Machine 
1 12 ·Road kl Front of Old 15 Pole Machine 

~D 

10141!11 

1000 

-
83 
4.5 

1J 
130 000 

51 
2.6J 

10 

20000 
5.1 

4 700 
230 
NO 
6J 

280 

--
260 

--
19 
11 

J 13 • Road Conaslng Separaling Stale Por1S & City 
J 14 - Road Conaslng Separating Stale Por1S & City 
-Reference z. p. 50;-...., 70 

~1 
10141!11 

2100 

-
43 
7.2 

-
NO 

9700 
19 
NO 
29 . 

, 300 

5 
290 
13J 
NO 
NO 
NO 

--
92 

--
3.6J 
12 



• • 
TABLE F-5. SURFACE SOIL SAMPLES • PESTICIDES AND MISCELLANEOUS ANALYSIS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

Parameters4malkal JA.C1 LM:2 LB.C3 LC.C4 ., '112 
Postlcfdos/PCB.Cami>O<Jnds 1f1/85 1f1/85 1f1/85 1f1/85 3/12193 3/12193 

1-Hvdroxvclllordene-12 NO NO NO NO . -
4 4"..000-(P P"-000 NO NO NO NO NO 0.014 
4 4"..00E-{P P"-DOE NO NO NO NO 0.024 0.029 
4 4"-DDT -{P P"..OOn NO NO NO NO 0.079 0.16 
Aldrtn NO NO NO NO NO NO 
Aloha-BHC NO NO NO NO NO NO 
Aloha-Chlordane-12 NO NO NO NO . . 
Aloh3-Chlordene-/2 NO NO NO NO . . 
Beta-BHC NO NO NO NO NO NO 
Chlordane-(l'ech -Mixture )-II NO NO NO NO NO NO 
Chlordene NO NO NO NO . . 
Cls-Nonaclllor./2 NO NO NO NO . . 
Oelta-BHC NO NO NO NO NO NO 
Dleldrtn NO NO NO NO NO NO 
Endosulfan-HAiohal NO NO NO NO NO NO 
Endosulfan-JI-(Beta NO NO NO NO NO NO 
Endosulfan-Sulfale NO NO NO NO NO NO 
Endrtn NO NO NO NO NO NO 
Endrtn-Aidehvde NO NO NO NO . . 
Endrt~e1one NO NO NO NO . . 
Ganwna-BHC-lUndane NO NO NO NO NO NO 
Garrma-Chlordane-12 NO NO NO NO . . 
Ganwna-Chlordene-/2 NO NO NO NO . . 
Heptachlor NO NO NO NO NO NO 
Hepl:!<:lllor-Epoxlde NO NO NO NO NO NO 
Melhoxvclllor NO NO NO NO . . 
PCB-lOlS. Aroclor-1016 NO NO NO NO NO NO 
PCB-1221-1Aroclor·l221 NO NO NO NO NO NO 
PCB-1232-{Arocfor-1232 NO NO NO NO NO NO 
PCB-1242-{Arocfar.l242 NO NO NO NO NO NO 
PCB-124!'MArocfar-124B NO NO NO NO NO NO 
PCB-1254-1Aroclor·l254 NO NO NO NO NO NO 
PCB-1200-lAroclor·1260l NO NO NO NO NO 0.060 
Toxaphene NO NO NO NO NO NO 
Trans-Nonachlor./2 NO NO NO NO . . 
Mlscollaneous.CamDOUnds 

Total..[)_fRanlc-Carbon . . . . I . . 
NoteS: 

Bacf<ground Location 
J EsUmated Value NO Not Detected 
N PreslJI1llllve Evidence of Presence of Matertal. • Not Analyzed 

1t3 .,. PDA12C 
3112193 3112193 2115191 

- - . 
NO NO . 

0.0039 0.022 . 
0.030 0.10 . 
NO 0.0030 . 
NO NO . 
. . . . . . 

NO NO . 
NO NO . 
. . . 
. . . 

NO NO . 
NO NO . 
NO NO . 
NO NO . 
NO NO . 
NO NO . . . . 
. . . 

NO 0.0023 . 
. . . . . . 

NO 0.0019 . 
NO NO . 
. . . 

NO NO . 
NO NO . 
NO NO . 
NO NO . 
NO NO . 
NO NO . 
NO 0.11 . 
NO NO . . . . 

. . 12,000 

PAGEl OF2 

PDA13C NTB3 NTB4 TWS10 
2115191 2115191 2115191 2115195 

. . . . 

. . . . 

. . . . . . . . 

. . . . . . . . 

. . . . 

. . . . . . . . 

. . . . . . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . . . . . . . . . 

. . . . 

. . . . 

. . . . . . . . . . . . . . . . 

. . - . . . . . . . . 

. . . . 

. . . . . . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 
29,000 62,000 43000 13,000 

• #1 • Road In Front of Old #5 Pole Machine 
1 #2 • Road In Front of Old #5 Pole Machine 
1 #3 • Road Crossing SeperaUng State Por1s & Clly 
1 t4 • Road Crossing SeperaUng State Por1s & City 

• 

TWS14 ·ss.ot SS.02 SS.03 
2115191 1014191 1014191 1014195 

. . - . 

. . . . . NO NO O.OISJ . NO NO O.OIOJ . . . . . . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . . . . . 

. . . . 

. NO NO NO 

. . . 

. . . . . NO NO NO . . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . . . . . 

. . . . 

. . . . . . . . 

. . . . 

. . . . . . . . . . . . 

. . . . 

. . . . 

. . . . 

5,800 I . . . 

C:IMYDOCS\'MLIRIISURFACESOIL 



Pal'ilmeters-"-'!!ll_lkgl_ 55-04 55-05 
Pestlcldes/PCB-ComP<>Unds 10/4198 10/4198 

1-Hvdroxvehlordene-12 
4 4'..000-(P ,P'-001:!}_ 
4 4'-DOE-(P,P'-001;1_ NO NO 
4 4'-DOHf> P'..oon NO NO 
Aldrin 

Aloha-BHC 
Aloha-Chlorda~ 

Aloha-Chlordene-12 
Beta-BHC 
Chlordane-{Tech -Mixlure)-11 
Chlordene 
Cis-Nonachlor-12 
Oelt!-BHC 
Oleldrtn 
Endosutfar>-I-IAiohal NO 0.07SJ 
Endosulfar>.ll-(Beta) 
EndosUifar>-Sulfale 
Endrtn NO NO 
Endrtr>-Aidehyde 
Endrlr>-Kett>ne 
Garrrna-BI:iC-(Undane\ 
Ganwna-Chlorda~ 

Ganwna-Chlordene-12 
Heotachlor 

1Heotachlor-Eooxlde 
MethoXYChlor 
PCB-1016-{Aroclor-1016) 
PCB-1221-(Aroclor-1221) 
PCB-1232-{Aroclor-1232) 
PCB-1242-(Aroclor-1242) 
PCB-1248-(Aroclor-1248\ 
PCB-1:154-(Aroclor-12541 
PCB-126Q.CAroclor-12BOI 
Toxaollene 
Trans-Nonachlor-12 

Miscellaneous-Compounds 

Total-Qrganl~arbon 

Notes: 
Backgi'Ollld Location 
Estimated Value 

N Presurt'¢ve Ellldence ofF 

• 

-------- ----

TABLE F~. SURFACE SOIL SAMPLES • PESTICIDES AND MISCELLANEOUS ANALYSIS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY 

5S.Oe S~7 5~a 55-09 55-10 55-11 SS.12 SS.13 55-14 SS.15 55-18 55-17 
10/4198 10/4198 10/4198 10/4198 10/4198 10/4198 10/4198 10/4198 10/4198 10/4198 10/4191 10/4198 

NO NO NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO NO NO 

NO 0.130N 0.078.1 NO NO NO 0.0060N NO NO NO NO NO 

NO NO NO NO NO NO NO NO 0.0150/11 NO NO NO 

I I 
1 #1 • Road In Front of Old 115 Pole Machine 
1 #2. Road In Front of Old 115 Pole Machine 

NO Not Detected 1 #3. Road Crossing Separating Stale Ports & City 

Not Analyzed 1 #4. Road Crossing SeperaUng Stale Ports & City 

55-11 
10/4198 

NO 
NO 

NO 

NO 

5S.1t SS.20 55-21 
1014198 10/4198 10/4198 

NO NO NO 
NO NO NO 

NO 0.0052N 0.018 

NO NO NO 



• 

• 

•• 

TABLE F-6. SURFACE SOIL SAMPLES- DIOXINS AND FURANS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

WILMINGTON, NORTH CAROLINA FACILITY 

Parameters (ug/kg) 

J~ 
LF2A LF1A LF2A SS-02 SS-06 SS-13 SS-14 SS-15 

Dioxins 9/90 2115/96 2115/96 10/4/96 10/4/96 10/4/96 10/4/96 10/4/96 

1,2,3,4,6,7 ,8-Heptachlorodibenzodioxin 65.5 98.7 55.750 90.080 NO 84 7.9J 76 NO 

1,2,3,4,7 ,8-Hexachlorodibenzodioxin 0.10 0.18 0.191 0.263 NO 1.1 0.044J 0.250 NO 

1,2,3,6, 7,8-Hexachlorodibenzodioxln 1.3 1.8 1.600 1.910 NO 2.5 0.130 1.7 NO 

1,2,3, 7,8,9-Hexachlorodibenzodioxln 0.22 0.89 0.526 0.789 0.0013J 1.8 0.130 0.660 NO 

1,2,3,7,8-Pentachlorodibenzodioxin 0.03 0.05 0.0422 0.0552 0.00076J 0.360 0.012J 0.040 NO 

2,3,7 ,8-Tetrachlorodibenzodioxln 0.004 0.008 0.0024 0.0042 NO 0.023 NO NO NO 

Heptachlorodibenzodioxins (total) 461 573 290.890 298.650 0.080J 180J 33J 460J 0.047J 

Hexachlorodibenzodioxins (total) 16.4 22.5 18.060 26.080 0.018J 22J 2.5J 28J 0.0048J 

Octachlorodibenzodioxin (total) 621 932 583.460 496.210 NO 1,000 100 940 NO 

Pentachlorodibenzodioxlns (total) 0.48 0.65 0.736 0.879 0.0041J 4.3J 0.012J 0.750J NO 
Tetrachlorodibenzodioxins (total) 0.14 0.17 0.061 0.0918 0.0028J 1.2J NO 0.082J NO 
Furans 

1,2,3,4,6, 7,8-Heptachlorodibenzofuran 59.5 66 56.260 51.580 0.042 12 3 94 0.410 

1,2,3,4, 7 ,8,9-Heptachlorodibenzofuran 0.77 0.96 1.100 1.080 0.0010J 0.850 0.068J 1.1 0.0046J 

1,2,3,4,7,8-Hexachlorodibenzofuran 0.71 0.76 0.956 1.160 - - - - -
1,2,3,6,7 ,8-Hexachlorodibenzofuran 0.24 0.21 0.206 0.217 0.0040J 0.550 ND 0.390 0.0020J 

1,2,3,7 ,8,9-Hexachlorodibenzofuran 0.04 0.05 0.0448 0.0625 - - - - -
1,2,3, 7 ,8-Pentachlorodibenzofuran 0.06 0.06 0.0552 0.0633 - - - - -
2,3,4,6, 7 ,8-Hexachlorodibenzofuran 0.16 0.14 0.469 0.171 0.017 1.1 NO 0.580 0.0026J 

2,3,4,7,8-Pentachlorodibenzofuran 0.06 0.06 0.0511 0.0531 0.0032J 0.170 NO 0.066 NO 

2,3, 7,8-Tetrachlorodibenzofuran 0.02 0.02 0.0113 0.0145 NO 0.100J NO 0.016J NO 

Heptachlorodibenzofurans (total) 147 164 133.590 120.130 0.043J 13J 2.6J 95J 0.420J 

Hexachlorodibenzofurans (total) 31.4 34.4 31.580 38.630 0.230J 12J 1.1J 15J 0.180J 

Octachlorodibenzofurans (total) 63.2 83.3 154.750 155.250 0.028 52 5.0 75 0.210 

SS-17 

10/4/96 

24 

0.046J 

0.350 

0.120 

NO 

NO 

110J 

4.6J 

300 

0.016J 

NO 

3.1 

0.099J 

-
NO 

-
-

NO 

NO 

NO 

3.2J 

1.8J 

11 

Pentachlorodibenzofuran (total) 0.92 0.87 1.110 1.050 0.370J 2.8J 0.058J 1.3J 0.0049J 0.100J 
Tetrachlorodibenzofurans (total) 0.09 0.10 

ITEQ*** (Toxicity Equivalents Value) I 2.27 3.14 

Notes: 

• Background Location 

J Estimated Value 

N Presumptive Evidence of Presence of Material. 

NO Not Detected 

Not Analyzed 

0.0689 

2.300 

-RG Shaded Celis Exceed Preliminary Soil Remediation Goal 

0.0965 

2.600 

Amount of toxic dioxin and furan concentrations Is usually expressed 

0.046J 

0.0047J 

at toxic equivalents (TEQ) of 2,3,7,8-tetrachlorodibenzodioxin (TCOO) present. 

0.470J NO 0.071J NO NO 

3.0 0.250 3.1 0.0048J 0.640 

SS-19 

10/4/96 

0.460 

0.0070 

0.012 

0.014 

0.0026J 

0.00090J 

1.2J 

0.130J 

4.4J 

0.014J 

0.0023J 

0.160 

ND 

-
0.0021J 

-
-

ND 

0.0012J 

NO 

0.160J 

0.077J 

0.250 

0.019J 

NO 

0.017J 
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TABLE F·7. SUBSURFACE SOIL SAMPLES • SEMI·VOLAnLES 

SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 
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TABLE f·7. SUBSURFACE SOIL SAMPLES • SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 
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TABLE F•7. SUBSURFACE SOIL SAMPLES· SEMI·VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATIE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 
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• TABLE F·10. SHALLOW GROUNDWATER SAMPLES • SEMI· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY 

• 
MW'·11 MW-11 MW-11 MW-11 MW·11 MW•tl MW·11 MW-11 MW-20 MW--20 MW-20 MW40 MW-20 MW·21 MW·21 MW-21 MW-21 MW..U MW·23 MW·23 MW-23 MW-2.1 MW-24 MW-24 MW-24R MW-241\ MW·24R 

10115192 11117/'13 2128111 2114101 10118112 111181'13 2128111 2115101 10111W2 111181'13 11114101 2/'ZIItl 2113101 10118112 11117113 2128111 2113101 10113112 1011SII2 11117113 2127111 2113101 1011M2 11111113 11114111 2fZ7111 2115101 

NO 
NO 
NO 
NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 
NO 

NO 

NO 
N 

NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 
NO 
NO 
NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 
NO 
NO 
NO 
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NO 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
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NO 

NO NO 
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NO 
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NO 0.01 

00098J NO 
NO NO 
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00014J 
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• 
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Parameters 
Purgeabla Organics (mg/l) 

1 1 !-Trichloroethane 
11,2.2-Tetrachloroethane 
1 1 2-Trichloroethane 
1 1-Dichloroetnane 
1 1-Dichloroethene 
1 1-Dichloroethv1ene 
1 2-Dibromomethane 
1 2-Dichloroethane 
1 2-Dichloropropane 
1 3-0ichloropropane 
2-Chloroethv1vinv1 Ether 
Acetone 
Acrolein 
Acrvlonitrile 
Benzene 
Bromodichloroethane 
Bromoform 
Bromomethane 
carbOn Disulfide 
carbOn Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform Trichloromethane 
Chloromethane 
Chloromethv1oropane 
Cis-! 3-Dichloroorooene 
Dichlorobromomethane 
Dichlorodifluoromethane 
Dichlonomethane Methv1ene Chloride 
Eth'I!_Benzene 
Fluorotrichloromethane 
MIP·X ene 
Meth BuM Ketone 
Meth Ethv1 Ketone 2-Butanone 
Meth Isobutyl Ketone 
Meth -T-BuM Ether MTBEl 
M-Xvtene 
o-Xytene 
Prooene 
Stvrene 
T etrachloroetnene 
T etrachloroethytene 
Toluene 
Total Xv1enes 
Trans-1 2-Dichloroethytene 
Trans-1 3-0ichloroorooene 
Trichloroethane 
Vinyt Chloride 
Vinv1 Acetate 
Misc. Puraeablo Oraanlcs 
Benzofuran 
Benzothiophene 
Oihwromethv1indene 12 lsomen; 
Ethenytdimethytbenzene 
Ethytdimethv1benzene 
Ethv1methv1benzene 
lndane 
lndene 
Methvtbenzofuran 2 isomers 
Methv1 Ethv1l Benzene 

Metnytindan 
T etramethv1benzene 
Trimethv1benzene 

AW-41 
1f7/85 
0.014 

NO 
NO 
NO 

0.0066 

0.055 
NO 

NO 
NO 

NO 
0.06 

0.014 
NO 
NO 

0.038 
0.026 
NO 

0.063 
NO 

NO 
0.038 

0.037 
NO 

NO 
NO 
NO 

NO 
NO 

NO 
0.081 

NO 

NO 
NO 

O.ot5 
NO 
NO 

Note. 

• TABLE F-11. SHALLOW GROUNDWATER SAMPLES· VOLAnLES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

GW·1 
1n1Bs 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 

0.0003J 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

0.007J 
0.003J 

NO 
O.OOSJ 

NO 

NO 
NO 

O.BOOJN 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

GW·2 
117/85 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 
0.5 

0.0003J 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.003JN 
NO 
NO 

0.007J 
0.0051 

NO 
NO 
NO 

NO 
NO 

0.100JN 
NO 

O.OOSJ 

NO 
NO 
NO 
NO 
NO 

GW-4 
1f7/85 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 

0.03 
NO 
NO 

NO 
NO 

O.OOOJN 
NO 

0.016 

NO 
NO 
NO 
NO 
NO 

Bacl<ground Location 
Estimated Value 

GW-5 
117/85 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

0.023 
NO 

NO 
0.026 

NO 

NO 
NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 

B...Z 
3111/92 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

B-3 
3113192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

B-4 
3112192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

0.11 
NO 

0.09 

NO 

0.04 

NO 

NO 

NO 

NO 
NO 

B·5 
3111192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

N Presumptive Evidence for Presence of Matenal 
NO Not Detected 
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B-6 
3112192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

MW-6 
3112192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

MW-6 
10/15192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 

NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 
NO 

Not Analyzed 
HTILT High TidellowTide 

MW-6 
11117193 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 

NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

MW-6 
2128188 

NO 

NO 
NO 

NO 

NO 

NO 

• 
MW-6 

2113101 

NO 
NO 

NO 

NO 

NO 

NO 

NO 

0.00049J 
NO 

NO 

NO 
NO 

AU Shallow groundwater 



Parameters MW·7 
Purqeabla Orqanlcs {mg/ll 3112192 

11 1-Trtchloroethane NO 
1 1.2,2· Tetrachloroethane NO 
11 2-Trtchloroethane NO 
1 1-Dichloroethane NO 
1 1-Dichloroethene NO 
1 1-Dichloroethytene . 
1 2-Dibromomethane NO 
1 2-Dichloroethane NO 
1 2-Dichloroorooane NO 
1 3-0ichloropropa_!le NO 
2-Chloroethytvtnyt _Ether NO 
Acetone -
Acrolein . 
Actvlonitrile . 
Benzene NO 
Bromodichloroethane NO 
Bromoform -
Bromomethane NO 
carbon Disulfide -
carbon Tetrachloride NO 
Chlorobenzene NO 
Chloroethane NO 
Chloroform rtchloromethane NO 
Chloromethane NO 
Chloromethvtprooane . 
Cis-1 3-Dichloroorooene NO 
Dichlorobromomethane NO 
Dichlorod1fluoromethane NO 
Dichloromethane Methvtene Chlortde NO 
Ethyt Benzene NO 
Fluorotrichloromethane NO 
MIP·Xvtene NO 
Methvt Butvt Ketone . 
Methvt Ethvt Ketone 2-Butanone -
Methyl Isobutyl Ketone NO 
Methyl-T -Butyl Ether MTBE . 
M-Xvtene -
o-Xvtene NO 
Propefle -
Stvrene -
Tetrachloroethene NO 
TetrachloroethYlene -
Toluene NO 
Total Xytenes -
rrans-1 2-Dichloroethvtene NO 
Trans-1 3-Dichlol'!lQ_rooene -
Trichloroethene NO 
Vinyl Chloride NO 
Vinvt Acetate . 
Misc. Purgaable O_!!lanlcs 
Benzofuran . 
Benzothiophene . 
Dll'lyQ_romethvtindene 2 isomers . 
Ethenytdimethytbenzene . 
Ethvtdimethylbenzene . 
Ethvtmethvtbenzene -
lndane . 
lndene . 
Methvtbenzofuran 2 isomers . 
Methvt Ethvt~ Benzene -

Methytindan . 
Tetramethylbenzene . 
Trtmethylbenzene -
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TABLE F-11. SHALLOW GROUNDWATER SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW·7 MW-7 MW·7 MW-7 MW-3 MW-3 MW-3 MW-3 
10M5192 11M7fg3 2126198 2113101 3112192 10M5192 11M7193 11/14198 

NO NO . . NO NO NO . 
NO NO . NO NO NO NO NO 
NO NO . NO NO NO NO . 
NO NO . . NO NO NO . 
NO NO . . NO NO NO . 
. . . . . . . . 

NO NO . . NO NO NO . 
NO NO . - NO NO NO . 
NO NO . NO NO NO NO . . . - - NO . . 
NO NO . - NO NO NO . 
. - - NO . - . . 
- . - - . . . -. - . - . . - . 

NO NO NO NO NO NO NO NO 
NO NO . . NO NO NO . 
. . - . . - - . 

NO NO - . NO NO NO . 
. . - . - - . 

NO NO - . NO NO NO . 
NO NO - - NO NO NO . 
NO NO - - NO NO NO -
NO . . NO NO NO . 
NO NO - - NO NO NO . 
- . - - - . . . 

NO NO - - NO NO NO . 
NO NO . NO NO NO NO . 
NO NO . - NO NO NO . 
NO NO NO 0.00038J NO 0.002 NO NO 
NO NO NO NO NO NO NO NO 
NO NO - - NO NO NO -
NO NO NO . NO NO NO . 
- . . . . . . 
. . . NO NO - - NO 

NO NO - . NO NO NO . 
- . . . - - . . 
- . - . - - - . 

NO NO NO - NO NO NO . 
- . - - - . . -. . - - . - - . 
- . - - NO - . 
. . - . - . . . 

NO NO NO NO NO NO NO NO . . - NO NO - . NO 
NO NO - . NO NO NO . 
- . . - - . . -

NO NO . . NO NO NO . 
NO NO . . NO NO NO . 
- . . . . . - -. . - - . - . - . . - . . - . . -. . - . . - - . 
- . - - - . . . . . - - - - . . 
. - - . . - . . 
- . - . - . - . 
- . - . . . - . . . . . . . . -. . - . - . . . 
- . . - - . . . 
. . . - . - . -. . . . . - . -

MW-3 MW-3 MW-3-Dup 
2J26fg8 2113101 2/13101 . . . 

. NO NO . NO NO . . . 

. . . 

. . . 

. . . 
- - . . NO NO . - . . . . 
- NO NO . . . 
. . . 

NO NO NO . . . 
. . . 
. . . . - . 
. . . 
. . . 
. . . . NO NO . . . 
. . -. . . 
- NO NO . . . 

NO NO NO 
NO NO NO . . . 
NO . . 
- . . 

NO NO . . . 
- . . . . -

NO . . 
. - . 
- . . 

. . 
. - . 

NO NO NO . NO NO 
- - -- . . 
. - -. . . 
. . -
. . . 
- - -- . . . . . . . . 
. . . 
. . . . . . 
- . -. . -- . . 
- . -- . -



• 
Parameters MW-8 MW-9 

Puraeable Ort~anlcs lmQ/l) 3111/92 10/15192 

I 1.1-Trichloroelhane NO NO 
11,2 2-Telrachloroethane NO NO 
11 2-Trichloroethane NO NO 
1 1-Dichloroethane NO NO 
1 1-Dichloroethene NO NO 
11-0ichloroethylene - -
1 2-Dibromomethane NO NO 
1 2-0ichloroethane NO NO 
1,2-Dichloroorooane NO NO 
1 3-Dichloropropane NO -
2-Chioroethylvinyl Ether NO NO 
Acetone - -
Acrolein - -
V<crvtonitrile - -
Benzene NO NO 
Bromodichloroethane NO NO 
Bromoform . -
Bromomethane NO NO 
carbon Disulfide - . 
carbon Tetrachloride NO NO 
Chlorobenzene NO NO 
Chloroethane NO NO 
Chloroform richloromethane NO NO 
Chloromethane NO NO 
Chloromethylprooane - -
Cls-1 3-0ichloroorooene NO NO 
Dichlorobromomethane NO NO 
Dichlorodifluoromethane NO NO 
Dichloromethane Methylene Chloride NO NO 
Etlly!_Benzene NO NO 
Fluorotrichloromethane NO NO 
MIP-Xvtene NO NO 
Methvl BuM Ketone - -
Metllyl_ Ethvl Ketone 2-Butanone - -
Methyl lsobu!Yf_ Ketone NO NO 
Methvi-T ·BuM Ether MTBE) . . 
M-Xvlene . . 
o-Xvlene NO NO 
Propene - -
Stvrene . -
Tetrachloroethane NO . 
Tetrachloroetllyl_ene . -
Toluene NO NO 
Total XV!enes . . 
Trans-1;2-Dichloroethvlene NO NO 
Trans-! 3-0ichloropropene . -
Trichloroethane NO NO 
Vinyl Chloride NO NO 
Vinvl Acetate . -
Misc. Purgoablo Organics 
Benzofuran - -
Benzotttiophene - -
DihVdromethvlindene 2 isomers . -
EthenvldimetttVIbenzene . -
Ethyldimetllytbenzene . -
Ethylmetllylbenzene . -
lndana . -
lndene . -
~nzofuran 2 isomers) - -

Ethyl 1 Benzene - . 
ndan - -
ethylbenzene - -

UTrimethylbenzene - -

10118101 

• TABLE F-11. SHALLOW GROUNDWATER SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-9 MW-8 MW-8 MW-10 MW-10 MW-10 MW·10 MW-10 
11/17/93 2127198 2113/01 3111/92 10/14/92 11/17/93 2128/98 2113/01 

NO . - NO NO NO . -
NO - NO NO NO NO - NO 
NO - NO NO NO NO - NO 
NO - - NO NO NO - -
NO . . NO NO NO . -- . - - - - . -
NO . . NO NO NO - -
NO - - NO NO NO . . 
NO - NO NO NO NO - NO 

- . - NO - - . . 
NO - - NO NO NO - -- - NO - - - - NO 

- . - - - - - -- - . - - . - -
NO NO NO NO NO NO NO NO 
NO . - NO NO NO - -- . - - - - - -
NO - - NO NO NO - -- - - - - . - -
NO - - NO NO NO - -
NO - - NO NO NO - -
NO - - NO NO NO - -- - NO NO NO . - NO 
NO - - NO NO NO - -- - - . - - - . 
NO . - NO NO NO - -
NO . NO NO NO NO - NO 
NO - - NO NO NO . -
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO - - NO NO NO - -
NO NO - NO NO NO NO -- - - - - . . -- NO - - . NO 
NO - - NO NO NO - -- - - - - - - . 
- . . - - - - -

NO NO . NO NO NO NO -- - - - - - - -- - - - - - - -- - NO - - . 
- . . - . - - -

NO NO NO NO NO NO NO NO 

- . NO - - - - NO 
NO - - NO NO NO - -- . - - - - - -
NO . . NO NO NO - -
NO - - NO NO NO - -. - - . - - - -
. - - - - - 0.200JN -- . - - - - . -- - - - - - - -- - - - - - - -- - - . - - . -- - - - . - 0.070JN . 
- - - - - - t.OJN -- - - - - - 0.100JN . 
- - . - . - 0.300JN -- - - - - - O.OSOJN -- . - - - - O.OSOJN -- . - - - - - . . - - - - - O.tOOJN -

~: .. ~ ., ... ; 
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• 
MW-11 MW-12 MW-12 MW·12 

11114198 11/17193 2128198 2115/01 

- NO - -
NO NO - NO 

- NO - NO 

- NO . -. NO - -- . - -- NO - -- NO - -- NO . NO . - -- NO - -- . - NO 

- - - . 
- - - . 

0.13 NO NO 0.0026J 

- NO . 
- . - -- NO - -- - - -- NO - -- NO - -- NO . -- . NO 

- NO - -- - - . 
- NO - . . NO - NO 

- NO - -
NO NO NO NO 

0.13 NO NO 0.00089J 

- NO - . 
- 0.011 NO - .,-.. 

. . - -
NO - - NO 

- NO - -. - - -- - . -- 0.0066 NO - .r..· 
~:. - - - . . - . . 

- - . 
- . - -

0.16 0.0074 NO 0.0022J 
0.25 - - NO 

- NO - . . - - -- NO - . 
- NO - . 
- - - . 
. - - . 
- - - -- . - -- . - -- . - -. - - -. - - -- . - -- - - -- - - . 
- - - . 
- . - -- - - -

All Shallow groundwaler 



1 1 1-Trichloroethane 
11 2 2-Tetrachloroethana 
11,2-Trichloroethane 
1 1-Dichloroelhane 
11-Dichloroethene 
1 1-Dichloroethylene 
1 2-Dibromomethane 
1 2-Dichloroethana 
1 2-Dichloroorooane 
1 3-Dichloropropane 
2-Chloroethvlvinyl Ether 
Acetone 
Acrolein 
Acrylonitrile 
Benzene 
Bromodichloroethane 
Bromoform 
Bromomethane 
camon Disulfide 
Camon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform richloromelhane 
Chloromethane 
Chloromethvloro ana 
Cls-1 3-Dichloroprooene 
Dichlorobromomethane 
Dichlorodifluoromethane 
Dichloromethane Melhvlene Chloride 
Ethyl Benzene 
Fluorotrichloromethane 
MIP-Xvlene 

10118/01. 

Meth BuM Ketone 
Meth Ethvl Ketone 2..flutanone 
Meth Isobutyl Ketone 
Meth • T -Butyl Ether MTBE 
M-Xvlene 
a-Xylene 
Propene 
Stvrene 
Tetrachloroethene 
Tetrachloroethylene 
Toluene 
Total Xvlenes 
Trans-1,2-Dichloroethylene 
Trans-1 3-Dichloroorooene 
Trichloroethane 
Vinyl Chloride 
Vinyl Acetale 
Misc. Puraeabla Oraanlcs 
Banzofuran 
Benzothioohene 
Dihvdromethylindene (2 isomers 
Ethenvldimelhvlbenzene 
Ethyldimethvlbenzene 
Ethylmethylbenzene 
lndane 
lndene 
Methylbenzoluran 2 Isomers 
Methyl Ethyl) Benzene 

Methvlindan 
Tetramethvlbenzene 
Trimethvlbenzene 

MW·13 
3111192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

0.073 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
ND 
NO 
NO 

0.041 
ND 

0.044 

ND 

0.025 

NO 

0.031 

NO 

ND 
NO 

TABLE F-11. SHALLOW GROUNDWATER SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW·13 
10115/92 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 

NO 

0.1 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

ND 
ND 
NO 
NO 
0.04 
ND 

0.05 

ND 

0.02 

0.01 

NO 

NO 
NO 

MW·13 
11117193 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 

NO 

0.046 
NO 

NO 

NO 
NO 
NO 

NO 

ND 
ND 
NO 
NO 

0.026 
NO 

0.014 

ND 

0.013 

ND 

ND 

NO 
NO 

MW·13 
2126198 

NO 

ND 
NO 

ND 

ND 

NO 

MW-13 
2114/01 

NO 
NO 

NO 

0.012J 

0.014 

NO 

NO 

ND 
0.029 

NO 

0.0024J 
0.030 

MW·14 
3/11192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

0.03 
NO 

NO 

NO 
NO 
NO 

0.0011 
NO 

NO 
NO 
ND 
ND 

0.067 
NO 

0.073 

NO 

0.036 

NO 

0.046 

ND 

ND 
NO 

MW·14 
10116192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 

NO 

0.019 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

ND 
ND 
ND 
NO 
0.06 
ND 

0.078 

NO 

0.036 

0.028 

NO 

ND 
NO 

MW·15 
3111192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

ND 
NO 
ND 
NO 

0.006 
ND 

0.008 

NO 

NO 

NO 

0.006 

ND 

ND 
NO 

MW·15 
10115192 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 

NO 

0.005 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

ND 
ND 
ND 
NO 

0.008 
ND 

0.006 

NO 

0.003 

ND 

NO 

ND 
NO 

MW·15 
11118193 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 

NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

ND 
NO 
NO 
ND 

0.0051 
NO 
NO 

NO 

NO 

NO 

NO 

ND 
NO 

0.008JN 
0.200JN 

0.050JN 

0.020JN 

0.010JN 

MW·U 
11114/98 

NO 

NO 
0.006J 

NO 

NO 

MW-15 
2126198 

NO 

ND 
ND 

NO 

NO 

ND 

MW·15 
2115/01 

NO 
NO 

NO 

NO 

0.0045J 

NO 

NO 

NO 
0.014 

NO 

0.0029J 
0.019 



• 
Parameters MW·16 MW-16 MW·16 

Purgeabla Organics (mg/l) 31111112 10/141112 11M81113 

1 1 !·Trichloroethane NO NO NO 
1 1 2,2-Tetrachloroethane NO NO NO 
1 1 2-Trichloroethane NO NO NO 
1 1-0ichloroethane NO NO NO 
1 1..Qichloroethene NO NO NO 
1 1-0ichloroethylene . . . 
1 2..Qibromomethane NO NO NO 
1 2-0ichloroethane NO NO NO 
1 2-0ichloroorooane NO NO NO 
1 3-0ichloropropane NO . . 
2-Chloroethvtvfnyl Ether NO NO NO 
Acetone . . . 
Acrolein . . . 
~cytonitrile . . . 
Benzene NO NO NO 
Bromodichloroethane NO NO NO 
Bromoform . . . 
Bromomelhane NO NO NO 
camon Disulfide - . . 
Caribon Tetrachloride NO NO NO 
Chlorobenzene NO NO NO 
Chloroethane NO NO NO 
Chloroform richloromethane NO NO . 
Chloromethane NO NO NO 
Chloromethvtorooane . . . 
Cis-1 3-0ichloropropene NO NO NO 
Oichlorobromomethane NO NO NO 
Oichtorodifluoromethane NO NO NO 
Oichloromethane Methvtene Chloride NO 0.001 NO 
Ethyl Benzene 0.0027 NO NO 
Fluorotrichloromethane NO NO NO 
MIP-Xytene 0.0037 NO NO 
Methyl Butyl Ketone . - . 
Methyl Elhvl Ketone 2-Butanone . . -
Metllyl_lsobuM Ketone NO NO NO 
Methyi-T-Butyt Ether MTBE . . . 
M-Xylene . . -
o-Xvtene 0.0032 NO NO 
Prooene . . . 
Styrene . . . 
T etrachloroethene NO . . 
T etrachloroethvtene . . . 
Toluene NO NO NO 
Total Xylenes . . . 
Trans· I 2-0ichloroelhvtene NO NO NO 
Trans-! 3-0ichloroorooene . . . 
Trichloroethane NO NO NO 
Vinyl Chloride NO NO NO 
Vinvt Acetate . . . 
Misc. Purgeabla Organics 
Benzofuran . . . 
Benzothioohene . . . 
OitlygiOfllethylindene 2 Isomers . . . 
Ethenyldimethytbenzene . . . 
Ethyldimethvtbenzene - . . 
Etllyl_methytbenzene . . . 
lndane . . . 
lndene . . . 
Methvtbenzofuran 2 Isomers . . -
Methyl Ethyl: Benzene . . -

Methylindan . . . 
Tetramethvlbenzene . . . 
Trimethvtbenzene - . . 

10/18101 

• TABLE F-11. SHALLOW GROUNDWATER SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW·16 MW·16 MW·16 MW·11 MW·11 MW·17 MW·17 MW·17 
11M41116 21281118 2114/01 3M11112 10/141112 11/18/ll3 11/141116 21281118 

. . . NO NO NO . . 
NO . NO NO NO NO 0.006J . . . NO NO NO NO . . . . . NO NO NO . . 
. . . NO NO NO . . . . . . . . . . . . NO NO NO . . . . . NO NO NO . . . . NO NO NO NO . . 

. . NO . . . . . . . NO NO NO . . . . NO . . . . . . . . . . . 
. . . . . . . 

NO NO NO NO NO NO NO NO 
- . . NO NO NO . . . . . . . . . 
. . . NO NO NO - . . - . - . . . . . . NO NO NO - . 
. . . NO NO NO . . 
. . . NO NO NO . . 

- NO NO NO . . . . . NO NO NO . . . . . . - . . 
. . - NO NO NO . . . . NO NO NO NO . . 
- . . NO NO NO . . 

NO NO NO NO 0.003 NO 0.017 NO 
NO NO NO 0.0039 0.006 NO NO NO 

- . . NO NO NO . . 
. NO - 0.0066 0.016 NO . NO . - . . . . . 

NO NO - . . 0.015 . . . - NO NO NO . . . . . . . . . 
. . - . . . . 
. NO . 0.0046 0.01 NO . NO . . . . . . . . . . . - . . 

. NO . . . . 
. - . . . - . 

NO NO NO 0.0011 0.017 NO NO NO 
NO . NO . . . NO . 
. . . NO NO NO . . 
- . . - . . . 
- . . NO NO NO - . 
- . - NO NO NO . . 
. . . - - . . . 
. - . . . . . . 
- . . . . . - . 
- - . . . . . . 
- . . . . - . . 
. . . . - . . -- - - . . . . . 
- . . . . . . . 
- . . . . . - . 
- . . - - . . . 
. . . . - . . . 
. . . . - . . . 
. . . . . O.OIOJN . . 
- - . . . . - . 

PAGE50F9 

• 
MW·17 MW·16 MW-16 MW·18 MW·18 
2/14/01 10/151112 11/171113 21281118 2/14/01 

. NO NO . . 
NO NO NO . NO 
NO NO NO . NO . NO NO . . . NO NO . . . . . . . . NO NO . . . NO NO . . 
NO NO NO . NO . . . . . 
. NO NO . . 

NO . . . NO . . . . . 
. . . . . 

NO NO NO NO NO . NO NO . . 
. . . . . . NO NO . . 
. - . . . . NO NO . . 
- NO NO . . 
. NO NO . . 

NO NO . . NO . NO NO - . 
. . . - . 
. NO NO . . 

NO NO NO . NO . NO NO - . 
NO 0.002 NO NO NO 
NO NO NO NO 0.0019J . NO NO . . NO NO NO . . . . . -
NO . . . NO . NO NO . -- . . . . . . . . . 
. NO NO NO . . . . . . . . . . . . ;. 

. . - . . . . . . . 
NO NO NO NO NO 
NO . - . 0.00092J . NO NO - -- . . . . 
. NO NO . . 
. NO NO . -. . . . . 
. . - . . 
- - - . -- . - . -. . . . . . - . . . 
- . . - . 
. . - . . 
. - . . . 
. - . . . 
- . . - . 
. - . - . 
. . . - -- . . . -

All Shallow groundwater 



Parameters MW•1t MW-18 
Purgeable Organics (mQ/1.1 10M8/92 11/18/93 

1 1 1-Trtchloroethane NO NO 
1 1 2.2-Tetrachloroethane NO NO 
1 1.2. Trtchloroelhane NO NO 
1 1-0ichloroethane NO NO 
1 1·0ichloroethene NO NO 
1 1·0ichloroethytene . . 
1 2-DibromOmethane NO NO 
1 2-0ichloroelhane NO NO 
1 2-Dichloroorooane NO NO 
1 3-0ichloi'QlliQQ;Jne . . 
2-Chloroethylvi"Yt Ether NO NO 
Acetone . . 
Acrolein - . 
~onitrile . . 
Benzene NO 0.0055 
Bromodichloroethane NO NO 
Bromoform . . 
Bromomethane NO NO 
Carbon Disulfide . . 
Carbon Tetrachloride NO NO 
Chlorobenzene NO NO 
Chioroethane NO NO 
Chloroform Trichloromethane)_ NO -
Chloromethane NO NO 
ChioromethVIorooane . -
Cis-1 3-0ichloi'Qilropene NO NO 
Dichlorobromomethane NO NO 
Oichlorodifluoromethane NO NO 
Oichioromethane MethYlene Chlortde NO NO 
Elhvt Benzene 0.011 0.0058 
Fluorotrichloromethane NO NO 
MIP-XVIene 0.007 0.0054 
Methyl BuM_ Ketone - . 
Methyl Ethyi_Ketone (2-Butanone . -
MethVflsobu!YI Ketone NO NO 
MethVI-T-Butvl Ether MTBE . . 
M-)(y1ene . . 
o-Xy1ene 0.005 NO 
Pmoene . . 
Stvrene . . 
Tetrachloroethane . . 
Tetrachloroetllyl_ene . . 
Toluene 0.001 NO 
Total XVIenes . . 
Trans-1 2-Dichloroelhyfene NO NO 
Trans-1 3-Dichloropropene . . 
Trtchloroelhene NO NO 
Vinyl Chloride NO NO 
Vinyl Acetate . . 
Misc. Purgoabla Organics 
Benzofuran . . 
BenzolhioQhene . . 
OihYdromelhylindene 2 isomers . . 
Elhenvfdimethvlbenzene . . 
Elh_y1dimeth_yl_benzene - . 
Ethylmethylbenzene - -

lindane - . 
~ene . . 
~~nzofuran 2 isomers . . 

Elhy11_Benzene . . 
ndan . . 

IITetramelhvfbenzene . . 
IIJrimelh_yl_benzene . . 

10/18101 • 

TABLE F·11. SHALLOW GROUNDWATER SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY 

MW·18 MW·1t MW-20 MW-20 MW-20 MW-20 MW-20 MW-21 
2128/98 2M5101 10M8/92 11M8/93 11M.W8 21281118 2M3101 10M8/112 . . NO NO . . . NO . NO NO NO NO . NO NO . NO NO NO . . NO NO . . NO NO - . . NO . . NO NO . . . NO . . . - . - . . . . NO NO . - . NO - . NO NO . . . NO . NO NO NO . - NO NO . - . . . . . . . . - NO NO . . . NO . NO . . . . NO . . . . . . . . . . . . . . . . . 

NO NO NO NO NO NO NO NO . . NO NO . . . NO . - . . . . . . . . NO NO . . . NO . . . . . . . . . . NO NO . . . NO . . NO NO . . - NO . .. NO-- -- NO . . . NO . NO NO . . NO 0.001 . . NO NO . . - NO . . . . - . . . . . NO NO . . . NO . NO NO NO - - NO NO . . NO NO . . . NO 
NO NO NO NO NO NO 0.0010J NO 
NO NO NO NO NO NO NO NO . . NO NO . . . NO 
NO . NO NO . NO . NO . . . . . . . . . NO . . NO . NO . 
. . NO NO . . . NO . . . . . . . . 
. . - . . . . . 

NO . NO NO . NO . NO 

- . - . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 

NO NO NO NO NO 0.0015 NO NO . NO . . NO . NO . . . NO NO . . . NO . . . - . . . . . . NO NO . . . NO . . NO NO . . . NO . . . . . . . . 
. - . . . . . . 
. . - . . . . . 
. - - . . . . . 
. . . . . . . . . . . . . . - . . - . . . . . . . . . . . - . . 
- . - . . . . -. . . . . . . . 
. - . . . - . . . . . - . - . . 
- . . . . . . . . . . . . . - . 

MW-21 MW-21 MW·21 MW-22 
11/171113 21261118 2113101 10/131112 

NO . . NO 
NO . NO NO· 
NO . NO NO 
NO - . NO 
NO . . NO . . . . 
NO . - NO 
NO . . NO 
NO . NO NO 
- . . . 

NO . . NO . . NO . 
. . . . 
. . . -

NO NO NO 0.005 
NO . . NO . . . . 
NO - . NO . . . . 
NO . - NO 
NO . . NO 
NO . - NO . . NO 0.004 
NO . . NO . . - . 
NO - - NO 
NO . NO NO 
NO . . NO 
NO NO NO 0.002 
NO NO NO 0.037 
NO . . NO 
NO NO . 0.048 . - . . . - NO . 
NO . . NO . . . . . . . . 
NO NO . 0.023 . . - -. . . . . . . . . . . . 
NO NO NO 0.011 . . NO -
NO . . NO 

- . . . 
NO . - NO 
NO . . NO . . . -
. . . . 
. . . . 
. - . . 
. - - . . - . -. . . . 
. . . . 
. - . . . . . . 
. - . -. . . . 
. . . . . . . . 



• 
Parameters MW-23 MW-23 

Purqeable Orqanlcs (mqll) 10/13192 11117/U 
1 11-Trich\oroelhane NO NO 
1 1 2 2-Tetrachloroethane NO NO 
1 1 2-Trichloroethane NO NO 
1 1-0ichloroethane NO NO 
1 1-Dichloroethene NO NO 
1 1-0ichloroethytene . . 
1 2-0ibrcmomethane NO NO 
1 2-0ichloroethane NO NO 
1 2-0ichlorcorooane NO NO 
1 3-0ichloropropane . . 
2-Chloroethytvlnyt Ether NO NO 
Acetone . . 
Acrolein . . 
Aayfonltrile . -
Benzene NO NO 
Bromodlchloroethane NO NO 
Bromoform . . 
Bromomethane NO NO 
carnon Disulfide . . 
carbon Tetrachloride NO NO 
Chlorobenzene NO NO 
Chloroethane NO NO 
Chloroform Trichloromethane NO . 
Chloromethane NO NO 
Chloromethytpropane . -
Cis-1 3-Dichloroorooene NO NO 
Dichlorobromomethane NO NO 
Dlchlorodifluoromethane NO NO 
Dichloromethane Methylene Chloride 0.003 NO 
Ethvl Benzene NO NO 
Fluorotrichlorcmethane NO NO 
MIP-Xytene NO NO 
Meth Butyt Ketone . . 
Meth Ethvt Ketone 12-Butanone . . 
Meth lsobuM Ketone NO NO 
Math -T -Butyt Ether MTBE . . 
M-Xyt ene . . 
o-Xvtene NO NO 
Prooene . . 
Slyrene . . 
Tetrachloroethane . . 
T etrachloroethvlene . . 
Toluene NO NO 
Total Xvtenes . . 
Trans-1.2-0ichloroethvlene NO NO 
Trans-\ 3-Dichlono~pene . . 
Trichloroethane NO NO 
VinYl Chloride NO NO 
Vinyl Acetate - . 
Misc. Purgeable Organics 
Benzoturan . . 
BenzothiQPJlene . . 
Oihvdromethytindene 21somers . . 
EthenVIdimethvtbenzene . . 
Ethytdimethvlbenzena . . 
Ethytmethytbenzene . . 
lndane . . 
lndene . . 
Methytbenzofuran 21somers . . 
Methvt EthYl: Benzene . . 

Methvlindan . . 
Tetrametl1ylbenzene . . 
Trimethytbenzene . . 

10/18/01 

• TABLE F·11. SHALLOW GROUNDWATER SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-23 MW·23 MW-24 MW-24 MW-24R MW-24R MW·24R MW·25 
2127/98 2113/01 10/16/92 11/18193 11/14/96 2127/GB 2115/01 10/13192 

. . NO NO . . . NO . NO NO NO NO . NO NO . NO NO NO . . NO NO . . NO NO . . . NO . . NO NO . . . NO . . . . . . . . . . NO NO . . . NO . . NO NO . . . NO . NO NO NO . . NO NO . . . . . . . . 

. . NO NO . . . NO . NO . . . . NO . . . . . . . . . 

. . . . . . . . 
NO NO NO NO NO NO NO NO . . NO NO . . . NO . . . . . . . . 
. . NO NO . . . NO . . . . . . . . . . NO NO . . . NO 
. . NO NO . . . NO . . NO NO . . . NO . NO . NO . . NO NO 
. . NO NO . . . NO . . . . . . . . 
. . NO NO . . . NO . NO NO NO . . NO NO . . NO NO . . . NO 

NO NO NO NO NO NO NO NO 
NO NO 0.0089 0.002 NO NO NO NO . . NO NO . . . NO 
NO . NO 0.002 . NO . NO . . . . . . . . 
. NO . . NO . NO . 
. . NO NO . . . NO . . . . . . . . . . . . . . . . 

NO . NO 0.001 . NO . NO . . . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 

NO NO NO NO NO NO NO NO . NO . . NO . NO . . . NO NO . . . NO . . . . . . . . 
. . NO NO . . . NO . . NO NO . . . NO . - . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . . . . . . . . . 
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MW·25 MW·25 
11/18193 11/14/98 

NO . 
NO NO 
NO . 
NO . 
NO . . . 
NO . 
NO . 
NO . 
. . 

NO . . . . . . . 
NO NO 
NO . 
. . 

NO . 
. . 

NO . 
NO . 
NO . . . 
NO . . . 
NO . 
NO . 
NO . 
NO NO 
NO NO 
NO . 
NO . . . 
. NO 

NO . 
. . 
. . 

NO . . . . . . . 
. . 

NO NO . NO 
NO . . . 
NO . 
NO . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . 

MW-25 
2127/98 

. . . . . 

. 

. 

. . . . 

. . . 
NO . 
. 
. 
. . . 
. . . 
. . . . 

NO 
NO . 
NO . 
. 
. . 
. 

NO . . . . 
NO . . 
. . 
. . 
. . 
. . 
. 
. . . 
. 
. . . . 

• 
MW·25 
2114/01 . 

NO 
NO . 
. 
. 
. . 

NO . 
. 

0.01\J . 
. 

NO . 
. 
. 
. . . . 

NO . 
. 
. 

NO . 
NO 
NO . 
. 
. 

NO . . 
. 
. 
. 
. 
. . 

NO 
NO . 
. . . . 
. . 
. 
. . 
. 
. . 
. 
. 
. 
. 
. 

. .... ,·. 
~. . . 

··~ 

' '· 

All Shallow gnoundwater 



Parameters MW-27 MW-27 
Purgaabla Organics (mgll..) 11/18/93 11/1./98 

1 1 1·Trichloroethane NO -
11,2,2-Tetrachloroethane NO NO 
11,2-Trichloroethane NO -
1 1-0ichloroethane NO -
1 1-0ichloroethene NO . 
1 1-Dichloroethvtene . -
1 2-0ibromomethane NO -
1 2-Dichloroethane NO -
1 2-Dichloropropane NO -
1 3-Dichloroorooane . -
2-Chloroethyl_yiflYI Ether NO . 
Acetone - -
Acrolein - -
Acrvlonitrile . . 
Benzene NO NO 
Bromodichloroethane NO -
Bromoform . -
Bromomethane NO -
Carbon Disulfide . . 
Carbon Tetrachloride NO -
Chlorobenzene NO -
Chloroethane NO . 
Chloroform richloromethanel . -
Chloromethane NO . 
Chloromethytpropane - -
Cis-1 3-0ichloropropene NO -
Dichlorobromomethane NO . 
Oichlorodifluoromethane NO -
Oichloromethane Methylene Chloride NO NO 
Ethyl Benzene NO NO 
Fluorotrtchloromethane NO . 
MIP-X ena NO -
Meth Butvt Ketone - -
Meth EthVI Ketone 2-Butanone) - NO 
Meth lsob!JfYI_ Ketone NO -
Meth • T -Butyl Ether MTBE - -
M-Xytene - . 
o-Xvlene NO . 
Pro ene . -
~e . -
Tetrachloroethene . . 
Tetrachloroethylene . . 
Toluene NO NO 
Total Xytenes . NO 
Trans-1 2-0ichloroethylene NO -
Trans-1 3-0ichlorooropene . -
Trichloroethane NO . 
Vinyl Chloride NO . 
Vinyl Acetate . . 
Misc. Purgaable Oroanlcs 
Benzoturan . . 
Benzothiophena . -
Oihvtl romethvtindene 2 Isomers . -
Ethellyldimethylbenzene . . 
Ethytdimethytbenzene . -
Ethvtmethvtbenzene . -
lndane . . 
lndene . -
Methvtbenzofuran 2 isomers . -
MethYl EthVIl Benzene - -

Metl}ylindan . . 
Tetra methyl benzene . -
Trimethytbenzene - . 

10/18101 • 

TABLE F-11. SHALLOW GROUNDWATER SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-27 MW-27 MW-28 MW-28 MW-28 MW-28 MW-21 MW-21 
2126/98 2113/01 111181113 11/1./96 2127/98 2114/01 111181113 11/U/98 . . NO . . - NO -- NO NO NO - NO NO NO - NO NO - - NO NO -- - NO - - - NO . 

- - NO - - - NO -- - . - - . - -- - NO - - - NO -- - NO . . - NO -- NO NO . . NO NO -- - - . - - -. - - . - - NO . 
- NO .. - - NO . -- - - - - - - -- - . - - - - -

NO NO NO NO NO NO NO - NO . - NO - - - NO -. - - . - - - -. - NO - . - NO -- - - - . - - -- - NO - - . NO -. - NO - . - NO -- - NO - - . NO -- NO - . - NO -. . NO - - - NO . 
- - . . - - - -. - NO - . - NO . 
- NO NO - . NO NO -. - NO . - . NO . 

NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO - . NO - - - NO -
NO - NO . NO - NO . . - . . . - . -. NO - NO . NO . NO 

- - NO . - . NO . . . . - . - . . . . . - - . - -
NO . NO - NO . NO -. . . . - - . . . - . - - . . -. - - - - . - . . - . - - . . . 
NO 0.0021J NO NO NO NO NO NO . NO - NO . ·NO . NO . - NO . - . NO . . . - - . - - -. . NO . . - NO . . - NO . . . NO . . . . . - . . -
. . . - . - . . . - - . . . - -. . - . . - . . . - . - - - - . . - - - - . . -. - - . . . . . . . . . . - - -. . - . . . - -. . - - - - - . 
- . . - . . - -. - . - - - . -. . . . . - - -. - . . - . - . 

MW-21 MW·21 MW-30 MW-30 MW-30 
2127/98 2115101 11/18/93 2127/98 2113/01 

- . NO - . 
- NO NO . NO 

- NO NO . NO - - NO . . 
- - NO - . . . - - . 
- - NO - . 
- . NO· - . . NO NO - NO . . . - -. . NO - -. NO - . NO . . - . . . - - - . 

NO NO NO NO NO - - NO - -- . - . . 
- . NO - -- - - - . 
- - NO - . . . NO - . . . NO . . . NO . - NO . . NO - . 
- . . . . 
- . NO - . . NO NO - NO . . NO . . 

NO NO NO NO 0.00059J 
NO NO NO NO NO . NO . 
NO . NO NO . 
- . . . -- NO . . NO . . NO - . . . . . . 
- . . . . 

NO .. NO NO . 
- . - . . . . - . . . . - . -. . - . . 

NO NO NO NO NO . NO - . NO - . NO . -. . - - . . . NO . . . . NO . . . . . . . 
. . - - -- . . . . . . . . . 
- - . . . . . - . . 
- . . . . . . . - . . . . - . . . . . . 
. . - . . . . . . . . . - - -. . . - . 



Parameters MW-31 
Puraeable Oraanlcs lmalll 11/14~6 

1 1 1-Trichloroethane -
1 1 2 2-Telrachloroethane NO 
1 1 2-Trichloroethane -
1 1-Dichloroethane -
1 1-0ichloroethene -
1 1-Dichloroettw\ene -
1 2-0ibromomethane -
1 2-0ichiOroethane -
1 2-Dichloro rooane -
1 3-0ichloro_llll1llll_ne 
2-Chloroethytllinyl Ether -
Acetone -
Acrolein -
Acrylonitrile -
Benzene NO 
Bromodiehloroethane -
Bromoform -
Bromomethane -
Garron Disulfide -
caroon Tetrachloride -
Chlorobenzene -
Chloroethane -
Chloroform richloromethane 
Chloromethane -
Chloromethvtorooane -
Cls-1 3-0iehloropropene -
Oichlorobromomethane -
Oiehlorodifluoromethane -
Oiehloromethane Memvtene Chloride NO 
Ethyl Benzene NO 
Fluorotrichloromethane -
MIP-~ene -
Methyl BIJ!yi_Ketone -
Methvt Ethvt Ketone 2-Butanone NO 
Methvl lsobu1yl Ketone -
Methvl-T -Butvt Ether MTBE -
M-Xvtene -
o-Xvtene -
Prooene -
~ne -
T etraehloroethene -
Tetrachloroethylene -
Toluene NO 
Total Xvtenes NO 
Trans-1 2-0iehloroethylene -
Trans-1 3-Dichloroorooene -
Triehloroethene -
Vinvt ChlOride -
Vinvt Acetate -
Misc. Purgoable Ornanlcs 
Benzoturan . 
BenzothiOphene -
Dihvdromethvtinclene 21somersl -
Ethenvtdimethvtbenzene -
Ethytdimetl1yl_benzene . 
Ethytmethylbenzene . 
lndane . 
lndene -
Methvtbenzofuran 2 Isomers . 
Methvt Ethyt) Benzene -

Methvtindan -
Tetramethvtbenzene -
Trimethylpenzene . 

10/18/01 • 

TABLE F-11. SHALLOW GROUNDWATER SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-31 MW-31 MW-34 MW-34 MW-34 MW-37* MW-37* MW-37* 
2127~8 2/13/01 '11/1~6 2127~8 2/15/01 11/14~6 2127~8 2114101 

- - - - - - - -- NO NO - NO NO - NO 

- NO - - NO - - NO 

- - - - - - - -- - - - - - - -- - - - - - - -- - - - - - - -- - - - - - - -- NO - - NO - - NO 

- - - - - - - -- - - - - - - -- NO - - NO - - NO 

- - - - - - - -- - - - - - - -
NO NO NO NO NO NO NO NO 

- - - - - - - -- - - - - - - -- - - - - - - -- - - - - - - -- - - - - - - -- - - - - - - -- - - - - - - -- NO - NO - - NO 

- - - - - - - -- - - - - - - -- - - - - - - -- NO - - NO - - NO 

- - - - - - - -
NO 0.00059J NO NO NO NO NO NO 
NO NO NO NO NO 0.001J NO NO 

- - - - - - - -
NO - - NO - - NO -- - - - - - - -- NO NO - NO NO - NO 

- - - - - - -- - - - - - - -- - - - - - - -
NO - - NO - - NO -- - - - - - - -- - - - - - - -- - - - - - - -- - - - - - - -
NO NO NO NO NO NO NO NO 

- NO NO - NO 0.002J - NO 

- - - - - - - -- - - - - - - -- - - - - - - -- - - - - - - -- - . . - - - -
- - - - - - . . 
- - - 0.007 JN - - . . 

0.010JN - - 0.020JN - - - . 
0.020JN . - 0.020JN - . - -
O.OSOJN . - . - - . -. - - . - - - -
o.030JN - - 0.060JN . . - . 

- - . . . . - -. - - . - - . . 
- - - - - - . -- . - - . . . -- - . - - . . -- . - - - - - . 

MW-37-Dup" MW-40 MW-40 MW-40 
2114/01 11114~8 21211198 2114/01 

- - - -
NO NO - NO 
NO - - NO 

- - - -- - - -- - - -- - - -- - -. -
NO - - NO 

- - -- - - -
NO - - 0.014J 

- - - -- - - -
NO NO NO NO 

- - - -- - - -- - - -- - - -- - - -- - - -- - - -
NO - NO 

- - - -- - - -- - - -
NO - - NO 

- - - -
NO NO NO NO 
NO NO NO NO 

- - - -- - NO -- - - -
NO NO - NO 

- - - -- - - -- - - -- - NO -- - - -- - - -- - - -- - - -
NO NO NO NO 
NO NO - NO 

- - - -- - - -- - - -- . . . 
. . - . 

- . - . 
. . . -. - . . 
. - - . 
. - - . 
. - - . 
- - - . 
- . - . 
. - - . 
- - . -. - - . 
- - . . 
. . . . 



• 
Parameters I CW·1 (HT) CW·1 (LT) 

lnorganlcs (mg/L) · _ 1213/81 1213/81 

P,luminum . -
Antimony . -
Arsenic (Total\ 0.08 0.005 
Arsenic (Dissolved\ . -
Barium - -
Beryllium - -
Boron - -
Cadmium - -
Calcium - -
Chromiumrrotall 0.05 0.025 
Chromium (Dissolved) - -
Cobalt . -
Copper (Total) 0.02 0.025 
Copper (Dissolved) - -
Cyanide - -
Iron - -
Lead (Total) - -
Lead (Dissolved) - -
Magnesium - -
Manganese - -
Merct.Jry_ - . 
Molvbdenum - -
Nickel - -
Potassium - -
Selenium - -
Silver . -
Sodium - -
Strontium - -
Tellurium - -
Thallium - -
Tin - -
Titanium - -
Vanadium - -
Yttrium - -
Zinc - -
Zirconium - -

Note: 
Background Location 

J Estimated Value 

10/18/01 

• 
TABLE F-12. SHALLOW GROUNDWATER SAMPLES -INORGANICS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

CW•1 CW-1 CW·2 (HT) CW·2(LT) CW·2 CW·2 CW-3 CW-3 CW-3(HT) CW-3 (LT) 
11/1/82 6/1/83 1213/81 1213/81 11/1/82 6/1/83 12/3/81 1213/81 11/1/82 6/1/83 

- - - - - - - - - -- - - - - - - - - . 
0.08 0.04 0.005 0.008 NO 0.04 0.07 0.02 0.011 0.005 

- - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - -- - - . - - - - - -
- - - - - . - - - -- - - - - - - - - -

NO NO 0.06 0.04 0.02 NO NO NO 0.07 0.05 

- - - - - - - - - -
- - - - - - - - - -

0.02 0.01 0.03 O.ot 0.04 NO 0.08 NO 0.03 0.08 

- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -. . - - - - - - - -- - - - - - - - . -
- - - - - - - - - -- - - . - - - - - -
- - . - - - - - - -- - - - - - - - - -- - - . - - - - - -- - - - - - - - - -- - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - -- - - - - - - - - -
- - - - - - - - - -- - - - . - - - - -- - - - - - - - - -- - - - - - - - - -
- - - - - - - - - -
- . - - - - - - . -- - - - - - - - - -- - . - - - - - - . 

8 Estimated Value Not Analyzed 
N Presumptive Evidence of Presence of Material. HTIL T High Tide/Low Tide 
NO Not Detected 
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• 
CW-4(HT) ,CW-4(LT) CW-4 CW-4 

1213/81 1213/81 11/1/82 6/1/83 

- - - -. - - -
0.036 0.038 0.11 0.06 

- - - -- - - -- - - -- - - -- - - -- - - -
0.08 0.06 0.01 0.04 

- - - -. - - -
0.02 0.02 0.07 0.03 

- - - -. - - -- - - -- - - -- - - - " - - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - . 
- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -

All Shallow groundwater 



Parameters 
lnorganlcs (mg/L) 

Aluminum 
Antimony 
Arsenic (Total) 
Arsenic (Dissolved) 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (Total) 
Chromium (Dissolved 
Cobalt 
Copper (Total) 
Copper (Dissolved)_ 
,Cyanide 
Iron 
Lead (Total) 
Lead (Dissolved) 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Tellurium 
Thallium 
Tin 
Titanium 
Vanadium 
Yttrium 
Zinc 
Zirconium 

10/18/01 

• 

TABLE F-12. SHALLOW GROUNDWATER SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

CW-5(HT) CW·5(LT) CW-5 CW-5 AW..01 I GW·1 GW·2 GW-4 GW-5 8·2 B-3 
1213/81 12/3/81 11/1182 6/1/83 1n/85 1f7185 1f7/BS 1f7/BS 1f7/85 3/11/92 3/13192 

. . . . NO 4.8 7.1 3.5 5.7 . . 

. - . . NO NO NO NO NO - -
0.008 0.005 NO 0.01 NO NO 0.022 0.044 NO 0.11 0.049 

- . - . - . - - - NO NO 

- - - - NO NO NO NO NO - . 
- - - - NO NO NO NO NO - -- - - - - - . - - - -
- - - - NO NO NO NO NO . . 
- - - - 43 80 35 66 42 . -

0.04 0.04 NO NO NO NO NO NO 0.02 0.1 0.095 

- - - - - - - - . NO NO 

- . . . NO NO NO NO NO . -
0.05 0.01 0.03 NO NO NO NO NO NO 0.05 0.085 

- . - - . - - - - NO NO 
. - - - NO NO NO NO NO - . 
- . - - NO 91 46 17 5.3 . -
- - - . NO 0.014 0.012 0.016 NO 0.35 0.12 

- . - - - - - . . NO NO . . . . NO 48 8 160 NO - -- - - - NO 2 1.1 0.3 NO - -
- - - - NO 0.0002 NO NO NO - -. . - . - - - - - - -- . . . NO NO NO NO NO . . 
. . . . NO 14 6 49 NO . . 
. . . . NO NO NO NO NO . . 
. . . - NO NO NO NO NO . . 
- . . . 6 230 9 1400 15 - . 
. . - . . . . - . . -. . . . . . . . . . . 
. . . . NO NO NO NO NO . . 
. . . . NO NO NO NO NO - . 
. - . . . . . . . . . 
. . . - NO NO NO NO NO . . 
. . . . . . . . . . . 
. . . . NO 0.04 0.06 0.04 NO . . 
. . . . - . . . . . . 
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• 

B-4 8·5 . B-6 
3/12192 3/11192 3/12192 

. - -- - . 
0.031 NO 0.051 

NO NO NO 

- - -
- - . 
- - -- . -- . -

0.19 0.006 0.066 
NO NO NO . . -
0.13 0.014 0.056 
NO 0.0064 NO 

- . . 
. - -

0.21 0.01 0.1 
NO NO NO 

- - -
- - . 
- - -
- . - -. . . 
. . . 
. . . 
. . . 
. . -. . . 
. . . 
. . . 
. - . 
. . . 
. . . 
. . . 
. . . 
. . . 



• 
Parameters MW-6 MW-6 

lnorganlcs (m!t/LI 9/8/88 3/12/90 

Aluminum . . 
Antimonv - -
Arsenic (Total) ND ND 
Arsenic (Dissolved) - -
Barium - -
Bervllium - -
Boron - -
Cadmium - . 
Calcium - -
Chromium (Total) ND ND 
Chromium (Dissolved - -
Cobalt - -
Coooer (Total) ND ND 
Coooer (Dissolved) - -
Cvanide - -
Iron - -
Lead (Total) - -
Lead (Dissolved) - -
MaQnesium - -
Manganese - -
Mercury - -
Moly!:xjenum - -
Nicl<el - . 
Potassium - -
Selenium - . 
Silver - -
Sodium - -
Strontium - . 
Tellurium - -
Thallium . -
Tin - -
Titanium - -
Vanadium - -
Yttrium - -

inc - -
irconium . -

10/18/01 

• 
TABLE F-12. SHALLOW GROUNDWATER SAMPLES ·INORGANICS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-6 MW-6 MW-6 MW-6 MW-6 MW-6 MW-7 MW-7 MW-7 MW•7 
10/14191 3/12/92 10/15/92 11/17/93 2126/98 2/13/01 9/8/88 3/12190 10/14191 3112/92 

. . - - - - - - . -- - - - - - - - - -
NO ND NO NO NO NO NO 0.015 ND 0.0062 

- ND ND ND - - - - - NO 

- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -
NO ND ND ND ND ND ND 0.03 ND 0.031 

- NO NO ND - - - - - NO 

- - - - - - - - - -
ND 0.012 NO ND ND 0.0018B ND NO ND 0.012 

- ND NO ND - - - - - ND 

- - - - - - - - - -
- - - - - - - - - -
- 0.0092 ND - - - - - - 0.023 

- ND ND - - - - - - ND 

- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -. - . - - . - - . -- - - - - - - - . -- - - - - . - - - -- - . - . . - . - -
- - - - - - - - - -
- - - . - - - - - -
- . - - - - - - - -
- - - - - . - - - -
- - - - . . - - . -
- . . - - . - - - -- . - - - . - - - . 
- - - - - . - - . -- - . - - - - - - -- - - - - - - - - . 
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• 
MW-7 MW-7 MW·7 MW·7 

10/15/92 11/17/93 2/28198 2/13/01 

- - - -- - - -
NO ND ND NO 
NO NO - -- - - -- - - -- - - -- - - -- - - -

0.014 ND ND 0.0035B 
NO ND - -- - - -
ND ND ND NO 
ND ND - -- - - -- - - -

0.0097 - - -
ND - - -- - - -- - - -- - - -- - - -- - - . 

~ 

- . . . 
- . - -- - . -- - - -- . - -- - - -- - - -. - - -. . . -- . . -- - - . 
- - - -. . - -

All Shallow groundwater 



Parameters MW..S MW..S MW..S 
lnorganlcs (mg/L) 9/8/86 3/12190 10/14/91 

Aluminum . . . 
Antimony . . . 
Arsenic (Total) NO NO NO 
Arsenic (Dissolved) - - -
Barium . . -
Be_ryllium - . . 
Boron - - -
Cadmium . . . 
Calcium - . -
Chromium (Total) NO NO NO 
Chromium (Dissolved - . -
Cobalt . - -
Copper (Total) NO NO NO 
Copper (Dissolved) . . -
Cyanide - . -
Iron . . -
Lead (Total) . . . 
Lead (Dissolved) . . . 
Magnesium . . . 
Manganese . . -
Mercury. . . -
MCliybdenum - - -
Nickel - . -
Potassium - . . 
Selenium - . . 
Silver - - . 
Sodium . - . 
Strontium - . . 
Tellurium - . -
Thallium - - -
Tin - . -
Titanium - . -
Vanadium - - . 
Yttrium . - -
Zinc . - . 
Zirconium - - -

10118/01 

• 

TABLE F-12. SHALLOW GROUNDWATER SAMPLES -INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW..S MW..S MW..S MW..S MW..S MW..S MW..S.Oup MW-9 MW-9 MW-9 
3/12192 10/15192 11/17/93 11/14196 2/26198 2113/01 2113/01 9/8/86 3/12190 10/14191 

. . . NO . . . . . . 

. . . . . . . . . . 
NO NO NO NO NO NO NO NO 0.011 NO 
NO NO NO . - - - - - -- - . 0.05 - . . - - -- - - . - - . - - -
- - - - - . - - - -. - - 1 - . - . - -- . - 20 . - - - . . 

O.Q15 0.024 NO NO NO 0.0075B 0.0049B NO 0.02 NO 
NO NO NO . . - - - - -- . - NO - - - - - . 

0.012 0.026 NO NO NO 0.0031B 0.0031B NO NO NO 
NO NO NO - - . - . - . 
. - - . - - . - - . 
- . . 15 . - - . - -

O.Q16 0.038 . NO . . . . - . 
NO NO . . . . . . . . 
. . - 8.9 - - - - - -- . - 0.24 - - . - - -
- - - NO - - - - - . 
- . - . . . - . - -- - - NO - - - - - . 
- - - 2.1 . - - - - -
- - - NO - - - - - -- . - . . - . . . -
- - - 69 - - - - - . 
- . - - . - - . - -
- - - . - - - - - -- - . . . - - - - . 
- - - - - . . . . -
- . . . - - - - - -
- - - NO . - . . - -
- . - . - - . - - -- . - 0.032 . - - . - -- . . - - - - - - -
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• 

MW-9 MW-9 MW-9 MW-9 MW·9 
3/11/92 10/15192 11/17/93 2127/98 2113/01 

. . . . . 

. . - . . 
NO NO 0.049 0.017 0.025 
NO NO NO . -. . - . . 
. . - . -. . - . . 
. . . . -. . - . -

NO NO NO NO 0.0024B 
NO NO NO - . 
- . - . . 

0.007 NO NO NO 0.0012B 
NO NO NO . -- . - . -- . . . . 
NO NO - . . 
NO NO - . . 
. - . . -- - - . . 
- . - . -. - - . -- - - . -- - - . -- - . . -. . - . -- - - . -- - - - -- . - . -- - . - -- - - . -- - - - -. . - . -- - - - . 
- . . . -. - . . -

All Shallow groundwater 

• 



• 
Parameters MW-10 MW·10 

lnorganlcs (mg/L) 3/11/92 10/14/92 

Aluminum . . 
Antimonv . . 
Arsenic (Total) 0.077 0.048 
Arsenic (Dissolved) ND NO 
Barium . . 
Beryllium . . 
Boron . . 
Cadmium . . 
Calcium . . 
Chromium (Total) 0.059 0.019 
Chromium (Dissolved) NO NO 
Cobalt - . 
Copper (Total) 0.091 NO 
Copper (Dissolved) NO NO 
Cyanide - . 
Iron - . 
Lead (Total}_ 0.084 O.Q18 
Lead (Dissolved). NO NO 
Magnesium - . 
Manganese - . 
Mercury_ - . 
Mojybdenum - . 
Nickel - . 
Potassium - . 
Selenium - . 
Silver - -
Sodium - -
Strontium - . 
Tellurium . . 
Thallium . . 
Tin . . 
Titanium . . 
Vanadium - . 
Yttrium . . 
Zinc - . 
Zirconium . . 

10/18/01 

• 
TABLE F-12. SHALLOW GROUNDWATER SAMPLES -INORGANICS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-10 MW-10 MW-10 MW-11 MW·12 MW-12 MW-12 MW-13 MW-13 MW-13 
11/17/93 2126/98 2113/01 11/14196 11/17/93 2126/98 2115/01 3/11/92 10/15/92 11/17/93 

. . . 7.7 . . . . . . 

. . . . . . . . . . 
0.05 0.017 0.045 0.012 0.029 0.013 0.0088B 0.05 0.048 0.049 
NO . . . NO . . NO ND ND . . . 0.17 . . . . . -. . . . . . . . . . 
. . . . . . . . . . 
. . . ND . . . . . . 
. . - 78 . . - - - -

ND NO 0.0026B O.Q15 0.024 NO NO 0.059 0.039 0.04 
NO - - - NO . - NO NO NO 

- - - 0.007J . - - - - -
NO NO 0.0098B 0.051 0.043 NO 0.0026B 0.08 0.061 0.058 
NO - - - NO - - NO NO NO 

- - - - - . - - - - -- . - 69 . - - . - -- - - 0.032 . - - - 0.14 0.12 -- - - - . - - NO NO -- - - 18 . - - - - -- . - 2 . - - - - -- - - 0.00042 . - - - . -- - - - - - - - - -- - - NO . - - - - -- - - 15 . - . - . -- - - NO . - - - - -- - - . - - - - - -- - - 33 . - - - - -- - - - . . . - . . 
. . . . . . . - . . 
- . . . . . . . . . 
- . . . . . . . . . 
. . - . . . . . . . 
. - . 0.030J . . . . - . 
. . . . . . - . . . 
. . - 0.092 . . . - . -- . . . . . . . . . 
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• 
MW·13 MW·13 MW·14 MW-14 
2126/98 2114101 3/11/92 10/16/92 

. . . . 

. . . . 
0.011 0.0040B 0.01 O.Q18 . . NO NO . . . . 
. . . . 
. . . . 
. . . . 
- - - -

0.03 0.013 0.033 0.069 . - NO NO . - - -
0.027 0.0032 0.023 0.059 . - NO NO . - - -. - - -. - 0.029 0.05 . - NO NO . - . -. - . -. - - . 
. - . -. - - -. - - . 
. - - -. - - -. . - -. . . . 
. . . . 
. . . -. . . -. . . . . . - . . - . . 
. - . . 
. . . -

All Shallow groundwaler 



Parameters MW·15 MW·15 MW·15 
lnorganlcs (mg/L) 3/11/92 10/15192 11/18/93 

Aluminum . . . 
Antimony . . -
Arsenic (Total) 0.1 0.11 0.088 
Arsenic (Dissolved) NO 0.023 NO 
Barium . . . 
B~lium . . . 
Boron . . . 
Cadmium . . . 
Calcium .. . . 
Chromium (Total) 0.051 0.031 NO 
Chromium (Dissolved) ND ND ND 
Cobalt . . . 
Copper (Total)_ 0.086 0.05 NO 
Copper (Dissolved\ NO NO NO 
Cvanide . . . 
Iron . . . 
Lead (Total) 0.094 0.042 . 

ead (Dissolved) NO ND . 
I Magnesium . . . 
~~anese . . . 

u:num 
. . . 
. . . 

Nickel . . . 
Potassium . . . 
Selenium . . . 
Silver . . . 
Sodium . . . 
Strontium . . ·-
Tellurium . . . 
Thallium . . . 
nn . . . 
Titanium . . . 
Vanadium . . . 
Yttrium . . . 
Zinc . . . 
Zirconium . . . 

10/18/01. 

TABLE F-12. SHALLOW GROUNDWATER SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW·15 MW·15 MW·15 MW·16 MW·16 MW·16 MW·16 MW·16 MW·16 MW·17 
11/14196 2126/98 2115101 3/11/92 10/14192 11/18/93 11/14/96 2126198 2114/01 3/11192 

NO . . . . . NO . . . 
. . . . - . . . . -

0.068 0.056 0.33 0.027 NO NO NO NO NO 0.14 . . . NO NO NO . . . NO 
0.094 . . . . . 0.044 . . . 

. . . . . . . . . . 

. . . . . . - . . . 
ND . . . . . ND . . . 
91 . . . . . 9.1 . . . 

0.009J 0.012 0.0067B 0.12 ND ND 0.006J NO 0.0030B 0.18 
. . . NO ND ND . . . ND 

NO . . . . . NO . . . 
NO NO 0.0098B 0.14 0.03 NO NO NO 0.0026B 0.4 
. . . NO NO NO . . . NO 
. . . . . . . . . . 

23 . . . . . 2.3 . . . 
ND . . 0.064 0.012 . ND . . 0.39 . . . ND NO . . . . ND 
22 . . . . . 4.5 . . . 
1.8 . . . . . 0.063 . . . 
NO . . . . . ND . . . 
. . . . . . . . . . 

NO . . . . . ND . . . 
11 . . . . . 6 . . . 
NO . . . . . ND . . . 
. . . . . . . . . . 

140 . . . . . 44 . . . 
. . . . . . . . . . 
. . . . . . . . . . 
. . . . . . . . . . 
. . . . . . . . . . 
. . . . . . . . . . 

NO . . . . . ND . . . 
. . . . . . . . . . 

0.034 . . . . . 0.045 . . . 
. . . . . . . . . . 

PAG.10 

MW·17 MW·17 MW·17 MW·17 MW·17 
10/14192 11/18/93 11/14196 2126/98 2114/01 

. . NO . . 

. . . - . 
0.04 0.023 0.01 NO 0.0058B 

0.0057 ND . . . 
. . 0.15 . . 
. . . . . 
. . . . . 
. . NO . . 
. . 32 . . 

0.035 0.012 NO NO NO 
ND · ND . . . 
. . NO . . 

0.054 0.025 NO NO 0.0080B 
NO NO . . . 
. . . . . 
. . 17 . . 

0.045 . ND . . 
NO . . . . 
. . 11 . . 
. . 0.4 . . 
. . ND . . 
. . . . . 
. . NO . . 
. . 10 . . 
. . ND . . 
. . . . . 
. . 120 . . 
. . . . . 
. . . . . 
. . . . . 
. . . . . 
. . . . . 
. . NO . . 
. . . . . 
. . NO . . 
. . . . . 



• 
Parameters MW·18 MW·18 MW·18 

lnorganlcs (mg/LI 10/15/92 11/17/93 2126/98 
Aluminum . . . 
Antimony . . . 
Arsenic (Total) 0.0058 0.016 NO 
Arsenic (Dissolved) NO NO . 
Barium . . . 
Beryllium . . . 
Boron . . . 
Cadmium . . . 
Calcium . . . 
Chromium (Total) 0.67 4.6 0.73 
Chromium (Dissolved) NO NO . 
Cobalt . . . 
Copper (Total) 0.051 0.05 0.034 
Copper (Dissolved) ND NO . 
Cyanide . . . 
Iron . . . 
Lead (Total) 0.081 . . 
Lead (Dissolved) NO . . 
Magnesium . . . 
Manganese . . . 
Merct1_ry . . . 
Molybdenum . . . 
Nickel . . . 
Potassium . . . 
Selenium . . . 
Silver . . . 
Sodium . . . 
Strontium . . . 
Tellurium . . . 
Thallium . . . 
Tin . . . 
Titanium . . . 
Vanadium . . . 
Yttrium . . . 
Zinc . . . 
Zirconium . . . 

10/18/01 

• 
TABLE F-12. SHALLOW GROUNDWATER SAMPLES ·INORGANICS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW·18 MW·19 MW·19 MW·19 MW·19 MW·20 MW·20 MW·20 MW·20 
2114101 10/16/92 11/18/93 2126/98 2115/01 10/16/92 11/18/93 11/14196 2126198 

. . . . . . . 0.7 . 

. . . . . . . . . 
0.032 NO NO NO 0.00348 0.01 NO NO NO 

ND NO NO . . NO NO . . 
. - . . . . . 0.19 . 
- . . . . . . . . 
. . . . . . . . . 
. . . . . . . ND . 
. . . . . . . 63 . 

6.7 0.03 ND NO 0.00518 ND NO ND NO 
0.010 NO NO . . NO ND . -. . - . . . . ND . 
0.16 NO NO NO 0.00318 0.032 ND NO ND 
. NO NO . . ND NO - . 
. . . . . . . . . 
. . . . . . . 73 . 
. 0.005 . . . 0.012 . ND . 
. ND . . . NO . . . 
. . . . . . . 39 . 
. . . . . . . 2.2 . 
. . . . . . . ND . 
. . . . . . - . . 
. . . . . . . ND . 
. . . . . . . 17 . 
. . . . . . . ND . 
. . . . . . . . . 
. . . . . . . 220 -. . . . . . . . . 
. - . . - . . . . 
. . . . . . . . . 
. . . . . . . . . 
. . . . . . . . . 
. . . . . . . 0.019J . 
. . . . . . . . . 
. . . . . . . ND . 
. . . . . . . . . 
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• 
MW·20 MW·21 MW·21 MW·21 MW·21 
2113/01 10/16192 11/17/93 2126/98 2113/01 

. . . . . 

. . . . . 
NO 0.028 O.D19 NO NO . NO NO . . 
. . . . . . . . . . 
. . . . . 
. . . . . 
. . . . . 

0.00268 0.032 O.D16 NO NO . NO ND . . 
. . . . . 

0.092 0.035 NO NO ND . NO NO . . 
. . . . . 
. . . . . 
. 0.061 . . . 
. NO . . . ' . . . . . 
. . . . . I 

• . . . . . 
. . . . . 
- . . . . 
. . . . . ' . . . . . 
. . . . . 
. . . . . 
. . . . . 
. . . . . 
. . . . . 
. . . . . 
. . . . . 
. . . . . 
. . . . . 
. . . . . . . . . . 

All Shallow groundwater 



Parameters MW·22 MW·23 
lnorganlcs (mg/L) 10/13192 10/13192 

Aluminum - -
Antimony - -
Arsenic _{Total) 0.033 NO 
Arsenic (Dissolved) 0.013 NO 
Barium - -
Beryllium - -
Boron - -
Cadmium - -
Caldum - -
Chromium (Total) 0.2 NO 
Chromium (Dissolvedl NO NO 
Cobalt - -
Coooer (Total) 0.038 NO 
Cooper (Dissolved) NO NO 
Cyanide - -
Iron - -
Lead (Total) 0.037 NO 
Lead (Dissolved) NO NO 
Magnesium - -
Manoanese - -
Mercury - -
Molybdenum - -
Nickel - -
Potassium - -
Selenium - -
Silver - -
Sodium - -
Strontium - -
Tellurium - -
Thallium - -
Tin - -

ttanium - -
anadium - -
ttrium - -
inc - -
irconium . -

10/18101 

• 

TABLE F·12. SHALLOW GROUNDWATER SAMPLES ·IN ORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-23 MW·23 MW·23 MW·24 MW-24 MW·24R MW·24R MW·24R MW·25 
11/17193• 2127/98 2113/01 10/16192 11/18/93 11/14196 2127198 2115101 10/13/92 

- - - - - 0.14 - - -- - - - - - - - -
NO NO 0.0055B 0.0064 NO NO NO NO 0.012 
NO - - NO NO - - - NO 
- - - - - 0.32 - - -- - - - - - - - -- - - - - - - - -- - - - - NO - . - -- - - - - 88 - - -

NO NO 0.0047B O.Q18 0.01 NO NO NO 0.031 
NO - - NO NO - - - NO 
- - - - - NO - - -

NO NO 0.0027B 0.027 NO NO NO 0.0017B 0.041 
NO - - NO NO - - - NO 
- - - - - - - - -- - - - - 61 - - -- - - 0.071 - NO - - 0.036 

- - - NO - - - - NO 
- - - - - 33 - - -- - - - - 3.6 - - -- - - - - NO - - -. 
- - - - - - - - -- - - - - NO - - -- - - - - 8.9 - - -- - - - - NO - - -- - - - - - - - -- - - - - 130 - - -
- - - - - - - - -
- - - - - - - - -
- . - - - - - - -- - - - - - - - -- - - - - - - - -- - - - - NO - - -
- - - - - - - - -- - - - - NO - - . 
- - - - . - - - -
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• 

MW·25 MW·25 MW-25 MW-25 
11/18193 11/14198 2127198 2114101 

- 2.2 - -- - - -
NO NO NO NO 
NO - - -- 0.047 - -- - - -- - - -- NO - -- 14 - -

0.011 0.0039 NO 0.0072B 
NO - - -- NO - -
NO NO NO 0.00409 
NO - - -- - - -- 7.2 - -- 0.003 - -- - - -
- 13 - -- 0.25 - -- NO - -. - . -. NO - -- 5.7 - -
- NO - -- - - -- 140 - -. - - -. - - -. - - -. - - -. - - -- NO - -- - - -- 0.021J . . 
- - - -



• 
Parameters MW-27 

lnorganlcs (mg/L) 11/18/93 

~luminum . 
Antimonv . 
Arsenic (Total) 0.014 
Arsenic (Dissolved) NO 
Barium . 
Bervilium . 
Boron -
Cadmium . 
Calcium . 
Chromium (Total) NO 
Chromium (Dissolved NO 
Cobalt -
Copper_rrotal NO 
Copper !Dissolved) NO 
[Cyanide -
Iron . 
Lead (Total) -
Lead (Dissolved) . 
Maqnesium . 
Manqanese -
Mercury . 
Molybdenum . 
Nickel . 
Potassium -
Selenium . 
Silver . 
Sodium -
Strontium . 
Tellurium -
Thallium . 
Tin -
Titanium -
Vanadium -
Yttrium -
Zinc -
Zirconium -

10/18/01 

• 
TABLE F·12. SHALLOW GROUNDWATER SAMPLES ·INORGANICS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-27 MW-27 MW-27 MW-28 MW-28 MW-28 MW-28 MW-29 MW·29 MW-29 
11/14198 2126/98 2/13/01 11/18/93 11/14196 2127/98 2/14101 11/18193 11/14196 2127/98 

0.064 . . - 0.17 - - - 0.76 -- - - - - . - . - . 
NO NO NO NO NO NO 0.0039B NO NO NO . . - NO - - NO NO - -
0.24 - - - 0.28 - - - 0.14 -
- . - - - - . - - -- - - . - - - - - -

NO - - . NO - - - NO -
89 - - - 140 - - - 42 -
NO NO 0.0031B NO NO NO 0.0035B NO 0.07 NO 

- . - NO . - - NO NO - -
NO - - - NO . - . NO -
NO NO 0.0016B NO NO NO 0.0073B NO NO NO . - - NO - - . NO - -- . - - - - - - - . 
76 . - - 37 - . - 39 -
NO - - - 0.008 - - - NO -- . - . - - . - - . 
9.6 . - . 36 - - - 53 -
1.2 - - - 0.63 - - - 1.4 -
NO . - . NO - - - NO -- . - . - - - - - . 
NO . - - ND - . - NO . 
4.1 . - - 14 - - - 9.9 . 
NO . - - ND . - - NO . 
- . - - - - - - - -

14 . - - 250 - - - 420 -
- . - - - . - - - -
- . - - - - - - - -- . - - - - - - - -
- . - . - - - - - . 
- - - - - - - - - -

NO - - . ND - - - NO -- - - . - . - - - -
0.027J - - . NO . - - 0.016J -

- - - - - . - - - -
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• 
MW·29 MW-30 MW-30 MW-30 
2/15/01 11/18/93 2127/98 2/13/01 

. - - -- - - -
0.0061B NO NO NO . ND - -

- - - . 
. - - . 
- - - -. - - . 
- - - -

0.029 0.024 NO 0.0082B 

- NO - . 
- - - . 

0.0045B NO ND 0.0014B 

- NO - . 
. - - . 
- - - . 
. - - . 
. - - . 
- - - . :-e .. 
. . - . 
. . - -- . - . 
- - - . 
- - - -
- - - . 
- - - - '.; 

- - - -
- - - . 
. - - . 
. - - -- . - . 
- - - -. - - -- - . - -- - - -- . - . 

All Shallow groundwater 

r ... 



Parameters MW-31 
lnorganlcs (mg/L) 11/14198 

Aluminum 0.23 
Antimony -
Arsenic (Total) ND 
Arsenic_{_Dissolvedl -
Barium 0.047 
Bervllium -
Boron -
Cadmium 0.001J 
Calcium 45 
Chromium (Total) 0.004J 
Chromium (Dissolved) -
Cobalt ND 
Copper_rrotall 0.002J 
Coooer (Dissolved) -
Cvanide -
Iron 25 
Lead (Total) ND 
Lead (Dissolved) -
Magnesium 14 
Manganese 0.61 
Mercury_ ND 
Molvbdenum -
Nickel 0.017J 
Potassium 6.4 
Selenium ND 
Silver -
Sodium 89 
Strontium -
Tellurium -
Thallium -
Tin -
Titanium -
Vanadium 0.011J 
Yttrium -
Zinc 0.009J 
Zirconium -

10/18/01 

• 

TABLE F·12. SHALLOW GROUNDWATER SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-31 MW-31 MW-34 MW-34 MW-34 MW-37* MW-37* MW-37* MW-37-Dup• MW-40 
2127/98 2113/01 11/14198 2127/98 2115101 11/14198 2127198 2114/01 2114/01 11/14198 

- - 0.73 - - 0.78 - - - 0.38 

- - - - - - - - - -
ND ND ND ND ND ND ND ND ND 0.22 

- - - - - - - - - -
- - 0.044 - - 0.034 - - - 0.085 

- - - - - - - - - -- - - - - - - - - -
- - ND - - ND - - - ND 

- - 19 - - 67 - - - 53 
0.012 0.0020B 0.003J ND 0.0023B 0.002J 0.013 0.011 0.011 0.003J 

- - - - - - - - - -
- - 0.001J - - ND - - - 0.005J 

ND ND 0.003J ND 0.0033B ND ND 0.0033B 0.0014B 0.027 

- - - - - - - - - -
- - - - - - - - - -
- - 16 - - 3.3 - - - 8.6 

- - ND - - 0.008 - - - ND 

- - - - - - - - - -- - 4.9 - - 5.7 - - - 8.1 

- - 0.34 - - 0.16 - - - 0.64 

- - ND - - ND - - - ND 

- - - - - - - - - -
- - 0.007J - - 0.019J - - - 0.012J 

- - 2.9 - - 4.4 - - - 6.7 

- - 0.004J - - ND - - - 0.003J 

- - - - - - - - - -- - 22 - - 15 - - - 11 

- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - -- - 0.005J - - 0.002J - - - 0.004J 

- - - - - - - - - -
- - 0.014J - - 0.011J - - - 0.027J 

- - - - - - - - - -
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MW-40 MW-:40 MW-40 
2128198 7/15198 2114/01 

- - -- - -
0.07 0.21 0.12 

- - 0.085 

- - -- - -- - -- - -- - -
ND 0.039 ND 

- - ND 

- - -
ND - 0.0016B 

- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -- - -



• • • 
TABLE F·13. SHAUOW GROUNDWATER SAMPLES· PESTICIDES AND MISCELLANEOUS ANALYSIS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 

p • ....,. .. ,. (mgll.l AW.Q1 GW-1 GW.Z ClW-4 ow-a MW-e MW-e MW-e MW-7 MVH MW·7 MW-e MW-e MW-e MW-e MW-e MW-e MW-10 MW-11 MW-11 MW·I2 
Pntlei .. &/PCB Coon_j>Citl_ndO 1mu tnms ln/85 ln/85 1n/85 1M .. O 10114111 511 ..... 11W .. O 10114111 511 ..... 1CW..O 101'1CII1 511 ..... 1011100 101101 511 ..... 511 ..... 511 ..... ,,,., ..... !11 ..... 

Aldrin NO NO NO NO NO 
4 4'-000 p P'-DDD NO NO NO NO NO 
4 4'-DDE (P P'-ODE NO NO NO NO NO 
4 4'-oor P P'-oon NO NO NO NO NO 
Aloha-BHC NO NO NO NO NO 
Beta-BHC NO NO NO NO NO 
Chlordane ech Mixture 11 NO NO NO NO NO 
Delta-BHC NO NO NO NO NO 
Dieldrin NO NO NO NO NO 
Endosulfan I Aloha! - NO NO NO NO NO 
Endosulfan II Beta NO NO NO NO NO 
Endosulfan Sulfate NO NO NO NO NO 
Endr1n NO NO NO NO NO 
Endrin AidehVde NO NO NO NO NO 
Endrin Kelooe NO NO NO NO NO 
Gamma-BHC Lindane NO NO NO NO NO 
Heotachlor NO NO NO NO NO 
Heotachlor Eooxlde NO NO NO NO NO 
Melhoxvehlor NO NO NO NO NO 
PCB-1016 Atoctor 1016 NO NO NO NO NO 
PCB-1221 Arodor 1221 NO NO NO NO NO 
PCB-12~ Atoctor1232 NO NO NO NO NO 
PCB-1242 Arodor 1242 NO NO NO NO NO 
PCB-1248 Arodor 1248 NO NO NO NO NO 
PCB-1254 Aroclor 1254 NO NO NO NO NO 
PCB-1260 Aroclor 1260 NO NO ·NO NO NO NO 
Tox~ene NO NO NO NO NO 
Aloha-Chlordene 12 
Gamma-Chlorctene 12 
1-i:M!!Pl<Y!'hlorctene 12 
Gamma-Q!!oroane 12 
Trans-Nonachlor 12 
Alll.ha-Chlordane 12 0.0012J 
Cis-Nonachlor 12 
Miscellaneous Analysis 

Chloride 530 310 190 210 200 110 110 130 130 120 120 66 10 33 6.2 
Total K eldahl NIIFQ!len-N 11 11 7.2 8.3 10 9.7 6.7 6.3 
Nitrate + Nllrlte-N NO NO NO NO NO NO NO NO 
Total NllrOOen 11 11 7.2 8.3 10 9.7 8.7 6.3 
Total l'hosllhorus 1 2 0.47 0.72 0.51 0.76 0.35 0.89 
Total Omanlc carbon 13 16 22 22 26 27 20 20 

Nolo: 
Boclcgtound LoeaHon NO Nol Detected 

J EotlmaledV- Noi/WlvV>d 
N PntiUI!l>IIYo Evidence ol Pnt•nco ol Material 
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TABLE F·13. SHALLOW GROUNDWATER SAMPLES· PESTICIDES AND MISCEL.l.ANEOUS ANALYSIS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA 

-·~~;::;!,. MW·13 MW-14 MW·15 MW-11 MW-17 MW-11 MW·11 MW-20 MW-21 MW-22 MW-23 MW-24 MW-25 MW-21 MW-27 MW-21 MW.:lt MW-M - MW-37 
511 ..... 511 .... 1 511 .... 1 511 ..... 511 ..... 5114Jllf 511 ..... 511 ..... 5114Jllf 511 ..... 511 ..... 511 ..... ., ..... ., ..... 511 ..... ., ..... 511 ..... 511 ..... tflfftl Ulf.wt 

Aldrin 
4 4'·DDD P P'·DDD 
4 4'·DDE P P'·DDE 
4 4'·DDT P P'·DDT 
AIDha-BHC 
Beta·BHC 
Chloroane ech Mixture /1 
Delta-BHC 
Dieldrin 
Endosulfan I Aloha 
Endosulfan II Beta 
Endosulfan Sulfate 
Endr1n 
Endr1n AldehYde 
Endr1n Ketone 
Gamma-BHC lllndane 
Heotadllor 
Heotadllor Eooxlde 
Methoxvthlor 
PCS-1016 Aroctor 1016 
PCS-1221 Arodor1221 
PCB-1232 Arodor 1232 
PCS-1242 Aroctor 1242 
PCB-1246 Arodor1246 
PCB-1254 Arodor 1254 
PCS-1260 Arodor 1260 0.00010N NO 
Toxaohene 
Aloha-Chlondene 12 
Gamma-Chlordene 12 
1-Hvdroxvthlordene 12 
Gamma-Chlor<lane 12 
Trans-Nonadllor 12 
Aloha-Chlor<lane 12 NO NO 
Cis-Nonachlor 12 
Miscellaneous Analvsls 
Chloride 440 160 25 460 320 160 33 140 55 340 200 210 300 340 9.6 350 1000 120 
Total K eldahl Nnrooen-N 
Nitrate + Nitrtt&-N 
Total Nnrooen 
Total Phosohorus 
Total Oraanlc Carbon 
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• 
Parameters (mgtl) MW-8A 

Extractable Organics 10/15192 

1·Met~ytnaphthalene -
2 4 5-Trlch10<01>11.enol NO 
2 4 6-Trlchlomphenol NO 
2 4-0imethylphenot NO 
2 4-Dinltrnphenot NO 
2-Chlomnaphthalene -
2-Chle>mphenol NO 
2-Met!lYinaphthalene -
4-Chloro-~Methylp_henot NO 
Acenapllthene NO 
Acenapllthytene -
Acridlnone -
Amlnofluorenone -
Anthracene NO 
BenzO(a)Anthracene NO 
BenzO(a )Pyrena NO 
BenzO(b Fluornnthene NO 
BenzO(b k Fluornnthene -
BenzO(g,h I Perylene -
Benzo k Fluoranthene NO 
Benzofuranone -
Benzothlophene -
Biphenyl . 
Bls 2-Chlomethyi)Ether NO 
Bls 2-Ethvthexvi)Phthalate -
caoro~atam -
C3rtl3zole NO 
Chrvsene NO 
Cresol ortho 2-Methvtoherol -
Cresol m&pJ 3&4-Methvtphenot -
DlbenzO(a h\Anthracene NO 
Dlbenzofuran -
OihVdmlndenlol -
Oihvdrolndenol -
Olmeth naphthalene -
Olmeth naphthalene 21somers . 
OlmethV naphthalene 3 Isomers -
Ok>-Bu tvt-Phlhalate . 
Ethvtmethvtphenot . 
FIUOOlnthene NO 
Fluorene -
Hexachlombenzene . 
IHvdroxblphenvt -
In dena -
lndenol1 2 3-CdlPvrene NO 
!{Meth et!lYiidene BlQilenol -
Meth benzonltrile -
Meth biphenyl -
Meth indanol . 
Meth naphthalene -
Meth ~qulnollnone -
Naphthalene NO 
Naohthalenecarbonltrlle -
Naphtha I enol -
Pentachlorophenol NO 
Phenanthrene NO 
Phenanthrldinone -
Phenol NO 
[Pyron~ -
Tetract]l~enots NO 
ThvmQI_ . 
Trimetllytphenol -

Note. 

10/18101 

MW-8A MW-8A MW-8A 
11/111193 11/1419S 21211198 

- - -
NO - NO 
NO - NO 
NO NO NO 
NO - NO 

- . -
NO . NO . NO NO 
NO . NO 
NO NO NO 

- NO NO . - -. - -
NO NO NO 
NO NO NO 
NO . NO 
NO . -. - NO 

- - -
NO . -- . -. - -. . -
NO . . 
- - -- - -

NO NO NO 
NO . NO - . NO . . NO 
NO . NO . NO NO 

- . . 
- - -. . . . . . . . -- . . 
- . -

NO NO NO 

- NO NO . . . 
- - -- - -

NO - NO . - -- - -- - -. . . 
- - -- . -

NO NO NO 

- - -- - -
NO - NO 
NO NO NO 

- - -
NO . NO 

- NO NO 
NO . NO . . . 
- . -. 

J 
Background Location 
Estimated Value 

MW-8A 
2/13101 

-. 
-

NO 

-
NO 
NO 
NO 

-
NO 
NO . 
-

NO 
NO 
NO 
NO 

-
NO 
NO 

-. 
. . 

NO 

-
NO 
NO 
NO 
NO 
NO 
NO 

-----
NO . 
NO 
NO 
NO 

--
NO 

---. 
--

NO 

--
NO 
NO 

-
NO 
NO 
NO . 
-

• TABLE F-14. INTERMEDIATE GROUNDWATER SAMPLES -SEMI-VOLA TILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW·11A MW-11A MW•11A MW·11A MW·11A MW•11B MW·11B MW·14A MW·14A MW•14A MW•19A MW•19A 
10/16192 11/111193 11/1419S 2127198 2115101 11/111193 11/14196 111111193 2127198 2/15101 10/16192 11/111193 

- - - - - - 0.007JN - - - - -
NO NO - NO - NO . NO NO - NO NO 
NO NO - NO - NO - NO NO - NO NO 
NO NO 0.003J NO NO NO 0.054 NO NO NO NO NO 
NO NO - NO - NO - NO NO - NO NO . - . - NO - . - . NO . . 
NO NO . NO NO NO - NO NO NO NO NO 

- . 0.045 NO 0.040 - 0.32 . 0.29 0.024 . . 
NO NO - NO - NO - NO NO - NO NO 
0.05 O.o76 0.038 0.035 0.039 0.081 0.26 0.41 0.23 0.027 NO NO . - NO NO NO . 0.003J - NO NO . -- - - . - . . . . - - . . . . . . . 0.020JN . . . . . 
0.02 NO 0.003J NO 0.0022J NO 0.012 NO NO 0.0012J NO NO 
NO NO NO NO 0.00083J NO O.OOIJ NO NO NO NO NO 
NO NO . NO NO NO . NO NO NO NO NO 
NO NO - . NO NO . NO . NO NO NO 

- . - NO - - - - NO - . -- - - - NO - . . . NO . -
NO NO - . NO NO - NO . NO NO NO - - - . - . - - . . . . 
- . O.OOSJN . . - - - - - . . . - - - - - O.OOSJN - - - . . 

NO NO - - - NO . NO - - NO NO . - . . NO . . - - NO - . 
- - - - - . . - - - . . 

0.04 NO 0.017J 0.017 0.00095J NO 0.095J NO 0.12 0.012 NO NO 
NO NO - NO 0.00097J NO - NO NO NO NO NO . - - NO NO . - - NO NO . -. . . NO NO - - - NO NO . -
NO NO - NO NO NO . NO NO NO NO NO . . 0.021 0.018 0.020 - 0.15 . 0.14 0.017 . . . - - - - - - . - . - -- - . - - - - - - - . -- . 0.004JN - - - - . . - . . 
- - - - - - - - - . - . 
- . - . . . 0.020JN - . - - . 
- - - . NO - - - - NO . . 
- - - - - . 0.002JN - - - . . 

0.01 NO 0.004J NO 0.0021J NO 0.021 NO NO 0.0014J NO NO 

- . 0.022 0.019 0.020 . 0.17 . 0.12 0.015 . . . . - . NO - - - - NO . -- - . - - - 0.003JN - - - -- - . . - - 0.020JN - - - -
NO NO - NO NO NO - NO NO NO NO NO 

- - - - - - - - - - -- - - - - - - - - - - . 
- - - - - - 0.002JN - - - - . . - - - - - - - - - - -- - 0.010JN - - - - - - - - -- - - - - - 0.004JN - - - - . 

NO 0.31 0.088 NO 0.038 NO 0.88 3.3 0.96 0.057 NO NO 

- - - - . - 0.003JN - - - - -- - - - - - 0.002JN - - - - -
NO NO - NO NO NO - NO NO NO NO NO 
0.08 0.047 0.017J NO 0.014 0.039 0.089J NO 0.11 0.014 NO NO 

- - 0.007JN - - - - - - - - -
NO NO . NO NO NO - NO NO NO NO NO 

- - NO NO 0.0010J - 0.012J - NO 0.00078J - -
NO NO . NO NO NO - NO NO NO NO NO . . . . . . 0.003JN - - - - . 
- - - - - - 0.003JN - - - - . 

N Presumptive Evidence for Presence of Materlal. Not Analyzed. 
NO Nol Detected 
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• 
MW·19A MW·19A MW-20A MW-20A MW·20A MW·20A MW-22A MW·22A 
21211198 2/15101 11/111193 11/1419S 21211198 2/131111 11/18/93 11/14196 

- - - - - - - -
NO - NO - NO . NO -
NO - NO - NO - NO -
NO NO NO NO NO NO NO NO 
NO - NO - NO - NO -- NO . . . NO - . 
NO NO NO . NO NO NO -
NO NO . NO ·NO NO - NO 
NO - NO . NO - NO -
NO 0.0013J NO 0.003J NO NO 0.012 O.OOSJ 
NO NO - NO NO NO - NO . . . . . - . -. . . - . . . . 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO . NO NO NO . NO NO . . NO NO -
NO . - - NO . - -- NO - . - NO - . 
- NO NO - - NO NO . 
- . - . - - - . . - - - - - - . . . - - - . - . 
- - NO - - - NO -- NO - . . NO - . 
- - . . - - - . 

NO NO NO NO NO NO NO O.OOIJ 
NO NO NO . NO NO NO . 
NO NO . . NO NO . -
NO NO - . NO NO . -
NO NO NO - NO NO NO -
NO NO . NO NO NO - NO 

- . - - . . - -- . . . . - - . 
- . - - . - - -- - - - . - - -- . - . . - - -. NO - - . NO - -- . - - . . - -

NO NO NO NO NO NO NO NO 
NO NO - NO NO NO . NO 

- NO - - . NO - -- - - - - - - -- - - - - - - . 
NO NO NO - NO NO NO . 
- - - - - - - . 
- - - - - - - -- - - - - - - . 
- - - - - - - -- - - - - - - -- - - - - - - -

NO NO NO NO NO NO 0.018 0.009J 

- - - - - - - -- - - - - - - -
NO NO NO - NO NO NO -
NO 0.00080J NO NO NO NO NO NO 

- - . - - - - -
NO NO NO - NO NO NO -
NO NO - NO NO NO - NO 
NO NO NO . NO NO NO . 
- - - - - - - -- - . - - - . -

AU Intermediate groundwater 



Parameters (mg!LI MW..'J2A MW..'J2A MW-24A MW·24A MW·24A 
Exlractablo Organics 2126198 2114101 11/16193 11/14198 2127198 

1-Meth_yl_n~thalene . . . . 
2 4 > Tnchloroohenol NO . NO . NO 
2 4 6-Trichloroohenol NO . NO . NO 
2 4-0imethvlohenol NO NO NO NO NO 
2 4-0initrnohenol NO . NO . NO 
2-Chloronaohthalene . NO . . . 
2-Chloroohenol NO NO NO . NO 
2-Methvlnaohthalene NO NO . NO NO 
4-Chl~ethvlohenol NO . NO . NO 
Atenaohthene NO 0.00t2J NO NO NO 
Acenaohthvlene NO NO . NO NO 
Acrldlnone . . . . . 
Amlnoftuorenone . . . . . 
Anthracene NO NO NO NO NO 
Benz a )Anthracene NO 0.0020J NO NO NO 
Benz a>Pvrene NO NO NO . NO 
Benz b Fluoranlhene . NO NO . . 
Benz k Fluoranlhene NO . . . NO 
Benz hI Perviene - NO . . . 
Benz k Fluoranlhene . NO NO . . 
Benzoluranone . . . . . 
BenzothloP11ene . . . . . 
Blohenvl . . . . . 
Bis 2-ChloroethviiEther . . NO . . 
Sis 2-Ethvlhexvi)Phthalate . NO . . . 
Caorolatam . . . . . 
Carbazole NO NO NO NO NO 
Chrvsene NO 0.0047J NO . NO 

~ 2-Melhvlohenol NO NO . . NO 
3&4-Methvlohenol NO NO . . NO 

hlAAthracene NO NO NO . NO 
Oibenzoluran NO NO . NO NO 
OihVdm ndenlol . . . . . 
Oihvdm ndenol . . . . . 
Olmeth na lhalene - . . . . 
Oimetm naohlhalene 2 Isomers . . . . . 
Oimeth naohthalene (3 Isomers . . . . . 
01-n-B ~Phthalate . O.OOOBOJ . . . 
Ethvlm lthvlohenol . . . . . 
Fluoranthene NO NO NO NO NO 
Fluorene NO NO . NO NO 
Hexachlorobenzene . NO . . . 
IHvdroxblohenvl . . . . -
lndene . . . . . 
lnden 1 2 3-CdiPvrene NO NO NO . NO 
Meth' elhvlldene Blohenol . . . . . 

Meth benzonitrile . . . . . 
Meth b!Dhenvl . . . . . 
Metl indanol . . . . . 
Met naohlhalene . . . . . 
Metl kllllnolinone . . . . . 
Na thalene 0.011 O.OOOB4J NO NO NO 
Na lhalenecarbonltrlle . . . . . 
Na !hal enol . . - . . 
PentachlorQ!lhenol NO NO NO . NO 
Phenanthrene NO NO NO NO NO 
Phenanlhndlnone . . . . . 
Phenol NO NO NO . NO 
Pvrene NO NO . NO NO 
TetrachloroP11enols NO NO NO . NO 
Thymol . . . . . 
Tnmethylohenol . . . . . 

10/18/01 • 

TABLE F-14. INTERMEDIATE GROUNDWATER SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-24A MW-28A MW·28A MW·28A MW-28A MW-29A MW-29A MW·29A MW·29A MW-32 MW-32 MW-32 
2115101 11/16193 11/14198 2127198 2114101 11/16193 11/14198 2127198 2115101 11/14196 2127/98 2113101 . . . . . . . . . . . . . NO . NO . NO . NO . . NO . 

. NO . NO . NO . NO . . NO . 
NO NO NO NO NO NO NO NO NO NO NO NO . NO . NO . NO . NO . . NO . 
NO . . . NO . . . NO . . NO 
NO NO . NO NO NO . NO NO . NO NO 

0.00047J . NO NO NO . 0.13 NO NO NO NO NO . NO . NO . NO . NO . - NO . 
.00074J NO 0.020J 0.015 0.017 0.54 0.16 0.093 0.12 NO 0.017 NO 

NO . NO NO NO . NO 0.033 NO NO NO NO . . . . . . . . . . - . . . . . . . . . . . . . 
NO NO NO NO NO NO NO NO 0.0020J NO NO NO 
NO NO NO NO 0.0032J NO NO NO 0.00063J NO NO NO 
NO NO . NO 0.0014J NO . NO NO . NO NO 
NO NO . . 0.0013J NO . . NO . . NO . . . NO . . . NO . . NO . 
NO . . . 0.0094J . . . 0.0014J . . NO 
NO NO . . 0.0012J NO . . NO . . NO . . . . . . . . . 0.006JN . . 
. . . . . . . . . . . . . . . . . . . . . . . . . NO . . . NO . . . . . . 

NO . . . NO . . . 0.00064J . . NO . . . . . . . . . - . . 
NO NO NO NO 0.00075J 0.019 0.072 NO 0.0072J NO NO NO 
NO NO . NO 0.0061J NO . NO 0.00094J . NO NO 
NO . . NO NO . . NO NO . NO NO 
NO . . NO NO . . NO NO . NO NO 
NO NO . NO 0.011 NO . NO 0.0012J . NO NO 

0.00073J . 0.003J NO NO . 0.097 0.014 0.046 NO NO NO . . . . . . . . . . . . 
. . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . 

NO . . 0.00029J . . . NO . . NO . . . . . . . . . . . . 
O.OOOSOJ NO 0.003J 0.0026J NO NO NO NO 0.0016J NO NO NO 

NO . 0.003J NO NO . 0.095 0.014 0.056 NO NO NO 
NO . . . NO . . . NO . . NO . . . . . . . . . . - . 
. . . . - . . . . . . . 

NO NO . NO NO NO . NO 0.0010J . NO NO . . . . . . . . . 0.010JN . . . . . . . . . - . . . . 
. . . . - . . . . . . . 
. . . . . - . . . . . . 
. . . . . . - . . . . . 
. . . . - . . . . . . . 

NO NO 0.002J NO NO NO 0.054 NO NO NO NO NO . . . . . . . . . . . . . . . . . . . . . . . . 
NO NO . NO NO NO . NO NO . NO NO 

0.0024J NO NO NO NO NO O.OSOJ NO 0.0015J NO NO NO . . . . . . . . . . . . 
NO NO . NO NO NO . NO NO . NO NO 
NO . NO 0.0016J NO . NO NO 0.00087J NO NO NO 
NO NO . NO NO NO . NO NO . NO NO . . . . . . . . . . . . 
. . . . . . . . . . . . 
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• 

MW-35 MW-35 MW-35 MW-38' MW-38' MW-38" MW-41 MW-41 MW-41 
11/14198 2127198 2115101 11/14196 2127198 2114101 11/14196 2126198 2/14101 . . . . . . . . . . NO . . NO . . NO . . NO . . NO . . NO . 

NO NO NO NO NO NO NO NO NO . NO . . NO . . NO . . . NO . . NO . . NO . NO NO . NO NO . NO NO 
NO 0.42 NO NO ·NO NO NO NO NO . NO . . NO . . NO . 
0.11 0.33 0.050 NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 

0.040JN . . . . . . . . . . . . . . . . . 
0.007J NO NO NO NO NO NO NO NO 

NO NO 0.00090J NO NO 0.0023J NO NO 0.0021J . NO NO . NO 0.00072J . NO O.OOOSOJ . . NO . . NO . . NO . NO . . NO . . NO . . . NO . . NO . . 0.0074J . . NO . . NO . . NO . - . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . NO . . NO . . NO . . . 0.004JN . - . . . 
0.11 0.14 NO NO NO NO NO NO NO . NO 0.00067J . NO O.OOSOJ . NO 0.0046J . NO NO . NO NO . NO NO . NO NO . NO NO . NO NO . NO NO . NO NO . NO 0.0098.1 
0.04 0.15 0.0029J NO NO NO NO NO NO 

0.060JN . . - . . - . . 
0.200JN . . . . .. . - . . . . . . . . . . 
0.060JN . . . . . . . . . . - . . . . . . . . NO . . NO . . 0.00029J . . - . . . . . . 
0.007J NO 0.0046J NO NO NO NO NO NO 
0.096 0.15 0.0025J NO NO NO NO NO NO . . NO . . NO . . NO . . . . . . . . . . . . . . . . . . . NO NO . NO NO - NO NO 

0.020JN . . . . . 0.020JN . . 
0.040JN . . . . . . . . . . . . . . . . . 
0.020JN . . . . . . . . . . . . . . . . . . . . . . . . . . 

NO 0.64 NO NO NO NO NO NO NO 
0.040JN . . . . . . . . . . . . . . . . . . NO NO . NO NO . NO NO 

NO NO 0.00097J NO NO NO NO NO NO . . . . . . . . . . NO NO . NO NO . NO NO 
0.003J NO 0.0027J NO NO NO NO NO NO . NO NO . NO NO . NO NO . . . . . . . . . 

0.020JN . . . . . . . . 



• 
Paramotorw (mg/L) 

Puraeoblo Q_rganlcs 
1 11· Trichloroethane 
1 t 2 2·Tetrac111oroethane 
t 1 2·Tridlloroethane 
1 1-Did'lloroetl'tane 
1 1 ·Oichloroethene 
12-0ibroffiOmethane 
1 2-0ichloroethano 
1 2·01chloroorooano 
2-ChloroethvMn'/1 Ether 
Acetone 
Alkane 
Bemene 
Benzofuran 
Benzothk>Dhene 
Bromodich'loroethane 
Bromometttane 
C..rbonTetracl11oride 
Chlorot>enzene 
Chloroethane 
Chlorofonn richloromethane 
Chloromethane 
CIS· 1 3-0ichloropmpene 
CV<:IooefltathlaDYNan 
Dlchlorobromomethane 
Dlchlorodifluoromethane 
Olchloromethane Methylene Chloride 
Oi romethvtindene 
Dl romethylindene 2 isomers 
E Benzene 
E imetl'tylbenzene 
Et lmethvtbenzene 
E ene 
Et rtmethvlbenzene 2 lsomet'S 
FluorotriChk:Jromethane 
lndane 
Methytethl/1) Benzene 
Methvlorooenvn Benzene 

MIP·Xvleno 
M benzofuran 2 Isomers 
Met: benzofuran 
Met t>enzofutan 
Met Ethvl Ketone 2·Butanone 
M T·Butyl Ether MTBE 
o-X 'Ilene 
Propanol 
Toluene 
Totat Xytenes 
Trans·! 2·01chloroeth 
Tridlloroethene 
Trll11<@yf!lenzene 
Trlmethl!lbenzene 2 lsomel$ 

IVinyt_ Chloride 

10118101 

• 
TABLE F·15. INTERMEDIATE AQUIFER GROUNDWATER SAMPLES • VOLATILES 

SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY 

• 
=========================== ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO 0.004J NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

NO 

NO 
NO 
NO 
NO 
NO 

0.002 
NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 
Note: 

t.7 

NO NO NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

0.700JN 
NO NO 
NO 
NO NO 

NO NO NO 

NO 
0.070JN 

NO NO 

NO 
NO NO 

8JN 
NO NO 

NO 
NO 

NO 

NO 

Bad<ground I..Dcat10n 
Estimated ValUe 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

0.003 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 

0.004 

NO 

0.007 

NO 
0.003 

0.001 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO NO 
NO NO 

NO NO 

NO 

NO NO 

NO 

NO 

NO 

NO ~ 

0.080JN 

0.0015 

0.008JN 

NO 

NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

N Presumptive Evidence for Presence of Material. 
~ Not Detected 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

0.008J NO 0.0012 
0.008JN 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO NO 
NO 
NO NO 

0.020JN 

0.017 0.018 0.0084 

0.020JN 

o.•OOJN 
0.007JN 
0.020JN 

0.090JN 

0.025 

O.OIOJN 

NO 

0.02 0.0089 

NO 
0.0087 0.0022 

~ 

NO 
NO 

NO 

NO 

Not Analyzed. 
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NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

0.001 
NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

0.0013 0.00040.! 

NO 

NO 

NO NO 

NO NO 

NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO NO NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO NO 
NO 

NO 0.00049J NO 

NO NO NO 

NO 

NO 0.0081 

NO 
NO 

NO 0.008 

NO NO 
NO 

NO 

NO 
~ 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

o.oot 

0.0022 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

Allntennedlate groundwater 



10/18/01 

"""'meters (mg/1.) 
Purge•blo QrganiC11 

1 1 1-Trichloroethane 
11 2 2-Tetrachloroethane 
1 1 2-Trichloroethane 
1 1-Dfchloroethane 
1 1-Dfchloroethene 
1 2-Dibromomethane 
1 2-Dfchloroethane 
1 2-Dfchloro]l!!>M_ne 

Alkane 
Benzene 
Benzofuran 
Benzothi<!pflenl!_ 
Bromodi<:::ht:lroethane 
Bromomethane 
cart>on Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform rlchloromethane 
Chtoromethane 
CIS-1 3-Dfchlon>ll"'~ 
CvclooentathiaovNan 
Oichlorobrornomethane 
Oichtorodifluoromethane 
Dichloromethane M_!!lhylene Chloride 
Dihvdromethvfil\:lene 
Dill> rornethylil\:lene 2 isomer.; 
Etm. Benzene 
e i ene 
Eth"<limethYibenzene 
Ethvtmethytbenzene 
Ethl methvlbenzene 2isomets 
Fiuonrtrlchloromethane 
lndane 
MethvlelhYI)Benzene 
Met Benzene 

MIP-X<Iene 
MethY benzofuran_lll lso"""' 
Methv benzofuran 
MethY benzofuran 
Methv EthYl Ketone 2-Butanone 
Methv T-Butvl Ether MTBE 
o-Xvlene 
Propanol 
Toluene 
Total Xytenes 
Trans-1 2-Dichloroethvlene 
Trichloroethene 
Trtmethvlbenzene 
Trlmethytbenzene 2 tsomer!i 
VinviChloride 

• 

TABLE F-15. INTERMEDIATE AQUIFER GROUNDWATER SAMPLES • VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY 

NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 
~ ~ ~ 

~ 00 00 
~ 00 00 
00 00 ~ 
NO NO NO NO NO NO 
~ ~ ~ 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

~ 
NO 
NO 

NO 

NO 

NO 

NO 
~ 

NO 

NO 
NO 

NO 

NO 

NO NO 

NO 

NO 

NO 

NO NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

ND 
NO 

NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

ND 

NO 

NO NO 

ND 

ND 

NO 

NO NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

NO 

ND 
NO 
NO 
NO 
NO 

NO 
NO 

ND 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO NO 

NO 

NO 

NO 

NO 0.0013 

0.0022 

0.001 

NO 
~ 
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NO 

NO 

ND 

ND 

NO 

ND 

~ 

NO 
NO 

MW-32 MW•32 MW-32 MW-35 MW-35 MW-35 MW·:Ia" MW-31• MW•:Ia MW-41 MW-41 MW-41 
1111<1/111 2127111 2/131'111 1111<11111 2127111 2115101 1111<11111 2127111 2/1<1101 1f/1<11118 2121!1111 2/14101 

NO 

NO 

NO 

NO NO 

o.o« 

0.005J 

NO 

NO NO 

NO 

NO 

NO 
NO 

NO 
NO 

NO 

NO 
NO 

NO 

0.001J 

NO 

NO ~ NO NO 

NO 
0.020JN 

0.004J 0.0035 0.00038.1 NO 

NO 

0.009.JN 
0.050JN 

0.018 

NO 0.002J 

0.00055J 

0.050JN 
NO 0.028 

0.020JN 
0.005JN 

0.020JN 

O.SOOJN 
0.007JN 

0.080JN 
0.020JN 

NO 

NO 

NO NO 

0.037 0.0038J 

0.028 

NO NO 

0.017 

NO 0.0024 NO 
NO 0.032 NO 

0.080JN 

ND 

ND 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
ND 

ND 

0.011J 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 

~ 

NO 

NO 

NO 

NO 

NO 
NO 

NO 

0.011J 

NO NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

AI Intermediate groundwater 

• 



• 

Parameters (mg/L) MW-IIA 
lnorQanlcs 10/15/92 
Aluminum . 
Arsenic Total NO 
Arsenic (Dissolved)_ NO 
Barium -
Cadmium -
Calcium -
Chromium otal ND 
Chromium (Dissolved) NO 
Copper otal ND 
Copper (Dissolved}_ ND 
Iron -
Lead f otal . 
Lead (Dissolved) NO 
Maqneslum . 
Manganese -
Nickel -
Potassium . 
Sodium -
Vanadium -
Zinc -

Note: 
J 

10/18/01 

• 

TABLE F-16. INTERMEDIATE GROUNDWATER SAMPLES -INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-8A MW-IIA 
11/18193 11/14/98 . NO 

NO NO 
ND -- 0.027 

- ND 

- 48 
NO NO 
NO -
NO NO 
ND -- 3.6 . 0.012 . -- 3.2 

- 0.078 

- NO 

- 3.8 

- 26 

- NO 

- 0.027 
Background Locat1on 
Estimated Value 

MW-IIA MW-IIA 
2128198 2/13101 . . 

NO NO 
. -- -- -- . 

ND NO 

- -
NO NO 

- -. -- -- -- -- -- -- -- -- -- -

MW·11A MW·11A MW·11A MW·11A MW·11A MW-118 
10/16/92 . 11/18/93 11/14198 2127/98 2/15/01 11/18/93 

. - NO - - -
NO NO NO NO 0.00368 NO 
NO NO - - - NO 

- - 0.016 - - -- - NO - - -- - 3.8 - - -
0.012 NO NO NO ND NO 
ND NO - - - ND 
NO NO NO NO 0.00308 NO 

0.0095 NO - - - NO 

- - 1.9 - - -- - NO - - -
NO - - - - -- - 2.7 - - . 
- - 0.062 - - -- - NO - - -- - 0.690 - - . 
- - 5.9 - - -- - NO - - -- - 0.021 - - -

N Presumptive Ev1dence tor Presence of Matenat. 
NO Not Detected 
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• 

MW·118 MW·14A MW-14A MW·1 
11/14/98 11/18/93 2127/98 2/15/0 

NO - - -
NO ND NO NO 

- NO - . 
0.029 - - . 

NO - . . 
52 - - . 
ND NO NO NO 

- NO - . 
ND NO NO 0.00258 

- NO - -
0.220 - - -

NO - - -- . - -
1.7 - - -
NO - - -
NO - . -

0.990J - - -
7.2 - - -
NO - - -
NO - - . 

Not Analyzed. 

M Intermediate groundwater 



Parameters (mg/L) MW·19A 
lnomanlcs 10116/92 

Aluminum -
Arsenic otal 0.0050 
Arsenic (Dissolvedl NO 
Barium -
Cadmium -
Calcium . 
Chromium (Total) 0.011 
Chromium _{Dissolved NO 
Copper (Total) NO 
Coooer Dissolved 0.011 
Iron . 
Lead (Total) . 
Lead Dissolved NO 
Magnesium -
Manganese -
Nickel -
Potassium -
Sodium -
Vanadium -
Zinc -

10118/01 • 

TABLE F-16. INTERMEDIATE GROUNDWATER SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW·19A MW·19A MW·19A MW·20A MW-20A MW·20A MW·20A MW·22A 
11118/93 2126198 2115101 11118193 11114/98 2126198 2113101 11118193 

- - - - NO . - -
NO NO NO NO NO NO NO NO 
NO - - NO - - - NO 

- - - - 0.013 - - -- - - - NO - - -- - - - 43 . - -
NO NO NO NO NO NO NO NO 
NO - - NO - - . NO 
NO NO 0.00178 NO NO NO 0.00948 NO 
NO - - NO - - - NO 

- - - - 2.2 . - -- . - - NO . - . . . - - - - - . 
- - - - 4.1 - . . 
- . . - 0.330 . - -- - - . NO - - -- - - - 3.5 - - -- - - - 10 - . -- - . - NO - - -- - - - NO - - -

MW·22A MW·22A MW·22A 
11114198 2128198 2114/01 

0.094 - -
NO NO NO 

- - -
0.033 - -

NO - -
12 - -
NO NO 0.00268 

- - -
NO NO 0.00238 . - -
3.6 . -
NO . -- - -
4.2 - -

0.073 - -
NO - -
2.0 - -
30 - . 
NO . -
NO . -



• 

Parameters (mg/L) MW·24A 
lnorqanlcs 11/18/93 

Aluminum . 
Arsenic otal NO 
Arsenic_l_Dissolved NO 
Barium . 
Cadmium . 
Calcium . 
Chromium (Total) NO 
Chromium (Dissolved NO 
Copper (Total) NO 
Copper_ (Dissolved NO 
Iron . 
Lead (1'otal) . 
Lead (Oissolved) . 
Maqnesium . 
Manganese . 
Nickel . 
Potassium . 
Sodium . 
Vanadium . 
Zinc . 

10/18101 

• 

TABLE F-16. INTERMEDIATE GROUNDWATER SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-24A MW-24A MW-24A MW·28A MW·28A MW-28A MW-28A MW-29A 
11/14198 2127/98 2/15/01 11/18/93 11/14198 2127/98 2/14101 11/18/93 

0.081 . . . NO . . . 
NO NO NO NO NO NO NO NO . . . NO . . . NO 

0.077 . . . 0.015 . . . 
NO . . . NO . . . 
17 . . . 23 . . . 
NO NO NO NO NO NO NO NO . . . NO . . . NO 
NO NO 0.00198 NO NO NO NO NO 
. . . NO . . . NO 

5.0 . . . 1.6 . . . 
NO . . . NO . . . .. . . . . . . . 
4.1 . . . 2.1 . . . 

0.160 . . . 0.041 . . . 
NO . . . NO . . . 
1.4 . . . 2.1 . . . 
29 . . . 8.6 . . . 
NO . . . NO . . . 
NO . . . NO . . . 
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• 

MW-29A MW·29A MW·29A 
11/14198 2127/98 2/15/01 

NO . . 
NO NO NO . . . 

O.D18 . . 
NO . . 
52 . . 
NO NO NO . . . 
NO NO 0.00358 . . . 
NO . . 
NO . . 
. . . 

5.4 . . 
0.037 . . 
NO . . 
2.1 . -
20 . . 
NO . . 
NO . . 

All Intermediate groundwater 



Parameters (mg/L) 
lnorganles 
Aluminum 
Arsenic __{Total}_ 
Arsenic (Dissolved) 
Barium 
Cadmium 
Calcium 
Chromium (Total 
Chromium (Dissolved)_ 
Copper (Total) 
CoppeL (Dissolved)_ 
Iron 
eadJiotal 
ead (Dissolved) 

~~slum anese 
I 

Potassium 
~odium 
Vanadium 
Zinc 

10/18/01 • 

TABLE F-16. INTERMEDIATE GROUNDWATER SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-32 MW-32 MW-32 MW-35 MW-35 MW-35 MW..:Sa• MW-38• MW..:sa• MW-41 
11/14/96 2127198 2113/01 11/14/96 2127/98 2115101 11/14/96 2127/98 2114/01 11/14196 

0.220 - - 0.350 - - 0.160 - - 0.380 
NO NO NO NO NO NO NO NO NO NO 
- - - - . - - - - -

0.034 - - 0.020 - - 0.061 - - 0.034 
NO - - NO - - NO - - 0.001J 
29 - - 41 - - 47 - - 28 

0.006J NO NO 0.004J NO 0.00298 0.002J NO 0.00398 0.003J 

- - - - - - - - - -
0.004J NO 0.00208 0.017J NO 0.00518 NO NO NO 0.006J 

- - - . - - - - - -
0.380 - . 0.390 - - 2.6 - - 1.2 
0.022 - - 0.010 - - NO - - 0.014 

- - - - - - - - - -
2.6 - - 4.4 - - 3.9 - - 3.8 

0.037 - - 0.041 - - 0.240 - - 0.310 
0.004J - - 0.004J - - 0.020J - - 0.041 

5.6 - . 2.9 - - 2.9 - - 3.1 
43 - - 25 - - 19 . - 23 

0.003J - - 0.003J - - 0.002J - - NO 
0.010 - - 0.009J - - 0.024 - - 0.023 
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• 

MW-41 MW-41 
2126/98 2114/01 

- -
NO NO 
- -- -- -- -

NO 0.00558 

- -
NO 0.00358 

- -- -- -- -- -- -- -- -- -- -- -

All Intermediate groundwater 

• 



• 
Parameters (mg!LJ MW-33 MW-33 

Exlr2ctable oraanles 11/14196 2127/Va 
1-Metrwn:mhlhalene 0.009JN . 
2. Methylnaphlhalene . NO 
2 4 5-Trtchloi'Ciphenol . NO 
2 4 6-T rtchloi'Ciphenol . NO 
2 4-Dtmelhylphenol . NO 
2 4-Dtnllrophenol . NO 
2-Chloronaphlhalene . . 
2-Chloroohenol . NO 
Acenaohlhene 0.020 0.054 

cenaohthvtene . NO 
Anthracene . NO 
Benzo alAntllracene . NO 
Benzol a li'Yrene . NO 
BenzolblFiuoranthene . NO 
Benzo b klFitJoranlhena . NO 
senzo<aMlPervtena . . 
Benzo k Fluoranlhena . NO 
Benzoturanona 0.006JN . 
Banzonaphlhothlophena . . 
Benzopyranone . . 
Benzothlo!lhena . . 
BI~2-Eihylhexyi)Phlhatate . . 
C..rt>azole 0.003J NO 
Chrvsene . NO 
Cresol onho 12-Methvlohenot . NO 
Ctesol m&o' 3&4 Melhvlohenol . NO 
Dibenzo!a hlAnthracene . NO 
Dlbenzofuran . . 
Dlhvdrobenzothloohene 0.002JN . 
Oihvdroindenedlol . . 
Olhvdroindenol . . 
Di!!Y<I_rolndenone . . 
Dlmelhvtnaohthalena . . 
01-n-Butvt Phlhalate . . 
Fluoranlhena NO NO 
FIUonene 0.002J NO 
Fluorenot . . 
Hexchlorobenzena . . 
Hvdroxblohenvt . . 
Hvdroxvbenzaldehv<le . . 
lndeno 1 2 3-CdlPvn!na . NO 
lodonaphlhol . . 
Melhylelhylldene Blphenol 0.030JN . 

Na_QI\thalene . NO 
Na(ll!thalenol . . 
Pentachlorophenol . NO 
Phenanlhnene . NO 
Phenol . NO 
Ph . . 
.PYrena NO NO 

elr2chloloohenols. . NO . 
J 

10122101 

• 
TABLE F·17. DEEP GROUNDWATER SAMPLES· SEMI-VOLATILES 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-33 MW-36 MW-30 MW-30 MW-36.0Up MW-39 MW-39 
2113101 11/14198 2127/VS 2115/01 2115101 11/14198 2127/VS . . . . . . . 

NO . 0.74 0.77 0.97 . NO . . NO . . . NO . . NO . . . NO 
NO . NO NO NO . NO . . NO . . . NO 
NO . . NO NO . . 
NO . NO NO NO . NO 

0.052 0.045 NO 0.48 0.54 NO NO 
NO . NO NO NO . NO 
NO . NO 0.022J NO . NO 
NO . NO 0.0031J NO . NO 
NO . NO NO NO . NO 
NO . NO NO NO . NO . . NO . . . NO 
NO . . NO NO . . 
NO . NO NO NO . NO . . . . . . . . 0.007JN . . . . . 
. 0.010JN . . . . . 
. 0.007JN . . . . . 

NO . . NO NO . . 
NO 0.003J NO 0.20 0.20J NO NO 
NO . NO NO NO . NO 
NO . NO NO NO . NO 
NO . NO NO NO . NO 
NO . NO NO NO . NO 
NO . . 0.33 0.37 . . . . . . . . . . 0.020JN . . . . . 
. 0.030JN . . . . . . 0.030JN . . . . . . 0.004JN . . . . . 

NO . . NO NO . . 
NO 0.003J NO 0.023J 0.019J NO NO 
NO 0.015 NO 0.29 0.30 NO NO . 0.010JN . . . . . 
NO . . NO NO . . . 0.030JN . . . . . . 0.020JN . . . . . 
NO . NO NO NO . NO . 0.050JN . . . . . 
. 0.050JN . . . . . 

NO . 3.1 2.6 4.4 . NO . O.OOBJN . . . . . 
NO . NO NO NO . NO 
NO . NO 0.25 0.28 . NO 
NO . NO NO NO . 0.015 . 0.020JN . . . . . 
NO 0.002J NO 0.011J NO NO NO 
NO . NO NO NO . NO 

N ~ Evtc:rence for Presence of Mater1al. 
NO Not Der.cled 

PAGE1 OF1 

• 
MW-39 MW-42 MW-42 MW-42 
2114101 11/14198 2126/98 2114101 . . . . 

NO . NO NO . . NO . . . NO . 
NO . NO NO . . NO . 
NO . . NO 
NO . NO NO 
NO NO NO NO 
NO . NO NO 
NO . NO NO 

0.0021J . NO 0.0021J 
NO . NO 0.00047J 

0.00034J . NO NO . . NO . 
NO . . NO 
NO . NO NO . 0.009JN . . 
. . . . . . . . . . . . 

NO . . NO 
NO NO NO NO 

0.0047J . NO 0.0047J 
NO . NO NO 
NO . NO NO 
NO . NO NO 
NO . . NO . . . . . . . . . . . . . . . . . . . . 

ll.00035J . . 0.00030J 
NO NO NO NO 
NO NO NO NO . . . . 
NO . . NO . . . . 
. . . . 

NO . NO NO . . . . . 0.020JN . . 
NO . NO NO . . . . 
NO . NO NO 
NO . NO NO 
NO . NO NO . . . . 
NO NO NO NO 
NO . NO NO 

Not AnalyZed. 

All Deep groundwater 



• 
Parameters (mg/L) 

Purg_eable Organics 
1,1,1-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1,1-Dichloroethane 
1,1-Dichloroethene 
1,2-Dibromomethane 
1,2-Dichloroethane 
1,2-Dichloropropane 
2-Chloroethylvinyl Ether 
Acetone 
Benzene 
Bromodichloroethane 
Bromodichloromethane 
Bromomethane 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Cis-1,3-Dichloropropene 
Dibromochloromethane 
Dichlorodifluoromethane 
Dichloromethane (Methylene Chloride 
Dihydromethylindene 
Etl}yl Benzene 
Fluorotrichloromethane 
lndane 
M/P-Xylene 
Methyl Ethyl Ketone (2-Butanone) 
MethyJ-T-Butyl Ether (MTBE) 
o-Xylene 
Toluene 
Total Xylenes 
Trans-1,2-Dichloroethylene 
Trichloroethene 
Trimethylbenzene 
Vinyl_ Chloride 
Note. 

10/18/01 

• 
TABLE F-18. DEEP GROUNDWATER SAMPLES- VOLATILES 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

J~! 
MW-33 MW-36 MW-36 MW-36 MW-36-Dup MW-39" MW-39 MW-39 
2113/01 11/14/96 2127/98 2115/01 2115/01 11/14/96 2127/98 2114/01 

* 
J 

- - -
- - ND 
- - ND 
- - -
- - -- - -
- - -- - NO 
- - -

NO 
- NO NO 
- - -

NO - NO 
- - -
- - -
- - -
- - -

ND - NO 
- - -
- - -
- - -
- - -- NO 0.00052J 
- - -

NO NO NO 
- - -

O.OBOJN - -
- 0.002 -

NO 
- - -
- 0.001 -
- NO NO 

NO - 0.0027J 
- - -
- - -- - -- - -
Background Locat1on 
Estimated Value 

-
-
-
-
-
--
--
--

0.005J 
-
--
-

0.028 
-
-
-
-
-

0.006JN 
0.003J 

-
0.050JN 

-
-
-
-

0.004J 
-
-

0.010JN 
-

- - - - - -
- ND ND - - NO 
- NO NO - - ND 
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- NO NO - - NO 
- - - - - -

NO ND 0.011J 
NO NO NO - ND NO 
- - - - - -
- NO NO NO - NO 
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- NO ND NO - NO 
- - - - - -
- - - - - -
- - - - - -
- - - - - -

NO NO NO - NO NO 
- - - - - -

0.016 NO NO NO NO NO 
- - - - - -
- - - - - -

0.024 - - - ND -
NO NO NO 

- - - - - -
0.011 - - - NO -
0.0022 NO NO - NO NO 

- NO NO NO - NO 
- - - - - -
- - - - - -
- - - - - -
- - - - - -

N Presumptive EVIdence for Presence of Matenal. 
NO Not Detected 
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• 
MW-42 MW-42 MW-42 

11/14/96 2126/98 2114/01 

- - -- - NO 
- - NO 

- - -
- - -
- - -
- - -
- - NO 
- - -

0.010J 
- NO NO 
- - -

NO - NO 
- - -
- - -
- - -
- - -

ND - NO 
- - -
- - -
- - -
- - -
- NO NO 

- - -
NO NO NO 

- - -
- - -
- NO -

NO 

- - -
- NO -
- NO NO 

NO - NO 
- - -
- - -
- - -
- - -
Not Analyzed. 

All Deep groundwater 



• 

lnorganlcs 

Aluminum 
Arsenic (Total) 
Arsenic jOissolved}_ 
Barium 
Calcium 
Chromium (Total)_ 
Chromium (Dissolved) 
Copper (Total) 
Copper JOissolved}__ 
Iron 

ead 
Magnesium 
Manganese 
Nickel 
Potassium 
Sodium 
l[anadium 

inc 

Note: 
B 

10/18/01 

MW-33 MW-33 
11/14/96 2127/98 

0.071 -
- NO 

- -
0.043 -

52 -
NO NO 

- -
0.006J NO 

- -
0.150 -
0.012 -

6.9 -
0.034 -
0.003J -

6.2 -
52 -
NO -

0.013J -
Background Location 
Estimated Value 

• 

TABLE F-19. DEEP GROUNDWATER SAMPLES -IN ORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

MW-33 MW-36 MW-36 MW-36 MW-36-Dup MW-39 MW-39 
2113/01 11/14/96 2127/98 2115/01 2115/01 11/14/96 2127/98 

- 0.270 - - - 0.095 -
NO - NO NO NO - NO 

- - - - - - -
- 0.088 - - - 0.012 -
- 32 - - - 45 -

NO 0.004J NO 0.00196 NO 0.001J NO 

- - - - - - -
NO 0.021J NO 0.00516 0.00556 O.OOBJ NO 

- - - - - - -
- 0.220 - - - 0.140 -
- 0.022 - - - 0.003J -
- 2.6 - - - 6.0 -
- 0.016 - - - 0.021 -
- NO - - - NO -
- 9.0 - - - 2.8 -
- 54 - - - 11 -- 0.006J - - - NO -
- 0.022 - - - 0.003J -

N Presumptive Ev1dence for Presence of Material. 
NO Not Detected 
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• 

MW-39 W-42 MW-42 MW-42 
2114/01 /14196 2126/98 2114/01 

- 0.049 - -
NO - NO NO 

- - - -
- 0.200 - -
- 51 - -

0.00226 NO NO 0.00226 

- - - -
0.00716 0.002J NO 0.00246 

- - - -
- 0.055 - -
- 0.020 - -- 4.6 - -
- 0.006J - -
- NO - -
- 19 - -
- 46 - -
- 0.002J - -
- 0.004J - -

Not Analyzed. 

All Deep groundwater 



• 

• 

• 

TABLE F-20. SEDIMENT SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

1-E:-xtra.,..-eb..,..,:~~"'~="==n<:-;:.>:.m,.nall<"""o"-1--1:'~ -~~;:; .~!# .!~! •• :S;!. #:!# .:;:. #::# .:;!. #:::# #::-:## .:!:. !!"!:! .:!! •• S:,~2# 
3- and/or ,c... Met nol 
1 't.S" 
14te_t_hytna lene 
12,<1-Trichlorobenzene NO NO 
1 ..OK:hlorobenzene NO NO 
1 3-Dichlorobenzene NO NO 
1 <1-Dichlorobenzene NO NO 
H S.Trichloroohenol NO NO 
H IHrichlorooheool NO NO 

~lne ~~ ~~ ~ 0.019 0.024 
2-Ghlo nol NO NO 
2-Me~.6-0inltrophenol NO NO 

enyt Eifler NO NO 
heool NO NO 

4-Ghtoroamhne NO NO 
4-Ghloroohenyf Phenyl Eifler NO NO 

'-Nitroani1ine NO NO 
4--Nitrophenol NO NO 
Acenaphthene NO NO 
Ac:enaphthylene 0.030.. NO 
Ac:e~xyhexanone 2JN 2JN 
/ll.minofiuorenone 
Aniline 
Anthraa!ne 

.~ 
_X,_, 
BenzoftUOt"anthene not b or k 
21!50mers 

Benzofluorene 
Benzofluorene 2 }somers 
Benzofluorene 3 Isomers 

NO 
0.07 

NO 
0.078 
0. 

0.11 
NO 

NO 
NO 

NO 
NO 
ND 

NO 
NO 

NO 
NO 

NO 
NO 

NO 

NO 

0.51 

NO 

1.1 
0.42 
NO 

1.5 

NO 
NO 

NO 
ND 

NO 

NO 

ND 

NO 

0.54 
ND 

0.75 

ND 

NO 
NO 

NO 
NO 

NO 

NO 

ND 

ND 

ND 
ND 
ND 

ND 

NO 
NO 

NO 
NO 

NO 

ND 

0.59 

NO 

1.1 
2.0 
NO 

4.9 

NO 
NO 

NO 
NO 

NO 

NO 

4.4 

45 

5.8 
3.1 
ND 

3.8 

NO 
NO 

NO 
ND 

NO 

NO 

2.9 

36 

7.4 
1.9 
ND 

3.6 

NO 
NO 

NO 
NO 

NO 

NO 

10 

3.2 
0.64 
ND 

1.2 

NO 
NO 

NO 
ND 

NO 

NO 

1.0 

NO 

ND 
ND 
NO 

ND 

NO 
NO 

NO 
NO 

NO 

NO 

32 

26 
9.0 
15 

ND 

NO 
NO 

NO 
NO 

NO 

NO 

NO 

ND 

730 
680 
1800 

ND 

NO 
NO 

NO 
NO 

NO 

NO 

3.3 

ND 

7.3 
2.6 
6.0 

2.1 

ND 
NO 

NO 
NO 

NO 

NO 

ND 

ND 

NO 
ND 
ND 

NO 

NO 
NO 

NO 
NO 

NO 

NO 

1.8 
NO 

1.1 

1.9 
0.99 
2.0 

NO 

• 

NO NO 

2 

0 

~~i:~ne$o~me~~~~~~~~~~~~E)~N~D~~~~~~o~~~NEo~~3ND~~~N~o~~~N~D~~3ND~~~ND~~~N~D~~~NED~~~N~o~~~N~o~~~N~D~ 
ND ND ND ND 18 4.4 17 ND ND ND ND ND NO 

Ch ne 0.16 ND 1.1 0.53 ND 1.6 4.5 5.5 1.9 ND 22 920 9.0 ND 2.4 
Cresol ortho 
Cresolm&o 
Cyelopentaphenanthrenone 

~~:-.-re-""----~~~~:~~~~:-t--N~D-r--N-D-;--~ND~+--3~.7-t--N~D~r--ND-+--N~D--t--N~D--~-0-~~--t--N~D~~~N~D-;---N~D-t--N~O~ 

2$ome~ 

• 

5JN 8JN 
100JN 

llsomers 
NO ND 
NO NO 

ne 0.35 0.300J 
IFiuorene NO NO 
IHexachlorobenzene HCB NO NO 
Hexachlo ntadie HCCP NO NO 

e NO NO 
0.020J 

NO NO 
lso rone 0.06 0.080J 

anthracenEt 
Meth anthracene 2l$omers 

.2$ome~ 
Me henanthrene 2 Isomers 
Meth nanthrene 3 Isomers 
Meth ne 
Na halene 

~; 
~ 

NO 
NO 
NO 
NO 
NO 

ND 
NO 
NO 
ND 
ND 

3.8 

ND 

NO 

Pentachlorobiohenvl12 isomers 
Pentach\oroohenot NO NO NO 
P~ne 
Phenanthrene 
Phenol 
Phemtnaphthalene 
Pvrene 
Tetrachlom hl!nol 
Tettamethytphenanthrene 

0.07 NO 1.5 
NO NO NO 

0.300J 0.500J 
NO 

Notes: 
• Back.Qround location 

Es1lmaled Value 

0.87 

NO 

NO 

NO 

0.56 
NO 

NO 

NO 1.8 

ND 2.0 

ND ND 

ND NO 

ND NO 
NO NO 

NO NO 

Not Analyzed 
NO llo1Deleded 

38 

0.&7 

1.8 

NO 

NO 

NO 

PAGE 1 OF5 

52 26 ND 130 1300 IS NO 6.8 

o.n NO ND 3.4 680 ND ND NO 

ND NO ND NO NO ND NO 

NO NO NO NO NO NO NO NO 

36 ss NO 70.0 ND NO ND NO 
NO ND NO ND NO ND ND NO 

ND NO NO NO NO NO NO NO 

N P~esumi)IMI Evidence or Presence or Malerta!. 
F' Laboralory Flag 

C:IMYOOCS\Wil\RI\SEOIMENT 



TABLE F-20. SEDIMENT SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Poromotor lmall<al s;,~~~'!" ,.s;::. ~~!!':. ~-~~~. l.s:::. s::.~~gu: l.s:;:. l.s:;: • • s:!! . • ~20 ,.s:;:. l.s:::. '•~s.~ • • s:::. ._ . _ _ . -' -- ._ 
_._ 

. . - -. - . . - - . • - . . 
NC NO NC NO NO NO NO 

NC NO NO NO NO NO NO NO NC NC NC NO - - - - - . -
NC NO NO NC NO NO NO NC NC NO NO NO NO 

NC NC NC NO NO NO NO NO NC NC NC NO NO NO - - - - - - - . - - -. - - - - - - -- --- -- --- - - - - - . - -
NO NC NO NO NC NC NO NC NC NO NO NO NO NC 

- - - - - - - . - - -- - . - - - - -- _.. 
-- --- - - - - - - --- --- -- - - - - - - - - -- ---

-~ --- -- -- - - - - - -- --- --- -- - - - - - - -- --- ------ .._ 
--- -- - --- -- ---- --

--- --- -- -- ---- --- ---NO NO _No 

----- ---
_._ 

. NO_ NO_ 

li ---
J'!!l 

-
-

!lsome .. l - - -
•!notal . -- - . 

- - - - -- - - - -
_NO NO NO NC NC NO NC NC NO NO • - . - - - - - - . . -- - - - - - - - - -

NC NO NC NC NO NO NC NO 15 NC 
::hrvseno 1.6 3.0 s: 12 1.2 1. u 1.6 15 NO 18 NC NC NO 
;resol(orthOl - - - - - - - - - -
;resol m & ~ - - - - - - . - - - -- - . - - - - -- - - - - - - - - -

NC NC NC NO NO NO NO NO NO NO NC NC NC NO - - - - . -- . . . . . - . . - . - . . . . . - . . . . . - - . . . -. . . 
llsomf1(S)_ - - . . . . . . . . 

- - - . . . 
6.1 10 1. 3.0 1.2 .. r.s 60 iuorene . . . - . - - - - -

I(HCBI - - . . . - - . . 
- - - . . . . . . . . - . - . 

:Acid - - . - . . . . . . - . . . . . 

~ 
. . -

NC NO NC NC . . . . . 
~Isomers)_ . . 

-- . - . 
- - - . . . . -- - . . - - . 

---
._ -

----
_._ . _ . _ - . _._ ._ ._ . 

---- ---
._ - . . ._ _._ 

--_ ._ . _ _._ ._ 

~ 
1 Isomers) . - . . 

NO NC NO NO NC NC NC NC NO NO NO 
ervtene 

heno NO 

----
_._ • - - . 

----
_. __._ 

--
_._ --- --NO_ NC NC __!'I_Q NO_ NO_ NC 

·- . . . - - - - - -
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TABLE F-20. SEDIMENT SAMPLES- SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

l;~r::;e ~~=~ ~~~~ I~~~~ ~~~!~ 
I SD~I IS~ ~~~~~ ~~~~. 't~~:,:t 1 so.n SO.f4 I~~~~ ~~~~ ~~~~~ ~~~~ I~~~~ ~~~ 

~- ~- -- -- - - - - -- - ~- - ~-- ~ 
_. _._ - _. -

20JN !JN - - - - - - - - -- - - -- - - - - ~- - -- - . - . - - - - - - - --
----

~ ._ _. --- - --- ~ 
_. _. . --. - - - . - - - . ~ . - . · .. • - - -- ·- . 

~ - - _. 
~ -- ~ - -- - t·. - - - . - - - - - - - - - - ' - - - - - - - - - - -

- _._ - - - -- - - - - - - - - -- - - -- -
----

-- . - - - - - - _. - _. -- - - - - - ._ - _. - ~- -- - - - ~ 
_. 

--- ~- ---
_. 

2~ O.J<Ol - 4.QJ NO ~NO _NO 

11 
---- ---- _. _. ._ 

---- --- -- ---- - - --~ - _. . _ _ . 
---. . 

---
_ . 

---. 
--- --~ NO NO _NO . . 
--~ 

~ . 
~~ - --- --- ---- - _. . _. - --- --- --- -- -. - . . 

--- ---
._ 

~- ---I . . 
~·- - --- --- ---0.130 0.14QJ NO _63 I 0.590 _6.7 NC ~ NC _NC NO _NO 1<1: _NO _tiD _NO _tiC _NO _ 

NC 0.070 NO NC _NO_ NO _NC ~ N~ _NO - . . _._ - _. 
---

. 
--- '- --- --. - - 5JN . - . . _ . - _._ ~~ 

0.780 NO NO NO NO I 0.240 NC 

--- - 1.200 

0.970 NO NO NO NO 0.550 NO 
I o.saa ).094] - - . -

0.20QJ 1.8J 0.130J . . . - . - . - . . . . 
. . . 1.100 

lJN - •.200J~ . . 1.2~ 

IJN . . . ~ . . _. - . . 
40JN . . . . . - . . . . . . . . . ~ . - ._ -- . _. 

l.SOOJN - . . . ·0.200JN . . . - . . _._ - _. . 
. . 10JN . - "- . -- . _ . '- _. 

~ . ---
. 

- . . -·~ 
_. ·- ~· --- .JOOJ~ '- ----

~ . _._ . 

• . . . . . . ~ - - . . ._ - ~- -" . 
- - . . . . - - . ._ - --~ 

- . - . . . ~. -- - _. - ._ -- --~ 
_ . . - . - . . . - . . - _ . _ . -. . . . ._ - - . ~ . ._ .· --- - . . 

1.9 NO NC NO ~NC NO NO NO NO NO NO NC NO NC ~NO NC NO NC 
I 0.200J 0.059) ),64QJ 20 ~ 9.8: 1.4J 4.8 NO 0.17QJ NO NO O.IOQJ NO NC NO NC NO NC 

12 0.52QJ 1,32QJ 42 _46 O.IJQJ 0.45QJ _NO • O.IJQJ 1.5 NO NC ~NO I 0.160l I 0.07SJ . . . 
--- - _. -- - _. . -- ._ - .~ . . . . 

---
~ . 

---
_. 

---
._ 

~- ~ ---
. 

--~ 
._ 

--- - _. -- _. . -"- . . ·- - ~ . 1.200Jt . . . - . - -·~ - ---
_. . _ . --- 1.100 '- . -- . 1,300J . 

NO NO NC NO _ND NO ~NO NO NO NO NO NO NO NC NO NC i 0.20QJ NO 
0.082J NO NC 21 I 0.860l _6.4 NO NO _NO NO~ _NC NO NC _NO NC _NO NC 

~~ rJN _2QJN~ !JN ._ -- _._ _. 
--~ -- . -- ~ 

. 
)ielh\'11 . _ . 

-·~ 
_._ 

-~· ----
_._ _. 

)imeth\'1' - -- _._ _._ . _._ _._ 

• 
. 

---
_._ 

1.4 

1.0_ ~NQ. _NO _O.l_ 10.065! 
Jolc _NO 

t(HCBl . _ . -·~ ---
_._ 

---
_._ . 

---
._ 

--~ 
_._ . _._ . 

_._ . ~ 
---

._ 
---

_._ . _._ . 
--~ 

_._ _. _ _._ - ---
._ _ . 

---
. 

---
. 

-- _._ _._ ._ _ . . . . 

~ 
~· 

_._ _. 
----

. . 
---

_. -
I 

1JN . . . . -- . . . . - . . - . -- . 
-·~ . 

!Isomers) - 30JN . ~.o.JN ·~~ 
. -- - . ._ . 

---
. _ . -

I isomers! - . . JOJN _. . 
---

_._ . _ . _._ _._ _. -. . - - _6JN _. _._ ." t,100 
NC NC NO . 3.2J 
~ - _._ _. 

----
_._ 

~-_. _._ . . . 
--~ - _._ _._ _._ . . . . . . _ _ . _._ . _. ._ _._ 

----
. 

.:ulene 
! isomers) . - - . . . _ _ . . -- . -- 10.400 

1.9\J NO NO NC ~NO Nc _NC _li_Q_ NC I 0.220 N_Q_ _110 _NO _ _NO 
'e!VIene . . . - . . -- 1.200J~ . ._ . 

230 7.0 22 _!IQ ~ NC LO.IJO 
'henol . . - . . . . . . . - . . - . . . . . IJN 

--- ~ . 
---

. 
'vrene • _._ _. 

--- -- -- . 
Notes: 

BackAround Location N p,.,sumpt;ye E-nce of Presence of Mate~al. • Not """""ed 
Estimated Value NO Nol Cele<:led "RG Shaded Cells Exceed Prellmlnaly Sediment Reme<foatlon Goal 
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TABLE F-20. SEDIMENT SAMPLES· SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

J:E'"xtra-et""o"'.::."-''O::~:.:-:;::::,::::~~-"(sfM)"<""'""'-al __ -lt~!~rf' t~o;:'f' t~s!~rf' t~o;~ F ~~~~ F ~~~ F 1~0:, F t~;,~rf' ~~~ F t~o;,~ F S~~;"' F 
3- and/or 4- Me nol 
11-Bi 
1-Me a aJene 
1 .._. lrlchkK'Obenzene 
1 -Dichlorobenzene 
1 ~ichlorobenzene 
1 Wichlorobenzene 
H 5-Tiichloroohenot NO NO NO NO NO NO NO NO NO NO NO 

~------~~;~;~~-;~;-t-t-N~:,~:-T-T-;~;--~~;~;~~-;~;~~~;~;-t-+~;:~0-+-T-;~;~~~;~;~~--;~;--~~ 
2-Me 6-0initm henol 
2 
2 
2 
2 

Phe Ether 
nol 

Phe Ether 

Acen heM 
Acena ne 
AcetvtoXVhexanone 
Aminofluorenone 
Anmne 
Anthracene 

NO 

NO 
NO 

NO 

0.21 

1.1 
NO 

1.8 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO NO 

6.6 250 
NO NO 

2.9 420 

NO 5.5 0.95 NO 2.3 NO 
0.059 6.1 1.6 NO U NO 

NO 

7.5 
NO 

13 

9.8 
4.2 
5.0 

NO 

60 
NO 

200 

64 
NO 
29 

NO 

NO 
NO 

0.79 

1.8 
1.3 
2.4 

NO 

NO 
NO 

0.91 

NO 
NO 
NO 

NO 

0.21 J 
0.34 J 

3.7 
u 
5.1 

• 

0.050 6.7 1.5 0.70 6.2 100 

~---~~N~0~~~3~ .• ~~~N~O-t-t-riN0~~~1~.0~~Jrl-~N~O~~~N~O~-t~N~O-t-+~o~.5~7~-+~N~0~~~~2~!.(r-~~ 
Benzoanthra<enone 0.053 5.3 1.3 NO 3.0 J NO U NO 1.6 NO H 

Benzonuoranthene not b or k 
Benzonuorantttene not b or • 
2 isomers 
Benzofluorene 
Benzofluorene 2 Isomers 
Benzonoorene 3 isomers 
Benzoic Acid 
Benzonaohthothioohene 
Benzonaotrthothloohene 2 isomers 
Benrovvrene not a 
'~41nt:'£'AII"Qivll 

~~--~~~~g~~-0-1~~-t-t-N~Ng~~~~~g~~~~~g~~-~~g~-f~~~g-t-+~~g~~~~~g~~~~~g~~--:.~~-~~ 
Ch ne 0.062 7.5 1.9 1.1 H 110 11 78 2.9 NO 6.9 
Cresol onho NO NO NO NO NO NO NO NO NO NO NO 
Crcsolm& NO NO NO NO NO NO NO NO NO NO NO 
Cvdo nta nanthrenone 

·-· .. · ·•·lh)lhe.l!a~f!e 

NO 1.8 
NO 0.57 

NO NO NO NO NO NO NO NO 1.1 
0.15 NO 2.8 200 4.3 45 NO NO NO 

... ·":''~·:r.~:t·. ·~;::.,.l~~-c::""==:meo:;~::'f---+..;..-+-+-'~~t-~-+~-"~~---+-+-..;;..-+-+-'~t-t--'-++--l'-1-"-+-+--'--t-f 

~ : .. ' • • : 2-;;,jC•'•! .!i I _::1 

~~~.~;~cr:,:ut.~~: 
Hexadecanok: Acid 
Hexachk)robi he 

~no 
Met anthracene 

HCCP 

Me anthracene 2 isomer$ 
Metl1 ne 
Me ibenzofuratl 
Meth uorene 
Me~~rene isomers 
Meth l~nanthrene 2 isomers 
Meth henanthrene 3 isomei'S 
Met11 

~ 
Pentachlorobiphel)vl 2 isomer.; 
Pentachk)roJ)henol 
P~rvk!ne 
Phenanthrene 
Phenol 
Phell'llnaphlhalene 

"'"'"" Tetrachlorophenol 
Tetramet!!Ytphenanthrene 

NO 

0.074 
No 
No 

No 

No 

NO 

No 
No 

No 
NO 

0.076 

15 
0.74 
NO 

4.0 

0.30 

NO 

9.4 
NO 

12 
NO 

NO 

2.1 
NO 
NO 

NO 

NO 

NO 

No 
No 

1.7 
No 

NO 

1.4 
NO 
Nl) 

NO 

NO 

NO 

NO 
NO 

1.0 
NO 

J 

NO 

38 
7.4 
NO 

NO 

NO 

14 
NO 

23 
No 

PAGE40F5 

NO 

650 
370 
NO 

NO 

NO 

NO 

960 
NO 

360 
NO 

NO 

49 
10 
NO 

1.8 

NO 

Nl) 

26 
NO 

30 
NO 

NO 

390 
96 
NO 

NO 

NO 

NO 

230 
NO 

230 
NO 

NO 

u 
NO 
NO 

0.72 

NO 

NO 

NO 
NO 

3.2 
NO 

NO 

1.4 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

0.96 
NO 

NO 

7.6 
0.25 
NO 

3.0 

NO 

NO 

0.60 
NO 

8.9 
NO 

C:IMYDOCSIWILIRI\SEOIME"'T 
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TABLE F-20. SEDIMENT SAMPLES. SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

• > •• ~ ."' ! ,! ' 1,~ . ' I 

I:E:-xtTa-cb..,....::';'~"',~:"motlt'-",."n'!-1:-"(mfl/IC•"""::.tll.al __ -11~0:0~ F 1~~ F 1~~ F 1~~ F 1~0:0~rf' 1~~'f' 1~~rf' 1~~~'f' ~~ F = F ·s=upf ;;';:![f' 1~0:, F 
3- and/or 4-- Met nol 

11-131 
1-Me-alene 
1;2.~Trichtoroben.zerte 
1 -otchlorobenzene 
1 
1 
24 
24 
2 
2 
2 
2 
2 
2 
2 
2 nol 
2 
2 
2 
2 

nzk:Jine 

EOter 
nol 

Phe Ether 
~et nol 
4-Nitroaniline 
4-Nitro nol 
Acem~ ne 
Acerta ne 
Acetvlox xanone 
Amlnofluorenone 
Aniljoe 
Antttacene 
Anthracenecarbonitrile 
Benzidine 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

2.9 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO NO NO 1.9 '0.58 NO NO 1.5 NO 0.052 0.038 
ne NO NO NO 3.0 t.S NO NO 2.0 NO 0.053 0.031 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 
NO 
NO 

• 

NO 0.65 NO 3.2 tojlY NO NO NO NO 0.088 0.0.8 

NO NO NO 2.3 1.3 NO NO 1.9 NO 0.064 0.052 NO NO 

notbork 
notbork 

2 isomers 
3 isomers 

2 isomers 

ane 

htha ate 

ne 

m 
nta nanthf'enoM 
nt.a vrene 

z a h nthracene 

2 isomers 
3lsomers 

HCCI' 

lsome,. 

2isomers 

N 
0 
Azu ne 

rene 2 isomers 
rene l~rs 

Pentachlorobiohenvt 2 isomers 
Pentad'lloro henol 
Perylene 
Phenanthrene 
Phenol 
Phenylnaohlhalene 
, ..... ,. 
Tetrachloro nol 
Tetramethytphenanthrene 

ami 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 
NO 

NO 
NO 

0.94 
NO 
NO 

NO 
NO 

NO 

u 
NO 
NO 

NO 

0 

NO 

NO 
NO 

1.0 
No 

NO 
0 

NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 
NO 

NO 
NO ... 
NO 
NO 

NO 
NO 

NO 

9.3 
NO 
NO 

NO 

NO 
·'-' 

NO 

NO 
NO 

5.4 
NO 

LW> 
0.8 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

0.61 

NO 

NO 

NO 
NO 

0.71 
NO 

0 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 
NO 
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NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 
NO 

NO 
NO 
1.6 
NO 
NO 

NO 
NO 

NO 

1.6 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

12 
NO 

No 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 
NO 

NO 
NO 

0.096 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 

0 

NO 
NO 

NO 
NO 

NO 
NO 

OJW2 
NO 
NO 

NO 
NO 

0.058 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 
NO 
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• 
Parameters (mg/kg)_ 

Purgeabla Organics 

111-Trichloroetllane 
11 2 2-Tetrachloroethane 
1,1.2-Trichloroethane 
1 1-Dichloroethane 
1 1-Dichloroethene 
1 ,2-Dibromomethane 
1,2-Dichloroethane 
1 2-Dichloroethene otal 
1 .2-Dichloroorooane 
2-chloroethylvinytEther 
Acetone 
Benzene 
Bromodichloroethane 
Bromodichloromethane 
Bromofonn 
Bromomethane 
camphene 
carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chlorofonn richloromethane 
Chloromethane 
Cis-1 3-0ichloroorooene 
Oibromocllloromethane 
Dichlorodifluoromethane 
Dichloromethane 
Dihvdromethvtindene 
Ethyl Benzene 
Ethvtdimethvtbenzene 
Ethvtdimetllylbenzene 21somers 
Ethvtdimethvtbenzene 31somers) 
Ethylmethy1_benzene 
Fluorotrichloromethane 
lndane 
lndene 
M-Xvtene 
MIP·X ene 
Meth Buly!Ketone 
Meth Ethvt Ketone 2-Butanone 
Meth lsobulyl Ketone 
Meth benzoturan 2 Isomers 
Meth benzoturan 3 Isomers 
Meth indan 
Methv ·T -Butvl Ether MTBE 
0-Xylene 
O&P·Xvtene mixed 
Styrene 
T etrachloroethene 
T etramethylbenzene 
Toluene 
Total Xvtenes 
Trans-1 ,2-Dichloroe~ene 
Trans-1,3-0ichloroorooene 
Trlchloroethene 
Trichloronuoromethane 
Trimethvtbenzene 
Trimethvtbenzene 12 Isomers 
Vlnvt Acetate 
Vinvt Chloride 

TABLE F·21. SEDI .. AMPLES ·VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

RB-5 BK.S1 SS·1 SS·2 SS-3 
1n185 1n!B5 12/9/92 12/9/92 12/9/92 

NO NO NO NO NO 
NO NO NO NO NO 
NO NO NO NO NO 
NO NO NO NO NO 
NO NO NO NO NO . . NO NO NO 
NO NO NO NO NO . - - - -
NO NO NO NO NO 
NO NO NO NO NO 
NO NO - - -
NO NO NO NO NO 

- - NO NO NO 
NO NO - - . 
NO NO - - . 
NO NO NO NO NO 

- - - - -
NO NO - - -
NO NO NO NO NO 
NO NO NO NO NO 
NO NO NO NO NO 
NO NO NO NO NO 
NO NO NO NO NO 
NO NO NO NO NO 
NO NO NO NO NO 

- - NO NO NO 
NO NO 0.024 0.0064 O.Q15 . - - - -
NO NO NO NO NO 

- - - - -- - - - -. . - - -- - - - -- - NO NO NO 

- - - - -. - - - -
NO NO - - -- - 0.0025 NO NO 
NO NO - - -
NO NO - - -
NO NO - - -- - - - -- - - . -- - - - -- - NO NO NO 

- - 0.0011 NO NO 
NO NO - - -
NO NO - - -
NO NO - - -- - - - -
NO NO 0.0024 NO NO 

- - - - -
NO NO NO NO NO 
NO NO - - -
NO NO NO NO NO 

- - - - -- - - - -- - - - -
NO NO - - -
NO NO NO NO NO 

Notes. 
Background Location 

J Estimated Value 
N Presumptive Evidence of Presence of Material. 

SS-t SS-5 
12/9/92 12/9/92 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

- -
NO NO 
NO NO 

- -
NO NO 
NO NO . -. -
NO NO 

- -. -
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

0.017 0.012 

- -
NO NO . -- -- -- -
NO NO 

- -- -- -
0.001 0.0011 

- -- -- -. -. -. -
NO NO 
NO NO 

- -- -- -- -
NO 0.0013 

- . 
NO NO 

- -
NO NO 

- . 
- -- -- -

NO NO 

NO Not Detected 
Not AnalyZed 

F' LabOratory Flag 

ss..a 
12/9/92 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

-
NO 
NO 

-
NO 
NO 

--
NO 

--
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.014 

-
NO 

----
NO 

---
0.0014 

------
NO 
NO 

--. 
-

0.0034 . 
NO 

-
NO 

----
NO 

PAGE 1 OF5 

SS·7 ss.a SS-1 SS·10 SS·10A Ss-11 
12/9/92 12/14/92 12/14/92 12/14/92 1/19/93 12/14/92 

NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 

- - - - - . 
NO NO NO NO NO NO 
NO NO NO NO NO NO 

- - . - - -
NO NO NO NO NO NO 
NO NO NO NO NO NO 

- - - - . -- - - - - . 
NO NO NO NO NO NO 

- - - - - -- - - - - -
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO - NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 

0.059 0.007 0.020 0.008 - 0.0068 

- - - - - -
0.15 NO NO NO NO NO 

- - - - - -- - - - - -- - - - - -- - - - - -
NO NO NO NO NO NO 

- - - - - -- - - - - -- - - - - -
0.084 NO 0.0071 NO NO NO . - - . - -- - - - . -- - - - - -- - - - - -- - - - - -- - - - - -

NO NO NO NO NO NO 
0.069 NO 0.0075 NO NO NO 

- - - - . -- - . - - -- . - - - -- - - - - -
0.016 NO NO NO NO NO 

- - - - . -
NO NO NO NO NO NO 

- - - - - -
NO NO NO NO NO NO 

- - - - - . 
- - - - - -- - - - - -- - - - - -

NO NO NO NO NO NO 

• 
SS·12 SS·12 DUP 

2/15/96 2/15J!J6 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

·NO NO 

- -
NO NO 
NO NO 

- -
NO NO 

- -
NO NO 

- -
NO NO 

- -. -
NO NO 
NO NO 
NO NO 

- -
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

- -
NO NO 

- -- -- -- -- -- -- -- . 
NO NO 

- -- -. -- -- -- -
NO NO 
NO NO 

- -- -- -- -
NO NO 

- -
NO NO 

- . 
NO NO 
NO NO 

- . 
- . 
- -

NO NO 
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TABLE F-21. SEDIMENT SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA FACILITY 

Parameters fmalkal 
Purgaabla Organics 

1 1 1·Trichloroethane 
1 1.2.2-Tetrachloroethane 
11 2-Trichloroethane 
1 1-0ichloroethane 
1 1-Dichloroethene 
1 2-0ibromomethane 
t .2-0ichloroethane 
1.2-0ichloroethene otal 
1 2-0ichloropropane 
2-Chloroethvlvinvl Ether 
Acetone 
Benzene 
Bromodichloroethane 
Bromodichloromethane 
Bromofonn 
Bromomethane 
Camphene 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chlorofonn richloromethane 
Chloromethane 
Cis-1 3-Dichloropropene 
Oibromochlommethane 
Oichlomdifluommethane 
Oichloromethane 
Oihvdmmethytindene 
Ethvt Benzene 
Ethvtdlmethytbenzene 
Ethvtdimethvtbenzene 2 Isomers 
Ethvtdimethytbenzene 31somers) 
Ethvtmettwlbenzene 
Fluomlrichloromethane 
lndane 
lndene 
M-Xvtene 
MIP-Xvtene 
Methyl_ B!llyl Ketone 
Methyl Ethyl Ketone 2-Butanone 
Methyl Isobutyl Ketone · 
Meth benzofuran 2 Isomers 
Meth benzofuran 3 isomers 
Meth~ lndan 
Meth -T-Butyt Ether MTBE 
0-Xvtene 
O&P-Xvrene mixed 
Stvrene 
Tetrachloroethene 
Tetrameltlylbenzene 
Toluene 
Total >M!!nes 
Trans-1.2-0ichloroethylene 
Trans-I 3-Dichloropll:)pene 
Trichloroethene 
Trichlomfluommethane 
Trimethylbenzene 
Trimethytbenzene 21somers 
Vinyl Acetate 
Vinyl_ Chloride 

SS·13 
2/15/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS14 
2/16/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

0.54 

0.30 

NO 
0.22 

NO 

NO 

NO 
NO 

NO 

SS15 
2/16L96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.065 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS18 
2/16/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS16-DUP 
2/16/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS17 
2/16[J6 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

·NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS18 
2[_16"6 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS1t 
2/16/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS20 
2/16/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS21 
2/16/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS22 
2/16/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS23 
2/16/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 

SS24 
2/16/96 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 



• TABLE F-21. SEDI .. AMPLES ·VOLATILES • SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters (mglkg) S0-41 S0-43 S0-45 S0-46 S0-47 S0-48 S0-411 S0-10 so-11 S0-12 S0-13 S0·14 S0-15 S0-16 S0·1T S0-18 SD-11 SD-20 
Pumeable Oraanlcs 11/10195 11110/95 11/8198 11/9195 11/9/95 1119/95 1119/95 11110195 11110195 11110195 11/8198 11/8195 11/8195 11/8195 11/8195 11/8195 11/1!195 11/8195 
111-Toichloroethane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
11 2 2-Tetrachloroethane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
11 2-Toichloroethane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
1 1-0ichloroethane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
1 1-0ichloroethene NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
1 2-0ibromomethane . . . . . . . . . . . . . . . . . . 
1A·Oichloroethane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
1 2-Dichloroethene Total NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
1 ,2-0ichloropropane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
2-Chloroethvtvlnvt Ether . . . . . . . . . . . . . . . . . . 
Acetone NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Benzene NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Bromodichloroethane . . . . . . . . . . . . . . . . . . 
Bromodichloromethane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Bromoform NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Bromo methane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
camphene . . . 0.040JN . . . . . . . . . . . . . . 
carbon Disulfide NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
carbon Tetrachloride NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Chlorobenzene NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Chloroethane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Chloroform rlchloromethane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Chloromethane . . . . . . . . . . . . . . . . . . 
Cls-1 3-0ichtoroorooene NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Oibromochloromethane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Oichlorodiftuoromethane . . . . . . . . . . . . . . . . . . 
Oichloromethane NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Oih romethvtindene . . . . 0.100JN . . . . . . . . . . . . . 
Eth Benzene 0.003J NO NO 0.064 0.020J NO NO NO NO NO NO NO NO NO NO NO NO NO 
Eth dimethvtbenzene . . . . 0.060JN . . . . . . . . . . . . . 
Eth dimethvtbenzene 2 isomers . . . . . . 0.010JN . . . . . . . . . . . 
Eth dimethvtbenzene 3 Isomers . . . 0.200JN . . . . . . . . . . . . . . 
Eth methvtbenzene . . . 0.070JN . . 0.009JN . . . . . . . . . . . 
Fluorotrtchtoromethane . . . . . . . . . . . . . . . . . . 
lndane . . . 2JN 0.900JN . O.OSOJN . . . . . . . . . . . 
lndene . . . 0.030JN . . . . . . . . . . . . . . 
M-Xvtene . . . . . . . . . . . . . . . . . . 
MIP-X ene '- . . . . . . . . . . . . - . - . . . 
Meth Butvt Ketone NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Meth Ethyl Ketone 2-Butanone NO NO NO 0.100 0.320 NO NO NO NO NO NO NO NO NO NO NO NO NO 
Meth lsobuM Ketone NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Meth benzoturan 12 Isomers . - . . 0.400JN . . . . . - . - . . . . . 
Metlly benzoturan !31somers . . . 0.900JN - . . . . . . . . . - . . . 
Methvtindan . . . 0.400JN - . . . . . . - . . . . - -
Methyl· T -Butyl Ether MTBE - . - . . - . - . . . . . . . . - -
0-Xvtene - . . - . . . . . . . - . . . . . -
O&P-Xytene mixed . . . - . . . - . . . . . - . . - -
Stvrene NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Tetrachloroethene NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Tetramethvtbenzene . . . . - . O.OOBJN . . . . . . . . . . . 
Toluene 0.160 NO NO 0.020J NO NO NO NO NO ' 0.002J NO NO NO NO 0.002J NO NO NO 
Total Xvfenes NO NO NO 0.094 0.037J NO 0.002J NO NO NO NO NO NO NO NO NO NO NO 
Trans-1 ,2-0ichtoroethylene . . . . - . . . . ' . . . . - . . . . 
Trans-1 3-0icnloroorooene NO NO NO NO NO NO NO NO NO NO~. NO NO NO NO NO NO NO NO 
Trlchlonoethene NO NO NO NO NO NO NO NO NO ~-NO NO NO NO NO NO NO NO NO 
Trichlorofluoromethane . - . - . . . . . . - . . - . . . -
Toimethvtbenzene . . . . . . 0.010JN . . . . . . . . . . . 
Trimethytbenzene 2 Isomers . . . 0.400JN 0.200JN - . . . . . . . . . . . . 
Vlnvt Acetate . - . . . . . . . . . . . - . . - . 
Vinvt Chloride NO NO NO NO NO NO NO NO . NO NO NO NO NO NO NO NO NO NO 

PAGE30F5 C:\MYOOCS\WILIRI\SEOIMENT 



TABLE F-21. SEDIMENT SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA FACILITY 

Parameters lm!llkgJ 50-.21 
'F' 

50-22 
f' 

50·23 
'F' 

50·24 
If' 

50·25 
f" 

50·28 
f" 

50-21 
f" 

50-.21 
f" 

50-.28 rp 50-30 
rp 

50-30-Dup 
f' Purqeabla Organics 1124/01 1124/01 1125/01 1125/01 1124101 1123/01 1123/01 1123101 1123101 1110/01 1123/01 

111-Trichloroelhane . - . . . . . . . . . 
1 1 2.2-Telrachloroelhane NO NO NO NO NO NO NO NO NO NO NO 
1 1,2-Trichloroelhane NO NO NO NO NO NO NO NO NO NO NO 
1 1-Dichloroethane . . . . . . . . . . . 
1 1-0ichloroelhene . . . . . . . . . . -
1 ,2-0ibromomelhane . . . . . . . . . . . 
1 2-0ichloroelhane . . . . . . . . . . . 
1 2-Dichloroethene otal . . . . . . . . . . . 
1.2-Dichloropropane NO NO NO NO NO NO NO NO NO NO NO 
2-Chloroelhylyirlyt_Eiher . . . . . . . . . . . 
Acetone NO NO NO NO NO 0.14 J 0.048 J 0.084 J 0.15 0.14 0.075 J 
Benzene NO NO NO NO NO NO NO NO NO NO NO 
BromOdichloroelhane . . . . . . . . . . . 
BromOdichloromelhane NO NO NO NO NO NO NO NO NO NO NO 
Bromoform . . . . . . . . . . . 
Bromomethane . . . . . . . . . . . 
camPhene . . . . . . . . . . . 
carbon Disulfide . . . . . . . . . . . 
carbon Telrachloride . . . . . . . . . . . 
Chlorobenzene . . . . . . . . . . . 
Chloroethane . . . . . . . . . . . 
Chloroform richloromethane . . . . . . . . . . . 
Chloromethane . . . . . . . . . . . 
Cis-1 3-Dichloropropene . . . . . . . . . . . 
Oibromochloromethane . . . . . - . . . . . 
Oichlorodifluoromethane - . . - . . . . . . . 
Oichloromelhane NO NO NO NO NO NO NO NO NO NO NO 
Oihydromelhylindene . . . . . . . . . . . 
Elhvl Benzene NO NO NO NO NO NO NO NO NO NO NO 
Elhyldimelhylbenzene . . . . . . . . . . . 
Elhvldimelhvlbenzene 2 isomers) . . . . . . . . . . . 
Etllytcjimelhvtbenzene 3 Isomers . . . . . . . . . . . 
Elhylmelhylbenzene . . . . . . . . . . . 
Fluorotrichloromethane . . . . . . . . . . . 
lndane . . . . . . . . . . . 
lndene . . . . . . . . . . . 
M-Xylene . . - . . . . . . . . 
MIP-Xvlene . . . . . . . . . . . 
Methyl Butyl Ketone . . . - . . . . . . . 
MelllytEthvt Ketone 2-Butanone NO NO NO NO NO 0.050 J NO 0.029 J 0.013 J NO 0.011 J 
Melhvllsobutyl Ketone . . . . . . . . . . . 
Metllytbenzofuran 2 isomers . . . . . . . . . . . 
Melhvlbenzofuran 3 Isomers . . . . . . . . . . . 
Methylindan . . . . . . . . . . . 
Melhvi-T-Bu!VI Ether MTBE . - . . . . . . . . . 
0-Xylene . . . . . . . . . . . 
O&P-Xvlene mixed - . . . . . . - . . . 
Styrene . . - . . . - . . . .. 
Telrachloroelhene . . . . . . . . . . . 
Telramelhylbenzene . . . . . . . . . . . 
Toluene NO NO NO NO NO NO NO NO NO NO NO 
Total Xylenes NO NO NO NO NO 0.011 J NO NO NO NO NO 
Trans-1 2-0ichloroelhvlene . . . . . . . . . . . 
Trans-1 3-Dichloroorooene . . . . . . . . . . . 
Trtchloroelhene . . . . . . . . . . . 
Trichlorofluoromethane . . . . . . . - - . . 
Trtmethvlbenzene . . . . - . . . . . . 
Trimelhylbenzene 21somers - . . . . . . . . . . 
Vinvl Acetate . - . . . . . . . . . 
ViflYI_Chloride . . . . . . . . . . . 
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TABLE F·21. SEDIMENT SAMPLES· VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA FACILITY 

\ 
Parameters (mq/kg) SD-31 rp 

SD-32 
rF' 

SD-33 
rp 

SD-34 
~ 

SD-35 
rp 

SD-36 r,:. SD-37" rp SD-38 
rp 

•so ..:Ia 
rp 

•so~o 

F'" 
•so~o.oup "i" •so~1 

F'" 
so~a 

rp Purqaabla Orqanlcs 1/10/01 1/10/01 1/10/01 1/10/01 1110/01 1125/01 1125/01 F 1125/01 1/18/01 3122/01 3122/01 F 1/25/01 1125/01 
11 1·Trichloroethane . . . . I . , I . . . . . . . . 
11 2 2-Tetrachloroethane NO NO NO NO NO I NO NO NO NO NO NO NO NO 
11 2·Trichloroethane NO NO I NO I NO NO NO I NO NO NO NO NO NO NO 
1 1-0ichloroethane . . . . . . . . . . . . . . 
1 1-0ichloroethene . . . . . . . . . . . . . 
1 2-0ibromomethane . . . . . . . . . . . . . 
1 2-0ichloroethane . . . . . . . . . . . . . 
1,2-0ichloroethene otal . . . . . . . . . . . . . 
1 2-0ichloroorooane NO NO NO NO NO NO NO NO NO NO NO NO NO 
2-Chloroethytvlnyt Ether . . . . . . . . . . . . . 
Acetone NO NO NO 0.50" 0.11 NO . NO NO NO 0.019 J 0.021 J NO NO 
Benzene NO NO I NO NO NO NO NO NO NO NO NO NO NO 
Bromodichloroethane . . I . . . . . . . . . . . 
Bromodichtoromethane NO NO NO NO NO I NO NO NO NO NO NO NO NO 
Bromoform . . . . . . . . . . . . . 
Bromomethane . . . . . . . . . . . . . 
camphene . . . . . . . . . . . . . 
carbOn Disulfide . . . . . . . . . . . . . 
carbon Tetrachloride . . . . . . . . . . . . . 
Chlorobenzene . . . . . . . . . . . . . 
Chloroethane . . . . . . . . . . . . . 
Chloroform (Trichloromethane . . . . . . . . . . . . . 
Chloromethane . . . . . . . . . . . . . 
Cls-1.3-0ichloropropene . . . . . . - . . . . . . 
Oibromochloromethane . . . . . . . . . . . . . 
Olchlorodifluoromethane . . . . . . - . . . . . . 
Oichloromethane NO NO NO NO NO 0.0094 J NO NO NO NO NO 0.011 J 0.0016 J 
Oihvdromethvlindene . . . . . . - . . . . . . 
Ethyl_ Benzene NO NO NO NO NO NO NO NO NO NO NO NO NO 
EthVIdimethVIbenzene . . . . . . . . . . . . . 
Ethyljlimetllylbenzene 2isomers . . . . . . . - . . . . . 
EthVIdimethVIbenzene 3 Isomers . . . . . . . . . . . . -
Etllyi!Jleltlylbenzene . . . . . . - . . . . . . 
Fluorotrtchloromethane . . . . . . - . . . . . . 
lndane . . . . . . - . . . . . . 
lndene . . . . . . . . . . . . -
M-Xvlene . . . . . . . . . . . . . 
MIP-Xylene . I . . . . . - . . . . . . 
Methvf BuM Ketone . . . . I . I . I . . . . . . . 
Methyl Ethyl Ketone 2-Butanone NO NO NO NO NO NO NO NO NO NO NO 0.021 J 0.0073 J 
Meth lsobuM Ketone . . . . . . . . . . . . . 
Meth benzoruran 2 Isomers . . . . . . . . . . . . . 
Meth benzofuran 3 Isomers . . . . . . . . . . . . . 
Meth indan . . . . . . . . . . . . . 
Meth • T -Butyl Ether MTBE . . . . . . . . . . . . -
0-Xvlene . . . . . . . . . . . . . 
O&P-~ene (mixed . . . . . . . . . . . . -
Stvrene . . . . . . . . . . . . -
T etrachloroethene . . . . . . . . . . . . . 
T etramethvlbenzene . . . . . . . . . . . . . 
Toluene NO NO NO NO NO NO NO NO NO NO NO NO NO 
Total Xvlenes NO NO NO NO NO NO NO NO NO NO NO NO NO 
Trans-1 ,2-0ichloroethvtene . . . . . . . . . . . . . 
Trans-1 3-0ichloroorooene . . . . . . . . . . . . . 
Trichloroethane . . . . . . . . . . . . . 
Trichlorofluoromethane . . . . . . . . . . . . . 
Trtmethvlbenzene . . . . . . . . . . . . . 
TrimethVIbenzene 2 Isomers . . . . . . . . . . . . . 
Vinvl Acetate . . . . . . . . . . . . -
VinYl Chloride . . . . . . . . . . . . . 
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Parameter (mg/kg) 
lnO!lJanlcs 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper Extractable Melal 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Polasslum 
Selenium 
Silver 
Sodium 
Strontium 
Tellurium 
Thallium 
nn 
TIIanlum 
Vanadium 
Zinc 

10/18/01 

• 

TABLE F·22. SEDIMENT SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA FACIUTY 

RB..S "BK.S1 55·1 55·1 55·2 
1f7185 1f7185 12/9/92 2/15/96 12/9/92 
750 1,700 . . . 
NO NO . - . 
NO NO 3.5 . 5.2 
NO NO . . . 
NO NO . . . . . . . . 
NO NO . 0.97 . 
NO NO . . . 
NO NO 5.5 . 14 
NO NO . . . . . . 21 . 
NO NO 6.1 - 46 

0.22 0.43 . . . 
1400 930 . . . 

15 6 14 220 290 
NO NO . . . 
20 NO . . . 
NO NO . . . 
. . . . . 

NO NO . 2.8 . 
NO NO . . . 
NO NO . . . 
NO NO . . . 
NO NO . . . 
. . . . . 
- . . . . 

NO NO . . . 
NO NO . . -. . . . . 
NO NO . . . 
NO NO . 160 . 

Notes. 
Background Location 

J Estimated Value 
N Presumptive Evidence of Presence of Material. 

55·3 SS-4 
12/9/92 12/9/92 . . 

. . 
NO 3.6 . . 
. . . . 
. . 
. . 

2.1 11 . . . . 
8.0 14 . . . . 
61 25 . . . . 
. . 
. . . . . . 
. . 
. . . . . . . . 
. . 
. . . . 
. . . . 

NO Not Detected 
Not Analyzed 

F1 Laboratory Flag 

55·5 55·6 55·7 55·7 55·8 55·8 55·9 
12/9/92 12/9/92 12/9/92 2/15/96 12/14/92 2/15/96 12/14/92 . . . . . . . . . . . . . . 

1.5 NO 2.3 . NO . NO . . . . . . . . . . . . . . . . . . . . . . . . 0.18 . 0.31 . . - . . . . -
5.2 3.1 9.2 . 4.2 . 4.1 . . . . . . . 
. . . 3.0 . 10 . 

2.4 2.8 5.1 . 1.9 . 4.4 . . . . . . . 
. . - . . . . 

3.4 3.1 6.3 22 2.3 54 6.9 . . . . . . . . . . . . . . . . . . . . . 
- . . . . . . . . . NO . 1.5 . . . . . . . . 
. . . . . . . . . . . . . . 
. . . . . . . 
. . . . . . . . . . . . . . 
. . . . . . . . . - . . . . . . . . . . . . . . . . . . 
- . . 36 - 89 . 
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55·9 55·10 55·10A 
2/15/96 1/19/93 12/14/92 . . -. . . . NO 13 . - . . - . . . . 

NO . . 
. . . . 2.6 38 . . . 

0.58 - . 
. 3.9 34 . . . . . . 

5.0 6.2 . . - . 
. . . . - -. . . 

NO - . 
. . . 
. . -. . . . - . . - . . . -. - . 
. . . . - . . . . 

6.7 . -

.All Sediment 

• 
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TABLE F-22. SEDIMENT SAMPLES ·INORGANICS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA FACIUTY 

Parameter (mglkal 55·11 55·11 S5·12 55·12DUP 55·13 •5514 5515 5516 5516-DUP 5517 5518 5519 5520 5521 5522 5523 5524 
lnorganlcs 2/15/96 2/15/96 12/14/96 2/15/96 2/15/96 2/16/96 2/16/96 2/16/96 2/16/96 2/16/96 2/16/96 2/16/96 2/16/96 2/16/96 2/16/96 2/16/96 2/16/96 

Aluminum - - - - - - - . - - - . . - - . -
Antimony - . . - - - - . . - - - - - - - -
Arsenic ND . 4.4 4.9 ND 4.9 6.0 10 12 11 8.6 10 9.7 9.8 6.3 5.0 7.6 
Barium - - - - - . . . . - . . - - - - -
Bervllium . - - - - - - . . - - . - - - - -
Boron - - - - - - . . - - - - - - - - -
Cadmium - ND . . - 0.96 . . - - 0.29 . 0.54 - - - . 
Calcium . - - . . . . - - - . . - . . - -
Chromium 1.3 - 2.4 2.4 ND 6.8 19 49 47 65 30 57 37 52 25 19 26 
Cobalt - - - - - . . - - . - - - - - - . 
Copper Extractable Metal - 1.7 - . . ND - - - - 7 - 7.9 - - 1.9 -
Copper 1.0 - 11 13 16 74 15 32 31 48 17 40 23 42 19 15 12 
Cyanide - - - . - - - . - . - . - . . - -
iron - . - - - - - . - - - - - - - - -
Lead 1.9 5.6 - - . 160 - - - - 24 . 23 - - 16 . 
Magnesium - - - - - - - - - - - - - - - - . 
Manganese . . . - - - - - - - - - - - - - -
Mercury - - - - - - - - - - - - - - - - -
Molybdenum - - - - - - - - - - - - - - - - -
Nickel - ND - - - 6.0 - - - - 2.4 . 2.6 - - ND -
Potassium - - - - - - - - - - - - - - - - -
Selenium - - - - - - - - - - - - - - - - -
Silver - - - - - - - - - - - - - - - - -
Sodium - - - - - - . - - - - - - - - - -
Strontium - - - - - - - - - - - - - - - - -
Tellurium - - - - - - - - - - - - - - - - -
Thallium - - - - - - - - - - - - - - - - -
Tin - - - - - - - - - - - - - - - - -
Titanium - - - - - - - - - - - - - - - - -
Vanadium - - - - - - - - - - - - - - - - -
Zinc - 8.9 - - - 610 - - - - 100 . 81 - - 54 -
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TABLE F-22. SEDIMENT SAMPLES ·INORGANICS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA FACIUTY 

Parameter (mglkg) "50.01 50.()3 50.05 50.06 50.()7 50.()8 50.09 50·10 50·11 50·12 50·13 50·14 50·15 50·16 50·17 50·18 50·19 50·20 
lnorganics 11/10/$6 11/10/$6 11/8/$6 11/G/$6 11/G/$6 11/G/96 11/G/$6 11/10/$6 11/10/$6 11/10/$6 11/8/$6 11M6 1118/96 11M6 11/8/$6 11M6 11/8/ll& 11/8/96 

Aluminum 2,700 15,000 3,100 13,000 28,000 11,000 650 790 26,000 1,900 1,100 3,300 1,200 1,200 1,900 890 7,200 1,600 
Antimonv . . . . . . . . . . . . . . . . . . 
Arsenic 3.8J 33J 6.2J 30J 29J 20J NO 2.6J 17J NO 2.6J 3.5J 2.9J NO 2.6J 7.1J NO NO 
Barium 46 84 60 83 110 53 4.4 2.8 54 5.8 NO 16 6 3.7 6.6 2.9 16 5.1 
Beryllium . . . . . . . . . . . . . . . . . . 
Boron . . . . . . . . . . . . . . . . . . 
Cadmium 0.58J 2.1J NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
Calcium 15,000 5,400 2,000 7,800 12,000 6,700 440 360 3,300 480 330 890 460 340 830 340 920 650 
Chromium 14 45 4.9 54 53 52 3.5 2.4J 44 6.1 2.8 6.4 71 9.1 20 6 16 5.2 
Cobalt 1.4J 7.5J 1J 6.6J 15J NO 0.47J 0.30J 12J 1.2J NO 0.84J 1.4J 1.1J 1.1J 0.37J 1.7J 0.66J 
Copper (Extractable Metal) . . . . . . . . . . . . . . . . . . 
Copper 29 100 1100 64 94 74 2.6J 3.1J 24 4.3J 3.8J 8J 2.9J 3J 4.8J 2.5J 13 2.8J 
Cyanide . . . . . . . . . . . . . . . . . . 
Iron 6,900 25,000 7 000 39,000 59,000 20,000 880 710 27,000 2,000 780 2,800 1,600 1,300 1,300 1,600 5,400 2,000 -
Lead 130 590 69 100 210 120 3.8 13 28 3.9 3.5 11 4.3 2.1 9.3 3.2 28 6.7 

· !Magnesium 950 3,200 220 1,800 3,800 1,800 NO NO 4,900 400 NO 320 270 250 650 210 990 400 
·. UManoanese 43 110 -29 110 160 68 7.2 6.7 210 14 3.5 14 12 11 15 7.5 23 8 

Wf\1!lrcury . . . . . . . . . . . . . . . . . . 
Molybdenum . . . . . . . . . . . . . . . . . . 
Nickel NO NO NO NO NO NO 13 NO NO NO NO NO 52 35 18 NO NO NO 
Potassium 210 950 NO 800 1200 840 NO NO 1,900 260 NO NO 160 170 310 170 470 270 
Selenium NO NO NO NO NO NO NO NO NO NO NO NO 1.6 NO NO NO NO 1.2J 
Silver . . . . . . . . . . . . . . . . . . 
Sodium NO 1,600 290 NO 1,400 1,100 NO 210 3,300 560 NO NO NO 270 740 NO NO NO 
Strontium . . . . . . . . . . . . . . . . . . . 
Tellurium . . . . . . . . . . . . . . . . . . 
Thallium . . . . . . . . . . . . . . . . . . 
nn . . . . . . . . . . . . . . . . . . 
Titanium . . . . . . . . . . . . . . . . . . 
Vanadium 13J 63J 5J 49J 85J 50J 10J 2.1J 56 5J 2.4J 8J 3.6J 3.3J 8.7J 4.3J 21 6.7J 
Zlnc 210 630 82 440 640 340 19 23 120 17 7.8 54 12 11 18 7.8 38 - 14 

10/18/01 PAGE30F6 .All Sediment 

• • • 



• • • 
TABLE F-22. SEDIMENT SAMPLES· INORGANICS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA FACIUTY 

Parameter (mg/kgl 50-21 
1fT 

50-22 
1fT 

50-23 
1fT 

50-24 
f'" 

50·25 
1fT 

50-26 
1fT 

50-27 
f'" 

50·28 
1fT 

50-29 
F' 

50-30 
1fT 

50-30..0up 1fT 50-31 
F' 

50-32 
f'" 

50-33 
1fT 

50.:14 
1fT lnorganlcs 1124101 1/24/01 1125101 1125101 1124101 1123/01 1123101 1123/01 1123/01 1110/01 1123/01 F 1110/01 1/10/01 1110/01 1/10/01 

Aluminum . . . . . . . . . . . . . . . 
Antimony . . . . . . . . . . . . . . . 
Arsenic NO NO 6.6 180 6.0 14 9.2 13 NO NO 8.9 NO NO NO 8.2 
Barium . . . . . . . . . . . . . . . 
Beryllium . . . . . . . . . . . I . . . . 
Boron . . . . . . . . . . . \• . . . 
Cadmium . . . . . . . . . . . .... . . . 
Calcium . . . . . . . . . . . _, . . . \ 
Chromium 1.9 8.7 12 35 12 23 16 24 3.5 7.8 19 2.3~ 3.9~ 1.8 23 \ 
Cobalt . . . . - . . - - . . . ' . . . 
Copper Extractable Metal . . . . . . . . . . . . . . . 
Copper 9.6 6.4 22 69 19 56 23 40 4.5 5.8 17· NO 43 NO 65 
Cvanide - . . . . . . . . . . . . . . 
Iron . . . . . . - . . - . - - . . 
Lead - . . - . . - - . - . - - . -
Magnesium - - - . - - - - - - - - - - . 
MallJlanese - . . - - - - . . - . - - - . 
Mercury . . - - . . - - . . . . . . . 
Molybdenum . . . - - . . . . . . . . . . 
Nickel . . . - . . . . . . . . . . . 
Potassium . . . . . . . - . . . . . . . 
Selenium . . . . . . . . . - . . . . . 
Silver . . . . . . . - . . . . - . . 
Sodium . . . . . . . . . . . . . . . 
Strontium . . . . . . . . - . . . . - . 
Tellurium - . . . . . . . . . . . . . . 
Thallium . . . - - . . . . . . - . . . 
Tin . . . . . - - . . . . . . - . 
Titanium . - . . - . . - . . - . - .. . 
Vanadium . . . . . . . . . . . . . . . 
Zinc . . . . - . . . . - . . . . . 
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TABLE F-22. SEDIMENT SAMPLES ·INORGANICS 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameter (mglkg) SD-35 
F'" 

SD-36 
rp 

SD-37 
F'" 

SD-38 
F'" 

•so-39 
F'" 

•so-40 
f" 

•SD-40-Dup F'" •so-41 
F'" 

SD-48 
f" lnornanlcs 1M0/01 1125101 1125101 1125101 1118/01 3122101 3122101 F 1125101 1125101 

Aluminum - - - - - . - - -
AntimonY - - . - - - - - -
Arsenic NO 8.1 6.4 6.0 5.2 NO NO 120 1.1 B 
Barium - - . - - - - - -
Beryllium - - - - - - - - -
Boron - - . - - - - - -
Cadmium - - . - - - - - -
Calcium - - . - - - - - -
Chromium 4.9 22 18 21 5.1 0.092 B 0.093 B 19 1.6 
Cobalt - - - - - - - - -
Copper (Extractable Metal) - - . - - - - - -
Copper 4.5 23 9.7 11 5.1 B NO NO 28 5.7 
I Cyanide - - . - - - - - -
Iron - - - - - - - - -
Lead - - - - - . - - -
Maaneslum - - . - - . - - -
Manaanese - - - - - - - - -
Mercurv - - . - - . - - -
Molvbdenum - - - - - . - - . 
Nickel . - . . - . - - . 
Potassium . . - . - . - - -
Selenium - - . . . . - . . 
Sliver - - . . - - . - . 
SOdium - . . . - . . . -
Strontium - - - - - . . - -
Tellurium - . . . . - . - -
Thallium - . . . . - . . . 
Tin - . . . - - . . -
Titanium - . . . - - . . -
Vanadium - - - - - - . . -
Zinc - - . - - - . - -
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TABLE F-23. SEDIMENT SAMPLES· PESTICIDES AND PCB'S 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameter (mg/kg) RB·S BK-51 50.01 S0.01 SD-05 S0.06 S0.07 so-o8 S0.09 S0-10 S0·11 S0·12 50·13 S0·14 S0·15 S0·16 S0·17 S0·18 S0·19 S0-20 
Pestlcldes/PCB Coms>ounds 117/85 1n/85 11/10196 11/10/96 11/8/96 1119196 1119/96 11/9196 11/9196 11/10196 11/10196 11/10/96 11/8/96 11/8196 11/8196 11/8196 11/8196 11/8/96 11/8196 11/8/96 

1-Hydroxychlordene 12 NO "NO . - . . . . - . . . - . . . - . . . 
4,4' ·DOD (P,P ·DDDl NO 0.0059 NO NO 0.0071JN NO NO NO NO NO NO NO NO 0.0078 NO NO NO NO NO NO 

4 4' ·ODE (P,P ·ODE) ND 0.0074 0.017 0.026 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

4,4' -DDT (P,P -Don NO NO 0.015 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

Aldrin ND NO 0.0012J NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

Alpha-BHC NO NO . - . - - . - - . . . . . . . . . . 
Alpha-Chlordane 12 NO NO - . . - - . . . . - - - . . . . . . 
Alpha-Chlordane 12 NO NO . . . - . . . . - . . - - . - - . . 
Beta-BHC NO NO . . . . . . - . . . . . . . . . . . 
Chlordane (Tech, Mlxturel/1 NO NO . . . . . - . . . . . . . . - . . . 
Chlordane NO NO . . . . . . . . . - - . . . . . . -
Cis-Nonachlor 12 NO NO - . . . . . . . . . . . . . . . . . 
Delta-BHC NO NO NO NO NO NO NO NO NO 0.00042J NO NO NO NO NO NO NO NO NO NO 

Dieldrin NO NO 0.012 NO NO NO NO NO NO NO NO NO NO NO 0.0014JN NO NO NO NO NO 

EndosuWani(Aipha) NO NO . . . . - . - . . . - . . . . . . . 
EndosuWan II (Beta) NO NO NO 0.0029J NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

Endosulfan Sulfate NO NO NO NO NO NO 0.016JN NO NO ND NO NO NO NO 0.0026J NO NO NO NO ND 

Endrln NO NO . . . . . - . . . . . . . . . . . -
Endrln Aldehyde NO NO NO 0.023 NO NO NO NO NO 0.0012J NO NO NO NO NO NO NO NO NO 0.00078J 

Endrln Ketone NO NO . . - . . - . . - . . . - . . . . . 
Gamma-BHC (Lindane) NO NO . - . - . . . . . - . . . - - - . . 
Gamma Chlordane 12 NO NO NO 0.027 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.00043JN 

Gamma-Chlordane 12 NO NO - - - . . . . . . . . . . . - . . . 
Heptachlor NO NO . . . . . . . . - . . . . . . - . . 
Heptachlor Eooxlde NO NO . . . . . . . . - . - . . . . . . . 
MethoxYChlor NO NO NO NO NO 0.100 NO NO NO NO NO NO NO NO NO ND NO NO 0.049 NO 

PCB-1016 (Aroclor 1016) NO NO - . - . . . . - . . - . - . . . . . 
PCB-1221 (Aroclor 1221) NO NO . . - . . . . . . . - . . . . . . . 
PCB-1232 (Aroclor 1232} NO NO . . - . - . . - . . - . . - - . . . 
PCB-1242 (Aroclor 1242) NO NO . . . . - . . . . . - . . . - . . -
PCB-1248 (Aroclor 1248) NO NO . . . . - - . . . . - - . - - . . . 
PCB-1254 (Aroclor 1254) NO NO . . . . . . . . . . . . . . . . . . 
PCB-1260 (Arochlor 1260) NO NO NO NO NO NO NO 0.590N 0.170N NO NO NO ND NO NO NO NO NO NO NO 

Toxaphene NO NO . . - . . . . . . . . . . . . . - . 
Trans-Nonachlor 12 NO ND - . . . - . . . . . - . . . . - . . 

Notes. 
Background Locatlon NO Not Detected 

J Estlmated Value Not Analyzed 
N Presumptive Evidence of Presence of Material. 
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Parameter (mg/kg} 
Laboratory 

Acid Volatile Sulfide 
Ammonia Nitrogen 
Total Organic Carbon 
Classification (Soli) 
Percent Organics 
Salinity (parts per thousand) 
Percent Solids 
Field Measurements 

ePth 
Odor 
Staining 
H 

ORP 
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TABLE F-24. SEDIMENT SAMPLES -INDICATOR PARAMETERS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

"BK-51 55·1 55·1 SS·2 55·3 
10124/00 2/15/96 1/23/01 1/24/01 1/24/01 

- NO - - -
3.2 . 7.3 3.2 15.0 
NO 99,000 64,000 29,000 15000 . SM SM SP/SM 
1 . 15 37 7 

0.1 - 0.1 1 0.1 
73 - 30 51 50 

Oto 3-lnch Oto 3-lnch o to 3-lnch Oto 3-lnch o to3-lnch . Slight 

- Yes 
6.6 . 6.7 7 6.8 
-16 . 135 -167 -55 

Notes. 
Background Location 

J Estimated Value 

N Presumptive Evidence of Presence of Material. 

SS-4. 55·5 
1/24/01 1/24/01 . -

53.0 8.6 
69,000 6,000 

PT SP/SM 
55 1 
2 1 

31 70 

Oto 3-lnch o to3-lnch 
Strong Sliaht 

Yes Little 
7 7.1 

-50 ·134 

NO Not Detected 
Not Analyzed 

F1 Laboratory Flag 
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55·6 
1/24/01 

-
53.0 

75,000 
SM 
18 

0.01 
20 

0 to 3-lnch 
Strong 

Yes 
6.8 
-36 

55-7 SS·7 SS·7-Dup 
2/15/96 1/24/01 1/24/01 

NO - . 
- 16.0 16.0 

25000 23,000 19000 . SM SM 

- 10 10 

- 2 2 

- 70 54 

o to3-lnch Oto 3-inch o to 3-lnch 
Strong Strong 

Yes Yes . 6.9 6.9 

- -108 -108 

• 

ss-a SS-9 55·9 55·10A 
2/15/96 2/15/96 10/24/00 10/24/00 

370 NO - . . - 4.0 8.1 
41,000 3000 5,200 25,000 . - SM SM 

- - 2 9 

- - 11 3 

- - 68 39 

Oto 3-lnch o to 3-lnch Oto 3-lnch Oto3-lnch 
Slight Moderate 
Yes Yes 

- . 6.4 7 

- - 24 -45 

All Sediment 



Parameter (mg/kgJ 55-11 55-11 
Laboratory 2/15/96 1/10/01 
Acid Volatile Sulfide NO -
Ammonia Nitrogen - NO 
Total Organic Carbon 4 600 2,300 
Classification (SoUl - SP 
Percent Organics - 1 
Salin~JP1!rts oerthousandl - 0.1 
Percent Solids - 80 

Field Measurements 
Depth 0 to 3-inch Oto 3-lnch 
Odor 
Stainln!l 
pH - 6.8 
ORP - 332 

10/18/01. 

TABLE F-24. SEDIMENT SAMPLES ·INDICATOR PARAMETERS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

55-12 55-13 "55-14 55-15 55·16 55·17 55·18 55-18 55·19 55·20 
1/23L01 1/23}01 2/J.6l_96 1L11/01 10/24/00 1/11/01 2/16/96 1/11/01 10/24/00 2/161_96 

- - NO - - - 53 - - NO 
15.0 6.0 - 2.6 3.0 NO - 3.7 0.67 -

51000 38,000 9200 4,400 18,000 920 49000 4300 NO 73000 
ML ML - SP/SM SM SP . sw SP/SM -
10 10 . 1 4 0 - 1 1 -
2 1 - 11 6 0.1 . 9 8 -
37 41 - 71 66 87 - 70 83 -

Oto3-lnch Oto3-lnch Oto3-inch o to 3-inch Oto3-inch Oto3-lnch 0 to 3-inch Oto3-inch Oto3-lnch Oto 3-inch 
Slight SliQht 
Sheen 

6.2 6.1 - 7.4 6.2 7.6 - 7.3 6.8 -
109 120 - 159 47 128 - 17 93 -

55-20 55-21 55-22 55-23 
2.[11/01 10L24l_01 1/11/01 2/16/96 

- - . ND 
96.0 1.3 5.6 -

41000 1,900 4200 27000 
ML SP/SM SP -
11 1 2 -
9 7 5 -
34 77 67 -

o to3-inch 0 to 3-lnch Oto 3-inch 0 to3-inch 

7.3 6.7 7.3 -
-67 57 230 -



• 

Parameter_(mglkgl 55-23 55-24 
Laboratorv 10/24/01 1/11/01 
Acid Volatile Sulfide . . 
Ammonia, Nttrogen 4.2 NO 
Total Organic Carbon 23000 1,200 
Classification (Soil) ML SP 
Percent Organics 5 1 
Salinity (parts per thousand) 7 9 
Percent Solids 47 74 
Field Measurements 
Depth Oto 3-inch Oto3-inch 
Odor 
Staining 
pH 7 7 
ORP 7 300 

10/18101 

• 

TABLE F·24. SEDIMENT SAMPLES ·INDICATOR PARAMETERS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

·so..o1 50..03 50..05 50..08 50..07 50..011 50..09 S0·10 S0-11 S0-13 
11/10196 1124101 1125101 10124/00 10/24100 1123/01 1/10101 1/11101 1/11101 1125/01 . . . . . . . . . . 

. 0.61 2.5 6.3 31.0 2.7 2.0 36.0 120 10.0 . 2500 45,000 11,000 100 000 50000 10000 55000 57000 120000 . SP SM SM ML ML SP ML ML SM . 2 23 5 36 17 2 15 12 20 . 0.1 0.1 4 2 1 0.1 10 7 1 . 72 41 61 24 36 63 25 25 35 

Oto3-inch Oto3-lnch Oto 3-inch o to 3-inch Oto3-inch oto 3-lnch o to 3-inch Oto 3-inch Oto 3-inch o to3-inch 
Moderate Moderate Slight 

Yes Yes Sheen Sheen . 7.3 7.1 7 6.7 6.1 6.4 6.8 7.3 5.2 . 15 ·165 ·20 -197 66 256 243 ·51 287 
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• 

S0-14 S0-15 S0-18 S0·17 S0-18 
1125101 f/25101 1125101 1125/01 1125101 . . . . . 

1.9 17.0 NO NO 0.71 
69000 260000 4300 9300 9800 

ML SM SP SP SP 
23 41 1 4 3 
2 0.1 0.1 0.1 2 

35 11 81 60 68 

Oto 3-inch 0 to 3-inch Oto3-inch Oto 3-inch Oto3-inch 

5.6 5.8 5.1 5.1 5.6 
145 175 420 340 265 { 

All Sediment 



Parameter (mglkg) SD·18-0up SD·19 
Laboratory 1125101 1125101 

Acid Volatile Sulfide - -
Ammonia Nitrogen NO 1.9 
Total Organic Carbon 8600 21000 
Classification Soil) SP SP 
Percent Organics 3 3 
Salinity (parts per thousand) 2 1 
Percent Solids 72 72 

Field Measurements 

Depth Oto 3-inch Oto 3-lnch 
Odor 
Staining 
IPH 5.6 6.1 
ORP 285 72 

10/18/01. 

TABLE F-24. SEDIMENT SAMPLES -INDICATOR PARAMETERS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY 

SD·20 SD·21 SD·22 SD-23 SD-24 SD-25 SD·28 SD·27 
1123/01 1124/01 rp 1124/01 F' 1125/01 rp 1125101 p 1124/01 p 1123/01 rp 1123/01 rp 

- - - - - - - -
8.1 NO 0.78 2.5 17.0 1.3 32.0 13.0 

110000 2400 2500 43000 180000 16000 150000 48000 
ML SP SP SM PT sw ML SM 
23 1 1 13 52 2 23 11 
1 0.1 0.1 0.1 1 0.1 3 3 

26 73 74 42 9 66 37 39 

Oto 3-inch Oto3-inch Oto3-lnch o to3-lnch Oto 3-lnch Oto 3-inch Oto3-lnch Oto3-lnch 
Slight Strong Strong 

Sheen Little Little Yes Yes 
6.3 7.4 7.2 6.4 6.7 6.7 6.3 6.3 
68 21 7 26 49 -60 60 35 

PAGE40F6 • 

SD-28 
'F" 

SD-29 
rp 

SD-30 C1 SD-30-Dup r;:, 
1123/01 1123/01 1/10/01 F 1/23/01 F 

- - - -
7.0 1.9 9.5 3.0 

87000 4800 21000 36000 
ML SP SM SM 
20 2 5 5 
2 1 1 1 

35 63 49 44 

Oto 3-inch Oto3-lnch oto 3-inch Oto 3-lnch 
Stronq 

Yes 
6.1 6.6 6.2 6.2 
33 157 177 177 



• 

Parameter (mg/kg) SD-31 
F' 

SD-32 
Laboratory 1/10/01 1/10/01 IF' 
Acid Volatile Sulfide . . 
Ammonia N~rogen 2.9 4.9 
Total Organic Carbon 2700 11000 
Classification Soil SP SP 
Percent Organics 1 1 
Salinity (parts per thousand) 2 0.1 
Percent Solids 81 54 
FJeld Measurements 
DePth o to 3-lnch o to3-lnch 
Odor 
Stainino Sheen 
I pH 6.9 6.3 
ORP 313 277 

10/18101 

• 

TABLE F-24. SEDIMENT SAMPLES ·INDICATOR PARAMETERS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

SD-33 SD-34 SD-35 SD-38 SD-37 SD-38 "50-39 •so-40 
1/10/01 F' 1/10/01 F" 1/10/01 IF' 1/25/01 F' 1/25101 F" 1/25/01 IF' 1/19/01 F' 3122/01 . . . . . . . . 

NO 19.0 6.4 12.0 1.5 0.55 2.4 B 0.73 
1000 90000 16000 150000 58000 61000 390000 3300 
SP SM SM ML ML ML PT ML 
2 7 5 38 14 15 70 14 

0.1 4 3 2 1 1 0.1 5 
80 23 71 22 38 41 . 82 

o to 3-inch Oto 3-lnch Oto 3-lnch Oto 3-lnch Oto 3-lnch oto 3-inch o to 3-lnch Oto 3-lnch 

6.6 6.1 6.8 5.7 5.7 5.8 4 7.2 
258 213 346 102 214 235 308 -69 

PAGE50F6 
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., "SD-40-Dup e'l •so-41 ., SD-42-Comp = 
F 3122101 F 1/25101 F 1/18/01 F 

. . NO 
NO 78 1.3 

2400 73000 96000 
ML SM ML 
14 14 31 
5 1 3 
80 42 . 

o to 3-lnch Oto 3-lnch 
: 

Oto 3-inch 
Strono 

Yes 
7.2 6.9 6.5 
-69 ·54 ·71 

All Sediment 
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TABLE F-24. SEDIMENT SAMPLES -INDICATOR PARAMETERS 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

Parameterjrn_g/kg}_ 
Laboratory 

SD-43-Comp ~ SD-44-Comp :F'" SD-45-Comp :F'" SD-45-COMP-Dup ~ SD-48-Comp :F'" SD-47-Comp 
1/18101 F 1/18/01 F 1/18101 F 1/18/01 F 1/18101 F 1/18101 F 

Acid Volatile Sulfide ND ND NO ND ND ND 
Ammonia Nitrogen 0.66 13 1.3 0.71 4.6 0.72 
Total O_rganic Carbon 56000 100000 880 880 2400 8400 
Classification (Soil) ML SM SP SP SM SP 
Percent OrQanics 15 24 1 1 3 4 
Salinity_jparts ~thousand 2 1 0.1 0.1 5 0.1 
Percent Solids - - - - - -
Field Measurements 

Depth o to 3-lnch Oto3-lnch Oto3-inch Oto3-inch Oto 3-inch Oto 3-lnch 
Odor Strong Slight Slight Slight Slight 
Stainin!l Yes Sheen Sheen Sheen Sheen Sheen 
IPH 6.4 6.7 6.7 6.7 6.8 7.6 
ORP 102 -74 -17 -17 252 103 
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SD-41 
1125101 'F' 

---
SP 
3 

0.1 
68 

Oto 3-inch 

Sheen 
6.5 
74 

All Sediment 
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TABLE F-25. SURFACE WATER SAMPLES. SEMI-VOLATILES 
SOUTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROUNA FACILITY 

Parameters mq/L) 
Extractable O!!!anlcs 
1 2 4-T riclllorobenzene 
1 2-0iclllorobenzene 
1 3-0ichlorobenzene 
1 4-Dichlorobenzene 
2 4,5-Triclllorophenol 
2,4,6-Triclllorophenol 
2 4-0icllloror>l!_enol 
2 4-0imethylphenol 
2 4-0inilroohenol 
2 4-0inilrololuene 
2 6-0inilrotoluene 
2-Chloronaphlhalene 
2-Chlorophenol 
2-Metllyt-4 6-0in_iltJ1phenol 
2-Melhvrnaohlhalene 
2-Metllytphenol 
2-Nilroanlllne 
2-NitrQphenol 
3 3-0ichlorobenzidine 
3-and/or 4-Meth'{lphenol 
3-Nilroanlllne 
4-Bromophenyl_ Phenyl Ether 
4-Chloro-3-Methvlohenol 
4-Chloroaniline 
4-Chlorophenyt Phe!lyl Ether 
4-Methvlohenol 
4-Nitroaniline 
4-Nilrophenol 
Acen:3Qil!hene 
Acenaohthvlene 
Aniline 
Anthracene 
Benzidine 
BenzO(a)Anthracene 
BenzO(a lPvrene 
Benzo b)t!uoranthene 
BenzQ{ghl) Pl!fYI_ene 
Ben!_o(k)fluoranthene 
BenzO(b and/or k lFiuoranthene 
Ben~b and/or k)fluoran!hene 
Benzoic Acid 
Benzo!hlophene 
Benzyl Alcohol 
BenZVI BuM Phthalate 
Bis 2-Chloroethoxy)Methane 
Bis 2-Chloroe!hvllEther 
Bis 2-Chloroisopropy!JE!her 
Bis 2-Eihvlhexvl: Phthalate 
C3-Al_l<ylbenzene 
C5 Alkyl-Benzene 
Carbazole 
Chi)'Sene 
Oiben!_O(a h )P.rl_!hracene 
Oibenzofuran 
Oleti}Y!_Ph!halate 
DimethYl Phthalate 
01-N-BuMDhlhalate 
Oi-N.QcMohthalate 
Fluoranthene 
Fluorene 
Hexaclllorobenzene HCB 
Hexaclllorocycfopentadiene HCCP 
Hexachloroethane 
lndeno 1 2 3-cd_]QYf!!ne 
l"opllorone 
Methvlheotanol 
Naphthalene 
Nilrobenzene 
Nilrocarbazole 
N-Nilrosodimethvlamine 
N-Nitrosodi-N..Propytamlne 
N-NilrosodiohenlvamlneJOiohenvramlne 
Pentachlorophenol 
Phenanthnene 
Phenol 
Prometon 
Protect 
l~ne 
Tetrachloroohenols 
Tetrai1ygrodimethytpyranone 
Tribromophenol 

RB-W 'sK-W1 SW-1 
#### l/7/85 2115/116 

NO NO . 
NO NO . 
NO NO . 
NO NO -
NO NO NO 
NO NO NO 
NO NO . 
NO NO NO 
NO NO NO 
NO NO -
NO NO -
NO NO -
NO NO NO 
NO NO -
NO NO -
NO NO -
NO NO -
NO NO . 
NO NO -. - -
NO NO -
NO NO -
NO NO NO 
NO NO -
NO NO . 
NO NO -
NO NO -
NO NO -
NO NO NO 
NO NO NO 
NO NO -
NO NO NO 
NO NO -
NO NO NO 
NO NO NO . - NO 
NO NO -- - NO 
NO NO -
NO NO . 
NO NO -
NO NO -
NO NO -
NO NO . 
NO NO . 
NO NO NO 
NO NO . 
NO NO . 
NO NO -
NO NO -- - NO 
NO NO NO 
NO NO NO 
NO NO -
NO NO -
NO NO -
NO NO -
NO NO -
NO NO NO 
NO NO -
NO NO -
NO NO -
NO NO -
NO NO NO 
NO NO -
NO NO -
NO NO NO 
NO NO -
NO NO -
NO NO . 
NO NO -
NO NO -
NO NO NO 
NO NO NO 
NO NO NO 
NO NO . 
NO NO . 
NO NO -- - NO 
NO NO -
NO NO . 

Notes. 
Background Location 

J Estimated Value 

SW-2 
2115/i6 

. . 
--

NO 
NO . 
NO 
NO 
---

NO 
--. 
------

NO 
-----

NO 
NO 
-

NO 
-

NO 
NO 
NO . 
NO 
---. 
-. 
-

NO . 
-. 
-

NO 
NO 
NO 
---. 
-

NO 
----

NO 
--

NO 
--. 
--

NO 
NO 
NO . . . 
NO 
-. 

SW.:I SW-4 SW-4DUP 
2115/i6 2115/i6 2115196 

. . . . . . . . -. - -
NO NO NO 
NO NO NO . . -
NO NO NO 
NO NO NO 
- - -- - -- - -

NO NO NO . - -- . -- - -- - -- - -- - -- - -- - -- - -
NO NO NO 
- - . 
- - . 
- - -- - . 
- - -

NO NO NO 
NO NO NO 
- - -

NO NO NO 
- - -

NO NO NO 
NO NO NO 
NO NO NO . . . 
NO NO NO 
- . -- - -- - -. - -. - -- . -- - -

NO NO NO 
- - . 
- - -. - -- - . 

NO NO NO 
NO NO NO 
NO NO NO 
- - -. - . 
- - . 
- - . 
- - . 

NO NO NO 
- - -. . -. . -- - . 

NO NO NO 
- - -- - -

NO NO NO . - -- . -. - -- - -. - -
NO NO NO 
NO NO NO 
NO NO NO . . -- - -- - . 
NO NO NO 
- . . . - -

N Presumptive Evidence of Presence of Material. 
NO Nol Detected 

Nor Analyzed 
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SW-5 
21151i6 

. 

. 
--

NO 
NO . 
NO 
NO . 
--

NO 
---------

NO 
--. 
--

NO 
NO . 
NO . 
NO 
NO 
NO 
-

NO 
--. 
--. 
. 

NO . . 
--

NO 
NO 
NO . 
----

NO 
----

NO 
--

NO 
----. 

NO 
NO 
NO 
---

NO 
--

SW.01 SW.03 SW.04 sw.os SW.06 SW.07 sw.oa SW.OI 
11110196 1119/i& 11/il96 111il96 1119196 11110196 11110196 11110196 . . . . . . . . 

. . - - - - - -. - - - - - . . 
- - - - - - - -

NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
- . . . - - - . 
- - - - - - - -

NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
- - - - - . - -

NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
- - . . - . . . . . - - - - . . 

NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO . - - - . - - -
NO NO NO NO NO NO NO NO 
- - - - - - - -

NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
- - . . - - . -. - - - - - - . 
- - - - - - - . 
- - - - - - - . 
- - - . - - . -

NO NO NO NO NO NO NO NO 
- - - - - - - -

NO NO NO NO NO NO NO NO . . . . - - . -
NO NO NO NO NO NO NO NO 
- - - . . - - -- - - . - - . -

NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO· NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO . . - - . . - . 
- - - . . - - -- - . - - - - . 

NO NO NO NO NO NO NO NO 
- - . - - - - . . . - - - - - . 

NO NO NO NO NO NO NO NO 
- . - - - - - -- - - . - - . -. - . . . - - -- - - - - - - -. - - - . . - -

NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO 
- - . . - - - . 
- . . . - . . . 

NO NO NO NO NO NO NO NO . - . . . . . . 
. . . . . . . -. . . . - - . -

C:\MYDOCS\WILIRI\SURFACEWATER 
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TABLE F·28. SURFACE WATER SAMPLES • VOLATILES 
SOliTHERN WOOD PIEDMONT AND NORTH CAROUNA STATE PORTS AliTHORITYWILMINGTON, NORTH CAROUNA FACIUTY 

Parameters (mg/L) 
Pumeable Omanlcs 
111-Trichloroethane 
1 1 2 2-Tetrachloroethane 
1 1 2-Trichloroethane 
1 1-Dichloroethane 
1 1-Dichloroethene 
1 2 4-Trichlorobenzene 
1 2-Dibromoethane_(EOB) 
1 2-Dichlorobenzene 
1 2-Dichloroethane 
1 2-Dichloroethene_itotal) 
1 2-0ichloropropane 
1 3-Dichlorobenzene 
1 4-Dichlorobenzene 
2 2-Chloroisopropylether 
2 4-Dinitrotoluene 
2 6-Dinitrololuene 
2-Chloroethylvinyl_ Ether 
4-Bromoohenvl phenyl ether 
4-Chloroohenvl Ether 
Acetone 
Benzene 
Bisi2-Chloroethoxvl Methane 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Cis-1 3-0ichloropropene 
Oibromochloromethane 
Dichlorodifluoromethane 
Ethyl_ Benzene 
Hexachlorobenzene 
Hexachloroethane 
M&P-'M_ene 
Methyl Butyl Ketone 
Methvl Ethvl Ketone 
Methvllsobutvl Ketone 
Methyl Tert-Butyl Ether (MTBE) 
Methylene Chloride 
M-Xvlene 
Nitrobenzene 
O&P-Xvlene (mixed) 
o-Xvlene 
Styrene 
Tetrachloroethane 
Toluene 
Total_xylenes 
Trans-1 2-Dichloroethene 
Trans-1 2-Dichloroethvlene 
Trans-1 3-0ichloropropene 
Trichloroethane 
Trichlorofluoromethane 
Vinvl Acetate 
ViQyl_ Chloride 

RB·W "BK·W1 ·sw-1 ·sw-2 SW-3 SW-4 
#### 1/7/85 2115/96 2115196 2115196 2115196 

NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
- - - - - -- - NO NO NO NO 
- - - - - -

NO NO NO NO NO NO 
- - - - - -

NO NO NO NO NO NO 
- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -

NO NO NO NO NO NO 
- - - - - -- - - - - -

NO NO - - - -
NO NO NO NO NO NO 
- - - - - -

NO NO NO NO NO NO 
NO NO - - - -
NO NO NO NO NO NO 
NO NO - - - -
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO - - - -
NO NO NO NO NO NO 
NO NO NO NO NO NO 
NO NO NO NO NO NO 
- - NO NO NO NO 

NO NO NO NO NO NO 
- - - - - -- - - - - -- - NO NO NO NO 

NO NO - - - -
NO NO - - - -
NO NO - - - -
- - NO NO NO NO 

NO NO NO NO NO NO 
NO NO - - - -- - - - - -
NO NO - - - -- - NO NO NO NO 
NO NO - - - -
NO NO - - - -
NO NO NO NO NO NO 
- - - - - -

NO NO - - - -
- - NO NO NO NO 

NO NO - - - -
NO NO NO NO NO NO 
- - NO NO NO NO 

NO NO - - -
NO NO NO NO NO NO 

Notes. 
• Background LocaUon 
J Estimated Value 
N Presumptive Evidence of Presence of Material. 
NO Not Detected 

Not Analyzed 

SW-4DUP 
2115198 

NO 
NO 
NO 
NO 
NO 
-

NO 
-

NO 
-

NO 
-
-
--
-

NO 
-
--

NO 
-

NO 
-

NO 
-

NO 
NO 
NO 
-

NO 
NO 
NO 
NO 
NO 
--

NO 
-
--

NO 
NO 
--
-

NO 
--

NO 
--

NO 
-

NO 
NO 
-

NO 
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SW-5 ·sw-o1 SW.03 SW-o4 sw-o5 SW.06 SW.07 sw.oa SW.09 
2115196 11/10196 1119/96 1119196 11/9196 11/9196 11/10196 11/10196 11/10/96 

NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO - - - - - - - -- NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO - - - - - - - -
- NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO 
NO - - - - - - - -
NO NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO - - - - - - - -- NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO - - - - - - - -
NO NO NO NO NO NO NO NO NO 
- - - - - - - - -- NO NO NO NO NO NO NO NO 
- - - - - - - - -

NO - - - - - - - -- NO NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 

NO 0.001J NO NO NO NO NO NO NO 
- NO NO NO NO NO NO NO NO 
- - - - - - - - -

NO - - - - - - - -
- NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO NO 
NO - - - - - - - -- - - - - - - - . 
NO NO NO NO NO NO NO NO NO 
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Parameters (mgll) 
lnorganlcs 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Coooer 
Cvanide 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
lln 
Vanadium 
Zlnc 

• 
TABLE F·27. SURFACE WATER SAMPLES ·INORGANIC$ 

SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

RB·W 'BK·W1 
-RG 1n18s 1nt85 

NRG 1.0 0.5 
NO NO 

0.05 NO NO 
NRG NO NO 

NO NO . NO 
NO NO 

NRG 41 23 
0.02 NO NO 

NO NO 
0.003 NO NO 
0.001 NO 0.04 

1 2.4 0.68 

0.025 NO NO 
NRG 100 NO 
NRG 0.13 0.02 

NO NO . NO 
NO NO 

NRG 36 NO 
NO NO 
NO NO 

NRG 930 10 

NO NO 
NO NO 

NRG NO NO 
0.086 NO NO 

Notes. 
Background LocaUon 

J EsUmaled Value 

·sw-1 'sw-z 

2115196 2115/98 

. . 

. . 
NO NO . . 
. . . . . . . . 

NO NO . . 
NO NO . . . . 
. . . . 
. . 
. . 
. . 
. . . . 
. . 
. . 
. . 
. . 
. . 
. . . . 

N PresumpUve Evidence of Presence of Material. 
NO Not Detected 

Not Analyzed 

SW·3 SW-4 SW-4Dup 

2115198 2115196 2115198 

. . . 

. . . 
NO NO NO 
. . . 
. . . 
. . . 
. . . 
. . . 

NO NO NO . . . 
NO NO NO . . . . . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 

sw-s 'sw.o1 'SW.Q1-Dup SW.Q3 SW.04 sw.os 

2115198 11/10/96 11/10/98 11/9/98 11/9/98 11/9/96 

. NO NO NO NO NO . . . . . . 
NO NO NO NO 0.009J NO . 0.065 0.072 0.030 0.033 0.034 . . . . . . 
. . . . . . 
. NO NO NO NO NO . 65 70 32 35 35 

NO NO 0.003J NO NO NO . . . . . . 
NO 0.020J 0.020J O.Q17J 0.015J 0.023J . NO 0.017 NO NO NO 
. 5.1 4.7 0.440 0.650 0.450 . 0.006 0.009 NO NO 0.004 . 6.0 6.4 2.4 2.8 2.6 . 0.51 560 0.022 0.029 0.027 
. . . . . . 
. . . . . . 
. NO NO NO NO NO . 3.1 3.6 2.2 2.4 2.4 . . . . . . 
. . . . . . 
. 16 19 8.1 9.4 8.9 . . . . . . 
. . . . . . 
. 0.001J NO NO NO 0.002J . 0.042 0.034 0.028 0.028 0.033 
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SW.06 SW.Q7 SW-08 SW-09 

11/9/96 11/10/96 11/10/96 11/10/96 

NO NO NO NO . . . . 
NO NO NO NO 

0.036 0.027 0.028 0.027 . . . . 
. . . . 

NO NO NO NO 
38 30 28 37 

NO NO NO NO . . . . 
0.015J 0.022J 0.015J 0.015J 

NO NO NO NO 
1.400 0.940 1.300 0.830 

0.003 NO NO NO 
3.9 68 64 96 

0.068 0.066 0.073 0.073 
. . . . 
. . . . 

NO NO NO NO 
2.9 43 39 57 . . . . 
. . . . 
17 550 520 690 . . . . 
. . . . 

0.002J 0.002J 0.003J NO 
0.026 0.033 0.039 0.037 
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• TABLE F-28. SURFACE WATER SAMPLES· PESTICIDES AND PCBs 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY WILMINGTON, NORTH CAROLINA FACILITY 

Parameters (mg/L) RB-W 'BK-W1 'sw.o1 'sW.01-Dup SW.03 SW.04 sw.os SW.06 SW.07 SW.08 SW.Q9 

Pestlcldes/PCB Compounds -RG 117185 117/85 11/10/96 11/10/96 11/9/96 11/9/96 11/9/96 11/9/96 11/10/96 11/10/96 11/10/96 

Aldrin NO NO . . . . . . . . . 
He~Jtachlor NO NO . . . . . . . . . 
Heptachlor Epoxlde NO NO . . . . . . . . . 
Alpha-BHC NO NO . . . . . . . . . 
Beta-BHC NO NO . . . . . . . . . 
Gamma-BHC {Lindane) NO NO . . . . . . . . . 
Delta-BHC NO NO . . . . . . . . . 
Endosulfan I(AI_p!la) NO NO . . . . . . . . . 
Dieldrin ND NO . . . . . . . . . 
4,4'-DDT (P,P'-DDT) NO ND . . . . . . . . . 
4,4'-DDE (P,P'-DDEl ND NO . . . . . . . . . 
4,4'-000 (P,P'-DDD) NO ND . . . . . . . . . 
Endrin NO NO . . . . . . . . . 
Endosulfan 11 (Beta) NO NO . . . . . . . . . 
Endosulfan Sulfate NO NO . - - - - - - - -
Chlordane (Tech, Mixture) /1 ND NO - - . - - - . - . 
PCB-1242_(Aroclor 1242) _ ND NO . - - - - - . . . 
PCB-1254 (Aroclor 1254) NO ND . - . - . - - - -• PCB-1221 (Aroclor 1221) NO NO . - - - - . - - -
PCB-1232 (Aroclor 1232) ND NO - - - - - - - . -
PCB-1248_(Aroclor 1248) NO ND - - - . - . - - -
PCB-1260 (Aroclor 1260) 0.001 ND ND 0.0010J 0.0010J ND 0.00033J 0.0019 0.0094 0.00055J 0.00015J NO 

PCB-1016 (Aroclor 1016) NO ND . - - - - - - - -
Toxaphene NO NO - - - - - - . - . 
Endrin Aldehyde ND ND . - - - - - . - -
2,3,7,8 TCDD (Dioxin) . . . - - - - - . - -
Chlordane . - . - - - - - . 
~lp!la-Chlordene /2 . - - - - . . - -
Gamma-Chlordane /2 . - - - - - . - -
1-Hvdroxychlordene /2 . . - - - . - . -
Gamma-Chlordane /2 . - - - - . . . . 
Trans-Nonachlor 12 . . - - - . . . -
Alpha-Chlordane /2 0.00005 0.000050J 0.000050J ND ND NO 0.000064 NO ND NO 

Cis-Nonachlor /2 - . . - - - . - . 
Methoxychlor ND ND - . . . - - . . . 
Endrin Ketone NO NO . . . . . . . . . 

Notes. 
Background Location 

J Estimated Value 
N Presumptive Evidence of Presence of Material. 
NO Not Detected 

Not Analyzed 

• 
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P. o. Box 5447 
Spartanburg, S.C."29304 
·Phone: (864) 599·1070 

FAX: (864) 599-1087 

Southern Wood Piedmont Company 

May23, 2000 

Mr. Stuart F. Parker, Jr., Hydrogeologist 
North Carolina Superfund Section 
401 Oberlin Road, Suite 150 
Raleigh, NC 2705-1350 

Re: Draft Supplemental RI Workplan- revision 
SWP Wilmington (NCD 058517467) 
Your letter of April 20, 2000 

Dear Mr. Parker: 

A draft Supplemental Remedial Investigation (RI) Workplan is enclosed for your review. This 
plan addresses NCDENR comments raised in your February 4, 2000 letter to my attention, reply 
comments in my March 6, 2000 letter to your attention, and, finally the directives offered in your 
April 20, 2000 letter to my attention. The April20, 2000 faxed letter was received upon our 
return to the office on April 24, 2000. 

This draft Supplemental RI Workplan for the site supersedes the October 7, I 999 draft workplan. 

Please contact me at 864-599-1070, extension 103 if you have any questions orcomments. 

Sincerely, 

W. P. Arrants 
Manager of Environmental Affairs/ 

Regulatory Cornpli~nce 

CC: . Greg Kuntz- Schnabel Engineering 
L. Bedsole- NC Ports Authority 
M. Maritato- Ogden Environmental & Energy Services 

4417bw 
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DRAFT2.0 
SUPPLEMENTAL REMEDIAL INVESTIGATION WORKPLAN 

SOUTHERN WOOD PIEDMONT AND 
NORTH CAROLINA STATE PORTS AUTHORITY SITE 

WILMINGTON, NEW HANOVER COUNTY, NORTH CAROLINA 
NCD 058 517 467 

May23,2000 

1.0 INTRODUCTION 

Schnabel Engineering Associates, Inc. submitted a Draft Remedial Investigation Report {RI) on 
June 24,1999 for the Southern Wood Piedmont (SWP) and North Carolina State Ports Authority 
(NCSPA) site to the North Carolina Department and Environment and Natural Resources 
(NCDENR). Stuart Parker ofNCDENR reviewed the Draft RI report and provided comments in 
his letter dated September 3, 1999 (Attachment A)., Southern Wood Piedmont was directed to 
submit a Supplemental RI (SRI) workplan to address additional sampling requirements to 
complete the remedial investigation. A Draft SRI workplan was submitted to NCDENR on 
October 8, 1999. This workplan was reviewed by NCDENR Superfund Section, NCDENR 
Division of Water Quality and the US EPA Region IV. Comments on the DRAFT SRI workplan 
were prepared by Stuart Parker on February 4, 2000 (Attachment B). Schnabel Engineering and 
SWP responded to the Draft SRI comments on March 6, 2000. (Attachment C). NCDENR 
commented on the SWP response letter on April20, 2000 (Attachment D). 

The February 4, 2000 and April 20, 2000 comments from NCDENR have been incorporated into 
Revision 2.0 of the DRAFT SRI workplan (this document). The requirements and presentation 
order for the SRI Workplan are listed in the May 24, 1999 Administrative Order on Consent 
(AOC). Presented below is the proposed SRI workplan. 

2.0 SCOPE OF WORK 

The scope of this investigation includes the following activities: 

• DNAPL quantity, extent and pumpability evaluation in the upper and lower sand aquifers. 
• Groundwater sampling and tidal groundwater flow evaluation. 
• Adjacent property owner's interview and data request concerning groundwater flow and 

quality to further characterize groundwater conditions at the site. 
• Dibenzodioxins/dibenzofurans subsurface soil, groundwater and sediment sampling. 
• High-resolution (closer spacing) sediment sampling for detected constituents in wetland area 

south of the covered ditch and along the drainage ditch and Greenfield Creek. 
• Fish tissue sampling in the drainage ditch, Greenfield Creek, Greenfield Lake and in a 

tributary creek to the Cape Fear River that has similar characteristics to Greenfield Creek. 
• Update the Human Health Risk Assessment to reflect new sample results and applicable land 

use changes. 
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• Update the Ecological Risk ASsessment to maintain consistency with the 1997 guidance and 
reflect new sample results. 

• Ecotoxicity Testing and Chronic Exposure Assessment of drainage ditch and Greenfield 
Creek. 

• Initial evaluation of technical feasibility of partial DNAPL recovery. 
• Itiitial efforts in obtaining Perpetual· Land Use Restrictions in· accordance with ··t999 

guidelines. 
• Modifications to the Draft RI as presented in the Technical Comments section of the 

September 3, 1999 NCDENR review and comment letter. The modifications will be 
presented as an addendum to the Draft RI included in the Supplemental Remedial 
Investigation (SRI) report. , 

• Verification and reference documentation of the absence of environmentally sensitive areas. 

3.0 SUPPLEMENTAL REMEDIAL INVESTIGATION WORKPLAN 

Section VI. C .. of the AOC lists the requirements and contents for.- the Supplemental Remedial 
Investigation workplan. The requirements for the content of the workplan are detailed under 
Sections VI. D., E., F., G. and H. At the Divisions (NCDENR) sole discretion, requirements that 
duplicate previous submittals, may be omitted froni future plans and reports. 

3.1 Section VI. D., 1 - 13 -Previously Submitted Requirements 

Section Vl D., 1 

Section Vl D., 2 

Section VI. D., 3 

Section VI. D., 4 

Section Vl D., 5 

Site location information was previously submitted in the Draft RI Section 
1.0. 

A summary of hazardous waste management practices was previously 
submitted in the Draft RI Section 2.0. 

A USGS topography map displaying a one-mile radius of the site was 
previously submitted in the Draft RI Section 3.0. 

A site survey plat was previously submitted in the Draft RI Section 4.0. 

A description of local geologic and hydrogeologic conditions was 
previously submitted in the Draft RI Section 5.0. 

The Draft RI wiii be updated by an addendum presented in the SRI noting 
that the slug tests were not completed on wells that fully penetrate the 
respective aquifer. A statement will be included that the respective 
hydraulic conductivities are consistent with the composition of the aquifer 
materials. 

An addendum to the Draft RI will be made stating that the tidal gate will 
not necessarily prevent sediment transport from Greenfield Creek to the 

2 
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Section VI. D., 6 

Section VI. D., 7 

Section VL D., 8 

Section VL D., 9 

Section VL D., 10 

Section VI. D., 11 

Section VI. D., 12 

Cape Fear River, especially during high creek discharge events at low 
river tide. Nor would the gate exclude all swimming organisms in the 
Cape Fear River from entering Greenfield Creek. Immature fish 
characteristically use tributaries to avoid predation and food competition 
in larger water bodies. It will also be noted that mature game fish were 
observed in Greenfield Creek, both during the 1997 Expanded Site 
Inspection and during .an off-site reconnaissance by NCDENR on April 
20, 1999. 

An . inventory of all wells, springs, and surface water intakes was 
previously submitted in the Draft RI Section 6.0. 

An addendum to the Draft RI report will be prepared noting tliat the 
emergency surface-water intakes on Smith and Toomers Creeks have been 
unused for several decades due to salt-water encroachment. 

Identification of environmentally sensitive areas on and adjacent to the site 
was previously submitted in the Draft RI Section 7.0. 

The appropriate sensitive environment contacts will be made to provide 
documentation in the SRI of the absence of sensitive environments not 
previously identified on or adjacent to the site . 

A copy of the owner's deed was previously submitted in the Draft RI 
Section 8.0. 

A listing of previous owners and period of ownership was previously 
submitted in the Draft RI Section 9.0. 

An operational history was previously provided in the Draft RI Section 
10.0. 

An addendum to the Draft RI will be prepared noting that Greenfield 
Creek was channelized between 1938 and 1949, suggesting that 
contaminant migration to the ditch and creek occurred subsequent to that 
time. 

A list of hazardous substances used or stored at the site was previously 
submitted in the Draft RI report Section 11.0. 

The environmental permit history for the site was previously submitted in 
the Draft RI Report Section 12.0 . 

3 
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Section VI. D. 13 

'. 

The position of the new ditch in relation to the covered ditch will be 
described as an addendum to the Draft RI in the SRI. 

A summary of all environmental investigations, reports and laboratory 
data was previously provided in the Draft RI report Section 13.0. 

Table 2-5 will be updated in the SRI to list the State Soil Remediation 
Goals for each dioxin and furan congener. · In addition, possible semi
volatile sources > 0.5 miles upstream will be identified and the source 
cited. The source of the statement was from the Site Investigation 
Prioritization. This report will be reviewed and the location of the 
potential sources will be detennined. 

The samples used in the Geraghty and Miller, Inc. 1996 report will be 
listed in the SRI that indicate the described degradation in total wood
preserving constituent concentrations in the landfarm. . .. . · 

Cape Fear River sediment sample SS-14 will not be used as background 
because of potential impact from the fonner.Wilmington Coal Gasification ... 
Plant. The range of values in sediment samples SS-16, SS-20, SS-22, and 
SS-24 will be used to demonstrate background concentrations. 

A .statement will be added as an addendum to the Draft RI indicating that 
copper was detected in the surface water, but at concentrations less than 
the Class SC water quality standard. 

3.2 Section VI. D .• 14- Proposed Procedures for Characterizin2 and Delineatin2 
Contamination Sources 

3.2.1 DNAPL Characterization 

The extent and nature of dense non-aqueous phase liquid (DNAPL) has not been adequately 
investigated in the vicinity of the large storage tank area, the production area and the covered 
ditch. The areas of potential DNAPL accumulation will be evaluated by collecting direct push 
cores to the top of the peat and by installing monitoring wells in both the upper and lower sand 
units at the site. 

Direct push cores (approximately 36) will be. completed on 100-foot centers in the vicinity of 
MW-11, MW-12, MW-14, MW-22 and MW-26 (Figure 1). The direct push cores will be 
obtained using a Geoprobe rig north and west ofMW-26. In the wetland area east and south of 
MW-26 the use of a manually operated direct push coring device will be required. The cores 
will be described for the presence and absence of DNAPL, the pumpability of the DNAPL and 
the depth to the top of the peat. The ground surface elevation and horizontal position of each 
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direct push borehole will be surveyed. The elevation of the top of the peat will be plotted on a 
plan map to evaluate the direction of potential DNAPL migration and pooling in this area. 

An upper sand monitoring well will be installed adjacent to MW-11 that is screened to the top of 
the peat to evaluate accumulation/pumpability of product at this location (Figure 1 ). An upper 
sand monitoring well will also be installed adjacent to MW-12 that is screened to the top of the 
peat. 

Since DNAPL migration should be vertically downward, a double cased well will be installed in 
the lower sand directly beneath the area of pooled (pumpable) free product adjacent to MW-26 
(Figure 1). The monitoring well will be screened in the lower sand on top of the lower clay. The 
surface casing will be completed into the peat layer below DNAPL infiltration, if possible. If 
DNAPL is present throughout the peat layer the surface casing will be installed in the lower 
portion of the peat prior to encountering the lower sand. · 

Following DNAPL delineation, a product recovery test will be performed in MW-26 and all 
other wells with pumpable DNAPL to determine the physical condition and mobility of the 
product. 

All data collection and analysis and well installation activities completed during the 
implementation of this workplan will be conducted in accordance with the USEP A Region IV 
Environmental Investigations Standard Operating Procedures and Quality ·Assurance Manual 
(EISOPQAM) dated May 1996 (includes 1997 updates). The design and ·installation of the 

·monitoring wells will be in accordance with Section 6.0 of the EISOPQAM (Attachment E). 

NCDENR will be contacted and the appropriate permits for monitoring well installation will be 
acquired, if necessary. Arrangements will be made with the local water authority to provide 
potable water to be used during monitoring well installation. Water will be obtained from the 
fire hydrant located on site. The fire hydrant will be adequately flushed prior to being placed in 
service. 

At each monitoring well location a son· boring will be completed. The soil boring at each 
proposed upper sand well will be completed to the top of the peat. The soil boring to the lower 
sand will be completed in two stages. The first stage will be the same as the upper sand borings 
except a surface casing will be set into the peat. After the surface casing has been set in grout 
and allowed to cure the soil boring will be continued to the top of the lower clay. The soil 
borings will be completed by the hollow-stem auger method. Split-spoon soil samples will be 
collected on five-foot centers. A core catcher will be required in the split-spoon due to the 
presence of clay-free sands. The soil samples will be described and logged according to. the 
Unified Soil Classification Scheme. Soil samples from each split-spoon will be collected and 
screened with an Organic Vapor Analyzer (OVA). Decontamination procedures will be 
completed between each borehole. All soil cuttings will be contained and disposed of properly . 
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The upper sand monitoring wells will be installed using the hollow-stem auger method. Due to 
the potential for caving/flowing sands, mud rotary drilling m,N be required. If mud rotary is 
required, the drilling mud will consist of the polymer Revert or a similar product. Revert TM 

will naturally degrade and breakdown within 48 hours. This will allow the fonnation to return to 
its natural hydraulic conductivity. The well screen will be positioned to bracket the top of the 
peat. The borehole will be of sufficient diameter to allow a minimum . 2-inch annular· space 
between the well casing and the borehole wall. A filter pack will be placed using the tr~mie 
method from 6-inches below the bottom of the screen to a minimum of 2 feet above the top of 
the screen. A bentonite pellet seal with a minimum 2-foot vertical thickness will be placed by 
pouring or the tremie pipe method on top of the filter pack material. The bentonite seal will be 
tamped in place and allowed to hydrate. The annular space above the bentonite seal will be filled 
to within 2 feet of the land surface with a cement/bentonite grout· by the tremie pipe method. 
The grout material will be allowed to cure 24 hours before proceeding with additional well 
construction activities on the newly grouted well. 

A riser pipe will extend a minimum of 2 feet above ground surface and will be protected by a 
keyed-alike locking anodized aluminum protective casing set in a continuous pour 3' x 3' x 6" 
concrete surface pad. The annular space between the riser pipe and the protective cover will be 
filled with grout to a height 5-inches below the top of the riser pipe. A pennanent reference point. 
will be placed on the top of the riser pipe, a survey nail will be placed in the concrete pad and a 
vent will be placed on the well and protective casing. The wells will be pennanently marked with 
the well number, date installed, site name, elevation, etc. Specifications for the above ground 
riser pipe and outer protective casing and concrete surface pad will be as shown on Figure 2. 
Well tags will be riveted to the protective casing. 

The lower sand monitoring well will be completed to the top of the lower clay using the hollow 
stem auger method. The lower sand monitoring well will be double cased. The outer casing will 
be installed through the upper sand and into the peat. The borehole will be of adequate diameter 
to provide a 2-inch annular space between the borehole wall and the surface casing. The surface 
casing size will be selected such that a minimum 2-inch annular space is provided between the 
inner well casing and the outer surface casing. A cement/bentonite grout will be placed using a 
tremie pipe from the base of the outer casing to within 2 feet of the land surface. The grout will 
be allowed to cure a minimUm of 24 hours before proceeding with monitoring well installation at 
this location. 

The lower sand borehole will be continued using the hollow stem auger method (mud rotary may 
be required) to the total. depth of the borehole. The monitoring well will be constructed with a 
10-foot screen. A filter pack will be placed using the tremie method from 6-inches below the 
bottom of the screen to a minimum of2 feet above the top of the screen. A bentonite pellet seal 
with a minimum 2-foot vertical thickness will be placed by pouring (less than 50 feet) or the 
tremie pipe method on top ofthe filter pack material. The bentonite seal will be tamped in place 
and allowed to hydrate. The annular space above the bentonite seal will be filled to within 2 feet 
of the land surface with a cement/bentonite grout by the tremie pipe method. The grout material 
will be allowed to cure 24 hours before proceeding with additional well construction activities on 

6 
SCHNABEL ENGINEERING 

• 

•• 

• 



Suwlemental Remeslial lnvestjgation Wor!cplan DRAFT Revision 2.0 
Southern Wood Piedmont Company May23,2000 

the newly grouted well. The well will be completed at the surface as described for the shallow 
monitoring wells. 

The well construction material selection will be based on the following criteria: 

All monitoring wells screened in visual DNAPL will be continuous slot 304 stainless steel flush 
threaded to the riser pipe. All other screens will be continuous slot Schedule 40 PVC. The field 
hydrogeologist will determine the well screen material. 

The screen slot openings will be selected to retain 90 percent of the filter pack material. 
Generally, all monitoring wells will have screens 10 feet long. 

Riser pipe will be 2-inch inside diameter, flush threaded rigid Schedule 40 PVC (NSF Standard 
14) or ScheduleS, 304 stainless steel. Stainless steel riser will only be used when separate-phase 
fluids or high dissolved concentrations of wood-preserving constituents are suspected. 

Surface casing will be rigid PVC. 

The filter pack material will consist of well-rounded quartz sand. Filter-pack size will be based 
on the finest aquifer materials to be screened, such that the well screen retains· 90 percent of the 
filter pack. . 

Samples of all materials used during drilling and well construction (drill mud, filter pack, 
bentonite pellets and tap water) will be retained for QNQC analysis, if necessary. 

In order to remove the residual materials remaining in the wells after installation and to restore 
the natural hydraulic connection with the aquifer materials, the monitoring wells will be 
developed. The newly installed monitoring wells will be developed no sooner than 24 hours after 
the surface pad and outer protective casing are installed. The wells will be developed until the 
column of water in the well is visibly free of sediment and the pH, conductivity, and temperature 
has stabilized. Well development will include alternating gentle surging and pumping the well to 
remove the fine material. All well development data will be recorded on the well log. The 
development water will be containerized and disposed of properly. 

A driller's log will be maintained that includes all pertinent data collected during drilling 
operations. At a minimum the following data will be recorded: 

• Hole number and hole location. 
• Drilling method, equipment type, driller certification, drilling company, and date drilled. 
• Description of soils and subsurface conditions. 
• Type and size of surface casing, well casing and well screen. Depth to well screen. 
• Development data. 
• Decontamination log. 
• Waste Management log. 
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Following completion of monitoring well installation activities, the horizontal location (0.1 foot) 
and vertical elevation (0.01 foot) of the ground surface, surface pad and top of well casing (TOC) · 
and the direct push locations will be determined by direct field survey. The survey data will be 
tabulated, signed and sealed by a North Carolina registered land surveyor (RLS). All monitoring 
wells and direct push locations will be accurately depicted on a scaled site map. Field 
measurements will . be traceable to the actual person making the measurement. Equipment ... 
maintenance ~d calibration records will be kept in logbooks. 

3.2.2 Groundwater Sampling 

Groundwater measurement and sampling will occur at all monitoring wells associated with 
investigation activities at the site. Groundwater measurement and sampling activities will be 
completed in accordance with Section 7 ofEISOPQAM (Attachment F)~ · 

Both Amerada Hess and Paktank environmental representatives will be contacted to determine 
whether these facilities have generated groundwater data that might be used to further 
characterize groundwater conditions north and south of the site ... If wells are present on their 
facilities, it will be requested that SWP be allowed to measure groundwater levels in these wells. 
The water level in these wells will be measured across a full tidal cycle with the on-site wells. In 
addition, results from previous groundwater sampling events at these off site. wells will be 
requested. 

Staff gauges will be installed along the drainage ditch, Greenfield Creek and the Cape Fear River 
to aid in the evaluation of groundwater flow relative to the surrounding surface water bodies. 
Surface water level elevations will be collected across a full tidal cycle at similar intervals as the 
monitoring wells. The top of each staff gauge will be surveyed. 

The groundwater and surface water levels will be used to produce potentiometric maps 
illustrating the direction of groundwater flow on both sides of the drainage ditch and Greenfield 
Creek and to evaluate the effect that the new tidal gate has on groundwater flow. 

All wells at the site will be sampled for previously detected constituents to provide current 
isoconcentration maps for the site. A North Carolina certified laboratory will analyze all 
groundwater samples using EPA approved methodologies. Equipment and trip blanks will be 
analyzed along with the groundwater samples. Depth to groundwater and total well depth will be 
measured at each well prior to sampling. Groundwater samples will not be collected from 
monitoring wells located on Amerada Hess or Paktank facilities. 

Groundwater samples will also be collected at locations were surface soils indicated dioxin/furan 
results that exceed remediation goals at the site. The groundwater samples for dioxins/furans 
will be collected using low-flow (minimal drawdown) technology (Attachment G) to minimize 
collecting suspended particles in the samples. Dioxin/furan groundwater samples will be 
collected at the following locations (Figure 1): 

8 
SCHNABEL ENGINEERING 

• 

• 

• 



Supplernentll Remedial Investigation Workplan 
Southern Wood Piedmont Company 

MW -12 Production Area 
MW-14 Covered Ditch 
MW-34 Greenfield Creek Area 
MW-40 Landfann Area 
MW-17 Background 

3.2.3 Subsurface Soil Sampling 

QRAFT Revjsion 2.0 
May23,2000 

Subsurface soil samples will be collected at locations were surface soils indicated dioxin/furan 
results that exceed remediation goals at .the site. The subsurface soils will be collected in 
accordance with the procedures described in Section 12 of the EISOPQAM (Attachment H). The 
subsurface soils will be collected at a depth greater than 2 feet below land surface but above the 
water table and analyzed for dioxin!furans. Subsurface soil samples will be collected at the 
following locations (Figure 3): ---· 

SS-13 Exceeded remediation goal for OCDD and OCDF 
SS-17 Exceeded remediation goal for OCDD and OCDF 
SS-06 Exceeded State Remediation Goal 
SS-14 Exceeded State Remediation Goal 
SS-2 Background sample 

3.2.4 Sediment Sampling 

The sediment samples iii the waterways have not been tested for dibenzodioxins/dibenzofurans. 
Select sediment samples from previously sampled locations will be resampled for dioxins/furans 
to detennine if a release has occurred to the drainage ditch, Greenfield Creek and the Cape Fear 
River. A background and a minimum of two downgradient samples are proposed for each 
waterway (Figure 3). Reference sample SD-01 will not be collected due to the large amount of 
wind-blown paper and other solid waste in the drainage ditch. An attempt to find a suitable 
alternate location (SD-41) will be made. If no other suitable ditch reference sample can be 
located, the reference sample at BK-S 1 below the dam at Greenfield Lake will be used for both 
the ditch and the creek. The reference sample on Greenfield Creek will be collected as far 
upstream from the railroad bridge as possible. The Cape Fear River reference location (SD-40) 
will be located 500 feet north of the northern drainage ditch in front of the Amerada Hess 
facility. If dioxins/furans are detected above background, then all previously collected sediment 
samples and proposed sediment and fish tissue samples will be analyzed for dioxins/furans. 

A total of fifteen (15) additional sediment samples (SD-21 through SD-35) will be collected from 
the drainage ditch and Greenfield Creek to provide for a higher resolution sediment 
characterization to delineate "hot" segments of the ditch and creek. This will provide a sample 
spacing of200 feet between samples (Figure 2). 

One additional sediment sample (SD-40) will be collected from the Cape Fear River to detennine 
background concentrations for previously detected constituents. 
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Three additional sediment samples (SD-36, SD-37 and SD-38) be collected in the vicinity of SD-
14 (Figure 3). One sediment sample (SD-39) will be collected in an off-site wetland area for 
background comparison. The samples will be analyzed for previously detected constituents. 

In . order to generate data in support of the ecotoxicity assessment, the physico-chemical 
· characteristics of all proposed sediment samples will be detennined. These will include particle 

size distribution, total organic carbon, salinity, pH, and ammonia. 

Acid Volatile Sulfide (AVS) samples will be collected to evaluate the bioavailability of 
constituents in the drainage ditch and Greenfield Creek. The A VS samples will be collected with 
the bulk composite sediment samples (SD-42-Comp through SD-47-Comp) described below. 
The AVS samples will not be 'composited. 

Bulk composite sediment samples (SD-42-Comp ~hrough SD-47-Coinp) will also be collected 
for the sediment toxicity assessment. For each composite sample, a total of 5 subsamples will be 
homogenized following Environmental Response Team guidelines (EPA, 1994a).. The 5 
locations will be selected to represent the different conditions within the drainage ditch and creek 
system. It is anticipated that 2 composite samples will be collected from the drainage ditch and 3 
composite samples will be collected from the creek. In addition, 1 composite sample will be 
collected from the Reference Area. The Referen.ce Area will be the same as that used for prior 
investigations (i.e., on Greenfield Creek between the site and Greenfield Lake dam). 

3.2.5 Fish Tissue Sampling 

Reference fish tissue samples will be collected from Greenfield Lake (BI0-1 0) and from a 
separate Cape Fear River tributary (BI0-11) similar to Greenfield Creek but less likely to be 
contaminated by site constituents. Barnard's Creek downstream of the site and Smith's Creek 
upstream of the site will be evaluated for potential reference fish samples that are similar to 
Greenfield Creek. Both creeks drain populated areas of Wilmington. If these creeks are not 
satisfactory, additional creeks on the west side of the Cape Fear River will be explored. We will 
obtain NCDENR concurrence prior to sampling the selected reference creek. 

Fish tissue samples will be collected from up to three locations in Greenfield Creek (BI0-12, 
BI0-13 and BI0-14) and one location in the drainage ditch (BI0-15). Target species will be 
those typically caught by recreational anglers including bass, catfish, crappie and bream or other 
species (spot, striped bass; if brackish water) that are potentially used for human consumption. 

To the extent practicable, each fish tissue sample location will consist of 3 trophic levels of fish 
(i.e., BI0-10A, BIO-lOB and BI0-10C), with fish of similar size and weight used for 
compositing, when necessary. When compositing, three to five individuals will be collected per 
sample. It should be recognized that, while every attempt will be made to capture 3 trophic 
levels of fish in Greenfield Creek and in the Drainage Ditch, it is unlikely that this many trophic 
levels are present as resident species in this system. Because a Department representative will be 
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present during the electroshock collections, they will be able to see first hand the degree of actual 
specie diversity. _·., 

At least three composites of small fish will be collected from three representative areas within 
Greenfield Creek (BI0-18-Comp, BI0-19-Comp and BI0-20-Comp), one composite of small 
fish will be collected from the drainage ditch (BI0-21-Comp), and one composite will be 
collected from each Reference Area (BI0-16-Comp and BI0-17-Comp). Because single 
composites from each sampling location may not be adequate to provide reliable data for 
evaluation, additional composites will be collected, if possible. The sampling areas will be 
determined based upon the potential for suitable avian feeding habitat. 

The NC Division of Water Quality, Environmental Services Branch (ESB) will be notified to 
provide oversight during fish tissue sampling activities. We will contact Mark Hale of ESB 
(919-733-6946) and follow ESB/DENR procedures for fish tissue sampling when assessing 
potential human health impacts. 

The possibility of utilizing NC Division of Water Quality personnel and equipment to assist in 
electroshocking the fish will also be evaluated. The procedures utilized during this study will 
reference USEP A documents. 

3.2.6 Human Health and Ecological Risk Assessment 

. J:.. baseline Human Health Risk Assessment (HHRA) and screening-level Ecological Risk 
Assessment {ERA) were prepared for the SWP Wilmington site in 1996. These assessments 
preceded the collection of supplemental sampling data during USEPA's Expanded Site 
InSpection, which occurred in 1997. The HHRA and ERA were submitted by SWP as part of the 
Draft Remedial Investigation Report, which was issued to NCDENR on June 24, 1999. The 
following HHRA and ERA supplemental work plans were developed to address comments raised 
by NCDENR in its September 3, 1999 letter to SWP. 

3.2.6.1 Human Health Risk Assessment Workplan 

Fish Tissue SamplinefFish Ineestion Exposure Pathway 

The 1996 HHRA relied upon modeled concentrations in fish using a predictive food web model 
to evaluate the fish ingestion exposure pathway as fish tissue sampling data were unavailable at 
that time. This conservative modeling approach resulted in estimated risks that were within the 
range of risks deemed acceptable by USEP A at CERCLA sites. For the supplemental HHRA, 
SWP will use actual fish tissue (fillet only) sampling data to the extent that fish desirable for 
human consumption are caught using proposed fish sampling techniques. As discussed below in 
the ERA supplemental work plan, NCDENR staff has observed the presence of bass and other 
game fish in Greenfield Creek. 
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Once fillet sampling data are available, potential carcinogenic and noncarcinogenic risks 
associated with consumption of fish from the Greenfield Creek drainage system will be 
calculated, relying upon fish ingestion rates typical of a trespasser angling on a quasi-urban creek 
system. Results will be summarized in tables and text that clearly lay out all assumptions and 
calculations. It is SWP's understanding that, depending upon the fish sampling results, the 
Department may post a fish consumption advisory. 

Specific Comments on HHRA 

Since completion of the 1996 HHRA, supplemental sampling data are available which were 
collected as part ofUSEPA's Expanded Site Inspection. Still more data is proposed in support 
of addressing the Division's comments on the Draft RI. Thus, exposure point concentrations 
(EPCs) for chemicals of potential concern (COPC) for all scenarios will be revisited to the extent 
that ne'Y sampling data will be included in the various exposure assessment evaluations. 

Where the Department's HHRA reviewer (in a letter to Jack Butler dated June 17, 1996) has 
noted potential errors or discrepancies, such errors will be corrected or additional clarification 
provided. To the extent practicable, the supplemental HHRA ·and ERA will build upon the 
baseline rep~rts and submit HHRA and ERA supplemental reports in addendum format in the 
SRI. 

The supplemental HHRA will provide the following: 

• An update of physical attributes of the site, to the extent any niay have changed since 1996. 

• A re-analysis of all data, and selection of chemicals of potential concern (COPC), based on 
the expanded dataset. 

• Streamlined toxicity profile summaries for any chemicals not included in the 1996 report. 

• A table of all current carcinogenic and noncarcinogenic toxicity values. 

• A review of exposure setting/pathway analysis to ensure that prior assumptions are 
representative of site conditions today. Exposure pathways previously discussed in the 
IffiRA include: · 

incidental ingestion of soils and sediments 
dermal contact with soil/sediment 
dermal contact with groundwater 
inhalation of soil particles (dust) 

- inhalation of soil vapors 
inhalation of groundwater vapors, and 
fish ingestion by trespassing anglers. 
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• An expanded fish ingestion exposure analysis will be provided to address the potential of 
trespassing anglers consuming fish from the quasi-urban drainage ditch and Greenfield Creek 
system. 

3.2.6.2 Ecological Risk Assessment Workplan 

A Screening-Level Ecological Risk Assessment (SLERA) was prepared for the site in 1996 
(ChemRisk, 1996). This document was developed using analytical data collected over the period 
from 1985 through 1995, and was prepared in accordance with guidance that was available at the 
time. This document will be updated to reflect the guidance set forth in Ecological Risk 
Assessment Guidance for Superfund: Process for Designing and Conducting Ecological Risk 
Assessments (herein referred to as "ERA Guidance"; EPA, 1997). The ERA Guidance specifies 
that an eight step process be used to perform ecological risk· assessments within the Superfund 
Process. These steps include the following: 

• Step 1 - Preliminary Screening Level, which includes a site visit, preliminary Problem 
Formulation, and preliminary Toxicity Evaluation. 

• Step 2 - Screening Level, which includes development of Exposure Estimates and 
Preliminary Risk Calculations. 

• Step 3 - Problem Formulation, which 'includes toxicity. evaluation, development of a 
preliminary site conceptual model and exposure pathways, and development of 
assessment endpoints. 

• Step 4- Study Design and DQO Development. This includes development of the Work 
Plan and Sampling and Analysis Plan based upon results of the previous three steps. 

• Step 5- Verification ofField Sampling Design. This step includes a determination of the 
feasibility of the field program as outlined in Step 4. 

• Step 6 -Site Investigation and Data Analysis. 

• Step 7 - Risk Characterization. This· step includes more refined and detailed 
quantification of potential site risks, and is generally a more realistic evaluation of risks 
than was performed in Step 2. 

• Step 8 -Risk Management. 

Scientific/Management Decision Points (SMDPs) are made as part of Steps 2 through 8 in this 
process. SMDPs are "checkpoints" in the ERA process to verify that the work that was 
completed at each step was complete and to determine the need, if any, for proceeding to the 
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next step. SMDPs are critical as they provide the opportunity to exit the process, since all eight 
steps may not be required for all site evaluations. 

The completed SMDPs and their results are discussed in the next section. This Work Plan 
outlines the elements of ERA Step 4. The subsequent steps in the ERA process will occur 
following initiation of the field activities.. · 

Summary o(Screenin~-Level Ecolo~ical Risk Assessment 

Table 2 summarizes the results of the SLERA and compares the results to each of the appropriate 
steps specified in the ERA Guidance and their appropriate context. The key conclusions of the 
SLERA are shown below: 

• Metal concentrations in sediments of the drainage ditch and Greenfield Creek system are 
generally below levels that would be of concern based on the sediment toxicity 
benchmarks that were used. Cape Fear River sediments have concentrations of metals 
that were slightly higher than the benchmarks; however, A VS/SEM results indicate that 
most locations have sufficient chelating properties (including TOC) to reduce the 
bioavailability. of these metals to aquatic organisms. . 

• Potential risks in the ditch/Creek sediments appear to be currently confined to benthic 
macroinvertebrates. · However, despite the elevated HQs derived for benthic organisms, 

· observations made on the community composition indicate that they are still well 
represented by taxa that are suited for freshwater habitats having shallow surface waters, 
low flow, and silt/sand substrate. 

• Risks associated with the direct contact and ingestion of sediments by benthic 
invertebrates, and to a lesser extent, the locally abundant spot, have been shown to 
present a potential hazard to these species at some riverine locations. These risks have 
been conservatively identified based on hazard quotients that do not incorporate the use 
of physicochemical factors that control bioavailability (e.g. AVS and TOC), and indicate 
the need for further investigation. 

• The potential risks from PAH exposure in the Cape Fear River are also predominately 
attributed to direct contact and ingestion by benthic organisms. Potential hazards ofP AH 
exposure for the spot appear to be limited to only a few locations in the study area (e.g. 
the old slip, and Ute north shoreline near Pactank Bulk Chemical Storage Facility which 
are of limited size relative to the overall habitat range _of this species. Finally, as 
indicated by background concentrations of P AH in the Cape Fear River, the potential 
hazard of P AH exposure to these fish is more than likely not restricted to sediments or 
areas adjacent to the site. 

The SLERA addressed the conservative screening presented in Steps 1 through 3 of the ERA 
Guidance. The results from the SLERA indicated that potential adverse effects were estimated 
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for benthic invertebrates, based upon sediment benchmarks, and fish, based on estimated body 
burdens calculated from a conservative uptake model. No potential adverse effects were 
identified for the piscivorous avian receptor (great blue heron). The current Work Plan describes 
the elements of ERA Step 4, which represents the baseline ecological risk assessment (BERA) 
for this project. 

BERA Scope of Work 

The relevant activities for ERA Step 4 for the SWP project have been outlined in Table 3. Based 
upon the results of the SLERA, the principal focus of the current Work Plan will be the 
assessment of potential benthic toxicity due to exposure to COPCs. However, since additional 
sediment and surface water samples were collected after the SLERA was produced, and 
additional samples (and analytical parameters) are planned for the current SRI work scope, the 
same receptors and pathways presented in the SLERA will be re-evaluated using the new 
analytical results. · 

Problem Formulation 

Elements ofthe problem formulation step and the site conceptual model that were developed for 
the drainage ditch, Greenfield Creek, and adjacent areas of Cape ~ear River in ERA Step 1 still 
apply to the current activity. However, it will be extended to evaluate the potential sediment 
toxicity to benthic organisms by performing standardized sediment toxicity bioassays. The Site 
Conceptual Model is shown in Figure 4. · 

Analvtical Database 

The SLERA was prepared based upon analytical data collected from 1985 through 1995. 
Additional samples were collected following completion of the 1996 report. These include 21 

· soil samples, 21 subsurface soil samples, 20 sediment samples, 9 surface water samples, and 42 
groundwater samples, and were collected as part of the Expanded Site Inspection (Black and 
Veatch, 1997). Relevant portions of these results will be incorporated into the BERA. 

Supplemental Field Sampling 

Additional field sampling will be performed in support of the current project. This will include 
the following: · 

• Collection of sediment samples from 36 locations for chemical analysis. These will 
include collection from areas with known spatial data gaps, as well as the collection of 
samples for additional chemical analyses (e.g., ammonia, select dioxinlfuran congeners). 

• Collection of four fish tissue samples, as well as two fish tissue samples from within 
reference areas. These samples will also be analyzed for chemical parameters. 
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• Collection of small fish (six samples) for chemical body burden analyses for the BERA . 

• Collection of game-size fish for the HHRA. 

Composite Samples for Toxicity Testing 

Bulk composite samples will be collected for the sediment toxicity assessment, using a similar 
collection method as specified above for the individual sampling stations. For each composite 
sample, a total of five subsamples will be homogenized. The five locations will be selected to 
represent the different conditions within the drainage ditch and creek system. · 

Whole~body Fish Composites -Small Fish 

Small fish may be preyed upon by piscivorous avian species. In the SLERA, the P AH 
concentrations were estimated using an equilibrium partitioning model. Since most aquatic 
organisms can readily metabolize P AHs, collections of small, whole body fish composites will 
be per£onned to provide empirical data for the quantification of risks to the piscivorous avian 
receptor. 

Fillet Fish - Game Fish 

NCDENR staff has observed the presence of bass and other similar. game fish within the 
drainage ditch/Greenfield Creek system. In order to estimate the potential human health risks 
associated with the consumption of these fish by trespassing anglers, fillets will be collected 
.from several game fish collected within the system. If adequate fish size cannot be collected, 
fish or similar size and weight with be composited. 

Pkysico-Chemical Characterization 

In order to generate data in support of the ecotoxicity assessment, the physico-chemical 
characteristics of the com posited sediments will be determined. These will include particle size 
distribution, total organic carbon, salinity, pH, and ammonia. · 

• Particle size distribution: Sediment particle size distribution determines the types of 
benthic invertebrate species that are expected to be found in a given sediment. For 
example, tube-building amphipods do not prefer sediments that contain high silt content 
(See Table 4) 

• Total organic carbon {TOC): TOC is a critical variable that regulates the bioavailabjlity 
of non-ionic organic contaminants in sediments (Di Toro et al., 1991). 

• Salinity: Salinity must be measured to match this variable to the lmown salinity 
tolerances of the candidate benthic test species (See Table 4). 
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• pH: pH affects the behavior of many chemicals (e.g., metals, ammonia) and is tolerated 
differently by benthic invertebrates. 

• Ammonia concentration: Ammonia can be present in sediments, irrespective of their 
origins or anthropogenic contaminant loads. It is produced when nitrogenous compounds 
in sediment pore water are reduced to ammonia by bacterial metabolism. This compound 
could be present in sediment samples from the creek and ditches due to the suburban 
setting of Greenfi.eld Lake, located upstream of the site. Ammonia is highly toxic to 
aquatic organisms, including benthic invertebrates, and can lead to unexpected responses 
(Kohn et al., 1994). Ammonia toxicity depends partly on the pH of the test system 
(temperature also plays a role): toxicity increases at higher pHs where the unionized form 
(NH3) predominates over the ionized form {NW4) (Bower and Bidwell, 1978). 

Identification o(Receptors 

No further refinement will be required. The receptors selected in the SLERA will be carried 
forward in the BERA. These receptors include the following: 

• Benthic Invertebrates - direct contact/ingestion of sediments. 

• Fish: Spot - indirect food-chain exposure. 

• Avian: Great Blue Heron- indirect food-chain exposure. 

Assessment and Measurement Endpoints 

According to USEP A (1998b ), assessment endpoints are explicit statements of the characteristics 
of the ecological system that are to be protected. Assessment endpoints either are measured 
directly or are evaluated through indirect measures. Measurement endpoints represent 
quantifiable ecological characteristics that can be measured, interpreted, and related to the valued 
ecological component(s) chosen as the assessment endpoints. Assessment endpoints, and the 
associated measurement endpoints, provide information to support or refute the risk hypotheses 
generated from the conceptual assessment model. · 

The assessment and measurement endpoints will be used to interpret data concerning ecological 
risks within the study area and include the following: 

Assessment Endpoint No. 1 - Adverse effects on benthic macroinvertebrates as a potential prey 
base to higher tropic levels resulting from exposure to P AHs in sediments. 
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Corresponding Measurement Endpoint: 

• Comparison of the distribution of chemical concentrations in sediment with the 
distribution of concentrations associated (in field and laboratory studies) with adverse 
effects on macroinvertebrates. The proportion of the chemical concentration 
distribution that exceeds the toxicity distribution is ·the measure of potential impact on . 
the community. 

• Reductions in survival and growth of Hyalella azteca and Leptocheirus plumulosus 
exposed to Study Area sediments. Sediments producing responses that are statistically 
significant relative to responses in control sediments are assumed to be toxic .. 

• Reductions in survival and growth of the midge Chironomous tentans exposed to Study 
Area sediments. There have been several studies that have shown unreliable results 
using the chronic chironimid. Therefore, a detennination was made to use a 1 0-day 

· survival and growth test for this test organism. Sediments producing responses that are 
·· statistically significant relative to responses in control sediments are assumed to be 

toxic. 

• Comparison of the distribution of chemical concentrations in sediment with thresholds 
derived from site-specific toxicity test data. Thresholds are measured concentrations 
above which toxicity is observed. The proportion of the chemical concentration 
distribution that exceeds the threshold is a measure 'of potential impact on the 
community. 

Assessment Endpoint No.2.- Adverse effects on invertivorous bird populations resulting from 
exposures to chemicals in sediments and/or prey. 

Corresponding Measurement Endpoint: 

• Comparison of predicted average daily doses of chemicals to avian receptor to 
toxicity reference values for the species. If the average daily dose is greater than the 
toxicity reference value, this indicates the potential for adverse effects to some 
portion of the population. 

Ecotoxicological Testine 

All ecotoxicity tests will closely follow standard test protocols published by EPA (e.g., EPA, 
1994b and EPA 1994c) and/or ASTM in tenns of test organisin husbandry, experimental design 
considerations, and data interpretation. The ecotoxicity testing laboratory will maintain up-to
date control charts based on periodic reference toxicant testing to ensure that the sensitivity of 
the test organisms fall within expected ranges and do not deviate significantly over time. 
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Based upon the results of the acute toxicity test, the chronic toxicity tests will be perfonned at an 
appropriate dilution. Hyalella and a Chironomus species will be the test organisms used in the 
freshwater drainage ditch/Greenfield Creek system. 

To properly interpret ecotoxicity test data, test species sensitivity will also be evaluated using 
control and reference sediments. 

• Control Sediments - Control sediments are used to evaluate the health and condition of test 
organisms to the laboratory environment, and are tested concurrently with the site samples. If 
survival falls below a minimum threshold (e.g., 80%) at the end of a test (consistent with 
ASTM protocols), then the entire data set from that test is considered invalid .. 

• Reference Sediments - Reference sediments are collected in the field and are comparable to 
the test sediments in physical and chemical characteristics, but without site-specific 
contaminants. They assess the presence of "background" toxicity in sediments due to 
unidentified off-site sources of contamination or the presence of naturally occurring toxicants 
such as ammonia. These off-site sources may include petroleum hydrocarbons from road 
runoff, pesticides from agricultural or lawn care activities, or heavy metals from atmospheric 
depositions. · 

COPC Fate and Transport 

The SLERA included discussion of the potential fate of P AHs due to biodegradation in the 
environment. · This discussion will be expanded for this phase of the project to include other 
elements relevant to ecological risk assessment. 

Input Assumptions for Risk Calculations 

ERA Steps 6 and 7 allow the use of more representative risk assumptions (e.g., area use factors) 
for the estimation of site ecological risks. Some of the key elements for each of the receptors 
include the following: 

• Benthic organisms: Risks will be evaluated by using sediment toxicity testing. These 
results will also be used in conjunction with the expanded analytical database to fill data 
gaps in the ecological risk assessment to this receptor group in the drainage ditch-creek 
system. 

• Fish: Empirical data on the body burdens of the COPCs will be collected as part of the 
proposed field program. These data will be available only for small fish (due to fillet
specific sampling being conducted for game fish). Results will be evaluated in 
conjunction with studies that evaluate toxic effects and body burdens. 
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• Bird: Exposure assumptions used in the SLERA will be refined to reflect site- or region
specific conditions. In addition, empirical fish COPC concentrations will be used to 
better define the risks associated with dietary exposure to COPCs. 

Toxicity Evaluation 

Further assessment of critical body burden values in fish and the avian TRVs used in the SLERA 
will be performed as part of the toxicity evaluation. Relevant enhancements of the toxicoiogical 
database of the COPCs for the key receptors will be evaluated. Both freshwater and saltwater 
benchmarks will be reviewed, depending upon whether the samples have been collected in the 
:freshwater drainage ditch-Greenfield Creek system or in the more saline Cape Fear River. 

Reportine and Analvsis 

The BERA report will be prepared in accordance with the relevant components of Steps 6 and 7 
of the ERA Guidance, and will consist of the following components: 

• Compilation and summary of analytical and toxicity .laboratory results. 

• All data not generated by NCDENR DWQIESB will be reviewed by ESB personnel for 
sample collection/handling techl_liques and analytical procedures utilized; 

• Early analytical data (p~e 1990-1992) will be evaluated for detection ·limits, sample · 
collection and handling techniques, analytical protocols, and QA/QC protocols to insure 
that its meets current program standards. Any data that does not meet standards may be 
used qualitatively. 

• Complete copy of field collection logs and chain-of-custody forms; 

• Standardized toxicity testing methods (USEP A, ASTM, NCDENR) will be used for all 
media. State certifications for applicable toxicity test methods (NCDENR DWQ does not 
provide certification for sediment toxicity testing) will be provided, were applicable. 
Laboratories with sediment certifications :from other states or agenCies are recommended, 
or as an alternative,· documentation will be provided to support a history of method 
performance. The selected laboratory QA/QC plan is included as (Attachment 1). 
NCDENR may audit the laboratory to obtain a greater comfort level, if necessary. 

• Analysis of spatial trends (e.g., drainage ditch versus Greenfield Creek, upstream versus 
downstream· sections of Greenfield Creek). 

• Data on sediment P AH and TCDDffCDF concentrations at the locations where fish were 
captured will be qualitatively inspected for correlation with fish body burdens. Spatial 
trends in P AH and TCDDffCDF sediment concentrations will also be evaluated. 
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• Risk characterization. 

3.3 Section VI. D., 15- Proposed Methods. Locations, Depths. and Justification 
for all Proposed Samples 

The Division (NCDENR) or its representatives may take split or duplicate samples pursuant to 
this workplan and the AOC. The Division will be notified not less than 10 days in advance of 
any sampling activities. 

The proposed sample codes, locations, depths, methodology and justification for all proposed 
sampling points are listed on Table 1. Sample locations are also illustrated on Figure 1 and 3. 

3.3.1 Groundwater Sampling Methodology 

Purging 

The depth to groundwater and total depth of the well will be measured using a decontaminated 
water level meter. The volume of water in the well will be calculated and purged from the well as 
foiiows: 

Purging is the process of removing stagnant water from the weii, immediately prior to 
sampling, causing its replacement by ground water from the adjacent formation, which is 
representative of actual aquifer conditions. In order to determine when a weii has been 
adequately purged, the field investigators will -1) ·monitor !@__pH, specific conductance, 
~emperature, and turbidi~ of the ground water removed during purging; and 2)obS'erve-aild 
_record the volume of water remove..Q. 

Prior to initiating the purge, the amount of water standing in the water column (water inside 
the well riser and screen) will be determined. To do this, the diameter of the well should be 
determined and the water level and total depth of the well are measured and recorded. Once 
this information is obtained, the volume of water to be purged can be determined using one 
of several methods. One is the equation: 

Where: h =depth of water in feet 
d =diameter of well in inches 
V =volume of water in gallons 

Alternatively, the volume may be determined using a casing volume per foot factor for the 
appropriate diameter well. The water level is subtracted from the total depth, providing the 
length of the water column. This length is multiplied by the factor that corresponds to the 
appropriate well diameter, providing the amount of water, in gallons, contained in the well. 
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With respect to volume, an adequate purge is nonnally achieved when three to five times 
the volume of standing water in the well has been removc:_d. The field notes should reflect 
tlie smgle weiPvolume calculatiOns or aetenninations, according to one of the above 
methods, and a reference to the appropriat~ multiplication of that volume (i.e., a minimum 
three well volumes) clearly identified as a purge volume goal. 

With respect to the ground water chemistry, an adequate purge is achieved when tJle pH. 
§l!ecific conductance, and temperatur_e_of.the..ground.lv.J.ll~.r]lav~_stabilized..aru:Lthe.turbidity 
has either stabilized or is below 10 Ne.P-h~l9.memc Turbidity_Qnits (NTUs). Stabilization 
~ when p:tJ measurements re.main C9.!1St.~t_wjfuW_~LStandard_IJ.nit._(SlJ),_sp.ecific 
conductance varies no more that 10 percent, an_d_the.J~mperature is constant for aUeast 
three consecutive reasJ.i_:p.gs. There are no criteria establishing how many sets of 
measurements are adequate for the detennination of. stability. If the calculated purge 
volume is small, the measurements should be taken frequently to provide a sufficient 
number of measurements to evaluate stabil@ ·· .,.,.... · ·-···· ·· ·· 

If, after three well volumes have been removed, the chemical parameters have not 
stabilized according to the above criteria, additional well volumes may be removed. If the 
parameters have not stabilized within five volumes, it is at the discretion of the project 
leader .whether or not to collect a sample or to continue purging. The conditions of 
sampling should be noted in the field log. 

In some situations, even with slow purge rates, a well may be pumped or bailed dry 
(evacuated).· In these situations, this generally constitutes an adequate purge and the well 
can be sampled following sufficient recovery (enough volume to allow filling of all sample 
containers). It is not necessary that the well be evacuated three times before it is sampled. 
The pH, specific conductance, temperature, and turbidity· should be measured, during 
collection of the sample from the recovered volume, as the measurements of record for the 
sampling event. 

Attempts should be made to avoid purging wells to dryness. This can be accomplished, for 
example, by slowing the purge rate. If a well is pumped dry, it may result in the sample 
being comprised partially of water contained in the sand pack, which may be reflective, at 
least in part, of initial; stagnant conditions. In addition, as water re-enters a well that is in 
an evacuated condition, it may cascade down the sand pack or the well screen, stripping 
volatile organic constituents that may be present and/or introducing soil fines into the water 
column. 

The monitoring wells will be purged using single use polyethylene bailers, a peristaltic pump or a 
submersible pump. A peristaltic pump is the preferred purge device. When a peristaltic pump is 
used, only the intake line is placed into the water column. The line placed into the water should be 
standard-cleaned ~n tubing, for peristaltic pumps. When submersible pumps are used, the 
pump itself is lowered into the water column. The pump must be cleaned as specified in Section 
3.7.1. 
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Reg~less of which method is used for purging, .new plastic sheeting
4 

should be ,P-laced on the 
ground surface around the well casing to prevent contamination of the pumps, hoses, ropes, etc., in 
the event they need to be placed on the ground during the purging or they accidentally come into 
contact with the ground surface. lt,is preferable that hoses.!!§_~ in_pJll'wg that CO!Jle ~!9s._ontaGt 
with the ground ~ter be. ~:PLO.!L? ___ spc;>..QJ_£~£9.~~ed ~-.£!!l:Sti~~ip.~_g_tub,_bo_th_dt1_$g 
transporting anaauruig]ield use, to further minimize contamination from the ~orting vehicle 

· .~d si1rfa~. - -- ~-------

( 

The pump/hose assembly or bailer used in purging should be lowered into the top of the standing 
' water column and not deep into the column. This is done so that the purging will "pull" water from 
the fonnation into the screened area of the well and up through the casing so that the entire static 
volume can be removed. -

Low Flow/Low Volume Purging Techniques/Procedures 

The low flow/low volume purging is a procedure used to minimize purge water volumes and 
turbidity in a well. The pump intake is placed within the screened interval at the zone of sampling, 
preferably, in the middle or slightly above the middle of the screened interval. Flow rates should 
not exceed the recharge rate of the aquifer. This is monitored by measuring the top of the water 
column with a water level recorder or similar device while pumping. Water quality indicator 
parameters (pH, specific conductance, redox, dissolved oxygen, temperature and turbidity) should 
be used to detennine purging needs prior to sample collection at each well .. In-line flow cells are 
recommended to continuously measure the above parameters~ - These techniques, however, are 
only acceptable under certain hydraulic conditions and are not considered standard procedures. 

The low flow/low volume purging and sampling technique will be used for dioxin/furan 
groundwater sampling at the site. 

Sampling 

Sampling is the process of obtaining, containerizing, and preserving the ground water sample after 
the purging process is complete. Non-dedicated pumps for sample collection generally should not 
be used. Only three devices should be used to collect ground water samples from most wells. 
These are the peristaltic pump/vacuum jug assembly, a stainless steel and Teflon bladder pump, 
and a bailer. These techniques are described below. 

Peristaltic pump/vacuum jug 

The peristaltic pump/vacuum jug can be used for sample collection because it allows for sample 
collection without the sample coming in contact with the pump tubing. This is accomplished by 
placing a Teflon transfer cap assembly onto the neck of a standard cleaned 4-liter (1-gal.lon) glass 
container. Teflon tubing connects the container to both the pump and the sample source. The 
pump creates a vacuum in the container, thereby drawing the sample into the container without it 
coming into contact with the pump tubing. 
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Samples for volatile organic compound analysis should be collected using a bailer or by filling a 
Teflon tube, by one of two methods, and allowing it to drain into the sample vials. The Teflon 
tubing is the preferred technique. The tubing can be momentarily attached to the pump to fill the 
tube with water. After the initial water is discharged through the pump head, the tubing is quickly 
removed from the pump and a gloved thumb placed on the tubing to stop the water from draining·. 
out. The tubing is then removed from the well and the water allowed to drain into the sample vials. 
Alternatively~ the tubing can be lowered into the well to the desired depth and a gloved thumb 
placed over the end of the tubing. This method will capture the water contained in the tubing. It 
can then be removed from the well and the water collected by draining the contents of the tubing 
into the sample vials. Under no circumstances should the sample for volatile organic compound 
analysis be collected from the content of any other previously filled container. All equipment 
should be cleaned using the procedures described in Section 3.7.1. 

Bailers 

When bailing, new plastic sheeting should be placed on the ground around each well to provide a 
clean working area. The nylon rope should be attached to the bailer. The bailer should be gently 
immersed in the top of the water column until just filled. At this point, the bailer should be 
carefully removed and the contents emptied into the appropriate sample containers. 

3.3.2 Soil Sampling Methodology 

Soil sampling equipment used for sampling trace contaminants should be constructed of inert 
materials such as stainless steel. Ancillary equipment such as auger flights, post hole diggers, etc. 
may be constructed of other materials since this equipment does not come in contact with the 
samples. However, plastic, chromium, and galvanized equipment should not be used routinely in 
soil sampling operations. Painted or rusted equipment must be sandblasted before use. 

Selection of equipment is usually based on the depth of the samples to be collected, but it is also 
controlled to a certain extent by the characteristics of the material. Manual techniques and 
equipment such as hand augers, are usually used for collecting surface or shallow, subsurface soil 
samples. Power operated equipment is usually associated with deep sampling but can also be used 

. for shallow sampling when the auger hole begins to collapse or when the soil is so tight that 
manual augering is not practical. 

Simple, manual techniques and equipment, such as hand augers, are usually selected for surface or 
shallow, subsurface soil sampling. · 

Surface Soils 

Surface soils may be coiiected with a wide variety of equipment. Spoons, shovels, hand-augers, 
push tubes and post-hole diggers, made of the appropriate material, may be used to collect surface 
soil samples. Surface soil samples are removed from the ground and placed in pans, where mixing 

24 
SCHNABEL ENGINEERING 

• 

• 

• 



• 

SYPPletnenflll Remedial Investigation Workplan PRAFT Revjsion 2.0 
Southern Wood Piedmont Company May23,2000 

occurs prior to filling the sample containers. Volatile organic compound samples should be placed 
directly into the sample containers with no mixing. If a thick, matted root zone is encountered at or 
near the surface, it should be removed before the sample is collected. 

Subsurface Soils 

Hand-augering is the most common manual method used to collect subsurface samples. Typically, 
4-inch auger-buckets with cutting heads are pushed .and twisted into the ground and removed as the 
buckets are filled. The auger holes are advanced one bucket at a time. When a vertical sampling 
interval has been established, one auger-bucket is used to advance the auger hole to the first desired 
sampling depth. If the sample at this location is to be a vertical composite of all intervals, the same 
bucket may be used to advance the hole, as well as to collect subsequent samples in the same hole. 
However, if discrete grab samples are to be collected to characterize each depth, a new bucket must 
be placed on the end of the auger extension immediately prior to collecting the next sample. The 
top several inches of soil should be removed from the bucket to minimize the chances of cross
contamination of the sample from fail-in of material .from the upper portions of the hole. 

Another hand-operated piece of soil sampling equipment commonly used to collect shallow 
subsurface soil samples is the Shelby or "push tube." This is a thin-walled tube, generally of 
stainless steel construction and having a beveled leading edge, which is twisted and pushed directly 
into the soil. This type. of sampling device is particularly useful if an undisturbed sample is 
required. The sampling device is removed from the push-head, then the sample is extruded from 
the tube into the pan with a spoon or special extruder.· Even though the push-head is equipped with 
a check .valve to help retain samples, the Shelby tube will generally not retain loose and watery 
soils, particularly if collected at lower depths. 

Special Techniques and Considerations 

Collection of Soil Samples for Volatile Organic Compounds (VOC) Analysis 

These samples should be collected in a manner that minimizes disturbance of the sample. For 
example, when sampling with a hand auger, the sample for VOC analysis may be collected directly 
from the auger bucket or immediately after an auger bucket is emptied into the pan._.. The sample 
should be placed in the appropriate container with no head-space, if possible, as is the practice with 
water samples. Samples for VOC analysis are not mixed. 

Sample Mixing 

It is extremely important that soil samples be mixed as thoroughly as possible to ensure that the 
sample is representative of the interval sampled. VOC samples should not be mixed. 
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3.3.3 Sediment Sampling Methodology 

Wading is the preferred method for reaching the sampling location. However, wading may disrupt 
bottom sediments causing biased results. When wading, sampling should proceed in an upstream 
direction. If the stream is too deep to wade, the sediment sample may be collected from a boat or 
from a bridge. · 

To collect a sediment sample from a streambed, a variety of methods can be used: 

Dredges (Peterson, Eckman, Ponar) 
Coring (tubes, augers) 
Scoops (BMH-60, standard scoop) and spoons 

If the surface water body is wadeable, the easiest way to collect a sediment sample is by using a 
stainless steel scoop or spoon. The sampling method is accomplished by wading into the surface 
water body and while facing upstream (into the current), scooping the sample along the bottom of 
the surface water body in the upstream direction. Excess water may be removed from the scoop or 
spoon. However, this may result in the loss of some fine particle size material associated with the 
bottom of the surface water body. Aliquots of the sample are then placed in a glass pan and 
homogenized according to the quartering method. 

• 

In surface water bodies that are too deep to wade, but less than eight feet deep, a stainless steel • 
::;:2) scoop or spoon attached to a piece of conduit can be used either from the banks if the surface water · 

body is narrow or from a boat. The sediment is placed into a glass pan and mixed. · 

If the surface water body has a significant flow and is too deep to wade, a BMH-60 sampler or 
dredge sampler may be used. The BMH-60 is not particularly efficient in mud or other soft 
substrates because its weight will cause penetration to deeper sediments, thus missing the most 
recently deposited material at the sediment water interface. 

For routine analyses, the Peterson dredge can be used when the bottom is rocky, in very deep 
water, or when the stream velocity is high. The dredge should be lowered very slowly as it 
approaches bottom, since it can displace and miss fine particle size sediment if allowed to drop 
freely. 

The Ponar dredge is a modification of the Peterson dredge and is similar in size and weight. It has 
been. modified by the addition of side plates and a screen on the top of the sample compartment. 
The screen over the sample compartment permits water to pass through the sampler as it descends 
thus reducing turbulence around the dredge. The Ponar dredge is easily operated by one person in 
the same fashion as the Peterson dredge. The Ponar dredge is one of the most effective samplers 
for general use on all types of substrates. 

Samples being collected for volatile organic compounds (VOC) will be collected first and placed 
directly into the appropriate containers. The remainder of the sample will be placed into the 
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bowl, mixed thoroughly, then distributed to the appropriate containers. The sediment samples 
will be collected from a depth of surface to 3-inches. 

Special Techniques and Considerations 

Collection of Sediment Samples for Acid Volatile Sulfide (AVS) Analysis 

Because the sulfide ion is unstable in the presence of oxygen, the sediment sampling technique 
must minimize the exposure to oxygen during sample collection. During storage sulfides can be 
formed or lost due to biological activity and sulfide can be lost by volatilization or oxidation. 
Metal speciation can change as a result of changes in sulfide concentration and as a result of 
other changes in the sample. 

AVS samples should be collected in ~ide mouth jars with a miniml.un of air space above the 
sediment. If possible, the headspace should be purged with oxygen free nitrogen. The jars must 
have Teflon or polyethylene liners. 

3.3.4 Fish Tissue Sampling Methodology 

· Fish tissue samples will be collected by use of a small boat. The preferred fish coiiection 
methodology will be electroshock with the assistance of NCDENR DWQ ESB or a 
subconsultant. Otherwise fish coiiection will be by rod and reel or seine. Upon coiiection of the 
desired fish species, the specimen will be rinsed with surface water from the coiiection point, 
identified, 0 weighed, measured, catalogued and visually inspected for any lesions or other 
physical abnormalities. After recording this information on field data sheets, the fish species will 
be filleted and collection will continue until the sample weight is obtained. The recommended 
weight for one sample is 100 grams, which may require the collection of more than one 
individual per sample. One sample will be identified when ° the weight of the combined target 
species is achieved. Thoe combined fish sample will then be prepared for shipment to the 
analytical laboratory. The fish samples will be wrapped in aluminum foil, placed in a waterproof 
freezer bag, labeled, and placed immediately on either dry or wet ice. The fish sample will be 
frozen at the end of the sampling day and shipped to the laboratory following laboratory 
protocols. A chain-of-custody record will be completed by the sampler and included in the 
shipment of the samples to the laboratory. 

Small fish whole body composites will not be fiiieted. These samples will be collected to 
provide empirical data for the quantification of risks to the piscivorous avian receptor. 
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3.4 Section VI. D •• 16- Proposed Field and Laboratory Procedures for Quality 
Assurance/Quality Control 

3.4.1 Field Quality Assurance/Quality Control Procedures 

All sample collection, sample preservation, and chain-of-custody procedures used during this 
investigation will be in accordance with the approved health and safety plan and the current U.S. 
Environmental Protection Agency (EPA) Region ·IV, Environmental Investigations Standard 
Qperating Procedures and Quality Assurance Manual (EISQPOAM), May 1996. In particular, 
the following sections of the EISOPQAM will be followed during completion of the activities in 
this workplan: 

• Section 3 Sample Control, Field Records, and Document Control (Attachment J) 
• Section 6 Design and Installation ofMonitoring Wells (Attachment E) 
• Section 7 Groundwater Sampling (Attachment F) 
• Section 11 Sediment Sampling (Attachment K) 
• Section 12 Soil Sampling (Attachment H) 

Field quality assurance/quality control (QA/QC) will include: 

• One duplicate sample per medium per container type per field day. 

• ' An equipment rinsate blank . for each set. of equipment that has been decontaminated per 
sample set. 

• A VOA trip blank for each sampling group. 

Soil ~d sediment samples for volatile analysis will be collected directly into sample containers· 
without mixing. 

All sample locations will be staked or flagged until surveyed. 

3.4.2 Laboratory Quality Assurance/Quality Control Procedures 

The laboratory reports will include at a minimum the items listed below: 

A statement certifying that· the laboratory is either certified for applicable parameters 
under 15A NCAC Subchapter 2H .0800, or that it is a contract laboratory under EPA's 
Contract Laboratory Program. 

A signed statement that the samples were received in good condition and at the required 
temperature and that analysis of the samples complied with all procedures outlined in 
USEP A methodology, unless otherwise specified. Any deviations from the methods, 
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additional sample preparation, sample dilution and analytical problems not rectified, will 
be justified in a narrative with the laboratory report. 

Laboratory sheets for all analytical results, including sample identification, sampling 
dates, date samples were received, extraction dates, analysis dates, analytical methods 
used, dilution factors and sample quantitation limits. 

Laboratory sheets for all laboratory quality control samples, including results for bias and 
precision and control limits used. The following minimum laboratory quality control 
sample reporting is required: (a) at least one matrix spike and one matrix spike duplicate 
per sample delivery group or 14-day period, whichever is more frequent (control limits 
must be specified); (b) at least one inethod blank per sample delivery group or 12-hour 
period, whichever is less; and (c) system monitoring compounds, surrogate recovery 
required by the method and laboratory control sample analysis (acceptance criteria must 
be specified). All samples that exceed control limits/acceptance criteria must be flagged 
in the laboratory report. 

Completed chain-of-custody with associated air bill (if applicable) attached. 

The laboratory report will include the names and qualifications of the individuals 
performing . each analysis, the quality assurance officer reviewing the data, and the 
laboratory manager. 

Review toxicity testing methods to determine the ·potential need to modify the methods 
due to known site contaminant concentrations and analyte "suite." 

Verify that any analytical methods that will be perfonned will be capable of achieving 
detection limits specified in the Work Plan. 

3.5 Section VI. D .. 17- Proposed Analytical Parameters and Analytical Methods 
for all Samples 

The sampling investigation will include the collection of groundwater, soil, sediment and 
biological tissue samples. All samples will be analyzed for previously detected extractable and 
purgeable organic compounds, and chromium, copper, and arsenic. Dioxin and furan analysis 
will occur only on select soil, sediment, and groundwater samples. If dioxins/furans are detected 
in these select samples, dioxin!furan analysis will be required for all samples. The samples will 
not be analyzed for pesticides, PCBs, and cyanide. Fish tissue samples will be analyzed for 
previously detected extractable organic compounds and lipid content. The fish tissue samples 
will also be analyzed for dioxins/furans if detected in the proposed sediment samples. 

Please refer to Table 5 for the sediment analyses and Table 6 for the fish tissue analyses. 

Soil, sediment and groundwater analytical methods include: 
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Purgeable (volatile) compounds 
Extractable (semi-volatile) compounds 
Metals (CCA) 
Dioxins/Furans 
Ammonia 
Particle Size 
Salinity 
pH 
Total Organic Carbon 
AVS-SEM 

Fish tissue analytical method includes: ·. 

Extractable (semi-volatile) compounds 
Dioxins/Furans 
Lipid Content 

Method 8260B 
Method 8270C 
SW -846 Methods 
Method fJ29t> lvl3 
Method 350.1 
ASTMD422 
ASTMD4542 
ASTMD4972 
Method9060 
Method 68~03-3534 

Method 8270C 
Method ·8%96" Ito\ :S 
Method OB\1090 

DRAFT Revision 2.0 
May23,2000 

Sample containers, holding times, and preservation will be as recommended in EISOPQAM 
Appendix A. The following is a description ofthe analyses and types of containers required: 

. Holding 
Analyses Containers Preservative·- Time (days) 

Purgeable Organics 
2 oz. glass jar1 Soil/Sediment Ice (4°C) 14 

Water 40 ml glass1 Sodium Bisufite/Ice ( 4°C) 14 

Extractable Organics 
8 oz glassja? 543 Soil/Sediment Ice (4°C) 

Water 1 gallon amber Ice (4°C) 477 

Metals 
AVS-SEM 8 oz glass ja? · Ice.(4°C) 14 
Soil/Sediment 8 oz glassja? Ice (4°C) 3604 

Water !liter polyethylene 50%HN08 180 

Dioxins/Furans 
Soil/Sediment 500 ml amber glass Ice (4°C) 755 

Water 11iter amber gla5s2 Ice (4°C) 755 

Fish Tissue Aluminum foil Ice (4°C) 26 

1Teflon Septum Lid 
2TeflonLid 
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354 days: 14 days to extraction, 40 days to analysis 
4360 days: 180 days to extraction, 180 days to analysis 
575 days: 30 days to extraction, 45 days to analysis 
6Ifholding time will exceed 2 days then freeze sample 
7 4 7 days: 7 days to extraction, 40 days to analysis 
8pH<2.0 s.u. 

DRAff Revision 2.0 
May23,2000 

3.6 Section VI. D .• 18- Contact Name. Address, Telephone Number and 
Qualifications for Principal Consultant and Laboratory 

Principal Consultant: 

Schnabel Engineering Associates, Inc. 
Contact- Gregory B. Kuntz, P.G., Project Manager 
104 Corporate Blvd., Suite 420 
West Columbia, SC 29169 
Telephone: 803-796-6240 
Fax: 803-796-6250 

Schnabel Engineering Associates, Inc. is a North Carolina Corporation, a Registered Engineering 
and Geology Finn (F-0678) with the North Carolina State Board of Registration for Professional 
Engineers and Land Surveyors, and a Registered Environmental Consultant (#00041) under the 
North. Carolina Inactive Hazardous Waste Site Program. 

Gregory B. Kuntz is a North Carolina Registered Geologist (#1203) and a Registered Site 
Manager under the North Carolina Inactive Hazardous Waste Site Program. Rich Wargo is a 
North Carolina Registered Engineer (#23435) and the office manager. 
Principal Laboratories: 

Savannah Laboratories and Environmental Services, Inc. 
Contact- James W. Andrews, Ph.· D., Project Manager 
5102 LaRoche Avenue 
Savannah, GA 31404 
Telephone: 912-354-7858 
Fax: 912-352-0165 

Savannah Laboratories and Environmental Services, Inc. in accordance with the provisions of 
N.C.G.S. 143-215.3 (a) (1), 143-215.3 (a) (10), and NCAC 2H.0800 is certified to perfonn 
environmental analysis and report monitoring data to the Division of Water Quality, North 
Carolina Department of Environment and Natural Resources. 

Savannah Laboratories and Environmental Services, Inc. will perfonn extractable and purgeable 
organics, metals and fish tissue analysis. A quality assurance project plan was previously 
submitted in the June 24, 1999 Draft RI. 
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Triangle Laboratories, Inc. 
Contact - Rose West 
801 Capitola Drive 
Durham, NC 27713 
Telephone: 919-544-5729 
Fax: 919-544-5491 

DRAFT Revision 2.0 
May23,2000 

Triangle Laboratories, Inc. in accordance with the provisions ofN.C.G.S. 143-215.3 (a) (1), 143-
215.3 (a) (10), and NCAC 2H.0800 is certified to perfonn environmental analysis and report 
monitoring data to the Division of Water Quality, North Carolina Department of Environment 
and Natural Resources. 

Triangle Laboratories, Inc. will perfonn high-resolution dioxin/furan analysis. Triangle 
laboratories quality assurance manual is presented in Attachment (L). 

Ogden Environmental will perfonn the sediment toxicity testing. The laboratory's quality 
assurance manual is presented in Attachment I. The address and phone number is shown below: 

Ogden Bioassay Laboratory 
5550 Morehouse Drive .· 
SuiteB 
San Diego,CA 92121 
Telephone: 858-458-9044 
Fax: · 858-458-0943 

The contact person for Ogden will be Marilyn Schwartz. 

3.7 Section VI. D., 19- Equipment and Personnel Decontamination Procedures 

3.7.1 Equipment Decontamination Procedures 

Decontamination· procedures will be implemented to avoid cross-contamination of samples. 
Sampling equipment will be thoroughly cleaned and decontaminated before initial use and 
between sample locations. 

A designated cleaning/decontamination station will be established prior to beginning remedial 
assessment activities. This decontamination area will be located downgradient and down wind 
from the clean equipment drying and storage area. The decontamination area will consist of a 
polyethylene lined waste pit to contain the rinse water and waste materials until they can be 
collected. At the completion of sampling activities all waste materials and polyethylene will be 
removed from the decontamination pit and disposed in appropriate investigation derived waste 
(IDW) containers. The decontamination pit will be backfilled to original grade. 
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All cleaning of drill rods, auger flights, well screens, and casings will occur over plastic sheeting 
in the decontamination basin using saw horses or other appropriate means. All drilling rigs, 
drilling and sampling equipment, backhoes, and all other associated equipment involved in the 
driiling and sampling activities will be cleaned and decontaminated before entering the 
designated activity areas. The drill rig and drill rods/augers will be steamed cleaned prior to 
drilling each borehole. · 

In addition, all well construction materials and tools, downhole sampling tools and associated 
equipment will be cleaned and decontaminated by the following procedures (unless the materials 
arrive on-site, certified clean, and in original undamaged packaging): 

All sampling equipment involved in the assessment activities will be cleaned and 
decontaminated before entering designated activity areas, between samples and prior to leaving 
the site using the following procedure: 

1) 

2) 
3) 
4) 
5) 
6) 

Wash equipment thoroughly with laboratory grade, phosphate-free detergent and 
potable water using a brush to remove any particulate matter or surface film. 
Rinse thoroughly with potable water. 
.Rinse thoroughly with deionized water. 
Rinse twice with pesticide-grade isopropanol. 

·Rinse with organic-free water and allow to air dry. 
. Wrap with aluminum foil to prevent contamination, if storing or transporting the 
equipment prior to use. · · 

.• 
Organic-free water should contain no pesticides, herbicides, extractable organic compounds, and 
less than SO ugll of purgeable organic compounds. In addition, no metals or other organic 
compounds should be detected at routine ddectionlimits. Deionized water, organic-free water, 
and isopropanol must be applied using non-interfering containers made of glass, Teflon, or 
stainless steel. 

Following completion of decontamination, if decontaminated equipment touches the ground, it 
will be considered contaminated and require decontamination before use .. 

3.7.2 Personnel Decontamination Procedures 

Pre-work and weekly health and safety tailgate meetings will be conducted by the Health and 
Safety Officer.assigned for each phase of the investigations. Personnel will be instructed on the 
use of personnel protective equipment (PE). Level D protection will be used in all investigations 
at the site unless conditions warrant an upgrade in personal protection. Personnel will be 
instructed to wear rubber boots, Tyvek suits, and gloves appropriate for the tasks being 
completed. Instruction will be given on how to provide protection against dermal, inhalation, 
and ingestion of potential contaminated materials. No smoking, eating or drinking will be 
allowed when a potential for exposure is present. At task completion, breaks, or at the end of 
each day, or between individual samples, as appropriate, the PPE will be removed and placed in 
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appropriate IDW containers. Decontamination will consist of a boot, hand, and face wash using 
detergent . and potable water. A decontamination station including non-phosphate detergent, 
potable water, eye wash, fire extinguisher, first aid kit, emergency first aid guide book, and the 
task-specific health and safety plan will be established adjacent to the decontamination area. 
Mobile phones will be maintained in most of the work trucks. 

The Health and Safety Officer will be responsible for upgrading the level of protection required 
based on field observations and measurements. If an increase in PE is required, a 
decontamination program will be established that includes the necessary stations, barrier tapes, 
and decontamination and observation personnel. 

3.8 Section VI. D .• 20- Health and Safety Plan 

A health and safety plan that conforms to OSHA 1910.120 requirements and assures that the 
health and safety of nearby residential and business communities will not be adversely affected 
by activities related to remedial investigation activities was previously submitted in Attachment 
K of the June 24, 1999 Draft RI. · ... 

3.9 Section VI. D .• 21 - Proposed Schedule for Site Activities and Reportin2 

The proposed schedule for the Supplemental RI is as follows: 

=> Submit proposed Supplemental RI workplan May 23, 2000 
=> NCDENR review ofworkplan June 23, 2000 
=> Correct deficiencies in workplan July 21, 2000 . ~~ 
=> Begin Supplemental RI workplan fieldwork August 21, 2000 r ~. 

=> Submit Supplemental Workplan report April16, 2001 
The Supplemental Remedial Investigation will begin no sooner than receiving written approval 
ofthe Investigation Plan from the Division, nor later than thirty (30) days thereafter. 

The AOC requires that the Supplemental Remedial Investigation be submitted within.l20 days 
of notice to proceed. An extension is requested for a total of 225 days from notice to proceed. 
This extension request is based on the time required to complete scheduling (15 days), 
monitoring well installation (15 days), two phases of soiVsediment sampling (60 days), 
ecotoxicity testing by the laboratory (90 days) and reporting (45 days). 

3.10 Section VI. D .• 22- Additional Information Considered Relevant 

3.10.1 Additional Technical Comments Specific to Draft RI Report 

The following additional comments will be addressed in an addendum to the Draft RI and 
presented in the SRI: 
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Section 31 Pp. 49-51 

The summary table of detected constituents will be updated to include the absence of sample ·.· 
analytical data for any medium. 

Section 32.3 P. 54, Parag. 3 

See Section 3.10.4 below on Land Use Restrictions 

Section 32.4 P.56 Parag. 1 

An addendum to the Draft RI will be prepared indicating As < 50 ug/1, Cr < 50 ugll, and Cu > 3 
ug/1 (but also detected in background sample). 

Section 32.5 Pp. 57-58 

Please see Section 3.10.4 below. 

3.10.2 Investigation Derived Waste Management 

Investigation derived waste (IDW) materials will be generated during the proposed field 
activities that must be properly managed. Potentially contaminated materials generated will 
include soil, sediment, groundwater, decontamination solution and disposable equipment. Since 
some of these materials may be hazardous wastes, they will be handled, stored, treated and 
disposed of properly. Materials that may become IDW include: 

• Personnel protective equipment (PPE) - coveralls, gloves, respirator canisters, etc. -
• Disposable equipment (DE) - plastic ground and equipment covers, aluminum foil, conduit 

pipe, sample containers, sample boxes, tape, etc. 
• Soil cuttings from drilling, spent carbon, filter sand, etc. 
• Drilling mud or water used in drilling. · 
• Groundwater obtained from well sampling, development, APT, etc. 
• Cleaning fluids such as spent solvent and wash water. 

Solid and liquid IDW will be handled separately. Solids and sludge will be placed in a roll-off 
container. Liquid IDW will be placed in DOT approved (17H) 55-gallon drums. The roll-off will 
be covered to prevent accumulation of precipitation and sealed to prevent release to the land 
surface. The liquids that separate from the solids and sludge will be decanted from the roll-off 
container and added to the liquid IDW. The proper hazardous waste and Department of 
Transportation labels will be placed on each container on the first day in which any waste is 
added to the container. A waste generation form will be completed on the first day of waste 
generation. A weekly inspection of the waste· containers will occur during the field activities. 
The waste type will be identified and the containers labeled with the proper D.O.T. placards, 
manifested and shipped off-site to an approved waste disposal facility. 
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All non-hazardous lOW will be disposed at the local sanitary landfill at the end of the remedial 
investigation activities. 

3.10.3 DNAPL Recovery 

Initial efforts to evaluate the technological feasibility of partial DNAPL recovery will be 
evaluated during the remedial investigation. · Product accumulation· has occurred in the vicinity 
of the covered ditch {MW-14 @ 1.91' and MW-26 @ 4.1') and beneath the wood treatment 
facility at MW-IIB (0.23') in the intermediate aquifer. · 

Interim actions are proposed to evaluate recovery ofDNAPL from existing well MW-26. It may 
be necessary to install a larger diameter well (6- to 8-inch) to house the product recovery 
equipment. Product recovery will occur utilizing a pump or a belt lift system and a product 
recovery tank. The product recovery system and product disposal will comply with applicable 
regulations. 

3.1 0.4 Land Use Restrictions 

Initial efforts towards submitting a Declaration of Perpetuar Land Use· Restrictions for both 
parcels of land at the site will occur. The land use restrictions will be accordance with the 
August 1999 Guidelines for Assessment and Cleanup. The land use restrictions are 
recommended so that alternate site-specific remediation goals may be obtained. 

3. t t Section VI. D., 23 - Signature and Seal of Licensed Professional 

ln Southern Wood Piedmont Company's and Schnabel Engineering Associates, Inc. opinion and 
to the best of our knowledge and belief all comments and requirements as listed in the NCDENR 
Draft RI and SRI Comment Letters and the AOC are addressed in this workplan. 

This workplan has been prepared solely and exclusively for Southern Wood Piedmont 
Company's and NCDENR's benefit and use for specific application to this project. The use of 
this report by a third party or parties will be at such party's sole risk and Schnabel Engineering 
Associates disclaims liability for any such use or reliance by third parties. 

~"'''"11'"''' . ·;~@. 

c~~ ~~-~~~~~~~~K~c~~~~~~~~~·}Jul~ 
William Arrants No. 1203 
Southern Wood Piedmont Company 
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4.0 SUPPLEMENTAL REMEDIAL INVESTIGATION WORKPLAN 
DEFICIENCIES 

PRAEf Revision 2.0 
May23,2000 

Within 30 days of receiving notice from the Division (NCDENR) · of any deficiency in the 
Supplemental Remedial Investigation Workplan, information or materials sufficient to correct 
such deficiency will be submitted. 

5.0 SUPPLEMENTAL REMEDIAL INVESTIGATION REPORT 

Four copies of the Supplemental Remedial Investigation Report will be submitted within 225 
days of receiving written approval from the Division. The report will be organized in sections 
corresponding to Section VI. G. of the AOC .. 
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Figure 4. Site Conceptual Model for Ecological Risk~ Assessment at the SWP-Wilmington Project 
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TABLE 1 • SAMPLE IDENTIFICATION, LOCATIONS, DEPTHS, METHODOLOGY, AND JUSTIFICATION 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

~~~~==~~~~W::ILFM=IN:G:T]O~N~,~N~E~W~H~A[N:O:V:E~R~C~ORUFNTY~,~N~O~R~T~H~C*A~R~O~L:IN~A~~~~~~~~~~ 
MW·12DF Water Low Flow Technology To detennlne presence or absence 

of Dioxins/Furans · 
MW-14DF Ground Water Covered Ditch Low Aow Technology To detennlne presence or absence 

of Dloxlns/Furans 
MW-34DF Water Greenfield Creek Area Low Flow Technology To detennlne presence or absence 

of Dioxlns/Furans 
MW-40DF Ground Water Landfann Area Low Flow Technology To detennine presence or absence 

of Dioxlns/Furans 
MW-40DF-Dup Ground Water Landfann Area Low Flow Technology 

Subsurface Soli Background 

SS-6DF Soli Production Area > 2feet 

SS-13DF Subsurface Soli Covered Ditch > 2feet 

SS·13DF-Dup Subsurface Soli Covered Ditch > 2feet 

SS-14DF Subsurface Soli Area > 2 feet 

Greenfield Area > 2feet 

BK·S1DF Sediment 

SD-40DF 

SD-40DF-Dup 

SD-06DF 

SD-07DF 

S5-10A-DF To detennlne presence or absence 
of Dloxlns/Furans 

SS·9DF To detennlne presence or absence 
of Dioxlns/Furans 

SS-16DF Sediment 

S5-21DF Sediment 

SS-23DF Sediment 

·~ 

10/18101 PAGE 1 OF3 Tabfe_1 sampfecodes 
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TABLE 1 • SAMPLE IDENTIFICATION, LOCATIONS, DEPTHS, METHODOLOGY, AND JUSTIFICATION 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

WILMINGTON, NEW HANOVER COUNTY, NORTH CAROLINA 

SD-40-Dup 

SD-39 

SD-21 

SD-22 

SD-24 Sediment absence 

SD-25 Sediment To determine presence or absence 
of contamination 

SD-26 To determine presence or absence 
of contamination 

SD-27 Sediment To determine presence or absence 
of contamination 

SD-28 Sediment To determine presence or absence 
of contamination 

SD-29 Sediment To determine presence or absence 
of contamination 

SD-30 Sediment To determine presence or absence 
of contamination 

SD-30-Dup Greenfield Creek downstream To determine presence or absence 
of confluence with ditch of contamination 

SD-31 Sediment Greenfield Creek downstream absence 
of confluence with ditch 

SD-32 Sediment To determine presence or absence 
of contamination 

SD-33 Sediment To determine presence or absence 
of contamination 

SD-34 To determine presence or absence 
of contamination 

SD-35 To determine presence or absence 
of contamination 

SD-36 To determine presence or absence 
of Covered Ditch of contamination 

SD-37 Sediment Wetland area south absence 
of Covered Ditch 

SD-38 Sediment Wetland area south To determine presence or absence 
of Covered Ditch of contamination 

SD-42-Comp Sediment Drainage Sediment toxicity testing 

SD-43-Comp Sediment Drainage Ditch Sediment toxicity 

SD-44-Comp Sediment Sediment toxicity testing 

SD-45-Comp Sediment Sediment toxicity testing 

SD-45-Comp- Sediment Sediment toxicity testing 

Dup 
SD-46-Comp Sediment Sediment toxicity testing 

SD-47-Comp Sediment Sediment toxicity testing 

10/18/01 PAGE20F3 Table_1 samplecodes 
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Table 2. Summary of Screening-Level Ecologicai.Risk Assessment (SLERA)1
'
1 

ERA Steps Status Outcome 
Step 1: Screenin2-Level 

Site Visit Completed Site visits were completed in 1995 and 1996. Habitat structure and 
-- -- ----·-- --- ecological community characterizations were performed for the - -- -

- -

drainage ditch, Greenfield Creek, and adjacent areas of Cape Fear 
River (including Eagle Island). 
A qualitative benthic invertebrate assessment was also performed. 

Problem Formulation Completed Problem formulation performed and site conceptual model developed 
for drainage ditch, Greenfield Creek, and adjacent areas of Cape Fear 
River. 

Analytical Database Ongoing SLERA prepared based upon analytical data collected from 1985-
through 19954

• These included surface water, sediment, and 
A VS/SEM data. 

Identification of Potential Receptors Completed. Evaluated (1) aquatic plants, (2) benthic invertebrates, (3) fish, (4) 
amphibians and reptiles, (5) piscivorous wildlife (birds and 
mammals), and (6) threatened, endangered and rare species, as part of 
the SLERA. Key receptors that were evaluated quantitatively were 
the following: 

• Benthic Invertebrates - direct contact/ingestion of sediments 
• -Fish: Spot - indirect food-chain exposure 

. • Avian: Great Blue Heron- indirect food-chain ex__posure 
Toxicity Evaluation Completed Toxicity profiles were provided fo~ COPCs. 

Metals: ER-L values were used. 

PAHs: For the fish, the critical body burden for P AHs was used. For 
<i< the avian receptor, a TRV derived from the literature was used. 

Step 2: Screenin2 Level 
Exposure Estimate Completed Metals: Screen was performed using conservative ER-L values. 

The bioavailability of metals was evaluated using AVS/SEM data. 
Metals were not found to be labile in drainage ditch, Greenfield 

• Page to •. 
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Table 2. Summary of Screening-Level Ecological Risk Assessment (SLERA)1.2 

ERA Steps Status 

COPC Selection On-going 

Input Assumptions Completed 

Risk Calculations Completed 

Outcome 
Creek, and adjacent areas of Cape Fear River. 

P AHs: Comparison made to site-specific sediment quality criteria 
based on Equilibrium Partitioning Theory. Most observed P AH 
concentrations were below these values. 
P AH finge~printing Indicated a potential pyrogenic source for the 
PAHs.· 
Metals: Screen was perfonned using conservative ER:·L values. 
Metals that were analyzed were not retained as COPCs since levels 
were below conservative ER-L values. . . 
P AHs:· Comparison inade to site-specific sediment quality criteria 
based on Equilibrium Partitioning Theory. 
P AHs were principal COPC. 
Benthic: Conservatively assumed that the organisms were in direct 
. contact with the sediments throughout their lives. 
Fish: Conservative biconcentration factors and no biodegradation 
were assumed for the fish. No empirical data were collected. 
Bird: Conservative assumptions for Area Use Factor, bioavailability, 
and dietary consumption were used~ Inputs were derived from · 
published studies and the Wildlife Exposure Factors Handbook (EPA, 
1993). Exposure via diet was based upon estimated concentrations of 
P AHs in fish. · 
Potential benthic effects evaluated based upon comparison to ER-L. 
values for COPCs 
Potential effects to fish receptors were evaluated rising hazard 
quotients· that were calculated using critical body burdens for the 
COPCs. . . . 
Potential effects to avian receptors were evaluated using hazard 
quotient calculated usingTRVs for the COPCs 

Uncertain!Y_ Assessment Completed A non-quantitative uncertainty assessment was _p_erfonned. Sources of 

Page2of3 
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. Table 2. Summary of Screening-Level Ecological Risk Assessment (SLERA)1
•
2 

. . . . ... . . ... . . : . . . 

ERA Steps Status Outcome 
uncertainty were identified that included (1) selection of ecological 
COPC, (2) selection of key receptors, (3) exposure assessment, and 
( 4) the ecological effects assessment~ - - ~ ---- .. - -

Step 3: Baseline Risk Assessment Problem Formulation 
Refine Problem Fonnulation Ongoing ·Problem fonnulation as described in Step 1. still applies to this Step, 

except for the proposed effort related. to the detennination of potential 
·sediment toxicity to benthic organisms. 

Refine COPC list Not COPC list developed in Step 2 would still apply to this step and the 
Required ·subsequent steps. 

Assessment Endpoints Assessment Endpoints as described in Step 1 still applies to this Step 
Conceptual Model Exposure Pathways Ongoing · Conceptual. models developed for drai_nage ditch, Greenfield Ct;eek, 

and adjacent areas of Cape Fear River. Avian receptor relevant only 
to Cape Fear River.· · · · 

COPC Fate and Transport Ongoing SLERA included discussion of the potential fate ofPAHs due to 
biodegradation _in the environment. This discussion will be expanded 
iri the subsequent steps in the ERA. 

Toxicity Evaluation. Ongoing :.P AH toxicity in fish receptor based upon critical body burden. For the 
· aviari toxicity, a TRV based upon· a single P AH toxicity study was 
used.. . . . ; 

·Further assessment of critical body burden value· iri ·fish and the avian 
TRVs used in the SLERA Will be perfonned as part of the new 
project. 
HQs inditated potential toxicity in ·sediments to benthic invertebrates. 
Sediment toxicity_ testing isprop_osed as_part of ERA Step 4-8 

Notes: 
1. Based on report prepared by ChemRisk (1996). 
2. Steps 4 through 8 of the EPA guidance (EPA, 1997) is the subject of this Work Plan. 
3. Evaluation ofpotentia1 risks based upon haZard quotients suggested that toxicity may be present. Sediment toxicity testing is 

proposed as part of Step 4 ofthc ERA . . . 

• • Page3o • 
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TABLE 1 • SAMPLE IDENTIFICATION, LOCATIONS, DEPTHS, METHODOLOGY, AND JUSTIFICATION 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

WILMINGTON, NEW HANOVER COUNTY, NORTH CAROLINA 

Sample_ Code Sample Media Sample n.-,.tlnn Depth Sample Method -"' 
BI0·1D-A,B,C Biological, Fish Tissue Gn.,..,.,,.,u Lake Electro-shock To establish background levels 

for Greenfield Creek and Ditch 
BI0-10-A,B,c- Biological, Fish Tissue Greenfield Lake Electro-shock To establish background levels 

Dup for Greenfield Creek and Ditch 
BI0-11-A,B,C Biological, Fish Tissue Off-site Tributary to Electro-shock To establish background levels 

Cape_l:~ar River for Greenfield Creek and Ditch 
BIQ-12-A,B,C Biological, Fish Tissue In Greenfield Creek downstream Electro-shock To determine presence or absence 

of confluence with ditch of contamination 
BIQ-13-A,B,C Biological, Fish Tissue In Greenfield Creek downstream Electro-shock To determine presence or absence 

of confluence with ditch of contamination 
BI0-14-A,B,C Biological, Fish Tissue In '"''"""""'u Creek Electro-shock To determine presence or absence 

near tidal gate of contamination 
BIO -15-A,B,C Biological, Fish Tissue In drainage ditch Electro-shock To determine presence or absence 

of contamination 
BI0-16-Comp Biological Greenfield Lake Electro-shock To establish background levels 

Whole Fish for Greenfield Creek and Ditch 
BI0-17-Comp Biological Off-site Tributary to Electro-shock To establish background levels 

Whole Fish Cape Fear River for Greenfield Creek and Ditch 
BI0-18-Comp Biological In Greenfield Creek downstream Electro-shock To determine presence or absence 

Whole Fish of confluence with ditch of contamination 
BI0-19-Comp Biological In Greenfield Creek downstream Electro-shock To determine presence or absence 

Whole Fish of confluence with ditch of contamination 
BIQ-19-Comp- l'linlnni,.,l ln~'"""""'JCreekdownstream · Electro-shock To determine presence or absence 

Dup Whole Fish of with ditch of contamination 
BI0-20-Comp Biological In Greenfield Creek Electro-shock To determine presence or absence 

Whole Fish near tidal gate of contamination 
BI0-21-Comp Biological In drainage ditch . Electro-shock To determine~''"""""" or absence 

Whole Fish of _...VI"CH-'HO IQ UUI 
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Table 3. SumJrtary of Planned Ecological Risk Assessment Activities (ERA Steps 4 and 5) 

' 

ERA' Steps Outcome 

Problem Formulation Problem formulation and site conceptual model developed for 
drainage ditch, Greenfield Creek, and adjacent areas of Cape 
Fear River. Problem formulation as described in Step 1 still 

~ applies, except for the effort related to the determination of 
potential sediment toxicity to benthic organisms. 

Analytical Database SLERA prepared based upon analytical data collected from 
1985 through 1995. Relevant data collected since that period 
and as part of the 1999-2000 field effort will be included in the 
updated ERA. 

Identification of Receptors No further refinement will be required. Receptors will include 
I the following: 

• Benthic invertebrates - direct contact/ingestion of 
I 

sediments 
I • Fish: Spot- indirect food-chain exposure 

• Avian: Great Blue Heron- indirect food-chain 
i exposure 

Assessment and Measurement The assessment and measurement endpoints are updated to 
Endpoints reflect the use of toxicity testing to evaluate the risks to benthic 

' organisms. 
Toxicity Testing Toxicity testing of the biologically active zone of sediments will 

: be performed with two amphipod species to determine whether 

--- the risks calculated in the SLERA represent actua~ effects at the 
site. 

Develop DQOs Review toxicity testing methods to determine the potential need 
to modify the methods due to known site contaminant 

I • concentrations and analyte "suite". 
Verify that any analytical methods that will be performed will 

' 
be capable of achieving detection limits specified in the Work 
Plan. 

...... -~ -. .~~ . 

COPC Fate and Transport SLERA included discussion of the potential fate ofPAHs due to 
biodegradation in the environment. This discussion will be. 

' 

expanded as part of the Work Scope for this phase of the . 
project. 

Input Assumptions for Risk Benthic: Risks will be evaluated by using sediment toxicity 
Calculations testing. · 

Fish: Empirical data will be collected as part of the proposed 
field program to evaluate potential body burden effects. 
Bird: Exposure assumptions used in the SLERA will be refmed 
to reflect site- or region-specific conditions, as well as empirical 
fish concentrations. 

Toxicity Evaluation Further assessment of critical body burden value in fish and the 
avian TR V s used in the SLERA wiH be performed. 

Page 1 ofl 



Table 4. Summary of Test Organisms for Sediment Ecotoxicity Testing 

Test Species 
Geographic Habitat Salinity Sediment AgeofTest Test Endpoint Organism 

Range Preferences Type Organisms Duration Measured Source 

Hyallela azteca Lakes, ponds, Free 0-15 ppt From 100% sand 7-14 d specimens 10d Mortality and Lab cultures 
(amphipod) streams, burrowing (can tolerate to 90% silt/clay 

-- -- -~ ---- - growth _ - ---- --·---- .. -

--- ------ -

ditches, -- sediment to29ppt) 
marshes dweller 7-14 d specimens 28d Mortality and Lab cultures 

growth 
Leptocheirus East coast U-shaped 2-32 ppt Fine sand to silty As uniform as 10d Mortality, ability to Wild 
plumulosus burrows in clay possible in age rebuy in clean seds population; lab 
(amphipod) sediments and size (adults) after exposure cultures 

~eonates (<24h) 28d Mortality, growth, Lab cultures 
reproduction 

Chironomus Eutrophic Sediment 0-5 ppt Wide tolerance of First instar {<3d 10-14 d Mortality, growth Lab cultures 
riparius lakes and tube dweller grain size {>90% old) 
(midge) streams silt/clay to 100% Upto30d Emergence Lab cultures 

sand). 
Chironomus Eutrophic Sediment 0-Sppt Wide tolerance of Second or third lOd Mortality, growth, Lab cultures 
ten tans lakes and tube dweller grain size {>90% ins tar head capsule width 
(midge) streams silt/clay to 100% 

sand)_ 
Note: 
Compiled fromBurton{1991), EPA (1998a) andASTM (1997a-c) 

. ,e--. . •• • • 
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Table 5. Sediment Sample Locations, Estimated Number • of Samples, and Analyses. 

Physico· Benthic 
Location/ Chemical Invertebrate 
Samples Matrix SVOCs PCDD/F TOC Parameters 1 Toxicity 

Cape Fear River 
·Samples solid 0 4 4 0 0 

• Field Duplicate solid 0 1 0 0 0 
-MS/MSD solid 0 0 0 0 0 

- Rinsate' Blank aqueous 0 0 0 0· 0 

Greenfield Creek 
· -Samples solid 6 2 8 11 "3 

• Field Duplicate solid 1 0 1 2 1 
-MS/MSD solid 1 0 0 0 0 

- RinsateBlank· aqueous 1 0 0 0 0 
I 

Drainage Ditch 
-Samples solid 9 2 11 13 2 

- ·Field Duplicate solid 0 0 0 0 0 
-MS/MSD . solid 0 0 0 0 0 

- Rinsate Blank aqueous 0 0 0 0 0 • 
Reference/ 
Background Area 

-Samples solid 2 3 5 6 1 
- Field Duplicate solid 1 0 0 0 0 

Notes: 
1. Geochemical Parameters include sediment particle size distribution, salinity, pH, and 

ammonia concentration. 

I 

I 

(. 
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.... j. 

r "'··· : ~ 

Table 6. Fish Sample Locations, Estimated Number 
of Samples, and Analyses. 

Location! Lipid 
PCDDW Samples Matrix SVOCs Content 

GreenField Creek 
· - Fillet Samples3 tissue 3 3 

- Whole Samples3 tissue 3 3 
- Field Duplicate tissue 1 1 

-MS/MSD tissue 1 1 
• · - Rinsate Blank4 aqueous 1 1 
' 

Drainage Ditch 
- Fillet Samples tissue 1 1 

I 

- Whole Samples tissue 1 1 ·-
- Rinsate Blank aqueous ... 

0 o· . ...... 

i 

Reference Areas 
- Fillet Samples tissue 2 2 

- Whole Samples tissue 
.. 

2 2 
.. 

· ·- Field Duplicate· tissue ·---:·1 0 
. . . Notes: 

:t. Number of samples are estimated and dePc:nd upon actual 
abundance and sampling success. 

3 
3 
1 
0 
0 

1 
1 
0 

2 
2 
0 

2. Dioxins!Furans will only be analyzed if detected in proposed 
, sediment samples. . 
3. Composite samples will be prepared for fillets from gamefish, and 

whole-body composites of small prey fish. 
4. Rinsate blanks wiU be required only if the fillet samples are 

prepared in the field. 

(. 
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SJ:CJtaAitY 

NORTH CAROLINA. DEPARTMENT OF 
ENVIRONMENT AND NATURAL RESOURCES · . 

DMSION OIP WAnE MANA.GII:MII:NT 

Mr. William Arrants, 
Manager of Environmental 
Affairs I Regulatory Compliance 
Southern Wood Piedmont Co. 
P.O. 5447 
Spartanburg, South Carolina 29304 

Re: Review and Comment on Submittal: 
Schnabel Engineering Report 
on Remedial Investigation, 
Southern Wood Piedmont- Wilmington Site 
NCD 058 517 467. 

Dear Mr. Arrants: 

September 3, 1999 

;---... - -... :'"· 

! .. . . . 
. • .... •1 

. .,.-·=---, . . . ' . . : 

.... ... . ·· .. • . 

Thank you for your timely submittal of the above draft RI report. I have 
reviewed the ·report for compliance with the terms of the State Deferral 
Administrative Order on Consent, and for factual consistency with the attached 
references and other sources of information. Schnabel Engineering has performed a 

. thorough collation of the existing analytical data and site investigations completed to 
date. Attached are general comments on the status of remedial investigation of the 
site, as well as specific comments on the contents and findings of the draft RI report. 

SWP is directed to submit a Proposed RI Workplan addressing additional 
sampling requirements within 30 days of receipt of these comments. Following our 
review and comment on the Proposed Workplan, SWP will have 30 days to revise the 
Draft RI Workplan as needed. If you have any questions or scheduling concerns, 
please contact me at (919) 733-2801, Ext. 277. 

Attachments 

cc: Mr. Gregory Kuntz, Schnabel Engineering 
Pat DeRosa 
File 

Sincerely, 

~ 
Stuart F. Parker, Jr. 
Hydrogeologist 
NC Superfund Section 

•01 O•ll:ltLIN IIOAD, SUITII: 1110, IIALitleH, NC 27.011 
~ON11:•1 .. n~••• P'AX•1 .. 71S4eos 

AN EQUAL O~I"'itTUNITT I AI"P'IItMATIVII: ACTION EM~LOYII:It • ~~~ ltii:CYCLaDI1 01r, poo~oCON8UMKit "A" Ill / 
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Review and Comment on 
June 1999 Draft Remedial Investigation Report 

Southern Wood Piedmont Site . 
Wilmington, New Hanover County, NC 

PARTI: GENERALCOMMENTS: 

NCD 058 517 467 . 

.. Stuart F. Parker 
NC Superfund Section 

August 1999 

I) Sampling completed at the site has identified c~eosote contamination in sediments along the 
site's drainage ditch and lower Greenfield Creek, plus locaJized creosote contamination at the Cape 

· Fearwaterfront. Sampling results to date do not indicate that creosote contamination has migrated 
from Greenfield Creek to. sediments on the adjacent Cape Fear .River bottom .. However, creosote
contaminated sediment was evident directly upstream of the tidal gate within the mouth of the creek. 

2) Arsenic concentrations in the above sediment sampl~s exceeded the State Soil Remediation 
Goal, however, the concentrations were generally in the same range as background levels. Possible 
exceptions were di-ainage ditch ESI samples SD-03, SD-06 and SD-08, for which arsenic results were· 
qualified as estimated values. The ·Superfund Section conclirs that the arsenic concentrations in 
Greenfield Creek and the Cape Fear River appear to represent ambient conditions. · 

3) ·None of the sediment samples has been tested for chlorinated dibenzodioxins/dibenzofurans . 
. These sOil contaminants. were introduced to the site with the.use..ofpentachlo~opheno~ and may have 

mi&rated to the waterways. ·As part of the RI, selected sedinlent ~oeation5 previously sampled during 
·site assessment shoUld be resampled.specifically for these contanlinants, to determine whether release 

.. haS oc:curTed to the waterway. Results will indicate whether further evaluation for dioxins/furans is 
· needed in the waterways. · · · 

4) Creosote-contaminated sediment locations identified thus far within the drainage ditch and 
Greenfield Creek are separated by intervals ranging up to several hundred feet. This resolution was 
adequate for site assessment purposes. However, higher-resolution sediment characterization will . 
be required to delineate "hot" _segments of the ditch and creek bed during Remedial Investigation. 
If diox:inslfurans are detected above background at the site assessment sediment sample locations, the 
RI will require higher~tesolution sampling for these contaminants as well. 

5) Access routes to lower Greenfield Creek have been posted ~gainst trespassing by the State 
Ports Authority, in order to discourage continued fishing there. However the State ofNC requires 
analytical documentation offish tissue ·contamination before posting a fish consumption advisory. 
Results ofESI fish tissue sampling were inconclusive. Therefore, fish tissue sampling will be required 
as part of the RI . 

1 



6) The 1996 Human Health and Ecological Risk Assessment report for Southern Wood 
Piedmont is based on incomplete characterization of the site (sec above), and on the presumed .•. 
historical non-use of Greenfield Creek as a fishecy, which remains a point of controversy. Human 
health risk scenanos should include fish consilmption from the drainage ditch/Greenfield Creek. 

The ecological risk .assessment pre-dates the EPA's 1997 Ecological Risk Assessment 
Guidance for Supetfond, Process for Designing and Conducting Ecological Risk Assessments (EPA 
~40-R-97-006). RI risk assessment must be in compliance with this guidance, and incorporate the 
results of future RI sampling. 

NC SuPerfund Section Industrial Hygiene Consultant DaVid LiJJey reviewed the Chemrisk rlsk 
assessment report in June 1996. His technical comments are attached. I . . . . . . ·. .. . ... · . . . 
7) · . US EPA Region IV and State lriaetive Hazardous Sites Program (IHSP) persennel agree that 
ckotoxicltytesting·ofdrainage.ditch and Greenfield Creek sediments is anapprop~ate approach to 
~uating ecological risk at the site. However, ·they maintain ~hat chronic exposure scenarios Will 

· be required to c:Omplete a satisfactory evaluation. RI eeotoxicity studies and . risk detenninations wiJI 
be reviewed by the NC Superfund Section and the NC Division of Water Quality. . 

.. . f: :. : ·. · ... : . . .. . . . . . . . . . . . 

· . 8) · : Recent groundwater data and observaiions indicate that additional . verticaJ. migration of 
·creosote DNAPL may be o~rring beneath the site .. Although groundwater is. not the meditim of 
p

1

rinWy c:Oncern at.this site, the teehnical feasibility of partial recovery of creosote DNAPL Will be 
I . . . . . . . . . . . .. . . 

,.~~v~igated during ·site re~ediatio'n.· · · . . . . .. ·. . . . . . . . . . · • 

,·:9) .', At presen~ ·only the deed for the northern (former City of.WiJ.mington) site parcel contains 
· a restriCtion clause limiting future site use.. This Clause alone does not satisfY state requirements, as 

I. .. . . . . . . . .. . . ,· . . . .. 

· . outlined in the AugtiSt 1999 lliSP Guidelines for Assessment aiuJ Cleanup, .Appendix D .. In the 
~enfthat alternate site-specific soil cleanup goals'are'to be sought, based on restricted future ~and 
u~e at the site, ll request for Declaration ofPerj)etuaJ Land Use Restrictions· may be Stlbnlitted to 
DENR from State Ports Authority as part of the Remedial Action Plan. · · · 

I
. . I . . . . . . 

. • •' • . • ·. . • I. • '• . • 

PART ll: ·TECHNICAL COMMENTS SPECIFIC TO.. DRAFT R1 REPORT: . ·: ·sl~~··s.~ · ·· · ... ·.· · , · .. 
P. !1 I, Para g. 4-S: Several of the slug teSt wdls were not sc~eened. across the entire thi~~ess of 

their respective aquifer(s). However, the hydraulic conductivity results are 
consistent with the composition of the aquifer materials. 

2 
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· Section 5.9 
·: P. ·14, :parag. 5: 

Section 6.2 
P. 15, Parag. 6: 

Section 1.0· 
P. 16: 

Section 10.0 
·P. 20: 

' . 

. Section 12.0 _ . 
P. 23, Item 3: , ·. ·. 

. . ·. . .. ~ . 

Section t3.t'6 · · 
Ref. 35, Parag. 5: 

P. 36, Parag. 2: 

Section 13.17 
P. 37, Paiag. 5: 

The tidal gate would not necessarily prevent sediment transport from 
Gr~nfield Cf'eek to the Cape Fear River, especially during high creek 
disclw'g~ events at low river tide. Nor would the gate exclude all swimming 
organisms in the Cape Fear River from entering Greenfield Creek. Immature 
fish chamcteristically use tributaries to avoid predation and food competition 
in larger water bodies. Note that mature game fish were observed in 
Greenfield C~ both during the 1997 Expanded Site Inspection and during 

. an off-site recoMaissance by the NC Superfund Section on 4120199. 

Emergency surface-water intakes on Smith and Toomers Creeks have been 
unused for several decades due to salt water encroachment. 

:· . . 
The references d0a1ment those environmentally sensitive areas present within 
the study area, but not the specific absence of the other environmentally 

. sensitive areas. 

.. 

Greenfield Creek was channelized between 1938 and 1949. The on-site 
drainage ditch is not evident in the, 1938 photograph, suggesting that 
contaminant migration to the ditch and creek occurred subsequent to that time 

Position ofn~ ditch in relation .to covered ditch is unclear from description, 
but appears to be io the south. · · · 

Table 2-5 does not list State Soil Remediation Goals for each dioxin and furan 
species. 

Possible semi-volatile contaminant sources > 0.5 mile upstream of site are not 
identified, nor are they specified as being on Greenfield Creek or the Cape 
Fear River. Cite source. 

The indicated changes in total wood-preserving constituent concentrations 
. v.ithin the Iandfann are not evident from examination of Tables 10-1 through 

10-6. Cite samples used in the determination. 

3 
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P. 37, Parag. 1; 
. P. 38, Parag. 2: 

I . . . . . 
I .. . 

! I· 
i·, 

., 
!·'. 

• • • ~ • • ; • • 1 

. ' 
... 

· · · · Section 13.18 ·. 

-

~· 39, Bullet 1:: 

i 
P.-39, BuJJet 3: 1 

. . ' 

P. 39, BulletS: 
i 

, . I . • 

' . 

P. 39, Bullet 6: . 
I 

Section 31 
Pp. 49-51: 

·.··. -; .. :•. 

'I ·. •, 

. . ·. ·.·: 

· Section 32.3 
-~~ s4~ Paras. 3: . 

. ~ . . . 

Parag. S: 

r Semon 32.4 . . 
:. P. 5.6, Parag. 1: 

' I 
. SeCtion 32.5 
. Pp. 57-58: 

... •' 

SS-14 is invalid as a background sample due to likely PAH contamination •.. ·, 
from the WJlmington Coal Gas Plant SitC,. NCD 986 188 910. SS-16, SS-20, 
and SS-22 through SS-24 demoristrate that P AH is not ubiquitous in the river 
System. Contn"bution of site eontribution to Greenfield Creek is demonstrable 

· from sediment samples.· · · · · 
. . · .. · . 

. Copper was detected in 5urface wafer, but at concentrations less than the 
Class SC water quality standard. · · 

See SS-14 comment above. 

Greenfield Creek Tidal Gate is not a barrier against exposure via potential 
sediment migration to the Cape Fear River.. · · · · · 

See game fish·oomment above.: 

Summary table does not indicate the absence of sample analytical data for any 
medium, e. g., Dioxin in Sediment. Instances ·where sampling has not 
occurred should be indicated ''NA" . 

.. 
· .... ·. '• .. ' 

Deed restrictions for site use do not meet requir~ments outlintd iJl''IHsP 
. Guidance, Appendix D: ·If alternate cleanup goals.are to be sought based on 
restricted land use at site, requ·est· for Declaration of Perpetual Land Use 

· Restrictions by State Ports Authority may be submitted to DENR as part of 
the Remedial Action Plan. · : · 

Same asP. 37, Paragraph 7. 

. As <SO ugll; . 
Cr < SO ugll; . 
Cu > 3 ug/1, but also detected in background sample. 

Creosote DNAPL exists beneath both southern Bod northern parcels of the 
site. The DNAPL apparently has already fully penetrated the peat layer and 
has begun pooling at the base of the intermediate (sandy) aquifer. Coarseness 
of the sandy aquifer materials arid contiriued product mobility indicate the 
potential for some product recovety in areas of significant DNAPL thickness. 

4 
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June 17, l.996 

TO: Jack Butler 

FROM:. David Lil:ley . j) B [_ . 
RE: Comments prepared ·on the HUman Health Risk Assessment 

for the southern Wood Piedmont Site, Wilmington, NC 
May 29, l.996 

After .reviewing the above m~ntioned,. <:1ocument, I offer the 
following comments: 

l.. Page ES-l., se~ond.paragraph, next to the.last sentence: It 
is stated that true risks may be zero~ There.is no such 
thing as zero risk,.risk is either· above or below acceptable 
levels.·· .. . . ·: . · · ·. . .· . . · ··. 

2. Table 3-3: The unites for the Inhalation Unit Risk Value 
should be . (ugfm3) - 1 • 

3. Table 3-3: The Inhalation Slope Factor for 
Benzo(b)fluoranthene should be 6.10E-Ol, not 6.10E+OO as 
written. 

4. Tables 3-3 and 3-4: Was EPA-ORO consulted before 
extrapolating from the oral SF to. inhalation SF (Table 3-3) 
and inhalation RfD to oral RfD (Table 3-4)? Such a 
consultation (and the appropriate documentation) will be 
necessary before these extrapolations can be accepted. 

s. Tables 4-1 and 4-2, Lung Deposition Fraction (LDF): It is 
unclear to the reader where this factor used. According to 
EPA, this factor is to be used when extrapolating from an 
oral toxicity value to an inhalation value (under the 
guidance of EPA-ORO). See comment #4. 

6. Table 4-9: The units for the dermal permeability 
coefficients are cmfhr, not cm2/hr as written. 

7. Table 4-5: Benzo(k)fluoranthene is listed on Table 2-3 as a 
COPC for Surface soil, but there is no Exposure Point 
Concentration (EPC) listed in Table 4-5. Please.explain 
this inconsistency. 

a. Tables 4-4 and 4-7: There is an EPC for groundwater listed 
for phenanthrene in these tables, but phenan~~ne is not 
listed as a COPC in groundwater in Table 2-6. Pl.ease 
explain this inconsistency • 

.. 

··~' .. , 



9. 

. 10. 

11. 

12. 

13. 

Appendix B, Industrial scenario (typical) page 11: 
for benzene (according to Table 4-7) is 0.006, not 
listed on this page. Please make the appropriate 
correction. · · 

Appendix B, Industrial Scenario (high end) page'1: 
for benzene (according to Table 4~7) is. 0.009, not 
listed ·an· this page. ·.· · Please make _the appropriate 
correction. · · . · · • · - · · · · · · · ·· · · · ., 

The EPC - as 

: 

The EPC 
- as 

Appendix B, Trespasser Scen~rio (typical), pages a, 10, and 
·· 11: The concentrati'on of 1.5E+OO mg/kr;J' for·. . 
benzo(k)fluoranthene does not appear on Table 4-5 (Exposure 
Point 1

• Concentrations) • Please explain this inconstancy. 

Appendix B ~ ' Trespas_ser Scenario· (high end) , pages 2, 4, ·and 
5: ·The concentration of 1.9E+OO,mg/kg for .. 

·.benzo (k) fluoranthene does not appear on· Table 4~5 (Exposure 
· Point Concentrations). Please explain this inconstancy. 

It is·reconuriended that an Exposure Point .. concentration 
summary table be added to Chapter 4 for the landfarm ·area • 

,. ~ . . :. ;·. 

.. ·. 

I • 

dl/DL/ra~com/69,70· 
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NORTH CAROLINA DEPARTMENT OF 
ENVIRONMENT AND NATURAL RESOURCES 

DIVISION OF WASTE MANAGEMENT 

Mr. William Arrants, 
Manager of Environmental 
Affairs I Regulatory Compliance 
Southern Wood Piedmont Co. 
P.O. 5447 
Spartanburg, South Carolina 29304 

February 4, 2000 

Re: Review and Comment on October 1999 
Draft Supplemental RI Workplan, 
Southern Wood Piedmont- Wilmington Site 
NCD 058 517 467 

Dear Mr. Arrants: 

Thank you for your patience during our review of the draft Supplemental Rl 
Workptan. The attached comments reflect input from various personnel in the NC 
Superfund Section, as well as the NC Division of Water Quality and the US EPA 
Region IV . 

Now that the site is moving from Assessment to Remediation, State 
Applicable Relevant & Appropriate Requirements (ARARs) apply to all contaminated 
media at the site. For this reason, in addition to surface water pathway concerns, the 
review and comment contains additional discussion of groundwater conditions at the 
site, and requirements identified for additional evaluation of this medium during the 
RI. Compliance requirements and conditions of variance are detailed in NCAC Title 
I SA, Subchapter 2L, Sections .0106 and .0113 

-1646 MAIL SI:,.VICI: CI:NTI:,., RALI:ICH 0 NO,.TH CA,.OLINA 27Bee•l.48 

40 I Oai:,.LIN ROAD, SUITE I SO, RALIUOH, NC 27805 

PHONI: SIIS1·733•451518 FAX 511SI·71S•:UOS 
AN E~UAL OP'P'O,.TUNITY I AI"I"I,.MATIVI: ACTION EMP'LOYit:" • 50~ ,.I:CYCI.E0/10&, •OST•CONSUME• •&•~• 
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Mr. Arrants 
February 4, 2000 
Page.2 

SWP is directed to submit a Revised RI Workplan within 30 days of receipt of the attached 
comments. Ifyou have any questions or scheduling concerns, please contact me at (919) 733-2801. 

Attachments 
cc: Gregory Kuntz; Schnabel Engineering 

Dan LaMontagne, NC Superfund Section 
· Luis Flores, US EPA Region IV 
·File 

Sincerely, 

·~ 
- Stuart F. Parker, Jr. 

Hydrogeologist 
NC Superfund Section 



PART I: 

Review and Comment on 
October 1999 Draft Remedial Investigation Workplan 

Southern Wood Piedmont Site 
Wilmington, New Hanover County, NC 

NCD 058 517 467 

. Stuart F. Parker· 
NC Superfund Section 

January 2000 

CLARIFICATION OF GROUNDWATER REQUIREMENTS 

Summ1ry of Groundwater Conditions: 

Due to a limited number of groundwater receptors, groundwater contamination was not 
identified as a priority concern at this site during federal Site ·Assessment. However, the promulgated 
State of North Carolina Administrative Code, Title 15A, Subchapter.· 2L, requires that any 
contaminated groundwater in NC be restored to state standards to the extent that is technologically 
and economically feasible. This ARAR applies to State-deferred sites as well as to NPL-Iisted sites. 
Groundwater contamination at the Southern Wood Piedmont- Wilmington site must be thoroughly 
characterized prior to consideration of groundwater remedial alternatives. 

••. I • • • • 

:.' · · , . · Southern Wood Piedmont's contractors have perfonned extensive groundwater investigations 
to date at the WJ.lmington site,.installing approximately thirty-six monitoring wells during 1992-1993. 
The US EPA, Region IV installed twelve additional monitoring wells during the 1997 Expanded Site 
Inspection (ESI). Subsurface explorations have delineated an upper sand aquifer unit and a lower 
sand aquifer unit, separated from one another by a semi-permeable peaty clay layer. Between these 
surficial units•and the underlying bedrock aquifer is a low-permeability clay layer, however, this clay 
layer is discontinuous beneath the southernmost portions of the site. 

i 
Dense non-aqueous phase liquid (DNAPL) creosote has accumulated within the upper sand 

and peaty clay and has more recently been detected in the lower sand unit. Groundwater in both sand 
units contains semi-volatile organic compounds (SVOCs) exceeding state groundwater standards. 
At the south end of the site, where the lower sand unit contacts bedrock, SVOCs have also been -
detected in bedrock monitoring wells. 

1 
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Unresolved Groundwater Issues: 

·. The NC Superfund Section, Site Evaluation and Removal Branch has reviewed the geologic 
data sUmmarized in the 1996 Phase ill Groundwater Quality Assessment, the July 1997 Expanded 
Site Inspection and the June 1999 draft Remedial Investigation .. As recommended by US EPA 
Region IV, the NC Superfund Section's Federal Remediation Branch assisted in identifying additional 
data requirements for completion of the Remedial Investigation. The NC Superfund Section has the 
following comments regarding the status of groundwater investigation at the site: 

1. Although no DNAPL has been reported in upper sand monitoring well MW-11, the well 
screen is set approximately S ft above the top of the peaty clay layer. However, the boring 

. · log reported creosote saturation beneath the screened interval, indicating potential DNAPL 
.. · accumulation there.· DNAPL has also been detected at MW-11B, within the lower sand unit. 

2. .The boring log and screen depth interval forMW-12 do not preclude the presence ofDNAPL 

3. 

at this location within the upper sand aquifer. 

No DNAPL has been detected in the lower sand unit at MW -14 A. However, this well screen 
also has been placed too high to detect the presence or migration of DNAPL. 

. . 
4. ·· · Measured DNAPL thickness in the upper sand unit is greatest at MW-26. However, no 

· . · . exploration or well installation has taken place at the corresponding location within the lower 
.· sand unit. . · · · 

·,. 

S. Wit\ljn the upper sand unit, no DNAPL was observed in monitoring wells located north and 
south ofMW-14. However, no test borings or wells were completed within several hundred 
feet north and south of DNAPL well MW-26. Within these unexplored areas, the surface 
topography of the peaty clay layer may vary from that interpolated from other monitoring well 
locations (Phase III report). In such an event, additional DNAPL accumulation might have 

· occurred iri proximity to the site's eastern property line. 

6. The above observations indicate that the quantities and extent of creosote DNAPL within 
both sand aquifer units are under-represented by existing data. · 

7. In contrast to SWP's results, ESI sampling detected aqueous SVOCs in upper sand wells 
MW-30 and MW-34, in lower sand well MW-29A, and in bedrock wells MW-33 and MW-
36. These results indicate that the southern limits of the groundwater contaminant plumes 
have not been fully delineated · 

2 
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8. During
1

the ESI, polychlorinated dibenzodioxins and dibenzofurans were d~tected in on-site • 
surface soil samples. Toxicity Equivalent Values (TEQs) exceeded the 1 part-per-billion 
State Remediation Goal in samples from the Landfarming area and the Production area. 
Specific dioxin and furan congeners also exceeded Remediation Goals in soil at the Covered 
Ditch area, and at the extreme south end of the site. · No subsurface soil or groundwater 
·samples from the site have been tested for·dioxin or furan congeners .. 

B: ADDITIONAL REMEDIAL INVESTIGATION ACTIVITIES: 

1. DNAPL Delineation: The areal extent anci thickness of creosote DNAPL in both sand aquifers 
must be further characterized by subsurface exploration in the periphery of known DNAPL 
locations .. Explorations should further ·delineate the peaty clay·layer's upper surface 

. topography, and provide ~dditional data on the DNAPL's physical condition and mobility. 

2. 

· . Within the upper sand unit, use of direct-push explor~tion technology is encouraged in order 
to maximize coverage while reducing expenses to Southern Wood ·Piedmont. Exploration 
of the lower sand unit must not result in additional vertical migration of DNAPL or 
contaminated groundwater. 

Groundwater sampling: Although polychlorinated dioxins and furans are relatively immobile 
. in soil, sampling will be necessary to rule them out as site-specific groundwater contaminants. 
Sampling will be limited to the upper sand wells located closest to the four "hit" surface soils, 
in the Production area {MW-12), the Covered Ditch area (MW-14), the Laildfarmarea (MW- •. · 

· 40) and adjacent to Greenfield Creek (MW-34). Monitoring well MW-17 will be used as a 
control 'sample. Monitoring wells will be purged and sampled using low-flow technology. 
Strict care must be taken to avoid accidental contamination ofthe samples. If no elevated 

· dioxin/furan congener concentrations are detected, then no additional groundwater sampling 
will be required for this class of contaminants. . . . . . . . 

3. . Surface Soil Sampling: Collect additional surface soils near SD-1~; in the wetland area south 
of.the Covered Ditch area. Collect off-site background wetland sample(s) for comparison. 

4. Obtain Off-sit~ Groundwater Data: ·Contact Amerada Hess and P~tank environmental 
representatives to determine whether these facilities have generated groundwater data which 
might b~ used to further characterize groundwater conditions at the site. ·-

3 
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PART IT: TECHNICAL COMMENTS SPECIFIC TO DRAFT RI WORKPLAN: 

Section 3.2. 1-Sediment Sampling: 

1. Sediment resampling for dioxins/furans should be conducted (except for backgrounds) at 
locations where elevated site contaminants (SVOCs) have previously been detected (See 

.. Table 1 comments below). · 

2. It is inferred from the first paragraph that collection of fish tissue samples will not occur until 
after sediment dioxin/furan results have been reviewed. 

3. Sample spacing of200 ft is adequate for RI-stage delineation of"hot" segments in the ditch 
and creek systems. 

4. As indicated in the Draft RI Workplan, the Reference(background) sediment sample on 
Greenfield Creek will be located far upstream of the railroad bridge crossing,. 

Table 1-Sample identification: 

1. 

2. 

Note that large amounts of disposed or wind-blown paper and other solid waste have been 
observed in the drainage ditch where SD-01-DF is proposed. 

Resample SS-IOA location for dioxins/furans instead ofSD-09. 

3. Cape Fear reference sediment sample SS-16-DF should be located farther upriver from the 
slip area, to avoid potential contamination from on site, but not far enough upriver to be 
contaminated by the Wilmington Coal Gas Plant site . 

4. Resample SS-19 or SS-21 location for dioxins/furans instead of SD-11. 

5. Because fish are mobile organisms, fish caught anywhere in Greenfield Creek could 
potentially have been exposed to site contaminants. The Greenfield Lake dam separates the 
respective creek and lake fish communities. Greenfield Lake does not match the hydrologic 
characteristics of the drainage ditch and Greenfield Creek, but is the only segment of thaf' 
drainage where fish aren't potentially contaminated by the site. Reference fish samples (BI0-
16, BI0-21) should therefore be collected a) from Greenfield Lake and b) from·~ separate 
Cape Fear tributary similar to Greenfield Creek but less likely to be contaminated . 

4 



Human Health/Ecological ~sk Assessment: 

I. Use ofHyallela azteca is considered appropriate by EPA for chronic ec~toxicity s~dles. 

2. . NC Division of Water Quality personnel will assist in the oversight offish tissue collection 
and will review the ecotoxicity study and risk assessment methodology and results. 

3. The NCDivision ofWater Quality, Environmental Sciences Branch~ has reviewed portions 
ofthe Draft RI Workplan. Their comments are attached. 

· Data Quality Objectives: 

1) The NC Superfund Section's sample quality assurance representative has reviewed 
Attachment D of the RI Workplan, and concurs that the analytical laboratory's QA program 
is appropriate for participation in the Remedial Investigation. 

•. 

l • • ~ 

: . . . .... •. 
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Janu~ry 71 2000 

Post·it• Fax Note 7671 0310//7 II' 01 ,. P:llj\.-.; "Z,.. 

To: Hanna Assefi, DWM 
To f./411114.. Assel~ From 5A--~ At•t£t' 

Through: 

From: 

subject: 

. (t'-
Matt Matthews, ESB T'' 

COJOC'pl. ]) 1.J ~. Co •. 

Phoner Pho'le r 

~ndy Mort ?J1 fll~. 1":..• r 

DWt2J ESB ---··-------
Review of Supplemental Remedial Investigation WP 
Southern Wood Piedmont Co. 
Draft document dated Oct. a, 1999 

Section 3.2.3 Fish Tissue Sampling 

73'3 ... 2-f~~ 

----- ···--

• It is recommended that fish tissue sampling follow procedures utilized by ESB/DENR when 
assessing potential human health impacts. Mark Ha!e ((919) 733·6::-~5) of ESB may be 
referenced for appropriate procedural guidelines. 
• ESB utilizes procedures that reference USE? A documents. 
• 3 trophic levels of fish are recommended for sampling, wi:h fish of simi:ar size ar.d 

weight, used for composi:ing. · · · · · · · · 
• Selected fish species should mirror those typically consumed by recreational 

fisherman. Mark Hale ccin recommend species fer each trophic level; The size cf fish 
should be similar to those typically consumed by recreational (isherman. 

• Individual fish species coliected for composites shou!d be of similar size/weight 
range. A spedfied number range of individuals should be used for :::ompcsitlr.g (i.e., 
3-5 Individuals/composite). 

• Background areas should mirror the habitat and water quaiity characteristics cf the 
site sampling locations so as to be affected by similar contaminant fate ar.d tra;,sport 
mechanisms, as well as similar organism ex;>esure characteristics, 

• Single compcsites from each sampling location may not be adequate to prov:de 
reliable data for evaluation. 

Summary of SLERA 
• Bullet #1: The use of AVS/SEM is referenced for evaluation of sediment metal toxicity. 

Although th.is operationally defined parameter has proven to accurately predict sediment 
metal toxicity it is very difficult to collect and analyze samples in a manner that does not 
bias the results. caution is re<:ommended in the evaluation of this data, w!t.i emphasis 
placed on ti':P. review of the sample collection/handling techniques, as well as the 
analytical procedures u~ilized. Review of this data should be performed by personnei with 
a working familiarity of AVS/SEM theory and techniques (ESS personnel). 

• Bullet #2: Reference is made to community composition assessments made for ~er;thic 
mac:roinvertebrates in ditch/creek sedimen~. Who performed t."lis work? Did it fellow 
USE?NNCDENR protoccls? Was the grcuc certified to perform this work in NC? 
• Review of these results by ESB perso'nnel is recommended if the data referenced was 

not generated by DWQ. 

• Bullet #3: The further investigat:on of direct cor.tact and ingest:on cf s~i~ents by 
: benthic inverteb:-ates when HQs exceed 1 is sup~rted. 
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Page 9, A'nafytic.al Database . ~--
• Early analytiC"lll data ( <1990-92) should be evaluated carefully for detection limits (Dls), • 

sample collection and handling techniques, analytical protocols, and QA/QC protocols to 
insure that it meets current program standards. Any data that does not meet standards 
may be used qualitatively. 

• supplemental Field Sampling: Standardized toxicity test methods (USEPA, ASTM, 
NCDENR) should be used for all media. Tests should be performed by laboratories well 
versed and accustomed to. this type of testing. State certifications should be in place for 
applicable toxicity test methods (NCDWQ does not provide certification for sediment 
toxicity testing). laboratories with sediment certifications from other states or agencies 
are reoommended, cr as an alternative, provide documentation to sup pert a history of 
method performance. 

Page 10, Composite Samples for Toxicity Testing . 
• Sediment collection and handling methods should reflect current USEPNASTM 

procedures· to Insure the integrit'l of the sediment and potent:al contaminants a;e 
retained for toxicity testing.· 

Page 11, Identification of Receptors 
• Have terrestrial receptors been ruled out via exposure pathway? Is there potential for 

prey on aquatic invertebrates, fish? . . · 
. . 

Page 11, Assessment Endpoint. No.1,. Corresponding Measurement Endpoints 
• Bullet #2: Organisms used for toxicity testing .should be chosen to be representative of 

species expected to be supported on the site (salinity requirements, habitat type), wpile 
· · maintaining the recommendation of using "standardized" testing proceeures. 

. . 
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P. 0. Box 5447 
Sp~burg, S.C. 29304 
Phone:{~) 599·1070 

FAX: {864) 599-10.87 

Southern Wood Piedmont Company 

March 6, 2000 

Mr. Stuart F. Parker, Jr. 
Hydrogeologist 
NC Superfund Section 
Division of Waste Management 
NC Department of Environment and Natural Resources 
401 Oberlin Road, Suite 150 
Raleigh, NC 27605 

RE: Response to Comments on NCDENR February 4, 2000 
• Letter on Draft Supplemental RI Workpla~ 

Southern Wood Piedmont- Wilmington Site 
NCD 058 517 467 
Schnabel Project #979007.A.18 

Dear Mr. Parker; 

Schnabel Engineering Associates, Inc. and Southern Wood Piedmont (SWP) are pleased to 
respond to the February 4, 2000 letter from NCDENR concerning the October 1999 Draft 
Supplemental RI Workplan. After detailed review of the comments, we feel that it would be best 
to respond to the comments in letter format instead of preparing a revised Supplemental RI 
Workplan at this time. The revised Supplemental RI Workptan will be completed following· 
NCDENR review of this response letter. In our telephone conversation with NCDENR on 
February 23, 2000 it was confi.Illled that this would be an acceptable approach. 

RESPONSE TO COMMENTS 

A response to each comment is provided b~low. The resp.onse follows the order listed in the 
February 4, 2000 comment letter from NCDENR. 

Page 2. Unresolved Groundwater Issues 

Bullet 1 An upper sand monitoring well will be installed adjacent to MW-11 that is 
screened to the top of the peat to evaluate accumulationlpumpability of product 
See Figure 1 for the proposed well location. :• 
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Bullet2 

Bullet 3 

Bullet 4 

BulletS 

Bullet 6 

Bullet 7 

Review and Comment on NCDENR February 4, 2000 
Letter on Draft Supplemental RI WorkjJian 

SWP-Wilmington Site 
Page2of8 

An upper sand monitoring well will be instatled adjacent to MW-12 that is 
. screened to the top of the peat (Figure 1 ). 

A review of boring log infonriation has indicated that installing a lower sand 
monitoring well adjacent to MW-14A to define the DNAPL extent at the base of 

· this aquifer is not necessary (Figure·!). The attached boring log for monitoring 
weJI MW-14A indicates that no free phase constituents are present at this 
location. As indicated on the boring log, only a slight odor was observed. The 

· organic vapor analyzer (OVA) indicated a decreasing trend in measured organic 
vapors from the top of the lower sand immediately beneath the peat toward the 
base of the lower sand. · 

A-double cased lower sand monitoring well will be installed adjacent to MW-26 
·· that is screened on top of the lower clay (Figure 1). The surface casing will be 
. completed into the peat layer. · 

Direct push cores (approximately 36) will be completed on 100-foot centers in the 
vicinity ofMW-11, MW-12, MW-14, MW-22 and MW-26 (Figure 1). The direct 
push cores will be obtained using a Geciprobe rig north and west ofMW-26. In 
the wetland area east and south of MW -26 the use of a manually operated direct 
push coring device will be required .. The cores will be described for the presence 
and absence of DNAPL, the· pumpability of the ·nNAPL and the depth to the top 
of the peat. The ground surface elevation and horizontal position of each direct 
push ·borehole will be surveyed~ The elevation of the top of the peat will be 
plotted on a plan map to ·evaluate ·the direction ofpotential DNAPL migration and 
pooling in this area. · · 

The data generated by Bullets 1 through S will be used to evaluate the quantities 
and extent ofDNAPL .within both sand units on site. 

Black and Veatch did not sample MW-3o" during the ESI.. The most recent data 
cotlected from MW-30 (2/27/98) indicated that all SVOC's were below laboratory 
detection limits. In our opinion the groundwater impact extent in the upper sand 
has been defined in this area. 

Along with 'the ESI sampli~g results, SWP's data also indicated exceedance of 
remedial goals in the upper sand at MW-34 adjacent to Greenfield Creek. 

Along with the ESI, SWP's groundwater sampling results also indicated 
exceedance ofremedial goals in the lower sand atMW-29A · 

Bedrock well MW-33 has detected SVOC constituents, however, all detected 
constituents are below the preliminary remediation goals for the site. As such, the 
extent of groundwater impact has been defined in this ··area. .· 
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Bedrock well MW-36 was below the preliminary remediation goals. for ':all 
constituents during the ESI sampling event. During SWP's most recent sampling 

:event 2-methylnaphthalene and naphthalene were detected at concentrations that 
· exceeded their preliminary remediation goals. 

. . 
To evaluate these concerns all wells at the site will be resampled for previously 
detected constituents. Water levels will be collected from all wells at various 
times through a full tidal cycle to evaluate the effect that the new tidal gate has on 
the groundwater flow. 

Pactank environmental representatives will be contacted to determine if they have 
generated groundwater data which might be used to further characterize the 
groundwater conditions south of Greenfield Creek. If wells are present on their 
facility, it will be requested that SWP be allowed to measure groundwater levels 
in these wells to evaluate the direction of groundwater flow south of Greenfield 
Creek. The water level in these wells will be measured across a full tidal cycle 
with the on-site wells. · . 

Staff gauges will be ~nstatled along Greenfield Creek and surveyed to aid in the 
·evaluation of groun~water flow relative to Greenfield Creek. · 

·.· 

.. Bull~t 8 ,·, .... sJbsurface soi.l sa~ples w~tl be co~lected at locati~ns wefe su~ace soils indicated 
. dioxin/furan results that exceed remediation goals at the site. The subsurface soils 
. 'Wiil be coliected at a. depth greater 'than· 2 feet belo~ land surface but above the 

. water table and analyzed for. dioxinlfurans ... Subsurface· soil. samples will be 
collected at the following locations (Figure 2): 

. . 

SS-13 . Exceeded remediation goal for OCDD and OCDF · 
SS-17 Exceeded remediation goal for OCDD and OCDF 
SS-06 Exceeded State Remediation Goat 
· SS-14 Exceeded State Remediation Goal · 
SS-2 Background sample 

Groundwater samples will be collected at locations were surface soils_ indicated 
dioxin/furan' results that exceed remediation goals at the site. The groundwater 
samples will be collected using .low-flow (minimal drawdown) technology to 
minimize collecting suspended particles in ·the samples and sampled for 
dioxins/.furans. Groundwater samples will be collected at the following locations 
(Figure 1}: 

MW-12 Production Area 
.:. MW-14 Covered Ditch · 
·· MW-34 Greenfield Creek Area 
· MW-40 Landfarm Area 
MW-17 Background 

• 

• 
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Page 3, Section B-Additional Remedial Investigation Activities 
• .• . 

Bullet 1 . DNAPL delineation is required in the vicinity of the covered ditc~ production 
'area and the large storage tank area. Please refer to Figure 1. 

Bullet 2 

Bullet J-. 

· Bullet-4 

' 

Direct push cores are recommended to define the pumpable DNAPL areal extent 
. in the upper sand. As previously stated in Bullet 5 on Page 2 of this letter, direct 

push cores _will be collected on 1 00-foot centers in the vicinity of the covered 
ditch, the production area and the large storage tank area. 

Since DNAPL migration should be vertically downward from the upper sand to -
the lower sand, double cased wells will be installed in the lower sand directly. 
beneath areas ofpumpable free product accumulation in the upper sand completed 
on top of the next low-permeability stratum (i.e. lower clay). 

Following DNAPL delineation, a product recovery test will be performed 
adjacent to MW-26 to determine the physical condition and mobility of the· 
product. A larger diameter (6-inch) well may be required at MW-26 to perform 
the product recovery test. 

Please refer to Bullet 8 on page 3 of this letter. 

It is suggested that three additional sediment samples (SP-36, SD-37 and SD-38) 
be collected in the vicinity of SD-14 (Figure 2). One sediment sample (SD-39) 
will be collected .in an off-site wetland area for background comparison. The 
samples will be analyzed for previously detected constituents. 

Both Amerada Hess and Paktank environmental representatives will be contacted 
to determine whether these facilities have generated groundwater data which 
might be used to further characterize groundwater conditions at the site. 

Page 4, Part U-Technical Comments Specific to Draft RI Workplan 

Section 3.2.1-Sediment Sampline 

Bullet 1 
.• 

Refer~nce simple SD-01 will not be collected due -to the large amount of wind
blown paper and other solid waste in the drainage ditch. An attempt to find a 

: suitable alternate location will be made. If no other suitable ditch reference ~ 
sample can be located, the reference sample at BK-S 1 below the dam at 
Greenfield Lake will be used for both the ditch and the creek (Figure 2) . 

SS-lOA will be resampled for dioxins/furan~ instead ofSD-09 (Figure 2). 

The Cape Fear reference location will be located 500 feet north of the northern ·.· 
drainage ditch (Figure 2). 



L_:__.,.......,.-. .. , 
rJnWnt.. . ! 

Review and Comment on NcDENR February 4, 20oo 

Bullet2 

Bullet 3 

Bullet4.' 

i 
Letter on Draft Supplemental RI Workplaa 

SWP-Wilmlngton Site '.. . 
Pagesora ·, 

I 

'sS-19 and SS-21 will be resampled for dioxins/furans instead of SD-11 (Figure 
2). 

It is correct that fish tissue sampling will not occur until after the Phase I 
dioxin!furan sediment samples have been reviewed.· This is because if 
dioxins/furans are detected in the sediment samples then· the fish will also be 
sampled for dioxins/furans. 

Sediment sampling will occur as proposed on a 200-foot spacing to delineate 
·~'hot'~ segments of the creek and ditch system. 

' 

The reference sample on Greenfield Creek will be collected as far upstream from 
ihe railroad bridge as possible.· . 

Page 4, Table 1-Sample Identification 

· Bullet I 

Bullet 2 

... Bullet3 

· l3ullet4 

BulletS 

See Bullet I Section 3.2.1-Sediment Sampling on Page 4 of this letter. 

See Bullet I Section 3.2.1-Sediment Sampling on Page 4 of this letter. 
I . • • • • 

See Bullet I Section 3.2.l.;Sediment Sampling on Page 4 of this letter. 

See Bullet I Section 3.2.1-Sediment Sampling on Page 4 of this letter. 
. ' . .. . ... ·. ' . . . . ,. . .· . . 

·, 

Reference fish tissue samples·will be collected from·Greenfield Lake and from a 
· separate Cape Fear-River.tributary similar to Greenfield Creek but less likely to 

be contaminated by site constituents. Barnard's Creek downstream of the site and 
·.Smith's Creek upstream of the site will be evaluated for potential reference fish 

s'amples that are similar to Greenfield Creek .. Both creeks drain populated areaS 
of Wilmington .. If these creeks are not satisfactory, additional creeks on the west 
bank of the Cape Fear River will be explored. We will obtain NCDENR 
concurrence prior to sampling the selected reference creek 

• 

Page 5, Human Health/Ecological Risk Assessment 

·BlJIIet 1 

Bullet2 

Hyalella azteca will be used for the chronic ecotoxicity studies. While NCDENR 
did not comment on our proposed use of Chironomus a:s the second chronic 

· toxicity test specie, it is our belief that it would be preferable. to secure toxicity 
· . test results from two organisms for weight of evidence considerations. This will 

. help to minimize uncertainty of test results . 
.. :. 

Irl addition to the NC Division of Water Quality providing oversight, we would · ·• 
,like to evaluate the possibility of utilizing their personhel and equipment to collect ~(. 

· the fish. 
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. Page 5. Data Quality Objectives 

Bullet 1 No response required. 

Page 6, Section 3.2.3 Fish Tissue Sampling 

Bullet'l'-

Bullet 2 

.Bullet 3 

Bullet 4 

BulletS· 

Bullet 6 

Bullet 7 

We will contact Mark Hale of ESB (919-733-6946) and follow ESB/DENR 
procedures when assessing potential human health impacts. · ·· 

The procedures utilized during this study will reference USEP A documents. 

·. NCDENR commented that . "3 trophic levels of fish are recommended for 
sampling, with fish of similar size and weight, used for compositing." It should 
be recognized that, while every attempt will be made to capture 3 trophic levels of 

· ·fish in Greenfield Creek and in the Drainage Ditch, it· is unlikely that this many 
trophic levels are present as resident species in this system. Because a 

· Department representative will be present during the electroshock collections, 
. they will be able to see first hand the degree of actual specie diversity. 

·.· .. 

Similarly, the Department commented that ccselected fish species should mirror 
those typically caught by recreational anglers." · Again, to the extent that such 
species are present and can be collected using electroshock techniques :from this 
system, the State's recommendation will be completed. 

This will be a goal ofthe fish sampling procedures. 

· Agree, but how does this relate to the earlier reference area comment concerning 
Greenfield Lake? If the lake is used as a background sampling location, then the 

· types and sizes of the fish caught there may not be comparable to Greenfield 
Creek. · 

Agree, but may be a necessity. Additional composite samples will be collected, if 
possible. · 

Page 6, Suinmarv SLERA 

Bullet 1 

Bullet2 

The Department's recommendations concerning the collection of AVS/SEM 
sampling data· are prudent. The NC ESB personnel will be consulted on the 
appropriate sample collection/handling techniques as well as the analytical 
procedures utilized. 

In late 1995 to early 1996, a ChemRisk ecologist peiformed a limited survey of ,. 
benthic . macroinvertebrates in the Ditch/Creek system for the purpose of 
qualitatively examining the composition of the local infaunal community. The 
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Bullet 3 

Department's cautionary guidance regarding the use of standardized toxicity 
t'esting methods and selection of laboratories pertaining to organism toxicity 
testing is prudent. At the time the limited survey was completed ChemRisk wu 
unaware of any requirements for certification to perfonn this work in North 
Carolina. Appropriate methods at the time were employed. Review of this data 
presented in the SLERA by ESB personnel is recommended to evaluate the 
acceptability of the data by NCDENR. 

Agree. No response is required .. 

Page 9, Analytical Database 

Bullet 1 

Bullet2· 

... 

The majority of the pre-1990 through 1992 data was collected by NC selected 
· consultants completing Preliminary ·.Assessments . and· Site Screening 
·Investigations for the State~ · It is assumed that the consultants would have used 
data validated to the standards at the time. ·We don't agree with the qualitative 
comment unless the analytical methods or QC data were questionable. · 

1". ' • 

Agreed, ASTM methods will be used. Specific methods are listed in the existing 
· workplan. We will get the selected laboratory .to submit a QA/QC plan with the 

r::!~~tf :::::sl:. ~CDE~ ~~ audit the laborat~ry to obtain a greater comfort . • . 

. ' 

Page 10, Composite Samples for Toxicity Testing 

Bullet 1 Agree. 

' 

Page 11, Identification of Receptors 

Bullet 1. · Pisciv~ro~s ~vian species · cbl~e heron) w~ used as the terrestrial endpoint 
· ·receptor. Other terrestrial receptors were not considered since the emphasis was 

the creek/ditch system. 

Page 11, Assessment Endpoint No. l, Corresponding Measurement Endpoints 

· Agreed, but how does this relate to the Hyalella comment on Page 5 Bullet ·1 of 
the NCDENR response letter? · · · · 

.Bullet 1 

. SWP and Schnabel Engineering Associates appreciates NCDENR willingness to review our 
response to NCDENR comments prior to preparing the revis~d Supplemental RI Workplan. We 
will be glad to further discuss our re5ponses with NCDENR. via a conference call at your 
convenience. 

,. (. 



. 
~WoOd rleclmonl Company 

\. 

~ ··t· 

•• 

·i' 

sincerely, 

~ 
W. P. Arrants 
Manager ofEnvironmental Affairs/ 

Regulatory Compliance . · . · · 

CC: G. B •.. Kuntz- Schnabel 
MD. Pruett 
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ENVIRONUENTAL TECHNOLOGY ENGINEERINC, INC. 
· CCNSUL11HC ENCINIIII.·IIIM:ftlll MD H....,.. DCIS1S 

.H~IIJMCD 

Loose, brown SAND vefY. fine to coarse, 
medium dominant. Visual staining 0 3'. 

VefY. loose, brown SAND and PeAT, 50~ 
peat, 'S' wood fragment. Visual staining; 

Very_ loose, brown SAND, fine to coarse 
to 7.5', then dark brown ClAY. Visual 

• - - 11 staining in sand. 
Very soft, dark brown ClAY to 8.5', then 
dorlc brown PEAT . 

sort, dark brown clayey PEAT, 30~ 

soft, dark brown peaty ClAY, so,; 

Firm, dark brown peaty ClAY, 35,; peat 

Pit casing to 16' 
Soft, brownish . black peaty CLAY, 2s,; . 

--of• peat 

Firm, same as above. Slight sheen in 
---.. • drilling r;aud. . 

Soft, same as above. Sheen in drilling 
.--.. ,mud. 

Firm, brownish block peaty CLAY, so,; 
• .. .. 

11 peat. Little visual staining. 

Loose, brown SAND, fine to coarse, 5,; 
~--=--=-~• very. coarse, trace wood. 

Firm, some os above. 
r_:_-=...11 

TEST BORING LOG 

Strong odor 
OVA • 94.3 ppm 

ff' recovery 
Strong odor 
ov~ - 88.3 ppm 
1-t: recovery 
Strong ·odor 
OVA a 149 ppm 
18" recovery 
Moderate odor 
ov~ - 85.3 ppm 
2-t: recovery 
Slight odor 
ov~ = 89.5 ppm 
24 recovery 
Very slight odor 
OVA • a2.8 ppm 
18w recovery 
Very slight odor 
OVA • o5.1 
4w recovery 
Moderate odor 
O':fA = 116 ppm 
4 recovery 
Moderate odor 
oyA - 88.1 ppm 
2 recovery 
Moderate odor 
ov~ =· 107 ppm 
18 recovery 
Moderate odor 
ov~ - 137. ppm 
18 recovery 
Moderate odor 
OVA = 447 ppm 
18w recovery 
Moderate odor 
OVA • 69.4 ppm 

18. recovery 
Slight odor 
OVA • 62.0 ppm 

12w recovery 
Slight odor 
OVA = 28.5 ppm 

24' recovery 
Slight odor 
OVA • 27.6 ppm 
TO = 42' 
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Mr. William Arrants, 
Manager ofEnvironrnental 
Affairs I Regulatory Compliance 
Southern Wood Piedmont Co. 
P.O. 5447 

NORTH CAROLINA DEPARTMENT OF 
ENVIR_ONMENT AND NAT~RAL RESOURCES 

DMSION OfF WASTE MANAGEMENT 

April20,2000 

Spartanburg, South Carolina 29304 

Re: Draft Supplemental Rl Workplan, 
Southern Wood Piedmont - Wilmington Site 
NCO 058 517 467 

Dear Mr. Arrants: 

We have reviewed your response to our comments on SWP's draft RI 
Workplan. Based on this review,- and our recent conference call on the subject, we 
concur with your comments and direct you to commence revision of the RI workplan 
accordingly. Additional comments are limited t~ the following: 

. . 
I) The Superfund Section's Federal Remediation Branch and Inactive Hazardous 

Sites Branch both concur that Groundwater. Remediation Goals are sufficient 
criteria to define the extent of groundwater impact at the site. We note that 
resampting of the wells will include bedrock monitoring well MW-36, which 
bas exceeded Remediation Goals on at least one occasion. 

2) Southern Wood Piedmont will coordinate directly with NCDENR, 
Environmental Sciences Branch, as indicated, regarding risk assessment and 
RI sampling issues, partiCularly with regard to fish tissue sampling. The 
Superfund Section will also maintain communication with ESB, and contact 
other agencies in an attempt to clarify the availability of non-lethal 
(electroshock) fish collection methodology. 

te.Ce MAIL SllltYICII Cll..,..lt, ltALIIIGN, NORTH CAROLINA~ .... 
. .COt O•IIRLIN ltOAD, .Uift t•o• ltA&.IIIGN, NC &7-. 

P'HONII et .. 7aa ...... P'AX et .. 7t-.aeo• 
AN IIQUAL OP'II'OIITUNITY I APPUIMATIYII ACTION I:MP'&.OYtll • ."" IIIICYc:&.IIDII"" P08ToCON8UIIIIII PANII 
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.Mr.Amnts 
April20, 2000 
Page.2 

· .. ;-

· ... 

SWP is directed to submit the revised Supplemental RI Workplan within 30 days of receipt 
of this letter. If you have any questions or scheduling concerns, please contact me at (9i9) 73_3-2801. 

cc: Gregory Kuntz, Schnabel Engineering 
Dan LaMontagne, NC Superfund Section 
Luis Flores, US EPA Region IV 
Layton Bedsole,.NC PortS-Authority 

File 

2 

Sincerely, .. 

~ 
Stuart F. Parker, Ir. 

· . Hydrogeologist 
NC Superfund Section 

. 
• . : 
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Division of Water Quality 

April 13, 2000 

MEMORANDUM 

To: · Stuart Parker, DWM, Superfund Section 

Through: Matt Matthews rrf"' 

From: Sandy Mort, DWQ.ESB ~ 

Subject: Response to comments 
Deferral Remedial Investigation 
Southern Wood Piedmont- Wilmington 
SWP response to Superfund & ESB comment on 

Draft Supplemental Rl Workplan 
A~ · .. 

P~GF.J,, ........ 

APR 18 2000 

SUPERFUNll St:CTION 

.. · .. 

Comments -Assessment and sampling methodologies, SLEBA, 1996 

Response to comments, Deferral Remedial Investtgation 
· SWP's response to NCDENR's ·comments of February ·4,2000 were received on April13, 
2000. All responses to ESB's comments regarding the Rl workplan, fish tissue sampling, 
SLERA and toxicity testing are considered adequate and appropriate. 

Additional comment/clarification is provided for Bullet #2, page 11, Summary of SLERA 
(draft, 10/8/99): 

• Refer to referenced USEPA documents for appropriate toxicity testing organisms 
for RA purposes: 

http: Uwww .epa.gov/superfund/programs/risk/ecoup/y2no2.pdf 
http:Uwww.e0a.gov/superfundlprograms/risk/ecoup/y2nol.pdf 

• Leptoicheirus plumulosus, although not identified fn the above referenced 
documents, would currently be considered a "standardized" toxicity testing 
organism, and may be acceptable under appropriate site characteristics, exposure 
and contaminant fate scenarios. 

Assessment and sampling methodologies, SLERA. 1996 
Section 2.2.1.1 & 2.2.1.2 (page 2-4) 

• Were organic samples collected with no headspace in the containers? 
• Were AVS/SEM samples maintained under anaerobic conditions to prevent 

alteration of metal-complexes? 

cc: Mark Hale, DWQ ESB 

Envlro1Ut14ntal Sciences Branclr Wattr QruzJJty S«:dtJn 

•• 

• 



SECTION6 
DESIGN AND INSTALLATION OF MONITORING WELLS 

PERFORMANCE OBJECTIVES: 

• Ensure that the monitoring well will provide high quality samples. 

• Ensure that the monitoring well is constructed properly and will last the duration of the 
project. 

• Ensure that the· monitoring well will not serve as a conduit for contaminants to migrate 
between aquifers. 

6.1 Introduction 

Methods and procedures for the design and installation of monitoring wells to be employed in Region 
4 are contained in this section. They are to be used for all permanent and temporary monitoring wells installed 
for collecting ground water samples for analysis. 

6.2 Permanent Monitoring Wells- Design Considerations . 

The design and installation of permanent monitoring wells involves drilling into various types of 
geologic formations that exhibit varyirig subsurface conditions. Designing and installing pennanent monitoring 
wells in these geologic environments may require several different drilling methods and installation procedures. 
The selection of drilling methods and installation procedures should be based on field data collected during a 
hydrogeologic site investigation and/or a search of existing data. Each pennanent monitoring well should be 
designed and installed to function properly throughout the duration of the monitoring program. When designing 
monitoring wells, the following should be considered: 

• short-and long-term objectives; 
• purpose(s) of the well(s); 
• probable duration of the monitoring program; 
• contaminants likely to be monitored; 
• types of well construction materials to be used; 
• surface and subsurface geologic conditions; 
• properties of the aquifer(s) to be monitored; 
• well screen placement; 
• general site conditions; and 
• potential site health and safety hazards. 

Each of the above considerations can be expanded into many subtopics depending on the complexity of the 
project. In designing permanent monitoring wells, the most reliable, obtainable data should be utilized. Once 
the data have been assembled and the well design(s) completed, a drilling method(s) has to be selected. The 
preferred drilling procedure for installing permanent monitoring wells is the hollow-stem auger method. 

EISOPQAM 6-1 May 1996 



However, site conditions may not always be amenable to using the hollow-stem auger method. When this 
occurs, alternate methods should be selected that will perform the job equally as well. The following discussion 
of methods and procedures for designing and installing monitoring wells will cover the different aspects of 
selecting materials, drilling boreholes, and installing monitoring devices. 

6.3 · Drilllng Methods 

The following drilling methods are ·listed in order of preference; however, final selection should be based on 
actUal site conditions. . 

6.3.1 

6.3.2 

Hollow-Stem Auger 

This type of auger consists of a hollow, steel stem or shaft with a continuous, spiralled steel fligbt, 
welded onto the exterior side of the stem, connected to an auger bit and when rotated transports 
cuttings to the surface. This method is best suited in soils -that have a tendency to collapse when 
disturbed. A monitoring well can be installed inside of hollow-stem augers with little or no concern 
for the caving potential of the soils and/or water ~ble. However, retracting auger-S in caving sand 
conditions while installing monitoring wells can be extremely difficult or impossible, especially since 
the augers have to be extracted without being rotated. If caving sands exist during morutoring well 
installations, a dri11ing rig must be wed that has enough power to extract the augers from the borehole 
without having to rotate them. A bottom plug, trap door, or pilot bit assembly can be fastened onto 
the bottom of the augers to keep out most of the soils and/or water that have a tendency to clog the 
bottom of the augers during drilling. Potable water (analyzed for contaminants of concern) may be 
poured into the augers (where applicable) to equalize pressure so that the inflow of formation materials 
and water will be held to a nlinimum when the bottom plug is released. Water-tight center plugs are 
not acceptable because they create suction when extracted from the augers. This suction forces or 
pulls cuttings and formation materials into the augers, defeating the purpose of the centerplug. 
Augering without a center plug or pilot bit assembly is permitted, provided that the soil plug, formed 
in the bottom of the augers, is removed before sampling or installing well casings. Removing the soil 
plug from the augers can be accomplished by washing out the plug using a side discharge rotary bit, 
or augering out the plug with a solid-stem auger bit sized to fit inside the hollow-stem auger. The type 
of bottom plug, trap door, or pilot bit assembly proposed for the drilling activity should be approved 
by a senior field geologist prior to drilling operations. Boreholes can be augered to depths of 150 feet 
or more (depending on the auger size), but generally boreholes are augered to depths less than 100 feet. 

Solid-Stem Auger 

This type of auger consists of a solid stem or shaft with a continuous spiralled steel flight, welded on 
the outer side of the stem, connected to an auger bit and when rotated transports cuttings to the 
surface. This auger method is used in cohesive and semi-cohesive soils that do not have a tendency 
to collapse when disturbed. Boreholes can be augered to depths of200 feet or more (depending on the 
auger size), but generally boreholes are augered to depths less than 150 feet. 

. Both of the previously discussed auger methods can be used iri unconsolidated soils and semi
conSolidated (weathered rock) soils, but not in competent rock. Each method can be employed without 
introduCing foreign materials into the borehole such as water and drilling fluids, miniinizing the potential for 
Cross contamination. Minimizirig the risk of cross contamination is one of the most important factors to 
consider when selecting the appropriate drilling method(s) for a project. 

\. 
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. 6.3.3 Rotary Methods 
. . . 

This ~ethod consists of a drill pipe or drill stem coupled to a drilling bit that rotates and cUts through 
the soils. The cuttings produced from the rotation of the drilling bit are transported to the surface by 
drilling fluids which generally consist of water, drilling mud, or air. The water, drilling mud, or air 
are forced down through the drill pipe, and out through the bottom of the drilling biL The cuttings are 
then lifted to the surface between the borehole wall and the drill pipe. The drillirig fluids not only force 
the cuttings to the surface but also keeps the drilling bit cool. When considering this method, it is 
important to evaluate tlie potential for containination when fluidS and/or air are introduced into the 
borehole. If the rotary method is selected as one of the drilling methods, water rotary is the preferred 
method, followed by air rotary and mud rotary. 

Water Rotary .. :' 

. . ·. ·. When using wat~r rotary, potable water (tllat baS been analyzed fo~ corita.rllfuants of coilc~m) should 
be used. If potable water (or a higher quality water) is not available on-site, then potable water will have to 
be inulsported to the site or an alternative drilling method wit'l have to be selected. Water rotary i~ the preferred 
rotary method because potable water is the only fluid introduced into the borehole 'during drilling. Water does 
not clog the fonnation materials reduCing well development time; however this potable water will flow out into 
the surrounding fonnation materials (if penneable) and mix with' the natural formation water. This mixing of 
tlie· drilling water and the natural fonnation water should be evaluated when detennining the drilling method. 
Gerierally, a large majority of the drilling water _will be recovered during well development. 

AirRotary · 

~- · -·. · •·· When using air rotary, the air compressor should have an in-line organic filter system to filter the air 
,·coming from the compressor. The ·organic filter system should be regularly inspected to insure that the system 
.is functioning properly. Air compressors that do not have in-line organic filter systems are not acceptable for 
air rotary drilling. A cyclone velocity dissipator or similar air contamment system should be used to funnel 
the cuttings to one location ·instead of letting the cuttings blow uncontrolled out of the borehole. The conven
tional air rotary method does not control cuttings blowing out of the borehole, and is not acceptable unless the 
above mentioned cyclone velocity dissipater or similar containment system is employed. Any air rotary method 
that allows cuttings to blow11ncontrolled oufofthe boienole and does not direct them to a discharge point with 
minimal disturbance is not acceptable. Air rotary that employs the dual-tube (reverse circulation) drilling 
system is acceptable since the cuttings are contained in the drill stems and blown to the surface through the 
cyclone velocity dissipator and to the ground with little surface disturbance. 

Mud Rotary 

Mud rotary is the le~t preferred rotary method because contamination can be introduced into the 
borehole from the constituents in the drilling mud, and it is very difficult to remove _the drilling mud from the 
borehole after drilling and during well development. The drilling mud can also cany contaminates from a 
contaminated zone to an uncontaminated zone thereby cross-contamiDating the borehole. If mud rotary is 
selected, only potable water and pure (no additives) bentonite drilling muds should be used. All materials used 
~d have adequate documentation as to manufacturer's recommendations and product constituents. The 
proper field QA/QC procedures shoUld be initiated before and during drillirig.to minimize the pOtential for · 
cOntamination. These QA/QC procedures include, but are not limited to, sampling and analyzing of all drilling 
materiais Such as drilling muds, bentonite pellets, grouts, sand, etc:, and the potable water to be used during drilling. . . . . . ' . 
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6.3.4 Other Methods . ' .. ·, . 

Other methods such as the cable-tool method, the jetting method, the boring (bucket auger) method, 
and various sonic drilling methods are available. If these and/or other methods are selected for monitoring well 
installations, they should be approved by a senior field geologist before field work is initiated. 

6.4 Borehole Construction 

6.4.1 Annular Space 

The borehole should be of sufficient diameter so that well construction can proceed without major 
difficulties. To assure an adequate size, a minimum 2-inch annular space is required between the casing and 
the borehole wall (or the hollow-stem auger wall). For example, an 8-incb borehole is required to install a 
4-incb outside diameter (OD) casing. However, if the inside diameter (ID) of the casing is 4 inches, the 
borehole Will have to be larger than 8-iriches to include the 2-inch annular space and the outside diameter (OD) 
of the casing ( 4 inch ID plus the casing wall thickness). The 2-inch annular space around the casing· will allow 
the filter pack, bentonite pellet seal, and the annular ·grout to be placed at an acceptable thickness. Also, the 
2-inch annular space win aJJow up to a 1.5-inch (OD) tremie tube to be used for placing the filter pack, peJJet 
seal, and grout at the specified intervals.· Ari annular space· less than the 2-inch minimum· Will not be 
acceptable. When instaJJing a well inside ofhoilow-stem augers, the inside diameter (ID) of the augers is the 
area to be considered when detennining the 2-inch ~ular space. 

6.4.2 Overdrilling the Borehole 
. . 

Sometimes it is necessary to overdrill the borehole so that any soils that have not been removed or that 
have fallen into the borehole during augering or drill stem retrieval, will faJJ to the bottom of the borehole below 
the depth where the filter pack and well screen are to be placed. Nonnally, 3 to S feet is sufficient for 
overdrilling. The borehole can also be overdrilled to an ow for an extra space or a "sunip" area below the well 
screen. This "sump" area provides a space to attach aS or 10 foot section of well casing to the bottom of the 
weJJ screen. The extra space or "sump" below the wen screen serves as a catch basin or storage area for 
sediment that flows into the well and drops out of suspension. These "sumps" are added to the well screens 
when the wens are screened in aquifers that are naturany tUrbid ·and Will not yield clear formation water (free 
of visible sediment) even after extensive development. The sediinent can then be periodically pumped out of 
the "sump" preventing the well screen from clogging or "silting up". lf~e borehole is overdrined deeper than 
desired, it can be·backfilled to the designed depth with bentonite pellets or the filter sand that is·to be used for 
the filter pack~· · ··· ·· · · · · · 

6.4.3 Filter Pack Placement 

When placing the filter pack into the bOrehole, a rhlnimum of6-inches of the ·filter pack material should 
be placed under the bottom of the well screen to provide a finn footing and an unrestricted flow under the 
screened area. Also, the filter pack shoUld extend a miilimum of2-feet above the top of the well screen. The 
filter pack should be placed by the tremie or positive displaCement method. PlaCing the filter pack by "pouring" 
may be acceptable in certain situations, which will be discussed hi the next section. 
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6.4.4 Filter Pack Seal-Bentonite Pellet Seal (Plug) 

A seal should be placed on top of the filter pack. . This seal should consist of a 30% solids bentonite 
material in the fonn ofbentonite pellets. Bentonite pellets are compressed to a density of70-80 lbs/cu.ft. -The 
preferred method of placing bentonite pellets is by the positive displacement or the tremie method. Use of the 
tremie method minimizes the risk of pellets bridging in the borehole and assures the placement of pellets (also 
sand and grout) at the proper intervals. Pouring of the pellets (and fllter pack materials) is acceptable in 
shallow boreholes (less than 50 feet) where the annular space is large enough to prevent bridging and to allow 
measuring (with a tape measure) to insure that the pellets have been placed at the proper intervals. In order 
to insure that the pellets have been placed at the proper intervals, the pellets should be tamped, with the 
appropriate tamping tool, while.measuring is being conducted .. The tamping process minimizes the potential 
for pellet bridging by forcing any pellets, that have lodged against the borehole wall, hollow-stem auger wall, 
or the well casing, down to the proper interval. The bentonite seal should be placed above the filter pack at 
a ~urn of two feet vertical thickness. The hydration time for the bentonite pellets should be a minimum 
of ~ight hours or the manufacturer's recommended hydration time, whichever is greater. In all cases the proper 
depths should be documented by measuring and not by ~stimating. Other fonns of bentonite such as granular 
bentonite, and bentonite chips have limited applications, ·and are not recommended for the bentonite seal unless 
special conditions warrant their use .. Deviation fron:t bentonite pellets .for the seal, should no~ be acceptable 
unless approve,d by a Senior field geologist. If for some reason, the water table is temporarily below the pellet 
seal interval, potable water (or a higher quality water) should be used to hydrate the pellets.· 

6.4.5 Grouting the Annular Space 

The annular space betw~en the casing and the borehole wall should be filled with.either a 30% solidS 
-~ bentoiiite grout, a neat cement grout, or a cement/bentonite grout. Each type of grout selected . ·. ·. 
~should be evaluated as to its intended use and integrity.. · · · .. · . · . ·· 

The preferred grout to use should be a 30% solids bentonite. grout with a minimum density of 10 lb/gal .. 
The grout should be placed into ihe borehole, by the. tremie methOd, from the top of the bentonite seal to within. 
2-feet of the ground surface or below the frostline, whicheveris greater. The tremie tube should have an option 
of.a side discharge port or a bottom discharge port, to minimize damage to _the filter pack and/or the bentonite 
pellet seal, during grout placement. The grout should be allowed to cure for a minimum of 24 hours before 
the concrete surface pad is installed. All grouts should be prepared in accordance with the manufacturers 
specifications. Bentonite grouts (not cement) should have a minimum density of 10 lbs/gal to ensure proper 
set~up. The density of the bentonite grouts should be measured while mixing and should not be pumped into 
the b:orehole until the minimum density of 10 lbs/gal is attained .. In addition, the grouting operation should not 
cease until the bentonite grout flowing out of the borehole has a miniml1m density of 10 lbs/gal. A mud balance 
should be used to measure the specified grout density of the bentonite grout. Estimating the grout density is 
not acceptable. Drilling muds are not acceptable for grouting.· 

. Cement grouts should be mixed using 6.5 to 7 gallons of water per 94-lb bag of Type 1 Portland cement. 
The addition ofbentonite (5 to 10 percent) to the cement grout is generally uSed to delay the "setting" time and 
may not be needed in all applications.. The speCific mixtures and other types of cement and\or grout proposed 
should be evaluated on a case by case basis by a. senior. fie~d geologist.. . . . 
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6.4.6 .Above Ground Riser Pipe and Outer Protective C~fng 

The well casing, when installed and grouted, should extend above the ground surface a minimum of 
2.5 feet. A vent hole should be drilled into the top of the well casing cap to pennit pressure equalization, if 
applicable. An outer protective casing should be installed into the borehole after the annular grout has cured 
for at least 24 hours. The outer protective casing should be of steel construction with a hinged, locking eap. 
Generally, outer protective casings used over 2-inch well casings are 4 inches square by 5 feet long. Similarly, 
protective casings used over 4-inch well casings are 6 inches square and 5 feet long. Round protective casings 
are also acceptable. All protective casings should have sufficient clearance around the inner well casings, so 
that the outer protective casings will not come into· contact with the inner well casings after installation. The 
protective casings should have a minimum of two weep holes for drainage. These weep holes should be a 
minimum 1/4-inch in diameter and drilled into the protective casings just above the top of the concrete sUrface 
pads to prevent water from standing inside of the protective casings. Protective casings made of aluminum or 
other soft metals are nonnally not acceptable because they are not strong enough to resist tampering. 
Aluminum protective casing may be used in very corrosive environments such as coastal areas. A protective 
casing is installed by pouring concrete into the borehole on top of the grout. The protective casing is then 
pushed into the wet concrete and borehole a minimum of2 feet. Extra concrete may be needed to fill the inside 
of the protective casing so that the level of the concrete inside of the protective casing is at or abOve the level 
of the surface pad. The protective casing should extend a minimum of3 feet above the ground surface or to 
a height so that the cap of the inner well casing is exposed when the protective casing is opened. 

6.4.7 Concrete Surface Pad 

A concrete surface pad. should be installed around each well .at the same ·time as the outer protective 
casb1g is being installed. The surface pad should be fonned around the well casing. Concrete should be placed 
into ihe fonned pad and into the borehole (on top of the grout) in one operation making a contiguous unit. The 
protective casing is then installed into the concrete as descn'bed in the previous section. The size of the concrete 
surface pad is dependent on the well casing size. If the well casing is 2 inches in diameter, the pad should be 
3 feet x 3 feet x 6 inches. If the well casing is 4 inches in diameter, the pad should be 4 feet x 4 feet x 6 inches. 
Round concrete surface pads are also acceptable. The finished pad should be sloped so that drainage will flow 
away from the protective casing and off of the pad. In addition, a minimum ofone inch of the fmished pad 
should be below grade or ground elevation to prevent washing and undennining by soil erosion. At each site, 
all locks on the outer protective casings should be keyed alike. 

6.4.8 Surface Protection-Bumper Guards 

If the monitoring wells are located in a high traffic area, a minimum of three bumper guards consisting 
of steel pipes 3 to 4 inches in diameter and a minimum 5-foot length should be installed. These bumper guards 
should be installed to a minimum depth of2 feet below the ground surface in a concrete footing and extend a 
mininium of 3 feet above ground. surface. Concrete should also be placed into the steel· pipe to proVide 
additional strength. Steel rails and/or other steel materials can be used in place of steel pipe but approval must 
be granted by a senior field geologist prior to field installation. · 

EISOPQAM 6-6 May 1996 

., 
. '• 



' •· 

6.5 Construction TechnJques 

6.5.1 Well Installation 

The borehole should be bored, drilled, or augered as close to vertical as possible, and checked with a 
plumb .bo~ or level. Slanted boreholes will not be acceptable unless specified in the design. The depth and 
volume of the borehole, including the overdrilling if applicable, should have been calculated and the appropriate 
materials procured prior to drilling activities. The well casings should be secured to the well screen by flush
jointed threads and placed into the borehole and plumbed by the use of centralizers and/or a plumb bob and 
level. Another method of placing the well screen and casings into the borehole and plumbing it at the same time 

· is to ·suspend the string of well screen and casings in the borehole by means of the wireline on the drill rig. The 
string of well screen and casings can be placed into the borehole and plumbed in one easy operation. This 
wireline method is egpecially useful .if the borehole is deep and a .long string of well screen and casings have 
to be ·set and plumbed.. No lubricating oils or grease should be used on casing threa~. Teflon tape can be 
u5ed to wrap the threads to insure a tight fit and minimize leakage.· No glue ofany type should be used to 
secure casing joints •. Teflon "0" rings can also be used to insure a tight fit and minimize leakage; however, "0" 
rings made of other materials are not acceptable if the well is going to be sampled for organic compound 
analyses. Before the. well screen and.casings are placed on the bottom of the borehole; at least 6 inches of filter 
material should be placed at the bottom of the borehole to serve as a fmn footing. The string of well screen 
and casings should then be placed into the borehole and plumbed. Centralizers can be use~ to plumb a well, 
but centralizers should be piaced so that the placement of the filter pack, bentonite pellet seal, and annular.grout 
will not be hindered. Centralizers placed in the wrong locations can cause bridging during material placement. 
Monitoring wells less than 50 feet deep generally do not need centralizers. If centralizers are used they should 
be placed below the well screen and above .the bentonite pellet seal. The specific placement intervals should 

:::be ~~cided based on site conditions. When installing the well screen and casings through hollow-stem augers, 
~:the augers should be slowly extracted as the filter pack, bentonite seal, and grout are tremied and/or poured 
·into place .. The gradual extraction of the augers will allow the materials being placed in the· augers, to flow 
out of the bottom of the augers into the borehole. If the augers are not gradually extracted, the.materials (sand, 
pellets, etc.) will accumulate at the bottom of the augers causing potential bridging problems. After the string 
of well screen and ca5ing is plumb, the filter material should then be placed around the well screen (preferably 

· by the tremie method) up to the designated depth .. After the filter pack has been installed, the bentonite pellet 
seal should be placed (preferably by the tremie method) directly on top of the filter pack up to the designated 
depth or a minimum of 2 feet above the filter pack whichever is greater. The bentonite pellet seal should be 
allowed to hydrate a minimum of eight hours or the manufactw-er's recommended hydration time, whichever 
is longer. After the pellet seal has hydrated for the specified time, the grout should then be pumped by the 

. tremie method into the annular space around the casings up to within 2 feet or'the ground surface or below the 
frostline whichever is greater. The grout should be allowed to set for a minimum of24 hours before the surface 
pad and protective casing are installed. After· the surface pad and protective casing are installed, bumper 
guards should be installed (if needed). The bumper guards should be placed around the concrete surface pad 
in a configuration that proVides maximum protection to the well. Each piece of steel pipe or approved materlal 
should be installed into an 8-to 1 0-inch diameter hole, to a minimum depth of2 feet below ground surface, and 
filled with concrete. As previously stated, the bumper guard should extend above the ground surface a 
minimum of 3 feet. The total length of each bumper guard should be a mininium of S feet. 

After the wells have been installed, the outer protective casing should be painted with a highly visible 
enamel paint. The wells should be pennanently marked with the well number, date installed, site name, 

• 

elevation, etc., either on the cover or an appropriate place that will not be easily damaged and/or vandalized. • 

If the monitoring wells are installed in a high traffic area such as a parking lot, in a residential yard, 
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or along the side of a road it may be desirable to fmish the wells to the ground surface and install water-tight 
flush mounted traffic and/or man-hole covers. Flush mounted traffic and man-hole covers are designed to 
extend from the grourid surface down into the concrete plug around the well casing. Although flush mounted 
covers may vary in design, they should have seals that make the unit water-tight when closed and secured. The 
flush mounted covers should be installed as far above grade as practical to mitiimize standing water and 
promote runoff. Permanent identification markings should be placed on the covers or in the concrete plug 
around the cover. 

6.5.2 Double Cased Wells 

Double cased wells should be constructed when there is reason to believe that interconnection of two 
aquifers by well construction may cause cross contamination, and/or when flowing sands make it impossible 
to install a monitoring well using conventional methods. A pilot borehole should be bored through the 
overburden and/or the contaminated zone into the clay confming layer or bedrock. An outer casing (sometimes 
called surface or pilot casings) should then be placed into the borehole and s.ealed with groul The borehole 
and outer casing should extend into tight clay a minimwn of two feet and into competent bedrOck a minimum 
of 1 foot. The total depths into the clay or bedrock will vary, depending on the plasticity of the clay and the 
extent ofweathering and\or fracturing of the bedrOck. The fmal depths should be approved by a senior field 
geologist The size of the outer casing should be of Sufficient inside diameter (ID) to contain the inner casing, 
and the 2-inch minimwn annular space. In addition, the borehole should be of sufficient size to contain the 
outer casing and the 2-inch minimwn outer annular space, if applicable. · · 

The outer casing should be grouted by the tremie method from the bottom to within 2 feet of the ground 
surface. The grout should be pwnped into the annular space between the outer casing and the borehole wall . 
This can be accomplished by either placing the tremie tube in the annular space and pwnping the grout from 
the bottom of the borehole to the surface, or placing a grout shoe or plug inside the casing. at the bottom of the 
borehole and pwnping the grout through the bottom grout plug and up the annular space on the outside of the 
casing. If the outer casing is set into very tight clay, both of the above methods might have to be used, because 
the clay usually fonns a tight seat in the bottom and around the outside of the casing preventing grout from 
flowing freely during grout injection. On the other hand, outer casing set into bedrock normally will have space 
enough to allow grout to flow freely during injection. A minimwn of24 hours should be allowed for the grout 
plug (seal) to cure before attempting to drill through it. The grout mixture used to seal the outer annular space 
should be either a neat cement, cement/bentonite, cement/sand, or a 30% solids bentonite grout. However, the 
seal or plug at the bottom of the borehole and outer casing should consist of a Type I portland cement/bentonite 
or cement/sand mixture. The use of a pure bentonite grout for a bottom plug or seal is not acceptable, because 

· the bentonite grout cures to a gel-like material, and is not rigid enough to withstand the stresses of drilling. 
When drilling through the seal, care should be taken to avoid cracking, shattering, and/or washing out the seal, 
which will be discussed in the next section. If caving conditions exist so that the outer casing cannot be 
sufficiently sealed by grouting, the outer casing should be driven into place and a grout seal placed in the 
bottom of the casing. Removal of outer casings, which are sometimes called temporary surface casings, after 
the well screens and casings have been installed and grouted is not acceptable. Trying to remove outer surface 
casings after the inner casings have been grouted could jeopardize the structural integrity of the well. 
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BecbQck Wells 

. ':·The.installation of monitoring wells into bedrock can be accomplished in two ways: 

1. . . The fli'St meth~ is to drul or bore a pil~t borehole through the soil overburden into the bedrock. An 
outer casing is then installed into the borehole by setting it into the bedrock, and grouting it into place 
as described in the previous section. After the grout bas set, the borehole can then be advanced 
through the grout seal into the bedrock. The preferred method of advancing the borehole into the 
bedrock is rock coring. Rock coring makes a smooth, round hole through the seal and into the bedrock 
without cracking and/or shattering the seal. Roller cone bits are used in soft bedrock, but extreme 
caution should be taken when using a roller cone bit to advance through the grout seal in the bottom 
of the borehole because excessive water and "down" pressure can cause cracking, eroding (washing), 

. · and/or shattering of the seal. Low volume air hammers may· be used to advan~e the borehole, but they 
· · · have a tendency to shatter the seal because of the hammering action. If the s~ctural .integrity of the 
. . grout seal is in question, a pressure test can be utilized to check for leaks. A visual test cim also be 
· · made by examining the cement/concrete core that is collected when the seal is cored with a diamond 

coring bit. If the seal leaks (detected by pressure testing) and/ or tlie core is cra.cked or shattered, or 
if no core is recovered because of washing, excessive down pressure, etc., the seal is not acceptable. 
The concern ·over the structural integrity of the grout seal applies to all double cased welis. Any 
proposed method of double casing and/or seal testing will be evaluated on its owri merits, and will have 
to be approved by a senior field geologist before and during drilling activities, if applicable. · Whi:n the 

· drilling is complete, the finished well will consist of an open borehole from the ground sUrface to the 
bottom of the well. There is no inner casing, and the outer surface casing, installed down into bedrock, 
extends above the ground surface, and also serves as the outer protective casing. If the .protective 
CaSing becomes cracked or is sheared off at the ground Surface, the well is open to direct ~ontamiflation 

· from the ground surface and will have to be repaired immediately or abandoned. Another limitation 
to the open rock well is that the entire bedrock interval serves as the monitoring zone. In this situation, 
it is very .difficult or even impossible to monitor a specific zone, because the contaminants being 
monitored could be diluted to the extent ofbeing nondetectable. The installation of open bedrock wells 
is generally not acceptable in the Superfund and RCRA programs, because of the uncontrolled 
monitoring intervals. However, some site conditions might exist, espec.ially in cavernous limestone 
areas (Karst topography) or in areas of highly fractured bedrock, where the installation of the filter 
pack and its structural integrity are questionable. Under these conditions the design of an open 
bedrock well may be warranted. 

·· 2.. The second method of installing a monitoring well into bedrock is to install the outer surface casing 
and drill the borehole (by an approved method) into bedrock, and then install an inner casing and well 
screen with the filter pack, bentonite seal, and annular grout. The well is completed with a surface 
protective casing and concrete pad. This well installation method gives the flexibility of isolating the 

.. monitoring zone(s) and minimizing inter-aquifer flow. In addition, it gives structural integrity to the 
. . .... well, especially in unstable areas (steeply dipping shales, etc.) where the bedrack has a· tendency to 

· s~ft or move when disturbed. Omitting the filter pack around the well screen is a general practice 
. in some open rock borehole installations, especially in drinking water and irrigation wells. However, 

without the fllter pack to protect the screened interval, sediment particles from the well instaliation 
and/or from the monitoring zone could clog the well screen and/or fill the screened portion of the well 
rendering it inoperable. Also, the filter pack serves as a barrier between the bentonite seal and the 
screened interval. Rubber inflatable packers have been used to place the bentonite seal when the filter 
pack is omitted, but the packers have to remain in the well pennanently and, over a period of time, will 
decompose and possibly contribute contaminates to the monitoring zone . 
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6.6 Well Construction Materials 

6.6.1 Introduction 

:. . . . Well construction materials are chosen based on the goals and objectives of the proposed moriitoring 
program and the geologic conditions at the site(s). In this section, the rufferent types of available materials will 
be discussed. · 

' 6.6.2 Well Screen and Casing Materials 

When selecting the materials for well construction, the prime concern should be to select materials that 
will not contribute foreign constituents, or remove contaminants of concern· from the ground water. If the 
monitoring program is designed to analyze for organic compounds, stainless steel materials should be used. 
If the monitoring program calls for the analyses of only inorganic compounds, then PVC materials (Rigid PVC 
meeting NSF Standard 14 (NSF WC)) are acceptable. ·Generally, PVC materials are not acceptable for 
monitoring organic compounds because of their sorption and leaching properties. Another concern is to select 
materials that will be rugged enough to endure the entire monitoring period. Site conditions will generally 
dictate the kind of materials that can be used. A preliminary field investigation should be conducted to 

_____ ...::'d~teimine the geologic conditions, so that the most suitable materials can be selected. The bestgrade or liighest 
quality material for that particular application should be selected. Each manufacturer can supply the 
qUalitative data for each grade of material that is being considered.· All materials selected for monitoring well 
installation should be evaluated and approved by a senior field geologist prior to field activities. 

s:J • 

} • 

Well screen and casing materials generally used in monitoring well construction on RCRA and 
Superfund sites are listed in order of preference: · . 

(1) Stainless Steel (304 or 316) 
(2) Rigid PVC meeting NSF Standard 14 (NSF WC) 
(3) Other (where applicable) · 

.. There are other materials used for well screens and casings such as black iron, carbon steel, galvanized 
steel, and fiberglass, but these materials are not recommended for use in long term monitoring progrilins at 
hazardous waste sites, because of their low resistance to chemical attack and potential constituent contribution 
to the ground water. 

In addition to material selection, the minimum inside. diameter (ID) for well screeris and casings used 
for permanent monitoring wells should be 2 inches. The wall thickness has to be considered when selecting 
the 2~inch well screen and casing, because a 2-inch ID screen or casing having a total wall thickness greater 
th8n 1/8 inch will make the outside diameter (OD) 2 1/4 inches which will reduce the required 2-inch annular 
space. This is especially true for PVC and Teflon. Schedule S stainless steel, which is commonly used for 
permanent monitoring wells bas a very thin wall thickness (approximately 1/16 inch thick) which reduces the . 
2~inch annular space by only 1/8 inch. However, all minimum requirements for well design and installation 
should be adhered to when selecting the appropriate materials. For example, if the ID of the sct:een or casing 
is 2 inches and the OD is 2 112 inches, then the borehole Will have to be at least 6 112 inches in diameter to 
satisfy the minimum requirements. 

The length of well screens in permanent monitoring wells should be long enough to effectively monitor 
the interval or zone of interest. However, well screens· designed for long term monitoring purposes should 
normally not be less than S feet in length. Well screens less that S feet long are acceptable in only temporary 
monitoring wells where ground water samples are collected for screening pwposes . 
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6.6.3 Filter Pack Materials 

The filter pack materials should consist of clean, rounded to well-rounded, hard, insoluble particles 
of siliceous composition. The required grain-size distribution or particle sizes of the filter pack_ materials 
should be selected based upon a sieve analysis conducted on the soil samples collected ftom the aquifer 
materials and/or the fonnation(s) to be monitored. Filter pack materials should not be acceptable untess proper 
documentation can be furnished as to the composition, grain-size distribution, cleaning procedure, and chenucal 
analysis. If a data search reveals that there is enough existing data to adequately design the well screen and 
. filter pack, then it may not be necessary to conduct a sieve analysis ori the fonnation materials to be monitored. 
However, all data and design proposals will be evaluated and approved by a senior staff geologist before tiel~ 
activities begiri. · · · · · · · · 

6~6.4 ·: Filter Pack and Well Screen J;>esign. .·.' 

. . :. The majoritY of. monitoring wells 'are installed in. shallow groUnd wateraquifers that consist of silts, 
clays, and sands in various combinations. These shallow aquifers are not generally cbanietei:istic. of sand 
aquifers used for drinkiilg water. Therefore; a more technical approach rather than an estimative approach 
should be taken in the design of filter packs and weli.screens for monitoring 'wells. The filter pack and well 
screen design should be based on the results of a sieve ·analysis conducted on soil samples collected from the 
aquifer or the fonniltion(s) that will be monitored. The data from the sieve analysis.are plotted on a gfain-size 
distribution graph, and a gl-am-si.Ze distribution curve is generated. From this grain-size distribution curve, the 
unifonnity coefficient(Cu) of the aqtiiferniaterial is detennined. The Cu is the ratio of the 60 percent finer 
material (060) to the 10 percent fmermaterial (010) 

"~· . Cu = (060/D 1 0) 

The Cu ratio is a way of grading or rating the unifonnity of grain size. For example, a Cu of unity 
means that the individual grain sizes of the material are nearly all the same, while a Cu with a large number 
means a large range of sizes. As a general rule, a Cu of2.5 or ~ess should be used in designing the filter pack 
and well screen. 

Before designing the filter pack and well screen, the following factors should be considered: 

· 1. Select the well screen slot ·openings that will retain 90 percent of the. filter pack. material. 

· 2. The filter pack material should be of the size that minimizes head losses through the pack and also 
prevents excessive sediment (sand, silt, clay) movement into the well. · 

. . 
3.· A filter material of varying grain sizes is not acceptable because the smaller particles flll the spaces 

between the larger particles thereby reducing the void spaces and increasing resistance to flow. 
Therefore,_ fllter material of the same grain size and well rOUnded is preferred. . 

4. The fllter pack design is baSed on the gradation of the fmest aquifer mat~rials being analyzed. 
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General steps to consider in designing a fllter pack: 

1. Construct a grain-size distribution curve, on a grain-size distribution graph, from the sieve analysis 
of the aquifer materials. The filter pack design (as stated above) is based on the gradation of the finest 
aquifer materials. 

2. Multiply the D30 size (from the grain-size distribution graph) by a factor of four to nine (Pack-Aquifer 
. ratio) .. A factor of four is used ~fthe fonnation is fine-grained and uniform (Cu is less than 3), six if 

it is coarse-grained and non-uniform, and up to nine if it is highly non-uniform and contains sill Head 
losses through filter packs increase as the Pack-Aquifer(P-A) ratios decrease. In order to design a 
fairly stable filter pack with a minimum head loss, the D30 size should be multiplied by a factor of 
four. · 

3. Plot the point from step 2 on the 30% absCissa of a grain-size distribution graph and draw a smooth 
curve with a uniformity coefficient of approximately 2.5. . 

4. A curve for th~ permissible limits of the fitte~ pack is drawn plus o~ ~us .S per cent of the desired 
curve with the Cu of2.5. · 

S. Select the slot openings for the well screen that will retain 90 per cent or more of the filter pack 
material. 

: The specific steps and procedures for sieve analysis and filter pack design can be found in soil 
mechanics, ground water, and water well design books.· The staff geologists"andlor engineers should be 
responsible for the correct design of the monitoring welts and should be able to perform the design procedures . 

6.7 Safety Procedures for Drilling Activities 

A site health and safety plan should be developed and approved by the Branch Safety Officer or 
designee prior to any drilling activities, and should be followed during all drilling activities. The driller or 
designated safety person should be responsible for the safety of the dritting team perforriting the drilting 
activities. All personnel conducting drilling activities should be qualified in proper dritting and safety 
procedures. Before any dritting activity is initiated, the area should be surveyed with the necessary detection 
equipment to locate, flag, or mark, all under ground utilities such as electrical lines, natural gas lines, fuel tanks 
an~ Jines, water lines, etc. Before operating the drill rig, a pilot hole should be dug (with band equipment) to 
a depth of two to three feet to check for undetected utilities or buried objects: Proceed with caution until a safe 
depth ·is reached where utilities normally would not be buried .. The following safety requirements should be 
adhered to while performing drilling activities: 

1. ·· All drilling personnel should wear safety bats, safety glasses, arid steel toed boots. Ear plugs are 
. . required and will be provided by the safety officer or _driller. 

· 2. · Work gloves (cotton, leather, etc.) should be worn when working around or while handling drilling 
equipment. ·· · · 

3. All personnel directly involved with the drilling rig(s) should know where the kill switch(s) is 
located in case of emergencies. 

4. All personnel should stay clear of the drill rods or augers while in motion, and should not grab or 
attempt to attach a tool to the drill rods or augers until they have comple~ly stopped rotating . 
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5. Do not hold drill rods or any part of the safety hammer assembly while taking standard penetration 
tests or while the hammer is being operated. 

6. Do not lean against the drill rig or place hands on or near moving l'arts at th~ rear of the rig while 
it is operating. · · · 

7. Keep the drilling area clear of any excess debris, tools, or drilling equipment. 
. . . . . . . . 

8. Do not climb on the drilling rig while it is being operated or attempt to repair the rig.while it is 
. . · . . being operated. The driller will direct all work on the rig. · · 

9. Do not move or pick up any drilling equipment unless directed by the driller.andlor the project 
leader. 

10. Each drill rig will have a first-aid kit.an~ a frre extinguisher located on the rig quickly accessible 
for emergencies. · · · · · · · · · 

.· ... 

11. Work clothes will be firm fitting, but comfortable and free. of straps, loose ends, strings etc., that 
might catch on some moving part of the drill rig. · · 

12. Rings ~r other jewelry will not be worn while working around the drill rig. 

13. The drill. rig should not be operated within a minimum distance of20 feet of overhead electrical 
power lines and/or buried utilities that might cause a safety hazard. In addition, the drill rig should 
not be operated while there is lightening in the area of the drilling site. I~ an electrical storm moves 
in during drilling activities, vacate the area until it is safe· to return. · 

. . .. : . . . ·, . . . . .. ·:.:··:··. 

. Ji.8 :·.' Well Develoj:mient · · 

A newiy completed monitoring well should not be developed for at Jeasi 24 hours afte~ the surface pad 
and outer protective casing are installed. This will allow sufficient time for the well materials to cure before 
development procedures are initiated. The main purpOse of developing new moiutoring wells is to remove the 
residual materials remaining in .the wells after installation has been completed, and to try to re-establish. the 
natural hydraulic flow conditions of the. formations which may have been disturbed by well construction, 
around the immediate vicinity of each well. A new morutoring well should be developed until the column of 
water in the well is free of visible sediment, and the pH, temperature, turbidity, and specific conductivity have 
stabilized. In most cases the above requirements can be satisfied; however, in some cases the pH, ·temperature, 
and specific conductivity may stabilize but the water remains turbid." In this case the well may still contain well 
cOnstruction materials, such· as drilling mud in the form of a mud cake and/or formation· soils, that have not 
been washed out of the borehole. Excessive or thick drilling mudS can not be flu5hed out of a borehole with 
one or two well volumes of flushing. Continuous flushing over a period of several days may be necessary to 
complete the well development. If the well is pumped to dryness or near. dryness, the water table should be 
81lowed to sufficiently recover (to the static water level) before the next development period is initiated. 
Caution should be taken when using high rat~? pumps and/or large volume air compressors··during well 
develOpment because excessive high rate pumping and high air pressures can damage or destroy the well screen 
and filter pack. The onsite geologist should make the decision as to the development completion of each well. 
All field decisions should be documented in the field log book. · 
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The following development procedures are g~nerally used to develop monitoring wells: 

1. Pumpirig; 
2. Compressed air (with the appropriate organic filter system); 
3. Bailing; 
4. Surging; 
S. Backwashing ("rawhiding"); and 
6. Jetting. 

These developmental procedures can be used, individually or in combination, in order to achieve the 
most effective well development. Except when compressed air is being used for well development, sampling 
can be initiated as soon as the ground water has re-equilibrated, is free of visible sediment,· and the water 
quality parameters have stabilized. Since site conditions vary, even between wells, a general rule-of~ thumb is 
to wait 24 bows after development to sample a new monitoring well. Wells developed with compressed air 
nonrially should not be sampled for at least 48 hours after development so that the formation can dispel the 
compressed air and restabilize to pre~ well construction conditions. The selected development method(s) should 
be approved by a senior field geologist before any well installation activities are initiated. 

. . . 

6.9 Well Abandonment 

When a decision is made to abandon a monitoring well, the borehole should be sealed in such a manner 
that the weU can not act as a conduit for migration of containinants from the ground surface· to the water table 
or between aquifers.· To properly abandon a well, the preferred method is to completely remove the well casing 
and screen from the bOrehole, "clean out the borehole, and backfill with a. cement or b(mtonite grout, neat 
cement, or concrete. In 'order ·to comply with state well abandonment requirements, the appropriate state 
agency should be notified (if applicable) of monitoring well abandonment. However, some state requirements 
are not explicit, so a technically sound well abandonment method should be designed based on the site geology, 
well casing materials, and general condition of the well(s)~ · · ·. · · · 

6.9.1 Abandonment Procedures 

As previously stated the preferred method should be to completely remove the well casing and screen 
from the borehole. This may be accomplished by au gering with a hollow~stem auger over the well casing down 
to the bottom of the borehole, thereby removing the grout and filter pack materials from the hole. The well 
casing should then be removed from the bole.with the drill rig. The clean borehole can then be backfilled with 
the appropriate grout material. The backfill material should be placed into the borehole from the bottom to the 
top by pressure grouting with the positive displacement method (tremie method). The top 2 feet of the borehole 
should be poured with concrete to insure a secure surface seal (plug). If the area has heavy traffic use, and/or 
the well locations need to be permanently marked, then a protective surface pad(s) and/or steel bumper guards 
should be installed. The concrete surface plug can also be recessed below ground surface if the potential for 
conStruction activities exists. This abandonment method can be accomplished on sniall diameter (1 ~inch to 4-
incb) wells without too much difficulty. With wells haVing 6-inch or larger diameters, the use of hollow-stem 
augers for casing removal is veiy difficult or atinost impossible. Instead of trying to ream the borehole with 
a hollow-stem auger, it is more practical to foree a drill stem with a tapered wedge assembly or a solid-stem 
auger into the well casing and extract it out of the borehole. Wells with little or no grouted annular space 
and/or sound well casings can be removed in this manner. However, old wells with badly corroded casings 
ancfor thickly grouted annular space have a tendency to twist and/or break-off in the borehole. When this 
occUis, the well will have to be grouted with the remaining casing left in the borehole. The preferred method 
in this·case should be to pressure grout the borehole by placing the treDiie tube to the bottom of the well casing, 
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which will be the well screen or the bottom swnp area below the well screen. The pressurized grout will be 
forced out through the well screen into the filter material and up the inside of the well casing sealing holes and 
breaks that are present. The tremie tube should be retracted slowly as the grout fills the casing. The well 
casing should be cut off even with the ground surface and filled with concrete to a depth of 2 feet below the 
surface. If the casing bas been broken off below the surface, the grout should be tremied to within 2 feet of 
the surface and then fmished to the ground surface with concrete. The surface pad or specified surface 
protection shall then be installed. ·· 

A PVC well casing may be more difficult to remove from the borehole than a metill casing, because 
of its brittleness. If the PVC well casing breaks during removal, the borehole should be cleaned out by using 
a drag bit or roller cone bit with the wet rotary method to grind the casing into small cuttings that will be 
flushed out of the borehole by water or drilling mud. Another method is to· use- a solid-stem auger with a 
carbide tooth bit to grind the PVC casing into small cuttings that will be brought to the surface on the rotating 
flights .. After the casing materials have been removed from the borehole, the borehole should be cleaned out 
and pressUre grouted with the approved grouting materials. As previously stated, the borehole should be 
fmished ·with a concrete surface plug and adequate surface protection, unless directed otherwise. 

6.10 Temporary Monitoring Well Installation 

6.1 0.1 Introduction 

Five types of temporary monitoring well installation techniques have been de~onstrated as acceptable. 
The type selected for a particular site is dependent upon si~e condition$ .. The project leader and site geologist 

-· .sh~~d be prepared to test temporary well installa.tions on site ~d select the best solution.- Temporary ~ells 
)re.'~ost effective, may be installed quickly, and pr<?vide a synoptic picture of groun~ water quality. 
~ .. . ' . 

. Temporary monitoring well locations are not permanently marked, nor are th~ir elevations noimaUy 
detennined. Sand pack materials may or may not be used, but typically there is no bentonite seal, grout, 
surface completion, or extensive development (as it normally applies to perinanent monitoring wells). 
Temporary wells are generally installed, purged, sampled, removed, and backfilled in a matter of hours. 

Due to the nature of construction, turbidity ·levels may initially be high~ However, these levels may 
be reduced by low flow purging and sampling techniques as described in Section 7 .. 2.4. · 

Temporary wells may be left overnight, for sampling the following day, but the_well ~ust be secured. 
If the well is not sampled immediately after construction, the well'should be ptirged prior to sampling as 
specified in Section 7.2.4. · · 

·6.1 0.2 Data Limitation 
' . . 

Temporary wells described in this section are best used for delineation of contaminant plumes, at a 
point in'time, and for some site screening purposes. Tbey'are not intended to replace periruuient monitoring 
,wells. Perhaps the best use for temporary wells is. in. conjunction with a mobile laboratory, where quick 
liiaJytical results can be used to delininate contaminimt plumes.· · · · · ·· · 

.-. . . .. . .. 

6 .. 10.3 Temponuy Well Materials 

'.. . Materials used in construction of temporary monitoring wells are the same standard materials u5ed in 
~ conStiuction of permanent monitoring wells. Sand used for the filter pack (if any) Should be as specified 

~OPQAM 6- 15 May 1996 

• . .· ·:1 

• 



in Section 6.63. The well screen and casing should be stainless steel for ruggedness and suitability for steam 
cleaning and solvent rinsing. Other materials may be acceptable, on a case by case basis. Some commercially 
available temporary well materials,. pre-packed riser~· screen and filter pack assemblies arc available 
c:ommercially; however, these pre-assembled materials cannot be cleaned. Appropriate QA/QC must be 
penonned to assure there will be no introduction of contamination. · 

6.10.4 ·Temporary Monitoring Well Borehole Construction 

Borehole construction for temporary wells is as specified in Section 6.4, using a drill rig. 
Alternatively, boreholes may be constructed using hand augers or portable powered augers (generally limited 
to depths often feet or less). If a drill rig is used to advance the borehole, the augers must be pulled back the 
length of the well screen (or removed completely) prior to sampling. When hand augers are used, the borehole 
is advanced to the desired depth (or to the point where borehole collapse occui's) •. In situations where borehole 
collapse occurs, the auger bucket is typically left in the hole at the point of collapse while the temperary well 
is assembled. When the well is completely assembled, a final auger bucket of material is quickly removed and 
the well is immediately inserted into the borehole, pushing, as needed, to achieve maximwn penetration into 
the saturated materials; · · 

6.10.5 Temporary Monitoring Well Types 

Five types of monitoring wells which have been shown to be acceptable are presented in·the or-der of 
increasing difficulty to install and increasing cost: 

No Filter Pack ... 

· · .. This is the most common temporary well and is very effective in many situations: After the borehole 
is completed, the casing and screen are simply inserted. This is the most inexpensive and fastest well to install. 
This type well is extremely sensitive to turbidity fluctuations, because there is no filter pack. Care should be 
taken to not disturb the casing during purging and sampling. 

Inner Filter Pack 

This type differs from the "No Pack" only in that a fllter pack is placed inside the screen to a level 
approximately 6 inches above the well screen. This ensures that all water within the casing has passed through 
the filter pack. For this type well to function pro{lerly, the static water level must be 6-12 inches above the 
filter pack. 

Traditional Filter Pack 

For this type, the screen and casing are inserted into the borehole, and the sand is poured into the 
annular space surrounding the screen and casing. Occasionally, it may be difficult to effectively place a filter 
pack around shallow open boreholes, due to collapse. This method requires more sand than the "inner filter 
pack" well, increasing material costs. As the filter pack is placed, it mixes with the muddy water in tlie 
borehole, which may increase the amount of time needed to purge the well to an acceptable level of turbidity. 
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Double futer Pack 

· ·· .. The ~ole is adVancect to the desired ciepth. . As with the "inner filter pwk" the well screen is filled 
with filter pack material and the well screen ~d casing inserted until the top of the filter pack is at least 6 
inches below the water table. Filter pack material is poured into the annular space around the well screen. This 
type temponuy well construction can be very effective in aquifers where fine silts or clays predominate. This 
construction technique takes longer to implement and uses more filter pack material than others previously 
discussed.· 

. .. · ...... . 

. ··-. .. ·: .: .. · 

·:'.: . . 

. The borehole is. ad~ced ~ the dCsked depth. At this point,. a l-Inch well screen and sufficient riser 
is iriserted into a 2-inch well screen with sufficient riser,. and centered. Filter pack material is then placed into 
the aimuiar space swrounding the l-inch well screen, to approximately. 6 inches above the screen. The well 
is then inserted into the borehole. - · · .. : · · 

.· ... 

this syste~ reqtrlres twice as m~ch well ~~en and casing, with subsequent increase in material cost. 
The increased amount of well construction materials results in a corresponding increase in decontamination 
time and costs. If pre-packed wells are used, a higher degree of QA/QC will result in higher overall cost. 

6.1 0.6 Backfilling 

It is the generally accepted practice to backfill the borehole from the abandoned temporary well with 
. .the.,soil cuttings. Use of cuttings would not be an acceptable practice ifwa5te materials were encountered or 

.. a confiniDg layer was iliadvertently breached. If for some reason the borehole cannot be backfilled with the 
soil cuttings, then the same protocols set forth. in Section 6.9 should be applied. -Section S.lS ·should be 
referenced regarding dispo~al of mw.· . . . . . . . . . . . . 

.·· .· 

.• 
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SECTION7 
GROUND WATER SAMPLING 

PERFORMANCE OBJECTIVES: 

• To collect a sample representative of ground water residing in the fonnation of 
interest. 

• To reduce the potential bias caused by the sampling equipment used to obtain the 
sample •.. 

7.1 Introduction 

Ground water sampling may be required for a variety of reasons, such as examining potable or 
industrial water supplies, checking for and/or tracking contaminarit plume movement in the vicinity of a land 
disposal or spill site, Resource Conservation Recovery Act (RCRA) compliance monitoring, or examining a 
site where historical infonnation is mininial or non-existent but where it is thought that ground water 
coritarnination may have. i>cc\.uTed. . . . . . 

· Ground water samples are Ustially obtained from either temporarily or permanently installed giound 
water monitoring wells. They can also be obtained, however, anywhere groundwater is present, such as in a 
pit or a dug or drilled hole. ·· 

Occasionally, the ground water source may not be in the ideal location to meet a particular objective 
. (e.g., to track a contaminant plume). In that case, either a temporary or permanent monitoring well should be 

installed .. An experienced arid knowledgeable p~rson will need to locate the well and supervise its installation 
so that samples will be representative of the ground water. · · · · · · · 

Additional guidance is given in RCRA Ground-Water Monitoring:· Technical Guidance (1) and 
Chapter 11 ofSW-846 (2). The ground water sampling procedures described in this SOP will meet or exceed 
the requirements of these documents.. . . . . . . 

Ground water sampling procedures can be sub-divided into two areas, purging and sampling, each of 
which has different goals and objectives. Within the topic of purging, itis necessary, because of the inherently 
different characteristics of the two types.ofwells, to address permanent and temporarY" wells separately. The 
procedures and techniques which follow in this section reflect theSe differences . 
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7.2 Purging 

7.2.1 Purging and Purge Adequacy 

· · Purging is the process· of removing stagnant water from a monitoring well, immediately prior to 
sampling, causing its replacement by ground water from the adjacent fonnation, which is representative of 
actual aquifer conditions. In order to detennine when a well has been adequately purged, field investigators· 
should: 1) monitor the pH, specific conductance, temperature, and turbidity of the ground water removed 
during purging; and 2) observe and record the volwrie of water removed.· •- · 

. Prior to initiating the purge, the amount of water standing in the water column (water inside the well 
riser and screen) should bedetennined To do this, the diameter of the well should be detennined and the water . 

. level and total depth of the well are measured and recorded. Specific methodology for obtaining these 
measurements is found in Section 15.8 of this SOP. Once this infonnation is obtained, the volume of water 
to be purged can be detenilined using one of several methodS. One is the equation: , . . -

_ \Vhere:h =depth of water in feet 
d =diameter ofweiJ in inches 
y =volume_ of water in gallons 

Alternatively~ the volume may be detemuned us-ing a casing volume per foot facto~ for the appropriate 
diameter well, similar to that in Table 7 .2.1. The water level is subtracted from the total depth, providing the • 

:·length of the water colwnn. This length is multiplied by the factor in the Table 7.2.1 which corresponds to the , . '.· :)-
.. appropriate well diameter, providing the amount of water, in gallons, contained in the _w~ll.-Qtlter acceptable ----
.methOds include the use of nomographs or other equations or fonnulae. . 

. . . 

_ With respect to volume, an adequate purge is nonnally achieved when three to five times the volume 
of standing water in the weii has been removed. The_ field notes should refleCt the. single well volume 
calcuiations or dete~at~ons, according to one of the above methods, and a 'reference to the appropriate 

.. multiplication of that volume, i.e., a minimum three well volumes, clearly ide~tified as a purge volume goal. 

. . · With respect to the ground water chemistry, an adequate purge is_ achieved when the pH, specific 
conductan_ce, andtemi>erature of the ground water have stabilized and the turbidity has either stabilized or is 

'· .below 10 Nephelometric Turbidity Units (NTUs). Ten NTUs Is ·the goal for most gro~d water_sampling 
··objectives. This is twice the Primary-Drinking Water standard of S NTUs. Stabilization occurs when pH 

aDea.surements remain constant within 0.1 Standard Unit (SU), specific conductance varies no more that 10 
·peicen~ and the temperature is constant for_.atJeastthree consecutive readings. There are no criteria 

- establishing how many sets ofmea8urements are_ adequate for the detennination ·of stability. If the calculated 
purge volume is small, the measurements should be taken frequently to provide a sufficient number of 
measurements to evaluate stability. If the. purge volume is large, measurements taken every t's minutes may 
be sufficient. 

If, after three well volumes have been removed, the chernicat parameters have not stabilized according 
to the above criteria, additional well volumes may be removed If the parameters have not stabilized within 
five volumes, it is at the discretion of the project leader whether or not to collect a sample or to continue • 
pmging. The conditions of sampling should be noted in the field log. . ' 

4-'*'"" .... ·· 
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TABLE 7.2.1 
WELL CASING DIAMETER vs. VOLUME 

WELL CASING DIAMETER vs. VOLUME (GALS.)IFEET ofWATER 

CASING GALLONS!Ff .. 
·SIZE. of WATER 

1 0.041 

2 . 0.163 
,. 

3 0.367 

4 0.653 

5 1.02 
.. 

6 1.469 

,, . .··. 7 1.999 
. ~.-: :-:= .: . 

8 2.6il 

:::: 9 ' . ·3.305 

10 · ... 4.08 

·. 11 4.934. 

12 5.815 

In some situationS, even with slow purge rates, a well may be pumped or bailed dry (evacuated). In 
these situations, this generally constitutes an adequate purge and the well'can be sampled following Sufficient 
recovery, (enough volume to allow filling of all sample containers). It is not necessary that the well be 

· eVaC\lated three times before·it is Sampled. The pH, specific conductance, temperature, and turbidity should 
be.measured, during collection of the sample ffom the recovered volume, a5 the measurements of record for 
the sampling event 

Attempts should be made to avoid purging wells to dryness. This can be accomplished, for example, 
by slowing the purge rate. If a well is pumped dry, it may·result in the sample being comprised partially of 
wa~ cc;ntained in the sand pack, which may be reflective, at least in part, of initial, stagruuit conditions. In 
addition, 8s water re-enters .a well that is in an ·evacuated condition, it may cascade down the sand pack or the 
weii ~ Stripping volatile organic constitUents that may be present and/or introducing soil fines blto the 
water column. . . . . . . 
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EQuipment Available 

Monitoring well purging is accomplished by using in-place plumbing and dedicated pumps or, by using 
portable pumps/equipment when dedicated sySteins 8re not present. The"equipinent may consist of a variety 
of pumps, including peristaltic, large and small diameter turbine (electric submersible}, bladder, centrifugal,·· 
gear-driven positive displacement,· or other appropriate pumps; The tise of any of these' pumps is usually a 
function of the depth of the well being sampled and the amo~t of water that is to be removed during purging.· 
Wheriever the head difference betWeen the sampling location and the water level is leSs than the limit of suction 
and the voltirne to be removed is. reasonably small, a peristaltic pump should be tised for purging. Appendix 
E of this SOP contains the operating instructions for all pumps commonly used dUring Branch ground water. 
investigations. 

.. Bailers may also be used for purging in appropriate situations, however, tb,eir-.use is discouraged~· 
Bailers tend to disturb any sediment that may be present in the well, creating or increasing sample turbidity.: 
If a bailer is used, it should be a closed-top Teflon® bailer. · 

7.2.2 Purging Techniques (Wells Without Plu.inbing or Iii-Place Puinps) 
_,..--. .. ":"""'. 

For permanently .D,lstalled wells, the depth of. water and depth of the well should be determined (if 
possible) before purging. Electrical water level indicators/well sounders can be used for this pwpose. It is· 
standard practice_to mark the_ top of casing, providing a point of reference from ~hich these measurements wilf 
be consistently made. Field investigators should look for these markiiigs when taking these measurementS.·: 
Extreme caution should be exercised during this proceduie to prevent cross-contaMination of the wells. -This· 

.:is a critical concern when samples for trace organic compounds or metals analyses are collected. At a 
·;minimum, the well sounding device should be cleaned by washing in a labOratory t:fetergent soltitioil, followed 
by rinses with tap water and analyte-free water. After cleaning, it shouldbe placed in a clean plastic bag or 
wrapped in foil. · 

Purging with Pumps 

When peristaltic pumps or centrifugal pumps are used, only the intake line is placed into the water 
column. The line placed into the water should be either standard-cleaned (see Appendix B) Teflon® tubing, 
for ~eristalticpumps, or_standard~cleaned stainless steel pipe atta~h~d ~0. a hose.for centrifugal pUmps~ . 

When sub~ersible pump~ (bladder,.tUrbine, displacement,·ei~~) are Used, the pump itSelfi~ l~w~red 
into the wider col~. The pump must be cleaned as specified in Appendix· R. · · · 

Puming with Bailers 

Stan~d~leaned (Appendix B) closed-top Teflon® b~eis with Tefl~ri® leaders ~d new nylon rope 
are lowered into top of the "water column, allowed. to flll, and removed. The water is. either discarded or 
contained and managed as investigation derived waste. It iS critic81 that bailers be slowly imd gently immersed 
intO the top of the water· column, particularly during final stages of purging, to mini~ize turbidity and 
disturbance of volatile organic constitUents~ The· use of bailers for· pUrging and sampling is discouraged 
because the correct technique is highly operator dependent · · 
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Field Care of Purging Equipment 
'· .. :.·,i ,•; :; ·',I": 

· ·.·. · · Regardless of which method is used for purging, new plastic sheeting should be placed on the ground 
Surface around the well casing to prevent contamination of the pumps, hoses, ropes, etc., in the event they need 
to be placed on the ground during the purging or they accidentally come into contact with the ground surface. 
It is preferable that hoses used in purging that come into contact with the ground water be kept on a spool or 
contained in a plastic-lined tub, both during transporting and during field .use, to further ininimize 
con~tion from the transporting vehicle or ground surface. 

Purging Entire Water Column 

. . The pump/bose assembly or bailer used in purging should be lowered into the top of the standing water 
column and not deep into the column. This is done so that the purging wiU "pull" water frOm the formation into 
the screened area of the well and up through the casing so that the entire static volume can bC removed. If the 
p~p is placed deep into the water column, the water above the pump may not be removed, and the subsequent 
samples, particularly if collected with a bailer, may not be representative ofthe ground water. . · 

It is recommended that no more than three to five feet ofhose be lowered into the water column. If the 
recovery rate of the well is faster than the pump rate and no observable draw down occurS, the pump should 
be raised until the intake is within one foot of the top of the water column for the duration of purging. If the 
pump rate exceeds the recovery rate of the well, the pump will have to be lowered, as needt:d, to accommodate 
the draw down. After the pump is removed from the well, all wetted portions of the hose and the pump should 
be' cleaned as outlined in Appendix B of this SOP. . ·. ·. . . . .. 

Careful consideration shall !>e given to using pumps to purge wells which are excessively contaminated . 
with oily compounds, because it may be difficult to adequately decontaminate severely contaminated punips ' 
under field conditions. When wells of this type are encountered, alternative purging methods, such as bailers, 
should be·considered. · 

General Low Flow/Low Stress Method Preference 

. · · '· · The device with the lowest pump or water removal_rnte and the least tendency to stress the well during 
purging should be selected for use. For example, if a bailer and a peristaltic pump both work in a ·given 
situation, the pump should be selected because it will greatly minimize turbidity, providing a higher quality 
sample (Section 7.2.4 contains a description of low flow purging and sampling with a peristaltic pump used 
in a temporary well). If a Fultz® pump or a Grundfos Redi-Flo2® could both be used, the Redi-Flo2® niay 
be given preference because the speed can be controlled to provide a lower pump rate, thereby minimizing 
t\irt)idity. . 

LOw Flow/Low Volume Purging Technigues/Pr~edures 
. ·' 

. ' : Alternatives to the low flow purging pnK:edures exist and may be acceptable. The low flow/low 
volume purging is a procedUre used to minimize_ purge water volUmes. The pump intake is placed within the 
sereenect interval at the :zone of sampling, preferably, the zone with the highest flow rate. Low flow rate 
p\lijhig is conducted after hydraulic conditions within the well have re-stabiUzed, usually within 24 to· 48 
hours. Flow rates should not exceed the recharge rate of the aquifer. This is monitored by measuring the top 
of the water colwnn with a water level recorder or similar device while pumping. These techniques, however, 
are~~Dly acceptable under certain hydraulic conditions and. are not considered standard procedures. 
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7.2.3 Purging Techniques • Wells with In-Place Plumbing 

WeUs with in-place plumbing arc commonly found at municipal water treatment plants, industrial 
water supplies, private residences, etc. Many pennanent moD.itoring wells at active facilities are also equipped 
with Cfedicated, in-place pwnps ... The objective.ofpurging'wells. with.in-place pwnps is the SB:Dle as with 
monitoring wells without in-place pwnps, i.e., to ultimatelycollect a $ample representatiye of the ground water. 
Among the types of wells identified in this section, two different approaches arc necessary. The pennanent 
monitoring wells with in-place pumps should, in all respects, be treated like the monitoring well without pwnps. 

· They generally are sampled only occasionaUy and require purging as described for wells without in-place 
pumps, i.e., 3 to 5 well volwnes and stable parameters. 

In the case of the other types of wells, however, not enough is generally known about the construction 
aSPects of the wells to apply the same criteria as tised for monitorfug wells, i.e., 3 'to. 5 well volumes. The 
voluine to~ purged in these situations, therefore, depends on several factors: w~ether the pumps are miming 
continuously or intennittently and whether or not any storage/presSure tankS are located between the sampling 
point and the pwnp. The following considerations and procedures should be followed when purging.wells with 
in-place plwnbing under the conditions described. · · 

Continuously Running Pumps · . 

If the punip runs more or less continuously, no piu-ge (other than openirig a valve and allowing it to 
flush ,for a few minutes) is necessary. lf a storage tank is present, a spigot, valve or oth~r sampling point 
should be located between the pump and the storage ~· If not, locate. the valve closest to ·the tank .. 
Me~!Jfements of pH, specific conductance, temperature, and turbidity are ·recorded at the. time of sampling. 

~- . . . . . 

~ Jnteiiriitte~tly Running Pumps 

If the pump nuis intemlittently, it is necessary to detennine; if possible, the voliune to be purged,· 
including storage/pressure tanks that are located prior to the sampling location. The pump should then be run 
continuously until the required volume has been purged. If construction characteristics are not known, best 
judgement should be used in establishing ho~Jo.ng to run the pump prior to collecting the sample.· Generally, 
~der these conditions, 30 minutes will be adequate. Measurements of pH, specific conductance, temperature 
and turbidity should be made and recorded at intervals during the purge and the fmal measurements made at 
~~ time of sampling. . . · · , . · · .. : · · . · · · · . ; . . · · ·· . · 

7.2.4 Purging Techniques- Temporary Monitoring Wells 

Temporary ground water monitoring wells differ from pennan~nt w~lls bec~u5e.temJ,orary ~~Us aie 
installed in the ground water for immediate sample acquisition. Wells of this type may include standard well 
screen and riser placed in boreholes created by hand augering,.power augering, or by drilling. They may also 
consist of a rigid rod and screen that is pushed, driven, or hammered into place to the desired sampling interVal, 
such as the Direct Push WeUpoint®, the Geoprobe® and the Hydropunch®. As such, the efforts to remove 
several VOlUmeS of water. to replace stagnant water do not neCessarily apply in these situations, because 
Pneralty, 5tagJiant water is non~xistent It is important to note, ho\Vever, that the longer a tempoiary ~ell is 
inptace and not sampled, the more appropriate it may be to apply, to the extent possible, standard permanent. 
~onitOruig well purging criteria to It · · · · · ·· ' · · · · 

In cases where the temporary well is to be sampled immediately after inStan~tion, purging is .conducted 
primarily to mitigate the impacts of installation. In most cases, temporaiy well installation procedures disturb 
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the existing aquifer conditions, resulting prim3rily in increased turbidity. Therefore, the goal of purging is to 
reduce the turbidity and remove the volume of water in the area directly impacted by the installation procedure. 
Low turbidity samples in these types of wells are typically and routinely achieved by the use of low-flow 
purging and sampling techniques. · · 

.,. 

The following low-flow purging technique using peristaltic punips has been used routinely t8 achieve 
acceptably low NTU values in a variety of temporary monitoring well applications. 

· In purging situations where the elevation of the top of the water column is rto.greater than approx
imately 25 feet below the pump head elevation, a peristaltic pwrip may be used to purge temporary wells. 
Enough tubing is deployed to reach the bottom of the temporary well screen.· At the onset of ptirging, the 
tubing is slowly lowered to the bottom of the screen and is used to remove any fonnation material which inay 
have entered the well screen during installation. This is critical to ensuring rapid achiev~ment of low tUrbidity 
conditions. After the fonnation material is removed from the bottom of the screen, the tubing is slowly raised 
through the water column to near the top of the column. The tubing can be held at this level to detennine if 
the pump is lowering the water level in the well. If not, secure the tubing at the Surface to maintain_ this 
ptimping level. · · 

If the water column is lowered, and the pump is not variable speed, continue to lower the tubing as the 
water column is lowered. If a variable speed peristaltic pump is being used and draw ~own is observed on 
initiation of pumping, reduce the pump speed arid attempt to ·match the draw down of the well. ·Sustained 
pmnping at these slow rates will usually result in a relatively Clear, low turbidity sample. If the draw down 
stabilizes,"lnaintain that level, however, if it continues to"lower, "chase" the water column until the well is 
evacuated; In this case, the recovered water coluinn may be relatively free of turbidity and can b"e:sampled . 
It may take several episodes of recovery to provide enough "volume for a complete· sample. · · · · · . 

With many of the direct push sampling techniques,nopurging is conducted. The sampling device is 
simply pushed to the desired depth and opened and the sample i~ collected and retrieved. 

7.3 Sampling 

Sampling is the process of obta~ning, containeriz~g~ and preserving the ground water sample after the 
purging process is complete. Non-dedicated pumps for sample collection generally should not be used. Many 
ptimps are made of materials, such as brass, plastic, rubber,. or other elastomer ·products which· may cause 
chi:micat interferences with the sample. Their principle of operation may also render them unacceptable as a 
sample collection device. The pump may be twbme driven, which may release volatile organic constitUents. 
It is recognized that there are situations, such as industrial or municipal supply weils or private residential 
wells~ where a well may be equipped with a dedicated pump from which a sample would not nonnally be 
collected. J?iscretion should always be used in obtaining a sample. 

**Wells should be sampled immediately upon completion of purging operations. I( the well is 
evacuated during the purging procedures, the sample should be collected as soon as a sufficient volume of 
water has .reCovered in the well. •• · · · · 

.. ~ . 

1.3.1 Equipment Available 

Because of the problems with most pumps described in the preceding paragraph, only three devices 
should be used to collect ground water samples from most wells. These are the peristaltic pump/vacuum jug 
assembly, a stainless steel and Teflon® bladder pump, and a closed-top, Teflon® bailer. 
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Other monitoring equipment used during sampling includes water .level indicators, pH meters, 
thennometers, conductivity bridges, and nephelometers. ··· · 

.· 
7.3.2 Sampling Techniques- Wells With In-Place Plumbing 

Samples should be collected following purging from a valve or cold water tap as near to. the well as 
possible, preferably prior to any storage/pressure tanks that might be present. Remove any hose that may be 
present before sample collection and reduce the flow to a low level to ~ze sample disturbance, particularly 

. with respect to volatile organic constituents. . Samples sh~uld be collected directly into the appropriate 
· containers (see Standard Sample Containers, Appendix A). Also, refer to the Potable. Wa.ter Supply discussi~n 

iO Section 2.8. All measurements for pH, specific conductance, temperature, and turbidity should ~e recorded 
at the time of measurement 

7.3 .. 3 Sampling Techniques~ Wells without Plumbing 

. Following purging, samples should be collected using a perist3ttic pump/v~c~~jug assembiy, a 
·Teflon®/stainless steel bladder pump, or a· closed-top Teflon® bailer. These techniques are described below. 

Peristaltic pump/vacuum jug 

.. The perls~ltic piunplvacuum jug can be.· used. for s~pl~ coliection b~c~use it all~,ws for sample 
. eoll~tion without. the sample coming in contac~. with the pump tUbing .. This is accompl~shed by placing a 
Teflon® transfer cap assembly onto the neck of a s~dard cleaned 4-liter (1-gallon) glass container •. Teflon® 
tu~~g (~-inch O.D.) connects the container to both the p~p and th~ samp~e source. The pump creates a 
vacuum in the container, thereby drawing the sample into the container without it coming into contact with the 
pump tubing. · · · · · · · · .. · · · · .. ·, · 

Samples for volatile organic compound analysis sh~uld be collected using a bailer or.by filling.the 
Teflon® tube, by one of two methods, and allowing it to drain into the sample vials. The tubing can be 
momentarily attached to the pump to fill the tube with water. After the initial water is discharged.through the 
pump head, the tubing is quickly removed from the pump and a gloved thumb placed on the tubing to stop the 
water from draining out. The tubing is then removed from the well and the water allowed to.drain into the 
sample vials .. Alternatively, the tubing can be lowered into the we~l the desired dep.th and a gloved thumb 
pi aced over the end of the tubing. This method will capture the water 'contained in the tubing. It can then be 
~ved from the well and the water collected by draining the contents of the tubing into the sample viats. 
· Pnderno Circumstances shoUld the sampte for volatile organic comp<>und imalysis oo collected trom the content 
. of,any other previously filled container ... Ail equipment should be cleaned using the procedUres descn'bed in 
AppendiX B~ Also, refer to the Potable Water Supply discussion, Section 2.2, for additional infonnation. . . . . . . 

Bladder Pumps 

, · ... AftCr purging has been accomplished with a bladder p~p,· the ~ple is obtafu~d directly from the 
pump discharge. If the discharge rate of the pump, during pUrging, is too great, so as to nlake saniple 
collection difficult, care should be taken to reduce the discharge rate at the onset of actual sample collection. 
This is necessary to minimize sample disturbance, particularly with respect to samples collected for volatile 
organic compounds analysis. · 

.. ·. 
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Bailers •, 
••' I ' ; 

When bailing, new plastic sheeting should be placed on the ground around each well to provide a clean 
working area. The nylon rope should be attached to the bailer via a Teflon® coated stainless steel wire. This 
coated wire is semi-permanently attached to the bailer and is decontaminated for reuse as the bailer is cleaned. 
The bailer should be gently immersed in the top of the water column until just filled. At this point, the bailer 
should be carefully removed and the contents emptied into the appropriate sample containers. 

7.3.4 Sample Preservation 

Immediately after collection, all samples requiring preservation must be preserved with the appropriate 
preservative. Consult Appendix A for the correct preservative for the particular analytes of interest. All 
samples preserved using a pH adjustment (except VOCs) must be checked, using pH strips, to ensure that they 
were adequately preserved. This is done by pouring a small volume of sample over the strip. Do not place the 
strip in the sample. 

7.3.5 Special Sample Collection Procedures 

Trace Organic Compounds and Metals 

Special sample handling procedures should he instituted when trace contaminant samples are being 
collected. All sampling equipment, including pumps, baiters, water level measurement equipment, etc., which 
comes into contact with the water in the well must be cleaned in accordance with the cleaning procedures 
described in Appendix B~ ··Pumps should not be used for sampling, unless the interior and exterior portions of 
the pump and the discharge hoses are thoroughly cleaned. Blank samples should be collect.ec:l to determine the 
adequacy of cleaning prior to collection of any sample using a pump. · 

Filtering· 

As a standard practice, ground water samples will not be.filtered for routirie analysis. Filtering will 
usually only be performed to determine .the fraction of major ions and trace metals passing the filter and used 
for flow system analysis and for the pwpose of geochemical speciation modeling. Filtration is not allowed to 
correct for improperly designed or constructed monitoring wells, inappropriate sampling methods, or poor 
sampling technique. . · 

When samples are collected for routine ailalyses and are filtered, such as under conditions of excessive 
turbidity, both filtered and non-filtered 5amples will be submitted for analyses. · Samples for organic 
compounds analysis should not be filtered. Prior to filtration of the ground water sample for any reason 
other than geochemical speciation modeling, the following criteria must be demonstrated to justify the use 'of 
filtered samples for inorganic analysis: · · · · 

1. The monitoring wells, whether temporary or permanent, have been constructed and developed 
in accordance with Section 6. 

2. 

EISOPQAM 

The ground water samples were collected using sampling techniques in accordailce with this 
section, and the ground vvater samples were mialyzed in accordance with US-EPA approved 
methods. ' ' ' . ' 
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3. Efforts have been undertaken to minimize any persistent sample turbidity problems. These 
efforts may consist of the following: 

• Redevelopment or re-installation of pennanent ground water monitoring wells. 

• Implementation of low flow/low stress purging and sampling techniques. . 

4. Turbidity measurements should be taken during purging and sampling to demonstrate 
. stabilization or lack thereof. These measurements should be documented in the field notes. 

If the ground water sample appears to have either a ~hemically-induced elevated turbidity, such as 
would occUr with precipitate formation, or a naturally elevated colloid or fme, particulate-related turbidity, 
flltration will not be allowed. · . . .. . . 

If filtration is necessary for purposes of geochemical modeling or other pre-approved cases, the 
following procedures are suggested: · 

....... 
~.. . 

1. Accomplish in-line filtration through the use of disposable, high capacity filter cartridges 
(barrel-type) or membrane filters in an in-line filter apparatus. The high capacity, barrel-type 
filter is preferred due to the higher surface area associated with this ·configuration. If a 
.membrane filter is utilized, a minimum diameter of 142 mm is suggested. .. . .. . .. 

2. · · Use a 5 J.Ull. p'ore-size filter. for the pwpose of determining the colloidal constituent 
concentrations. A 0.1 JUI1 pore-size filter should. be used to remove most non-dissolved · 
particles. .. . . .· . 

3. Rinse the cartridge or barrel-type filter with 500 milliliters of the solute (ground water to be 
sampled) prior to collection of sample. If a membrane filter is used, rinse with 100 milliliters 
of solute prior to sample. collection. 

Potential diffe~nces could ~suit from variations in filtration procedures used to process water samples 
for .the determination of trace element concentrations. A. number of factors associated with filtration can 
substantially alter "dissolved" trace element concentrations; these include filter pore size, filter type;· filter 
diameter, filtration method, volume of sample processed, suspended sediment concentration, suspended 
sediment grain-size distribution, concentration of colloids and colloidally-associated trace elements, and 
concentration of organic matter. Therefore, consistency is critical in the comparison of short-term and Iong
tCrin resultS. ·Further guidance on filtration may be obtained from the following: 1) Metals in ground Water: 
Sampling Artifacts and RCmroducibility (3); 2) Filtration of Ground Water Samples for Metals Analvsis (4); 
and 3) Ground Water Sampling- A Workshop Summary (5). · 

Bacterial Sampling 

··-

Whenever wells (normally potable wells) are sampled .for bacteriologi~ parameters, care must be 
.~ to .~ ~e sterility of all sampling equipment and all other equipment entering the well. Further 
hifoim,ation regarding bacteriological. sampling is available in the following: 1) Sampling for Organic 
ctmmeats.and Mieroomanisms in the Subsurface (6); 2) Handbook for Evaluating Water Bacteriological .,. 
Laboratorie!f (7); and 3) Microbiological Methods for Monitoring the Environment. Water and Wastes (8). 
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) • 7.3.6 Specific Sampling Equipment Quality Assurimce TechniqUes 

All equipment used to collect ground water Salnples sball be cleaned as outlined in Appendix B and 
repaired, if necessary, before being stored at the conclusion of field Studies. Cleaning procedures utilized in 
the field (Appendix B), or field repairs shall be thoroughly documented in field records. · 

. . . - . . . 

7.3.7 Auxiliary Data Collection 

. During ground water ~pte coitection, it is impoitan~ to ree~rd a variety of ground ~terrelated data. 
Included in the category of auxiliary data arc water level measurements, well volUme detenninations, pumping 
rates dUring purging, and occasionally, drillers or boring logs. This infonnation should be documented in the 
field iecords. Well voluine detennination$ arc descn"bed in Section 7.2.1.· · · · 
Water Level Measurements 

.. Water table measurementS from the top of the \\feu casings (referenced to Nationat Geodetic Vertical 
Datum) in perinanent wells, and ground surface elevations in temporary wells should be. made to assist in 
detennining the general direction of grotind water flow and gradient The methodology to be u5edto determine 
well water levels are given in Section 15.8. Tracer dyes and radioactive and thennal detection methods can 
be used to detennine direction and velricities of flow (9). Also, a'study ofihe general topography and drainage 
patterns will generally indicate direction of ground water flow. 

The ground surface elevation and top of casing elevation at the wells should be determined by standard 
engineering SUIVey practices as outlined in Section 15. · ·· · 

Well Pumping Rate- Bucket/Stop Watch Method · · .. . . 

The pumping rate for a pump can be deteriltfu~d by collecting the diScharge from the pUmp in a bucket 
of known volume and timing how long it takes to fill the bucket The pumping rate should be in gallons per 
minute. This method shall be used primarily with pumps with a constant pump rate, such as gasoline-powered 
or 'electric submersible ptimps. Care should be taken when using this method with some battery-powered 
pumps. As the batteries' charge decreases, the pump rate also decreases so that pumping rate calculations 
using initial, high pump rates may be erroneously high. If this method is used with battery-powered pumps, 
the rate should be re-checked frequently to ensure accuracy of the pumping rate calculations. 
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Ground Water Issue. · · ·: 

LOW-FLOW (MINIMAL DRAWDOWN) 
GROUND-WATER SAMPLING PROCEDURES 

by Robert W. Puls1 and Michael J. Barcetona2 

Backgrounet 

. The Regional Superfund Ground Water Forum is a 
group of ground-water scientists, representing EPA's 
Regional Superfund Offices, organized to exchange 

· Information related to ground-water remediation at Superfund 
sites. One of the major concerns of the Forum is the 
sampling of ground water to support site assessment and 
remedial performance monitoring objectives. This paper is 
Intended to provicte background information on the 
development of low-now sampling procedures and its 

. application under a variety of hydrogeologic settings. ft .is 
hoped that the paper will support_ the production or standard 
operating procedures for use by EPA Regional personnel and 
other environmental professionals engaged in ground-water. 
sampling. 

For further information contact: Robert Puis, 405-436·8543, 
Subsurface Remediation and Protection Division, NRMRL, 
Ada, Oklahoma. 

L Introduction 

. . . The methods and objectives of ground-water 
sampling to assess water quality have evolved over time. 
Initially the emphasis was on the aSsessment of water quality 
of aquifers as sources of drinking water. Large water-bearing 

units were identified and sampled in keeping with 'that 
objective •. These were highly productive aquifers that 
supplied drinking water via private wells or through public 
water supply systems. Gradually, with the Increasing aware
ness of subsurface pollution of these .water resources, the~ 
understanding of complex hydrogeochemical processes · 
which govern the fate and transport of contaminants in the 
subsurface increased. This increase in understanding was 
also due to adVances In a number of scientific disciplines and 

·.Improvements in tools used for site characterization and 
· ground-water iampling. Ground-water quality Investigations 
· . · where pollution was detected Initially borrowed lckias, · 

methods, and materials for site characterization from the 
.. water supply field and water analysis from public health 
· practices. This Included the materials and manner in which 
. monitoring wells were Installed and the viay In which water 
was brought to the surfaCe, treated, preserved and analyzed . 

. The prevaning conceptual ideas Included convenient generali· 
. . zations of ground-water resources In terrris of large and 

relatively homogeneous hydrologic· units. With time It became 
apparent that conventional water supply generalizations of 
homogeneity cfld not adeqUately represent field data regard
Ing pollution of these subsurface resources. The Important 
role of heterogeneity became increasingly dear not only In 
geologic terms, but also In terms of complex physical, 

. •tutlon.t Rille lbn.getMnt Rese•rch uboratory, u.s. EPA 
'University of lllchtg•n 

Superfund Technology Support.Center for 
Ground Water . · 
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Robert s. Kerr Environmental Research Center 
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; ,; .; ::r::-::1~~-and biolOgical subsurface processes. With greater 

· ·· 8ppreclation or the role of heterogenelty,lt became evident 
that subiUrface pollution was ubiquitous and encompassed.·. 
lhl unsaturated zone tO the deep subsUrface and Included . 
unconsolidated sediments, fractured rock, and aquitards or 
low·yfeldlng or impermeable formations. Smafl·scafe pro. 
cesses and heterogeneities were shown to be Important In 
Identifying contaminant distributions and in controlling water 
and contaminant now paths. 

These reactive particles have been shown to be mobile unde. ; 
. a variety of conditions In both field studies and laboratory / 
. column expirlments, and as such need to be Included In 
monitoring programs where IdentificatiOn of the totll/ mobile 
contaminant loading (dissolved + naturally suspended 
particles) at a site Is an obJective. To that end, sampling 
methodologies must be used which do not artificially bias 
naturally suspended particle concentrations. 

, .. :. . . ..·'.Currently the most common grouild-water purging 
. , · Jt is beyond the scope o; this paper to summarize an· .. : · and sampfing methodology Is to purge a well using bailers or 

the advances In the field of ground-water quality Jnvestiga· high speed pumps to remove 3 to 5 casing volumes followed 
lions and remediation, but two particular issues have bearing by sample collection. This method can cause adverse impacts· 
on ground-water sampling today: aquifer heterogeneity and on sample quality through collection of samples with high 
colloidal transport. Aquifer heterogeneities affect contaminant . levels of turbidity. This results In the inclusion of otherwise 
flow paths and include variations In geoiogy, geochemistry, · ·immobile artifactual particles which produce an overestlma· 

· hydrology and microbiology. As methods and the tools tion of certain analytes of interest (e.g., metals or hydrophobic 
avaRable for subsurface Investigations have become increas· organic compounds). Numerous documented problems 
Jngfy sophisticated and understanding of the subsurface associated with filtration (Danielsson; 1982; laxen and 
environment has advanced, there is an awareness that In Chandler, 1982; Horowitz et al., 1992) make this an undesir· 
most cases a primary concern for site Investigations is . able method ol rectifying the turbidity problem, and include 
characterization of contaminant flow paths rather than entire the removal of potentially mobile (contaminant-associated) 
aquifers~ Jn fact, in many cases, plume thickness can be less particles during filtration, thus artificially biasing co·ntaminant 
than well screen lengths (e.g., 3·6 m) typically installed at concentrations low. Sampling·induced turbidity problems can 

· tiUirdous waste.sites to detect and monitor plume movemen( often be" mitigated by using low~flow purging and sampling 
._.over time. Small·scafe differences havq Increasingly been techniques. . . . · · · ' ' · 

· · · .s~oWn to be important ·and there is a general trend toward 
.. smaller diameter wells and shorter screens. . : 

. . . . 

· :: ·. · · · . The hydrogeochen.t.iCa.l significance of collofdal·size 
· ·particles. in subsurface systems has been realized during the 

.. P&st several years (Gschwend and Reynolds, 1987; McCarthy 
· arid Zachara, 1989; Puis, 1990; Ryan and Gschwend, 1990). 
· ThiS realization resulted from both field and laboratory studies 
that showed faster contaminant migration over greater 

. . . distances and at higher concentrations than now and trans· 
. ; .'"part _model predictions-would suggest (Buddemeier and Hunt, 

. ::' ·~988; Enfield and Bengtsson, 1988; Penrose et al., 1990). 
,~ .. ;·~:-.sud1 models typically account for interaction between the 
. . ,, .. 'rnobire aqueOUS and immobile solid phases, but do not allow 

, Jar a mobile,·reactive solid phase~ It Is recognition of this third 
· · ::: 'lihUe as a possible means of contaminant transport that has 
. .' ~~J#~IQht Increasing attention to the manner In which samples 
.:.·:are eoRected and processed for analysis (Puis et al., 1990; 
, ·.~:~MCcarthY and Degueldre, 1993; Backhus et al., 1993; U. S. 

EP~ ,995). rr such a phase Is present In sufficient mass, 
poiSesses high sorption reactivity, large surface area, and 
remains stable in suspension, It can serve·as an important 
mitchanlsm to facilitate contaminant transport In many types 
or subsurface systems. · · · 

. . . .. .. .. . . .. . Colloids are particles that are sufficiently small so 
that the surface free energy of the particle dominates the bulk · 

_,.-,. frtt energy. Typically, In ground water, this Includes particles 
·· · · . .nts diameters between 1 and 1000 nm. The most commonty 

obselved mobile particles include: secondary day minerals; 
hydtous Iron, aluminum, and manganese oxides: dissolved 
and particulate organic materials, and viruses and bacteria. 
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'. ·.: '· . 
· · Current subsurface conceptual models have under· 

gone Considerable refinement due to the recent development 
arid increased use of field screening tools;· So-called 

· 'hydraulic push technologies (e.g., cone penetrometer. 
Geoprobe®, OED HydroPunc~) enable relatively fast 

. screening site characterization which can then be used to 
design and install a monitoring wennetwork. Indeed, 
·alternatives to conventional monitoring wens·are now being 
considered for some hydrogeologic senings. The ultimate 
design of any monitoring system should however be based 
upon adequate site characterization and be consistent with 
established monitoring objectives. .·. . 

. If the sampling program objectives include acCurate 
assessment of the magnitude and extent of subsurface · 
contamination over time and/or accurate assessment of 
subsequent remedial performance, then some Information 
regarding plume delineation In three-dimensional space Is 
necessary prior to monitoring well network design and 
Installation. This can be accomplished with a variety of 
different tools and equipment ranging from hand-operated 
augers to screening tools mentioned abOve and large drilling 

· rigs. Detailed Information on ground-water flow velocity, 
direction, and horizontal and vertical variability are essential 
baseline data requirements. Detailed soil and geologic data 
·are required prior to and durfng the Installation or sampling 
points. This Includes historical as well as detailed soli and 
geologic Jogs which accumulate during the site Investigation. 
The use of borehole geophysical techniques Is also recom· 
mended. With this Information (together with other site 
characterization data) and a clear understanding of sampffng • 
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cbjectlves, then appropriate location, scrHn length, well 
dameter, slot size, etc. for the monitoring well network can be 

.:·• ~ declised. This Is especially critical for new In situ remedial 
approaches or natural attenuation assessments at hazardous 
waste lites. 

In general, the overall goal of any ground·water 
Umpltng program Is to collect water samples _with no alter
ation In water chemistry; analytical data thus obtained ~ay be 
Used for a variety of specific monitoring programs depending 

· ·. On the regulatory requirements. The sampling methodology 
delcrlbed In this paper assumes that the monitoring goal Is to 
sample monitoring wells for the presence of contaminants and 
It Is applicable whether mobile colloids are a concern or not 
and whether the analytes of concern are metals (and metal· 
lotds) or organic compounds. 

II. Monitoring Objectives and Design. 
Considerations 

· The following issues are important to consider prior 
to the design and implementation of any ground·water 
monitoring program, Including those which anticipate using 
low·flow purging and sampling procedures. 

A. Data Quality Objectives (DOOs} 

Monitoring objectives include four main types: 
detection, assessment, corrective·action evaluation and 
resource evaluation, along with hybrid variations such as site
assessments for property transfers 'and water availability 
Investigations. Monitoring objectives may change as contami· 
_nation or water quality problems are discovered. However, 

. there· are a number of common components of monitoring 
programs ·which should be recognized as important regard· 
less of initial objectives. These components include: 

1) Development of a conceptual model that Incorporates 
elements of the regional geology to the local geologic 
framework. The conceptual model development also 
includes Initial site characterization efforts to Identify 
hydrostratigraphic units and likely flow·paths using a 
minimum number of borings and well completions: 

2) Cost·effective and well documented collection of high 
quality data utilizing simple, accurate, and reproduc
ible techniques: and 

3) Refinement of the conceptual model based on 
supplementary data collection and analysis. 

These fundamental components serve many types of monitor-
. lng programs and provide a basis for future efforts that evolve 
In complexity and level of spatial detail as purposes and 
objectives expand. High quanty, reproducible data collection 
Is a common goal regardless of program objectives • 
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High quality data collection Implies data of IUflldent 
accuracy, precllion, and completenea (I.e., ratio of valid 
analytical results to the minimum sample number caJJed tor by 
the program design) to meet the program objectives. Al:t:U
racy depends on the correct choice of monitoring tools and . 
procedures to minimize sample and subsurface clsturbance 

. . from colledfon to analysis. Predalon depends on the 
repeatabiDty of sampling and analytJcal protocols. It can be. 

. assured or Improved by replication of sample analyses 
Including blanks, neldllab standards and reference standards. 

B. Sample Repie"sentatlvenes$ . 

. An important goat of any monitoring program Is 
Collection of data that Is truly representative of conditions at 
the site. The term representativeness applies to chemical and 
hydrogeologic data collected via wells, borings, piezometers, 

. geophysical and son gas measurements, lystmeters, and 
temporary sampling points. It Involves a recognition of the 
statlstfcal variability of Individual subsurface physical proper-

. . ties, and contaminant or major ion concentration levels, while 
explaining extreme values. Subsurface temporal and spatial 
variability are facts. Good professional practice seeks to 
maximize representativeness by using proven accurate arid 
reproducible techniques to define limits on the distribution of 
measurements collected at a site. However, measures of. 
representativeness are dynamic and are controlled by 
evolving site characterization and monitoring objectives. An 

· ·evolutionary site characterization model, as shown In Fig~ 
ure 1, provides a systematic approach to the goal of consis- · 
tent data collection. 

r ... Deline Progrem Objectlv .. 

• Ellebleh Oete Quelty 

I . .L 
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Che .. ctlrlzlltlorl I 
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Figure ~. Evolutionary Site Characterization Model 

. . 

The mOdel emph8slzes a recognition of the causal of the 
variability (e.g., use of inappropriate technology such as using 
bal1ers to purge welts; Imprecise or operator-dependent 
methods) and the need to control avoidable errors • 
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· 1) ·.Questions of Scale 

. · , ·. .. A sampling plan designed to collect representative 
. samples must take Into account the potential scare of 
.·changes In slta conditions through space and tfme as wen as 
. .,. chemical associations and behavior of the parameters 
that are targeted for Investigation. In subsurface systems. 
physlcal (i.e., aquifer) and chemical properties over time or · 
space are not statistically Independent. In fact, samples · 
taken in close proximity (i.e., within distances of a few meters) 
or within short time periods (i.e., more frequently than 
monthly) are highly auto-correlated. This means that designs 
employing high-sampling frequency (e.g., monthly) or dense 
spatial monitoring designs run the risk of redundant data 
collection and misleading Inferences regarding trends In 
vllues that aren't statisticany valid. In practice, contaminant 
detection and assessment monitoring programs rarely suffer 
lhen ovtJr-sampling concerns. In corrective-action evaluation 
programs, it Is also possible that too IIHfe data may be 
collected over space or time. In these cases, false interpreta· 
lion of the spatial extent or contamination or underestimation 
of temporal concentration variability may result. 

. 2) Target Parameters 

. . . Parameter selection in monitoring program design is 
most often dictated by the regulatory status or the site. 
However, background water quality constituents, purging 
incfK:ator parameters, and contaminants. all represent targets 
for data collection programs. The tools and procedures used . 
fn these programs should be equally rigorous and applicable 
to all categories or data. since all may be needed !o deter· 
mine or support regulatory action. 

C. Sampling Point Design and Construction 

Detailed site characterization is central to all 
decision·making purposes and the basis for this characteriza· 
lion resides in identification of the geologic framework and 
major hydro·stratigraphic units. Fundamental data for sample 
point location include: subsurface lithology, head-differences 
and background geochemical conditions. Each sampling point 
has a proper use or uses which should be documented at a 
level which is appropriate for the program's data quality . 

... objectives. Individual sampling points may not always be 
able to fulfill multiple monitoring objectives (e.g., detection, 
usessment, corrective action). 

1) Compatibility with Monitoring Program and Data 
Quality Objectives 

Specifics of sam"pling point location and design will 
bt dictated by the complexity of subsurface lithology and 
varfabllfty In contaminant and/or geochemical concltlons. It 
lhauld be noted that, regardless of the ground-water sam
pling approach, few samplfng points (e.g., wens. drive-points, 
ac:reened augers) have zones of lnnuence In excess of a few 

feel. Therefore, the spatial frequency of sampnng points 
should be ~efully selected and designed • 

2) Flexibility of Sampling Point Design 

.. In most cases WeH-j)olntdiameters In excess of 1 7/8 
Inches will permit the use of most types of submersible 

·· . pumping devices for low-now (minimal drawdown) sampling. 
. It Is suggested that short (e.g., less than 1.6 m) screens be 

Incorporated Into the monitoring design where possible so 
·that comparable results from one device to another might be 
· ·expected. Shoit, of course, Is relative to the degree of vertical 

.··water quality variability expected at a site. 

3) Equilibration of Sampling Point 

nme should be allowed for equilibration of the wen 
or sampfing point with the formation after Installation. Place· 
ment of well or sampling points In the subsurface produces 
some disturbance of ambient conditions. Drilling techniques 
(e.g., auger, rotary, etc.) are generally considered to cause 

. more disturbance thari direct-push technologies. In either 
case, there may bG a period (i.~ .• days to months) during • 
which water quality near the point may be distinctly different 
from that in the formation. Proper development of the sam· 
pling point and adjacent formation to remove fines created 
during emplacement will shorten this water quality recovery 
period. · 

·ur. OefJniUon of Low-Flow Purging and Sampling 

. It is generally accepted that water in t~e well casing 
· . is· non-representative or the formation water and needs to be 
purged prior to collection or ground·water samples. However, 
tM water In the screened interval inay indeed be representa· 
tive of the formation, depending upon well construction and 

. · ·site hydrogeology. Wells are purged to some extent for the 
following reasons: the presence or the air interface at the top 
of the water column resulting In an oxygen concentration 
gradient with depth, loss of volatiles up the water column, 
leaching from or sorption to the casing or filter pack, chemical 
changes due to clay seals or backfill, and surface Infiltration. 

· low-now purging, whether using portable or dedi· 
cated systems, should be done using pump-Intake located In 
the middle or slightly above the middle of the screened 
Interval. Placement of the pump too close to the bottom of the 
well will cause increased entrainment of solids which have 
collected in the well over time. These particles are present as 
a result of well development, prior purging and sampling 
events, and natural conoidal transport and depoSition. 

·. Therefore, placement of the pump In the middle or towird the 
top of the screened Interval Is suggested. Placement of the 
pump at the top of the water column for sampling Is only 
recommended In unconfined aquifers, screened across the 
water table, where this Is the desired sampDng point. Low· 
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flow purging has the advantage of minimizing mixing between 
the overfylng stagnant casing water and water within the 
tcrHned Interval. 

A. Low-Flow Purging and Sampling 

. . Low·now refers to the velocity with which water 
enters the pump Intake and that Is Imparted to the formation 
pore water In the Immediate vicinity ot the wen screen. It 
does not necessarily refer to the flow rate of water discharged 
·at the surface which can be affected by flow regulators or 
restrictions. Water level drawdown provides the best Indica· 
tlon of the stress Imparted by a given now-rate for a given 
hydrological situation. The objective is to pump In a manner 
that minimizes stress (drawdown) to the system to the extent 
practical taking Into account established site sampling 

lion-reduction potential, temperature and turbidity should be 
· used to determine when formation water Is accessed during 
purging. In general, the order of stabilization Is pH, tempera· 
ture, and specHic conductance, followed by oxidation- ::, 
reduction potential, dissolved oxygen and turbidity. Tempera· 
ture and pH, while commonly used as purging lncfJCators, are 
actually qufte Insensitive In distinguishing between formation 
water and stagnant casing water; nevertheless, these are 

· Important parameters for data Interpretation purposes and 
should also be measured. Performance criteria for determi
nation of stabilization should be based on water-level draw- . 
down, pumping rate and equipment sp8clflcatlons for measur
Ing Indicator parameters. Instruments are available which 
utilize ln·line now cells to continuously measure the above 
parameters. · 

objectives. Typically, now rates on the order of 0.1 • 0.5 Umin ... It is important to establish specific well stabilization 
are used, however this Is dependent on she·speclfic criteria and then consistently follow ·the same methods 
hydrogeology. Some extremely coarse-textured formations thereafter, particularly with respect to drawdown, flow rate 
have been successfully sampled in this manner at now rates and sampling device. Generally, the time or purge volume 
to 1 Umin. The effectiveness of using low-flow purging Is required for parameter stabilization Is Independent of well 
intimately linked with proper screen location, screen length, depth or well volumes. Dependent variables are well diam-
and well construction and development techniques. The eter, sampling device, hydrogeochemistry, pump flow rate, 
reestablishment of natural flow paths in both the vertical and and whether the devices are used in a portable or dedicated 
ho'rtzontal directions is Important for correct interpretation of manlier. If the sampling device is already In place (i.e., 
the data. For high resolution sampling needs, screens less dedicated sampling systems), then the time and purge . 
than 1 m should be used. Most of the need for purging has volume needed for stabilization is much shorter. Other ' 
been found to be due to passing the sampling device through advantages of dedicated equipment include less purge water 
the overlying casing water which causes mixing of these . for waste disposal, much less decontamination of equipment, 
stagnant waters and the dynamic waters within the screened · . · less time spent in preparation of sampling as well a$ time In 

. Interval~ Additionally, there is disturbance to suspended the field, and more consistency In the sampling approach 
. sediment collected in the bottom of the casing and the which probably will translate into less variability in sampling 

.. displacement of water out into the formation immediately · results. The use of dedicated equipment Is strongly recom· 
adjacent to the well screen. These disturbances and impacts . mended at wells which will undergo routine sampling over 
can be avoided using dedicated sampling equipment, which · time. 
precludes the need to insert the sampling device prior to 
purging and sampling. 

Isolation of the screened interval water from the 
overlying stagnant casing water may be accomplished using 
low·flow minimal drawdown techniques. If the pump Intake Is 
located within the screened interval, most of the water 
pumPed will be drawn In directly from the formation with little 
mixing of casing water or disturbance to the sampling zone. 
HoWever, If the wells are not constructed and developed 
properly, zones other than those Intended may be sampled. 
At scime sites where geologic heterogeneities are sufficiently 
different within the screened Interval, higher conductivity 
zones may be preferentially sampled. This is another reason 

· tO use shorter screened intervals, especially where high 
spatial resolution is a sampling objective. 

B. Water Quality Indicator Parameters 

. . It Is recommended that water quality Indicator 
· .,aiameters be used to determlne purging needs prior to 
· · ~ collection In each weD. Stabilization of parameters 
aUch u pH, specific conduCtance, dissolved oxygen, oxkfa· 
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If parameter stabilization criteria are too stringent, 
then minor oscillations In Indicator parameters may cause 
purging operations to become unnecessarily protracted. It 
should also be noted that turbidity Is a very conservative 
.parameter in terms of stabilization. Turbidity is always the 
last parameter to stabilize. Excessive purge times are 
Invariably related to the establishment of too stringent turbidity 
stabilization criteria. It should be noted that natural turbidity 
levels In ground water may exceed 10 nephelometric turbidity 
units (NTU). 

C. Advantages and Disadvantages of Low·Flow 
(Minimum Drawdown} Purging . 

In gimeral, the advantages of low-now purging 
Include:. 

• samples which are representative of the mobl7eload of 
contaminants present (dissolved and colloid-associ· 
ated): . 

• minimal disturbance of the sampling point th8reby 
minimizing sampnng artifacts: 

• less operator variability, greater operator control: 
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• reduced strass on the formation (minimal drawdown): 
• resa mixing of stagnant casing water with formation 

water; · · 
• reductd need for filtration and, therefore, less time 

required for sampling; · . 
• amaller purging volume which decreases waste 

disposal costs and sampling time: 
• better sample consistency: reduced Brtlflcfal sample 

varlabt1ity •. 
. . 

Some disadvantages of low·flow purging are: 
• . higher Initial capital costs, 
• greater set·up time In the field, 
• need to transport additional equipment to and from the · 

site, . 
• Increased training needs, 

· • resistance to change on the part of sampling practitio· 
ners, · 

• concern that new data will indicate a change In 
conditions and trigger an action. . 

IV• Low·Fiow (Minimal Drawdown) Sampling 
· · · Protoc.ols · 

· The following ground-water samPling procedure has 
evolved over many years of experience in ground-water 
sampling for organic and inorganic compound determinations · · 
and as such summarizes the authors' (and others} experi· 
ences to·date (Barcelona eta!., 1984, 1994; Barcelona and 

. Helfrich,-1986; Puis and Barcelona, 1989; Puis et. al. 1990, 
1992; Puis and Powell, 1992; Puis and Paul, 1995}. High· 

· quality che~ical data collection is essential in ground-water 
monitoring and site characterization. The primary limitations 
to the collection of representative ground-water samples 
include: mixing of the stagnant casing and fresh screen 
waters during Insertion of the sampling device or ground· 
. Water level measurement device; disturbance and · 

: riSuspension of settled solids at the bottom of the well when 
usirig high pumping rates or raising and lowering a pump or 

.. ·. biller; Introduction of atmospheric gases or degassing from 
. · the water during sample handling and transfer, or inapproprl· 
,, :·:···ate use of \tacuum sampling device, etc. 
,·:~>:._,:~··. . ·,, . :. . 
:: .. :.: ~ Sampling Recommendations 

Water samples should not be taken immediately 
folloWing wen development Sufficient time should be allowed 
for the ground-water flow regime In the vicinity of the monitor· 
lng wen to stabinze and to approach chemical equilibrium with 
lht well construction materials. This lag time will depend on 
lltt conditions and methods of Installation but often exceeds 

.. oi'lt week.. 

wen purging Is nearly always necessary to obtain 
limples of water flowing through the geologlc fonnations in 
lht screened Interval. Rather than using a general but 
artllhry guideline of purging three casing volumes prior to 
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umpllng,lt II recommend8d that an ln·llne water qua11ty 
measurement devfce (e.g., trow-through ceD) be used to 
establish the stabilization time for several paramettrl (e.g. , 
pH, specific conductance, redox, dlsso1ved oxygen, turbidity) 
on a well-specific basis: Data on pumping rate, drawdown, 

· and volume required for parameter atablllzatfon can be used 
as a guide ror conducting subsequent sampling actMties. 

· . . · · . The rotiowing are reCommendations to be considered 
before, during and after sampnng: · 

· • uselow·tlow rates (<0.5 Umln), during bOth purging 
and sampling to maintain minimal drawdown In the 
well; · · · · 

· • maximize tubing wall thickness, minimize tubing 
· ·,· · length; . . . 

: ·· . · . • · place the sampling devfce iritake at the desired 
. . sampling point; · . . . 

·. • · minimize disturbances of the stagnant water column 
above the screened Interval during water level 

. measurement and sampling device Insertion; . · 
• ·make proper adjustments to stabilize the now rate as 

·soon as possible; 
· • monitor water quality Indicators during purging; 
· • collect unfiltered samples to estimate contaminant 

. loading arid transport potential in the subsurface 
·system. · 

·B. Equipment Calibration·. 

. Prior to sampling, all sampling device and monitoring 
equipment should be calibrated according to manufacturer's 
recommendations and the site Quality Assurance Project Plan 
(QAPP) and Field Sampling Plan (FSP). Calibration of pH 

. ·should be performed with at least two buffers which bracket 
the expected range. Dissolved oxygen calibration must be 
corrected for local barometric pressure readings and eleva· 
tion • 

· C. Water Level Measurement and Monitoring 
. . . 

II is recommended that a device be used which will 
·. least disturb the water surface in the casing. Well depth 

should be obtained from the well logs. Measuring to the 
bottom of the well casing will only cause resuspenslon of 
settled solids from the formation and require longer purging 
times for turbidity equilibration. Measure well depth after 
sampling is completed. The water level measurement should 
be taken from a permanent reference point which Is surveyed 
relative to ground elevation. · 

D. Pump Type . 

The use of low-flow (e.g., 0.1.0.5 Umin) pumps Is 
suggested for purging and sampling all types of analytes. All 
pumps have some limitation and these should be Investigated 
with rasped to aPPlication at a particular site. Bal18f'l are 
Inappropriate devtces for low·flow sampling. 

··l .. 

• 
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1) General Considerations 

There are no unusual requirements for ground-water 
sampUng devices when using low-flow, minimal drawdown 
teChniques. The major concern Is that the device give 
consistent results and minimal disturbance of the sample 
across a range of low flow rates (I.e.,< 0.5 Umln). Clearly, 
pumping rates that cause minimal to no drawdown In one well 
could eaSily cause slgnificant drawdown in another well 
finished In a less transmissive formation. In this sense, the 
p\Jmp should not cause undue pressure or temperature 
changes or physical disturbance on the water sample over a 
reasonable sampling range. Consistency In operation is 
critical to meet accuracy and precision goals. 

2) Advantages and Disadvantages of Sampling Devices 

A variety of sampling devices are available for low· 
flow (minimal drawdown) purging and sampling and include 
peristaltic pumps. bladder pumps, electrical submersible 
pumps, and gas·driven pumps. Devices which lend them· 
selves to both dedication and consistent operation at defin· 
able low·fiow rates are preferred. It is desirable that the pump 
be easily adjustable and operate reliably at these lower flow 
raies. The peristaltic pump is limited to shallow applications 
and can cause degassing resulting in alteration of pH, 
alkalinity, and some volatiles loss. Gas-driven pumps should 
be of a type that does not allow the gas to be in direct contact 
with the sampled fluid. 

Clearly. bailers and other grab type samplers are ill· 
suited for low·flow sampling since they will cause repeated 
disturbance and mixing of stagnant water in the casing and 
the dynamic water in the screened interval. Similarly, the use 
of inertial lift foot·valve type samplers may cause too much 
disturbance at the point of sampling. Use or these devices 
also tends to introduce uncontrolled and unacceptable 
operator variability. 

Summaries ol advantages and disadvantages of 
various sampling devices are listed in Herzog et at. (1991), 
U.S. EPA (1992), Parker (1994) and Thurnblad (1994). 

E. Pump Installation 

Dedicated sampling devices (left In the well) capable 
of pumping and sampling are preferred over ~ other type of 
device. Any portable sampling device should be slowly and 
carefully lowered to the middle of the screened interval or 
srJQhUy above the middle (e.g., 1·1.5 m below the top of a 3m 
screen). This is to minimize excessive mixing of the •tagnant 
water In the casing above the screen with the screened . 
lntervll zone water, and to minimize resuspenalon of IOilds 
which wiD have collected at the bottom of the wen. These two 
disturbance effects have been shown to dredly affect 1he 
lime required for purging. There also appears to be a dlract 
correlation between size of portable sampling devices relative 
to 1he well bore and resulting purge volumes and times. The 
key Is to minimize disturbance of water and sonds In the well 
casing. 
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F. Filtration 

'. Decisions to filter samples should be dictated by ·, 
sampling objeCtives rather than as a fix for poor aampnng "
practices, and field-filtering of certain constituents should not 
be the default. Consideration should be given as to what the 

· application of field-filtration is trying to accomplish. For 
assessment of truly dissolved (as opposed to operationally 
dissolvtldp.e., samples filtered with 0.45 J.tm filters)) concen
trations of major Ions and trace metals, 0.1 J.!m fillers are 
recommended although 0.45 pm filters are normally used for 
most regulatory programs. Alkalinity samples must also be 
filtered if significant particulate calcium carbonate Is sus
pected, since this material is likely to Impact alkalinity titration 

. results (although filtration itself may alter the C02 composition 
·of the sample and, therefore, affect the results). 

Although filtration may be appropriate, filtration of a 
sample may cause a number of unintended changes to occur 
(e.g. oxidation, aeration) possibly leading to filtration-Induced 
artifacts during sample analysis and uncertainty In the results. 
Some of these unintended changes may be·unavoidable but 
the factors leading to them must be recognized. Deleterious 
effects can be minimized by consistent application of certain 
filtration guidelines. Guidelines should address selection of 
filter type, media, pore size, etc. in order to identify and 
minimize potential sources of uncertainty when filtering : 
samples. 

ln·line filtration is recommended because it provides 
better CO(ISistency through Jess sample handling, and. 
minimizes sample exposure to the atmosphere. In-line filters 
are available in both disposable (barrel filters) and non· 

· disposable (in·line filter holder. flat membrane filters) formats 
and various filter pore sizes (0.1-5.0 J.tm). Disposable filter 
.cartridges have the advantage of greater sediment handling 
capacity when compared to traditional membrane filters. 
Filters must be pre·rinsed following manufacturer's recom· 
mendations. If there are no recommendations for rinsing, 
pass through a minimum or 1 L of ground water following 
purging and prior to sampling. Once filtration has begun, a 
filter cake may develop as particles larger than the pore size 
accumulate on the filter membrane. The result is that the 

·effective pore diameter of the membrane is reduced and 
particles smaller than the stated pore size are excluded from 
the filtrate. Possible corrective measures include prefilterfng 
(with larger pore size filters), minimizing particle loads to 
begin with, and reducing sample volume. 

o: Monitoring of Water Level and Water Quality 
Indicator Parameters 

. . Check water level periodically to monitor drawdown 
In the well as a guide to now rate adjustment. The goal Is 
minimal drawdown (<0.1 m) during purging. This goal may be 
difficult to 8chieve under some circumstances due to geologic 
heterogeneities within the screened interval, and may require 
ad",JUStment based on lite-specific condltfons and personal 
experience. In-line water quality Indicator parameters should 
be continuously monitored during purging. The water quality 



., . 

Indicator parameters monitored can include pH, redox 
potential, conductivity, dissolved oxygen (DO) and turbidity. 
The lut three parameters are often most sensitive. Pumping 
·rate, drawdown, and the time or volume required to obtain 
stabilization or parameter readings can be used as a future 
guide to purge the well. Measurements should be taken 
avery three to five minutes If the above suggested rates are 
. uled. Stabilization Is achieved after an parameters have 
stabilized for three successive readings. In lieu or measuring 
an five parameters, a minimum subset would Include pH,· 
conductivity, and turbidity or DO. Three successive readings 
shOuld be within :1: 0.1 for pH, :!: 3% for conductivity, :t 1 0 mv 
for redox potential, and :t 1 O"At for turbidity and DO. Stabilized 
purge Indicator parameter trends are generally obvious and 
follow either an exponential or asymptotic change to stable 
virues during purging. Dissolved oxygen and turbidity usually 
require the longest time for stabilization. The above stab!llza
~ guidelines are provided for rough estimates based on 

. · experience.· 

· · ·.H. S.mpllng, Sample Containers, Preseniatlon and 
Decontamination · 

· · Upon parameter stabilization, sampfing can be 
initiated. If an in·line device is used to monitor water quality 
parameters. II should be disconnected or bypassed during 
sample collection. Sampling now rate may remain at estalr 
fished purge rate or may be adjusted slightly to minimize 
aeration, bubble formation, turbulent filling of sample bottles, 

· :cir.loss ofvolatiles due to extended residence time in tubing. 
Typically, flow rates less than 0.5 Umin are ·appropriate. The · 

·: same device should be used for sampling as was used for 
purging. Sampling should occur In a progression from least to 

· most contaminated well, If this is known. Generally, volatile 
(e.g.,solvents ·and fuel constituents) and gas sensitive (e.g., 
Fez., CH •• H,SJHs·, alkalinity) parameters should be sampled 
first . The sequence In which samples for most Inorganic 
parimeters are collected is immaterial unless filtered (dis
sOlved) samples are desired. Filtering should be done last 
and In-line filters should be used as discussed above. During 
bOth wen purging and sampling, proper protective clothing 
aJid equipment-must be used based upon the type and level 
of Contaminants present. 

· .. /· -.· 
"'"!.: :~ .: ~: .). ' . 

· .•. ;. ::. ': .. ,._,The appropriate sample container will be prepared In 
·actvance.or actual sample coUection for the analytes or 
Interest and incfude sample preservative where necessary. 
Water samples should be collected directly Into this container 
from, the pump tubing. . . . 

Immediately after a sample bottle has been filled, It 
must be preserved as specified In the site {OAPP). Sample 
··~_requirements are based on the ariaJyses being 

per:fofmtd (use site OAPP, FSP. RCAA guidance document 
·· ',1\:1·.~~ EPA. 1992) or EPA SW-848 [U.S. EPA, 1982) ). It 

may be ldvlsable to add preservatives to sample bottles In a 
COnlralltd letting prior to entering the field In order to reduce 
.,.. Chancel of Improperly preserving sample bottles or 
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Introducing field contaminants into a sample bottle whlfe 
. ad~ing the prese~tives •. 

· · ·· . The ·preservatives should be transferred from the 
chemical bottle to the·sample container using a disposable 
polyethyferie pipet and the disposable pipet should be used 

· . . only onc:tt ~nd then discarded. . .· 

After a sample Container has been .filled with ground 
. water, a TeftonTU (or tin)·lined cap Is screwed on tighUy to 
prevent the. container from leaking. A sample label Is filled 
out as specified in the FSP. The samples should be stored 
Inverted at 4"C. 

· Specific decontamination protocols for sampling 
devices are dependent to some extent on the type or device 
used and the type or contaminants encountered. Refer to the 
:site OAPP and FSP_ for specific requirements • 

1. Blanks 

.. ine_ rorrow~ng blanks should be collected: 

(1) field blank: one rreld blank shoulct be corrected rrom 
· each· source water (distilled/deionized water) used for 
'. · sampling equipment decontamination or for assisting 

· .. · W.elldevelopment procedures. · 
. . ' 

(2) equipment blank: one equipment blank should be · 
· taken prior to the commencement or field work, from 

· ·each set of sampling equipment to be u.sed for that 
day. Refer to site OAPP or FSP for specific require· 
ments. 

(3) irip blank: a trip bl~~k is required to aecompany each 
· volatile sam.ple shipment. These blanks are prepared 

in the laboratory by filling a 40-ml volatile organic 
analysis (VOA) bottle with distilled/deionized water. 

V. Low-Permeablffty Formations and Fractured . · 
Rock 

The overall sampling program goals or sampling 
objectives will drive how the sampling points are located, 
Installed, and choice of sampling device. Likewise, site· 
specific hydrogeologic factors win affect these ~sions. 
Sites with very low penneabllily formations or fractures 
causing discrete flow channels may require a unique monitor· 
ing approach. Unlike water supply wells, wells Installed for . 
ground-water quality assessment and restoration programs 
are often Installed In low water-Yfelding settings (e.g •• clays. · 
sJfti). Alterriatlve typeS of sampling points and umpllng 
methods are often needed In these types of environments,.· 
bec&use _loW-perlneablllty settings may require extremely Jow. 
flow purglrig (<0.1 Umin) and may be technology-lmlted. 
Where devices ate not readily available to pump It IUCh low 
floW rates, the primary consideration Ia to avoid dewataring of 

•• 

•. i 

• 
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1he well screen. This may require repeated recovery of the 
· ·.> Water cllrfng purging whRe leaving the pump In place within 
'·· tMMI screen. 

:~ ': ; ... : ·. . 

Use of low-flow techniques may be Impractical In 
theM settings, depending upon the water recharge rates. 

: · TIW Sampler and the end-user of data collected from such 
"Wens nied to understand the limitations of thi data c:ollected: 
Le., a strong potential for underestimation of actual contaml· 
nant concentrations for volatile organics, potential false 

· · negatives for filtered metals and potential false positives for 
unfiltered metals. It Is suggested that comparisons be made 
between samples recc)vered using low-flow purging tech
niques and samples recovered using passive sampling 
techniques (i.e., two sets of samples). Passive sample 
colfedion would essentially entail acquisition of the sample 

· with no or very little purging using a dedicated sampling 
system Installed within the screened Interval or a passive 
sample collection device. 

A. Low-Peimeabllily Formations (<0.1 Umln 
recharge) 

1. Low·Aow Purging and Sampling with Pumps 

a. •portable or non-dedicated mode• - Lower the pump 
(one capable or pumping at <0.1 Umin) to mid-screen 
or slightly above and set in place for minimum of .CS 
.hours (to lessen purge volume requirements). After 48 
hours, use procedures listed In Part IV above regard· 
ing monitoring water quality parameters for stabiliza
tion, etc., but do not dewater the screen. If excessive 
drawdown and slow recovery Is a problem, then 
alternate approaches such as those listed below may 
be better. 

b. ·dedicated mode· - Set the pump as above at least a · 
. week prior to sampling; that is. operate In a dedicated 
pump mode. With this approach significant reductions 
in purge volume should be realized. Water quality 
parameters should stabilize quite rapidly due to less 
disturbance of the sampling zone. 

2. Passive Sample Collection 

Passive sampling collection requires insertion of the 
device Into the screened Interval for a sufficient time period to 
anow now and sample equilibration before extraction for 
analysis. Conceptually, the extraction of water from low 
yielding formations seems more akin to the collection of water 
from the unsaturated zone and passive sampling techniques 
may be more appropriate In terms of obtaining "representa
tive• samples. Satisfying usual sample volume requirements 
Is typically a problem with this approach and some latitude wm 
be needed on the part of regulatory entities to achieve 
sampling objectives. 
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B. Fractutfld Rock 

In fractured rock tonnatfons, a low-flow to zero 
purging approach using pumps In conjunction with packets to 
Isolate the sampling zone in the borehole Is suggested. ;. • 
Passive mtltJ-Iayer sampling devices may also provide the 
most -representative• samples. It Is Imperative In thne · . ', 
settings to Identify flow 'paths or water-producing fractUres · 
prior to sampling using tools such as borehole flowmeters 
~nd/or other geo~hyslcal .toots. 

, . Afteddentlfication of water-bearing ·fractUres, Install 
packer(s) and pump assembly for sample collection using 
low-flow sampling In •dedicated mode• or use a passive 
sampfing ~evlce which can Isolate the Identified water-bearing 
fractures. · · · · · · · 

VI. ·oacume.ntatlon' ... 

The usual practices for ·d~menting ihe sampling 
event should be used for low-flow purging and sampling 
techniques. This should include, at~ minimum: Information 
on the conduct of purging·operations (flow-rate, drawdown, 
water-quality parameter values, volumes extracted and times 
for measurements), field instrument calibration data, water 

. sampling forms and chain of custody forms. See F".gurei' 2 
and 3 and -around Water Sampling Workshop - A Workshop 
Summary" (U.S. EPA, 1995) for example forms and other 
documentation suggestions and jnformatlon. This information 
coupled with laboratory analytical data and validation data are 

· .needed to judge the ·useability• of the sampling data. · 

VII. Notice 

The.U.S. Environmental Protection Agency through Its Office 
of Research and Development funded and managed the 
research described herein as part of its in·house research 
program and under Contract No. 68·C4·0031 to Oynamac 
Corporation. It has been subjected to the Agency's peer and 
administrative review and has been approved for publication 
as an EPA documenL Mention of trade names or commercial 
products does not constitute endorsement or recommenda
tion for use. 
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F'.gure 2. Ground Watlr Sampling Log 
Project . Site Well No. _____ Date ________ ~ 

Well Depth SCreen Length Well Diameter , Clslng ~ ----
Sampling Device Tubing type Water Level -------
Meilurlng Point' Otherlnfor ________________ _ 

Sampling Personnel __________________________ _ 

• Time pH Temp Cond. Dls.02 Turb. [ )Cone Note a 

· . 

• 

Type of Slmpln Collected 

.) lnfonnaflon: 21n • 817 miJft. 4 In • 2470 mllft: Vol.,. • nr'h. Vol...;.,. • 413n r' 
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Figure 3. Ground Water S.mpllng Loa (wlth automatic data logging for moit water qtianty 
parameters) 

Project ___ ....._ __ . srte ______ Well No._·· ____ Dite ________ _ 

Well Depth Screen Length Well Diameter C.slng ~ ._· ---
Sampling Device Tubing type water Level __ ....;..,_ __ _ 
UlaaurfngPolnt. Otherlnfor ____________ ...;,_ ___ _ 

Sampling Personnel~--:----------------:---:-----:":"------

nme· Pump Rate Turbidity Alkalinity [ ] Cone·. Notes 

. •\ .· 

.. ,·. 

·. 

lnfonlllllcwt: 21n • 117 mlllt, 4 In • 2470 mllft: Vol.,. • m1., Vol~ • 413n r' 
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PERFORMANCE OBJECTIVES: 

SECTION12 
SOIL SAMPLING 

To collect a soil sample that is representative of conditions as they exist at the site 

• By selecting the appropriate sampling device(s). 

• By taking measures to avoid introducing contamination as a result of poor sampling and/or 
handling technique. · 

• By reducing the potential of cross contamination between samples. 

12.1 Introduction 

Prior to conducting a soil sampling investigation, a sampling strategy should be developed based on 
the objectives of the investigation (Section S.S of this SOP contains a discussion of soil sampling strategies). 
After designing a soil sampling strategy, the appropriate equipment and techniques must be used to conduct 

· the investigation. This section discusses the sampling equipment available and collection methods which have 
been shown to be technically appropriate. · 

Manual techniques and equipment, such as hand augers, are usually used for surface or shallow, 
subsurface soil sampling. Power operated equipment is usually associated with collecting deep samples, but 
this equipment can also be used for collecting shallow samples when the auger hole begins to collapse, or when 
the soil is so tight that manual auguring is not practical. This section discusses the various sample collection 
methods employed by field investigators. 

12.2 Equipment 

Soil sampling equipment used for sampling trace contaminants should be constructed of inert materials 
such as stainless steel. Ancillary equipment such as auger flights, post hole diggers, etc. may be constructed 
of other materials since this equipment does not come in contact with the samples. However, plastic, 
chromium, and galvanized equipment should not be used routinely in soil sampling operations. Painted or 
rusted equipment must be sandblasted before use. 

Selection of equipment is usually based on the depth of the samples to be collected, but it is also 
controlled to a certain extent by the characteristics of the material. Manual techniques and equipment such as 
hand augers, are usually used for collecting surface or shallow, subsurface soil samples. Power operated 
equipment is usually associated with deep sampling but can also be used for shallow sampling when the auger 
hole begins to collapse or when the soil is so tight that manual augering is not practical. 
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• ) 12.3 Sampling Methodology 

This discussion of soil sampling methodology reflects both the equipment used (required/needed) to 
collect the sample, as well as how the sample is handled and processed after retrieval. Selection of equipment 
is usually based on the depth of sampling, but it is also controlled, to a certain extent, by the characteristics 
of the material. Simple, manual techniques and equipment, such as hand augers, are usually selected for 
surface or shallow, subsurface soil sampling. As the depth of the sampling interval increases, some type of 
powered sampling equipment is usually needed to overcome torque induced by soil resistance and depth. The 
following is an overview of the various sample collection methods employed over three general depth classi
fications: surface, shallow subsurface, and deep subsurface. Any of the deep collection methods described 
may be used to collect samples from the shallower intervals. · 

12.3.1 Manual (Hand Operated) Collection Techniques and Equipment 

These methods are used primarily to collect sUrface and shallow subsurface soil samples. Surface soils 
are generally classified as soils between the ground surface and 6 to 12 inches below ground surface. The 
shallow subsurface .interval may be considered to extend from approximately 12 inches below ground surface 
to a site-specific depth at which sample collection using manual methods becomes impractical. 
Surface Soils 

Surface soils may be collected with a Wide variety of equipment. Sp()ons, shovels, hand-augers, push 
tubes, and post-bole diggers, made of the appropriate material, may be used to collect surface soil samples. 
As discussed in the section on powered equipment, surface soil samples may also be collected in conjunction 
with the use of heavy equipment. 

Surface samples are removed from the ground and placed in pans, where mixing, as appropriate 
(Section 5.13.8), occurs prior to filling of sample containers. Section 12.4.1 contains specific procedures for 
handling samples for volatile organic compounds analysis. If a thick, matted root zone is enco\mtered at or 
near the surface, it should be removed before the sample is collected. · 

Subsurface Soils 

Hand-augering is the most common manual method used to collect subsurface samples. Typically, 
4-inch auger-buckets with cutting heads are pushed and twisted into the ground and removed as the buckets 
are filled. The auger holes are advanced one bucket at a time. The practical depth of investigation using a 
hand~auger is related to the material being sampled. In sands, augenng is usually easily accomplished, but the 
depth of investigation is controlled by the depth at which sands begin to cave. At this point, auger holes usually 
begin to collapse and cannot practically be advanced to lower depths, and further samples, if required, must 
be colleeted using some type of pushed or driven device. Hand-augering may also become difficult in tight 
clays or cemented sands. At depths approaching 20 feet, torquing ofhand-auger extensions becomes so severe 
that in resistant materials, powered methods must be used if deeper samples are· required. Some powered 
methods, discussed later, are not acceptable for actual sample collection, but are used solely to gain easier 
access to the required sample depth, where hand-augers or push tubes are generally used to collect the sample. 
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When a vertical sampling intetval has been established, one auger-bucket is used to advance the auger 
hole to the rust desired sampling depth. If the sample at this location is to be a vertical composite of all 
intervals, the same bucket may be used to advance the hole~ as well as to collect subsequent samples in the 
same hole.· However, if discrete grab samples are to be collected to characterize each depth, a new bucket must 

·be plaCcci on the end of the auger extension inimediately prior to callecting the next sample. The top several 
inches of soil should be removed from the bucket to minimize the chances of cross-contamination of the sample. 
from fail-in of material from the upper pOrtions of the hole. · 

. · .. 

. Another hand~perated piece of soil sampling equipment commonly used to collect shallow subsurface 
soil samples is the Shelby® or "push tube". This is a thin-walled tube, generally of stainless steel construction 
and having a beveled leading edge, which is twisted and pushed directly into the soil. This type of sampling 
device is particularly useful if an undisturbed sample is required. The sampling device is removed from the 
push-head, then the sample is extruded from the tube into the pan with a spoon or special extruder., Even 
though the p~h-head is equipped with a check valve to help retain samples, the Shelby tube will generally not 
retain loose and watery soils, particularly if collected at lower depths .. . . 

12.3.2 Powered Sampling Devices 

•• 

Powered Sampling devic~s and sampling aids may be used to acquire s~ples from any depth but are 
generally limited to depths of20 feet or less. Among the common types of powered equipment used to collect 
or aid in the collection of subsurface soil samples are Little Beaver® type power augers; split-spoon samplers 
driven with a drill rig drive-weight assembly or hydraulically pushed using drill rig hydraulics; continuous split
spoon samplers; specialized hydraulic cone penetrometer rigs; and back-hoes. The use of each of these is 
described below. .i 
Power Augers 

. Power augers are commonly used to aid in the collection of subsurface soil samples at depths where 
. hand au gering is impractical. This equipment is a sampling aid and not a sampling device, and 20 to 25 feet 
·;s the typical lower depth range. It is used to advance a hole to the required sampling depth, at which point a 
hand auger is usually used to collect the sample. 

Drill Rigs 
~ . . .. 

. Drill rigs offer the capability of collecting soil samples from greater depths. For all practiCal purposes, 
.the ~th of investigation achievable by this method is controlled only by the depth of soil overlying bedrock, 
·which may be in excess of 100 feel · 

. When used in conjunction with drilling, split-spoon samplers are usually driven either inside a hollow

. stem auger or inside an open borehole after rotary drilling equipment has been temporarily removed. The spoon 
·is driven with a 140-pound haminer through a distance of up to 24 inches and removed. If geotechnical data 
are also required, tbe number of blows with the hammer for each six~inch interval should be recorded. 

. .· . . . . . . . . 

Continuous sj>lit-spoon samplers may. be used ·to. obtain five-foot iong,. continuous samples 
approximately 3 to 5 inches in diameter. These devices are located inside a five-foot section of hollow-stem 
auger and advanced with the auger during drilling. As the auger advances, the central core of soil moves into 
the sampler and is retained until retrieval. 
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Cone Penetrometer Rigs 

This method uses a standai'dsplit-spoon bas been modified with a releasable tip which keeps the spoon 
closed durilig the sampling push. Upon arrival at the desired depth, the tip can be remotely released and the 
push c:Ontinued. During the subsequent push, the released tip floats freely up the inside of the sP<>on as the soil 
core displaces it. Split:.sp0on soil samples, therefore, can be collected without drilling, as has historically been 
required, by simply pushing the.dcvice to the desired depth. This technique is particularly beiteficial at highly 
contaminated sites, because cuttirigs are·not prOduced as with drill rigs. The push rods are g~nerally retrieved 
with very little residue. This results in minimal exposure to sampling personnel and very little contaminated 
residue is produced as a result of equipment cleaning. 

Back-Hoes 

· · · Back-hoes are often utilized in shallow subsurface soil samplilig progriunS. · Samples may either be 
collected directly from the back-hoe bucket or they may be collected from the trench wall if proper safety 
protocols are followed. Trenches offer the ability to collect samples fro~ very specific intervals_and allow 
visual correlation with vertically and horizontally adjacent material. Prior to collecting samples from trench 
walls, the wall surface must be dressed with a stainless steet shovel, spatUla, knife, or spoon ·to remove the 
surface layer of soil which was smeared across the trench wall as the bucket passed. Ifback-hoe buckets are 
not cleaned according to the procedures described in Appendix B of this SOP, samples should be collected from 
material which has not been in contact with the bucket surface. · 

12.4 Special Techniques and Considerations 

12.4.1 Collection of Soil Samples for Volatile Organic Compounds (VOC) Analysis 

These samples should be collected in a manner that minimizes disturbance of the sample. For example, 
when sampling with a hand auger, the sample for VOC analysis may be collected directly from the auger 
bucket or immediately after an auger bucket is emptied into the pan. The sample should be placed in the appro
priate container with no head-space, if possible, as is the practice with water samples. Samples for VOC 
analysis are not mixed. 

12.4.2 Dressing Soil Surfaces 

Any time a vertical or near vertical surface, such as is achieved when shovels or back-hoes are used 
for subsurface sampling, is sampled, the surface should be dressed to remove smeared soil. This is necessary 
to minimize the effects of cross-contamination due to smearing of material from other levels. 

12.4.3 ·Sample Mixing 

It is extremely important that soil samples be mixed as thoroughly as possible to ensure that the sample 
is representative of the interval sampled. Soil samples should be mixed as· specified in Section 5.13.8. 
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12.4.4 Special Precautions for Trace Contaminant Soil Sampling 

. The procedures outlined in Section S.13.7 should be followed. All soil sampling equipment used for 
lampliDg for trace contaminants should be constructed of stainless steel where jx>ssible •. Pans used for mixing 

· sboUid be inadc ofPyrex® (or equivalent) or glass. In no case will chromium, cadmium, or galvanized plated 
or COaied equipment be used for soil sampling Operations when inorganic contamination is of concern. 
S~y. no painted or plastic' equipment should be used when organic contaminantS are of concem. All paint 
and primer must be .removed frOm· soil samplirig equipment by sandblasting or other means before such 
equipment can be used for collecting son samples. . . . . . . 

12.4.5 Specific Sampling Equipment Quality Assurance Techniques 
~ : . 

Drilling rigs and other major equipment used to collect soil samples should be identified so that this 
equipment can be traced through field records. A log book should be established for this equipment so that all 
cleaning, maintenance, and repair procedures can be traced to the person perfonning these procedilres and to 
the speeific repairs inade •.. ·Sampling spoons, hand augers, Shelby tubes, and other. minor disposable type 
eciuip~t are exempted from this equipment identification requirement. ·All equipment used to collect soil 
samples should be ·.cleaned as outlined in Appendix B and repaired, if neeesS81}', before being stored at the 
conciusion of field siudies. Equipment Cteaiung conducted in the field (Appendix B) or field repairs should be 
thoroughly documented in field records.· ' · · . . . .. . · · 

.· •., 
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The Ogden Bioassay Laboratory Group maintains two facilities for conducting marine 
and freshwater bioassays on samples of all matrices including effluents, cooling waters, 
receiving waters, sediments; and liquid and solid samples for hazardous waste 
characterization. 

This manual describes the quality assurance procedures implemented in the Bioassay 
Laboratory with application to all aspects of testing from source, handling, condition, 
receipt, and storage ·of samples and test organisms as well as calibration and maintenance 
of instruments and equipment used during testing. All data generated by the laboratory is 

·monitored for completeness and accuracy at the end of each day and at the end of each 
individual test period. Laboratory negative control and reference (i.e., positive) toxicant 
testing ·are conducted concurrent to every sample assay or batch of organisms, as 
appropriate, and .act to confirm test organism quality, sound h\boratory conditions, and 
appropriateness of procedures. Control charts are generated for each test species and 
reference toxicant combination. The detail of record keeping, and the general and 
statistical evaluation of test data are closely monitored to ensure generation of the highest 
quality data. 

Quality control problems leading to poor condition of test animals or inadequate test 
procedures may necessitate repeating· tests, incorrectly overestimated ·toxicity; or 
improperly identified causative toxicants. Our quality assurance (QA) program is 
designed to ensure that all tests are performed in accordance with applicable guidelines 
and regulations and that ·all procedures are designed to increase test performance and 
precision. Quality control practices address all activities that affect the final quality of the 
toxicity tests including: sample/material handling, source and condition oftest organisms, 
condition of equipment, test conditions, instrument calibration and maintenance, 
measurement of test precision, record keeping, data evaluation and personnel training. 
Some of the essential features of our QA program, which are described in detail in our 
Quality Assurance Manual, are: · · · 

A QA Officer is responsible for oversight of the QA program, updating the Quality 
Assurance manual, insuring tests are conducted in strict compliance with applicable 
protocols, reviewing data and final reports for accuracy and acceptability, maintaining 
reference toxicant control charts and maintaining data archives. · 

Water quality, of both fresh and saline dilution and culture waters, is ensured by several 
means. Standard reconstituted dilution/culture water is made using ASTM Type 1 
deionized water as the base water. Natural seawater is an additional source of saline 
water used in the laboratories. The quality of each lot of reagent grade chemicals or 
commercial salts used to prepare synthetic fresh or saltwater, respectively, is evaluated 
using a chronic reference toxicant test with a sensitive species ( Ceriodaphnia dubia, 
Mysidopsis bahia). In addition, waters, both base freshwater and natural seawater, are 
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analyzed annually for organic priority pollutants and metals. 
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Test organisms are only used if they appear healthy, are actively feeding, are of the 
correct species and life stage, and exhibit low mortality during culture and acclimation. 
The quality of all foods· are evaluated before use. Culture water quality, animal source, 
incubation and hatch dates, acclimation conditions and all other relevant information are 
documented for all test organisms cultured in the laboratory. The health of test organisms 
is routinely evaluated using reference toxicants, the 'results of which are graphed on 
laboratory control charts. 

Facilities, equipment, and test cb.ambers are designed around,. test requirements. 
Separate heating and cooling systems maintain testing chambers and culture rooms ~t the 
desired temperature (:!: 1 °C) which is monitored continuously in at. Iea.st two locations per 
environmental . chamber. An alarm system alerts.· personnel after hours · .of any 
unacceptable temperature excursions, . fire, or power loss. Quarterly scheduled 
maintenance is perfonned _ on .all equipment to ensure good working order. ·All test 
chambers and other materials contacting samples are constructed of polypropylene, 
borosilicate glass, Teflon or grade 316 stainless steel and are subjected to rigoro1;1s 
cleaning with detergent, acid (ACS grade), acetone .(ACS grade) and deionized water 
beforeuse. · 

.. . Calibration of all instruments is perfonned routinely using NIST -traceable standards as .\, 
applicable. All critical instrumentation is duplicated to prevent problems associated with _. 
instrument failure. · 

Documentation of all calibrations, . instrument adjustments or repairs, water quality 
measurements, culture infonnation, toxicity test results, sample. or test matenal source, 
characterization, receipt, use and disposal, chemical reagent purity, receipt and disposal, 
etc. are made on a real-time basis. These .records are retained as· raw data in a des_ignated 
data storage area. · 

. . ' 

Reference toxicants are used to evaluate the overall health and sensitivity of the test 
organisms and to demonstrate the continuing ability of the laboratory to successfully 
perform the tests. Tests are conducted, at minimum, monthly on animals cultured in
house. For animals purchased from.an outside source, an appropriate reference test (e.g., 
chronic reference test for a chronic effluent test) is cmiducted with each batch of test 
organisms. We have also successfully participated in ali DMR/QA studies conducted by 
EPA to date. The San Diego laboratory holds additional accreditation to conduct 
hazardous material characterization. testing under State of California Title 22, blind 
samples for this certification are administered by California Department of Health 
Services. · · · · · · 

The two facilities maintaitied by the Bioassay Laboratory are in San Diego, California 
and Fife, Washington. All aspects of the manual apply to both facilities except where 
noted. 
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I. LABORATORY ORGANIZATION 

LIST SPECIFIC NAMES OF INDIVIDUALS , EXPERIENCE LEVEL, ACADEMIC 
DEGREE, TRAINING PROGRAMS, TRAINING RECORDS. 

Individuallfitle 

Marilyn Schwartz·· 
Branch Manager 
B.A. Ecology/Behavior 
Direct experience: 10 yrs 

Chris Stransky 
Technical Lab Supervisor 
Direct experience: 8 yrs 

Steve Carlson 
Lab Supervisor 
QAIQC Officer 
Direct experience: 7 yrs 

Karen Bergmann 
Technical Supervisor 
Washington Lab 
Direct experience: 3 yrs 

Laboratory Technicians 
Amy Bergen (on-call) 
Geoff Daly 
David Gillespie 
John Gonzales 
Matt Liebl 
Tera Mathias 

Responsibilities 

Fiscal responsibility; · 
Marketing and management. 
of overall operation. : 
Reports directly to Office 
Manager 

Prof. Training/Affiliations 

National SETAC Member; 
President, SoCal SETAC Chapter; 
SCfAG, Steering Committee; 

. EPA WET Workshop,· · . 
Presenter and Co-organizer; 
American Red Cross CPR and 
First Aid Certification; 
40-Hour OSHA Safety Training 

Supervises day-to-day technical National SETAC Member; 
operation of the San Diego 
Lab; Supervises special 
studies and ·sediment programs 
in both facilities. Reports 
directly to the Branch Manager. 

· Secretary, SoCal SETAC 
Chapter; SCfAG, Member; 
EPA WET Workshop, 
participant; Dive Certified; 
American Red Cross CPR and 
First Aid Certification; 
40-Hour OSHA Safety Training 

Monitor laboratory performance SoCal SETAC Chapter member; 
and set staff and test schedule; EPA WET Workshop, 
ensure adherence to QA Participant; American Red Cross 
standards. Reports to Branch CPR and First Aid Certified; 
Manager, but is an independent 40-Hour OSHA Safety Training 
position with direct access to 
Office Manager. 

Supervises day-to-day technical 
operation ofthe Washington 
Lab; Reports directly to the 
Branch Manager. 

Conduct bioassay testing; 
monitor and record data; 
culturing; perform routine lab 
maintenance. Report to Lab 
Supervisors on day-to-day 
schedule and technical 
issues and Branch Manager 
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Pacific Northwest SETAC 
Chapter member; NWTAG 
Member; American Red Cross 
CPR and First Aid Certification; 

SoCal SETAC Chapter 
members; SCfAG Members 
American Red Cross CPR and 
First Aid Certification; 40-Hour 
OSHA training; EPA WET 
Workshop participants. 
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Anthony Raguine 
John Rudolph 
Bill Sharer 

on professional development and 
personnel matters. 

· Direct' experience: 1-6 years 

Field Technicians Collection, preservation, and 
Tony Adkins delivery of samples in 
Nick Buhbe accordance with proper 
David Gillespie collection techniques and 
Chris Stransky .. chain-of-custody procedures. 
John Rudolph . · Reports to Branch Manager or 
Direct experience: 1-7 yrs Project Manager as project 

Arsenia Soriano 
Laboratory Aide · 
San Diego Lab 
Direct experience: 3 yrs 

dictates. 

Prepare glassware for use in 
testing under EPA guidelines. 
Assist with general lab maint
enance and cleaning. Reports 
to Lab Supervisor. 
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American Red Cross CPR and 
First Aid Certification; 40:-Hour 

· OSHA training; Internal and · · · 
external dive certification. 

American Red Cross CPR and 
First Aid Certification; 
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n. FACILITIES AND EQUIPMENT 

San Diego Laboratory 
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The Ogden Bioassay Laboratory is located at 5550 Morehouse Dr., Suite B, San Diego 
CA. 92121. 

Washington Laboratory 

Ogden Bioassay Northwest Laboratory is located at 5009 Pacific Hwy. E., Suite 2-0, Fife 
WA. 98424. 

1. TEMPERATURE CONTROLLED ENViRONMENTAL CHAMBERS 

Samples are stored in a coldroom in San Diego and a refrigerator in Washington, both 
maintained at 4°C, until needed for testing~ Testing is. conducted in temperature and 
light-controlled environmental chambers. Modifiable cimviroinnental chambers are set at 
15, 20, and 25°C and maintained within± 1 °C of the target temperature. The ·chamber 
temperatures are continuously monitored by a Supco CR-87 temperature recorder. The 
charts generated by each recorder are exchanged weekly and kept on file at the laboratory 
indefinitely. The temperature of each controlled chamber is measured and recorded daily 
in a laboratory logbook. For testing requiring other temperatures, water b'aths equipped 
with both heaters and a chiller unit are maintained as an alternate temperature control 
system. Illumination in all testing areas is provided by fluorescent lighting. Specific 
wavelengths are used for individual tests as dictated by the protocol and laboratory SOP. 
Photoperiod is.controlled with a timing device. All environmental chamber temperatures 
are verified annually using a NIST certified thermometer. 2. WAT:fR SYSTEMS 

San Diego Laboratory 

The laboratory's seawater system provides filtered, temperature-regulated seawater for 
testing and animal culture and holding. Natural seawater is collected from the Pacific 
Ocean and is high pressure sand filtered at the Scripps Institution of Oceanography in La 
Jolla, California before transport to the lab by truck. In the lab, seawater is stored in two 
2200-gallon storage · tanks. The seawater is continuously pumped through an inline 
20-J.lm fiber filter system and a chiller unit prior to being delivered to sample preparation 
arid testing areas. · · 

Seawater is piped throughout the lab via PVC supply lines at a rate of 10-20 gallons per 
minute, thus the majority of the water is recycled back into the· storage tanks. The 
seawater system is a once-through system; all water released from the supply lines into 
test or culture tanks is discharged into the sewer system~ The stored water is cycled 
through the filter and chiller system approximately 10-15 times per day. 
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Nanopure water is the bioassay laboratory's fresh water. It is used as the base for all 
freshwater dilution and culture waters, reagent preparations, and as a final rinse for all · 
glassware. A high quality laboratory grade freshwater is obtained from a water treatment 
system employing a series of carbon filters and water softeners. This water is supplied by 
PVC pipe throughout the lab . 

. Washington Laboratory 

The laboratory obtains natural seawater from the Point Defiance Zoo and Aquanum in 
Tacoma, Washington which collects and filters seawater from Puget Sound. 

Synthetic seawater is made using Marinemix or Forty Fathoms added to deionized water. 
Both natural and synthetic seawater is stored in 20-Iiter cubitainers. They are aerated and 
the salinity is checked daily. · · 

. . . 

The laboratozy obtains high-purity deionized water using a system set up and maintained 
by U.S Filter~ Water is fed through a system consisting ·or a prefilter, an activated carbon 
tarik; ~o ·mixed bed res.in tanks and finally ·through a post filter. .· · · · · 

•• 

The laboratory obtain~ dechlorinated water using a system set up and maintained by tis. 
Filter.·· Water is fed through a system consisting of a prefilter, two activated carbon tanks •~ 
~a~~M~ · 

3. INSTRUMENTATION 

In house instrUmentation is adequate. to . measure appropriate physical and chemical 
variables for both marine and freshwater bioassay tests. All calibration measurements are 
recorded in laboratory notebooks maintained for each meter or instrument. 

A. Salinity 

San Diego Laboratory. 

Salinity measurements are taken With an·orion 135 hand held temperature compensated 
meter. The digital meter has an accuracy after adjustment (via cell constant) of± 0.1 to 
35 part per thousand (ppt) in the range 0.0 to. 42.0 ppt at test sample temperatures soc to 
25°C. The instrument is calibrated with known standards prior to use. 

Washington Laboratory 

Salinity measurements are taken using a ·refractometer. The instrument is calibrated with 
deionized water and known standards prior to use. 
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B. pH 

San Diego Laboratory 
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Measurements of pH are taken using a Beckman meter with a temperature compensated 
electrode, which is calibrated using standard pH buffer solutions prior to use. A portable 
Orion meter is also used to measure pH. 

Washington Laboratory 

Measurements of pH are taken using a Cole-Panner meter with a temperature 
compensated electrode, which is calibrated using standard pH ~um~r solutions· prior to 
use. 

C. Dissolved Oxygen 

Dissolved oxygen measurements at both laboratories are made with aYSI 55 .meter .. The 
meter is calibrated against air saturated.with deio~zed water ~aily .. · · 

D. Conductivity 

San Diego Laboratory 

Conductivity is measured using an Orion 135 meter. The digital meter has an accuracy 
± 0.5 percent of measurement value ± 1 digit at operating temperature -1 0°C to +55°C. 
The instrument is calibrated with known standards prior to use. 

Washington Laboratory 

Conductivity is measured using an Omega CDH-7X meter. The instrunlent is calibrated 
with known standards prior to use. 

sor2s 



E. Ammonia 

San Diego Laboratory 
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Amnionia levels in test . containers · are. measured using a Hach DR2000 
spectrophotometer. The ·meter is calibrated to a known standard before each use as · 
suggested by the manufacturer. 

. ··.·. 

Washington Laboratory 

Ammonia levels are me~ur~d using a Spectronic 20. spectrophotometer~ . The ~eter is . 
. calibrated io known standard before each use as suggested by the manufacturer. · 

F. Weights and Volumes 

Materials used in reference toxicant testing are ·weighed to the nearest 0.01 mg using a 
Mettler AE 240 balance in both laboratories. · The· balance is calibrated · daily and 
professionally serviced annually using weights traceable to NIST standards. Liquid 

.... 

. ~· :=ents are made using borosilicate plastic or glass pipettes and graduated . -j 
III. CULTURE AND HOLDING 

1. ANIMAL PROCUREMENT .. · 

Test organisms used in bioassays are collected from sources known to be generally free 
of pollutants, purchased from reputable suppliers, or obtained from laboratory stocks. If 
organisms are purchased, the vendors are screened by reputation, depth of knowledge 
concerning the organism of choice, evidence of their QA program, and their ability to 
consistently deliver healthy test organisms. . . .. . •. . . . . . . . . 

2. ANIMAL HEALTH AsSESSMENT 

Test organisms are evaluated on a performance basis for every test conducted in the 
laboratory. A test control and full reference toxicant test are run concurrent to each 
effiuent test or batches of organisms, as appropriate to evaluate the health of the test 
organisms. 

3. DOCUMENTATION 
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Records of time and place of animal collection, feeding information, and data on water 
quality in the holding aquaria are kept in a logbook. The test organisms are appropriately 
acclimated to laboratory conditions and held at test temperature and salinity. Propagules 
(sperm, eggs, spores, or embryos) used in tests are obtained :from several adults and 
mixed prior to testing: Specific procedures for each organism are listed in the Standard 
Operating Procedure for the individual assay. 

IV. SAMPLE COLLECTION 

Ogden works with all clients to facilitate sample collection, shipment, and handling. 
Proper chain-of-custody procedures are followed at all times and. all tests are initiated 
within the allowable holding time. · · ' · 

1. EFFLUENT COLLECTION 

Sampling method may be dictated by NPDES permit language. Efflu~nt ·collection may 
be performed by grab or composite sampler. Grab samples are good monitors of 
instantaneous toxicity and are used when trying to monitor effluent variation over a 
24-hour period. These· samples are tested immediately, reducing the possibility of losing 
toxicity due to storage. Composite samples ·are preferred over grab samples because the 
likelihood of obtaining a representative effluent sample is· far greater when sampling over 
time.· Standard EPA procedure is to take composite samples over ·a 24-hour period with · 
collections at 112-hour intervals (48 collections per day). For a 7-day chronic bioassay, at 
least three 24-hour composites are used for a single test. Effluents are tested as soon after 
collection as possible to reduce the loss of volatile toxic components. · The maximum 
allowable holding time for virtually all samples is36 hours. 

2. SEDIMENT COLLECTION 

Sediments are collected, handled, and preserved according· to the procedures in the 
Environmental Protection Agency/Corps of Engineers Implementation Manual 1977, and 
site-specific recommendations made by the EPA, Corps of Engineers, or State Agencies 
for individual projects. Test material is usually collected with a vibracore. Cores are 
taken to project depth plus a tWo foot overdredge allowance or to the depth of refusal (the 
depth at which the vibracor~ can no longer P!Oceed). Reference sediment is collected at 
an appropriate and pre-determined uncontaminated site that is selected based upon its 
similarity in grain size to the dredged material disposal site. Reference sediment is 
collected using a chain-rigged VanVeen grab ·or a stainless steel pipe dredge. Control 
material is collected at the site of test animal collection. Control testing is conducted to 
determine the health.ofthe test organisms and verify that holding and testing· procedures 
do not affect test animal health. Prior to testing, test, reference, and control sediments are 
held in properly- labeled, five-gallon buckets lined with a FDA approved clear plastic 
food-grade bags, and maintained at 4 oc until prepared for testing. Each sample is sieved 
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through a 0.5 or 1.0 rnm mesh screen prior to testing to remove resident animals and 
debris. Testing is initiated within 14 days of sample collection unless otherwise noted. 

. .· 

3. TITLE 22,"WDOE 80-12- HAzARDOUS W ~TE SAMPLE COLLECTION · 

Samples for hazardous waste characterizations are coll~cted in a~cordance with ·Title 22 
Regulations in California and the WDOE 80-12 regulations in Washington. Procedures 
vary according to the specific matrix, type of site monitored, and project-specific permit 
or order language. 

V. SAMPLE RECEiPT AND HANDLiNG· 

1. CHAIN OF CUSTODY. 

A. Fiel_d Procedur~s 

. . . . . 
Proper chain-:of-custody ·forms are maintained by lab personnel .for all field-collected . 
samples.. Chain-of-custody forms include. sample type,. sampler's name, ~ate _of 
cQllection, location of the collection, quantity.ofmaterial, type of collection container, 

••• 

date of delivery, and typeoftest to be performed~ If the samples received are sampled by · • 
an Ogden field ·technician, .that. technician. is ·responsible ~or ·completing ·the chain-of- . , . . ) 
custody form~. In most cases,_sample containers are provided to clients who collect_the 
sample according . to OUr instructions and . EPA. procedures. In those cases, chain-of- . 
custody forms· accompany. the sample containers and the client is responsible for 
completing the form which is counter-signed upo~ receipt at the laboratory.· 

B. Laboratory Procedures 

Samples are received at the laboratory; . with a chain-of-:custody. record of sample · 
identification, collection date and time, . sample type, . number and type of containers, . 
analysis required, the name of the project manager and. coliector, and the relinquishing 
signature. When transferring sample possession, the transferor. and transferee sign, date, . 
and record the time as well as any pertinent information about the sample (e.g., warm 
sample, container leaking, unusual tum around time). The record allows for transfer of a 
group of samples at one time. Samples are handled by the minim inn possible number of 
persons. Upon receipt, the sample is logged into a laboratory book .and assigned a unique 
identification number. Physical and chemical parameters including alkalinity, hardness, 
free. and total chlorine residuals,· pH, dissolved oxygen, conductivity or salinity, and a 
notation of any required adju~tments are recorded .. The samples are stored in a coldroom 
at 4°C until used in testing, when they are adjusted to the appropriate test temperature. 
Samples are discarded only when testing is complete or the sample holding time has • 
expired. All samples are disposed of in accordance with state, federal, and local 
regulations. 
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C. Hazardous Waste. Char~ct~rization Samples (California Title 22) 

All samples received for Title 22 Hazardous -Waste Characterization are logged in a 
separate sample receipt notebook (as noted in section "B above) and stored in a locked. 
refrigerator at 4°C until the test is initiated. 

2. SAMPLE ADJUSTMENTS 

A. Salinity Adjustnieri.ts · · 

In most. cases marine t~~ts are conducted" between 32-36-ppt salinity.:. If the salinity of 
samples collected for marine testing is' less than 30 ppt and ·th~ concentration series for 
testing includes treatments higher than 10 percent sample, the salinity is increased by 
adding hypersaline brine. Brine of salinity between 60 and 80 ppt is used in Ogden's lab; 
brine at salinity of 80 and above is discarded due to potential toxic effects. For site or 
situation specific testing requiring lower salinities, dilution water salinity.may be lowered 
using deionized water. Salinity manipulations are made within the bounds of test 
organism tolerance. 

B. Chlorine Adjustments . 
-.: . ·.·.·. 

If the free chlorine level in a sample is greater than O.l mg/L, sodium thiosulfate "is added 
in 0.1 g increments until the free chlorine level is below 0.1 mg/L (laboratory ·detection). 
Internal testing of sodium thiosulfate to ensure no potential for deleterious effects. has 
been conducted. · 

C. pH Adjustments 

If the pH of a sample is greater than 9.0-or less than 6.0; it niust be adjusted for routine 
testing·procedures.· One molar HCl added in 11100 mL increments to samples above 9.0 
to bring them below 9.0. One molar NaOH is used in 1/100 mL increments for samples 
less than 6.0 to bring them above 6.0 . 

. 3. SAMPLE DISPOSAL 

Most samples are discharged into the sewer system as permitted under the City of San 
Diego and City of Tacoma Water Utilities Department Industrial Waste Programs. 
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Under Title 22 and WDOE 80-12; if a sample is characterized as hazardous through 
testing, both the remaining samples and its associated dilution water are returned to the 
client for disposal. or packaged for hazardous· disposal with a· qualified firm through our 
laboratory. If previous arrangements have been made .for. Ogden to dispose of th.e 
material, the waste is disposed of in accordance \\jth state, federal, and local regulations. . 

VI. REFERENCE AND LABORATORY WATERS 

Water quality is evaluated on a performance basis for every test. conducted. in the, 
laboratory. A control sample is run with each test conducted in the lab to ensure the 
quality of the wa~er used for dilu~ion. , The decision to repeat ~ test is made on a case-by
case basis by the Lab :Maiuiger and includes· consideration of control failure. and· reference 
toxicant perfomuince as indicated by laboratory control charts. Annual chemicai. analyses . 
are also perfo~ed on all lab 'Yaters ~0 ensll!e goodqualio/: . ~·· .... ·. .. . . ·. :: · .. 

•,'' ': . ' 

San Diego Laboratory 

1. SEAWATER ...... 

Water used for marine testing is collected from a source with a·reliable history of good 
.T water quality. Ogden uses water collected from the Scripps Institution of Oceanography 

pier. , Seawater is .trucked to the bioassay laboratory and is continuously pumped through 
• an iiiline 20-JLm fiber filter system and a chiller unit prior to being delivered to s~ple 

preparation and testing areas ... The lab is capable of holding water for all. reference.· 
toxicant testing as well as for those tests not using receiving water as dilution water. · 

2. FRESHWATER 

Laboratory freshwater is charcoal-filtered Culligan water or 20 percent dilute mineral 
water (8:2) made to EPA specifications with Nanopure .. system water and Perrier 
(EPN600/4-89/001). 

13 of28 

.\ 

··' 

• 



• , 
) 

Washington Laboratory 

1. SEAWATER· 

QA Plan, Sixth Revision 
Draft: April, 2000 

Water used for marine testing involving echinoderms and bivalves is collected from The 
Point Defiance Zoo and Aquarium in 20-liter carboys and stored in the·laboratory at 12° 
C. All other marine tests used synthetic seawater made With deionized water and a high 
quality seasalt mixture such as Marine-Mix. Synthetic seawater is made at least 24-hours 
prior to use and discarded if not used within 7 days. . . . . 

2. FRESHWATER 

Moderately Hard Synthetic Water (MHSW) is made according to EPA speciftcations 
using high quality chemicals and deioni~ed water (EPA/600/4-89/001). MHSW is 
aerated in carboys 3:t room temperature. It is discarded if not used within 14 days:· 

VII. REFERENCE TOXICANT TESTING 

Reference toxicant testing is conducted to evaluate the health of the organisms used in 
testing and to ensure that testing procedures do not.cause adverse effec~s.to the health of 
the organism. Ogden conducts a reference toxicant test concurrent to each set of 'client 
bioassays, . and prepares control . charts for each reference toxicant and organism 
combination using point estimate data. . The control chart displays the mean and outer 
limits at± 2 standard deviations. Tests exceeding these warning levels are examined on a 
case-by-case basis. For tests with specific requirements, acceptance criterion and 
reference toxicant data will be used for test validation.' Specific criteria for each test are 
expressed in the standard operation procedure for each test. 

In all reference toxicant testing, the laboratory water specified in section VI is used as the 
dilution water. Replicate number is indicated by each protocol. Dilution· ranges for 
reference toxicant concentrations are based on written protocols, historical data, and are 
subject to change by the laboratory to better estimate effects when not protocol-specified. 

VIII. RECORD KEEPING 

All pertinent lab monitoring records are kept in notebooks and maintained on file for a 
minimum of five years.. Records are kept on field collections; organism receipt, culture 
and holding, water quality, instrument calibration, oven and refrigerator temperatUres, 
and environmental chamber temperatures . 
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Test data for each bioassay are recorded on data sheets designed specifically for 
individual test types. Data are entered into the software program ToxCalc and analyzed 
in accordance with procedures _indicated in each test prot~col. . Following the entry of . 
data into a computer file, the original data form is filed in the project file. with the chain- . 
of custody forms and ·a full riarratiye report.·· All inforination on.·raw data· sheets is 
recorded in black ink. Errors are crossed through with a single line._and initialed by the 
technician. Supplemental information is footnoted at· the botto~ of each page. . Data . 
sheets are checked for completeness at the end of each day by the QAIQC Supervisor or 
designate. All information is archived for a minimum of five years.· 

2. DATAEVALUATION 

Requirements for test acceptability vary acc~i·ding ·to each specific protocoi. Each set of 
test requirements are listed in the associated SOP.· Tests are evaluated by. the 
acceptability and statistical criteria associated with each specific protocol. Reference 
toxicant control charts are maintained for each test protocol and are used in the evaluation· · 
of water quality, animal health, and procedural implementation. 

3. ToxCALc Somill . 

The test results are analy~ed using .ToxCalc, a software program developed by Tidepooi 
Scientific SoftWare. ToxCalc is a comprehensive toxicity data analysis and database 
software package·. which is used for reporting toxicity test data as ·part of permit 
monitoring activities. roxCalc performs all ·appropriate statistical analyses and records 
the results in a format approved by EPA Regions IX and X as well as the States of 
California and Washington. · · · · · · 

4. CORRECTIVE MEASURES. 

A. Responsibilities for Initiating Corrective Action 

In the event of a problem with any laboratory procedure, it is the responsibility of the Lab 
Technicians to bring the problem to the attention of the QA/QC Supervisor and/or the 
Lab Manager. After deliberation o~. the. problem, and discussion of the potential 
alternatives, experiments will be conducted by th~ QA/QC. Supervisor to ensure the . 
feasibility of any new procedure. Upon. development of an improved method that is in 
accordance with test protocol requirements, a procedural SOP wiil be written, reviewed, 
and implemented. 
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In the event there is a problem with test data (e.g., control failure, poor fertilization, etc.) 
it is the Lab Technicians responsibility to inform the QNQC Supervisor and/or the Lab 
Manager immediately. 

B. Audits 

Ogden is. certified by the States of California, Arizona, and Washington. Each state 
conducts routine audits of the laboratory facilities, procedures, and quality assurance 
methods and documentation. Documentation of certification status is maintained on file 
and is available to clients for review. 

Ogden uses these same criteria to conduct periodic, internal audits to ensure the 
production of accurate and precise data and to identify areas of wealmess. 

It is · the responsibility . of the QNQC Supervisor to gather information from the 
Laboratory Manager to review day-to-day variations in testing procedures. These 
variations include comparisons of results. between projects, variability in· batches of 
organisms from suppliers arid . between suppliers, variability in. chemicaVphysical 
properties of holding and acclimation ·and test water, . and · consistency of employee 

. performance. · · · · 

5. PREVENTIVE MAINTENANCE AND SCHEDULES . 

All equipment calibration, water analyses, organism maintenance, sample receipt, and 
temperature data are recorded in laborator)' notebooks which are maintained at Ogden by 
the QNQC Supervisor. Copies of all laboratory forms and reports are maintained on 
permanent file as hard copy, and electronically. All lab instruments and equipment are 
serviced annually at minimum. Laboratory grade waters,. fresh waters, and seawater are 
analyzed annually for organochlorine and organophosphorus pesticides, metals, bacterial 
properties, ammonia, total organic carbon, chemical and biological oxygen demand 
tributyltin (seawater only) and total suspended solids. All determinations are performed 
using appropriate chemical techniques and are recorded in a laboratory notebook that is 
maintained on permanent file. Seawater is tested for potential toxicants of concern during 
a solid-phase bioassay investigation. Control performance is also used as an indicator of 
water quality for all water types. 

IX. HEALTHANDSAFETY 

In both field and laboratory operations, careful preparation, cleanliness, and orderly 
methodologies contribute to the reliability of the data and safety of the personnel. Most 
laboratory personnel maintain First Aid and CPR certifications as well as 40-hour OSHA 
training. The Laboratory Business Plan includes an Emergency Plan specific to the 
facility constructed with assistance form Ogden's Industrial Hygienist. 
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X. QUALI'ry' ASSURANCE/QUALITY CONTRO~ 

This Quality Assurance and Quality Control (QNQC) Plan is an integrated component of 
the overall laboratory operation. The procedures stated herein are to be followed for all 
sampling and analyses conducted. 

The following sections address QNQC activities associated with_both field sampling and 
laboratory analyses for. this program. Field QNQC samples are coiie~ted and used to . 
evaluate potential contamination and sampling error introdu_ced into a sample prior to its 
submittal to the analytical laboratory. Laboratory QNQC activities provide infonilation 
needed to assess potential laboratory contamination, analytical precision and accuracy, 
and representativene_ss. · 

Sample Tracking and Handling 

Water samples will be ·kept properly chilled and will be transferred to the analytical 
Iaboratoiy within holding times to achieve the highest quality data possible. To ensure 
proper tracking and handling or'the samples, documentation will accompany _the samples 
from the initial collection to the final extractions and analysis. Minimum documentation 
includes: · 

•· Sampling Analysis Request ·Fonn ; and 
• Chain-of-Custody Fonns. 

These fonns (or equivalents) will be used to.track and handle samples. 

It is imperative to assuring quality. data ·results that the an~lytical laboratory provide · 
facsimile confinnation of each and all analytical tests to be conducted, their respective 
detection limits, analytical methods, and costs before analyses are allowed to be 
conducted. 

. .. 
Analytical Laboratory Requirements 

The following subsections describe the selection of the analytical laboratory, analytical 
methods and detection limits, holding times, and sample container requirements should a 
chemistry laboratory be subcontracted in support of the toxicity testing program. · 

Fi~ld Quality Assurance/Quality Control 

The types of QNQC samples that will be utilized for field studies are as follows: 

Blanks - Blanks help verify that the equipment and the sample containers are not . 
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contaminated, and the sampling techniques used are non-contaminating. 

Duplicate Analyses - These analyses will be performed for both grab samples and 
composite samples and will require an additional set of sample containers to be sub
sampled. The results will allow evaluation of sampling error introduced by both field 
sampling and laboratory analyses. Duplicate samples will be sent "blind" to the 
laboratories 

Matrix Spike and Matrix Duplicate Spike (MS/MSD) - The laboratory will require 
additional sample volumes for analyses that require matrix spikes and matrix spike 
duplicates to evaluate precision and accuracy of the laboratory analytical method, and 
to evaluate any matrix interference. MS/MSDs are analyzed for their analytes and 
then spiked with a known amount of analyte(s). 

Grab Samples on identification for these samples because. they are to be submitted as 
blind samples. These samples also will be placed in a designated location for the 
analytical laboratory, and accompanied with all proper Chain-of-Custody Forms. · 

Laboratory Quality Assurance/Quality Control 

Analytical quality assurance for this program includes the following: · 

• Employing analytical chemists trained in the procedure~ to be followed. 
• Adherence to documented procediu-es, EPA methods,- ·.written . SOPs, and other 

approved methods (e.g., Standard Methods). 
• Calibration of analytical instruments. 
• Use of Standard Reference Materials(SRMs). · 
• Complete documentation of sample tracking and analysis. 

Internal laboratory quality control checks will include the use of method blanks, matrix 
spike/matrix spike duplicates, replicates, laboratory control spikes and Standard 
Reference Materials (SRMs). 

Replicates A laboratory replicate (also called a laboratory split)· sample is generated by 
the laboratory. Because of limited analytical budget for this project, laboratory replicates 
samples will not be prepared. However, the laboratory will report spike duplicate results. 
Duplicate analyses results are evaluated by calculating the relative percent difference 
(RPD) between the two sets of results. This serves as a measure of the reproducibility 
(precision) of the sample results. 

Method Blanks On a frequency of one per batch of 20 or fewer samples, a method blank 
sample will be analyzed for each analytical method. A method blank is a sample of a 
known matrix that has been subjected to the same complete analytical procedure as the 
submitted samples to detennine if potential contanlination has been introduced into the 
samples during processing. Blank analysis results will be checked against reporting 
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limits for that analyte. Results should be less than the reporting limits for each analyte. 

Spikes · Two different kinds of spikes will be used: matrix spikes (MS) and laboratory 
control (blank) spikes (LCS). · · · 

Matrix spikes involve adding a lmown amount of the analyte(s) of interest to one of the 
submitted samples being analyzed. One sample is split into three separate portions. One 
portion is analyzed to determine the concentration· of the analyte(s) in question in an un
spiked state. The other two portions are spiked with. a lmown concentration of the 
analyte(s) of interest. The recovery of the spike, after accounting for the concentration of 
the analyte in the original sample, is a measure of the accuracy of the ·analysis. By 
determining MSD recoveries, another measure of precision (RPD} can be calculated. 
Both the RPD values and spike recoveries are compared against accepted: and lmown 
method-dependent limits. Results outside these limits are subject to corrective action. 
MS/MSD data is also useful in evaluating inatrix interference. . . . 

The second spike type, the LCS, involves spiking.known· amounts of the analyte(s) of 
interest into a known, clean matrix to assess the possible matrix effects on spike 
recoveries. High or low recoveries of the analytes in the matrix spikes may be caused by 
interferences in the sample. LCSs assess these possible matrix effects because the matrix 
is known to be free from interferences. . Matrix spikes and LCSs are analyzed at a 

·; .. ::; . frequency of one per batch of 20 or fewer samples. 

'"· Standard Reference Materials (SRMs) A SRM is a s~ple containing a known and 
certified amount of the analyte ·of interest and is typically analyzed by personnel without 
the knowledge of that concentration. SRMs are typically purchased from independent 
suppliers who prepare them and certify the analyte concentrations .. Results are evaluated 
by comparing results obtained against the lmown quantity and the acceptable range of 
results supplied by the manufacturer .. One external reference standard appropriate to the 
sample matrix will be analyzed at least quarterly by the laboratory. 

Corrective Action . Correctiv~ action is taken \\'hen an analysis. is.· deemed unreasonable 
for some reason. These reasons include exceeding RPD ranges and/or problems with 
spike recoveries or blanks. The corrective action. varies somewhat. from analysis to 
analysis, but typically involves the following: · 

• A check of procedures. 
• A review of documents and calculations to identify possible errors. 
• Correction of errors. 
• Similar calculations to improve accuracy. 
• A re-analysis of the sample extract, if available, to determine if results can be 

improved. 

•• 

.; ..... .... 

• A complete reprocessing and re-analysis of additional sample material, if available and • 
if the holding time has not been exceeded. 
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Ogden employs standard operating procedures derived from the following documents. 
Any modified methods as specified in the SOPs. Laboratory methods currently used by 
Ogden are contained in the following references: · 

"Bioassay Manual for Dredged Sediments." United States Army Corps of Engineers, Los 
Angeles District (February 1988). 

"Bioassay Procedures for the Ocean Disposal Permit· Program." United States 
Environmental Protection Agency, Environmental Research Laboratory, Gulf 
Breeze, Florida, (EPA-600/9-78-010 March 1978). 

"Biological Testing Methods.". Hazardous Waste Section, Washington State Department 
of Ecology (DOE 80-12, July 1981). 

"Conducting Static Acute Toxicity Tests with Larvae of Four Bivalve Mollusks." ASTM 
Designation E 724 - 80 (ASTM, 1993). · 

Dinnel, P. A., J. M. Link, and Q. S. Stober, 1987. Improved methodology for a sea 
urchin sperm cell bioassay for marine waters. Arch. Environ. Contam. Toxicol. 
16:23:-32. ' . 

"Ecological Effects Test Guidelines. OPPTS 850.1000 Special Considerations for 
Conducting Aquatic Laboratory Studies." EPA 712-C-96-113, April 1996. 
Public Draft.· 

"Ecological Effects Test Guidelines. OPPTS 850.1010 Aquatic Invertebrate Acute 
Toxicity Test, Freshwater Daphnids." EPA 712-C-96-114, April 1996. Public 
Draft. 

"Ecological Effects Test Guidelines. OPPTS 850.1075 Fish Acute Toxicity Test, 
Freshwater and Marine." EPA 712-G-96-118, April1996. Public Draft. 

"Ecological Evaluation of Proposed Discharge of Dredged Material itito Ocean Waters, 
Implementation Manual for Section 103 of Public Law 92-532. (Environmental 
Protection Agency/Corps of Engineers. 1977 [Marine Protection, Research and 
Sanctuaries Act of 1972]).. · 

"Experimental Evaluation of Effiuent Toxicity Testing Protocols with Giant Kelp, 
Mysids, Red Abalone, and Topsmelt." Marine Bioassay Project, State of 
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California Water Resources Control Board (Division ofWater Quality Report No. 
89-5WQ, August 1989). 

"Handbook for Analytical .Quality Control in Water and Wastewater ·Laboratories." 
United States Department Environmental Protection, Environmental and Support 
Laboratory, Cincinnati, Ohio, (EPA-600/4-79-019 March 1970). 

"Laboratory Guidance and Whole Effiuent Toxicity Test Review Criteria." Washington 
State Department of Ecology, Water Quality Program. (Publication No. WQ-R

. 95-80 December 1998) .. 

"Marine Toxicity Identification Evaluation (TIE) - Phase I Guidance Document" 
(EPA/600/R-96/054 September 1996). 

. .... · ... 
"Methods for Aquatic Toxicity Identification Evaluation Phase I ToxiCity 

Characterization Procedures" 2nd Edition, (EPA/600/6-91/003 February 1991). 

"Methods for Aquatic Toxicity Identification Evaluations · - · Phase IT . Toxicity 
Identification Procedures for Samples Exhibiting Acute and Chronic Toxicity" 
(EPA/600~-:-92/080 September 1993) .. 

''Methods for . Aquatic Toxicity Identification Evaluations - Phase ill Toxicity 
Conformation Procedures for Samples Exhibiting Acute and Chronic Toxicity" 
(EPA/600/R-92/081 September 1993). · 

"Methods for Measuring the Acute Toxicity of Effiuents to F~eshwater md Marine 
Organisms." United States Environmental Protection Agency, Environmental and 
Support Laboratory, Cincinnati, Ohio, ~PA-600/4-85-019 March 1985). 

. . . . . . . . . . . 

"Methods for Measuring the Acute Toxicity of Effluents to Freshwater and Marine 
Organisms." United States Environmental Protection Agency, Environmental and 
Support La?oratory, Cincinnati, Ohio, (EPA-600/4-90-027 September 1991). 

"Methods for Measuring the Acute Toxicity of Effiuents to Freshwater and Marine 
Organisms." United States Environmental Protection Agency, Environmental and 
Support Laboratory, Cincinnati, Ohio, (EPA-600/4-90-027F August 1993). 

"Procedures for Handling and Chemical Analysis of Sediment and Water Samples." 
United States Army Corps of Engineers, Environmental Laboratory, Waterways 
Experimental Station, Vicksburg, Mississippi, (Technical Report EP A/CE-81-1 
May 1981): 
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"Quality Assurance Guidelines for Biological Testing." United States Environmental 
Protection Agency, Environmental Monitoring and Support Laboratory, Las 
Vegas, NV (EPA-600/4-78-043, August 1978). 

"Standard Methods for the Examination of Water and Wastewater." American Public 
Health Association, Washington, DC, (most recent edition). 

"Short-tenn Methods for Estimating the Chronic ToxicitY of Effluents . and Receiving 
Waters to Freshwater Organisms." United States Environmental Protection 
Agency, Environmental and Support ' Laboratory,· . Cincinnati, Ohio, . (Second 
Edition; EP A/600/4-89/001, March 1989). · · · 

"Short-tenn Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to Marine and Estuarine Organisms." United States Environmental 
Protection Agency, Environmental· Monitoring and Support Laboratory, 
Cincinnati, Ohio, (EPA/600/4-87-028, May 1988). 

"Short-Teim Methods for Estimating the Chronic Toxicity· of Effluents and Receiving 
Waters to West Coast Marine and Estuarine Organisms." United States 
Environmental Protection Agency, Environmental Monitoring and Support 
L~boratory, Cincinnati, Ohio, (EPA/6?0/R-95/136, August 1995). 

"Static Acute Bioassay Procedures for Hazardous Waste Samples." California 
Department ofFish and Game (16 September 1987). 

. . 
Swartz, R. C., W. A. DeBen, J. K. P. Jones, J. 0. Lamberson, and F. A. Cole, 1985. 

Phoxocephalid Amphipod Bioassay of Marine Sediment Toxicity. Aquatic 
Toxicology and Hazard Assessment. 7th Symposium. ASTM STP854. pp. 284-
307. 

"ToxCalc Comprehensive Toxicity Data Analysis and Database Software." Version 5.0. 
Tidepool Scientific Software, 1992-1994. 

XII. WASTE DISPOSAL 

. All wastes are disposed of in accordance with local, state, and federal regulations. Any 
containers used for laboratory acids, solvents, effluents and other laboratory chemicals 
are disposed of according to established guidelines (ASTM, 1987) . 
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Toxicity-- The discernible adverse effects induced in an organism within a short period of 
time (days) of exposure to a chemical. For aquatic animals, this usually refers to 
continuous exposure to the chemical in water for a period of up to four days. The effects 
(lethal or sub-lethal) occurring may usually be ob~erved within the period of exposure 
with aquatic organisms. Acute toxicity is usually defined as TUa"= 100/LCSO. Note that 
acute means short, not mortality. 

Acute Toxicity test -- A method used to determine the concentration of a substance that 
produces a toxic effect on a specified percentage of test organisms in·a. short period of 
time (e.g., 96 hours). As a general guideline, death is' the measure oftoxicity. . . 

Ambient Toxicity-~ Toxicity found in the ·~unaffected" portion of an effiuent;s receiving · 
waters; · · 

Bioassay-- A test used to evaluate the relative potency of a chemical by comparing its 
effect on a living organism with the effect of a standard preparation on the same type of 
organism .. The term ''bioassay" is commonly, though not technically correct, used . 
interchangeably with the term "toxicity test". . 

.. 
Chronic toxicity .:._ An adverse effect that lingers or continues for a relatively long period 

:;:: of~ime. A chronic effect can be lethaiity, growth, reduced reproduction, etc. Chronic 
toxicity_is defined as TUc = 100/NOEC orTUc = 100/ECp (or 100/ICp). Note: chronic 
means long. · · · · · · · · 

Chronic toxicity test -- A method used to determine the concentration of a substance in 
water that produces an adverse effect on a test organism over an extended period oftime. 
Reductions in reproduction or growth are measures of chronic effects. 

Coefficient of Variation {CV) --The standard statistical measurement of the relative 
variation of a distritubtion or set of data, defined as the standard deviation divided by the 
mean. Coefficient of variation is a measurement of precision within and and among 
laboratories. · 

Confidence limits or interval (Cl) - The limits or interval within which, at some specified 
level of probability, the true value of a result lies. Typically LCSO values are reported 
with a 95 % confidence limits. · · 

Control-- An exposure oftest organisms to dilution water only (no toxicant is added). 
Dilution water may consist oflaborato.ry or client supplied receiving waters. 

Critical life stage-- The period of time in an organism's life span in which it is the most 
susceptible to adverse effectS caused by exposure to toxicants, usually during early 
development (egg, embryo, larvae). Chronic toxicity tests are often run on critical life 
stages to replace long duration, life cycle tests since the toxic effect occurs during the 
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Death - Defined as the lack of movement or reaction even after gentle prodding, 

Definitive bioassay -:- A bioassay designed to establish concentration at which a particular 
end point occurs. Exposures for these tests are longer than for screen or range finding 
assays and usually incorporate multiple replicates. 

Dilution allowance --Allowance given to account for initial dilution of effluent into 
receiving waters. Becomes an important factor when calculating proper test 
concentrations for toxicity testing. 

Dilution water -- The water to which the test substance is added (diluted) and in which 
the organisms undergo exposure. 

Dose Response Curve-- A mathematical representation of the response of test organisms 
· to different concentrations of a toxicant/effluent.. 

Effective Concentration (EC) --A p.oint estimate (statistically derived) of the toxicant 
concentration that would cause an quantal ("all or nothing") effect, such as death or lack 
of fertilization, in a given time, for example, 96hr ECSO .. 

EC50- The concentration attest substance in dilution water that is calculated to effect 
50 percent of a test population during continuous exposure over a specified period of 
time. 

. Exposure time -- Length of time a test organism is exposed to a test solution. 

Flow-through tests --Refers to the continuous or very frequent passage of fresh test 
solution through a test chamber with no recycling. Because of the large volume (often 
400 Uday) of effluent nonnally required for flow-through tests, it is generally considered 
too costly and impractical to conduct these tests off-site at a central laboratory. 

Hazardous Waste Test - A test to determine whether or not a particular sample exceeds 
state toxicity guidelines and is therefore classified as hazardous waste. 

Hypothesis Testing-- A technique that determines what concentration is statistically 
different from the control. Endpoint determined from hypothesis testing are NOEC and 
LOEC. . 

Inhibition Concentration (IC) --A point estimate (statistically derived) of the toxicant 
concentration that would cause a given percent reduction in a non-quanta! biological 
measurement such as fecundity or growth. For example, an IC25 would be the estimated 
concentration oftoxicant that would cause a 25% reduction in mean young produced or in 
growth. 

24 of28 



QA Plan, Sixth Revision 
Draft: April, 2000 

"Lethal Concentration (LC) --toxicant concentration producing death of test organism. 
For example, a 96 hr LC50 would be the test concentration killing 50% of exposed 
organisms after 96 hours of exposure. 

LC50- Lethal concentration of a substance killing 50 percent of an exposed organisms at 
a specific time interval. Also referred to as the median lethal concentration (MLC). 

LOEC (Lowest Observed Effect Concentration) - The lowest toxicant concentration of an 
effluent or a toxicant in a chronic bioassay that caused an adverse effect statistically 
different from the control. Also referred to as the LOEL (Lowest Observed Effect Level).· 

Major Permit- Any pennit(ee) with a design flow of 1.0 MGD (million gallons per day) 
or greater (municipal). Any pennit(ee) which scores 80 or greater on the major/minor 
pennit classification scale (industrial).· 

MATC (Maximum Acceptable Toxicant Concentration) ;... Toxicant concentration that · 
may be present in a receiving water without causing significant hann to productivity or 
other uses. MATC is detennined by long tenn tests of either partial life cycle with 
sensitive life stages or a full life cycle of the test organism. 

MGD -- Million Gallons per Day of discharge. 

Minimum Significant Difference (MSD) --This is the magnitude. of difference from the ·. · 
control where the null hypothesis (the effluent is not toxic) is rejected in a statistical test 
comparing a treatment (effluent concentrations) and a control. MSD is based on the 
number of replicates, control perfonnance and the power of the test. 

Mixing Zone-- An allocated impact area in a water body where numeric water quality 
criteria can be e~ceeded as long as acutely toxic conditions are prevented. Also referred · 
to as ZID (Zone of Initial Dilution). 

Neonate-- Recently hatched cladoceran (water flea)(ie., Ceriodaiphnia Dubia). 

NOEC (No Observed Effect Concentration) -- The highest concentration of an effluent or 
a toxicant in a chronic bioassay that did not cause adverse effect statistically different 
from the control. · 

NOEL (No Observed Effect Level) -- The highest measured continuous concentration of 
an effluent or other toxicant that causes no observed effect on a test organism. 

NPDES --The National Pollutant Discharge Elimination System prescribed by Section· 
402 of the Clean Water Act. . 

Point Estimate Techniques -- Statistical techniques, such as Probit Analysis, Interpolation 
Method, or Trimmed Spennan Karber Method, that are used to detennine the effluent 
concentration at which adverse effects occurred. For example, the LC50 is the 
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concentration at which 50% mortality occrred. These interpulative methods do not require 
that the desired endpoint concentration concntration be actually tetsed as in hypothesis 
testing. 

Point source - A discrete conveyance such as a pipe, ditch, etc. contributing pollutants to 
the environment. 

Pollutant- A contaminant introduced into a receiving water which is subject to 
technology-based or water-quality based efiluent limitations in the permit. 

POTW --Publicly Owned Treatment Works, usually consisting of primary and secondary 
(biological) treatment. · · · 

Reference Toxicant -- A chemical used to access the constancy of response of a given 
species of test organisms to that chemical. It is assumed that any change in sensitivity to 
the reference substance will indicate the existence of some similar change in degree of . 
sensitivity to other chemicals/effluents whose toxicity is to be determined. 

Renewal test - A test without continuous flow of solution, but with occasional renewal of 
test solutions after prolonged periods, e.g., 24 hours. 

Replicate-- Two or more duplicate tests,· samples, organisms, concentrations, or exposure 
. chambers. · 

Response-- The measured biological effect of the material tested. In acute toxicity tests 
this is usually death. In biostimulation tests this is usually biomass increase. In chronic 
toxicity tests this can be reductions in reproduction, growth as well as death, . 

Screening test -- An abbreviated toxicity test with one or two toxicant concentrations. 
Some Regional and State effluent biomonitoring programs stipulate its use. Iflethality is 
observed in the screening test, a definitive test may be required. 

Static tests - Toxicity tests with aquatic organisms in which no flow of test solution 
occurs. Solutions may remain unchanged throughout the duration of the test. Types 
include: (i) nonrenewal - the test organisms are exposed to the same effluent solution for 
the duration ofthe test; and (ii) renewal- the test organisms are exposed to a fresh 
solution of the same concentration of effluent every 24 hours or other prescribed interval, 
either by transferring the test organisms from one test chamber to another, or by replacing 
all . 1 or a portion of the effluent solution in the test chambers. 

Static renewal test -- A test method in which the test solution is periodically replaced at 
specific intervals during fu.e test. 

Toxicity- Adverse effect to a test organism caused by "pollutants. II Toxicity is a 
resultant of concentration and time, modified by variables such as temperature, chemical 
form, and availability. 
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Toxicity test - A measure of the toxicity of a chemical or an effluent using living 
organisms by detennining the degree of response (survival, reproduction, growth, etc.) of 
an exposed organism to the chemi~al or effluent. 

Toxic Units (TUs) -- A measure oftoxicity in an effluent as determined by the acute · 
toxicity units or chronic toxicity units. Higher TUs indicate greater toxicity. 

. . . . . 

Toxic Unit Acute (TUa) .;.. A mathematical conversion ofLCSO into a relatable value. 
TUa = 1 00/LCSO. . 

Toxic Unit Chronic (TUc) -- A mathematical conversion of an NOEC or NOEL into 'a 
relatable value. TUc = 1 00/NOEC . 

. Toxicity Identification Evaluation (TIE)·-- A set of procedures used to identify the· 
specific chemical(s) .resp·onsible for effluent toxicity. TIEs are a subset of the TRE. 

Toxicity Reduction Evaluation (TRE) -- A site-specific study conducted in a stepwise 
process designed to identify the causative· agents of effluenttoxicity, isolate the sources 
of toxicity, evaluate the effectiveness of toxicity control options, and then confirm the . 
reduction in efflue~t toxicity. TREs may include TIE testing as part of this process . 

. - .: . 

. rfhoie E.fJluent ToxicitY (WE1) - The total.toxic effect of an ~ffluent measured directly 
With a toxicity test. · 

Zone of Initial Dilution (ZID) --An allocated impact area, or mixing zone, in a water 
body where numeric water quality criteria can be exceeded as long as acutely toxic 
conditions are prevented. 
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.\ SECI'ION3 
SAMPLE CONTROL, FIELD RECORDS, AND DOCUMENT CONTROL 

SECTION OBJECTIVES: 

• Present standard procedures for sample identification. 

• Present standard procedures for sample control. 

• Present standard procedures for chain-of-custody. 

• Present standard procedures for maintenance of field records and document control. 

3.1 Introduction 

All sample identification, chain-of-custody records, receipt for sample forms, and field records should 
be recorded with waterproof, non-erasable ink. If errors are made in any of these documents, corrections 
should be made by crossing a single line through the error and entering the correct information. All corrections 
should be initialed and dated. If possible, all corrections should be made by the individual making the error. · ., 

If information is entered onto sample tags, logbooks, or sample containers using stick-on labels, the 
labels should not be capable of being removed without leaving obvious indications of the attempt. Labels 
should never be placed over previously recorded information. Corrections to information recorded on stick-on 
labels should be made as stated above. · 

Following are defmitions of terms used in this section: 

Project Leader: 

Field Sample Custodian: 

Sample Team Leader: 

Sampler: 

Transferee: 

The individual with overall responsibility for conducting a specific field 
investigation in accordance with this SOP .. 

Individual responsible for maintaining custody of the samples and completing 
the sample tags, Chain-of-Custody Record, and Receipt for Sample form. 

· An individual designated by the project leader to be present during and 
responsible for all activities related to the collection of samples by a specific 
sampling team. 

The individual responsible for the actual collection of a sample. 

Any individual who receives custody of samples subsequent to release by the 
field sample custodian. 

Laboratoty Sample CUstodian: Individual or their designee(s) responsible for accepting custody of samples 
from the field sample Custodian or a transferee. 

One individual may fulfill more than one of the roles descn"bed above while in the field. 
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3.2 . Sample and Evidence Identification 
. . . . . 

PERFORMANCE OBJECI'IVES: 

• To accurately identify samples and evidence collected. . 

• To adequately insure that chain-of-cUstody was maintained. 

3.2.1 Sample Identification 

The method of sample identification used depends on the type of s8.mple· collected. · S~ples ·collected 
for specific field analyses or measurement data are recorded directly in bound-field logbooks or recorded 
directly on the Chain-of-Custody Record, with identifying infonnation, while m _the custody of the samplers. 
Examples include pH, temperature, and conductivity. Samples collected for laboratory analyses are identified 
by using standard sample tags (Figure 3-1) which are attached to the sample containers. In some cases, 
particularly with biological samples, the sample tags may have to be included with or wrapped around the 
samples. The sample tags are sequentially numbered and are accountable documents after they are completed 
and attached to a sample or other physical evidence. The following infonnation shall be included on the sample 
tag using waterproof, non-erasable ink: 

• project number; 

• field identification or sample station number; 

• date and time of sample collection; 

• designation of the sample as a grab or composite; 

• type of sample (water, wastewater, leachate~ soil, sediment, etc.) and a very briefdescription of 
the sampling location; · · 

• the signature of either the sampler(s) or the designated sampling team leader and the field sample 
custodian (if appropriate); · 

• whether the sample is preserv~d or tlnpreseived; 

• the general types of analyses to be performed (checked on front of tag); and 

• any relevant colnments (such as readily detectable or identifiable odor, .color, or known .toxic 
properties). 

Samples orotherphysicalevidence collected during criminal investigations are to be identified by using 
the "criminal sample tag." This tag is similar to the standard sample tag shown in Figure 3-1, except that it has 
a red border around the front and a red background on the back of the tag. If a criminal sample tag is not 
available, the white sample tag may be used and should be marlced_"Criminal" in bold letters on the tag. 
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If a sample is split with a facility, state regulatory agency, or other party representative, the recipient 
should be provided (if enough sample is available) with an equal weight or volume of sample (see Section 
2.3.6) .. The split sainple should be clearly marked or identified with a stick-on label. . . 

.; Tags for blank or duplicate samples will be marked "blank" or "duplicate," respectively. This 
requirement does not apply to blind-spiked or blank samples which are to be submitted for laboratory quality' 
·eontrol pwposes. Blind-spiked or blank samples shall not be identified as such. This identifying infonnation 
·sball also be recorded in the bound field logbooks and on the Chain-Of~ody Record as outlined in Sections 
3.3 and 3.5. · 

.··.·. 

3.2.2 Photograph IdentifiCation 

Photographs used in investigative reports or placed in the official files shall be identified on the back 
o~~e print with the fo_Uowing infonnation: · · · · . . ·· · · · 

• A brief, but acctirate deScription of what the pbotosrnph shows, including th~ name of the facility 
or site and the location. • . . . . . . ' . . . : . . . . . . . . . . . . . 

• The date and time ihat th~ photograph was taken. 

• The name of the photographer.· · 

When photographs are taken, a record of each frame exposed shall be kept in the bound field logbook 
along with the information required for each photograph. The film shall be developed with the negatives 
supplied uncut. The field investigator shall then enter the required infonnation on the prints, using the 
photographic record from the bound field logbook, to identify each photograph. For criminal investigations, 
the negatives must be maintained with the bound field logbook in the project file and stored in a secured file 
cabinet. . · 

3.2.3 Identification of Physical Evidence 

Physical evidence, other than samples, shall be ident~fied by utilizing a sample tag or recording the 
necessary information on the evidence. When samples are collected from vessels or containers which can be 
moved (drums for example), mark the vessel or container with the field identification or sample station number 
for future identification, when necessary. The vessel or container may be labeled with an indelible marker (e.g., 
paint stick or spray paint).· The vessel or container need not be marked if it already bas a unique marking or 
serial number; however, these numbers shall be recorded in the bound field logbooks. In addition, it is 
suggested that photographs of any physical evide~ce (markings, etc.) be taken and the necessary infonnation 
recorded in the field logbook. · · · · · . · · . 

Occasionally, it is necessary to obtain recorder and/or instrUment charts from facility owned analytical 
equipment, flow recorders, etc., during field investigations and inspections. Mark the charts and write the 
following information on these charts while they are still in the instrument or recorder : · 

• . Starting and ending time(s) ~d date(s) for the chart. 
. ~ . . . . 

· · • Take an instantaneous meaSurement of the inedia being measured by the recorder. The 
instantaneous measurement shall be entered at the appropriate location on the chart along with 
the date and time of the measurement. . . . 

.• ) 
.··· 

• A description of the location being monitored and any other information required to interpret the ;. 
data such as type of flow device, chart units, factors, etc. 
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All of the above infonnation should be initialed by the field investigator. After the chart has been 
removed, the field investigator shall indicate on the chart who the chart (or copy of the chart) was received from 
anci enter tlie date and time, as well as the investigatoJ:'s initials.. . . . 

· Docuritents such as technic8I reports, laboratory reports, etc.; should be marked with the field 
investigatoJ:'s signature, the date, the number of pages, and from whom· they were receive<t Confidential 
documents should not be aCcepted, except in special circumstances such as process audits, hazardous waSte 
site investigations, etc.· · · · · · · · · · · 

3.3 Chain-of-Custody Procedures 

PERFORMANCE OBJECI'IVE: 
. ' ·.· 

• To maintain and document the possession of samples or other evidence from the time of 
· · collection until they or the data derived from the samples are introduced as evidence.· 

3.3.1 Introduction 

Chain-of-cuStody prOCed~s are comprised ofthe followiitg ~leme~is; 1) inaintaming sample CUstOdy 
and 2) documentation of samples for evidence. To doCument chain-of-custody, an accurate iecord.must be 
maintained to trace the possession of each sample from the moment of collection to its introduction into 
evidence. 

3.3.2 Sample Custody 

A sample or other physical evidence is in custody if: 

• it is in the actual possession of an investigator; 

• it is in the view of an investigator, after being in their physical possession; 

• it was in the physical possession of an investigator and then they secured it to prevent tampering; 
and/or 

• it is placed in a designated secure area. 

3.3.3 Documentation of Chain-of-Custody 

Sample Tag. 

A sample tag (Figure 3-1) shoUld be completed for each sample using watetproof, non-erasable ink 
as specified in Section 3.2 • 
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Semple Seals 
. : ... 

Samples should be sealed as soon as possible following collection utilizing the EPA ~tody seal (EPA 
Form 7S00-2(R7-75)) shown in Figure 3-2. A similar seal is wed for samples collected during criminal 
investigations, however, the seal is red. Though not required, red custody seal is preferred for sealing samples 

. collected during criminal investigations. The sample custodian should Write. the date and their signature or 
initials on the. seal •. The use of custody seals may be. waived if fieid investigators keep ~e Samples iri theit 
custody as defmed in Section 3.3.2 from the time of collection until the samples are delivered to the laboratory. 
analyzing th~ samples. · · · · 

Chain-of-Custody Record 
• • ; ',I 

•'"1"•: .••••• ·:.•.:,, •. . ... 
. The field Chain-Of-Custody Record (Figure 3-3) is used to record the custody of all samples or other. 
physical evidence collected and maintained by investigators. All physical evidence or sample sets shall be . 
accompanied by a Chain-Of-Custody Record.· This Chain-Of-Custody Record documents transfer of custody 

. of samples from the sample custodian to another person, to the laboratory, or ·ather organizational elements.·
To.~iJnplifY the Chain-of-Custody Record and eliminate potential litigation problems, as few people as possible 
shoUld have custody of the samples or physical evidence during the investigation: This fonn shatl not be used. 
to document the collection of split samples where there is a legal requirement to provide a receipt for samples 
(see Section 3.4). The Chain-Of-Custody Record also serves as a sample logging mechanism for the laboratory 
sample custQdian. A Chain-of-eust~y Record. will. be ~ompleted .for all samples or physical evidence 
collec~d. .. A separate Chain-of-Custody Record shoul~ be. uSed for each (~l.des~ination or laboratory utilized 
diuirig the.investigation. ·. ···: . . . ·'· · · · ~· · · · 
'·.· .. ' .... :··. . . . . ·.·. 

The following infonnation must be supplied in the indicated spaces (Figure 3-3) to complete the fieid · 
Chain-Of~ustody Record. 

• The project number. 

• 

• 

• 

• 

• 

The project name . 

All samplers and samp~ing team leaders (if applicable) must sign in the designated signature block . 

The sampling station number, date, and time of sample collection, grab or composite sample 
designation, and a brief description of the type of sample and/or the sampling location must be . 
included on each line. One sample should be entered on each line and a sample should not be split· 
among multiple lines. 

If multiple sampling teams are collecting samples, the sampling team leader's name should be 
indicated in the "Tag No.IR.emarks" column. 

If the individual serving as the field sample cuStodian is different from the individual serving as 
the project leader, the field sample custodian's name and the title of the sample custodian (e.g., 
Jane Doe, Sample Custodian) should be recorded in the "Remarks" section in the top right comer 
of the Chain-of-Custody Record. The Remarks section may also be used to record airbill 
numbers, registered or certified mail serial numbers, or other pertinent infonnation. 
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• The total number of sample containers must be listed in the "Total Containers" column for each 
sample. The number of individual containers for each analysis must also be fisted. There should 
not be more than one 'sample type per saniple. Required analyses should be circled or entered in 
the appropriate location as indicated on the Chain-of-Custody Record. 

• The tag niunbers for each sample and any needed remarks are to be supplied in the "Tag 
No.IRemarlc.s" column. · · 

• · The sample cUstodian and subse·quent transferee(s) should document the transfer of the samples 
listed on the Chain-of-Custody Record.· The person who originally relinquishes custody should 
be the sample custodian. Both the person relinquishing the samples and the person receiving them 
must sign the form. The date and time that this occUITed should be documented in the proper 
space on the Chain-of-Custody Record. 

• Usually, the last person receiving the samples or evid~nce should be the laboratory sample 
· custodian or their designee(s) .. 

. ·. . .. 

The Chain-of-Custody Record is a serialized document. Once .the Record is completed, it becomes an 
accountable document and must be maintained in the project file; .The suitability of any other form for chain
of-custody should be evaluated based upon its inclusion ofallofthe above information in a legible fonnal 

If chain-of-custody is required for documents received dUring investigations, the documents shouid be 
placed in large envelopes, and the contents should be noted on the envelope. The envelope shall be .sealed and 
an EPA custody seal placed on the envelope such that it cannot be opened without breaking the seal. A Chain
Of-CustOdy Record shall be maintained for the envelope. Any time the EPA seal is broken, that fact shall be 
noted on the Chain-Of-Custody Record and a new seal affixed. The information on the seal should include the 
sample custodian's signature or initials, as well as the date. 

' Physical evidence such as video tapes or other small items .shall be placed in Zip-Loc® type bags or 
envelopes and an EPA custody seal should be affixed so that they cannot be opened without breaking the seal. 
A Chain-Of-Custody Record shall be maintained for these items. Any time the EPA seal is broken, that fact 
shall be noted on the Chain-of-Custody Record and a new seal affiXed. The information on the seal should 
include the sample field custodian's signature or initials, as well as the date. 

EPA custody seals Can be used to maintain custody of other items when necessary by using similar 
procedures as those previously outlined in this section. 

Samples should not be accepted from other sources unless the sample collection proce~ures used are 
known to be acceptable, can be documented, and the sample chain-of-custody can be established. If such 
samples are accepted, a standard sample tag containing all relevant information and the Chain-Of-Custody 
Record shall be completed for each set of samples. 
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3.3.4 · Transfer of Custody with Shipment 

. " .. S~plcs shall be properly packaged for·shipmcnt in ·acco~ce ~th the p~ outlined in 
AppcndixD. · 

• . AU samples shall be accompanied by the Chain-Of-Custody Record. The original and one copy 
of the Record will be placed in a plastic bag inside the secured shipping container if samples are 
shipped. When shipping samples via common carrier, the "Relinquished By" box should be filled 

.· · , . · · in; however, the "Received By" box should be left blank. The laboratozy sample custodian is 
:· .. · .. ·· .. ·' ··responsible for receiving cuStody ofthe samples and will fill in the."Received By" section of the 

.... ·Chain-of-Custody Record. One copy of the Record will be retained by the project leader. The 
· · · · · original Chain-of-Custody Record will be transmitted to the project leader after the. samples are 

;:;:· .. 

.. ~ . : . 

.. ~~ ~ . . .. 

accepted by the laboratory. This copy will become a part of the project file .. · · ·. · 

· • · lfs.ent by mail, the package shall be registered with return receipt requested. .. If sent by common 
carrier, a Government Bill of Lading (GBL) or Air Bill should be used. ·Receipts from post 
offices, copies ofGBL's, and Air Bills shall be retained as part ofthe documentation ofthe chain
of-custody. The Air Bill number, GBL number, or registered mail serial number shall be recorded 
in the remarks section of the Chain-Of-Custody Record or in another designated area if using a 
·form other ihan that shown in Figure 3-2. · 

• 1 ••••• 

f3.41'·. ·· . R.eceipt for Samples Form (CERCLAIRCRAirSCA) · 
.. · .. ·. . . 

3'.4~ 1 · IntrOduction · 
~-.: . . .·: ... . ... ' . : . : :· . . . ·.~ . : : .. 

Section 3007 of the Resource Conservation and Recovezy Act (RCRA) of 1976 and Section 104 of 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA or Superfund) of 
1980 ~uire·that a "receipt" for all facility samples collected during inspections and investigations be given 
to· the owner/operator of ~ach facility before the field investigator departs the premises. The Toxic Substances 
·~ontrol Act (TSCA) contains similar provisions. · · · · 

3.4.2 Receipt for Samples Form 

The Receipt for Samples foi::rn (Figure 3-4) is to be used to satisfy the receipt for samples provisions 
of RCRA, CERCLA, and TSCA. The form also documents that split samples· were offered and either 
"Received" or "Declined" by the owner/operator of the facility or site being investigated. The following 
information must be supplied and entered on the Receipt for Samples form. : · · · · 

· • The project number, project name, name of facility or site, and location of the facility or site must 
be entered at the top of the form in the indicated locations ... 

• The samp1er(s) must sign the form in the indicated location. If multiple sample teams are 
collecting samples, the sample team leader's name should be indicated in the "EPA Sample Tag 
No.'s!Remarks" column. 
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• Each sample collected from the facility or site must be docmnented in the sample record portion 
of the fonn. The sample station number, date and time of sample coU~tion, composite or grab 
sample designation, whether or not split samples were collected (yes or no should be entered under 
the split sample column), the tag numbers of samples collected which will be removed from the 
site, a brief description of each sampling location, and the total number of sample containers for 

· each sample must be entered. 

• The bottom of the fonn is used to document the site operator's acceptance or rejection of split 
· samples. The project leader must sign and complete the fufonnation in the "Split Samples 
Transferred By" section (date and time must be entered). If split samples were not collected, the 
project leader should initial and place a single line through "Split Samples Transferred By" in this 
section. The operator of the site must indicate whether split samples were received or declined and 
sign the fonn. The operator must give their title, telephone number, and the date and time they 
signed the fonn. If the operator refuses to sign the form, the sampler(s) should note this fact in 
the operator's signature block and initial this entry~ · · 

The Receipt for Samples fonn is serialized and becomes an accountable document after it is completed. 
A copy of the fonn is to be given to the facility or site owner/operator. The original copy of the fonn must be 
maintained in the project files. · 

3.5 . . Field Records 

. ' 

PERFORMANCE OBJEcTIVE: . 
.. :·-· 

• To accurately and completely document all field activities. . 

Each project should have a dedicated logbook. The project leader's name, the sample team leader's 
name (if appropriate), the project name and location, and the project number should be entered on the inside 
of the front cover of the logbook. It is recommended that each page in the logbook be numbered and dated. 
The entries should be legible and contain accurate and inclusive documentation of an individual's project 
activities. At the end of all entries for each day, or at the end of a particular event if appropriate, the 
investigator should draw a diagonal line and initial indicating the conclusion of the entry. Since field records 
are the basis for later written reports, language should be objective, factual, and free of personal feelings or 
other terminology which might prove inappropriate. Once completed, these field logbooks beCome accountable 
documents and must be maintained as part of the official project files. All aspects of sample collection and 
handling, as well as visual observations, shall be docun1ented in the field logbooks. The following is a list of 
infonnation that should be included in the logbook: · · 

• sample collection equipment (where appropriate);· 

• field analytical equipment, and equipment utilized to make physical measurements shall be 
identified; 

• calculations, results, and calibration data for field sampling, field analytical, and field physical 
measurement equipment; 

• property ntimbers of any sampling equipment used, if available; 
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• . m.unPiinS station identification; 

• 'time of sample coiiCction; 
' . .... . .... ' 

• description of the sample location; 

• description of the sample; 

• who.coliected the sample; 

• bow ~e sampl~ was collected; 

.. diagrnms ofproeesses; ' 

• maps/sketches of sampling lacations; an~ . 
. .. ·•' 

• wea~er conditions that may affect the sample (e.g., rain, extreme beat or cold, wind, etc.) 

3.6 Document Control -

The tenn document control refers to the maintenance of inspection and investigation project files. All 
project files shall be maintained in accordance with Divisional guidelines. All documents as outlined below 
shall be kept in project files. Investigators may keep copies of reports in their personal files, however, all 
officiaiand original dCx:iunents'relating to Inspections and investigations sballbe place~ iii the offiCial project 
files. The following documents shall be placed in the project file, if applicable: '·· · ' - · · 

• request memo from the program office; 

• · copy of the study plan; 

• original Chain-Of-Custody Records and bound field logbooks; 

• copy of the Receipt for Sample fonns;. 

• -· records obtained during the investigation; . 

• . complete copy of the .analytical da~ and memorandums tiansniitting anatiticat data; ·.· 
. . . ' . . . . . . .. . . 

• official correspondence received by odsmed by the Branch relating to the investigation including 
records of telephone calls; · . · · · · . . · · . . · . ·. . . . _ 

• photographs and negatives associated with the p~ject; 

• one copy of the final report and transmittal memorandum(s); and . 

• relevant documents related to the original investigationf'mspection or follow-up activities related 
to. the investigation/inspection. 

Under no circumstances are any inappropriate personal obsemltions or irrelevant information to be 
filed in the official project files. The project I~ sM.U review the file at the co~clusion of the project to insure 
that it is complete. .. · · · ' · · · · · · · ·. · · .. · · · · - ·, · · · 

~-..... - i ............ , .• 
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3. 7 Disposal of Samples or Other Physical Evl~ence_ 

Disposal of samples or other physical evidence obtained during investigations is conducted on a case
by-case basis. Before samples which have been analyzed are disposed, laborator:y personnel shall contact the 
project leader or his/her supervisor in writing, requesting permission to dispose of the samples. The samples 
will not be disposed of until the project leader or his/her supervisor completes the appropriate portions of the 
memorandum, signs, and returns the memorandum to the laborator:y, specifically giving them permission to 
dispose of the samples. Personnel should check with the EPA Program Office requesting the inspection or 
investigation before granting permission to dispose of samples or other physical evidence. The following 
general guidance is offered for the disposal of samples or other physical evidence: · · 

~. . . ~ . ·. . . . . ........ . ; ~. . 

• No samples~ ph~ical evidence, or any other docuinent ass~~ted ~ih a criminal investigation 
shall be dispased.without written pennission from EPA's Criminal Investigations Division. 

• Internal quality assUrance samples are routinely disposed after the analytical results are reported. 
The labo~tor:y_ does not advise the Quality Assurance Officer of the disposal of these samples. 

• Samples associated with routine in5pectio~s may be disposed following appro~al from the project 
leader. 

After samples are disposed, the laborator:y shall send the sample tags to the Field Equipment Center 
(FEC) coordinator. These sample tags are accountable and must be placed and maintained in official files at 
the FEC. .· . . . . . .. ·\ . . 

:. . . :··_'.·.:·· 
. .. . ... 

3.8 Fiel_d Operations Records Management System (F~~S):-. 
. . . . . 

FORMS is a computer program designed to streamlh.le the documentation requiied by ESD and/or the 
Contract Laboratory Program (CLP) for sample identification arid chain-of-custody: .. Once the appropriate 
infonnation is entered into the computer, FORMS will generate stick-on labels for the sample tags, sample 
containers (CLP), and field logbooks, and will generate the sample receipt and chain-of-custody reports for the 
appropriate laborator:y. The advantages to this system include faster· processing of samples and increased 
accuracy. Accuracy is increased because the information is entered only once, and consequently, consistent 
from the log bOok to the tags, bottle labels, and chain-of-custody forms. Operating instructions are available 
for use with the FORMS program . 

EISOPQAM 3- 10 May 1996 
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PERFORMANCE OBJECTIVE: 

SECTIONU 
SEDIMENT SAMPLING 

• To collect a representative sample of sediment from a surface water body. 

11.1 Introduction 

Sampling teclmiques and equipment are designed to minimize effects on the chemical and physical 
integrity of the sample. If the guidance in this section is followed, a representative Sample of the sediment 

. should be obtained. · · 

The physical location of the investigator when coiJecting a sample may dictate the equipment to be 
used. Wa~gis the' preferred method for,~:eaching the:samplirig.lO<:ation, particularly if the stream has a 
noticeable current (is not impoimded). ·. llowe"'Vef~waclirig rna§ disrupt ¥~om~s~~c;n~,.c,~~~~ _biase~ ~~1-~. 
If the stream is too deep to wade, the sediment sample may be collected from a boat or from a bridge. · · 

To collect a sediment sample from a streambed, a variety of methods can be used: 

• Dredges (Peterson, Eckman, Ponar), 
• Coring (tubes, augers) 
• Scoops (BMH-60, standard scoop) and spoons 

. Regardless of the method used, precautions should be taken to insure that the sample collected is 
~presentative of the streambed. These methods are discussed in the following paragraphs. 

11.2 Sediment Sampling Equipment 

11.2.1 Scoops and Spoons 

,.~ '-~_.1~·(:'-'f' ,_,_, ... ·~-...... , ..... ·- ... .,..:;. .... ~. ·.·.:·.::· ;~< -~::!. ~~- !-':'.-~ .. -· ~.:. ·~ .. · ... -.:·.:< .... ·_ ...... ::>: -:·-· :~·,· -:.-., -,,.~. . . ·, . 
- --·~··.·;>:, lf.Jh~. surra~~ w~ter body is wadeable, th_~ .easies~')vay to_:colJ~t 'a se.diri:tent· ~pie.~ by_ '!lSiilg a,· 

GfiinleiS 'steel scoop or spoon. i_nie sampling~methOd 'is accompliShed by wadiJig·mto' the sunace 'ivater bOdy 
f~;wMe.raciiis.upstie~_(§fu}~e·'ctiiTent)~ sco&piiistlie s¥.tpl~ ~o~!ft!l~ b.<>~~o~~-~ ~~~.'N~~er.~y 
{iii.fli~up51i¢'~'direCti6'fit Excess\vateffuay .~ ~iriov_ed frOm tlle.scoop or5pooii. However, this may ~Stll.t 
in the loss of some fine particle size material associated with the bottom of the surface water body. A.tiqtiots 
Q.f..~~;~pl~-~.!1!~11 pla~?C~.in-~_gl~.P,~ and homogenized according to the quartering method descn"bed 
in Sectioi1'5.13.8 ·of this SOP~ - ··· · · · 

{l'l(~ac~ ~tc; 1?¢ies .~t.~ _too _deep to.wade, but ie~·~ ·eight feet deep, a StainlesS Steel scriop 
[Ot 1Pk9ili~ched 'i6 ·rpiece or' condUit can be'used 'either'ft-Om.thebarucs if the' sUrface .water body is narrow 
bT1roiJl'ib'Oat The sedinient is''ptaced into a glass pan and mixed accori:liilg to Seetion 5.13.8 of this SOP. 

-~ ....... --~-····-··· . ····.-··•~:--.~. ·.: ... ~ . ·~. ' 
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. :.af'ihe' Siliface W&terbodyhaSa sigmficant flow and isti>O (Jeep·to'lVa.et~;·aaMll~·&ampter inay be 
· uect The BMH-60 is not particularly efficient in mud or other soft substrates because its weight will cause 
~on to deeper sediments, thus missing the most recently deposited material at the sediment \vater 
interface. It is also difficult to release secured samples in an undisturbed fashion that would readily permit 
subsampling. The BMH-60 may be used provided that caution is exercised by only taking subsamples that 
bave not been in contact with the metal walls of the sampler. · · · · 

11.2.2 Dredges 

. For routine analyses, the Peterson dredge can be used when the bottom is rocky, in very deep water, 
or when the stream velocity is high. The dredge should be lowered very slowly as it approaches bottom, since 
it Can displace and miss fme particle size sediment if allowed to drop freely. · 

. The Eckman dredge has only limited usefulness. It perfomis well where the bottom material is 
unusually soft, as when covered with organic sludge or light mud. It is unsuitable, however, for sandy~ rocky, 
and bard bottoms and is too light for use in streams with high velocities. It should not be used from a bridge 
that is more than a few feet above the water, because the spring mechanism which activates the sampler· can 
be damaged by the messenger if dropped from too great a height. · · "' · 

· The Ponar dredge is a modification of the Peterson dredge and is similar in size and weight. It has&en 
modified by the addition of side plates and a screen on the top of the sample compartment. The screen gver 
the sample compartment permits water to pass through the sampler as it descends thus reducing· turbul~nce 
around the dredge. The Ponar dredge is easily operated by one person in the same fashion as the Peterson 
dredge. The Ponar dredge is one of the most effective samplers for general use on all types of rubstrate.s. . , 

The "mini" Ponar dredge is a smaller, much lighter version of the Ponar dredge. It is ~se"d to coUect 
smaller sample volumes when working in industrial tanks, lagoons, ponds, and shallow water bodies. It is a 
gOOd device use when collecting sludge and sediment containing hazardous constituents because the size of the 

. . 

dredge makes it more amenable to field cleaning. 

11.2.3 Coring 

· Core samplers are used to sample vertical columns of sediment. They are particularly useful when a 
historical picture of sediment deposition is desired since they preserve the sequential layering of the deposit, 
and when it is desirable to minimize the loss of material at the sediment-water interface. Many types of coring 
deviees have been developed depending on the depth of water from which the sample is to be obtained, the 
natUre of the bottom material, and the length of core to be cottected. They vary from band push tubes to weight 
or gravity driven devices. · 

Coring devices are particularly useful in pollutant monitoring because turbulence created by descent 
through the water is minimal, thus the fmes of the sediment-water interface are only minimally disturbed; the 
sample is withdrawn intact permitting the removal of only those layers of interest; core liners manufactured 
of glass or Teflon® can be purchased, thus reducing possible sample contamination; and the samples are easily 
delivered to the lab for analysis in the tube in which they were collected. 

The disadvantage of coring devices is that a relatively small surface area and sample size is obtained 
often necessitating repetitive sampling in order to obtain the required amount of material for analysis. Because 
it is believed that this disadvantage is offset by the advantages, coring devices are recommendf:(l in sampling 
sediments for trace organic compounds or metals analyses. 

F.T~OPOAM 11 -? Mav 1996 



In shallow, wadeable waters, the direct use of a core liner or tube manufactured of Teflon®, plastic, 
· ·or glasS iS recommended for the collection of sedinient samples. (Plastic tubes are principally used for 

cOlleCtion of samples for physical parameters such as particle size analysis)~ Their use can also be extended. 
· · tO deep wateis when SCUBA diving equipment is utilized. Teflon® or plastic are preferred to glass since they 

are ·unbieakable which reduces the possibility of sample loss. Stainless steel push tubes are also acceptable 
and provide a better cutting edge and higher stiength than Teflon®.. The use of glass or Teflon® tubes 
eliminates any possible metals contamination from core barrels, cutting heads, and retainers. The tube should 
be approximately 12 inches in length if only recently deposited sediments (8 inches or less) are to be sampled. 
Longer tubes should be used when the depth of the substrate exceeds 8 inches. Soft or seini-consolidated 
sediments such as mud and clays have a greater adherence to the inside of the tube and thus can be sampled 
with larger diameter tubes. Because coarse or unconsolidated sediments such as sands and gravel tend to fall 
out of the tube, a small diameter is required for them.· A tube about two inches in diameter is usUally the best 
size. The wall thickness of the tube should be about 113 inch for Teflon®, plastic, or glass. The inSide wall 
may be filed down at the bottom of the tube to provide a cutting edge and facilitate entry ~ftheliner into the 
substrate. · · · · · 

Caution should be exercised not to .distwb the bottom ~ediments when_the sample is obtained by 
wading. in shallow ~ater~ ·The core tube is pushed into the.JYbstrate until four inches or less ofthe tube is 
above the sediment-water interface. When sampling hard or coarse substrates, a gentle rotation of the tube 
while it is being pushed will facilitate greater penetration and decrease core compaction. --The top of the tube 
is then capped to provide a suction and reduce the chance otlosing the sample. A Teflon® plug or a sheet of 
Teflon® held in place by a rubber stopper or cork may be \l!~.d. After capping,.the tube is slowly extracted 
With the suction and adherence of the sediment keeping the S@Jple in the tube. Before pulling the bottom part 
of the core above the water surface, it too should be capped::·-~· . · · · • 

When extensive core sampling is required, such as a '"Cross-sectional examination of a streambed (with 
an objecti~e of profiling both the physical and chemical c~nterits of the sediment), ·a :whole ·core must be 
collected. A strong coring tube such as one made from aluminum, steel or stainless steel is needed to penetrate 
the sediment and underlying clay or sands. A coring device can be used to collect an intact sediment core from 
streambeds that have soft bottoms which allows several inches of penetration. It is recommended that the corer 
have a checkvalve built into the driving head which allows water and air to escape from the cutting core, thus 

. creating a partial vacuum which helps to hold the sediment core in the tube. The corer is attached to a standard 
auger extension and handle, allowing it to be cprkscrewed into the sediinent from a boat or while wading.· The 

.·.·.coring tube is easily detached and the intact sediment core is_removed with an extraction device. 

EISOPQAM 11-3 May 1996 
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Triangle Laboratories, Inc. 

MISSION STATEMENT 

Quality Assurance Manual 

UNCONJROI.LED 
. COPY. 

Triangle Laboratories is in the business of aP.plying scientific knowledge and measurf:!ments to 
the solution of health, environmental and other issues confronting society. 

Beliefs 

We believe that we must excel in relationships with our customers, our employees, and our 
investors while establishing leadership in our technology and operations management. 

We believe that in all things and at all times oor behavior must follow the highest ethical 
standards. This includes commitments made to customers, suppliers, employees, investors, 
and to one another. 

We believe that to our customers, we must be the laboratory of choice. Our marketing program 
will always honestly inform. We will set the quality and timeliness standards in our markets. 
We will structure our company·so that we have the flexibility and versatility required to be 
responsive to customer's needs .. We will work until the customer is satisfied. 

We believe that for our employees, we must be the employer of choice. Through the 
application of high ethical standards, maintenance of efficient operations and a respect for 
diversity I we will provide a work environment that enriches and builds people while giving them 
an opportunity to excel and enjoy the dignity I pride, and material rewards of being part of a 
winning team. 

We believe that for our investors, we must commit to the development of long term value in 
their investment. This will be accomplished by taking those risks that have an appropriate 
probability of reward, controlling expenses to maintain high profitability and aggressively 
seeking opportunities to achieve growth through expansion of existing business and developing 
new business opportunities. · · 

We commit ourselves to conducting research and development so that we are always a leader 
in technology, to apply the knowledge gained to maintain efficient operations and to service our 
customers needs in a timely manner while providing a reasonable profit for our investors. 
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Triangle Laboratories, Inc. Quality Aauran~ Manual 

Section 1 · 

INTRODUCTION 

. 
This manual is a description of the quafity assurance program employed at Triangle laboratories, 
Inc .• referred to hereafter as Triangle labs. It is intended to provide employees, accrediting · 
agencies, and clients ~ith the information needed to understand how an effective quality 
assurance system is maintained at Triangle Labs. The QA Manual is divided into fifteen sections 
and several appendices. The first three sections pertain to the manual itself. Sections 4 • 7 
provide general descriptions of Triangle Labs, including its objectives, policies, facilities, 
organization, personnel, and services. The remaining sections describe specific quafity assurance 
activities as practiced within different functions br work units. The order of sections 8 - 12 closely 
follows that of the production process at Triangle Labs. The appendices provide supplemental 
materials that support the descriptions in the QA Manual sections. 

Written procedures for implementing the activities described in this manual are maintained as 
standard operating procedures (SOP's) and as department specific training procedures. The 
SOP's are made available to the operating staff through the Widely distributed SOP Manuals. The 
training procedures are maintained by the department managers. The provisions .of this manual 
are binding upon all laboratory personnel assigned responsibilities described herein. All laboratory 
personnel must adhere implicitly to the Standard Operating Procedures . 

Revision Date 
April15,1999 
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Triangle Laboratories, Inc. Quality Assurance Manual 

·Section 2 

AUTHORIZATION 

The quality assurance system described in this Quarrty Assurance Manual has the absolute 
support of the management at Triangle Labs. • 

The provision of quality. analytical services to our customers has given us an enviable reputation 
and has made us a leader in the industry. Assuring that we maintain this status in providing quality 
products to our customers is the responsibility of every member of the laboratory staff. It is 
expected that everyone concerned will use this manual as a guide to quality improvement and to 
maintenance of our current standing as a quality-oriented laboratory. 

Signature: 

J.RoQdH~~ 
President and Chief Executive Officer 

~""& .T J£.~· 
Donald J. Harvan 
Quality Assurance Officer 

Philip W. Albro, Ph. D. 
Technical Director 

Revision Date 
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Triangle Laboratories, Inc. Quality Assurance Manual 

Section 3 

MANAGEMENT OF THE QUALITY ASSURANCE MANUAL 

The Quality Assurance Department is responsible for the publication and distribution of the Quality 
Assurance Manual. The manual is submitted to senior management for review and authorization 
annually. As major changes are implemented in the quality assurance system, the Quality 
Assurance Manual is revised and submitted to management for authorization. The assistance of 
laboratory management is essential for the publication of the OA Manual. Department specific 
information is supplied by the department supervisors for inclusion in the manual. 

The authorization signatures found in Section ~ of the manual signify management review and 
approval of the Quality Assurance Manual. The authorization section must be kept current and 
reflect any organizational changes affecting the authorizing positions. 

•I 

Document control procedures are applied to the distribution of the Quality Assurance Manual. 
Controlled copies are serially numbered and are updated each time a section is revised. 
Controlled copies of the manual may be distributed to an individual or a department Uncontrolled 
copies may be issued to persons or organizations outside of Triangle Labs. These copies are 
distinctly marked "uncontrolled" and are not. subject to updates upon revision of the manual. A 
distribution list is maintained for all controlled copies of the Quality Assurance Manual. 

Upon revision, all text added or changed since the last issue of each section is marked with a 
vertical bar in the margin. 

Revision Date 
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Triangle Laboratories, Inc. Quality Assurance ~ual 

Section 4 

OBJECTIVE AND POLICIES .. 

Objective 

The objective of the staff at Triangle Labs is to provide products and services which satisfy our 
clients' expectations and definitions of quality and which are legally defensible. 

Policies • 

The management of Triangle Labs supports the following policies in order to achieve the objective 
and promote the overall quality assurance program: 

• Standard operating procedures shall be implemented in order to determine client 
requirements and to clearly communicate these requirements within the laboratory. 

••• Organizational emphasis on quality improvement will take place through strong 
management com~itment and leadership, employee empowerment and 
teamwork. · · 

• A comprehensive quality control system shall be established and maintained in 
.order to verify and assure continued precision and accuracy of analytical results. 

• Adequate training on laboratory operations shall be available to all employees 
whose decisions may affect the quality of laboratory products. 

• A comprehensive program of documentation shall be implemented to ensure 
maintenance of accountability and traceability throughout the analytical process. 

• Measures shall be implemented to ensure that sample integrity is protected. 

• Validation studies shall be performed for each analytical method, including 
extensive evaluations whenever major modifications have been implemented. 

• The instrumentation, equipment, and materials used in the production process 
shall be controlled (i.e., purchased, verified, calibrated, maintained, monitored, and 
evaluated) to ensure that required standards are met. 

Revision bate 
Apnl15, 1999 

Section 4 
OBJECTIVE AND POLICIES 

Page 
1 of2 · 



Quality Aaurance Manual . 

• A comprehensive program for data reduction. vafidation. reporting. and archiVal 
shall ~ Implemented. . . ~ ~~- ' · 

• Preventive and corrective actions shaD be taken to efiminate the causes of 
potential or actual noneonromiarice. 'Eniptiasis shan b8 placed on preventive 
measures. 

• 

Revision Date · 
Aprfl15. 1999 

Measures shall be implemented in order to meet the requirements set forth by 
agencies from whom certifications and accrecrrtations have been granted. · · · 
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I Triangle Laboratories, Inc. Quality Assurance Manual 

•·~ 
Section 5 

LABORATORY. DESCRIPTION 

Triangle Laboratories, Inc. 

The location, mailing address, and phone numbers for Triangle Laboratories, Inc. are: 

Triangle Laboratories, Inc. 
· 801 Capitola Drive 

Durham, North Carolina 27713 

P.O. Box 13485 
Research Triangle Park, Nor:th Carolina 27709 

(919) 544-5729 
(919) 544-5491 (Facsimire) 

,. . . 

Triangle Laboratories, Inc. is a privately held subchapter C Corporation registered and 
incorporated in the state of Delaware. Triangle Laboratories has been in business since 1984 and 
has established an unparalleled reputation for integ.rity and quality while undertaking the most 
challenging work in its industry. The company experienced rapid growth during the emergence of 
the environmental market. Recognizing the necessity of diversification even while the 
environmental business was in full swirig, the company expanded internationally as well as 
moving into new markets .. Triangle Laboratories currently serves two major market areas, 
environmental and pharmaceutical. · · 

Facilities and Instrumentation 

Triangle Laboratories, Inc. currently occupies more than ~o.ooo square feet. The facility is divided 
according to work function, including separate areas for sample receipt; sample, standard, and 
glassware preparation; sample and data storage; instrumentation: report generation, quality 
assurance; shipping; maintenance; and business/management offices. 

Analytical instrumentation at Triangle Labs includes: high resolution gas chromatograph/high 
resolution mass spectrometers (HRGCIHRMS); high resolution gas chromatograpMow resolution 
mass spectrometers (HRGC/LRMS); high pressure liquid chromatograph/mass 
spectrometer/mass spectrometers (HPLCIMSIMS); high pressure liquid chromatograph (HPLC) 
with ultraviolet detector (UV); gas chromatographs (GC) with electron capture detectors (ECD) 
and flame ionization detectors(FID); AOX/TOX adsorption module and. microcoulometric titration 
systems: ion chromatographs (IC); inductively coupled plasma atomic emission 
spectrophotometers (ICP) and atomic absorption spectrophotometers (M) . 
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Trbingle Laboratorf.S, Inc. 
. . . .. . 

Quality Assuran~-~~ I 

Well maintained equipment is essential in assuring the timely delivery of complete, high quality • ·: 
analytical data to clients. This is facilitated through a program of regular maintenance for _all 
equipment. equipment redundancy, an ample stock of spare parts, and an inventory of speciafrzed 
test equipment to support rapid repair when unscheduled maintenance_is required. Service 
technicians are available through contracts with focal providers for most of the instruments. 
Procedures and schedules for preventive maintenance are available in several SOP's. Aff 
instrument maintenance, both preventative and cciiTective, is recorded in the dedicated 
maintenance logbook assigned to each instrument. · 

Environmental and Security Systems . 

Triangle Labs provides a secure environment for our employees, guests, clients, samples and 
analytical data. · · · · · · 

Access 

Security 

"Archives 

Chemical 
Storage 
and 
Disposal 

Standard procedures require th~t all exterior doors remain locked via keylock or 
combination lock unless manned. Visitors are required to sign the Visitor Log and 
must be accompanied by an employee of Triangle Labs .. · · 

The defined high security areas inclu_de all iaboratories, data archives, computer 
system, data reduction offices,· and quaiity ·assurance offices. Entry into these 
areas of the building are controlled by combination locks on the internal and 

. external entry doors. Visitors must be ac~ompanied by an employee of Triangle "'· · 
Labs· at all times inside the high s~curity area. . · · · · · · · 

. . . . . . . . . 

· Several rules apply to protecting the combination lock codes." The combinations 
are changed periodically. New combin~tions are supplied to the active employees 
only by the employee's supervisor or the facility' manager .. When accompanied by 
visitors, employe~s obscure the punch lock combin_ation from view. · 

All doors are locked after hours and require a key for entry. 

Umited access archive facilities are maintained that house all Triangle Labs copies 
. . of analytical reports, raw data, inactive logbooks, magnetic tapes and other data 
·. · which facilitate traceability of anaiytical results. Materials housed in the archives 

ar~ packaged to redu~e potential. ~am age from fire and water. 
. . 

AU chemicals are stored in appropriate cabinets and are properly disposed of when 
necessary. All flammable solvents ate kept in OSHA ·and NFPA approved . 
cabinets. Acids are stored iri OSHA approved acid cabinets. An authorized waste 

. carrier is contracted to pick up lab waste monthly and dispose of it, usually by 
incineration, meeting all regulatory requirements. Post-analysis disposition of 
samples is dependent upon client requests. Remaining sample material may be .. 
returned to the client, safely discarded, or archived for a specific period of time. 

. . .. 
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Environ
mental 
Control 
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The working and storage environments are maintained in a safe and appropriate 
manner. Heating, venb1ation and air-conditioning systems satisfy the needs of 
personnel, equipment and supplies. Ugtiting, noise and other environmental 
factors are ·also considered and kept at appropriate levels. Safety measures which 
protect personnel and property from injury or mness include the following: fume 
hoods, fire extinguishers and blankets, alarm systems, safety training, protective 
clothing, emergency showers, eyewashes and spill control kits. Triangle 
laboratories ·has contracts which provide an occupational health program. 

Accreditations, Certifications, Licenses and Registrations 

Triangle Laboratories, Inc. has received approval from several state and national agencies. The 
American Association for Laboratory Accreditation has conferred accrecfrtation upon Triangle Labs 
for technical competence in environmental testing. The laboratory has been validated by the 
United States Army Corps of Engineers, and while not currenUy under contract, Triangle Labs has 
performed organic analyses under the United States Environmental Protection Agency (US EPA) 
Contract Laboratory Program. Triangle Labs is registered under current Food and Drug 
Administration (FDA) regulations to engage in the testing of drugs; has received registration under 
the provisions of the Clinical Laboratory Improvement Amendments of 1988 (CLIA) to perform 
high complexity testing (dioxin and PCB's) of human samples; has been licensed, and has been 
provisionally certified by several US EPA regions to analyze drinking water samples for dioxin • 
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Section 6 

ORGANIZATION AND" PERSONNEL 

At Triangle Labs, the management structure is shown in the Organizational 
Chart in Appendix 1A. Responsibilities and authority of key personnel are 
summarized later in this section. Brief resumes of key Triangle Labs ·personnel 
may be found iri the company's Statement of Qualifications .. 

Verification activities include inspection and monitoring of process and product 
· quality and auditing of the quaiity system, processes and products. Provision is 

made for personnel to be trained and have responsibility for these activities. 

Production perSonnel, under the direct supervision of team leaders, are 
responsible for the inspection and monitoring of in.:process and final products. 
Audits of the laboratory systems and products are performed by personnel 
independent of those· performing the laboratory work. Quality system audits are 
carried out by Quality Assurance Department personnel, while data audits 

. (audits of the final product) are carried out by employees in both Production and 
Quality Assurance. 

Effective verification activities are achieved by the provision of adequate 
resources to personnel. These resources include adequate training, time for 
verification activities, knowledge about requirements, documented procedures, 
access to quality records, and adequate supplies and equipment necessary to 
perform· verification. · · 

The Quality As~urance Officer reports directly to the President, functions 
independently of production, and has the .authority to implement and maintain 
the quality system. The management of Triangle Labs presents a strong 

· commitment towards the important role of quality assurance in its organization. 
The Quality Assurance Officer and ot~er members of the Quality Assurance 

· Department interact frequently with personnel at all levels throughout the 
organization. · 

A formal management review ·of the ·quality system occurs annually. The 
purpose of this review is to ensure that the quality system remains effective, 
meets the quality objectives and policies stated in Section 4 of this manual, and 
satisfies the requirements of state, national, and international certifications held 
by Triangle Labs. Records of management reviews shall be maintained in the 
Quality Assurance Department. 

Section 6 
ORGANIZATION AND PERSONNEL 

Page 
1 of3 



... 
Triangle Laboratories, Inc • QuaiJty Assuran_ce Manual 

Personnel 

Job 
DescripUons of 
Key Technical 
Personnel 

Recruitment 
Policy 

Revision Date 
April15, 1999 

While not all-inclusive of assigned dUties, the following are brief descriptions of 
the chief technical personnel at Triangle labs~ 

President/Chief Executive Officer. management of administrative, business, 
quality assurance, personnel and production activities; direct supervision of the ·. 

·Productio~ Manager, the Quality. Assurance ·officer; a~d the Technieal DireCtor, 
· minimum qualifications -·education: Ph.D. Chemistry, experience: 10 years 
analytical chemistry. · · · ··· · · · 

QualitY 'Assurance Office.r:. ~o~rdin'atiort and rli'anag~ment of the Quality 
Assurance. Department; reports directly to the President; responsible for. · · . 
overseeing all quality aspects of the laboratory; specific elements to be . 

. maintained are: the Standard Operating Procedures, Quality Assurance 
Manual; coordination of internal and extemar·audits,-performance samples and 

. laboratory certification data: minimum qualifications - education: B.S. Chemistry 
or equivalent, experience: 5 years in scientific field. . 

' . . . . . . . 

Technical Director: ·consultation and guidance .on.specific tethnical and 
scientific questions and issues; performs audits of the te.chnical apects of 
program operations; reports directly to the President; minimum qualifications -
education: Pn.D. Chemistry, experienc~: 5 years analytical chemistry. ... . . . . 

Production Manager: The production manager is responsible for developing 
production plans. to meet commitments made to clients, identifying and 
resolving issues which impede success, and promptly reporting to the president 
any issues which cannot be resolved with available resources . 

. Team Leaders:. management of a defined. production area, instrumentation, 
reporting and/or sample preparation; minimum qualifications -education: B.S. 
Phy~ical Science, experience: 2 years general analytical chemistry. _ ·· 
. ' 

The Pernonnel Department of Triangle Labs uses ·several methods of 
· recruitment. Current employees are offered the earliest opportunity to apply for 

openings within the facility by posting available positions on the bulletin boards 
before outside sources are considered for candidates. Then, announcements 
are made in local newspapers, placement 'agencies (temporary and . . . 
permanent), colleges and the Empl~yment Security.Commission offices. The . 
recruitment process consists of collecting applications and resumes, distributing 
them to the appropriate supervis.ors, scheduling interviews as requested by 
supervisors and having· candidates nieet with relevant staff, a representative 
from the Personnel Department and senior Management. The references of 
promising candidates are investigated prior to making job offers. 
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• ) 
Training Training is provided for new employees and as continuing education for veteran 

employees, both at the Triangle labs facility and off-site. -; 

On-Site Training: Training goes on at different levels throughout the facilities. 
Numerous manuals, texts, videos, SOP's, journals, analytical protocols and 

I 
in-house instructors are available to trainees. On-the-job training related directly 
to the position is done by te~m leaders or other qualified staff. Typically, a 
trainee goes through a stepwise method to learn procedures pertaining to such 
areas as analytical methodology, report generation or quality assurance 
activities: the trainee is given an SOP to read, the trainee observes the trainer 
performing the procedure, the trainee assists the trainer in performing the 
procedure several times, the trainee performs the procedure without assistance 
but with the trainer's frequent inspection of his work, and finally, the individual 
may perform the procedure without supervision. The Quality Assurance Manual 
is available to all employees whose activities have a direct impact on product 
quality. Cross training, supervisory training and other related training takes 
place on a scheduled basis and is documented for training files. 

Off-Site Training: This type of training takes place on an as-needed basis. 
Recommendations and suggestions about promising educational programs 
come from all levels of staff. Completed studies are documented and updated 

• 
regularly in the training files. Courses may be taken at local colleges and 
universities. Workshops and seminars are often made available by instrument 
manufacturers, software companies and national associations specializing in 
analytical chemistry or laboratory quality assurance. 

Training Resumes, education and experience records, job descriptions and training 
Records records are maintained by the personnel department: Resumes are put in a 
Maintenance uniform format upon hire. These resumes are updated on an annual basis or as 

needed. Additional education and experience is updated with the resumes. 
There is a job description for .each position existing within the company. Active 
training records are kept on file in the work areas. Employees are responsible 
for maintaining their own training records. These training files contain records 
for any pertinent on- or off-site educational experiences, orientation records, 
SOP competence records or self help courses. 

Safety and All personnel undertake a one day orientation upon initial employment and on-
Health Policies the-job intensive training concerning health and safety issues. Triangle Labs 

complies With the OSHA requirement that safety and health training takes place 
on an annual basis. with a careful introduction to new principles. We have 
contracted with Concentra to provide us with recommendations for the 
improvement of the safety and health practices at Triangle Labs. Triangle Labs' 
policy.with respect to health and safety issues is presented in detail in several 
documents, which are provided to employees . 
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Section 7 

ANALYTICAL SERVICES · 

Triangle Labs has assembled an intemationarstaff of unparalleled expertise in analytical sciences 
with particular specialization in mass spectrometry and the analysis of complex biological 
matrices. The skills of the staff are routinely applied to environmental samples, including of air, 
water, solid and tissue matrices, and to biological samples .associated with studies supporting the 
research efforts of the ph~rmaceutical industry. · 

. . . ~. . 

Pharmaceutical 
.Services 

Environmental 
Services · · 
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:<l.·. 
Triangle Labs serves the research pharmaceutical industry by providing . 
analytical results for drugs of interest in a variety of biomatrices. This work is 
typically associated with pharmacokinetic Phase I through Phase IV studies for 
reporting to the Food and Drug Administration (FDA). ' · 

GCIMS and LCIMS/MS methods are typically employed for these analyses. 
High resolution mass spectrometers and alternate ionization methods are 
frequently utilized to achieve low detection limits. The staff is also experienced 
in assays, both GC and LC based, for chiral compounds. 

·. . . . . . . 

Triang{~ Labs provides environmental analytical service~ which i('lclude the 
prepai,ition and analysis of a wide variety of sample matrices for such analytical 
categories as: · · · 

Voiatile and Semivolatile Organic Compounds, including Polychlorinated . 
Biphenyls, by ~igh Resolution Gas Chromatography/Low Resolution Mass 
Spectrometry 

Pesticides. and Herbicides by Hig.h Resolution .Gas.Chromatography 

· Polychlorinated Dibenzo-p-Dioxins, Polychloro.;dibenzofurans. Polychlorinated 
Biphenyls,· and Polynuclear Aromatic Hydrocarbons by High Resolution Gas 
Chromatography/ High Resolution Mass Spectrometry 

. Polychlorinated DibenZo-p-Oioxins and Polychloro-dibenzofurans by High 
Resolution Gas Chromatography/Low Resolution Mass Spectrometry 

Adsorbable Organic Halides and Total Organic Halides by Adsorption and 
Microcoulometric Titration 

lnorganics by len Chromatography, Atomic Absorption Spectrophotometry, and 
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Inductively Coupled Plasma-Atomic Emission Spectrophotometry 

Triangle Labs is experienced in the analysis of many matrices, including air, 
aqueous, plant and animal tissues, soils, and other solids. Air matrices currently 
analyzed include Modified Metf1~q 5 (MMS) samples and Volatile Organic 
Sampling Trains (VOST). Several auxiliary services are also offered, such as 
the provision and preparation of sampling containers (e.g., XAD traps, VOST 
tubes, and bottles}. . . , 

: . . . 

Analyti~al Methodology and TatgetCompou~ds .. 
. ·.. . . ·. . . .. · ... · . . . . . . 

Tria~gle Labs· utilizes a· varietY ~f published and in-house analytical methods. In .. 
some cases minor modifications of methodology·may~be employed. Such· · .· · · 
modifications are validated prior to implementation in itie laboratory. Target 

· Compound Lists (TCL's} are .chosen from the analytical methods. Published 
·. methodology utilized for each category o! analytical services is listed below:' 

... · .. 
Volatile Organic Comoounds CVOA} - Method 82608 

Semiyolatile Organic Compoynds (SVOA} -Method 8270C 

. Pesticides :-.·Methods 8081 

Polychlorinated Biphenyls (PCB's)- ·Modified Method.680 a·nd 8081 
. . . ' .· . :. ·. . . ·. . . ' .· . . . . . : {·~~· . ·. . '- . 
PolychlOrinated Oibenzo-o-Dioxjns (PCDD's} and Polychlorodibenzofuran§ . 
(PCDPs}- Methods 8290, 23, 0023A, 1613, 828~. 613 and NCASI551 

Adsorbable Organic Halides (AOX)fTotal Organic Halides (TOX) -Methods DIN 
38409, DIN 38414, EPA 9020, EPA 1650, PTS-RH: 012/90, SCAN-W 9:89, · 
ISO/DIS 9562.· and APHA 53208 . . . 

lnorganjcs -lon Chromatography by Methods 70, 26, 26A, 218.6, 300.0, and 
9057; Trace Metals analyses by Methods 200.7, 6010;·7020, 7040, 7041, 
7060,7080,7091,7131,7140,7200,7210,7380,7420,7421,7450,7460,. 
7470,7471,7481,7520,7610,7740,7760,7770,7840, 7841,and7870 . . . . . . . r~ . 
Triangle Labs has developed in-house methods for the ;analyses for Polynuclear 
Aromatic Hydrocarbons (PAH's) by CARS Method 429 and Polychlorinated 
Biphenyls (PCB's by High Resolution Gas Chromatography/High Resolution 
Mass Spectrometry, using Triangle Labs Method TLI035. These methods are 
proprietary and utilize state-of~the-art technologie.s. 

Additional information about analytical services and methodology can be found 
elsewhere in this manual. SeleCted analytical methods are summarized in 
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Appendices 2 and 3 of this manual. 

Contract Review 

For all analytical services to be provided by Triangle Labs, contract review is accomplished 
through the generation of a written quote or contract. Written quotes are utilized for short-term 
contracts, usually consisting of one analytical project. Written contracts are utilized for long-tenn 
contracts consisting of multiple analytical project~. Sales and Client Services personnel are 
responsible for implementing and documenting contract review. Client requirements, including 
special needs that are not normally provided by Triangle Labs, are defined and documented in the 
written quote or contract. Project scientists, who each have expertise in specific analytical 
services, are consulted to ensure special requirements can be met by the laboratory. If it is 
decided that the special requirements cannot b~ met, this is discussed with the client, and a 
counterproposal may be offered. Information about the capacity of the lab is made available to 
Sales and Client Services personnel on a regular basis. This practice allows the sales staff to 
make informed decisions regarding contracted delivery times. 

Subcontracted Analyses 

In dealing with any analyses that Triangle Labs cannot perform, there are established procedures 
for subcontracting. Depending on the nature of the client's requests for analyses, two courses of 
action may be followed. The client may be referred directly to another laboratory, or wo·rk may be 
subcontracted by Triangle Labs to another laboratory. The latter usually takes place at client 
request. When the subcontracted analysis is one that Triangle Labs has been certified to perform, 
the subcontract lab must have a quality assurance system in place that is consistent with 
Triangle's system. Incoming samples which will be subcontracted are subjected to normal sample 
receipt procedures by the sample custodian. The samples are prepared and shipped to the 
subcontract laboratory. Results are received at Triangle Labs, a copy is sent to the client, and the 
original is archived. Triangle Labs invoices the client for the subcontracted work . 
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Section 8 

LABORATORY MATERIALS_.:.PURCHASING AND HANDLING· 

Purchasing, ~eceivlng, Inspection, Inventory and Storage of Laboratory Materials 

Practices utilized for the purchase, receipt, inspection, inventory, and storage of laboratory 
materials are described in several SOP's. A completed purchase requisition fonn provides a clear 
description of the product ordered. This if!cludes~ where. applicable, a precise identification. and ·· 
reference to any specifications that must be met. Purchases are pre-approved by department 
heads. The purchasing department orders the material, from an approved.supplierwhenever 
possible. Upon receipt of the goods. receiving personnel examine them for damage before signing 
the bill of Jading. Within two days, items and quantities in. all shipments are compared with what 
was ordered and this infonnation is communicated to purchasing and accounts payable. All 
stocked items are stored in the warehouse and a monthly inventory is perfonned. Non-sto.cked 
inventory is forwarded to the requisitioning person. Reagent materials are assigned expiration 
dates and placed on shelves so that the older materials will be used first. · 

.. 
Sample Container Cleaning, Storage, Preparation and Shipping 

. . . . . 

While Triangle Labs does not perform sampling; sampling kits may be provided upon client 
request. The vials, jars, and bottles contained in the kits are purchased and must be QC class, 
precleaned, with a certificate of analysis. The certificates of analysis are maintained by Triangle 
Labs. Since kits are assembled only upon clients' requests, no "ready for shipping" kits are stored. 
Precleaned glassware is stored in small quantities in house. Sampling materials, such as XAD 
traps, PUFs and VOST tubes, are also provided to or owned by the client. These are prepared, 
stored and handled as detailed in several SOP's. 

Prior to shipping, glass containers are wrapped in sheets of bubble wrap to prevent breakage. The 
containers are placed in plastic coolers with non-frozen ice packs and Chain-of-Custody forms, 
seals and labels enclosed in a ziplock bag. The kit is filled with additional packing material and 
sealed with tape for shipping. · 

Glassware Cleaning 

All glassware used for the preparation of samples is cleaned as described in written standard 
operating procedures. These procedures include pre-rinses and soapy water washes. The pre
rinse may be solvent, water or acid solution depending on the analysis for which the glassware will 
be used. Basins and brushes are kept segregated so that cross contamination is minimized. 
Glassware used for high concentration analyses is kept segregated from glassware used for low 
concentration analyses, as is the glassware used for volatile, extractable organic compound and 
metals analyses. Glassware used for the analysis of extractable organic compounds, including 

... 
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dioxins and furans, is subjected to a solvent soak and rin~s with several solvents. All clean ·. · 
glassware is covered with alumin~:~m foil and transfern!d to a proper storage location, taking eare 
that the glassware is not intermixed with other types of giassware. In the Inorganic area, . 
glassware is cleaned by a washing procedure that exCeeds EPA guidelines.·This glasSware is 
washed with detergent, followed by acid soaks and multiple rinses with deionized water. The clean 
glassware is air-dried and stored in plastic bags. 

Vendor Qualifii:ation · · · 

V~ndors subject to qualification· are ~ose who pro~ide cntical lab~ratory supplies, chemicals; ~nd 
calibration services which directly impact on the. quality of our produ~. Placement on the . . . 
approved vendor list is based_ on the vendor's a~ility to meet one or more' qualification factors . . . 
which cover the purchased product. Thes~ factors include but are not nmfted to: .· . . 

. ·, . . . . .. . : . .., . . . . . .· . . . . . : . . . . .... '• . . . . 

1. the vendor's quality system. or product· meets ·an applicable state:. national,. or. 
international standard, based on third party ~ertification · .. · 

... ·. 

2. an ·acceptable quality assurance plan/survey, "or on-site audit; . 
. . 

3. the vendor provides quality inspection documentation with each shipment or batch lot 
· of product: · 

~ .. 

4. the vendor passes comprehensive !nspections of three consecutive product 
shipments;. · ' · · · · · · · · · · J. ·. · · · 

......... -·~ 
·.-.~-- . : 

5. a demonstrated history of acceptable product supply. ~~-

A vendor may be provisionally approved until qualification factor(s} are met, but in-house· 
inspection of each batch lot of material is required. Previously approved vendors may be 
disqualified due to unacceptable performance. 

Client Verification. . 
. . 

.· :· 

When required by contract,.the client or a representative.may verify that purchased products 
conform to contract specifications. This verification may take place at the vendor's premises or. at . 
Triangle Labs. Client verification shall not be used as evidence of effectiv{! control of quality by the 
vendor and shall not absolve Triangle Labs of responsibility to provide ai_acceptable product. ·. · 
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.. Section 9 

ANALYTICAL STANDARDS 

During the analytical process, it is possible to obtain a variety of measurements. These include 
such measurements as volume, weight, concentration, pH, and temperature, to name just a few. 
The laboratory must implement practices that facilitate the traceability of these measurements to 
recognized standards of measurement. 

Chemical Standards 

The procurement, preparation, handling and storage of chemical standards is critical to the 
analytical process. It is through these chemical standards that reported analyte measurements in 
samples are traceable to reference values .. Only the highest quality chemicals are used as 
reference materials at Triangle Labs. Whenever possible, standard solutions will be traceable to 
national standards, such as NIST, EPA or A2LA certified reference materials. Numerous written 
procedures describe the management of these analytical standards. These procedures are written 
to ensure consistency with the requirements ·of analytical methods and current certifications and 
accreditations. · · · · 

Sources of 
Standards, 
Traceability 
and·· · 
Verification 

Types of 
Standards 
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Triangle Laboratories purchases standards from· approved suppliers of chemical 
standards. Occasionally, clients supply standards specifically for use in the 
preparation and analysis of their samples. Prior to using these standards, an 
agreement must be reached with the client about the handling and disposition of 
their standards. IJ1formation about these standards and any client requirements 
are recorded in the pertinent standards logbook. The chemist receiving a 
chemical standard shipment verifies that the information· on the standard label is 
consistent with that on the supplier paperwork. Information about the standard is 
recorded in a standards logbook. Traceability_of standard solutions is facilitated by 
the use of codes that unambiguously iden~fy the supplier, materials and all 
derived preparations. Non-certified standard materials are verified against 
certified reference standards, when the latter are available. 

Analytical methodologies define a variety of standard solutions which are used by 
the laboratory. Included among them are: surrogate spikes, matrix spikes, internal 
standards, QC check standards; recovery standards, and calibration solutions. 
The composition and concentration of these solutions must cenform to method 
specifications. 

Standards are categorized at Triangle Labs according t~ the following definitions: 
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Primary Standard 

Stock Standard 

Secondary Standard 

Working Standard 

A neat standard received from a suppfier. 

A solution of a primary standard at a high 
concentration, used to prepare secondary 
standards. These may be prepared in-house or 
received from a supplier. 

·A solution of one or more stock standards, with 
each analyte prepared at a ·seleded concentration, 
to be used as a beginning mixture for preparation of 
calibration or spike solutions. These may be · · 
prepared in-house or received from a supplier. 

A solution that will be used without dilution for · 
instrument calibration or sample fortification. These 
may be prepared in~house from secondary 
·standards, or purchased from a supplier,· 

Preparation . The preparation of any standard solution is performed by an experienced 
of Standards · chemist, and is documented in the appropriate standards logboo~ New standard 

solutions are prepared as needed. The manner of preparation for a standard. 
solution depends upon the required amount and concentration and its intended 

:. · ·application. Several SOPs are utilized to assure the correct preparation and 
documentation of standard solutions. · . 
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All standards are assigned an expiration date. The supplier's assigned expiration 
date, if provided, is used for neat or primary starrdards. Otherwise, the expiration 
date is assigned based upon the supplier's date of preparation and the known 
stability of the analyte. (Some analytes are known to be highly volatile or to easily 
degrade or react.) When applicable, assigned expiration dates meet the 
requirements of analytical methods. A standard mixture is assigned an expiration 
date no later than that of the oldest components. The expiration date is only a 
guideline. Standards are removed from production prior to the assigned expiration 
date if deterioration is observed visually or analytically or if the integrity of the 
material can no longer be assured. 

,··. . ·. 

Analyte .or standard components common to calibration solutions and associated 
sample fortification solutions may be of the.same primary source or an 
independent source. Some methodologies require that primary standards of the 
same supplier batch or lot number be used for both. Certain spiked QC samples 
must be prepared from reference material that is independent of the associated 
calibration standards. New standards are prepared as necessary to meet these 
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requirements. 

• 

Inventory and 
Storage 

Documentation for all standards is carefully recorded in relevant standards 
logbooks and/or computer inventory system. The manner of storage for a 
standard is determined by its type and expiration date or shelf life. All light 
sensitive standards are stored in amber vials or bottles~ Environmental organic 
standai-ds are kept in designated refrigerators/freezers. Phannaceutical standards 
are stored according to the ccinditions specified in the associatedprotocol, 
validation report or stability report. Analytical standards are never stored together 
with samples or extracts. 

Measurement Equipment 

All equipment used for measurement and testing shall meet the specific requirements of pertinent 
analytical methods and applicable certification agencies. This includes small equipment, such as 
thennometers, analytical balances, pH meters, autopipetors, and volumetric glassware: as well as 
large equipment, such as gas chromatographs and mass spectrometers. 

Written procedures for the operation of measurement equipment. large or small, shall contain the 
infonnation described below, where applicable. In addition, Section 11 on "Instrumental Analysis" 

· of this manual contains more specific information about the calibration and operation of large 
measurement equipment. · 

• What equipment the procedure is to be performed on, including equipment type 

• How the equipment is to be calibrated and used for measurement 

• What measurements are to be made 

• Acceptance criteria for the calibrations, including the accuracy and precision 
required 

• Corrective action for failed acceptance criteria, including assessment of previous 
calibration results 

• Basis used for calibration {e.g., national standards of measurement, such as NIST, 
ASTM, and A2LA; participation in EPA and state performance evaluations; round
robin studies with other laboratories) 

• Frequency at which the equipment will be calibrated, adjusted and checked 
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'. . . 
What records Will be maintained to document the calibration and use of 
measurement equipment 

. How the calibration Status for equipment 'Is d~tennined (e.g .• a sticker or logbo~k · 
'. entry) . . . . . . ·, . . .. · . 

. . \Mlat envfronment:ll eonditions are necessary befOre mea~uremEmt equipment 
·may be calibrated or used for measurement · · · ~ · · · · · 

.. ·· 

What ~djustments to measurement equiptnent, including softWare. cannot be 
made due to possible invafidation of the calibration setting · · 

How measurement equipment is to be handled. preservfi!. and stored in order to 
maintain accuracy and fitness for use f 

• 
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Section 10 

SAMPLE RECEIPT, HANDLING AND PREPARATION 

Sample Receipt and Chain-of-Custody 

The Sample Custodian or a designated assistant· receives deriVeries of all samples. A unique 
project number is assigned to each shipment of samples received from a client, and the first irr 
house records for the new project, including an internal Chain-of-custody, are initiated. When 
samples are hand delivered by a customer, the individual's name is recorded on the internal 
Chain-of-Custody. The shipping containers, their contents, and accompanying client . . 
documentation are examined by the Sample Custodian. Information about the presence and 
condition of custody seals and the state of preservation of the samples is noted on the internal 
Chain-of-Custody. Any discrepancies in docume~tation or problems with sample condition are 
also noted and brought to the attention of the client, who may provide clarification or further 
instn.idions. The Sample Custodian assigns an internal sample 10 to each sample, which is 
labeled on the sample container. The following information pertinent to each sample is recorded 
on the internal Chain-of-Custody: internal sample 10. client sample 10, sample matrix and storage 
location. The original internal Chain-of-Custody is placed in storage with the samples. The sample 
receipt and handling SOP's describe procedures for sample receipt arid log-in, chain-of custody, 
along with tho~e for h.andling sample shipment ~ontainers provided by clients. · · 

Sample Preservation and Security 

Samples are stored in a manner which ensures their integrity and security. Samples are stored at 
temperatures which meet specifications of the methodology and client. Depending. on the nature 
of the sample and the requirements of the method •. samples may be stored in a freezer at -70° ± 
20° C or at -20° ± 1 oo c. in a refrigerator or cooler at 4° ± 2° C, or in a cabinet at room 
.temperature. Required preservation techniques may be found in Appendix 4 for most methods 
employed at Triangle Labs. Quality Assurance Project Plans (QAPP's) and protocols often give 
specific preservation requirements that must be observed. Addition of chemical preservative to 
sample containers normally takes place at the time of sample collection. Sample storage facilities 
at Triangle Labs are located within laboratory areas which are secured by locked doors. Internal 
chain-of-custody procedures and documentation pertaining to sample possession, removal from 
storage and transfer are outlined iri written procedures. Care is taken to ensure that cross~ 
contamination does not occur during sample storage. Temperatures of cold storage areas are 
monitored and recorded at least twice a day, and corrective action is taken as necessary. Walk-in 
coolers housing environmental samples and freezers used for pharmaceutical samples and 
standards are monitored electronically 24 hours a day. Further details about sample storage and . 
preservation may ·be found in the sample receipt and handling SOP's . 
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··-
Sample Preparation Procedures 

. 

Samples are prepared in a way that is method and matrix specific. Most environmental samples 
must be prepared within a method-specified time·after sampfing. These preparation holding times 
are complied with to the extent possible. Samples are occasionally received near or beyond the 
expiration of these holding times. For most methods employed at Triangle Labs, holding times 
may be found in Appendix 5. Applicable Quality Assurance Project Plans {QAPP's) and protocols 
must be consulted for project-specific holding time requirements: Many primary extracts require 
dean-up procedures before they may be injected into a GC or GC/MS analytical system. ·An 
sample preparation procedures employed at Triangle Labs are covered by appropriate· SOP's. · 

I . 

i, 

, 

. ~ 

.-. ' . .. ' 

Sample, Extract, and Digestate Archival and Di~~osal 
. . 

The Sample Custodian and other·authorizedpersonnel are'resp6nsible for the archiving and 
disposal of raw samples,· extraCts, and digestates. Raw and prepared samples may not to be 
archived or disposed of until all of the designated analyses are .complete and resultant analytical 
data are sent to_ clients. Samples in cold storage are retained ·there· until at least 30 days·after. 
receipt. Archive samples are pla~ed in box~s. labeled with the project ntimbei:S. and retained in a ·1 
secured sample archive area for a specific length. of time, prior to. disposal. Written procedures 
describe routine archival and disposal practices. Cli~nts are informed about these procedures· and 
are given an opportunity to request' exceptions to thesef routine practices. There is a storage fee 
for the retention of samples in cold storage· or archive longer than the time established by routine 
pra~tice~. The client will be contacted prior to the issuance of this fee. 

. . ~; 

Sample Return to the Client 

f. 

" When a client has requested the return of samples, the Sample· Custodian prepares and ships the 
,, samples according to written procedures. Protection of the samples during delivery is ensured by 

the implementation of special packaging procedures. Packages are delivered by a commercial 
carrier whose procedures for protecting the samples are not within the control of Triangle Labs. 
Clients are informed that a commercial carrier will deliver their samples. · · 

Sample Loss, Damage, or Unsuitability 

It is· possible for samples or sample containers to be lost, damaged or determined to be . 
unsuitable, for whatever reason, after initial receipt at Triangle labs. Whenever this happens, the 
event is recorded in the sample handling documentation by the observer. The problem is brought · 
to the attention of a Project Scientist, who ·reports it to the client.' Plans for disposition of the 
affected sample(s) or containers are agreed u·pon with the client, carried out, arid recorded in the 
project records. · · · 
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Section 11 

INSTRUMENTATION AND EQUIPMENT 
Instrumental_ analysis consists of setting up proper instrument operating conditions, executing 
acceptable calibrations and other instrument perfC?nnance tests, analyzing prepared samples, and 
collecting data from the analyses. Instrument~! analysis procedures, frequencies and acceptance 
criteria are described in several SOP's. A description of data collection and reduction at Triangle 
Labs is given in Section 12. · 

Instrument Operating Conditions 

The published analytical methods normally define the instrument operating conditions (e~g., 
temperature programs, column conditions, flow rates). Where applicable, 'these guideline will be 
followed. However, they may be modified, for improved performance. · 

Calibration Procedures and Frequencies 

Equipment used for inspection, measuring and testing must meet all specific requirements for 
· proper measurement capability as identified in the pertinent analytical method and applicable 
certification agency. This includes small equipment' and instruments as well as large analytical 
·instruments such as gas chromatographs and mass spectrometers. Calibration procedures and 
frequencies specific to types of equipment are briefly described below. 

The instrumental performance requirements of the published methods will be followed unless 
otherwise specified for a project. Other performance tests may also be executed to further 
demonstrate proper functioning of instrumentation. · 

·Small equipment 

Thermometers Laboratory thermometers are routinely checked for accuracy against certified, 
NIST-traceable thermometers. These calibrations are performed annually for 
mercury or alcohol in glass thermometers, and quarterly for metal thermometers. 
Infrared thermometer calibrations are verified daily. Correction factors derived 
from the annual and quarterly cali.brations are applied to temperature readings 
where applicable. NIST-traceable thermometers are professionally calibrated 
and re-certified annually. 

Balances Calibration checks are performed for each ~ay of use for each balance. The 
calibration consists of a minimum of two weights which encompass the weight 
the balance will be used to measure~ ·Calibration weight measurements must 
meet the acceptance criteria listed in the ass~ciated balance calibration log 
book. Each balance is serviced and calibrated by a certified professional, 
semiannually. The accuracy of the cafibration weight.s are verified annually. 
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Volumetric 
Glassware 

Automatic · 
Pipettes 

pH Meters 

Conductivity. 
Meters 

AJI volumetric glassware used at Triangle Laboratories, Inc. must be type •dass 
A·. Volumetric glassware is never heated or placed in an oven. 

. . 
Delivery volumes for the automatic pipettes are checked gravimetrically monthly. 

· Each pipette is checked throughout the volume range of use. Acceptance . 
· aiteria for continued use is 2% RSD and 97.5-102.4% accuracy. Pipettes which ~
fail to meet these criteria are. tagged and removed frOm service unbl repaired. .. 

. . ·. . .:. . . . :. . . ·: . . ··. . . .. 

pH meters are calibrated prior to use each day. The meter is calibrated using a 
single buffer solution at mid-range and the pH of two other solutions (at low and 
high range) is measured and recorded to verify the accuracy over the range of 
the meter. 

A five point calibration curve using potassium chloride (KCI) solutions .is analyzed 
annually. A single KCI standa'rd solution is used as a check standard each day 
the meter is used. Acceptance criteria is ±20% of the true value. · 

. . 
Gas Chromatography/Mass Spectrometry (GCIMS) and Liquid Chromatography/Mass 
Spectrometry (LCIMSIMS) 

. For .. high.resolution, selected. ion monitoring analyses, the high resoiuti~n mass Tuning and 
Mass 
:calibration 

"'.J;~.·: 

· sp.ectrometer is tuned. to give the required static resolving power, which is 
checked visually, using an oscilloscope. This measurement is confirmed by the I. • 
use of a data system. The instrument is then mass calibrated using · 

Initial 
Calibration 

. . . 

Revision Date 
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. perfluorokerosene (PFK) or perfluorotributylamine (PFTBA). Mass calibration is ·( 
adjusted automatically by the data system, to within ± 5 parts-per-million (ppm), 
approximately once per second during the course of all quantitative analyses .. 

The mass calibration of a quadrupole mass spectrometer is checked daily 
through the use of the perfluorotributylamine reference compound 
(FC-43/PFTBA). The instrument is adjusted to give specified peak ratios for this 
compound, consistent with the type of analysis to be performed. The GCIMS is 
tuned prior to performing the initial·and contin.uing calibrations. Results must 
meet the peak ratio specifications of the analytical methods. For volatiles 
analyses, 50 ng of bromofluorobenzene (BFB) is used, and for semivolatiles 
analyses, 50 ng of deca.fluorotriphenylphosphine (DFTPP) is used. 

For environmental samples, the mass spectrometer response is typically 
calibrated by analyzing a set of five or more initial calibration solutions, as 
appropriate for each· GCIMS method. Typically each solution is analyzed once, 
unless the method requires multiple analyses. The relative response factor for 
each analyte (target compounds, surrogate I internal/ alternate standards) is 
ealculated using the expression in Formula 11-1 .. The mean relative response 
factor for each analyte is then obtained using the expression in Formula 11-2 . 

. · .·Integrated ion currents are utilized for these expressions. An acceptable 
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Continuing 
Calibration 

Formula 11-1 
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~· :_',I: ; ( \' 

calibration must meet the method specified criteria for percent relative standard 
deviations (% RSO) of the mean relative response factors, calculated for each 
analyte. Failure to meet the criteria will result in corrective action (e.'g., locating 
the source of the problem and adjusting the in~~ent tuning parameters) 
before repeating the rejected analysis. Triangle labs does not analyze any 
samples unless the performance criteria for calibrations are satisfied. 

For pharmaceutical sample-s, the calibration curve normally consists of a 
minimum of five standard concentrations analyzed at the beginning and end of 
the analytical sequence, or are dispersed throughout the analytical run 
depending on th~ client's requirements: All standards are used for the 
regressi~n. with exclusio~ criteria defined in each method SOP. 

For environmental analyses, the initial calibration is verified through the 
analysis of a continuing calibration standard every 12 hours. The concentration 
of continuing calibration standard is dependent on the requirements of the 
specific'riiethod. Tlie relative response factors for all analytes of interest are 
calculated and verified against the initial calibration mean relative response 
factors. The percent difference (%0} for each analyte is calculated using the 
expression in Figure 11-3. An acceptable continuing calibration run must have 
measured percent differences for the analytes within method specified ranges. 
Should any criteria for an acceptable calibration not be met. either instrument 
maintenance is performed such that a new continuing calibration analysis 
nieets all criteria or a new initial calibration will be established before any 
samples can be analyzed. No samples may be analyzec:f'unless acceptance 
criteria have been met. 

For pharmaceutical analyses, the calibration is verified through the analysis of 
quality control samples which are interspersed throughout the analytical 
sequence. The quality control samples are matrix spikes which contain known 
levels of anaiYte and are extracted with the samples. 

RRF=A .• X c. 
A~. X c. 

where 
RRF= 
Ai.! = 
As = 
C;s = 
Cs = 

. the relative response factor for the analyte 
integrated area or ion cun-ent of the internal standard 
integrated area or ion current of the analyte 
amount of the internal standard 
amount of the analyte 
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Fonnula 11-2· · · · 

··-
where: RRF = · the mean value of the relative response factors for the 

. analyte . . . . · . · 
·· n · = · the total number of data points derived from the initial calibration 
. A1$1 As, cl$ and c, have the ·same meaning as in formula 11~ 1. J. 

Fonnula 11-3 • 
. · .. 

RRF -RRF . 
%D= . "' X 100 ·. RRF 

where: · 

RRF = . mean relative response factor for the analyte in the initial calibration 
. RRF ". · · = · relative response factor for the analyte from the continuing 

calibration 

t Gas Chromatography/Electron Capture Detector (GCJECD) · 

Initial. 
Calibration 

Revision Date 
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Internal standard calibration is utilized for the ·analysis of pesticides amd PCBs 
·by GCIECo.: The method-specified number of caiibration standards are be used. 
Each solution is analyzed once and the analyte relative response factors are 
calculated using the expression in Formula 11-1. The mean relative response 
factor for each analyte is then obtained by using the expression in formula 11-2. 
Integrated areas are utilized for these expressions. For multiple response 
pesticides/PCB's, quantitation consists of an average of the quantitated values 
for five selected peaks, if possible. The percent relative. standard deviation {% ,. 
RSD) must be Jess than ±20% in order to use the mean relative response factor 
for quantitation. If it is greater than ±20%, one more attempt is ·made to meet 
criteria. If the second attempt is unsuccessful, the analyst takes corrective 
action, such as instrument maintenance, and begins the sequence again. 
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Atomic Absorption Spectrophotometry (AA) 

An initial calibration is performed daRy with freshly prepared working s~dards! A fo!Jr-point 
calibration curve is acquired which must have a correlation coefficient of 0.995 or better. The initial 
calibration is verified every 10 samples or 2 hours, whichever is more frequent The continuing 
calibration is required to be within 10% or 20%; depending on the analytical method utilized. 
Continuing ca~bration blanks are run··at the. sa.me 'frequency. Anal}'sis o~ samples cannot begin 
until an initial calibration verification has ~een performed and is foun~ to be within 10% of the true 
value. 

Inductively Coupled Plasma Emission Spectrophotometry (ICP) 

Initial calibration is performed every 8 hours and continuing calibrations are.performed every 10 
samples or 2 hours, whichever is more frequent. Analysis of samples cannot begin until an initial 
calibration verifiCation has been performed ana is found to be within 10% of the true value. The 
continuing calibration is required to meet the critena of the analytical method. '. · · 

/on Chromatography (/C) 

The ion chromatograph is typically calibrated by analyzing a set of five or more initial calibration 
solutions, with concentrations of analytes appropriate to the analytical methods. Procedures for 
verifying the calibration curve are method specific. 

AOX/TOX Instrumentation 

Instrumentation for the determination of AOXffOX consists of a column adsorption module, 
titration cell and combustion/microcoulometric system. Several system performance tests are 
conducted and must meet acceptance criteria prior to sample analysis. The following performance 
tests are typically conducted, with .slight variations between the different analytical methods. 
Granular activated carbon utilized in the column adsorption module is tested for purity. The 
titration cell is tested and adjusted based on the results of an injection of sodium chloride solution. 
Calibration of the combustion/microcoulometric system is accomplished through the analysis of 
2,4,6-trichlorophenol. Verification of system performance and calibration is performed during 
sample testing according to specifications in the analytical methods • 
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Sample Analysis proced~.res 
. .. 

"r.k~r~ties ·for quantitativ~ aria.lysis ofsampl~ =irS s~cific to the.analytfcSJ methOds Md sample 
matrjces. Samples may either be subjected to a series. of preparation steps prior to instrumental 
ana~is; or they may b8 ·ready for anal}'sis upOn arrival at Triangle labs. M~ samples must be 

· analyZed within a definect.j:leriod of time folloWing their colleCtion, receipt at the lab and/or · · 
preparation. These analysis holding times are complied with to the extent possible (samples are 
occasionally received near or beyond the expiration date of holding time). Holding times for most 
methods employed at Triangle Labs may be found in Appendix 4.. ·. : t · · . · · · 
After sample analysis is completed and the data is processed, the an!ryst reviews the res~ltant 
data •. If establfshed acCeptance. criteria are. nt:?t .met, Corrective action is taken to resolVE! problems. 
Oriee ·all the samples in a project have .been• analyzed and .the data have met the criteria, the 
project. documentation (instructions, ·.raw data, reports, .etc.) is sent .to the next stage for 
preparation of the final report · ·· · · · · · · · · 
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Section 12 

DATA HANDLING 
AND SOFTWARE MANAGEMENT 

Data Collection and Reduction 

Quaiity assurance principles are applied in· the acquisition of raw data related to cherrlical 
measurements. Raw data is "primary data" which will be used to generate •secondary" data (the 
final analytical r~port). Da~ can be acquired manually or electroni~lly. Manually acquired data_ is 
hand written on data shee and in logbooks. Electronically acquired data is acquired from an 
instrUment and instnimen computer interface. Specific definitions and data requirements are 
detailed in the Raw Data SOP. · · · · · 

Manually 
Acquired· 
Data 

Electronic 
Data 

Revision Date 
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Manually. acquired data: ·is recorded on data sheets or in notebooks. The data . . 
must be recorded immediately by the analyst in permanent ink. Each entry must be 
signed and dated immediately after entry. Corrections must not obscure any 
original entries. Corrections are made by canceling with one line through the 
original. Each correction must. be dated and initialed by the person who made ttie 
correction and a reason for the correction must be stated. Data sheets are . 

. . standardized, preprinted forms ·which are subject to document control. Data sheets 
"fnay be botJ':d into a_ book or may be used ·as·loose sheets depending on the 

. applicationJNotebooks are bound, consecutively numbered, and subject to a . . 
controne'd dlstribution and archival system. .. . . . . . ·. .· 

Electronic~lly produced data may consist of chromatograms, spectra, data 
. printouts, and raw quantitation reports. The first accepted hard copy report 
constitutes the raw·data for each sample and calibration. Acceptance is signified 
by the dated signature of the analyst. The accepted hard copy report must contain 
the full sample 10 or calibration name, file name, as well as date and time of 
acquisition. In the case of inorganic data, all replicate and dilution data is included 
in the documentation. Any changes to the raw data hard copies and computer files 
must be fully documented and clearly attributable to the person niaking such 
alterations te.g .• manual integrations are hard-copied for inclusion in the raw data 
file, with ar~a changes fully documented on the data printouts). No ambiguity in 
data system printouts as to what peak on a chromatogram corresponds to an 
analyte of interest is allowed. Computer-collected data is reduced to hard copy as 
soon as possible. The signed and dated hard-copies of the data files are retained 
in the project file and are maintained for a minimum of 10 years. The electronic 
files are safeguarded by a system of disk storage and backup disks to protect loss 
of data and programs. · 
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There are several different means of data collection, review and reduction, which are dependent 
upon specific methodology and instrumen~ati~n. Data review and reduction of phannaceutical 
data nonnalfy consists of data acquisition _via a dedi~ted computer with further reduction and 
data reporting utilizing vafidated spreadsheets. Regression and sample calculations are verified 
independently for each pharmaceutical data s~t. . ,. 

Data review and reduction of environmental analyses normally follow the guidelines of relevant 
EPA reference methods to the extent possible. For HRGCIHRMS analyses, established · · · . 
procedures consist of data acquisition and reduction on a Digital Micro V/\X and VAA 3100 and · 
further reduction and data reporting using dBase software· on a PC. For 'F.tRGC/LRMS ·analyses,. · 
established procedures consist of data acquisition and reduction using *~based software_ or a 
PDP-11/24 system followed by further data reduction and re,,rting using ·a ease softWare. Fo·r. 
HRGC analyses, established procedures consist of data acquisition and reduction using· PC- · · · 
based software followed by further data reduction and reporting usi~g dBase software. For 
Aoxrrox analyses, manual data acquisition from instrument panel readings is followed t?Y data 

. · reduction and reporting using spreadsheet s'?ftware. · .: · . . · · · · 

AU GC, GCJMS, and inorganic data go through seve_rallevel~ of review and inspection, starting , . 
. with an initial examination in the Instrumentation area, followed by a thorough·review before 
·prepara-tion of the report. After preparation of a. report, an independent review is performed by a 
· chemist other than the one who prepared the report. At each stage of thlanalytical process, data 

· ·.;~.)re _revi~wed for cor:'pl~teness, a~herence.to prot~col requirements, an cr~d~bility. Results are 
::~fully validated, ·possible compromises of data quahty are evaluated, and ev1_at1ons from protocol 
·"'requirements are documented. To the greatest extent possible; computer programs are utilized for 

data reduction. Where manual data procedures are required, data review is performed according 
to standard operating procedures. This ensures that the results are as independent of the chemist 
performing the duties as possible. Corrective actions are implemented at the earliest possible . 
opportunity. · · · · · · , 

Data Validation 

. The tests performed by Triangle Labs cypically involve the performa~ce of comple~ chemical 
artalyses by a number of chemists. For this reason data validation and irdination are very 
important. At the conclusion of the analyses, data are checked against · original shipping 
information and analytical request to be sure that the required analyses ve been performed on 
~~~ ....•. 

The validity of the data are verified through the an.alysis of blank s'amples, duplicate samples and 
_laboratory control or matrix spikes. The blank sample results demonstrate the absence of 
laboratory contamination of .the samples. Duplicate analyses give a measure of a·nalytical 
precision. The analysis of spike samples permits a measure of accuracy. Data for these QC 
samples are reliiewed as soon as possible after analysis. For example, in the inorganic area, a 
data quality checklist is used by the instrument operator at the time of analysis, to verify that all 
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cafibration verifications are within tolerance, and that other QC indicators such as spike recoveries 
and blanks, are acceptable for a project. 

Data Reporting 

The data are reported as components identified and the quantities present. The final report 
includes example calculations and ·description.s of the equipment and procedures utifJZed. 
Complete data packages of all raw sample and Calibration data are prepared and archived. These 
are furnished to the client upon request. Sample flagging procedures for HRGCIHRMS ·analyses 
are summarized in the final report.. While sample flagging is not done directly on most 
HRGCILRMS analytical reports, problematic results are discussed in the case narrative which 
accompanies each data package. Several standard report formats are used in the inorganic area, 
tailored to the data structure for the specific project type (e.g., TCLP, Multi-Metals Train or CLP). 

Data Package Delivery 

Data packages are prepared for delivery by the Shipping and Archive department according to 
their SOP's. Unless otherwise requested by the client, a copy of the data package is shipped, 
While the original is retained in a secured archive facility. Reports are fully paginated prior to 
copying. The data packages are packed to meet the requirements of the commercial carrier 
chosen for delivery. Packages are delivered by a commercial carrier whose procedures for 
protecting the data packages ·are not within the control of Triangle Labs. Should the shipped data 
package be lost or damaged during delivery, a copy can be quickly prepared as a replacement. 
Clients are made aware that a commercial carrier will deliver their data packages. 

Corrections and Additions to Documentation 

The policy for handling additions/corrections of reports already issued is as follows. The Project 
Scientist requests an addition/correction in writing to the appropriate data review/report 
preparation personnel, who make the requested change in a timely manner and internally verify 
the change. An authorized Chemist reviews and approves the addition/correction, and the Data 
Package Assembly Department mails or faxes the new report, which is then stored with the 
original data package for a minimum of ten years. In all cases, revised pages are clearly noted as 
such, as are additional pages added to the report. 

Software Management 

Triangle Labs has a formal validation program of its computer systems. Ultimately, the validation 
program is intended to be of a level such that all computer systems will meet the scope of any 
computer system audit. The validation approach is three pronged. First, new software is 
developed according to appropriate internal validation guidelines. Second, a validation committee 
has been appointed to oversee specific validation efforts of existing systems. Finally, systems are 
kept validated through a system of change controls. This includes the Computer Systems 
Services Request (CSSR) forms which employees use to make known to the MIS department, 
desired changes to so~are and hardware. CSSR forms include personnel sign-off for each step. 
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of the change process: and depending on the nature of the change, specify incrusingly sbingent 
.. required levels of autho~ Change "contigls also include sOftwant version Control; changes to · 
· existing software are announced, uniquely labeled, doc;tmented, and old versions are· archived for 
future reference. 

The goals of the software development methodology, existing system vaJ"KJatfons, and the change 
control system are to ensure that the so~ systems perfonn the required functions accurately,· 
that the user'S understand how to use the· system, and that aud"Jtors can assure themselves of the · 
validity of the analytical methc)ds ·~liZed. This. in tum insures the abirrty to de~iver ac:Curate . .. 
analyses in a tirJ:~ely .tashion." · . .: . . · 
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Section 1~ .· 

DOCUMENTATION FOR QUALITY ASSURANCE 

Objectives of Documentation 

The objectives of documentation for quality assurance ~re·: to provide a standardized, written 
. program of policies, procedures and instructions; to demonstrate that adequate quality assurance 

and quality control procedures have been implemented; to demonstrate that" accountability of the 
., data is maintained; and to erisure traceability o.f analytical results. . 

Document Control 

The laboratory maintains control over the possession and distribution of documents that directly 
impact the quality of a product or service. It is the responsibility of team leaders to en.sure that 
document control files are created and maintained for all applicable documents originating in their 
areas. This includes documents such as the Quality Assurance Manual, Standard Operating 
Procedures (SOP's), Work Area Guidelines rt'.JAGs}, Quality Assurance Project Plans (OAPP's}; 
and client instructions. It also includes standard forms, such as laboratory bench sheets, project 
communication forms, and corrective action reports. · 

A written procedure describes document control practices. Full or limited document control is 
applied, depending upon the purpose of the document. Those publications which documen·t the 
quality assurance system at Triangle Labs, specifically the QA Manual and Standard Operating 
Procedures, are subject to full document control practices. Limited document control procedures 
are employed for other relevant documents, such as forms and flow charts . The procedure for 
limited doc-ument control allows for the retention of a previous version for historical information 

. and purposes. 

Every controlled document is assigned a unique identification {usually a title, file 10 and 
creation/revision date} which must be present on each page of the document. This unique 
identification is entered on a master list of documents, along with a distribution list for each 
document to ensure that pertinent documents are made available wherever they are essential. A 
master set of current documents is maintained along with the master Jist: The status of each 
document, active/current or inactive/obsolete is indicated on the master list. Each document and 
any subsequent revisions must be reviewed and approved by authorized personnel prior to issue. 
Personnel authorized to review and approve·a document are to have access to all necessary 
information on which to base their review and approval. Obsolete documents are to be retrieved 
from distribution points and replaced with current versions • 
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Standard Operating Procedures (SOP's) 

Standard Operating Procedures (SOP's) are controlled documents in which instructions for 
standard operations performed by the laboratory are detailed. The author of an SOP should be 
the person most familiar with the top_ic being addressed. The. standard format for writing SOP's is 
fully described in the SOP on SOPs. Each SOP is reviewed by senior level staff and authorized 
by management prior to distribution. 

. 
It is important that SOP's receive evaluation and input by laboratory supervisors and key technical· 
personnel. The content of each SOPs must conform to applicable requir~ments of analytical 
methods and certification agenCies, and be consistent with the Good Laboratory Practice . . 
standards. Within these constraints', ttie content of an' SOP may be customized to me~t the needs' 
of a particular area of the laboratory. The performance. of laboratory operations is subject to audit .. 
for compliance with written SOP's. If an SOP is· impractical, hard to follow, or no longer meets .. 
laboratory needs, it must be modified or replaced • 

• 

•• I 

The need for new or revised SOP's can be determined when a new method is implemented, when 
the scope of the existing method is extended or when some activities· are being performed without 
adequate SOP's. Such a need can be identified by the analyst involved in the production or by · . 
someone from management. Also, the QA Department may identify the need and request new or 
revised SOP's, usually as a corrective action for deficiencies found during an internal inspeCtion. I 
SOP's are created to provide· a clear, concise,. description of the procedure with explanatory· · 
information to enable a person with the appropriate background to perform the procedure. · 
.Revisions are made to SOP's as necessary to reflect changes in procedures. . · · . .,; 

While team leaders are responsible for the operating SOPs, the administrative staff assists with 
·the typing on an as-needed basis. Once technical approval is obtained for a new or revised SOP, 
the SOP is reviewed by the Quality Assurance Department for compliance with all requirements. 
The Quality Assurance Department also maintains a database of SOP distribution and version 
status, as well as maintaining the original copies of each active SOP and the historical files of 
each revision. The administrative staff distributes copies of the authorized SOPs to area SOP 
coordinators according to the distribution plan contained in the SOP database. The area SOP . 
coordinator is responsible for discarding copies of obsolete SOPs upo·n receipt of revisions. Team 
leaders are responsible for training staff in all applicable new or revised SOPs. ·. 

. ~ . . . . . ' . . . 

Work Area Guidelines 

WAGs are supplements to the SOP~ and as such contain additional detail and guidance. Work 
Area Guidelines ~AGs) are training documents which entail step-by-step instructions for specific 
tasks. The WAGs are comprised almost entirely of proprietary information and are restricted to . 
use by Triangle Labs employees; These documents cannot be distributed to clients or other non- · 
employees. 

Quality Records 
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a~~lity records must. be maintained to ·prove that the qualitY as5urance_ syStem iS. beir;g dectivety . 
appHed. At Triangle Labs, specific procedures for the identification, collection, Indexing, filing, 
storage, maintenance, and disposition of various quality records are descnbed in several SOP's. 
All quality records must be recorded in permanent (indelible) ink, legible, attributable to those 
person~el who wrote them, and_ protected .so they r:nay not ~ adversely affected by an unsuitable 
environment They are stored ·and maintained in a manner that facilitates rapid retrieval for a . 
period of at least ten years after completion. "Yrth ~e exception of internal audit' reports, project 
specific quality records are available for evaluation by the cfient'or his representative· during the 
archive period of ten years. In fact, certain quality records, as specified by SOP or contract, are 
delivered to_ the client with the final product. . 

Project specific quality records are maintained to prove that adeq~ate quality contrOl. procedures 
are being implemented, accountability of tlie projeCt data is maintained, and traceability of. . . 
analytical results is facilitated. Accountability means that reported data reflect the sample as it was 
received, that sample mix-up was avoided, and the sample was properly preserved after receipt" 
Traceability means that reported data may be reconstructed at a later date. Through proper 
documentation, a laboratory is able to demonstrate or prove to clients or government agencies 
that the quality of the data is what the laboratory says it is. Records must contain sufficient 
information to permit the reconstruction of calibrations, sample preparations and sample analyses. 

Quality records that are maintained at Triangle Labs include, but are not limited to, the following. 

records' for sample receipt, preparation and handling 
field sample and quality control sample analysis data 
project communication tracking forms 
inspection reports for receiving, in-process and final product 
subcontractor records 
vendor qualification records 
logbooks: run logs, maintenance logs, temperature logs, balance logs, etc. 
method validation records: MOL studies, initial precision and accuracy demonstrations 
recovery data for samples, blanks and spiked samples (maintained in a database) 
system and data audit reports 
corrective action reports 
QA reports to management 

Many of these quality records are discussed at length in other sections of this manual. Laboratory 
notebooks (or "logbooks") are utilized throughout Triangle Labs for many different purposes. All 
logbooks are maintained according to written procedures. New logbooks are issued by a system 
of signing them out in a designated logbook. Information that must be documented, both in the 
new logbook and the sign-out logbook, includes the assigned owner, the date issued, and the 
name and subject of the logbook. Logbooks must be maintained in accordance with the raw data 
SOP. Logbooks are kept to document all monitoring, maintenance and calibration of analytical 
instrumentation, and such laboratory equipment as balances, refrigerators and ovens. Software 
and hardware records for computers are also kept in logbooks. Logbooks specific to a piece of 
equipment are kept near that equipment to ensure that the work is recorded concurrently. 
Logbooks used for personal notes and telephone logs are distributed and tracked in the same . 
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Archive 

Tl'I~·Archhie Roon1'rs rock8d at an times ~nd only trained,· desigriated 'Sfafr have aCcess. Ail other . L 
personner·may entedhe ·r0on1. oniy rn the ,;..esene:e m a trained ArchiVist and must sign and date ·. 1 
a logbOok In the Archive Room. Any materials removed from the Archive. Roam muSt be signed 
out by the An:f1ivisl ' .· . . . .... ·. . . . . . . . . . . . . .. : . : .. · :.. . . 
All magnetic and hard copies of data, calibrations, equipment maintenarp records;· eal~lations~· .. 
records pf origin~l observ~ons, final test results and any. o~r misceDati~us. quarrty. records 
directly asSociated with sample analyses are stored in a secured facility for a minimum ten (10) 
years after completion of a project They fT!ay be stored in the Archive Room. or at a. secure,. off-· . 
site storage facility. .· · · · . · · . . : ·. • ... · . · · .. ·. · . . • · · ·· .. . · . : ... .~· .. ·. . .. : . 
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Section 14 

QUALITY ASSURANCE 

Through a formal quality assurance system, Triangle Laboratories, Inc. is able to prove that 
produds and services meet specific quality standards. These quality stand~rds are defined to 
meet the needs and requirements of our clients, the analytical methods utilized, government 
agencies, and senior management of Triang!e Labs. 

Quality assurance is a ve~broad and multifaceted concep~. It is composed of quality control and 
quality assessment Quali control is the most important component of quality assurance. The 
need for quality assessmen would be negligibl!! if the laboratory always achieved perfed quality 
control. 

Quality control is a system of activities applied at each ·stage of the production process. Its 
purpose is to assure that products meet defined quality standards. This system includes 
the following: employee education, training, and experience; documentation (e.,g., 
instructions, document control, records): instrument calibration and maintenance; 
laboratory accommodations: arid ins_pection. 

. . 
Quality assessme~nis a system of activitie. s employed to assure that qu. ality control takes 
place at each stag of the production process. This system includes the following: system, 
data; and perform ce audits; reference materials; statistical·evaluations; retests; and 
measurement bias Investigation (when measurements may be operator-, instrument-, or . 
methodology-dependent}. 

. . 
The success of a quality assurance system is dependent upon acknowledgment by all personnel 
of their responsibility for the system. The management of the laboratory is ultimately accountable 
for product quality, but no one person or group (e.g., the QA Department) is responsible for the 
greater· part of quality assurance program activities.· Details of the program may be found 
throughout this QA manual. The remainder of Section 14 will be limited to a discussion of the 
Qualio/ Assurance Department, and the major activities performed and/or administered by this 
group. J 
The (luality Assurance D_f!partment 

At Triangle Labs, the QA Department monitors the quality assurance system, as it is implemented 
throughout the laboratory, and reports the results of its observations to senior management. The 
Quality Assurance Officer reports directly to the President and the OA Department has no direct 
responsibility for production in the laboratory. The objective of this independence is to eliminate 
conflids of interest in the performance of QA duties. Major activities performed and/or 
administered by the QA Department are summarized below. Each activity is discussed in greater 
d~tail elsewhere in the QA manual, as indicated. · 
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• Performance of internal audits and coordination of external audits (see this section) 

• Administration of a system for formal Corrective Action Reports (see this section 
and Section 15) 

• Performance of Quality Assurance Unit (QAU) duties required for GLP-regulated 
studies (see this section) 

· • Administration of the system for document eontrol, with emphasis on the 
maintenance of Standard Operating Pro~edures (see Section 13) .. 

• Performance of statistical evaluations for selected quality indiCators, and .f 
maintenance of quality records (e.g., control charts, summary reports) generated 
. to document selected statistical evalu_ations performed throughout the laboratory 
(see Section 15) • · 

• Publication of the QA Manual and other documents that describe the quality 
assurance system a~ Triangle Labs (see Section 3). 

. . . 
Audits and Inspections 

-~ ·.. . .. . . . . . .. · . . 
There are several different types of audits. These may be internal, in which the laboratory reviews 
and examines itself, or external, in which the laboratory is audited by outside organizations, such 

~.as accrediting or regulatory agencies and clients .. 
::fr:!,_· .. ~-.. :,... .... .. . .. ·:.·. . . . .· . -~ .·: . ·-.~ . .. . . . ....... · 
·+fnte'm,al · . ' A system audit is an on-site inspection and review of the quality assurance system 
·System · · ··'as it is employed in the laboratory. During an audit, verification may be sought that: 
Audits arid · ·adequate written instructions are available for use; that a·nalytical practices 

performed in the laboratory are consistent with SOP's; that adequate quality 
Phase control practices are applied during production; that corrective actions are applied 
/nspec.tions as necessary; that deviations from approved protocols are occ~rring only with· 

proper authorization and documentation; that SOP's, quality records, analytical 
records, magnetic tape, etc.; are properly maintained; and that personnel training 
records are. satisfactory and current. · · · · · 

Internal system audits are knplemented by the Quality Assurance Department to 
assess the functioning of one or more department(s) of the laboratory. These· 
audits consist of real time inspections of the analytical process, comparing the 
daily operation to the applicable SOPs and policies. Formal inspection reports are 
issued detailing the extent of the _inspection and any non-conforman~e issues 
noted~ . The production staff is required to correct all noted deficiencies and a . 
second acceptable inspection is. required for acceptance of the corr~ctions. 

Inspection reports may be routed to management at any point in the .. process·. 
depending on the severitY of the problem. Major problemsare reported to 
management immediately while minor ones are normally· communicated in a 

I 
I . 

summary report dealing with sev.eral inspections~ . The original of each completed • 
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Performance 
Audits 
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inspection report, with management notification dates, is kept on file in the QA 
.. files. 

Phase inspections are internal system audits that are used to verify that aitical 
points of analysis during a pre-clinical or clincal study are being performed as 

··specified in the applicable SOP. These inspections are performed at intervals 
adequate to assure the integ~ty of the study. 

Representatives of clients, government agencies, and accrediting agencies 
frequently perform system audits of Triangle Labs. These audits are usually 
announced inspections, but sometimes are conducted without forewarning. QA 
Department personnel usually accompany such audit teams through the lab. The 

. auditors receive a brief overview of company objectives, activities, and facilities. 
Interviews with essential supervisory arid technical staff are arranged, along with 

· retrieval of any documentation pertinent to the audit. Auditors typically provide an 
account o{ their .finoings shortly after the audit. This account is evaluated by QA 
personnel and reported to management, along with recommendations for actions 
in response to any cited deficiencies. 

Data audits are performed by technical personnel (in Client Services or the QA . 
. Department) on a random sampling of the data reports produced at Triangle Labs. 
It is a goal to perform a comprehensive evaluation of a representative sampling of 
data reports.' A data report is carefully evaluated for technical, clerical and 
administrative accuracy. Primary emphasis ·is placed on the ability of the data 
report to meet customer requirements. Data audits are utilized for several . 
purposes, including: identification of opportunities for process improvement, 
evaluation of the efficiency of the system, detection of inadequate execution· of 
quality control procedures, early warning of potential system deficiencies, 
corrective action recommendations, and reports to upper level management. 

A performance audit is the analysis of a fortified blank sample, for the purpose of 
evaluating laboratory or analyst performance. There are s·everal examples of 
performance audits, which may be of internal or external origin •. Performance 
Evaluation (PE) samples have analyte concentrations unknown to Triangle Labs, 
and are submitted by external organizations. PE's may be. analyzed as part of 
multi-laboratory round robin studies, in conjunction with accreditation programs, or 
as blind check samples submitted by clients. Internal performance audits are 
fortified blanks with known analyte concentrations, the values of which niay or may 
be known to the analyst. Examples of internal performance audits include initial 
precision and accuracy studies, QC check samples, laboratory control samples, 
and blind samples. The results of performance audits are utilized for several 
purposes other than the evaluation of laboratory performance, including: to fulfill 
accreditation requirements, to serve as analyst proficiency tests, and to facilitate 
laboratory improvement efforts . 

Non-Conformance Reports 
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All instances of failure to comply with acceptance criteria are doeumented in a non
conformance report {NCR). Each report contair~s a description of the •taiJure•. details of 
the resulting investigation, and the determined impact on .the associated sample(s). A 
summary of these NCR reports is reviewed by the Production Manager. the Technical 
Director and the Quarrty Assurance staff. NCRs are maintained as part of the raw data file 
of the project. A non-conformance issue may be caused by a particular sample · 
independent of the analytical process pr it may have been caused by a faulty analytical 
process with minimal adverse impact on the particular samples. .The staff at Triangle. 

· strives to identify both types of situations and deal with them accoi-dingly. ·. 

Corre~ve Action Reports · 

., 

All major non-routine problems,. deficiencies, or irregularities must be reported to management A 
formal Corrective Action Report {CAR) system,· administered by the QA Department, is in place at 
Triangle Labs. The QA Department issues CAR forms, monitors the progress of corrective 
actions,' maintains completed documentation, and provides reports to senior management on the 
status of formal corrective action activities. CAR's may be originated by anyon~ responsible for 
the quality of a product. A completed form is sent to an appropriate person or group to whom 
responsibility for corrective action is assigned. One person is designated the Corrective Action. 
Analyst. This person records the correctiv~ action plaris, implementations and follow-up actions 
completed by the responsible person{s). During the corrective action process •. several measures 
may be taken. These include: determination of the root cause through careful analysis of 

. processes;_ specifications, quality records, customer complain.ts. etc., using statistical process •.. • 
iControl when applicable; implementation .of mea~ures that prevent recurrence of the problem: · 
·implementation of process controls to ensure that effective corrective action is taken; application 
of remedial actions to products affected by the identified problem; and revision of documentation 
for procedures that have undergone change as a result of corrective action. 

~ . . . . 

Certification and Accreditation 

Triangle Labs has been granted numerous certifications and accreditations, based upon 
compliance with standards set forth by the granting agencies. These credentials have enabled 
Triangle Labs to expand and retain a substantial client base. More information about specific 
credentials can be found in Section 5, page 3. The nature of the quality assurance program 
implemented at Triangle Labs is profoundly affected by requirements of certification agencies. The 
administrative staff is responsible for the administration application and renewal activities 
associated with the various certification programs, while the QA Department is responsible for the 
coordination of the technical and quality issues associated With the certification programs. The QA 
Department is directly responsible for the coordination of: 

• On-site audits by outside agencies 

• Analysis of blind performance evaluation {PE) samples 

• 
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Dissemination of requirements and status of certifications to relevant laboratory 
personnel. 

GLP Regulated Studies 

The Good Laboratory Practices (GLP's) are a set of regulations decreed by the United States 
Food and Drug Administration (FDA) and the United States Environmental Protection Agency 
(EPA). Compliance with these regulations is required for certain projects C'studiesj completed at 
Triangle Labs. The GLP's define some specific responsibilities for the Quality Assurance 
Department Briefly summarized, these QAU duties include the foRewing: 

• Maintenance of a copy of the master schedule sheet for all studies 

• Maintenance of copies of all protocols pertaining to all studies 

• 
• Inspection of each study at adequate intervals 

• Preparation of written status reports on each study with reports to management 
and the study director 

• 

• 

Determination that no deviations from approved protocols or SOP's were made 
without proper authorization and documentation 

Review of the final study report 

• Preparation of a signed statement of the inspections performed and the dates 
each was reported to management for inclusion in the final study report 
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S~ction 15 

QUALITY CONTROL 

At Triangle Labs, quality control is achieved through the application of several procedures. Quality 
control activities commence before productiori is initiated, and are implemented at each stage of 
the production process. The purpase of these adivities is to assure that all required standards of 
quality are met Quality control activities are described in many sections of this manual. The 
remainder of this section will describe a subset of quality control activities that may be considered 
a discrete process, summarized as follows: · · · 

Prior to the initiation of production activities, required quality standards are defined. These 
are derived from several sources, inclul!fing: requirements of the analytical methods, needs 
stated by the clients, and standards established within Triangle Labs. 

During production, verification activities are performed to determine that defined quality 
standards have been met. Also, preventive measures are applied to avoid the possibility of 
nonconformity. · · 

When defined quality standards have not been met (nonconformities), corrective actions 
are applied and verified to determine that the results meet requirements . 

Data Quality Objectives 

Oata·are produced for clients at Triangle Labs. Defined quality standards for these data may be 
expressed as data quality objectives (DQO's). These are established prior to sample preparation 
and analysis. Quality assurance indicators common to all DQO's include, but are not limited to: 
accuracy, precision, completeness, representativeness, and comparability. Examination of the OA 
indicators is performed to demonstrate that the data are scientifically valid, legally defensible and 
that they adequately meet established DQO's. The QA indicators may be summarized as follows: 

Accuracy 

Precision 

A quantitative measure of the relationship of reported data compared to the "true· 
or expected values. This measurement may be accompiished by evaluation of 
the recoveries of analytes spiked into samples. Specific aecuracy measurement 
activities include surrogate spikes, matrix spikes and Quality Control Check 
Samples.. · 

A quantitative measure of the reproducibility of measurements made under 
controlled conditions. This measurement may be accomplished by comparison of 
recoveries of analytes in replicate samples or injections. These analytes may be 
spiked or native to the duplicate samples. Specific precision measurement 
activities may include field replicates, Jab replicates,· matrix spike replicates al']d 
replicate injections · .) -~-.-----------~-...;.,_ 
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Complete-
ness 

Represent
ativeness 

Comparability· 

A qualitative measure of the amount of vafid data obtained from the analytical 
process compared to the amount that"was expected to be obtained. Vafid data 
must meet all data quality objectives for precision and accuracy. 

A qualitative measure of the degree to which data represents the characteristics . 
. of the population from whicJ1 samples were corrected. This is usually dependent 
. UpOrl sampling techniques not.controfled by the analytical labOratory •. However, 

. the issue of the representativeness of subsamples prepared within the · . 
· labo~tory is addressed by thorough homogenization prior to subsampling. . 

. A qualitative measure of the confidence with which one set of data can be ·. 
compared to another. Characteristics that make comparison possible include 
standardized report format, consistency of units (e.g., mgll. ppm), and 

· standardized sample preparation and analysis. 

Quality Control Samples and Spikes 

Analytical performance is monitore·c:f through quality control samples and spikes, such as 
· laboratory method blanks, surrogate spikes, quality control check samples, matrix spikes; matrix 
spike duplicates, duplicate samples and duplicate injections. Many of these quality control 
measures, as applied at Triangle Labs, are summarized below. .· · · . 

. ·.. . ... . . . 

Laboratory 
:"til:. Method 
1-:alank 

Surrogate 
.Standards 

·.Quality 
·control 
'chtick. 
Sample, . 

· .. ·.. . ·. 

A laboratory method blank consists cif a sample that ls processed in a manner 
identical to that of a regular sample, except that the matrix is replaced with distilled 
water for aqueous matrices, sodium sulfate for solid matrices, XAD-2 resin for 
MM-5. and PUF filter for PUF air sampling cartridges. The laboratory method blank 
sample is fortified and prepared along with the field samples, at a frequency of one 

. laboratorY method blank per batch of 20 (or less) samples of a given matrix type. 
· The laboratory me~od blank serves to demonstrate a contamination free 
environment in the laboratory. . · · 

. . . 

For certain methods, all samples, including the laboratory method blank, are spiked 
.·with a set of specific surrogate standards to monitor accuracy of the analytical· 

determination for each particular sample. QC criteria for surrogate recoveries are 
method and matrix specific. Typically, laboratory QC criteria are established upon 
acquisition of a sufficient number of data points {20 or more) and used for 
evaluation of sets of data via control charts, while method specified limits are 
utilized for individual sample~. 

A quality control c~eck sample consists of a blank matrix sample which is fortified 
not only with appropriate internal and/or surrogate standards, but also with target 
analytes. QC check samples are analyzed·at a frequency dependent on the 
·method~ They serve as an.estimation of system precision and accuracy. Results of 
ac check samples are monitored on control charts, with QC requirements for 
recoveries being established as they are for surrogate recoveries. 
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Matrix. 
Spike 
Sample 

Matrix 
Spike 
Duplicate 
Sample 

Duplicate 
Sample 
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A matrix spike (MS) sam pie' consists. of 'a 'field sample, identified by the client, that is 
split into two parts and processed in a manner identical to that of the rest of the field 
samples. However, in addition to the regular fortification with the standards 
Qntemal, surrogate and/or alternate), the chemist will add a set of the target 
analytes to one part of the chosen sample before the preparation. The fortification 
revels for the target analytes are defined by the analytical method or the clienfs 
request At the request of the client. one such sample will be prepared for every 
batch of 20 samples (or less) fQr a given matrix. To be able to run matrix spikes, the 
client must provide Triangle Labs with extra sample amounts. 

The analytical report for the matrix spike will contain a tabulation of the analyte 
concentrations as expected and as measured, along with the calculated percent' · 
recoveries based on the expected concentrations. The percent recoveries actually 
represent a· measurement ·of the method accuracy for that particular sample and 
matrix. Accuracy is established ·and updated for a particular analyte and method. In 
the absence of observabl~ quantitative interferences, the MS sample ~hewing . 
accuracies falling outside the QC limits must be reanalyied unless the matrix spike 
duplicate (MSD), which was processed along with the MS, shows similar deviations 
as a result of a ·matrix effect." This type of corrective action can· only be imple- . 
·mented ifthe sample selected for the MS (and MSD) was proven to be .free of the 
target analytes, or did not contain high concentrations· that significantly exceed the 
MS fortification level of these analytes. "Matrix effect" is further substantiated by 
acceptable recoveries in a QC check sample processed along with the field 
samples. Matrix spike recoveries, and the possible effects on data quality when 
accuracies fall outside the QC limits. are discussed in the Case Narrative. . . 

The matrix spike duplicate (MSD) sample is commonly prepared (at the Client's 
request) in conjunction with the niatrlx spike (MS) sample. The analytical report will 

· summarize the data from the MS and MSD analyses in a format allowing 
determination of the precision of the analyses. As for the matrix spike sample, the 
client must provide Triangle Labs with extra sample amounts. 

A duplicate sample (OUP) consist~ _of a set of two identi~al samples obtained during 
a single sampling session. At the client's request one such sample per batch of 20 
samples (or as specified by the client) per matrix type will be_ analyzed, provided the 
·client supplies Triangle Labs with the ~ecessary samples. · 

The analytical report for the duplicate analyses will contain a tabulation of the 
results showing the precision as relative percent difference (RPD). Precision 
exceeding any specified target values will necessitate a non-conformance report 
and an evaluation of the associated data. The influence of the sampling procedure 
will be included in the data evaluation. The RPD is calculated as: 

where: RPD = 

Section 15 
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Duplicate 
Injection. 

}G(i=1,2) = the analyte concentration in the original sample (1) and the duplicate 
sample (2) 

. . 

Upon client request, a duplicate injection' of a single sample extract Will be 
perfonned. In the absence of observable interferences, the RPD is expected to be 
within ± 30% or the injections will be repeated after identification of the cause of the 
poor precision. Field samples analyzed during a suspected out-of-control situation 
will be reinjected as well. · 

. . . . ·. ' 

Statistical Evaluation - . . ·· . . 

1
. . 

statisti~l evalua~~ns can b~ made of s~l~ded an~lytical.quali~ indi~t : i~~~u~ing spike 
recoveries, Calibration responses, contamination levels, and method detection limits. Production 
uri its· monltor levels of compliance with many criteria. on a •real time" basis. Control charts are 
used to identify ·s_hifts in the analytical process. All identified performance shifts are investigated 
arid ·causes ofadverse shifts are eliminated. .Causes of positive shifts are also identified and 
incorporated in ·soPs and staff training as· applicable. In-house ac criteria may be determined 
through historical trend analysis of data collected on ac charts. .Statistical evaluations can be 
pe~o~ed by both t~e OA department and production units. . 

QC ~n$pection . . . . . . 

'~~u~lity.control inspe~tions are built into the produc~i~n-pr9.cess_. Th~se ilpecl_iot:ls consist of peer ... 
, ·tev1ew at each step of the process the ensure compliance with process ld product· 

specifications. Acceptance criteria are included in the production SOP's. Written documentation 
of the analytical process is maintained beginning with sample receipt and preparation, through 
instrument calibration, sample analysis, data reviewand report preparation. This documentation is 
reviewed for completeness, compliance with written procedures and consistence with client 
documentation. · · · · · · · 

Written records of all QC inspections are required indicating the date, inspector and results of the 
··inspection. o·eteCted nonconfonnani::es must b~ recorded during the inspection: Corrective action 
must be taken and documented whenever nonconformance is ·detected. The identity of the 
inspection authority responsible for releasing the product is documented~· · the inspection records. 
Until required inspections are perfonned on the intennediate and final pr; uct, it is not permitted 
to progress further along the production process, except by special, doc . ented, client request. · 
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In-process 
Inspection and 
Testing 

Each department is respOnsible for a segment of the production process and for 
all in-process inspection and testing that takes place within the department In
process inspection is accomplished tflrough 100% screening for all areas. Each 
client sample that goes through the analytical process is unique and can be 
considered a separate lot · 

. . . 

Rna/ · The last stage of the production process is the preparation of a final data report 
Inspection and . This requires a thorough review of all recoi'ds generated for a client sample set 
Testing since its receipt, including inspection records and any client documentation that 

Nonconformity 

· may have originated before sample receipt A chemist performs this function 
during the preparation of the data package. This inspection serves as both an 
in-process and final inspection of the ·product In addition, a second chemist 

· · performs another final inspection of the data package and quality records. As in 
any other part of the process, any nonconformances found during these. 
inspections must be documented and corrected before the data package is 
released. Approval of the data package for release to the client is indicated by 
the .signatures of the chemists on the case narrative. · 

Each field. sample that is.incorporated into ·the analytical process is unique. Laboratory procedures 
are. designed to introduce as much standardization as possible~ Whenever conformance to 
standards is uncertain, the product is reviewed to determine the nature and cause of ·. 
nonconformance. If it is judged to be nonconforming due to the unique nature of a sample, there 
may be littl~ recourse other than to inform the ·client and discuss ttie options that are available. 

Each case of failure to comply with written acceptance criteria must be recorded in a non
conformance report (NCR). The failure must be recorded by the person who detected or 
observed it. All investigative efforts are recorded on the NCR with an evaluation of the impact the 
non-conformance had on the associated samples. Impact on the analytical process is also noted. 
If needed, recommendations for corrective action are made. A copy of the NCR is kept with the 

project data. Rework and reanalysis is subject to the same inspection procedures as the initial 
work. Nonconformity, its review, and its disposition must be documented in the quality records as 
prescribed by the written procedures. 

Corrective and Preventive Action 

Appropriate actions must be taken to prevent or correct nonconformities in products and problems 
in analytical systems. When actions result in permanent procedural changes, pertinent 
documentation (e.g., SOP's) must also be modified to reflect these changes. Cost-effective 
preventive measures are applied whenever possible. In specific cases, the cost of applying 
preventive measures would exceed the cost of applying routine corrective actions. Because every 
client sample possesses unique and unknown properties, some predisposition to unpredictable, 
unpreventable nonconformities exists . 
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Specific corrective actions are of two types: routine corrective actions appfied to · · 
solve minor or commonplace problems, and fonnal cOrrective actions taken to · · 
efiminate major· or non-routine problems. . · ·. · 

·Routine eorrective actions are usuany made by the chemists, technicians or 
instrument operators who detect minor problems or product 

· nonconfonnances. These actions are taken in respon·se· to observed non
.. conformance issues are recorded on the associated NCRs. · · 

· .. · .. There are three procedures for conducting fonnal corrective actions. The 
. . . . first is corrective action in response to a system audit. report from the 

Quarrty Assurance Unit. This procedure is more thoroughly described in 
·. Section 14. The second procedure is the formal Corrective Action Report, J 
which may be initiated by anyone who detects a significant quality problem. 
This procedure is also administered by the Quality Assurance Unit. Further 
information about it can be.found in Section 14. The third practice is 
described in a written procedure on "Problem Sample Communication." It is 
initiated in response to client complaints about specific projects. 

Preventive actions are implemented as part of standard operating procedures, 
process improvement efforts and corrective actions .. When circumstances inherent 

. to a procedure are known to have a high potential for error, the SOP must define 
· measures to prevent the error from occurring. Preventive actions are an integral 
part of corrective actions, because resultant chang·es in procedures often prevent 
recurrence of problems; · · · · 
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Appendix2A 
VOLAnLE.COMPOUNDS· sw-846 Method 82608 

pentafluorobenzene C!ntemal standard) ·. · 
Acetone 
Acrylonitrile 
Allyl chloride 
Bromomethane 
Bromochloromethane 
carbon disulfide 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,2-Dichloroethene · 
1,1-Dichloroethane · 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
cis-1,2-Dichloroethene 
2-butanone (methylethylketone) 
2.2- Oichloropropane 
lodomethane 
Methylene chloride 
trans-1.2-Dichloroetherie 
Trichlorofluoromethane 
Vinyl chloride 
Vinyl Acetate 
Dibromofluoromethane (surro9ate) 
1 4-0ifluorobenzene llntemal standard) 
Benzene 
Bromodichloromethane 
Bromoform 
2-Butanone 
Carbon Tetrachloride 
Chlorodibromomethane 
Dibromomethane 
Dichlorodifluoromethane 
1,1-Dichloropropene 
1,2-Dichloroethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Ethyl methacrylate 
Methyl methacrylate 
trans-1,3-Dichloropropene 
4-Methyl-2-pentanone 
trans-1, 3-Dichloropropene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 

Appendlx2A 

·' · · Tofuene 
· 4-Bromofluorobenzene (surrogate) 
Toluene-de (surrogate) 
Ch!orobenzene-<f~_(lotemal standard) 

· · · Bromofonn · 
· • · Chlorobenzene 

· · ·. Dibromochloromethane · 
.1,2-Dibromoethane .· · 
Ethylbenzene 

. 1,1,1 .. 2-Tetrachloroethane 
.. 1,3-Dichloropropane 

2-hexanone 
a-Xylene . 

4 m-lp-Xyh:!ne 
Styrene 
Tetrachloroethene 

.. 1 4-Dichlorobenzene- d. Clntemal standard) 
·4-Chlorotoluene -

. · . Benzyl Chloride 

...... n-Butylenzene 
. sec-Butylenzene 
tert-Butylenzene . 
trans-1,4-Dichloro-2-:butene 
n-Propylenzene 
Naphthalene 

·.·p-eymene· 
. Bromobenzene 
Cumene 

· Hexachlorobutadiene 
1,1,2,2-Tetrachloroethane 
1,2,3-Trichlorobenzene 

. 1,2,3-Trichloropropane 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,2-Dibrom0-3-chloropropane 
1,3,5-Trimethylbenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2-chlorotoluene 
4-chlorotoluene 

Additional single point calibration compounds: 
1,3-butadierie; n-hexane; Vinyl bromide; 1 ;J.
Epoxybutane; lso-octane: Heptane; Ethyl 
acrylate; methyl-t-butyl ether (MTBE) 

Revision Date 
April15, 1999 VOLATILE COMPOUNDS 

Page 
1 of1 



Triangle Laboratories, Inc. . QuaiJty Assurance Manual -~!f.;. 
. • :=.·;r'-.~ 

_________________________________ .. ;~f.,. . 

-<i_:~~:.. . 
••'\•~ I 
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SEMIVOLATILE COMPOUNDS. 

.· ~-· ... . ·•. 
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1 .+Dich!orobenzeO&-d! · 
Benzyl alcohol 
8is(2-Chloroethyl)ether 
8is(2-Chloroisopropyl}ether 
2-Chlorophenol 
1,4-0ibromobenzene-d4 · · 

(surrogate} 
1,3-0ichlorobenzene 
1,4-0ichlorobenzene 
1,2-0ichlorobenzene 
1,2-0ichlorobenzene-d4 
(surr} . . . . . 
Hexachlorophenol · 
2-Methylphenol 
3/4-Methylphenol 
N-Nitroso-di-n-propylamine 
Phenol 
Phenol-d5 (surrogate)· 
2~Fiuorophenol (surrogate) 

tlaphthalene=da 
Benzoic acid . 
4-Chloroaniline 
8is(2-Chloroethoxy)methane 
4-Chloro-3-methylphenol 
2,4-0ichlorophenol 
2,4-0imethylphenol 
Hexachlorobutadiene 
lsophorone 
Naphthalene 
Nitrobenzene 
2-Nitrophenol 
1,2,4-Trichlorobenzene 
1,3,5-Trichlorobenzene-d3 
(surrogate} . 
Nitrobenzene-d5 (surrogate) 

Acenaphthene-dJ.Q 
Acenaphthene 
Acenaphthylene 

. SW-846 Method 8270C . 

2-Chloronaphthalene 
.. 4-Chlorophenyl phenyl ether 

Oibenzofunm 
Oiethylphthalate 
2,4-0initrophenol 
2,4-binitrotoluene 
2,6-0initrotoluene 
Fluorene 
Hexachlorocyclopentadiene 
2-Nitroanilin~ 
3-Nitroaniline 

. 4-Nitroaniline 
· 4-Nitrobenzene 
. 2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

.. · · · 2-Fiuorobiphenyl (surrogate) 
. · · :2.4.6-Tribromophenol 

: .. (surrogate) 

phenanthrene-d12 
Anthracene 
Anthracene-d10 (surrogate) 
4-Bromophenyl phenyl ether 
Di-n-butylphthalate 

. 4,6-Dinitro-2-methylphenol 
Hexachlorobenzene 
N-Nitrosodiphenylamine 

· Pentachlorophenol 
· Phe-nanthrene 

. Chrysene-Q!Z 
Benzo( a}anthracene 
8is(2-ethylhexyl)phthalate 
Butylbenzylphthalate 
Chrysene 

·. 3,3'-Dichlorobenzidine 
Pyrene· 
Pyrene-d1o surrogate} 
Terphenyl-d14 (surrogate) 

Revision Date 
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perylene-Q11 . 
Benzo(b)fluoranthehe 
Benzo(k)fluoranthene 
Benzo(g,h,i)peryfene · 
Benzo(a)pyrene · 
Oi-n-octylphthalate. 

· lndeno(1,2,:kci)pyrene 
Oibenz(a,h)an_th_racene·: 

Non-target compounds ·. 
known as tentatively · · · · 
identified compounds (TIC's): 
are identified by. a computer . 
generated searcch. of the 
National Institute of . · · 
Standards and Technology 
(NJsn Mass _Spectral Library:·. • 

.. . .· .. ·: 
Internal standards are 
underlined in this list..· · 
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DIOXIN!FURAN COMPOUNDS . 

. 
Table 1- Method 551 Target Analytes 

Specific Isomers 
2,3,7,8-TCDO 
2,3,7,8-TCDF 

Total Isomers 
Total TCDD (22 isomers) 

·Total TCDF (38 isomers) · 
. . . 

Table 2- Methods 8280, 8290, 23, 0023A, 16138 

Specific Isomers 
2,3,7,8-TCDD 
1,2,3,7,8-PeCDD 
1,2,3,4, 7 ,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,4,6, 7,8-HpCOO 
ocoo 

2,3, 7,8-TCOF 
1 ,2,3,7 ,8-PeCDF 
2,3,4,7,8-PeCOF 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
2,3,4,6,7,8-HxCOF 
1,2.3,7,8.9-HxCOF 
1,2,3,4,6.7,8-HpCOF 
1,2,3,4,7,8,9-HpCOF 
OCDF 

TCOD 
PeCOO 
HxCDD 
HpCOO 
ocoo 
TCOF 
PeCOF 
HxCOF 
HpCDF 

tetrachlorodibenzo-p-ctioxin 
pentachlorodibenzo-p-dioxin 
hexachlorodibenzo-p-dioxin 
heptachlorodibenzo-p-dioxin 
octachlorodibenzo-p-dioxin 
tetrachlorodibenzo furan 
pentachlorodibenzofuran 
hexachlorodibenzofuran 

heptachlorodiberizofuran 
OCDF octachlorodibenzofuran 

Appendix2C 

. · ... 
Iota! Isomers 
Total TCOD . (22 isomers) 
Total PeCOD (14 isomers) 

·:Total HxCDD (10 isomers) 

· Total HpCDD (2 isomers) 

· Total TCOF · (38 isomers) 
·Total PeCOF (28 isomers) 

· , Total HxCOF (16 isomers) 

Total HpCOF (4 isomers) 
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Appe~dix 20 ... 

PESTICIDE. COMPOUNDS, . - . . . . . . . . '. ~ .... ~ .. 

. . 
··.:. . . Aldrin 
. a-BHC 

· f3-BHC 
. . . . 8-BHC . 

y -BHC (Lindane)· · 
, Chlordane (technical)8 

. · 4A'~DDD 
·.· 4,4'-DDE 
.. 4,4'-DDT 

Dieldrin 
· Endosulfan I 

Endosulfan II 
Endosulfan sulfate 

· · Endrin 
· Endrin aldehyde 

Heptachlor 
Heptachlor epoxide 

Methoxychlor 
Toxaphene 

Aroclor 1016 
· .. Aroclor 1221 

Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

· ..... . 

Tetrachloro-meta-xylene (TCMX) - surrogate 
Decachlorobiphenyl {DCBP)- surragate ..... 

Appendix 2o. 
PEsnCIDE COMPOUNDS 
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Appendix 3A · 

GCIMS ANALYTICAL ME"f'HODS: VOLA TILES ~ .SW-846 82608 . . . . . . ..· . . . . 

Matrices 

Compounds 

Initial Calibration 

VOST tubes, solids (by-dilution method only) , water 

See Appendix 2A 

5 point minimum; SPCC compounds RF > 0.30 for chlorobenzene and . 
1,1 ,2,2-tetrachoroetharie and RF > 0.10 for chloromethane, 1,1- . .. ·.. . 
dichlorethane and bromoform ; CCC compounds RSO <30% 

. . 

·.· · .. 

Continuing 
Calibration 

. mid~if:wel standard analyZed at the beginning of every 12 hours of analysis 
time,· SPCC compounds ~ same as initial calibration; . CCC compounds . 

Internal Standards · 

. Standard Solution 
Ufetime 

%0 < 20% from initial Calibration average . 

Pentafluorobenzene . 
1 ,4-0ifluorobenzene 
ChlorobenzEme-d5 
1 ,4-0ichlorobenzene- d4 

Stock ·solutions (>1 ooo ppm): 
. gases iri methanol 2 months 

. . . . liquids in methanol 6 months 

Dilutions (<1000 ppm}: 
in methanol 
in water 

2weeks 
1 week 

,---...;........ 

Holding Time 14 days from sampl~ collection 

. . ·-----,-----···-.·-·' .. ---

Validation Initial peiformance analysis (water): ·four 5 ml aliquots composed of 
reagent water spikes ·with all analytes at 20 J.lg/L Results must meet all 
method criteria . 

QC Check Sample Blank matrix spiked with equivalent of 20 J.lg/L all analytes. Must me~t all 
method criteria. Two (2) are analyzed each day of analysis or once per 20 
samples whichever is greater. 
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April15, 1999 

Appendix 3A . · · · . 
GCIMS ANALYTICAL METHODS: VOLA TILES 

Page 
1 of1 



l 
i 
' 

l 
l 
i 

I 
J 

J 

I 
I 
I 
I 

Triangle Laboratories, 1f1C. Quality Aaurance Manual 
!,,. . .. :· .. '.•. •.. ·. :. \. : . ' . . . . ~ 

Matrices 

Compounds 

Initial Calibration 

Appendix 38_ . . •'. · .. 

GC/MS ANALYTICAL METHODS: .. 
· sENiivoLATILEs sw-84&-Method s21oc 

solid waste,· soil, water: a~d ail~ 
..... · 

See Appendix 28 

5 point minimu~: SPCC C6nip6~~ds RF :> ci.oso, CCC compounds Rso· .. 
:--- <3ooio· · ,· · · .· . • . · · · · · __ , _ _- __ ·_ . · __ · - · · 

.. : ... ,· · ... 

Continuing. 
Calibration 

. mid~level standard analyzed at the beginning of every 1_2 hours of an~lysis. 
.. : · : time,· SPCC compounds RF_, > 0.050, cc_C compoun_ds ·' · · · 

· · %0 < 30%-fronrinitial calibr:ation average : . ·· : 

Internal Standards 1 ,4-Dichlorobenzene-d4 

Naphthalene-d8 
Acenaphthalene-d,0 

Phenanthrene-d,0 
Chrysene-d,2 
Perylene-d12 . ·· · 

Surrogate Standard Nitrobenzene-d5 
2-Fiuorobiphenyl, 
Terphenyl-d,. · 
Phenol-d5 
2-Fiuorophenol 

2,4,6-Tribromophenol 
·· · Pyrene~,c) · ·_ ·· · · ·· ·. ..... 

. 1,3,5-Trichlorobenzehe-d3 _ 

· · 1,4-Dibromobenzene-d4 

. Anthr~cene_-d10 

Standard Solution . Stock Solutions ·1 year 
Ufetime 

Holding Time 

Validation 

QC Check Sample 
or Laboratory 
Control Sample 

Revision Date 
Apn115, 1999 

Extraction: water 7 days from sample collection 
soils 14 days from sample collection_ 

·_ . 40 days from extraction .·-.. 

Initial performance analysis (water): four (4) 1 L samples composed of 
reagent water spikes with all analytes at 1 00 J!QIL, extracted and analyzed. 

· · Results must meet all method ciiteiia. · · · · : · ··: 
.. ·' .. ·. 

Blank matrix spiked with equiValent of 100 J.Lg/L all imalytes. Must meet all 
method criteria. Two (2) are analyzed each day of analysis or once per 20 
samples whichever is greater. 

Appendix3B 
GC/MS ANALYTICAL METHODS: SEMIVOLA TILES 
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Triangle L.abonltDifes, Inc;_ Quality Assurance Manual 
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Appendix 3C 

GCIMS ANALYTICAL METHODS: DIOXINIFURAN 

Matrices 

Compounds 

Initial Calibration 

Continuing 
Calibration 

Internal Standards 

Surrogate 
Standards 

Recovery Standards 

Revision Date 
April15,1999 

Mllb2da 82SQ 123 · Mgthgd j§j3B .. . Metbgd 55j 
. . 

water, soil, sludge, tissue, pulp, paper, ash, MMS, PUF (Method 23- MMS only) 

See Appendix 2C, Table 2 See Appendix 2C, Table 2 

6 points- 20130% RSO 6 points- 20/25% RSD 
(Method 23- 25/30% RSD) 

• 
mid-level standard every . · Mid-level sta.ndard every · 
12 hOurs, 20/30% RPD - 12 hours,· approximately 
(Method 23· 25/30% RPD) 20125% RPD 

., 

13C12-2,3, 7,8-TCDD same as Method 8290 
13C1z-2,3, 7,8-TCOF plus: 
13C1z-1,2,3,7,8-PeCOO 13C,2-2,3,4, 7 ,8-PeCOF 
13C1z-1,2,3,7,8-PeCOF 13C12-1,2,3,4,7,8-HxCOO 
13C1z-1,2,3,6, 7,8-HxCOO 13C12-1,2,3,4,7,8-HxCOF 
13C1z-1,2,3,6, 7,8-HxCOF 13C12-1,2,3, 7 ,8,9-HxCOF 
13C12-1,2,3,4,6, 7 ,8-HpCOO 13C12-2,3,4,6,7,8-HxCOF 
13C1r 1,2,3,4,6, 7,8-HpCOF 13C12-1,2,3,4, 7,8,9-HpCOF 
13C12-1,2,3,4,6, 7 ,8-0CDO 

37C14-2,3,7,8-TCDD . 37 C14-2,3, 7,8-TCOO 
13C12-2,3,4,7,8-PeCOF 
13C1r 1,2,3,4, 7,8-HxCOO (cleanup standard) 
13C1z-1 ,2,3,4, 7,8-HxCOF 
13C1z-1,2,3,4,7,8,9-HpCDF 

13C12-1 ,2,3,4-TCOO 13C,2-1,2,3,4-TCOD 
13C1z-1,2,3,7,8,9-HxCDD 13C12-1,2,3, 7 ,8,9-HxCDD 

Appendix 3C . .. ._ . _ _ 
GCIMS ANALYTICAL METHODS: OIOXINIFURAN 

See Appendix 2C, Table 1 

5 points in dupficate -
20125% RSD 

. Mid-level standard at the 
· beginning of every 12 

· · hours and 4th point at the 
end of injection seque~ce, 
20% RPD 

same as Method 8290 
( except tetra isomers 

only) 

same as Method 8290 
{ except tetra isomers 

only} 

13C12-1,2,3,4-TCDD 

Page 
1 of2 



Ttl•glel.aboratDit.-t Inc. 

Standard Solution 
Ufetime 

Holdingnme 

: .. : 

Based on concentration-
~10 J191mL: 15 years, or according to supplier specifications 
:<10 Jlg/m_l: . 1 year,.. · . . :. ·: ; _ · · · " ... 

.82aQ Water- 1 year at Q-4• C • 
. .. . · .•. Extract within 30 days of .• ·Solids· 1 yearat<-10 •:-.. 

. . .... eonection: analyze within . c. . . 
. .. 45 days of extraction . ~. . 

2a ... . ' . . 
Analyze within 60 days of 
coUection 

• 

... , __ ... ·.·. 

· ... 

~· .... : 

Validation Initial performance analysis (water): four (4) 1 L aliquots compos~ of reagent water·.'; 
spiked with all analytes: tetra at 200 pg/L, penta ... he pta at 1000 pg/L, and octa at . 
200b'pg!L ' .. 

QC Check Sample ·. Blank matrix spiked in the same manner as the vafidation series.· Two (2) are 
analyzed each day of analysis or once per 20 samples whichever is greater. (Only 1 . 
per day or once p~r2? samples Method 1613).. . . 

Revision Date 
April15, 1999 

:· ... 
. . 

.. · 

Apjlendix 3C . 
GC/MS ANAL YTJCAL METHODS: DIOXJNJFURAN- : · 

'. · .... '. 
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. Trtanale Laboratodes, Inc. Quality Assurance Manuai . . ·... . . . . 

Appendix 30 

GCJMS .ANALYTICAL METHODS: .PESTICIDES/PCBS 

Matrices· groundWater, soil, non water-miscible waste 
Compounds See Appendix 20 

- . initial Calibration 5 point minimum, RSO .s20%·, use average RF 
. ' 

. Continuing. mid-level standard every 10 samples, :S15% 0 
Calibration 

Internal Standards Oecafluorobiphenyl . . 
2,4,5,6-Tetrachloro-meta-X}'lene 

·_ Standard Solution 
·. Ufetime 

Stock Solutions (~1 000 ppm):. . According to supplier specifications 
WorkingSolutions (<100 ppm): '.6 months· · • 

~ 

Validation . 

QC ~heck Sample 

Revision Date 
April15, 1999 

· · Extraction: · · 

Analysis: 

water 7 days from sample collection 
soils 14 days from sample collection 

40 days from extraction 

Initial performance analysis (water): four {4) one L aliquots composed of 
reagent water spikes with all analytes at equivalent of 10 and 2 J.Lg/L. 
Results must meet all method criteria. 

. . 
Blank matrix spiked with all analytes, equivalent of 10 and 2 J.Lg/L. Must 
meet all method criteria. Two (2) are analyzed each day of analysis or once 
per 20 samples whichever is greater. · · · 

Appendix 3D 
GCIMS ANAL YTJCAL METHODS: PESnCtOESIPCBs 
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CONTAINERS, PRE~ERVATIVES AN(). HOLDING .11MES 
• . ! • • • 

Parameter 

Votable• organics 

Extradable11 

organics 

AOXITOX 

Dioxin 

Metals 

Matrix Holding. time . Recommended 
Volume 

... :.·':• .. 

Water 14 days from collection two 40 ml glass vials with 
Teflon fined septa, no · · - · 
headspace present 

.. ··." 

Soil· Method 14 d3ys from collection ·.· 
5035 not 

20 ·9. 9ra5s vials With tetron · · · 
septa, no headspace present 

avanable 

Water 7 days from collection 2.0 L in glass bottles 
40 days from extraction 

soil -· 14 days from coliedion 100 g !n glass jar· .. 
40 days from e~dion :·.. · ·. 

Water ~ days but <6 months 250 ml in glass bottle_ 
after collection 

Soil ~3 days but <6 months 50 g in glass jar 
after collection 

Water method specific, see Two .1.0 L aliquots in glass 
·Appendix 3C bottles · · . . · 

Soil method specific. see 1 00 g in glass jar 
· · Appendix 3C . · · 

Water 28 da)'s Hg 0.5 Lin glass or plastic ... · 
6 months all other metals 

Son 28 d3ys Hg 50 g in glass jar 
6 months all other metals 

. . ~ . 

4 drops cone. HCI 
4°C,·· · 

Coal, 411C, Na2S20 3 if · . 
residual chlorine 

(80 mg/L) 

·Cool, 4oc· · 

HN03 to pH <2, 
Na2S20 3 if residu·ar 
chlorine present 
(20 mg/250 ml) 

none 

Cooi,4°C 
1613 • Na2S20 3 if·· 
residual chlorine 

(80 mgll) 

Cool, 4°C 

HN03to pH <2 

none 

'For SW-846: Free chlorine must be removed prior to addition of HCI by addition of sodium thiosulfate ( Na2S20:1J· 
Adjust pH <2 for purgeable aromatic hydrocarbons with HzS04, HCI or solid NaHS04• Adjust pH to 4-5 for acrolein and 
aaylonitrile. · · 

11For SW-846: Preserve phenols, benzidines, nitrosamines, nitroaromatics and cyclic ketones, PAHs, haloethers, 
chlorinated hydrocarbons and pesticides with 0.008% Naz~03• Nitrosamines, Nitroaromatics, cycf'JC ketones and PAHs 
should be stored In the dark. Pesticides pH=5-9. 

~or CLP: Dissolved metals require filtration before pH adjustment 

dPreserVation temperatures are approximate with an acceptable range of :1:2.00 C. . . .: . '· .· ·, . '. . 

Revision Date 
April15, 1999 

. Appendbc4 
CONTAINERS, PRESERVATIVES, AND HOLDING TIMES 
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~rJ;~r.~?t.~~~p::;~i~li:~. ·, 
.. ,.;.~'··•e~v·~·l!o ,,... J;1r.:~ 

• ;.,.. h~·''~''··'~'l 

~~~~;~i;J,~J;i~fi~ 
" ·-·•-·•·' ··~·······•·•·..-~~·.··~·•:•'1... I ' 

' ... .!i . 
. G. 1\'-f.c't.:z. 

NORTH CAROLINA DEPARTMENT ~F~(. 
ENVIRONMENT AND NATURAL RESOURCES 

. ' . 

. DIVISION 'oF WASTE MANAGEM.ENT 
September. 20, 2000 ;--. · · 

VIA UPS OVERNIGHT MAIL . . ~flliC!~[{{f.?J(;'IQJl 
, ~~ 4 l.t#~ lh' I '\I 

·. S[p 2 1J 200; _, Mr. William P. Arrants 
Southern Wood Piedmont Company 
P. 0. Box 5447 

SOU7NEU:V l'l('O 
fl, lJ P/~"tl• 

'L..ulifONr 
Spartanburg, SC 29304 

,· 

SUBJECT: Approval ofRemedial Investigation Workplim, Revision 2.0 
Southern Wood Piedmont Site 
Wilmington, ·New Hanover County, NC. 

I USEPAID: NCO 058 517.467 

Dear Mr. Arrants: 
· .•. 

I am pleased to 'inform you that the Remedial.lnvestigation Workplan 
~evision 2.0 is approved. A Public Availability Session was held on August 9, 
2000, in order to solicit. comments on this Workplan .. During the Public 
Availability Session, no .issues were raised and no comments were received that 

· required revisions to. the Workplan. The·30-oay.·comment period _ended tasi 
· Friday, S.eptemb~~ 8, 2000. No additional comments were.rec~ived by that date. 

'"' ; I ·I ' • '·: . • .··, . :. 'C o •• .. • . • ; • • • . ; I• •. • . . •. ·. . 

Pursuant to the AOC, work should begin within thirty (30) days ·of your 
receipt of this lett~r. In order to accommodate sample ~umaround time . .for 
multiple sampling events during this RI, ·the:Nc Superfiind· Section agrees.to 
extend the deadline for our receipt of the Rerilediat:Iiwestigation Report to two 

· ~undred forty (240) days from your r~ceipfofthis approval. Per paragraph vii 
• I B ofthe Deferral AQC, please notifY NC Superfund personnel not less than ten· 

{10) days in advance ofar:ty fiel~ activity.· 

Your Division contact is Stuart F. Parker, Hydrogeologist, at 401 Oberlin 
Road, Suite '150, Raleigh, NC 27605, or (919) 733-2801, ext. 280 . 

cc: 

I I 

Stuart Parker 
Rob Gelblum 
Dan LaMontagne 

.s;;];L;J~ . ~ 
William L. Meyer,~ector . 
Divis~o_n· of Waste Manage_ment 

R. Layton Bedsole, NC State Ports· Authority 
Luis Flores, USEPA Region IV. 

1646 MAIL SERVICE C~NTER,· RALEIGH, NoRTH. CAROLINA 27699·1 848 
401 OBERLIN ROAD, SUITE 150, RALEIGH, NC 276015 

PHONE 919·733·4996 FAX 919·715·3605 
AN EQUAL OPPORTUNITY I AFFIRMATIVE ACTION EMPLOYER • SO% RECYCLEDIIO'r. POST•CONSUMER PAPER 

. : 

.' 
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State ofNorth Carolina 
Department of Environment and Natural Resources 

Wilmington Regional Office 

Micha~l F. Easley. Governor Willinm G. Rossjr., Secretary 

FAX COVER SHEET 

No. Of'Pages: II 
From:. Cl"'tvl e:S Sf.ok,~a..r~ 
CO: 'Dl.V~ L IJ=tV5 
FAJ{#:910~350:i004 

11, Cardinnl Drive Estrndon, Wihnintton, N.C. ~OS-J8-tS 'l"dcpiui~e (!HO) 39!i.J900 F11:r (910) 350-:ZDD-t 
An tqul\1 Opportu!Si~ 1\ffirmlltlvtAtlion Emnloytr 



I'ILUl.l'll< WlKU 

BBL 
BI.ASLANO. BOUCK & LEE. INC. 
in0fri8i;T"i'$0i8ri"i/s ;, 

Transmitted Pia First Class Mail 

August 27,2001 

Mr. Charlie Stehman, Regional Supervisor 
NCDENR 
Division ofWaste Management 
Wilmington Regional Office 
127 Cardinal Drive Extension 
Wilmington~ NC 28405-3845 

Re; June 2001 Groundwater Monitoring Report 
Former Chevron Asphalt Terminal 
1704 Woodbine Street 
Wilmington, New Hanover County, NC 
Groundwater Incident No.: 9745 

. Chevron Facility No.: 1273842 
BBL Project No.: 41364 

.. 

I 
t 

I 
I 

\: 

I'IU. l::lfC: t"'. C: 

\ 

1-?J;:Cf1:IVED 
SfP 0 5 2001 

Dear Mr. Stehman! · ~~. 
Please find attached the June 200 I Groundwatel' Monitoring Rep f for the referenced site in Wilmington, 
North CIU'olinn. 

Please oootact me with ony quootim" regarding Ibis report at 919\ 69-1952, at 12, or contaot Mr. James 
Carroll ofChe\tl"On EMC at 770-984~3192. 

Sincerely, 

BLASLAND, BOUCK & I.EE, INC. 

~~ 
Thom~ V. Taylor, P.G. 
Senior Geologist 

Attachment 

cc: Mr. James CWToll, Chevron EMC, Atlanta, GA 
Mr. Al Smeilns, Vopak, Wilmington, NC 
Mr. Quirino Wong, Vopnk, Houston, TX 1 

I' 
3700 Regency P(lfltway • Suite 140 • COJY, ~:?'611-8574 · 

TO! (919)469·1957 • FQX (919) 469-5676 • www.Dbl·lnc.lrn• _otrlcas naUOI'\Wida 
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I. sm: loin' CiCinUlJ Fl\a.l A Ftl070CQPY CF A ORAIIH;G PRO'oiOED BY LAYf 
ENGIHEEl!\KG AAO O.'I!R<»>IIIElf!JIL SElt'IKG, l!iC.. 114 ITS REPatr Cf' 
GIIOUI'lll-'II:At'Eil SAMPUNC AltO' MAL..YSIS (O£I:D.IBER. 1;118) F'JR 'T}lE f"MWfR 
0£111la-l 1-S!'ff#i.T tm.IIH}L - \\1\J,iih'GTllN, HCftlH C:ARCUiA. OA 1m 
1-25"-9!1.. I.U..I..OC.Anc.t~S AAE ~A'!E: · 

2. Ol'fN ClRc.£S REP!lEStNT ABO\IE-<:ftOUNO TA/ll<S. 
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!o=;;cs;;;l ;;;l 

FOR~ Oi~ ASPtW..T TERMIH#i. 
llll.M!Nc:TOH, .N~ '!}{ CI.RCUNA 

.AAIE 2001 GROllltOW.ATtR J.IOHrrtJ.qiJiQ IW'CJn' 

SITE MAP 
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Table 1 

Monitoring Well Construction Data and Water ~~el Elevations ~Juno 27, 2001 
Fonner Chevron Asphalt Tennlnal 

Wilmington, North CZ(JOIIna 
Facility ID No. 127lll42 

Gt'Dundwatar Incident N'P. 9745 

[ ~ .-.T • ,,jn,-:;r•r>f C'~'"''1'"'''rncl'"if·>~~<l¥in1io<, 1[ '""''if'ii''1T·""~••·•fM'tTil 
_ •'111:111 l;lf.Fi,;w:,·; / ~'r:Flh t~t·• ··IH•Ii· J l!ln·N~r·"' 1 1'!'i:1~;,, i 1:.1t!i'.t:11lilii 
!~illltl!.!:)l(!fu .JI.Ii''~"(:JJl, J • f;.:,~:( _ ..=..i{hiilltl,__. ---=-\!iliflf1lL _ _j ._lfr li]i!_i·t.,J-=-. illi.riiBJ.l _ _J 

MW1 4 
MW-2 4 -MW-3 4 
MW-4 2 
MW-5 4 
MW-6 4 
MW-7 4 
MW·6 4 
MW-9 2 

MW-10 2 
MW·11 2 
MW-12 2 
MW-13 -2 

--~~ 

ft bloc • Feel bGiow top of casino. 
ft m'l"" Foe! above f!'IOIIn r;ou !Avo!. 

NM "' Not measured-

F:PROJECTS21441167t2144- Tabtu 1 

13 a . 
14.8 
NM 
NM 
NM 
15.4 
10.9 
NM 
13.6 
11.5 
14.2 
12.8 
13.7 

5.80 7.35 5.46 1. 9 ·::-_ 

7.20 9.10 8.12 0.96 
5.20 6.53 5.56 0.97 
5.44 .6.87 3.89 2.96 
4.00 5.32 5,00 0.32 
7.30 9.52 9.45 0.07 
7.02 6,93 7.11 ...0.18 
5.80 7.79 7.53 • 0.26 
6.90 6.62 6.61 0.01 
7,50 7.28 6.86 0.42 
6.60 6.31 5.61 0.70 
6.70 .6.36 5.80 0.56 
7.20 6.B5 6.65 0.30 

Page 1 of 1 8/27/Df 
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Nates: 

toe= To!Hlf cask'!~. 

uSicm =~mens per cen!lmelar. 
C • CenUgrads. 

mg.1. • Miii:Vams pe. hlr. 
mV .. IIJlliyo(ts.. 

PE Baller .. Dispo$3blB ~ene baRer. 

~~·-=....:· .. · ... ·.::,.. .. ·~·.-; 

Tablo2 

Groundwater SampHng Data· June 27,2001 
Former Chevron Asphalt Termrnal 

Wllmlngton, North Carolina . 
Facility ID No. 1273842 

Groundwater Incident No. 9745 
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·: 
Tabte3 

Summary of Groundwater Analyttcal Rasults -June 27, 20G1 
former Chevron Asphalt Terminal 

No!es: 

BTEX = Bem:er.a,1olVMe, eltrylllenzene, and !cllll xy\enes. 
i'AHs = Folynucleer aromatic hydrocart:oo:ls. 
NO • Not d~ at or abov!l tM labcrato:y reporting linil. 
Bold varrJSS lnd".cale ooooenlta5ons at or above the 2l S!ant!ard. 

F:PROJ-.f-U\15712144-Teb:e3 

•• • .::••r••••••·-·"::·-··· •••••.a ...... • 

Wilmington, North Caronna 
fac41ity ID No. 1273842 

Groundwater Incident No. 9745 
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Table4A 
,,.,.j·, .· .. '~; c'• 

.. ·,· 

Hl.storic<tl GroundwatarAnatytlcat Summary p BTEX 
Formor Chevron Asphalt Tennrnal 

Wilmington, North Carol£n<t 
Facility 10 No. 127384~ 

Groundwater Incident No. 9745 

l'fU.Ij(C r-. r 

~nr~lY1-~rr:' .. 'l-;-'f .. h1~·Wii! l[:~~,r~r-~[ ;-~~i.:r.:t~. ~~n~~·1,1,~--~~:;·~[ .. ~·'tt~l]~-mu 
-~:lllir ~.J.rm.ffii_,· l:b - •. ' -. • - t.:~ . . . , . , wmn= ,. ... ~. !. ~ ~ . ~ --L~=:.=-~-==-....l--~~-_._. ____ -=--L-

11/18194 l.AW NO NO NO NO NO 
3123/95 LAW NO NO NO NO NO 
7/28/95 LAW NO NO NO NO NO 

--.4-00/95 LAW NO NO NO ND NO 
413/96 LAW NO NO NO NO NO 

8/29/96 LAW ND NO NO NO NO 
12/13196 LAW NO NO NO NO NO 

f./N'J-2 413197 LAW NO NO NO NO NO 
7125/9/ LAW NO NO NO NO NO 
1'13/97 LAW NO NO NO NO NO 
417198 LAW NO NO ND NO NO 

8i6190 lAW NO NO NO NO NO 
12111/98 lAW NO 'NO NO NO NO 
6/26/00 BBl. <1 <5 <1 <2 NO 
12/l/00 BBl. <1 <5 <1 <2 NO 
B/27/01 BBL <1 <5 10 38 46 ·=--=-11118/04 LAW NO NO NO ND NO 
3/23/B5 LAW NO NO NO ND NO 
7/26/95 LAW NO ND NO ND NO 

11130195 LAW NO NO NO NO NO 
4/3/96 LAW NO NO NO NO NO 

•• 8129/96 lAW NO NO NO NO NO 
12/13196 LAW NO 1.6 1.1 NO 2..7 
4/3197 LAW NO NO NO NO NO MW-6 

7/25197 LAW NO NO NO NO NO 
1213/97 
~-

LAW NO NO NO NO NO 
417198 LAW NO NO NO NO NO 
8/6198 LAW NO NO ND NO NO 

12/11/96 -l.AW NO NO ND NO NO 
B/26/00 DBL <1 <5 <1 <2 NO 
12/7/00 DBL <1 <5 <1 <2 NO 

~7/01 BBL <1 <5 <:1 <2 NO 
11/18194 lAW NO NO ND NO NO 
3/231'-JS lAW NO ND 1-6 6 7.6 
7/26/05 l..AW NO NO 2.7 4.7 7.4 

- 11/30195 IJ\W NO NO· 2.6 NO "2.6 
4/3/96 LAW NO NO NO NO NO 
8/29196 LAW NO ND NO NO ND - LAW-12/13/90 1.2 NO ND ND 1.2 

MW-7 4/3197 f-· lAW NO ND 2.7 9.5 12.2 
7/25197- LAW NO NO liD NO ND 
~91 -LAW NO NO NP NO ND 

417/96 LAW ND ND 2.6 3.6 62 
816106 LAW 53.0 NO ND 13.9 67.7 

12111198 LAW NO NO 5Q.6 6.5 66.1 
6/26/00 BBL <1 <5 77 6.6 65.6 
12/7100 BUL <1 <5 54 16 72 

• 6/27/01 BilL <1 <5 26 11 39 - ::...--.---:.--= 

F:PROJECTS2144\1611211!4.xt.S 1 of3 
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T~ble4A 

Historical Groundwater Analytical Summary- BTEX 
Former Chevron Asphalt 'retmfnaJ 

Wilmington, North Carolina 
Facllffy lD No.1273842 

Groundwater lncfdent No. 9745 

11V .. Uf L- I •'-' 
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11/18/04 lAW NO NO NO ND ND 
3/23/95 lAW NO NO NO NO NO 
7/28195 LAW NO NO NO NO NO 
11/30195 LAW NO NO NO NO NO 
4/3{96 LAW NO NO NO NO NO 
8/29/96 LAW NO NO NO NO NO 
12113/96 LAW 1.1 NO NO NO 1.1 

MW-9 
4t:l/97 LAW NO 1'10 NO NO NO 
7/25197 LAW NO NO NO NO NO 
12/3197 LAW NO NO NO NO NO 

. 417198 LAW NO NO NO NO NO 
816198 LAW NO NO NO NO NO 

12/11/98 LAW NO NO NO NO NO 
6/26100 BBL <·1 <5 <1 <2 ND 
12/7100 BBt <1 <5 <1 <2 ND 
6/2/101 --oeL <1 <.5 < ,. <2 ND 

~=y18194 =··· LAW NO NO NO NO NO 
3123195 lAW ND NO NO NO NO 
7/28195 LAW NO NO NO ND NO 
11/30/95 -LAW NO NO NO NO NO 

4/3/96 LAW NO NO NO NO NP 
8/20196 LAW NO NO ND NO ND 
12113/96 -1]\w ND NO ND NO NO 

MW-10 4/3/97 lAW NO ND NO NO ND 
7/25/97 LAW NO NO NO NO 1'10 
12/3197 LAW NO NO NO NO NO 
4/7/98 LAW NO NO NO NO NO· 
8/6196 LAW NO NO NO ND NO 

12/11/98 LAW ND NO NO ND NO 
~ioo BBL . <1 <5 <1 <2 ND 

12fl/UO BDL <1 <5 <1 <2 ND 
~7101 BBL <1 <5 <1 <2 NO .. 

11i16194 LAW ND ND 270 710 980 
3123/DS LAW ND NO 150 420 570 
7/28/DS LAW NO ND 137 445 582 
11130/95 · LAW ND NO 16.9 59.4 78.3 
4/3/96 r--·LAw NO NO NO NO ND 

~/96 LAw- 1.3 NO 4.3 11.6 17.2 
~~/96. LAW 1.3 NO NO NO 1.3 

MW-11 ~~7 LAW ND NO 9S.3 251 350.3 
7/25/97 lAW 1.5 ND a.3 26.1 36.9 
12/3/ll7 LAW NO ND 4.5 13.2 17.7 
4/7/96 LA.W NO NO 17.8 43.4 61.2 
816/98 f-. LAW 1.3 NO 21.6. 58.4 81.3 

12111m6- LA.W NO 2.4 31.7 62 96.1 
6/26/00 aaL <1 <5 3.3 7.3 10.6 
1217/00 BE:! I- <1 <5 ~-1 7.2 16.3 
B127ioT. BBL 1.1 <5 5,2 13 19.3 

==--~ -· 
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Table4A 
. ·' . . . ~r-t 

Historical Groundwater Analytical Sunnnary • BTEX . 
Former Cha'lron Asphalt Tem~Jnar 

Wilmington. North Cillrolina 
FacUlty 10 Na.1273842 

Groundwater Incident No. 9'745 

• ·-· '""'' IL- •• _, 

- ~~f; ~r·.~~JC.f]I~[!_ititni:;:,~L~E~~.i~7J~,;~~~~[l~~] 

•• 

• 

11/18/94 lAW NO 
3123195 lAW NO 

~0195 lAW NO 
11/30/95 LAW NO 

4/3196 lAW NO 
8129/96 LAW NO 

12113/96 LAW NO 

MWw12 4/3/97 LAW NO 
7125197 LAW NO 
12/3/97 LAW NO 
4f7/98 LAW NO 
8/6/98 lAW NO 

12111/98 lAW NO 
6/20/00 BBL <1 
1211100 BBL <1 
B/2.//01 llBL <1 

11118/94 LAW NO 
3/23/95 LAW NO 
7/28/95 lAW ND 

11130195 LAW NO 
4/3/06 LAW NO 
8f2D/96 f-. LAW NO 
12113/96 .LAW NO 

MW-13 4/3/97 ·lAW NO 
rmsm7 LAW NO 

1213197 lAW NO 
417198 LAW NO 
8/6/98 li\W' NO 

12/11/98 LAW NO 
6126/00 8BL <1 
12!7/00 BBL <1 
6/27/01 BBL <1 
--~~-. 

Notes= 

All units Ill mlcrcgt'3ma pt'lr llrur (jto/L), 
No .. Not detocled at or aboVO fhtt reponing llrniL 

LAW"' l11w Eriglneertna und l~nv!mnmantul Sorv!Cllll, lne. 
BBL • aJu:llaod, BOliCk & Lc11. 
BTEX"' Punune, totusnn, Dthylbcn1un11, nnd lnwl xylent~£. 

F:PROJECT'S2144\ 16712 t44.J<l.S 

NO NO NO NO 
ND NO ND ND 
NO NO NO ND 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
ND NO NO NO 
NO NO NO ND 
ND NO NO NO 
<5 <1 <2 NO 
<5 <1 <2 NO 
<5 <1 <2 NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO ND 
·ND NO NO NO 
ND NO NO ND 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO ND 
<5 <1 <2 NO 
<5 <1 <2 NO 
<5 <1 <2 NO 
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Hlstoricar Groundwater Analytical Summary- PAHs 
Former Chevron Asp11a1tTermlnal 

Wilmlngton. North Carolina 
FacUUy 10 No. 1273842 · 

Groundwater Incident No. 9745 
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• la4B 

Hfsforical Grountiwater Analytlcal Summary- PAHs 
Fermer Chevron Asphalt Tarrnlna.l 

Wlrmfng1cn, Nartfl carolina 
Facility 10 No. 1273842 

Groundwater JNc!dent No. 9745 
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·tabla 48 

Hlstorica( Groundwater Analytical Summary • PAHs 
Fonner Chevron Asphalt Terminal 

Wilmington, North CaroJina 
FaciiUy 10 No. 1273842 

Groundwater lncldant No. 9745 
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Hlslolicaf Groundwatar Anarytical Summary. PAHs 
Former Chavron Asphalt Tcmninat 

Wilmington, North Carolina 
Facility JD No. 127J842 

Groundwater Jncfdent No. 9745 
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Tabla4B 

Historical Groundwater Anaryttcal summary- PAHs 
Fermer Chevron Asphalt Tonnlnal 

Wilmington, North Carolina. 
Facility 10 No. 12.73842 

Groundwater ln·c]dGnt No. 9745 
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Hlstcrfcal Groundwater Analytical Summary· PAHs 
Former Ch6vron Asphalt Termlnal 

Wilmington, North Carolina 
FacUlty 10 No.1273S42 

Graundwafar lncfdent No. 9745 
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Tab1e4B 

Historical GrcundwaterAnalyticat Summary- PAHs 
Fonner Chevron Asphalt TermlnaJ 

Wilmington, North Carolina 
FacilitY 10 No.1273842 

Groundwater Jncldant No, 9745 
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An uri!:s fn mlc:l'ogrucs p=r rJer (Jtg/1.}. 
NO • Not dde~•cl at ar ~bov•ltlll rrpocti:l; rmlt. 
LAW= Le.w EngjnHrill,; and Erwionmei'MI ServJ~:es, Inc:. 
BBL = Bluhrd. Bouck& Lee. 
P~-= Polynldur a.romatlc hydrcoeart>ons. 
W.=NalartaJy;md. · 
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.lo4B 

Historical Groundwater Analytical summary- PAHs 
Fonner Chevron AsphaltTenninal 

WUmingtan, North Carolina 
Facility ID No.127."3B42 

Groundwater lncldont No, 9745 
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MONITORING WELL INSTALLATION LOG 

MONITORING WELL ID: AST-MW-1 

EMS PROJECT#: nn 

LOCATION: AMSAOAHESS 

1312 S. FRONT STREET, WILMONGTCN. NC 

BORING LOG 
I 
I 
I 
I 

INSTALL DATE: JULY 19. 20CO 

. 
INSTALLED BY: 

AMERICAN ENV. DRIWNG 

DRILLER CERT. #: NC1<136 

DRIWNG METHOD: HOllOW STEM AUGS 

-------------------------- TYPE II MONITORING WELL DEPTH 
(FT.) 

-0.0 
! 
~ 

' 
~ 

r-
L.. 
t-- 2.0 ._ 
i-
L 

~4.0 
~ 
-i 
I _B.O 

·-.. -: --
-8.0 

-
;-

-
-10.0 

---
-
-12.0 

' -,...._ 

' 
!--14.0 i 
-
r- i 

I i t 18.0 I 
t-

I 

E_2a0 

i 

DESCRIPTION 

FOSSIUFERCuS C088l.ES 

TANTO BROWN 
SUGHTl..Y SILTY SAND 

I i 
1 

GREY TO GREY GREEN ! 

I COARSE TO MEDIUM GRAINED 1 

, SUGHTl..Y SILTY SAND i 

l SilT INCREASES WI DEPlH 

BORING TERMINATED 0 10 Fer 
;; .- ... 

_, 
DIAGRAM NOT TO SCALE 

0.010" SLOT 

NOTES: 

TYPE OF CASING PVC 

CASING FROM 0.0 
TO 2.0 

SCREEN FROM _.=;2-::..0 _ 
TO 

GROUT FROM 
TO 

BENTONITE FROM 
TO 

8.0. 

0.25 
o.:o 

0.50 
1;0 

GRAVEI.FROM _....:.;1-::..0_ 
TO 8.0 

1.) All MEASUREMENTS IN FEET 

2.) M~EMENTS REFERENCSJ FROM GRADE 

=aaas MONITORING WELL BORING LOG- AST -MW-1 

AMERADA HESS LOGGEO BY: JJD 

1312 SOUTH FRONT STREET, WILMINGTON, NC 
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MONITORING WELL INSTALLATION LOG 

MONITORING WELL 10: AST-MW-2 INSTALL DATE: 
JULY6,2ooo 

EMS PROJECT#: 7277 INSTALLED BY: AMERI~ eN. DRILUNG 

LOCATION: DRILLER CERT. #: 

1312 S. FRONT STREET, WlLMONGTON, NC DRILUNG METHOD: HOLLOW STEM AUGER 

BORING LOG 

DEPTH . TYPE II MONITORING WELL 
(FT.) 

- 0.0 

: 

-
-
-
- 2.0 
..:. 

r 
L4.o 
L . 
'-

[_8.0 

--
-
-
-!.0 

--
-
: -
-10.0 

---
-
-12.0 I 

: -
~ 

-
' 
-· ·-1 •. 0 

i 
i 

-
I 

I 
i ,.... 
l . 

t- i 
r--18.0 
t--

i-
I 
r 
t_20.0 

I 

i 
i 

i 

i 

I 
' I 
I 
I 
I 

; 
i 

! 

.. 

DESCRIPTION 

FOSSIUFEROUS COBBLES 

TANTO BROWN 
SUGHTt.YSILlYSANO 

GREY TO GREY GREEN 
COARSE TO ANE GRAINED 

SUGHTt. Y SillY SAND 

SILT INCREASES WI DEPTH 

BORINGTEI!Iollw.TED C 10FEET 

.. 

.·. 

! . 
; 
I 

I 
l 
! 

' r 
I 
I 
I 

DIAGRAM NOT TO SCALE 

0.01C1'SLOT 

NOTES: 

BENTONITE FROM 
TO 

GRAYS.. FROM 

TO 

1.) AU. MEASUREMENTS IN FEET 

7.07 --
2" 

PVC 

0.0 
2.0 

2.0 
8.0 

0.25 
0.50 

0.50 
1.0 

1.0 
8.0 

2.) MEA~REMENTS REFERENCED FROM GRADE 

: ''ll!i MONITORING WELL BORING LOG- AST-MW-2 

AMERADA HESS LOGGED BY: JJO 

1312 SOUTH FRONT STREET, WILMINGTON, NC 
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MONITORING WELLJN,STALLATION LOG 

MONITORING WELL ID: AST-MW-3 INSTALL DATE: 
JULY6.2000 

EMS PROJECT#: 7277 INSTALLED BY: AMERIC\N ENV. ORIWNG 

LOCATION: DRILLER CERT. #: NC1436 AMERADA HESS 

-1312 S. FRONT STREET,WllMINGTON; NC DRIWNG METHOD: HOLLOW STEM AUGER 

BORING LOG 

DEPTH 
DESCRIPTION 

(FT.) 

-0.0 

.-
-
-
-
-"' I -
-,.. 
L. 
I 

-: -4.0 
L. 
L 
-
-
_e.o 

--
--
-a.o 
-
-
-
-
-10.0. 

--
-
-· 
-12.0 

-
-
-
-
-· -14.0 

-
-
-
l 
I 
i--- 18.0 
I 

j-
I -
i 

[_20.0 

I 
i 
: 

' 
I 

' 
! 
I 
! 
! 

i 
! 
i . 
: . 
I 

; 

; 
I 
I 

; 

I 
I 
I 

FCssiUFEROUS COSBLES 

TANTO BROWN 
SUGHTl.Y SILlY SAND 

GREY 

COARsE TO MEDIUM GRAINED I 
SUGHTl.YSILlYSAND 

SIL71NCREASES W/ DE?TH 

TYPE II MONITORING WELL 

-· 
QIAGRAM NOT TO SCAlE 

CASING FROM 
TO 

SCRENFROM 
TO 

GROUT FROM 
TO 

BENTONITE FROM 
TO 

0.0 
2.0 

2.0 
8.0 

0.25 
0.50 

0.50 
1.0 

6.29 

GRAVE!..FROM ___.1=.0-

TO 8.0 
NOTES: 

1.) ALL MEASUREMENTS IN FEET 

2.) MEASUREMENTS REFERENCED FROM GRADE 

MONITORING WELL BORING LOG- AST -MW-3 
. . AMERADA HESS =···l!i LOGGSJ BY: JJO 

--. .... tiC. 

1312 SOUTH FRONT STREEr, WILMINGTON, NC 

:, 
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_ MONITORING WELL INSTALLATION LOG 

MONITORING WELL ID: AST-.V.W-4 INSTALL DATE: 
JULY7,2COO 

EMS PROJECT#: ( nn . INSTALLED BY: AMERICAN ENV. DRILL!NG 

LOCATION: AMERADA HESS DRILLER CERT. #: NC1436 

1312 S. FRONTS'TREET, WILMINGTON, NC DRILUNG METHOD: HOLLCW STEM AUGER 

BORING LOG I ------DEPTH 
(FT.) 

-0.0 

-· - 2.0 
L 
'-
L 
~ L 4.0 

,_B.O 

-ao 

-10.0 

- ' 

-12.0 

:-· -14.0 j 
-
I 
I 

i 

DESCRIPTION 

I 
! ASPHAL TIFILl 

. TANTO BROWN 

l 
SUGHTlY SILTY SAND . 

' 
! 
I 
I 

I 
I 

GREY 
1COARSE TO MEDIUM GRAINED 
: SUGHTLYSILTYSAND 

SILT INCREAsES W/ DE?lH 

BORING TeRMINATe! 0 a FEET 

t-1B.O I I 

l~.l~--___ I 

I 

! 
' . . 
; 
I 

i 
I 

I 
I 

I 
I 
I 
I 
! . 

TYPE II MONITORING WELL 

DIAGRAM NOT TO SC\LE 

NOTES: 

6.67 --
2" 

TYPE OF CASING PVC 

CASING FrtOM 0.0 

TO 2.0 

2.0 S~EN FrtCM -===-
TO 

GROUT FROM 
TO 

8.0 

0.25 
0.50 

BENTONITEFRCM -·0.50 
TO 1.0 

GRAVE. FROM 

TO 

1.0 
8.0 

1.) ALL MEASUREMENTS IN FEET 

2.) MEASUREMENTS REFERENCED FROM GRACE 

MONITORING WELL BORING LOG- AST -MW-4 
AMERADA HESS LOGGED BY: JJO 

1312 SOUTH FRONT STREET, WILMINGTON, NC 
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MONITORING WELL INSTALLATION LOG 

MONITORING WELLID: 
MW-50 

INSTALLED BY: 
AEDS, INC. (1436) 

EMS PROJECT#: nn DRILLING DATE: JUNE 6-7, 2000 

LOCATION: ___ A~: M--E;:;:;RA:...:...;;D:;.;.A.;,;H~E::.:S:.;S:._ ____ _ DRILUNG METHOD: MUD ROTARY 

1312 S. FRONT STREET. WILMINGTON, NC 

BORING LOG I TYPE Ill MONITORING WELL 
~DEPTH 

! (FT.) 

~0.0 

--5.0 
I 
'--

~ 
I 
;--

!--- 10.0 
I 

!--
I ___ 15.0 

DESCRIPTION 

FOSS!UFEROUS COBBLES 

GREYTO BI..AQ( 
a.AYEYSANO 

PVC 

OUTER CASING 
GREY TO GREEN I' 

MEDIUM GRAINED Stl1Y SANO. PVC 

StLTCONTENTINCREASEW/OEP"TH! .:.:IN£R:=.:..:CASING=:::_~~~ 

I 
I 

~-------------· ~~0 

GREYTO BLAc:< 

i VERY RNE GRAINED SANOY a.AY 

--:;o.o 

---25.0 

.--:no 

-
' 

--35.0 

I r. 
--- .co.o 
L· 
l-

TANTOWHrTE 

MEOIUM TO COARSE GRAINED 

SUGHTLY Stl1Y SANO 

BORING iERMINA"TED @ 35 FEET 

BENTONITE PE1.1.ET 

SfAI. 

- LCCl<ING CAP 

/ 2'X2'CONCI!ETEPAD 

CONSTRUCTION NOTES 

OlJTER CASING: 

CASING '!YPE PVC 

CAStNGLD. I INC!! 

CASING FROM 0.25 

TO "20.0 

GROUT FROM 0.5 

TO 20.0 

INNER CASING: 

CASING'!YPE PVC 

CASINGLD. 21NCH 

CASING FROM 0.25 

TO 30.0 

SCRESIFRON 30.0 

TO 35.0 

GROUT !'ROM 0.50 

TO 10.0 

BEHTCNITE FROM 10.0 

TO 25.0 

GAAVEL PACX FRON 25.0 

TO 35.0 

FROM GRAOEI.eJEI. 

! BORING LOG AND MONITOR WELL CONSTRUCTION- AST-MW-50 

AMERADA HESS- WILMINGTON, NC 

.· 

• 
__________________________ ._ .......... .. 
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MONITORING WELL INSTALLATION LOG 

MONITORING WELL ID: Afrr·MW-5 ( former iW-5) INSTALL DATE: 
MARCH 16, 2000 

EMS PROJECT#: nn INSTALLED BY: PROBE TECHNOLOGY 

LOCATION: 
AMEAACA HESS DRILLER CERT. #: NC1436 

1312 S. FRONT STREET, WILMINGTON, NC DRILLING METHOD: GEOPROBE 

BORING LOG 

DEPTH 
(FT.) 

- 0.0 

-
:... 

-
-
- 2.0 

--
[ 
r-- 4.0 

-; -
-
:o-
_a.o 

----
-a.o 
-
-
-
-
-to.o 
-
-
-
-
-12.0 

--
- . 

I -
-14.0 ' 

- ! -
- 1· 

-· -18.0 I ' !_ 

' f 
: i ! - I I ,__20.0 

DESCRIPTION 

FOSSIUFEROUS CCBSU:S 

i 
I 

GREYTOSLAC:< -~ 
SUGH11.Y CLAYEY SAND 

TANTO BROWN 
COARSE SAND 

I .

1

1 
I 
f GREY 

i COARSE TO MEDIUM GRAINED l 
; SUGH11.Yct.AYEYSAND 
j ~ 
! 

BORING 'TERMINATED 0 8 FEET 

I 
I 

i 
I 

I 
1-, 

TYPE II MONITORING WELL 

DIAGRAM NOT TO SC\lE 

0.010" SLOT 

CASING FROM 
TO 

SCREEN FROM 
TO 

GROUT FROM 
TO 

6.31 --
2" 

PVC 

0.0 
2.0 

2.0 
7.0 

0.25 
0.75 

BENTONITE FROM 0. i5 

NOTES: _ 

TO 

GRAYaFROM 

TO 

1.) ALL MEAsUREMENTS IN FEET 

1.5 

1.5" 
7.0 

2.) MEi\SUREMENTS REFERENCED FROM GRACE 

MONITORING WELL BORING LOG- AST-MW-5 {lW-5) . 

AMERADA HESS LOGGED BY: JJD .. 

1312 SOUTH FRONT STREET, WILMINGTON, NC 

• 

• 

• 
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MONITORING WELL INSTALLATION LOG 
'·\.: .· 

MONITORING WELL ID: AST-1-NI../3 (former TW-1) INSTALL DATE: 
MARCH 16,2000 

EMS PROJECT#::. 7277 INSTALLED BY: 
PROBE TECHNCLCGY 

LOCATION: AMERACA HESS DRILLER CERT. #: NC1436 

1312 S. FROI'lT' STREET, Wli..MINGTON, NC 
DRIWNG METHOD: GEOPROBE 

BORING LOG 
I 
I 

I 
DEPTH 
(FT.) 

_o.o 
; 
!-
;
:.... 

-2.0 

L 

c 
I i-- 4.0 
L 

;__a.o 

-3.0 

-!0.0 

-~:.o 

-· -14.0 

I 

L--16.0 

!
r
r 
L:o.o 

. DESCRIPTION 

FCSSIUFEROUS COBBLES 

TANTO BROWN 
SUGHTL Y SILlY SAND 

TANTO BROWN 
COARSE SAND 

GREY 

COARSE TO MEDIUM GRAINED 
SUGHTl. Y CLAYeY SAND 

!lORING TERMINATED Cis Fer 

. ! 

i 

I 

TYPE II MONITORING WELL 

_;_ 

DIAGRAM NOT TO SCALE 

'TOP OF CASING ELEV 7.17 

D.O. OF CASING -'-2"-

lYPE OF CASING 

CASING FROM 
TO 

PVC. 

0.0 
2.0 

SCREEN FROM _......:2=.0-
TO 7.0 

---GROUT FROM 
TO 

Q.25 
0.75 

0.01U'SLOT 

NOTES: 

BENrCNfTE FROM 
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N oith Carolina 
Department of Environment and Natural Resources 
Division of Parks and Recreation 

Michael F. Easley, Governor 
William G. Ross Jr., Secretary 

· ·Philip K. McKnelly, Director 
· March26, 2001 

Mr. Gregory B. Kuntz, P .G. 
Schnabel Engineering Associates, Inc. 
104 Corporate Blvd., Suite 420 ·· 
W. Columbia SC 29169 

Subject: Sensitive environments in the Wilmington area, New Hanover County 

Dear Mr. Kuntz: 

The Natural Heritage Program has no record of rare species, significant natural communities, or 
priority natural areas at the proposed site. However, there are a number of rare species within a 
mile of the site. At Greenfield Lake, located just east of the site, are found: 

Plants: 
Carolina grasswort (Li/aeopsis carolinensis), State Threatened 

Animals (Mollusks): .. . 
·magnificent rams-hom (Planorbella magnifica), State Endangered and F~deral Species of 

Concern · 
Greenfield ranis-hom (Ifelisonia eu~osmium), State Significantly Rare and Federal 

· Species of Concern · · , 
barrel floater (Anodonta couperiana), State Endangered 

(Reptiles): ·. · -: f · . 

American aiiigator(Alligator mississippiensis), State Threatened and Federal Threatened 
Due to Similarity of Appeararice · 

(Fishes): I 

· least killifish (~eterandriaformosa), 1

state Special Concern 

The three mollusks h~lVe not been found in recent decades and are apparently extirpated there. 
The remaining species are likely still present in the lake. 

Several rare species are present in the Cape Fear River, just to the west of the site. In addition to 
the American alligator, also present are: 

Animals (Mammals): 
manatee (Trichechus manatus), State and Federal Endangered 

(Fishes): · · · · 

shortnose sturgeon (Acipenser brevirostrum), State and Federal Endangered 

1615 Mail Service Center, Rcil~igh, North Carolina ·27699-1615 
Phone: 919-733-4181 \ FAX: 919-715-3085 \ Internet: www.enr.state.nc.us/ENR/ . . 

AN EQUAL OPPORTUNITY\ AFFIRMATIVE ACTION EMPLOYER- 50% RECYCLED I 10% POST CONSU!\-IER PAPER 



The manatee occurs as an occasional visitor during the warmer months, whereas the sturgeon is -
apparently resident in the river. Because of the presence of Federally listed species in the river, • 
any actions that might impact the river will require consultation with the U.S. Fish and Wildlife 
Service office in Raleigh (919-856-4520). 

You may wish to check the Natural Heritage Program database website at 
<www.ncsparks.net/nhp/search.html> for a listing of rare plants and animals and significant 
natural communities in the county and on the topographic quad map. Please do not hesitate to 
contact me at 919-715-8687 if you have questions or need further information. 

Sincerely, 

··~£&~~~~ 
Harry E. LeGrand, Jr., Zoologist 
Natural Heritage Program 

HEL/hel 

• 

• . . · ... 
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United States. Department of the Interior 
FISH AND WILDLIFE SERVICE 

Raleigh Field Office 
Post Office Box 33726 

Raleigh, North Carolina 27636-3726 

Gregory Kuntz, P.G. 
Schnabel Engineering Associates, Inc. 
104 Corporate Boulevard, Suite 420 
West Columbia, SC29169 

Dear Mr. Kuntz 

April 6, 2001 

Thank you for your March 21, 2001letter regarding your project site in Wilmington, North Carolina. 
Our comments are provided in accordance with section 7 of the Endangered Species Act, as 
amended (16 U.S.C. 1531 et seq.). 

Based on the information provided, it appears that your project site does not contain suitable habitat 
for any federally-listed species known to occur in the area. However, if the proposed project will be 
removing pines greater than or equaJ to 1 0" dbh (diameter at breast height) or 30 years of age fu pme 
or pine/hardwood habitat, surveys should "be conducted for active red-cockaded woodpecker cavity 
trees in appropriate habitat within a Y2 mile radius of project boundaries. If red-cockaded . 

· woodpeckers are observed within the project area or active cavity trees found, the project has the 
potential to affect the red-cockaded ·woodpecker, and you should contact this office for further 
information. We believe that the requirements of section 7(a)(2) ofth~ Act have been satisfied. We 
remind you that obligations under section 7 consultation must be reconsidered if: (1) new 
information reveals impacts of this identified action that may affect listed species or critical habitat 
in a manner not previously considered; (2) this action is subsequently modified in a manner that was 
not considered in this review; (3) a new species is listed or critical habitat determined that may be· 
affected by the identified action. 

In addition, due to the uitense development of the site, it is highly unlikeiy that the project site 
contains any terrestr~al areas utilized for breeding by large or dense aggregations of animals. 

If you have any additional questions regarding federally protected species at this site, please contact 
me at (919) 856-4520, extension 18, or via email at Dale_Suiter@fws.gov. 

Si;;; 1) 1?£ . 
. ~sr 
Endangered Species Biologist 

FWSIR4:DSuiter/919.856.4520x 18/NewHanoverSchnabelContaminants.wpd 
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UL1l:sc:nst'r-f-T-Io ....... , 
North Carolina Department of Cultural Reso-tirces~---~~ ..... _w_"~-' 

State Historic Presenration Office 
David L. S. Brook, Administrator 

Michael F. Easley, Governor 
Lisbeth C. Evans, Secretary 

Divisi~n of Archives and History 
Jeffrey J. Crow, Director 

.,, 

• 

April23, 2001 

Gregory KuntZ 
Schnabel Engineering 
104 Corporate Blvd., Suite 420 

, West Columbia, SC 29169 

Re: , North Carolina State Ports Authority, Site Remediation, 
, W.iinllngton, New Hanover County, ER 01-:9153 

, Dear Sir or Madam: 

,Thank you for your letter of March 21,2001, concerning the above pr~ject. 

We have conducted a review of the project and are aware of no properties of architectural, historic, 
or archaeological significance, which would be affected by the project. Therefore, we have no 
COmtl_lent on the project as 'cuttendy, propos~d. , 

"The' aboye comments are made pursuant to Section 106 of the National Historic Preservation Act 
, and the Advisory Council on Historic Pre'servation's Regulations for Compliance' with Section 106 

:codified at 36 CFR Part 800. , , . , , , 

' ' 

Thank you for your cooperation and consideration. If you have, questions concerning the above 
comment, contact Renee Gledhill-Earley, ~vironmental Review Coordinator, at 919/733-4763. 

··.·\!:~~~· 
~aVid Brook , , , , , 

'-(), Deputy State Historic Preservation Officer 

DB:kgc 

Location Mailing Address , Telephone/Fax , 
Administration 
Restoration 
Survey & Planning 

507 N. Blount St, Raleigh, NC 
515 N. Blount St, Raleigh , NC 
515 N. Blount St. Raleigh, NC 

4617 Mail Service Center, Raleigh 27699-4617 
4613 Mail Service Center, Raleigh 27699-4613 
4618 Mail Service Center, Raleigh 27699-4618 

(919) 733-4763 •733-8653 
(919) 733-6547 •715-4801 
(919) 733-4763 •715-4801 
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SUPPLEMENTAL HUMAN HEALTH RISK EVALUATION 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS 

AUTHORITY WILMINGTON, N.C. SITE 

EXECUTIVE SUMMARY 

On behalf of the Southern Wood Piedmont Company (SWP) and its former Wilmington, 

North Carolina, New Hanover County site ("the site") owned by the North Carolina State 

Ports Authority, AMEC Earth & Environmental, Inc. (AMEC) has prepared the following 

supplemental human health risk evaluation (SHHRA). This evaluation has been 

prepared in support of the companion Supplemental Remedial Investigation (SRI) report. 

A supplemental ecological risk assessment (SERA) [also prepared by AMEC] is being 

submitted concurrently under separate cover with this SHHRA. 

This SHHRA supplements a May 29, 1996 baseline Human Health Risk Assessment 

(HHRA) prepared by ChemRisk on behalf of SWP, and takes into consideration a larger 

media sampling database compared to that which was available in 1996 when the 

baseline HHRA was prepared. Moreover, the SHHRA presents media-specific risk

based cleanup targets as an integral component of the SRI, in anticipation of the 

subsequent development of a site remedial action plan (RAP). Finally, this analysis 

fulfills SWP's commitment to addressing NCDENR concerns raised during comments on 

the Supplemental Remedial Investigation Work Plan. 

Site environmental sampling data from 1990 to present were screened using 

conservative US EPA Region IX Preliminary Remediation Goals (PRGs), as well as US 

EPA Region Ill Risk Based Concentrations (RBCs) in cases where PRGs were not 

available. Additional screening decision points included frequency of detection, 

comparison with background levels, essential nutrients, tentatively identified compound 

(TICs), and field blank or laboratory blank contaminant issues. 
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Under current exposure conditions, a hypothetical adolescent trespasser was evaluated 

contacting soil via the soil ingestion and dermal contact exposure routes, and fish 

ingestion exposure pathways. For foreseeable future conditions, three receptor groups 

were evaluated: a hypothetical utility worker, construction worker, and facility worker (if 

and when the site was to be re-developed for active use). For the hypothetical 

utility/construction worker exposures, pathways of potential exposure included incidental 

soil ingestion, dermal contact, and inhalation of entrained dust. . For the future site 

worker, dominant exposure routes were incidental soil ingestion and dermal contact with 

surficial soil. 

Relying upon exposure equations contained in US EPA's recent (March 2001) 

Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, site"':'' 

and receptor-specific soil and sediment risk based concentrations (RBCs) were 

developed. In cases where more than one receptor group was believed to be exposed 

to a particular medium, the lowest (most conservative) RBC was selected as the final 

goal for future consideration in a site Remedial Action Plan (RAP). 

A point-by-point comparison of RBCs with site media concentrations of COPC revealed 

that there are some exceedances of individual receptor- and media-specific RBCs. 

Nevertheless, it must be recognized that an individual would not, in all probability, be 

exposed to COPC at one unique location. Thus, a point-specific exceedance of a RBC 

does not, in and of itself, constitute a potential cause for concern given the likelihood that 

true human exposures would more realistically occur over an area (and thus would be 

more indicative of exposure to site-wide averages COPC concentrations). Where it is 

obvious that a clustering of samples with elevated concentrations in a particular medium 

occurs, this may indicate the presence of a "hot spot" or significantly elevated source 

area. The subsequent removal, capping, or other means of encapsulation of such an 

area would result in the reduction of an area-wide average concentration of the COPC, 

and thus further reduce the chance for human contact and/or bioavailability of the 

COPC. 
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SWP intends to work with NCDENR to develop a pragmatic, cost effective remedial plan 

for the Wilmington site that takes into consideration potential human health as well as. 

ecological risks (the subject of which is addressed in a separate ecological risk analysis 

report). SWP and its technical consultants believe that a sensible, effective, plan can be 

implemented that meets the requirements of protection of public health and the 

environment, while still recognizing the practical circumstances of the site in terms of its 

urban setting and likely future land redevelopment use by the North Carolina State Ports 

Authority. 
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SUPPLEMENTAL HUMAN HEALTH RISK EVALUATION 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS 

AUTHORITY WILMINGTON, N.C. SITE 

1.0 BACKGROUND AND INTRODUCTION 

This supplemental evaluation of potential human health risks and the development of 

risk-based media concentrations (RBCs) has been prepared on behalf of the Southern 

Wood Piedmont Company (SWP) (NCO 058 517 467) and its former Wilmington, North 

Carolina, New Hanover County site ("the site") owned by the North Carolina State Ports 

Authority. This analysis supplements the May 29, 1996 Human Health Risk Assessment 

(HHRA) prepared by ChemRisk on behalf of SWP, and takes into consideration a larger 

media sampling database compared to that which was available in 1996 when the 

baseline HHRA was prepared. Moreover, this analysis presents media-specific risk-

.• based cleanup targets as an integral component of the SRI, in anticipation of the 

subsequent development of a site remedial action plan (RAP). Finally, this analysis 

fulfills SWP's commitment to addressing NCDENR concerns raised during comments on 

the Supplemental Remedial Investigation Work Plan (SRIWP, 2000)1
• 

•• 

This document is organized as follows. Section 2 presents a summary of site conditions 

as they may pertain to possible human access and uses of the site. Section 2 also 

evaluates the media sampling database, and selects chemicals of potential concern 

(COPC) to be carried through the remainder of the quantitative evaluation. Section 3 

provides a tabular summary of the various toxicological criteria used, including 

documentation (references) for each of the values selected. In Section 4, current and 

foreseeable future receptor groups are discussed. Chemical-specific RBCs are 

developed for each of these receptors. In Chapter 5, the chemical- and receptor-specific 

RBCs are compared with site media concentrations to determine specific locations that 

may require additional attention in the site cleanup phase of the project. Section 5 

1 A separate supplemental ecological risk evaluation has been prepared by AMEC to be 
consulted in concert with this document. 
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concludes with a summary of the key findings of the HHRA analysis. Finally, Section 6 

contains all references cited in the report or on the various tables. 
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2.0 SUMMARY OF SITE CONDITIONS/DATA CHARACTERIZATION 

2.1 Site Characterization 

Sections 1.0 and 10.0 of the SWP (1999) Rl report discussed historical and present-day 

conditions at the SWP site. In summary, the site is located in an industrial area 

immediately south of downtown Wilmington on the Cape Fear River (Figure 2-1). 

Currently, there are no structures present and the site is inactive. Sections of unpaved 

and paved roads, concrete slabs, and partially buried railroad ties remain on the site 

from previous operations. The majority of the site is covered with short grass (Photo 1 ). 

Approximately 35 acres of the site contains a mixture of woodlands, which includes 

approximately 10 acres of wetlands (personal communication, G. Kuntz, Schnabel 

Engineering). The site is not open to vehicular traffic due to the presence of a locked 

-~ntrance gate, but is accessible by foot at the site entrance as well as along the eastern 

railroad tracks and by boat from the Cape Fear River and Greenfield Creek. 

The site is located within a portion of the City that has historically (last 1 00 years) been 

developed with heavy industrial and manufacturing facilities. Historical operations on 

and around the site include lumber mills, ship building activities, general warehousing 

activities, wood preservation, turpentine production, paint formulation, bulk storage of 

petroleum and chemicals, coal gasification, and petroleum refining activities. Most of the 

riverfront area has been significantly altered from its natural state by these and other 

historical activities. 

2.2 Data Evaluation/Selection of Chemicals of Potential Concern (COPC) 

A significant amount of sampling data has been collected from the site principally over a 

12-year period. These data were summarized in Section 15.0 of the SRI report. This 

analysis has focused on data collected from 1990 to the present. While earlier datasets 

do exist, they were deemed to not be applicable due either to high detection limit issues 

associated with now outdated laboratory analytical procedures or the fact that certain 
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data (particularly surface soils) is no longer relevant due to their landfarming and 

subsequent off-site removal in certain loeations. 

Sampling data summaries used in this analysis are shown in Appendix A: Table A-1 

(fish tissue), Table A-2 (sediment data), Table A-3 (soil data}, and Table A-4 (surface 

water data). These data were used for two purposes in this analysis. First, they were 

used to develop media-specific lists of chemicals of potential concern (COPC), 

(discussed in more detail in the following section) and secondly, they were used later in 

Section 5 to assess the degree to which locations or areas exceeded their respective 

media-based RBCs. 

With regard to the groundwater medium, as noted in the SWP (1999) Rl report, 

groundwater is not used as a municipal water supply in Wilmington. There are no 

groundwater users within a 2-mile radius of the site. The majority of residents within 4 

miles of the site are supplied water by the City of Wilmington Water Department or the 

Leland Sanitary District. The City of Wilmington Water Department and the Leland 

Sanitary District municipal systems are supplied by surface water intakes located 23 

miles upstream of the site on the Cape Fear River. No primary or standby surface water 

intakes currently operate within 15 miles upstream or downstream of the site (SWP, 

1999). 

Other factors limit the viability of site groundwater being used in the future for human 

consumption, and include: 

)> The availability of potable water at the site supplied by the City of Wilmington; 

)> Salinity in the local aquifer due to brackish conditions in the Cape Fear River; and, 

)> The existence of a city ordinance requiring a permit for the use of groundwater for 

human consumption within the Wilmington City limits. 

Page5 

• 

• 

• ~ 



• 

• 

Southern Wood Piedmont/ 
North Carolina State Ports Authority 
Wilmington, N.C. 
Supplemental Human Health Risk Evaluation a me& 
October 19,2001 

Collectively, these limitations are believed to effectively preclude the future use of site 

groundwater for potable purposes. Accordingly, groundwater is not believed to pose a 

potential pathway of exposure to site·related constituents now or in the future. 

For the remainder of potential exposure media, chemicals detected in each medium 

(surface or subsurface soil, sediment, surface water, and fish tissue) are designated as 

COPCs unless at least one of the following conditions is true: 

the chemicals are present at a low frequency of detection and in low 

concentrations; or 

the chemicals are present at concentrations that are consistent with background 

concentrations for the area and there is no evidence that their presence is related 

to activities at the facility; or 

the chemicals are field blank or laboratory ~lank contaminants introduced during 

sampling, transport, storage, preparation, or analysis of the samples and are not 

detected in site samples at significantly higher concentrations than in the blank 

samples; or 

the chemical is an essential nutrient and is not present at excessively high 

concentrations; or 

the chemical is a tentatively identified compound {TIC); or 

concentrations of a chemical are not above those identified in EPA Region IX 

Preliminary Remediation Goals (PRGs) and, secondarily, EPA Region Ill's Risk

Based Screening Concentrations (RBCs) for the appropriate media and receptor. 

The media-specific COPC selection process involved an evaluation of the frequency of 

detection and a comparison of the maximum detected concentration to relevant PRGs 
. I . 
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and RBCs. In addition, a qualitative screening process was used where the above 

criteria were not available. Qualitative screening included one or more of the following: 

use of toxicologically relevant surrogates; an evaluation of the nutritional essentiality of a 

compound; and, an evaluation of the analytical data quality. A summary of the 

qualitative screening process employed follows: 

• PRGs and RBCs were not available for several of the noncarcinogenic polyaromatic 

hydrocarbons (PAHs), such as acenaphthylene, benzo{g,h,i)perylene and 

phenanthrene. Pyrene was selected as a surrogate for these PAHs. The use of 

pyrene as a surrogate is a conservative measure as it is considered to be more toxic 

than other noncarcinogenic PAHs that have been studied; 

• The following essential nutrients were excluded from further quantitative analysis, as 

they are considered essential human nutrients: calcium, iron, magnesium, 

potassium, and sodium; 

• Tentatively identified compounds (TICs) were not evaluated if all of the detected 

results for a given compound in a given medium were considered tentative by the 

analytical laboratory (i.e., "N" qualified). If there was at least one unqualified 

detection of the compound in a given medium, then the compound was not 

considered a TIC. Table 2-1 lists the TICs excluded from further analysis. 

• A small number of compou~ds were eliminated as COPCs because they represent a 

chemical group or class, rather than an individual compound, and there are no 

critieria available by which to evaluate these compounds. These compounds 

include: alkanes, branched alkanes, carboxylic acid(s) and cyclic alkanes. 

Tables 2-2 through 2-5 present COPC screening for all compounds detected in soil, 

sediment, surface water and fish ti~sue, respectively. Rows highlighted in bold type 

indicate compounds that are considered COPCs and therefore carried further in the 
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analysis for that particular medium. A summary of media-specific COPCs is shown in 

Table 2-6. 

Section 3 to follow presents a discussion of the various cancer and noncancer toxicity 

criteria used in this analysis . 
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This section presents a summary of available toxicity criteria for compounds included as 

COPCs in this analysis and used to develop RBCs for the site. The predominant source 

of toxicity factors (reference doses, or RIDs, for noncarcinogenic compounds and cancer 

slope factors, or CSFs, for carcinogenic compounds) is U.S. EPA, either from the 

Agency's Integrated Risk Information System (IRIS) database or from its Health Effects 

Assessment Summary Tables (HEAST). Toxicity information has also been extracted 

from the Agency for Toxic Substances and Disease Registry (ATSDR) and EPA's 

National Center for Environmental Assessment (NCEA). 

It should be noted that EPA has not developed a CSF or RID for lead. Instead, EPA 

applies an integrated exposure uptake biokinetic (IEUBK) model that predicts blood lead 

levels based on a given amount of soil ingested and its bioavailability (EPA, 2001a). 

Available evidence suggests that lead toxicity may occur at levels as low as 1 0 - 15 

micrograms of lead per deciliter of blood (f.lg/dL) (EPA, 2001a). Using Figure 2 in EPA, 

2001, it can be concluded that the highest (most conservative) bioavailability (30%) and 

lowest blood.lead threshold (10 f.lg/dL) in a child corresponds to a soil lead concentration 

of approximately 600 mglkg (ppm). Thus, this soil lead level will be used as the 

appropriate human health-based threshold for the Wilmington site. It should also be 

noted that EPA has developed an adult lead model that indicates a far higher soil lead 

level is permissible (on the order of several thousand ppm) (Srinivasan and Shepherd, 

2001) when only adult exposure is expected (such as an active industrial facility that has 

full-time security). 

Following is a discussion of the underlying assumptions of both CSFs and RIDs. This 

information is important as it underscores the likelihood that cancer and noncancer 

health criteria are derived based upon highly conservative assumptions. 
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Both human epidemiological studies and animal bioassays are used to assess the 

carcinogenic potential of chemicals. Frequently, epidemiological studies have been 

conducted for occupational populations because they are typically exposed to higher 

concentrations of chemicals than the general population. Animal carcinogenicity 

bioassays involve measuring the tumor incidence in rats or mice following administration 

of various doses of the chemical for the estimated lifetime of the animal. 

For regulatory purposes, it is assumed that any dose of a carcinogen, no matter how 

small, presents some level of risk. To estimate the theoretical potential response at 

these low doses, various mathematical models have been developed. The accuracy of 

the projected risk at the dose of interest is a function of the accuracy of the mathematical 

model in predicting the true (but not measurable) relationship between dose and risk at 

-low dose levels. EPA generally uses the linearized multistage (LMS) model for low dose 

extrapolation from animal studies (Munro and Kewski, 1981 ). This model assumes that 

the slope of a dose-response curve can be extrapolated to zero in a linear manner. 

The numerical expression for the carcinogenic potency of a chemical calculated by the 

LMS model is known as the q1*, or cancer slope factor. The q1* represents the 95 

percent upper confidence limit on the slope of a dose-response curve derived from either 

animal or human studies. The slope of the dose-response curve is a quantitative 

estimate of a chemical's carcinogenic potency and is calculated as the change in tumor 

incidence (y-axis) over the change in dose (x-axis). Thus, the units of q1* are the 

probability of tumor incidence divided by the dose level given in milligrams (mg) of 

chemical per kilogram (kg) of body weight per day ([mg/kg-day]"1
). 

Cancer slope factors (CSFs) are considered to be theoretical upper bound estimates of 

risk at a 95 percent upper confidence level (i.e., there is a 95 percent probability that the 

true risks do not exceed these levels and are likely to be much lower). The EPA's 

Human Health Assessment Group (HHAG), formerly called the Carcinogen Assessment 
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Group, stated that the use of the LMS model and upper-bound risk estimates is 

appropriate, but that the lower limit of risk may be as low as zero (EPA, 1986). The 

HHAG stated that an "established procedure does not yet exist for making·'most likely' or 

'best' estimates of risk within the range of uncertainty defined by the upper and lower 

limit estimates" (EPA, 1986). 

Regulatory Agencies in the United States continue to base CSFs on the nonthreshold 

LMS model (EPA, 1989). For the purposes of this analysis, the CSFs established by 

EPA were used to assess potential exposures to site COPC by hypothetically exposed 

populations. Chemical-specific CSFs employed in this assessment are presented in 

Table 3-1. It should be noted that the majoritf of CSFs in Table 3-1 for the dermal 

exposure pathway have been adjusted to reflect absorption efficiencies attributed to the 

dermal pathway. As described by EPA in Appendix A of Risk Assessment Guidance for 

Superfund (RAGS) (EPA, 1989), absorption adjustments are often necessary to ensure 

that the site exposure estimate and the toxicity value for comparison are both expressed 

as absorbed doses or both expressed as intakes. Accordingly, to adjust an oral CSF 

based on an administered dose to an absorbed dose for use in the dermal pathway 

analysis, one must divide the oral CSF by the oral absorption efficiency factor shown in 

Table 3-2. Thus, using arsenic as an example, dividing the oral CSF of 1.5 by the oral 

absorption factor of 0.8 results in an adjusted dermal CSF of 1.875, which is rounded to 

1.9 in Table 3-1. 

3.2 Noncarcinogenic Response 

It is widely accepted in the scientific community that noncancer effects related to 

exposure to chemical substances occur only after a threshold dose has been achieved 

(Amdur et al., 1991 ). A threshold dose is a level of intake below which adverse effects 

are not expected to occur. For the purposes of establishing toxicological benchmarks for 

noncarcinogenic chemicals, the threshold dose is usually estimated from the no

observed-adverse-effect-level (NOAEL) or the lowest-observed-adverse-effect-level 

2 The only exceptions are PCBs and TCDD TEQ, where EPA (1999) has indicated that 
adjustments for the dermal exposure pathway are unnecessary. 

Page 11 

• 

• 

• 



Southern Wood Piedmont/ 
North Carolina State Ports Authority 
Wilmington, N.C. 
Supplemental Human Health Risk Evaluation 

,'··· 

a me& 
• October 19,2001 

• 

• 

(LOAEL). The NOAEL is defined as the highest dose at which no adverse effects occur, 

while the LOAEL is defined as the lowest dose at which adverse effects are observed. 

NOAELs and LOAELs derived from both animal and human studies are used by EPA to 

establish chronic reference doses (RIDs) for humans. EPA (1989a) defines a chronic 

RID as "an estimate (with uncertainty spanning an order of magnitude or greater) of a 

daily exposure level for the human population, including sensitive subpopulations, that is 

likely to be without an appreciable risk of deleterious effects during a lifetime." 

Uncertainty factors are incorporated into RIDs in an attempt to account for limitations in 

the quality or quantity of available data. Many RIDs include a 1 00-fold safety factor to 

account for uncertainties in extrapolating animal data to human health effects (a factor of 

ten) and differences in sensitivity within the human population (another factor of ten). 

However, if the available databases are incomplete, an additional uncertainty factor, 

known as a modifying factor, may be applied. For example, if available data do not 

establish a NOAEL and/or there are data gaps for some types of health effects, a safety 

factor of 1,000, representing an uncertainty factor of 1 00 and a modifying factor of 10, 

could be used to establish the RID. Thus, it can be concluded that a considerable 

degree of conservatism (margin of safety) is "built in" to any given RID. 

Table 3-1 presents the non-cancer RIDs for each COPC used in this analysis. The 

adjacent reference column indicates the source from which the criteria were extracted. 

Similar to the adjustments discussed for the carcinogenic CSFs for the dermal exposure 

pathway, noncancer RIDs have also been adjusted in Table 3-1 for the dermal pathway 

to translate an "administered dose" to an "absorbed dose". However, as described by 

EPA (1989), to convert an oral RID based on an administered dose to an absorbed 

dose, the oral RID must be multiplied by the oral absorption efficiency. Thus, using 

arsenic as an example, the product of the oral RID from Table 3-1 (0.0003 mg/kg-day) 

and the oral absorption factor for arsenic shown in Table 3-2 (0.8) results in an adjusted 

dermal RID of 0.0024 (Table 3-1) . 

Page 12 



Southern Wood Piedmont/ 
North Carolina State Ports Authority 
Wilmington, N.C. 
Supplemental Human Health Risk Evaluation 

October 19,2001 

a me& 

Due to the complexity of inhalation exposures and the paucity of data on absorption 

efficiencies, all COPCs were assumed to be 1 00% absorbed through the respiratory 

tract. Consequently, the CSFs and RIDs presented ·for the oral route of exposure in 

·Table 3-1 were used directly unless chemical-specific reference concentrations (RfCs)· 

were available. 

Section 4 to follow addresses each of the various current and foreseeable future human 

exposures at the Wilmington site. Section 4 als·o develops risk-based media 

concentrations based on the likely current or foreseeable future human uses of the site . 
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4.0 EXPOSURE ASSESSMENT/QUANTIFICATION OF RISK-BASED MEDIA 

CONCENTRATIONS (RBCs) 

Exposure assessment estimates the intensity, frequency and duration of human 

exposure to an agent present in the environment. In its most complete form, an 

exposure assessment should describe the magnitude, duration, schedule, and route of 

exposure. This section characterizes the exposure setting, describes the exposure 

scenarios for each receptor, and discusses the details of exposure quantification 

associated with the development of RBCs indicative of potential exposures by 

individuals who may contact impacted media at the SWP Wilmington site. Finally, RBCs 

are derived for each COPC in each medium, and are compared with media sampling 

data. 

4.1 Characterization of Exposure Setting 

Section 2.1 discussed the details of the physical layout of the site and surrounding 

environs. This section describes the attributes of the site that may attract human 

receptors and result in potential exposure to site COPC in various media. 

Current/Foreseeable Future Trespass Exposure 

As noted earlier, while gated and therefore inaccessible to cars and trucks, the site 

remains accessible by foot. Thus, it is possible that adolescent children3 can access the 

site presently or in the future (assuming no changes in accessibility) via the on-site 

roadway to gain access to the Greenfield Creek area or the Cape Fear River. It should 

be noted, however, that the City of Wilmington provides direct access to the river via a 

boat ramp located at a public park% of a mile upstream of the site under the Highway 

7 4 bridge. Thus, use of the SWP site as an access point to the Cape Fear river is not 

likely to be a regular occurrence, due to the more accessible location at the City park 

and boat ramp. Moreover, the site is currently posted "No Trespassing, No Fishing, and 

No Hunting", and the North Carolina Ports Authority security patrol drives the site at least 
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one time during any given week day, and randomly on weekends; nobody has been 

observed fishing in Greenfield Creek or the Cape Fear River from the site (personal 

communication; G. Kuntz, Schnabel Engineering through SWP's Site Superintendent; H. 

Phillips, and his conversations with the North Carolina State Ports Authority guards). 

The combination of a security patrol and posted signs is expected to deter trespassing. 

Nevertheless, to err on the side of the protection of public health, an analysis of 

adolescent trespassers who occasionally catch and consume fish from the drainage , 

ditch/Greenfield Creek is included. Moreover, their potential exposure to site COPC in 

sediment and soil is also evaluated. Finally, because surface water contaminant levels 

were below a level of concern, as discussed earlier in Section 2.2, this exposure 

pathway is not evaluated further. 

While unlikely due to superior fishing grounds in Greenfield Lake and the Cape Fear 

River itself, it is possible that a trespassing angler could fish in Greenfield Creek and/or 

the site drainage ditch. However, based on the limited availability of the type of fish 

humans consume collected during the SRI, the likelihood that someone would attempt to 

fish the creek/ditch on a regular basis is untenable. Such an event would, if it occurred 

at all, happen only on an infrequent basis. 

Hypothetical Future Utility and Construction Worker Exposures 

In the future, it is possible that workers conducting repair/expansion activities on 

underground utilities (water and sewer lines, etc.) or building activities where earth 

moving is necessary could be exposed to COPC in surface and subsurface soil. 

Pathways of potential soil exposure include dermal contact, incidental ingestion (from 

hand-to-mouth activity during eating and smoking), and inhalation of entrained dust 

particles assuming the presence of bare (unvegetated) soil. From an exposure 

assessment point of view, the difference between a hypothetical utility worker and a 

construction worker predominantly lies with their respective durations at a given site. A 

3 Younger children would not likely access the site due to vehicular traffic along Front Street. 
Moreover, the industrial development to the north and south of the site suggests that it would be 
improbable that smaller children would visit the site on a regular basis. 
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utility worker would typically be expected to spend only a limited time at the site (a few 

hours or days) but may revisit the site again at some point in the future to conduct 

additional utility repairs. A construction worker, on the other hand, would be expected to 

spend a longer visit (for example 3 months or less for a large building project), but may 

never return to the site again after the work is completed. 

-· 
Hypothetical Future Site Worker 

While the site presently is not used for business, in the future4
, it could be developed for 

conforming industrial and commercial land uses. Industrial future uses of the site would 

be expected to conform with permitted uses in the Heavy Manufacturing (HM) Zoning 

District of the City of Wilmington Zoning Ordinance. Allowable uses in Wilmington's HM 

district include bulk chemical storage, Ports-related operations, warehouses, chemical 

transfer facilities, and shipping terminals (Personal communication, G. Kuntz, Schnabel 

Engineering). Potential site worker exposures include dermal contact and incidental 

ingestion of surface soil. Unlike the hypothetical utility/construction worker, the future 

facility worker would not be expected to be exposed to significant (and constant) site

derived airborne dust. Consequently, the inhalation pathway is not quantitatively 

evaluated for the hypothetical facility worker receptor. 

4.2 Receptor Pathway Analysis/Quantification of Media-Specific RBCs 

In this section, risk-based concentrations (RBCs) are derived for each receptor and for 

each applicable media and associated chemical. constituent. The methodology 

employed in this document to derive site-specific RBCs was set forth by EPA in its 

recent Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites 

(EPA, 2001 c). The discussion which follows lays out the equations and procedures for 

deriving site-specific media RBCs. 

4 Based on land-ownership by the Ports Authority, limited shipping terminal space in the area, 
and the positive impact that the import/export business has on the state economy, there is a high 
probability that the property will be developed into a Ports Authority-related facility, including 
either bulk product storage and/or a land/sea cargo transfer facility (Personal communication, G. 
Kuntz, Schnabel Engineering) 

Page 16 



Southam Wood Piedmont/ 
North Carolina State Ports Authority 
Wilmington, N.C. 
Supplemental Human Health Risk Evaluation 

October 19, 2001 

4.2.1 Current Potential Exposures 

4.2.1.1 Adolescent Trespasser 

a me& 

Potential pathways of exposure for trespassers include dermal contact with sediment 

and proximate surface soils, incidental ingestion of soil and/or sediment particles 

adhered to skin and, as noted above, a remote chance of ingestion of fish from 

Greenfield Creek, assuming on-site angling were to occur. Table 4-1 summarizes 

realistic (yet still conservative) exposure factors employed in this analysis for the 

adolescent trespasser. 

Tables 4-2a through 4-11 b present chemical-specific exposure assumptions and 

resultant RBCs for the hypothetical trespasser exposed to sediment/adjacent soils. For 

noncarcinogenic compounds, the equation adapted from EPA (2001 c) is as follows: 

(Eqn 1): 

Soil HBCLnoncancer = (Target Hazard Index* BW * ATnc)/ (EF *ED* ((1/RfDoral * lgR 

/CF)+(1/RfDdermal *SA* DAFderm * A8Sderma1/CF))) 

Where: 

Soil HBCLnoncancer = derived chemical-specific RBC (mg/kg) [ppm] 

Target Hazard Index= 1.0 (unitless) 

BW =Average body weight of 8- 18 year old (kg) 

ATnc =Averaging time for noncarcinogens (days) 

EF = Exposure frequency (days/year) 

ED= Exposure duration (days) 

RfDoral = Oral reference dose (mglkg-day) 

lgR = Soil/sediment ingestion rate (mg/day) 

CF = Unit conversion factor (mg/kg) 

RfDdermal = Adjusted dermal reference dose (mg/kg-day) 

SA= Exposed skin surface area (cm2/day) 

DAFderm =Dermal adherence factor (mg/cm2
) 

ABSdermal =Dermal absorption (unitless) 
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For carcinogenic compounds, the equation adapted from EPA (2001c) is as follows: 

(Eqn 2): 

Soil HBClcancer =(Target Risk Level* BW * ATc)/(EF *ED* ((CSForar * lgR * 

ABSorar/CF)+(CSFdermar *SA* DAF * ABSdermaJCF))) 

Where: 

Soil HBC'-cancer = derived chemical-specific RBC (mg/kg) [ppm] 

Target Risk Level= chemical-specific acceptable cancer risk probability (e.g., 1 x 10-e) 

ATe= Averaging time for carcinogens (days) 

CSForar =Oral cancer slope factor (mg/kg-d)"1 

For the fish ingestion exposure pathway, Table 4-12a presents key exposure factors 

used to derive cancer and noncancer fish tissue RBCs for TCDD TEQ, the only COPC of 

concern from a human health standpoint. Table 4-12b presents the fish tissue RBCs for 

TCDD TEQ. The equations used to calculate fish tissue RBCs are: 

(Eqn 3): 

Fish RBCnoncancer =(Target Hazard Index* RfD)/(FCR * EF *ED* 1/BW * CF * 1/ATnc) 

and, 

(Eqn 4): 

Fish RBCcancer =Target Risk Leveii((CSF)*(FCR * EF *ED* 1/BW * CF * 1/ATc)) 

Where: 

Fish RBC = Fish tissue concentration (mglkg) 

FCR = Fish consumption rate (mg/day) 

CF = Conversion factor (kg/g) 

The remainder of this section provides some additional discussion on the specific 

exposure factors selected for the hypothetical adolescent trespasser scenario . 
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Consistent with EPA (1989) risk assessment policy, a hazard index (HI) of 1.0 was 

used in each of the noncancer-based RBC calculations. 

Target Risk Level 
Consistent with NCDENR's (2001) methodology for evaluating carcinogenic air 

pollutants in the Department's development of Acceptable Ambient Levels (AALs), the 

following target cancer risk level was utilized in the development of RBCs in this 

analysis: 

• Known human carcinogens (class A under EPA's (1986) guidelines published in FR 
51 (185): 33992- 34003) employ an acceptable eancer risk threshold of 1 x 10-a (1 
in one million). 

• Probable human carcinogens (class B) employ an acceptable cancer risk threshold 
of 1 x 1 o-S (1 in one hundred thousand). 

• Possible human carcinogens (class C) employ an acceptable cancer risk threshold 
of 1 x 104 (1 in ten thousand). 

Body Weight 
Based on EPA (1997), the average of the mean boy and girl body weights in Table 7-3 

of that document for 8 through 17 year aids is 47.26 kg. Therefore, a value of 47 kg was 

used in this analysis for the adolescent trespasser. 

Averaging Time 

EPA (1989) guidance suggests that the averaging period for chronic exposure to 

noncarcinogens be set equal to the exposure duration. For chronic exposure to 

carcinogens, the averaging period is equal to a full human life span which, according to 

EPA (1997) guidance, is 75 years (27,375 days) for the average population. 

Exposure Frequency 

An exposure frequency of 10 visits (days) per year was selected as a conservative 

estimate of site contact for the hypothetical adolescent trespasser. This corresponds to 

1 visit to the site per month during the months (March to December) when weather 

• 

conditions would not be considered harsh in this area of the country. For the analysis of • 
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potential ingestion of fish from the site, it was assumed that the trespassing adolescent 

spent % the yearly number of days fishing at the site. Therefore, the exposure 

frequency for the hypothetical trespassing angler is 5 visits (days) per year. 

Exposure Duration 

The exposure duration for the adolescent trespasser equals 1 0 years. It is assumed that 

a child age 8 up to 18 could contact the site and be potentially exposed to site COPC. 

Soil/Sediment Ingestion Rate 

Based on the recommendation of EPA (2001c) for a child resident, a conservative 

soil/sediment ingestion rate of 200 mg/day was used. 

Skin Surface Area 

Based on the recommendation of EPA (2001 c) for a child resident, a c~nservative skin 

surface area of 2,800 cm2 was used. 

Dermal Adherence Factor 

Based on the recommendation of EPA (2001c) for a child resident, a conservative 

dermal adherence factor of 0.2 mg/cm2 was used. 

Fish Consumption Rate 

Based on the recommendation of EPA (1997), a fish consumption rate of 6 g/day was 

used in the development of fish tissue RBCs for the trespassing adolescent angler. EPA 

states that the 6 g/day value is appropriate for the general population consuming 

freshwater/estuarine fish. 

Potential Surface Water Exposure Issues 

Two chemicals, PCB-1260 and manganese, were detected in surface water during 

EPA's Expanded Site Investigation in 1996 (Black and Veatch, 1997). These data were 

screened using conservative drinking water ingestion-based values (Table A-4 
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presented a summary of the sampling data included in the evaluation, while Table 2-4 

presented the COPC screening step for surface water). 

For discussion purposes, the PCB-1260 and manganese surface water data are 

summarized below. For PCBs, the screening criterion used, the Maximum Contaminant 

Level or MCL, is 0.0005 mg/L (EPA, 2001d). From the table below, it can be seen that 

5/9 surface water samples exceeded this conservative screening value. Focusing on 

samples from the drainage ditch or Greenfield Creek, which are likely to be most 

representative of potential child trespasser exposures, and which include samples SW-

03 (east of the railroad tracks and in Greenfield Creek), SW-04 (Drainage Ditch), SW-05 

PCB Aroclor 1260 Surface Water Sampling Results (mg/L) 

Sample Name Date Collected Lab Result 
Greenfield Creek/Drainage Ditch Samples 
SW-03 11/9/96 ND 
SW-04 11/9/96 0.00033 
SW-05 11/9/96 0.0019 
SW-06 11/9/96 0.0094 
Background Samples 
SW-01 11/10/96 0.0010 
SW-01Dup 11/10/96 0.0010 
Cape Fear River Samples 
SW-07 11/10/96 0.00055 
SW-08 11/10/96 0.00015 
SW-09 11/10/96 ND 

(Greenfield Creek near confluence of the ditch and creek) and SW-06 (southwestern 

bend in Greenfield Creek before it discharges into the Cape Fear River), the average 

PCB surface water concentration is 0.003 mg/L. While this average concentration still 

exceeds the PCB MCL, it should be noted that the MCL is based on a lifetime of drinking 

2 liters of water per day every day of the year for 70 years. Simply assuming that a child 

ingested 0.5 liters per day from the site (25% of daily intake that is still a conservative 

figure), and adjusting the exposure duration to represent a 10-year period, the allowable 

PCB concentration in water would increase as follows: 
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2 Liters/0.5 Liters x 70 years/10 years x PCB MCL (0.0005 mg/L) = 0.014 mg/L 

Thus, the average PCB surface water concentration calculated above (0.003 mg/L) is 

466% below the adjusted drinking water criterion: 0.014 mg/L I 0.003 mg/L = 4.66. It is 

concluded that PCBs in surface water at the site do not pose a significant health risk to 

the hypothetical adolescent trespasser. 

For manganese, the average of the site·related surface water samples is approximately 

0.04 mg/L. Since this average is below EPA's secondary drinking water criterion for 

manganese of 0.05 mg/L (EPA, 1992), even without any adjustments for reduction of 

water intake and exposure duration, it is concluded that this compound does not pose a 

significant health risk to the hypothetical adolescent trespasser. 

Ma nganese Surface Water Sampling Results (m ~ /L) 
Sample Name Date Collected Lab Result 
Greenfield Creek/Drainage Ditch Samples 
SW·03 11/9/96 0.022 
SW·04 11/9/96 0.029 
SW-05 11/9/96 0.027 
SW-06 11/9/96 0.068 
Background Samples 
SW·01 11/10/96 0.51 
SW-01Dup 11/10/96 560 
Cape Fear River Samples 
SW·07 11/10/96 0.066 
SW-08 11/10/96 0.073 
SW·09 11/10/96 0.073 

4.2.2 Future Potential Exposures 

4.2.2.1 Hypothetical Utility Worker 

· In the future, it is possible that workers responsible for the maintenance or expansion of 

underground utilities at the site may contact surface and subsurface soil during work 

responsibilities. The degree to which a worker might actually be exposed is not known . 

For example, SWP is in negotiations with the North Carolina State Ports Authority 
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(NCSPA) (who owns the land, including the parcel they purchased from the City) to 

place deed restrictions on how the land can be used in the future. NCSPA has signed a 

notarized voluntary consent to land use restrictions·that is included in the SRI as 

Reference 13. Nevertheless, to err on the conservative side, this analysis has assumed 

the potential for full exposure by hypothetical utility workers to site COPCs. 

Table 4-13 presents the exposure factors used in this analysis for the hypothetical utility 

worker. Tables 4-14a through 4-25b present chemical-specific values and resultant 

RBCs for the hypothetical future utility worker. The calculation of RBCs (Eqn 5 below) 

based on noncarcinogenic effects is similar to that presented for the adolescent 

trespasser in Eqn 1, except that a dust inhalation component has been added to the soil 

ingestion and dermal contact routes of exposure. The addition of the inhalation 

exposure pathway is in recognition of possible dust generation during excavation and 

earth-moving transport activities: 

(Eqn 5): 

Soil HBCLnoncancer = {Target Hazard Index* BW * ATnc)/(EF *ED* ((1/RfDoral * lgR 

/CF,)+(1/RfDdermal *SA* DAFderm * ABSdermai/CF1)+(1/RfDinh * (lhr * 

PM1o * ET * CF2)/CF,)) 

Where: 

lhr = Average inhalation rate for workers (m3/hr) 
PM1o = Average respirable particulate matter concentration (f.lg/ m3

) 

ET = Exposure time (hr/day) 
CF2= Unit conversion (mg/flg) 

For carcinogenic compounds, the RBC equation for the hypothetical utility worker is 

expressed as: 

\ 
I 
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(Eqn 6): . · 
Soil HBClcancer = (Target Risk Level* BW * ATc)/(EF *ED* ((CSForal * lgR 

/CF1)+(CSFdenna1 *SA* DAF * ABSdenna1/CF1)+(CSF1nh * (lhr * PM1o * ET 
* CF2)/CF1)) 

What follows is a brief discussion of the individual exposure factors used in the 

development of utility worker RBCs. 

Exposure Frequency 

An exposure frequency of 1 day/year was employed. It is believed that this is a 

conservative estimate of time on-site, as the likelihood of the same utility worker 

conducting repair activities at the Wilmington site for a full day per year over a 25-year 

exposure period (see below) is small. 

Exposure Duration 

Consistent with EPA (1991) guidance, this analysis assumed an exposure duration of 25 

years, which is equivalent to the 95th-percentile for tenure in the workplace. 

Body Weight 

An adult body weight of 70 kg was used, consistent with EPA (1997) guidance. 

Averaging Time 

The averaging time for the utility worker for noncarcinogenic compounds is equal to the 

exposure duration (25 years) times 365 days/year, for a noncarcinogenic averaging time 

of 9,125 days. 

Soil Ingestion Rate 

A soil ingestion rate of 330 mg/day was employed for the hypothetical utility worker, 

consistent with EPA's (2001 c) recommendation for a construction worker . 
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A skin surface area of 3,300 cm2 was used, consistent with the recommendations of 

EPA's (2001c) recommendation for a construction worker.' , · 

Inhalation Rate 

An inhalation rate of 1.6 m3/hr was used, based on the recommendations of EPA (1997) 

that this rate is a representative average for workers. , 

Respirable Particulate Matter CPM10) 

The PM10 level represents airborne particles zero to 10 micrograms in size that may be 

inhaled and reach the deepest portion of the human lung. Based on available PM10 · 

data from EPA's (2001 e) AIRData database, the average PM 10 level over the available 

six-year reporting period (1996- 2001) is 18.67 J.tgl m3
• As a worst-case estimate of . 

sustained dust levels at a possible utility excavation, the six-year average PM10 level 

(18.67J.tg/ m3
) was assumed to be 3-fold (300%) higher, for an adjusted PM10 level of 

56J.tg/ m3
• This adjusted PM10 level was the value used in the utility worker (and 

construction worker) RBC calculations. 

Exposure Time 

An exposure time of 8 hrs/day was employed in the inhalation exposure scenario, as this 

represents a typical workday. 

4.2.2.2 Hypothetical Constroction Worker 

The derivation of construction worker-based RBCs is very similar to that described 

above for the utility worker. In fact, the equations for calculation of RBCs based on 

noncarcinogenic and carcinogenic effects are identical to equations 5 and 6, 

respectively. Two exposure parameter values, exposure frequency and exposure 

duration, differ from that of the utility worker. These differences are summarized below. 

Table 4-26 contains a summary of the construction worker exposure factors, while 
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Tables 4-27a through 4-38b show the chemical-specific exposure factors and resultant 

RBCs. 

Exposure Frequency 

A 60-day exposure frequency was selected for the hypothetical construction worker. 

This corresponds to a 3-month, full time tenure at the Wilmington site. It is believed that 

a 3-month exposure frequency represents a conservative estimate of possible 

construction worker time spent in contact with soil at the site. 

Exposure Duration 

An exposure duration of 1-year was used. Unlike the hypothetical utility worker analysis, 

where the possibility exists (however small) that the same worker might return to the site 

in the future for subsequent repair activities, the construction worker is not expected :to 

return to the site once a hypothetical major project is completed . 

4.4.2.3 Hypothetical Facility Worker 

A third potential future receptor, a facility worker, may be exposed to COPC in surface 

soil. Table 4-39 contains the facility worker exposure factors utilized, while Tables 4-40a 

through 4-51 b show the exposure factors and chemical-specific RBCs calculated for this 

receptor. As described earlier, the facility worker represents an individual who is 

envisioned to work in a hypothetical future building on-site, and is employed at the site · 

for a long period. Unlike the utility and construction worker exposure scenario, the 

facility worker analysis is limited to the soil ingestion and dermal contact routes of 

exposure. The inhalation pathway is not believed to be significant due to the degree of 

time spent indoors, the general Jack of earthmoving responsibilities compared with utility 

and construction workers, and the anticipated degree of surface vegetation, including 

any for ornamental purposes. 

Below is a brief summary of exposure factors that may differ from other occupational 

exposure analyses in this report. 
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An exposure frequency of 250 days/yr was used, consistent with the recommendation of 

EPA (2001c). This value corresponds to 5-day per week work period, with two weeks 

(10 days) away from the site to account for vacation and holiday time. 

Exposure Duration 

An exposure duration of 25 years was used, consistent with the recommendation of EPA 

(2001c). 

Soil Ingestion 

A soil ingestion rate of 50 mg/day was used, consistent with the recommendation of EPA 

(2001c) for an on-site worker. 
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In this section, the lowest applicable receptor-based RBC computed in Section 4 is 

compared with location-specific exposure point concentrations (EPCs) to assess the 

degree to which contaminant-specific exceedances may be present. This information 

will be used as guidance in a subsequent remedial action plan for the Wilmington site. 

5.1 Determination of Media-specific RBCs 

Using the media- and receptor-specific equations presented in Section 4, site-specific 

RBCs were developed which are compared with their respective EPCs described below 

in Section 5.2. Following is a summary discussion of target RBCs. 

5.1.1 Adolescent Trespasser 

Table 5-1 presents chemical-specific RBCs for sediment and adjacent soil based on the 

hypothetical adolescent trespasser exposure scenario. Values indicated in bold 

represent the concentrations in mg/kg (ppm) that equal a particular cancer or noncancer 

health criterion for that compound. For chemicals possessing both cancer and 

noncancer toxicity criteria, the value shown in bold indicates the lowest (most 

conservative) health-based media value. Thus, for arsenic, a soil/sediment cleanup 

level of 41 ppm is applicable. 

5.1.2 Utility Repair/Construction Worker 

Health-based subsurface soil cleanup levels for the hypothetical utility 

repair/construction worker are shown in Table 5-2. Again, the lowest (most 

conservative) chemical-specific levels are shown in bold type. With_ the exception of two 

COPC (naphthalene and TCDD TEQ, whose lowest RBCs are associated with 

noncancer health effects), the lowest RBCs occur for the carcinogenic health endpoint 

for the hypothetical construction worker exposure scenario . 
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Table 5-3 presents the results of the surface soil health-based soil concentrations for the 

hypothetical facility worker. As with Tables 5-1 and 5-2, recommended site-specific 

values are shown in bold type. Section 5.2 discusses each of the receptor-based RBCs 

in light of location-specific media concentrations for each of the various COPC measured 

at the site. 

5.2 Development of Area-specific Exposure Point Concentrations (EPCs) 

With the availability of site-specific media levels presented in Section 5.1, it is a simple 

exercise of comparing area-specific media concentrations to the RBCs to determine if an 

area or areas exceed the various applicable criteria. For sediment/adjacent surface soils 

(based on the hypothetical adolescent trespasser scenario) in Greenfield Creek and the 

Drainage Ditch, Table 5-4 presents the specific COPC and sampling location that 

• 

exceeds its lowest applicable RBC. For TCDD TEO, 2 out of 64 samples (2/64) exceed • 

the RBC in sampling locations SD-26 and SD-28. Arsenic exceeded its RBC in 

sampling location SD-24 as well as in the offsite background location (SD-41 ). 

Benzo(a)pyrene and benzo(b)fluoranthene each exceed their respective RBCs in 

sampling location SS-10. 

Surface soils across the site, in comparison to RBCs derived for the hypothetical facility 

worker, are shown in Table 5-5. COPC-specific exceedances are as follows: arsenic 

(50/87 samples), benzo(a)pyrene (11/87), TCDD TEO (7/11), benzo (b) fluoranthene 

(2/56), and benz(a)anthracene (1/87). 

For subsurface soils (Table 5-6), RBCs based on the hypothetical construction worker 

scenario are exceeded for the following COPCs: arsenic (8/14 7), TCDD TEO (6/17), 

benzo(a)pyrene (3/147), benz(a)anthracene (1/147), chromium (1/147), and 

dibenzo(a,h)anthracene5 (1/105). 

5 This exceedance is due to a 1/2 detection limit value that is approximately 70 times higher than 
the maximum detected value. 
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A point-by-point comparison in Section 5.2 demonstrates that there are some 

exceedances of individual receptor- and media-specific RBCs calculated for the 

Wilmington site. Nevertheless, it must be recognized that an individual would not, in all 

probability, be exposed to COPC at one unique location. Thus, a point-specific 

exceedance of a RBC does not, in and of itself, constitute a potential cause for concern 

given the likelihood that true human exposures would more realistically occur over an 

area and thus would be more indicative of average COPC concentrations. Where it is 

obvious that a clustering of samples with elevated concentrations in a particular medium 

occurs, this may indicate the presence of a "hotspot" or significantly elevated source 

area. The subsequent removal, capping, or other means of encapsulation of such an 

area would result in the reduction of an area-wide average concentration of the COPC, 

and thus further reduce the chance for human contact and/or bioavailability of the 

COPC. 

SWP intends to work with NCDENR to develop a pragmatic, cost effective remedial plan 

for the Wilmington site that takes into consideration potential human health as well as 

ecological risks (the subject of which is addressed in a separate ecological risk analysis 

report). SWP and its technical consultants believe that a sensible, effective, plan can be 

implemented that meets the requirements of protection of public health and the 

environment, while still recognizing the practical circumstances of the site in terms of its 

urban setting and likely future land redevelopment use by the North Carolina State Ports 

Authority . 
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Number 

Analyte Units Detected 

Semi-Volatile Organics (SVOCs) 

2,4,5-Trichlorophenol mglkg 0 

2,4-Dimethylphenol mglkg 0 

2-Chloronaphthalene mglkg 0 

2-Chlorophenol mg!kg 0 

2-Methylnaphthalene mglkg 0 

Acenaphthene mg/kg 1 

Acenaphthylene mglkg 0 

Anthracene mg!kg 0 

Benzo(a)anthracene mglkg 0 

Benzo(a)pyrene mglkg 0 

Benzo(b)fluoranthene mglkg 0 

Benzo(g ,h ,l)perylene mg/kg 0 

Benzo(k)fluoranthene mglkg 0 

Bls(2-Ethylhexyl)phthalate mglkg 0 

Carbazole mg!kg 0 

Chrysene mglkg 0 

Di-n-Butylphthalate mglkg 0 

Dibenzo(a,h)anthracene mglkg 0 

Dibenzofuran mglkg 1 

Fluoranthene mglkg 0 

Fluorene mg/kg 1 

Hexachlorobenzene mg/kg 0 

lndeno(1,2,3-cd)pyrene mglkg 0 

Naphthalene mg/kg 0 

o-Cresol mg!kg 0 

p-Cresol mglkg 0 

Pentachlorophenol mglkg 0 

Phenanthrene mg!kg 0 

• 
TableA-1 

Fish Tissue Data Summary 
Southern Wood Piedmont 

Wilmington, NC 

Number Frequency of Minimum Detected 
Tested Detection Cone. 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 5.3% 2.8 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 5.3% 1.8 

19 0.0% 0 

19 5.3% 1.5 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

• 
Maximum Mean Minimum Maximum 

Detected Cone. Detected Cone. SQL SQL 

0 0 NA NA 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

2.8 2.8 0.013 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

1.8 1.8 0.012 0.99 

0 0 0.99 0.99 

1.5 1.5 0.012 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 NA NA 

0 0 5.0999999 5.1 

0 0 0.99 0.99 

AMEC 



Number 
Analyte Units Detected 

Phenol mg/kg 0 

Pyrena mglkg 0 

Tetrachlorophenols (total) mg/kg 0 

Dloxins/Furans 

1,2,3,4,6,7,8-Heptachlorodibenzodioxin mglkg 19 

1,2,3,4,6, 7 ,8-Heptachlorodibenzofuran mg/kg 18 

1,2,3,4, 7 ,8,9-Heptachlorodibenzofuran mg/kg 2 

1,2,3,4, 7 ,8-Hexachlorodibenzodioxin mglkg 6 

1,2,3,4, 7 ,8-Hexachlorodibenzofuran mg/kg 14 

1,2,3,6,7 ,8-Hexachlorodibenzodioxin mglkg 12 

1,2,3,6, 7 ,8-Hexachlorodibenzofuran mg/kg 12 

1,2,3, 7,8,9-Hexachlorodibenzodioxin mglkg 8 

1,2,3, 7,8,9-Hexachlorodibenzofuran mg/kg 2 

1,2,3, 7 ,8-Pentachlorodibenzodioxin mglkg 16 

1,2,3, 7 ,8-Pentachlorodibenzofuran mg/kg 14 

2,3,4,6,7,8-Hexachlorodibenzofuran mg/kg 12 

2,3,4,7,8-Pentachlorodibenzofuran mg/kg 19 

2,3,7,8-Tetrachlorodibenzodioxin mglkg 10 

2,3, 7,8-Tetrachlorodibenzofuran mg/kg 13 

Heptachlorodibenzodioxins (total) mglkg 20 

Heptachlorodibenzofurans (total) mglkg 18 

Hexachlorodibenzodioxins (total) mg/kg 15 

Hexachlorodibenzofurans (total) mglkg 17 

Octachlorodibenzodioxin mglkg 20 

Octachlorodibenzofuran mg/kg 12 

Pentachlorodibenzodioxins (total) mg/kg 16 

Pentachlorodibenzofurans (total) mg/kg 19 

Tetrachlorodibenzodioxins (total) mg/kg 10 

Tetrachlorodibenzofurans (total) mglkg 13 

• 

TableA-1 
Fish Tissue Data Summary 
Southern Wood Piedmont 

Wilmington, NC 

Number Frequency of Minimum Detected 
Tested Detection Cone. 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

20 95% 0.000000763 

20 90% 0.000000242 

20 10% 0.000000236 

20 30% 0.000000154 

20 70% 8.84E-08 

20 60% 0.000000177 

20 60% 7.07E-08 

20 40% 0.000000158 

20 10% 0.000000177 

20 80% 0.00000013 

20 70% 8.22E-08 

20 60% 0.000000104 

20 95% 0.000000114 

20 50% 0.000000216 

20 65% 0.000000203 

20 100% 0.000000545 

20 90% 0.00000027 

20 75% 0.000000181 

20 85% 0.000000163 

20 100% 0.00000269 

20 60% 0.000000523 

20 80% 0.00000013 

20 95% 0.000000114 

20 50% 0.000000216 

20 65% 0.000000203 

• 

Maximum Mean Minimum Maximum 
Detected Cone. Detected Cone. SQL SQL 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0.000311 1.97372E-05 2.148E-06 2.495E-06 

0.0000561 4.35283E-06 2.148E-06 2.495E-06 

0.00000024 0.000000238 2.148E-06 2.495E-06 

0.0000012 4.335E-07 2.148E-06 2.495E-06 

0.00000124 3.59671E-07 2.148E-06 2.495E-06 

0.00000642 1.29725E-06 2.148E-06 2.495E-06 

0.000000752 2.79308E-07 2.148E-06 2.495E-06 

0.00000217 5.6925E-07 2.148E-06 2.495E-06 

0.000000313 0.000000245 2.148E-06 2.495E-06 

0.00000101 0.00000035 2.148E-06 2.495E-06 

0.000000395 1.77007E-07 2.148E-06 2.495E-06 

0.00000109 0.000000376 2.148E-06 2.495E-06 

0.00000137 3.69368E-07 2.148E-06 2.495E-06 

0.000000629 3.579E-07 4.3E-07 4.99E-07 

0.0000027 6.95154E-07 4.3E-07 4.99E-07 

0.00188 0.000102029 2.148E-06 2.495E-06 

0.000167 1.11106E-05 2.148E-06 2.495E-06 

0.000081 6.8086E-06 2.148E-06 2.495E-06 

0.0000346 3.98953E-06 2.148E-06 2.495E-06 

0.00419 0.000231773 4.296E-06 4.99E-06 

0.000171 1.60253E-05 4.296E-06 4.99E-06 

0.00000263 6.0875E-07 2.148E-06 2.495E-06 

0.00000698 1.16605E-06 2.148E-06 2.495E-06 

0.000000629 3.579E-07 4.3E-07 4.99E-07 

0.0000027 9.28923E-07 4.3E-07 4.99E-07 



• 
Number 

Analyte Units Detected 

TCDD-TEQ mg/kg 20 

lnorganlcs 

Arsenic mg/kg 0 

Chromium mg!kg 1 

Copper mg/kg 4 

Miscellaneous 

Percent Lipids % 19 

ORP mV 19 

pH 19 

Salinity ppm 19 

Temperature c 19 

Conductivity umhos 19 

Dissolved Oxygen mg/L 19 

Notes: 
SOL: Sample Quantitation Limit. 

• 
TableA-1 

Fish Tissue Data Summary 
Southern Wood Piedmont 

Wilmington, NC 

Number Frequency of Minimum Detected 
Tested Detection Cone. 

20 100% 5.107E-08 

19 0.0% 0 

19 5.3% 1.4 

19 21.0% 2 

19 100% 1 

19 100% 106 

19 100% 6 

19 100% 0.0000001 

19 100% 18.9 

19 100% 210 

19 100% 4.32 

Maximum 
Detected Cone. 

1.04572E-05 

0 

1.4 

27 

5.1 

123 

7.2 

0.0000001 

23.9 

283 

7.8 

NA: Indicates detection limit is not applicable because compound was detected In all samples, or detection limit Information is not available. 

·.- ... 

• 
Mean Minimum Maximum 

Detected Cone. SQL SQL 

1.19464E-06 0 0 

0 0.91 1 

1.4 0.17 1 

8.725 0.72 2 

2.642105263 NA NA 

114.1578947 NA NA 

6.815789474 NA NA 

0.0000001 NA NA 

21 NA NA 

240.2105263 NA NA 

6.164210526 NA NA 

' ·~· ,. 
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TableA-2 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Volatile Organics (VOCs) 

1,1,1-Trichloroethane mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

1,1,2,2-Tetrachloroethane mg/kg 0 64 0.00% 0 0 0 0.001 0.5 

1,1,2-Trichloroethane mglkg 0 64 0.00% 0 0 0 0.001 0.5 

1,1-Dichloroethane mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

1,1-Dichloroethene mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

1,2-Dibromomethane mg/kg 0 27 0.00% 0 0 0 0.005 0.025 

1,2-Dichloroethane mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

1,2-Dichloroethene (total) mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

1,2-Dichloropropane mg/kg 1 64 1.56% 0.065 0.065 0.065 0.001 0.5 

2-Chloroethylvinyl Ether mg/kg 0 27 0.00% 0 0 0 0.001 0.05 

Acetone mg/kg 9 37 24.32% 0.021 0.5 0.138666667 0.0036 0.66 

Benzene mglkg 0 64 0.00% 0 0 0 0.001 0.5 

Bromodlchloroethane mg/kg 0 12 0.00% 0 0 0 NA NA 

Bromodichloromethane mg/kg 0 52 0.00% 0 0 0 0.005 0.5 

Bromoform mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

Bromomethane mg/kg 0 44 0.00% 0 0 0 0.005 0.071 

Camphene mg/kg 1 1 100.00% 0.04 0.04 0.04 NA NA 

Carbon Disulfide mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

Carbon Tetrachloride mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

Chlorobenzene mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

Chloroethane mg/kg 0 44 0.00% 0 0 0 0.005 0.071 

Chloroform mg/kg 0 48 0.00% 0 0 0 0.001 0.5 

Chloromethane mg/kg 0 27 0.00% 0 0 0 0.005 0.025 

Cis-1,3-Dichloropropene mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

Dibromochloromethane mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

Dichlorodifluoromethane mg/kg 0 27 0.00% 0 0 0 0.005 0.025 

Dihydromethylindene mg/kg 1 1 100.00% 0.1 0.1 0.1 NA NA 
Ethylbenzene mg/kg 4 64 6.25% 0.02 0.54 0.1935 0.001 0.5 

AMEC 
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• • • 
TableA-2 

Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Ethyldimethylbenzene mg/kg 1,00.00% 0.06 0.06 0.06 NA NA 

Ethyldimethylbenzene (21somers) mglkg 100.00% 0.01 0.01 0.01 NA NA 

Ethyldimethylbenzene (3 Isomers) mg/kg 100.00% 0.2 0.2 0.2 NA NA 

Ethylmethylbenzene mg/kg 2 2 100.00% 0.009 0.07 0.0395 NA NA 

lndane mg/kg 3 3 100.00% 0.05 2 0.983333333 NA NA 

lndene mg/kg 100.00% 0.03 0.03 0.03 NA NA 

m/p--Xylene mglkg 7 27 25.93% 0.001 0.3 0.056728571 0.001 0.005 

Methyl Butyl Ketone mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

Methyl Ethyl Ketone mglkg 6 37 16.22% 0.011 0.32 0.087166667 0.0033 0.25 

Methyl Isobutyl Ketone mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

Methyl-t-Butyl Ether mg/kg 0 27 0.00% 0 0 0 0.005 0.05 

Methylbenzofuran (2 isomers) mg/kg 1 1 100.00% 0.4 0.4 0.4 NA NA 

Methylbenzofuran (3lsomers) mg/kg 100.00% 0.9 0.9 0.9 NA NA 

Methylene Chloride mg/kg 12 63 19.05% 0.0064 0.059 0.01655 0.001 0.11 

Methylindan mg/kg 100.00% o.4 0.4 0.4 NA NA -· 
a-Xylene mg/kg 4 27 14.81% 0.0011 0.22 0.0744 0.001 0.005 

Styrene mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

Tetrachloroethane mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

Tetramethylbenzene mg/kg 1 100.00% 0.008 0.008 0.008 NA NA 

Toluene mg/kg 7 64 10.94% 0.0013 0.02 0.006728571 0.001 0.5 

trans-1,2-Dichloroethene mg/kg 0 27 0.00% 0 0 0 0.001 0.005 

trans-1,3-Dichloropropene mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

Trichloroethane mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

Trichlorofluoromethane mg/kg 0 27 0.00% 0 0 0 0.005 0.005 

Trlmethylbenzene mg/kg 1 100.00% 0.01 0.01 0.01 NA NA 

Trimethylbenzene (2 Isomers) mg/kg 2 2 100.00% 0.2 0.4 0.3 NA NA 

Vinyl Chloride mg/kg 0 44 0.00% 0 0 0 0.005 0.071 

Xylenes (total) mg/kg 4 37 10.81% 0.002 0.094 0.036 0.0016 0.099 

Semi-Volatile Organics (SVOCs) 

AMEC 



Table A-2 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

1-Methylnaphthalene mglkg 3 3 100.00% 2 20 14 NA NA 

2,4,5-Trichlorophenol mglkg 0 47 0.00% 0 0 0 0.33 44 

2,4,6-Trichlorophenol mglkg 0 27 0.00% 0 0 0 0.33 3.3 

2,4-Dimethylphenol mglkg 0 47 0.00% 0 0 0 0.33 44 

2,4-Dinitrophenol mglkg 0 27 0.00% 0 0 0 1.6 17 

2-Chloronaphthalene mglkg 0 20 0.00% 0 0 0 0.41 44 

2-Chlorophenol mglkg 0 47 0.00% 0 0 0 0.33 44 

2-Methylnaphthalene mglkg 5 37 13.51% 0.21 38 12.71 0.032 44 

4-Chloro-3-Methylphenol mglkg 1 44 2.27% 0.26 0.26 0.26 0.33 24 

Acenaphthene mglkg 24 64 37.50% 0.14 250 23.1475 0.029 4.8 

Acenaphthylene mglkg 3 52 5.77% 0.07 0.34 0.206666667 0.021 44 

Amlnofluorenone mglkg 1 1 100.00% 5 5 5 NA NA 

Anthracene mglkg 30 64 46.88% 0.11 420 35.69833333 0.021 4.8 

Anthracenecarbonitrile mglkg 100.00% 0.2 0.2 0.2 NA NA 

Benzo(a)anthracene mglkg 37 64 57.81% 0.048 730 29.59832432 0.02 5 

Benzo(a)pyrene mglkg 36 64 56.25% O.Q38 680 21.18727778 0.029 44 

Benzo(b )fluoranthene mglkg 25 47 53.19% 0.031 1800 76.8016 0.023 44 

Benzo(b,k)fluoranthene mglkg 14 17 82.35% 0.051 27 4.797214286 0.41 0.46 

Benzo(g,h,i)perylene mglkg 5 20 25.00% 0.57 3.4 1.596 0.026 44 

Benzo(k)Fiuoranthene mglkg 19 47 4D.43% 0.052 5.5 2.642368421 0.026 44 

Benzoanthracenone mglkg 1 1 100.00% 0.1 0.1 0.1 NA NA 

Benzofluoranthene (not b or k) mglkg 4 4 100.00% 0.7 9 4.675 NA NA 

Benzofluorene mglkg 4 4 100.00% 0.09 0.8 0.3225 NA NA 

Benzofluorene (2 isomers) mglkg 1 1 100.00% 3 3 3 NA NA 

Benzofluorene (3 isomers) mglkg 2 2 100.00% 30 40 35 NA NA 

Benzonaphthothlophene (21somers) mglkg 2 2 100.00% 0.2 10 5.1 NA NA 

Benzopyrene (not a) mglkg 1 1 100.00% 0.3 0.3 0.3 NA NA 

Bls(2-Chloroethyl)Ether mglkg 0 27 0.00% 0 0 0 0.33 3.3 

Bis(2-Ethylhexyl)phthalate mglkg 1 37 2.70% 0.32 0.32 0.32 0.045 44 
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TableA-2 

Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Carbazole mglkg 15 64 23.44% 0.059 20 6.527266667 0.022 44 

Chrysene mglkg 48 64 75.00% 0.042 920 28.15122917 0.021 3.3 

Cyclopentaphenanthrenone mglkg 1 1 100.00% 0.2 0.2 0.2 NA NA 

Cyclopentapyrene mglkg 2 2 100.00% 0.1 0.3 0.2 NA NA 

DI-n-Butyl phthalate mglkg 2 37 5.41% 0.058 0.076 0.067 0.028 44 

Dibenzo(a,h)anthracene mglkg 5 64 7.81% 0.2 3.7 1.548 0.052 44 

Dibenzofuran mglkg 10 37 27.03% 0.15 200 31.808 0.03 4.8 

Dibenzothlophene mglkg 3 3 100.00% 2 20 9.666666667 NA NA 

Dimethylnaphthalene (2 isomers) mglkg 1 100.00% 20 20 20 NA NA 

Dlmethylnaphthalene (3 isomers) mglkg 100.00% 4 4 4 NA NA 

Fluoranthene mglkg 50 64 78.13% 0.065 1300 66.42998 0.031 46 

Fluorene mg/kg 11 37 29.73% 0.069 370 56.93263636 0.031 4.8 

Hexachlorobenzene mglkg 0 20 0.00% 0 0 0 0.41 44 

Hexachlorobiphenyl mglkg 1 1 100.00% 0.1 0.1 0.1 NA NA 

Hexahydrohydroxytrlmethyl mglkg 1 100.00% 4 4 4 NA NA 

lndeno(1 ,2,3-ccl)pyrene mglkg 11 47 23.40% 0.61 680 63.47454545 0.067 44 

m+p-Cresol mglkg 0 5 0.00% 0 0 0 0.41 1.4 

Methylanthracene mglkg 3 3 100.00% 40 17 NA NA 

Methylanthracene (2 isomers) mglkg 1 100.00% 4 4 4 NA NA 

Methyldibenzofuran mglkg 2 2 100.00% 1 10 5.5 NA NA 

Methylfluorene mglkg 1 1 100.00% 1 1 1 NA NA 

Methylfluorene (2 Isomers) mglkg 100.00% 30 30 30 NA NA 

Methylphenanthrene (2 isomers) mglkg 2 2 100.00% 4 30 17 NA NA 

Methylphenanthrene (3 Isomers) mglkg 100.00% 30 30 30 NA NA 

Methylpyrene mglkg 2 2 100.00% 0.1 6 3.05 NA NA 

Naphthalene mglkg 7 64 10.94% 0.3 44 12.27142857 0.025 44 

o-Cresol mglkg 0 20 0.00% 0 0 0 0.41 44 

Octahydrodimethyl (Methylethenyl) mglkg 1 100.00% 0.2 0.2 0.2 NA NA 

p-Cresol mglkg 0 15 0.00% 0 0 0 NA NA 

AMEC 



TableA-2 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Pentachlorobiphenyl (2 isomers) mg/kg 1 100.00% 0.4 0.4 0.4 NA NA 

Pentachlorophenol mg/kg 64 1.56% 0.22 0.22 0.22 0.97 230 

Perylene mg/kg 2 2 100.00% 0.1 0.2 0.15 NA NA 

Phenanthrene mg/kg 24 64 37.50% 0.11 980 79.5375 0.017 4.8 

Phenol mg/kg 0 47 0.00% 0 0 0 0.33 44 

Phenylnaphthalene mg!kg 3 3 100.00% 1 20 1 0.33333333 NA NA 

Pyrena mg/kg 26 37 70.27% 0.077 360 35.59142308 0.063 2.2 

Tetrachlorophenols (total) mglkg 0 47 0.00% 0 0 0 0.33 44 

Tetramethylphenanthrene mglkg 1 100.00% 3 3 3 NA NA 

Jnorganlcs 

Aluminum mglkg 17 17 100.00% 650 28000 6931.176471 NA NA 

Arsenic mg/kg 43 64 67.19% 1.5 180 13.0744186 0.17 3.09 

Barium mg/kg 16 17 94.12% 2.8 110 32.08125 3 3 

Cadmium mg/kg 1 17 5.88% 2.1 2.1 2.1 0.23 2 

Cadmium (Extractable metal) mglkg 6 8 75.00% 0.18 0.97 0.54 0.072 0.072 

Calcium mg!kg 17 17 100.00% 330 12000 2537.647059 NA NA 

Chromium mg!kg 63 64 98.44% 0.93 71 19.04809524 0.17 

Cobalt mg!kg 15 17 88.24% 0.3 15 3.416 0.23 6 

Copper mg/kg 61 64 95.31% 1100 40.53934426 0.72 2.5 

Copper (Extractable Metal) mg/kg 8 9 88.89% 0.58 21 6.635 0.36 0.36 

Iron mglkg 17 17 100.00% 710 59000 11610 NA NA 

Lead mg/kg 28 28 100.00% 1.9 590 58.06786 1.1 5 

Lead (Extractable Metal) mg/kg 9 9 100.00% 5 220 58.8444 NA NA 

Magnesium mg/kg 14 17 82.35% 210 4900 1365 110 140 

Manganese mg/kg 17 17 100.00% 3.5 210 47.58235294 NA NA 

Nickel mg/kg 4 17 23.53% 13 52 29.5 3 40 

Nickel (Extractable Metal) mg/kg 5 9 55.56% 1.5 6 3.06 0.58 0.58 

Potassium mglkg 12 17 70.59% 160 1900 625 50 130 

Selenium mg/kg 2 17 11.76% 1.2 1.6 1.4 0.91 7.8 

• • .MEC 
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Analyte 

Sodium 

Vanadium 

Zinc 

Zinc (Extractable Metal) 

Dloxlns/Furans 

1,2,3,4,6,7,8-Heptachiorodibenzodioxin 

1,2,3,4,6, 7 ,8-Heptachiorodibenzofuran 

1,2,3,4,7,8,9-Heptachforodibenzofuran 

1,2,3,4,7,8-Hexachlorodibenzodioxin 

1,2,3,4, 7,8-Hexachlorodibenzofuran 

1,2,3,6, 7 ,8-Hexachlorodibenzodioxin 

1,2,3,6, 7 ,8-Hexachforodibenzofuran 

1,2,3, 7 ,8,9-Hexachiorodibenzodioxin 

1,2,3, 7 ,8,9-Hexachiorodibenzofuran 

1,2,3, 7 ,8-Pentachlorodibenzodioxin 

1,2,3, 7 ,8-Pentachlorodibenzofuran 

2,3,4,6, 7 ,8-Hexachlorodibenzofuran 

2,3,4, 7 ,8-Pentachforodibenzofuran 

2,3,7,8-Tetrachlorodibenzodioxin 

2,3, 7,8-Tetrachlorodibenzofuran 

Heptachlorodibenzodioxins (total) 

Heptachlorodibenzofurans (total) 

Hexachlorodibenzodioxins (total) 

Hexachlorodibenzofurans (total) 

Octachlorodibenzodioxin 

Octachiorodibenzofuran 

Pentachlorodibenzodioxins (total) 

Pentachlorodibenzofurans (total) 

Tetrachlorodibenzodioxins (total) 

• 
TableA-2 

Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

• 
Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 

Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

mglkg 

mg/kg 

mg/kg 

mg/kg 

mglkg 

mg/kg 

mg/kg 

mglkg 

mglkg 

mglkg 

mglkg 

mg/kg 

mg/kg 

mglkg 

mglkg 

mglkg 

mg/kg 

mglkg 

mglkg 

mg/kg 

mg/kg 

mg/kg 

. mg/kg 

mglkg 

mg/kg 

mglkg 

mglkg 

mglkg 

9 

17 

17 

9 

61 

61 

56 

59 

61 

61 

61 

61 

49 

56 

57 

61 

61 

43 

48 

61 

61 

61 

61 

61 

61 

60 

61 

51 

17 

17 

17 

9 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

52.94% 

100.00% 

100.00% 

100.00% 

100.00% 

100.00% 

91.80% 

96.72% 

100.00% 

100.00% 

100.00% 

100.00% 

80.33% 

91.80% 

93.44% 

100.00% 

100.00% 

70.49% 

78.69% 

100.00% 

100.00% 

100.00% 

100.00% 

100.00% 

100.00% 

98.36% 

100.00% 

83.61% 

210 

2.1 

7.8 

6.7 

0.00000676 

0.0000015 

6.23E-08 

0.000000101 

8.24E-08 

0.000000265 

8.04E-08 

0.000000227 

0.000000244 

0.000000119 

9.59E-08 

0.000000121 

0.000000129 

9.45E-08 

0.000000185 

0.0000213 

0.00000368 

0.00000216 

0.00000197 

0.0000955 

0.00000237 

0.000000279 

0.000000752 

7.67E-08 

3300 

85 

640 

610 

0.268 

0.144 

0.00162 

0.000406 

0.00185 

0.00458 

0.000475 

0.000672 

0.000598 

0.0000778 

0.0000992 

0.000784 

0.000285 

0.00000824 

0.0000218 

1.7 

0.317 

0.0541 

0.0687 

2.36 

0.136 

0.00157 

0.00218 

0.000207 

1 052.222222 

22.53529412 

139.6235 

127.2889 

110 

NA 
NA 
NA 

1300 

NA 
NA 
NA 

0.01445798 2.178E-06 8.21E-05 

0.00832985 2.178E-06 8.21E-05 

0.000128217 2.178E-06 8.21E-05 

3.38904E-05 2.178E-06 8.21E-05 

0.000108354 2.178E-06 8.21 E-05 

0.000282773 2.178E-06 8.21 E-05 

3.85763E-05 2.178E-06 8.21E-05 

6.67742E-05 2.178E-06 8.21E-05 

4.51602E-05 2.178E-06 8.21E-05 

1.09181E-05 2.178E-06 8.21E-05 

9.48628E-06 2.178E-06 8.21E-05 

6.29347E-05 2.178E-06 8.21E-05 

2.60946E-05 2.178E-06 8.21E-05 

1.94545E-06 4.357E-07 1.642E-05 

2.63092E-06 4.357E-07 1.642E-05 

0.086657839 2.178E-06 8.21E-05 

0.01889692 2.178E-06 8.21E-05 

0.003642619 2.178E-06 8.21E-05 

0.004235612 2.178E-06 8.21 E-05 

0.146057238 4.357E-06 0.0001642 

0.009594915 4.357E-06 0.0001642 

0.000166623 2.178E-06 8.21E-05 

0.00021722 2.178E-06 8.21E-05 

2.77196E-05 4.357E-07 1.642E-05 
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TableA-2 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Tetrachlorodibenzofurans (total) mg/kg 57 61 93.44% 0.000000362 0.000262 4.27767E-05 4.357E-07 1.642E-05 

TCDD-TEQ mglkg 61 61 100.00% 4.46273E-07 0.00653777 0.000467635 NA NA 

Pestlcides/PCBs 

PCB-1260 mglkg 2 17 11.76% 0.17 0.59 0.38 0.038 0.23 

4,4-DDD mglkg 2 17 11.76% 0.0071 0.0078 0.00745 0.0038 0.05 

4,4-DDE mglkg 1 17 5.88% 0.026 0.026 0.026 0.0038 0.023 

4,4-DDT mglkg 0 17 0.00% 0 0 0 0.0038 0.023 

Aldrin mglkg 0 17 0.00% 0 0 0 0.002 0.012 

Delta-BHC mg/kg 17 5.88% 0.00042 0.00042 0.00042 0.002 0.012 

Dieldrin mglkg 17 5.88% 0.0014 0.0014 0.0014 0.0038 0.023 

Endosulfan II mglkg 17 5.88% 0.0029 0.0029 0.0029 0.0038 0.023 

Endosulfan Sulfate mglkg 2 17 11.76% 0.0026 0.016 0.0093 0.0038 0.07 

Endrin Aldehyde mglkg 3 17 17.65% 0.00078 0.023 0.008326667 0.0038 0.023 

Gamma Chlordane /2 mglkg 2 17 11.76% 0.00043 0.027 0.013715 0.0021 0.012 

Methoxychlor mglkg 2 17 11.76% 0.049 0.1 0.0745 0.005 0.12 

Miscellaneous 

Add Volatile Sulfide mglkg 2 16 12.50% 53 370 211.5 10 10 

Ammonia Nitrogen mglkg 60 69 86.96% 0.55 120 13.8985 O.Q75 1.2 

Total Organic Carbon mglkg 77 78 98.72% 500 260000 40293.24675 150 500 

Notes: 
1. This table represents data from site sediment samples collected from 1990 to present. Samples designated as background are exduded from this summary. 
SQL: Sample Quantltation Limit. 
NA: Indicates detection limit is not applicable because compound was detected in all samples, or detection limit Information is not available. 
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Table A-3 

Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Volatile Organics (VOCs) 

(Methylethyl) Benzene mg/kg 2 2 100.00% 0.01 0.7 0.355 NA NA 

(Methylphenyl) Ethanone mglkg 1 1 100.00% 0.03 0.03 0.03 NA NA 

1,1,1-Trichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1,2,2-Tetrachloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1,2-Trichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1-Dichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1-Dichloroethene mg/kg 0 53 0.00% 0 0 0 0.005 0.005 

1,2-Dibromomethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,2-Dichloroethane mg/kg 0 53 0.00% 0 0 0 0.005 0.005 

1,2-Dichloropropane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

2-Chloroethylvinyl Ether mglkg 0 53 0.00% 0 0 0 0.05 0.05 

Alkanes mglkg 1 1 100.00% 1 1 NA NA 

Benzene mglkg 1 84 1.19% 0.078 0.078 O.Q78 0.005 0.11 

Benzofuran mglkg 1 100.00% 1 1 NA NA 

Branched Alkane mglkg 100.00% 0.2 0.2 0.2 NA NA 

Bromodichloroethane mg/kg 0 53 0.00% 0 0 0 0.005 0.005 

Bromomethane mglkg 0 53 0.00% 0 0 0 0.01 O.Q1 

Carbon Tetrachloride mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Chlorobenzene mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Chloroethane mglkg 0 53 0.00% 0 0 0 0.01 O.Q1 

Chloromethane mglkg 0 53 0.00% 0 0 0 0.01 0.01 

Cis-1,3-Dichloropropene mg/kg 0 53 0.00% 0 0 0 0.005 0.005 

Cyclic Alkanes mglkg 1 100.00% 0.4 0.4 0.4 NA NA 

Dibromochloromethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Dichlorodifluoromethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Dihydrodimethylindene mglkg 1 100.00% 0.04 0.04 0.04 NA NA 

Dihydromethylidene (2 isomers) mglkg 2 2 100.00% 0.03 0.4 0.215 NA NA 

Dihydromethylindene mg/kg 1 100.00% 0.1 0.1 0.1 NA NA 
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TableA-3 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Ethenylbenzaldehyde mg/kg 100.00% 0.03 0.03 0.03 NA NA 
Ethenylmethylbenzene mglkg 1 1 100.00% 30 30 30 NA NA 
Ethylbenzene mglkg 4 84 4.76% 0.021 0.53 0.32025 0.005 0.021 

Ethyldimethylbenzene mglkg 2 2 100.00% 0.02 0.5 0.26 NA NA 
Ethylmethylbenzene mg/kg 1 1 100.00% 1 1 1 NA NA 
Ethylmethylbenzene (2 isomers) mg/kg 2 2 100.00% 0.08 3 1.54 NA NA 
Ethynylmethylbenzene mglkg 1 1 100.00% 4 4 4 NA NA 
lndane mg/kg 1 1 100.00% 9 9 9 NA NA 
lndene mg/kg 1 1 100.00% 0.03 0.03 0.03 NA NA 
M/P-Xylene mg/kg 9 53 16.98% 0.0064 0.44 0.057533333 0.005 0.005 

Methyl (Methylethyl) Benzene mglkg 2 2 100.00% 0.04 0.8 0.42 NA NA 
Methyl (Methylethyl) Benzene (3 isomers) mg/kg 1 1 100.00% 2 2 2 NA NA 
Methyl (Propenyl) Benzene mglkg 1 100.00% 2 2 2 NA NA 
Methyl Ethyl Ketone mg/kg 3 18 16.67% 0.019 0.071 0.04 0.011 0.11 

Methyl-t-Butyl Ether mglkg 0 53 0.00% 0 0 0 0.05 0.05 

Methylbenzofuran mglkg 1 1 100.00% 0.7 0.7 0.7 NA NA 
Methylene Chloride mg/kg 0 53 0.00% 0 0 0 0.005 0.005 

o-Xylene mg/kg 1 53 1.89% 0.2 0.2 0.2 0.005 0.005 

Phenylpropenal mglkg 2 2 100.00% 0.1 4 2.05 NA NA 

Pinene mglkg 1 1 100.00% 1 1 1 NA NA 

Toluene mglkg 1 84 1.19% 0.55 0.55 0.55 0.005 0.11 

trans-1 ,2-Dichloroethene mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Trichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Trichlorofluoromethane mg/kg 0 53 0.00% 0 0 0 NA NA 
Trimethylbenzene (3 isomers) mg/kg 3 3 100.00% 0.2 6 3.733333333 NA NA 
Vinyl Chloride mglkg 0 53 0.00% 0 0 0 0.01 0.01 

Xylenes (total) mglkg 3 18 16.67% 0.047 2.3 1.085666667 0.011 0.021 

Semi-Volatile Organics (SVOCs) 

1 ,2,4-Trichlorobenzene mg/kg 0 4 0.00% 0 0 0 0.33 0.33 
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TableA-3 

Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

1,2-Dichlorobenzene mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

1,2-Diphenylhydrazine mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

1,3-Dichlorobenzene mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

1,4-Dichlorobenzene mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

1-Methylnaphthalene mg/kg 3 3 100.00% 0.1 8 2.8 NA NA 

2,4,5-Trlchlorophenol mglkg 0 66 0.00% 0 0 0 0.33 330 

2,4,6-Trlchlorophenol mglkg 0 70 0.00% 0 0 0 0.33 330 

2,4-Dichlorophenol mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

2,4-Dimethylphenol mglkg 1 123 0.81% 0.07 O.Q7 0.07 0.33 330 

2,4-Dinitrophenol mg/kg 0 105 0.00% 0 0 0 1.7 1700, 

2,4-Dinitrotoluene mglkg 0 4 0.00% 0 0 0 0.33 0.33" 

2,6-Dinitrotoluene mglkg 0 4 0.00% 0 0 0 0.33 0.33 
,, 

2-Chloronaphthalene mglkg 0 4 0.00% 0 0 0 0.33 0.33 -" 
2-Chlorophenol mglkg 123 0.81% 0.039 0.039 0.039 0.33 330 

2-Methylnaphthalene mg/kg 15 36 41.67% 0.042 2400 176.6754 0.34 63 

2-Nitrophenol mglkg 0 4 0.00% 0 0 0 0.33 0.33 

3,3-Dichlorobenzidine mglkg 0 4 0.00% 0 0 0 0.67 0.67 

3,4-Benzofluoranthene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

4,6-Dinitro-o-cresol mg/kg 0 4 0.00% 0 0 0 1.7 1.7 

4-Bromophenyl Phenyl Ether mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

4-Chloro-3-Methylphenol mg/kg 0 66 0.00% 0 0 0 0.33 330 

4-Chlorophenyl Phenyl Ether mglkg 0 4 0.00% 0 0 0 0.33 0.33 

4-Nitrophenol mg/kg 0 4 0.00% 0 0 0 1.7 1.7 

Acenaphthene mglkg 23 141 16.31% 0.039 4900 379.8996957 0.33 330 

Acenaphthopyridine mglkg 100.00% 2 2 2 NA NA 

Acenaphthylene mglkg 25 141 17.73% 0.037 11 0.95592 0.33 1400 

Alkanes mglkg 6 6 100.00% 0.4 5 2.066666667 NA NA 

Anthracene mglkg 63 141 44.68% 0.034 4600 168.7998095 0.33 330 

Anthracenedione mglkg 7 7 100.00% 0.3 20 3.4 NA NA 
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TableA-3 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Benzacephenanthrylene mg/kg 1 1 100.00% 4 4 4 NA NA 

Benzanthracenone mglkg 4 4 100.00% 0.1 0.8 0.275 NA NA 

Benzidine mg/kg 0 4 0.00% 0 0 0 2.7 2.7 

Benzo(a)anthracene mg/kg 90 141 63.83% 0.037 1400 29.57156667 0.33 330 

Benzo(a)pyrene mglkg 85 141 60.28% 0.031 370 11.6728 0.33 330 

Benzo(b )fluoranthene mglkg 38 66 57.58% 0.58 99 10.27210526 0.33 330 

Benzo(b,k)fluoranthene mg/kg 65 84 77.38% 0.052 1000 33.13063077 0.33 66 

Benzo(g ,h,i)perylene mg/kg 27 40 67.50% 0.042 17 2.037 407 407 0.33 63 

Benzo(k)fluoranthene mglkg 34 70 48.57% 0.4 36 4.568235294 0.33 330 

Benzoanthracenone mglkg 100.00% 0.5 0.5 0.5 NA NA 

Benzoanthracenone (2 isomers) mglkg 1 1 100.00% 0.3 0.3 0.3 NA NA 

Benzofluoranthene (not b or k) mg/kg 4 4 100.00% 0.08 100 25.845 NA NA 

Benzofluorene mglkg 5 5 100.00% 0.1 400 84.96 NA NA 

Benzofluorene (2 isomers) mglkg 2 2 100.00% 0.2 10 5.1 NA NA 

Benzonaphthothiophene mg/kg 6 6 100.00% 0.1 0.45 NA NA 

Benzopyrene (not A) mg/kg 2 2 100.00% 0.08 0.1 0.09 NA NA 

Biphenyl mglkg 3 3 100.00% 0.2 500 168.4 NA NA 

Bis(2-Ch!oroethoxy)Methane mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

Bis(2-Chloroethyi)Ether mg/kg 0 70 0.00% 0 0 0 0.33 330 

Bis(2-Ch!oroisopropyt)Ether mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

Bis(2-Ethylhexyt)phthalate mglkg 1 22 4.55% 0.8 0.8 0.8 0.33 1.7 

Butyl Benzyl Phthalate mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Carbazole mg/kg 42 137 30.66% 0.039 1200 61.90728571 0.33 330 

Carboxylic Acid mglkg 3 3 100.00% 0.5 3 1.366666667 NA NA 

Carboxylic Acids mg/kg 1 100.00% 2 2 2 NA NA 

Chrysene mglkg 103 141 73.05% 0.041 1400 26.96329126 0.33 330 

Cyclopentaphenanthrenone mglkg 8 8 100.00% 0.1 500 64.35 NA NA 

Cyclopentapyrene mglkg 1 100.00% 0.1 0.1 0.1 NA NA 

Di-N-Butylphthalate mglkg 0 22 0.00% 0 0 0 0.33 1.7 
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TableA-3 

Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Di-n-Octylphthalate mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Dibenzo(a,h)anthracene mglkg 6 105 5.71% 0.39 2.4 0.948666667 0.33 330 

Dibenzofuran mglkg 18 36 50.00% 0.042 4000 231.6993889 0.35 0.5 

Dibenzothiophene mglkg 2 2 100.00% 2 400 201 NA NA 
Dlethyl Phthalate mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Dimethyl Phthalate mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Dimethylnaphthalene mglkg 6 6 100.00% 0.2 2 0.633333333 NA NA 
Dimethylnaphthalene (2 isomers) mglkg 100.00% 7 7 7 NA NA 
Dimethylnaphthalene (3 isomers) mglkg 1 100.00% 3000 3000 3000 NA NA 
Dimethylphenanathrene mglkg 1 100.00% 0.4 0.4 0.4 NA NA 
Dimethylphenanthrene (2 isomers) mglkg 1 100.00% 0.5 0.5 0.5 NA NA 
Ethylene Glycol mglkg 1 100.00% 0.3 0.3 0.3 NA NA 
Ethylnaphthalene mglkg 1 100.00% 300 300 300 NA NA 
Fluoranthene mglkg 110 141 78.01% 0.077 7300 129.9589273 0.33 330 

Fluorene mglkg 13 40 32.50% 0.055 7000 564.91 03077 0.33 1.7 

Fluorenone mglkg 4 4 100.00% 0.08 0.6 0.32 NA NA 
Hexachlorobenzene mglkg 1 22 4.55% 0.04 0.04 0.04 0.33 1.7 

Hexachlorobutadiene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Hexachlorocydopentadiene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Hexachloroethane mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Hexahydrohydroxytrimethyl mglkg 100.00% 0.09 0.09 0.09 NA NA 
lndeno(1,2,3-cd)pyrene mglkg 65 141 46.10% 0.035 88 4.766307692 0.33 330 

lndenosoquinoline mglkg 1 1 100.00% 1 1 1 NA NA 
lsophorone mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Methyl (Methylethyl) Phenanthrene mglkg 1 100.00% 1 1" NA NA 
Methylanthracene mglkg 5 5 100.00% 0.2 0.48 NA NA 
Methylanthracene (2 isomers) mglkg 100.00% 0.2 0.2 0.2 NA NA 
Methylbenzanthracene mglkg 2 2 100.00% 0.1 0.6 0.35 NA NA 
Methyl biphenyl mglkg 3 3 100.00% 1000 335.3333333 NA NA 
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TableA-3 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Methylchrysene mg/kg 1 100.00% 10 10 10 NA NA 

Methyldibenzofuran mglkg 6 6 100.00% 0.2 700 122.75 NA NA 

Methylfluorene mg/kg 1 1 100.00% 4 4 4 NA NA 

Methylnaphthalene mglkg 3 3 100.00% 0.2 1000 334.4 NA NA 

Methylphenanthrene mg/kg 3 3 100.00% 0.1 0.4 0.233333333 NA NA 

Methylpyrene mglkg 5 5 100.00% 0.09 10 2.156 NA NA 

Methylpyrene (2 isomers) mg/kg 3 3 100.00% 4 1000 338 NA NA 

N-Nitrosodi-N-Propylamine mglkg 0 4 0.00% 0 0 0 0.33 0.33 

N-Nitrosodimethylamine mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

N-Nitrosodiphenylamine mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

Naphthalene mg/kg 24 141 17.02% 0.042 2900 224.286375 0.33 330 

Naphthochrysene mglkg 1 1 100.00% 1: 1 NA NA 

Nitrobenzene mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

p-Chloro-m-cresol mglkg 0 52 0.00% 0 0 0 0.33 66 

Pentachlorophenol mg/kg 5 123 4.07% 0.16 4.8 1.646 0.89 1700 

Perylene mg/kg 15 15 100.00% 0.09 6 0.872666667 NA NA 

Phenanthrene mg/kg 66 141 46.81% 0.038 15000 378.250803 0.33 66 

Phenol mg/kg 0 105 0.00% 0 0 0 0.33 330 

Phenylnaphthalene mglkg 1 1 100.00% 0.09 0.09 0.09 NA NA 

Pyrene mg/kg 30 40 75.00% 0.064 4600 162.9790667 0.33 0.43 

Tetrachlorophenols (total) mg/kg 1 101 0.99% 2.8 2.8 2.8 0.33 1700 

Tetramethylphenanthrene mg/kg 3 3 100.00% 0.2 6 2.2 NA NA 

Trichlorophenols (total) mg/kg 0 48 0.00% 0 0 0 0.33 66 

Trime!hylnaph!halene mglkg 1 1 100.00% 400 400 400 NA NA 

Vanillin mglkg 1 1 100.00% 0.1 0,1 0.1 NA NA 

lnorganics 

Aluminum mg/kg 36 36 100.00% 310 13000 1848.888889 NA NA 

Antimony mg/kg 4 25.00% 6.6 6.6 6.6 5 5 

• • .MEC 



• 
Analyte 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Dioxins/Furans 

1,2,3,4,6, 7 ,8-Heptachlorodibenzodioxin 

1,2,3,4,6,7,8-Heptachlorodibenzofuran 

1,2,3,4, 7 ,8,9-Heptachlorodibenzofuran 

1,2,3,4,7 ,8-Hexachlorodibenzodioxin 

1,2,3,4, 7 ,8-Hexachlorodibenzofuran 

• 
TableA-3 

Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

• 
Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 

Units Detected Tested Detection · Cone. Detected Cone. Detected Cone. SQL SQL 

mg/kg 

mglkg 

mglkg 

mglkg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mglkg 

mglkg 

mglkg 

mg/kg 

mg/kg 

mglkg 

mg/kg 

mg/kg 

mg/kg 

mglkg 

mg/kg 

mglkg 

mglkg 

mglkg 

mg/kg 

98 

36 

0 

2 

33 

139 

8 

94 

1 

36 

40 

32 

34 

9 

5 

21 

0 

0 

17 

0 

34 

40 

15 

16 

11 

13 

10 

141 

36 

4 

40 

36 

141 

36 

141 

22 

36 

40 

36 

36 

40 

40 

36 

4 

4 

36 

4 

36 

40 

16 

16 

16 

16 

10 

69.50% 

100.00% 

0.00% 

5.00% 

91.67% 

98.58% 

22.22% 

66.67% 

4.55% 

100.00% 

100.00% 

88.89% 

94.44% 

22.50% 

12.50% 

58.33% 

0.00% 

0.00% 

47.22% 

0.00% 

94.44% 

100.00% 

93.75% 

100.00% 

68.75% 

81.25% 

100.00% 

1.2 

0.74 

0 

0.96 

2.7 

1.1 

0.75 

2.8 

12 

570 

0.93 

22 

3.8 

0.012 

5.4 

67 

0 

0 

12 

0 

1.4 

1.8 

0.00000402 

0.0000027 

0.00000288 

0.000000651 

0.000000402 

1300 

47 

0 

130000 

1200 

6.2 

1600 

12 

20000 

590 

4700 

230 

1 

110 

780 

0 

0 

620 

0 

34 

310 

0.0987 

0.094 

0.0011 

0.0011 

0.00116 

29.76530612 

12.2675 

0 

0.98 

6704.839394 

24.07640288 

2.4025 

56.60744681 

12 

3600.833333 

56.13925 

413.5 

36.97647059 

0.326666667 

29.88 

268.6190476 

0 

0 

138 

0 

6.229411765 

42.1175 

0.034083935 

0.022645744 

0.000563225 

0.000171761 

0.000375222 

0.65 

NA 

0.5 

0.26 

90 

1 

0.37 

0.67 

0.1 

NA 

0.5 

50 

3 

0.01 

0.65 

140 

1 

1 

12 

1 

2 

2 

3 

NA 

0.5 

1.1 

140 

1.2 

2 

6 

1 

NA 

0.5 

130 

7.3000002 

0.2 

6 

290 

1 

1 

80 

1 

3 

2 

3.1 E-07 3.259E-05 

2.7E-07 3.259E-05 

2E-07 3.259E-05 

2E-07 3.259E-05 

2E-07 3.259E-05 

AMEC 



Analyte 

1,2,3,6, 7 ,8-Hexachlorodibenzodioxln 

1,2,3,6, 7 ,8-Hexachlorodibenzofuran 

1,2,3, 7 ,8,9-Hexachlorodibenzodioxin 

1,2,3,7,8,9-Hexachlorodibenzofuran 

1,2,3,7 ,8-Pentachlorodibenzodioxin 

1,2,3, 7 ,8-Pentachlorodibenzofuran 

2,3,4,6,7,8-Hexachlorodibenzofuran 

2,3,4,7 ,8-Pentachlorodibenzofuran 

2,3, 7,8-Tetrachlorodibenzodioxln 

2,3, 7,8-Tetrachlorodibenzofuran 

Heptachlorodibenzodioxins (total) 

Heptachlorodibenzofurans (total) 

Hexachlorodibenzodioxins (total) 

Hexachlorodibenzofurans (total) 

Octachlorodibenzodioxln 

Octachlorodibenzofuran 

Pentachlorodibenzodioxlns (total) 

Pentachlorodibenzofurans (total) 

Tetrachlorodibenzodioxins (total) 

Tetrachlorodibenzofurans (total) 

TCDD-TEQ 

Pestlcides/PCBs 

PCB-1016 

PCB-1221 

PCB-1232 

PCB-1242 

PCB-1248 

PCB-1254 

PCB-1260 

• 

TableA-3 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

mg!kg 

mg/kg 

mglkg 

mglkg 

mglkg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mglkg 

mglkg 

mg/kg 

mglkg 

mg/kg 

mglkg 

mglkg 

mglkg 

mg/kg 

mg/kg 

mg/kg 

mglkg 

mglkg 

mg/kg 

mglkg 

mg/kg 

mglkg 

mg/kg 

mglkg 

14 

14 

14 

6 

12 

8 

13 

13 

7 

7 

16 

16 

15 

16 

15 

16 

14 

15 

9 

9 

16 

0 

0 

0 

0 

0 

0 

2 

16 

16 

16 

10 

16 

10 

16 

16 

16 

16 

16 

16. 

16 

16 

16 

16 

16 

16 

16 

16 

16 

4 

4 

4 

4 

4 

4 

4 

87.50% 

87.50% 

87.50% 

60.00% 

75.00% 

80.00% 

81.25% 

81.25% 

43.75% 

43.75% 

100.00% 

100.00% 

93.75% 

100.00% 

93.75% 

100.00% 

87.50% 

93.75% 

56.25% 

56.25% 

100.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

50.00% 

• 

0.00000142 

0.000000373 

0.00000072 

0.000000544 

0.000000491 

0.000000363 

0.000000432 

0.000000372 

0.0000009 

0.00000609 

0.0000111 

0.00000499 

0.0000048 

0.00000188 

0.0000541 

0.00000239 

0.000000848 

0.000000372 

0.0000023 

0.00000162 

4.9304E-07 

0 

0 

0 

0 

0 

0 

0.06 

0.0025 

0.00055 

0.0018 

0.000067 

0.00036 

0.0000633 

0.0011 

0.00017 

0.000023 

0.0001 

0.573 

0.164 

0.028 

0.03863 

1 

0.15525 

0.0043 

0.0028 

0.0012 

0.00047 

0.0031429 

0 

0 

0 

0 

0 

0 

0.11 

0.000841256 

0.000133409 

0.000379439 

4.41407E-05 

5.03841 E-05 

3.20074E-05 

0.000209415 

3.93139E-05 

6.34429E-06 

2.68414E-05 

0.153665069 

0.044430087 

0.00971422 

0.01 0833028 

0.33922714 

0.038446281 

0.000581081 

0.000575997 

0.000199989 

0.000122091 

0.001120515 

0 

0 

0 

0 

0 

0 

0.085 

2E-07 3.259E-05 

2E-07 5.5E-05 

2E-07 3.259E-05 

2E-07 3.259E-05 

2E-07 5E-05 

2E-07 3.259E-05 

4.6E-07 5.5E-05 

2E-07 5.5E-05 

2E-07 2.2E-05 

2E-07 2.2E-05 

8.6E-07 3.259E-05 

8.6E-07 3.259E-05 

2E-07 3.259E-05 

2E-07 3.259E-05 

3.1 E-06 0.0002 

1.7E-07 6.519E-05 

2E-07 3.259E-05 

2E-07 3.259E-05 

2E-07 2.2E-05 

2E-07 2.2E-05 

NA NA 

0.033 

0.067 

0.033 

0.033' 

0.033 

0.033 

0.033 

0.033 

0.067 

0.033 

0.033 

0.033 

0.033 

0.033 



• • • 
TableA-3 

Soli Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum. Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

4,4-DDD mglkg 3 22 13.64% 0.014 0.064 0.032666667 0.0033 0.45 

4,4-DDE mglkg 5 40 12.50% 0.0039 0.029 0.01704 0.0033 0.45 

4,4-DDT mg/kg 4 40 10.00% 0.03 0.16 0.09225 0.0033 1.9 

Aldrin mg/kg 4 25.00% 0.003 0.003 0.003 0.0017 0.0017 

Alpha-BHC mglkg 0 4 0.00% 0 0 0 0.0017 0.0017 

Afpha-Chlordane/2 mg/kg 1 18 5.56% 0.15 0.15 0.15 0.0018 0.23 

Beta-BHC mglkg 0 4 0.00% 0 0 0 0.0017 0.0017 

Chlordane (Tech, Mixture) /1 mglkg 0 4 0.00% 0 0 0 0.017 0.017 

Delta-BHC mglkg 0 4 0.00% 0 0 0 0.0017 0.0017 

Dieldrin mg/kg 22 4.55% 0.014 0.014 0.014 0.0033 0.45 

Endosulfan I mglkg 12 40 30.00% 0.0032 0.13 0.037983333 0.0017 0.23 

Endosulfan II mglkg 0 4 0.00% 0 0 0 0.0033 0.0033 

Endosulfan Sulfate mg/kg 0 4 0.00% 0 0 0 0.0033 0.0033 

Endrin mglkg 1 22 4.55% 0.015 0.015 0.015 0.0033 0.03 

Gamma-BHC (Lindane) mg/kg 1 4 25.00% 0.0023 0.0023 0.0023 0.0017 0.0017 ... 

Heptachlor mg/kg 4 25.00% 0.0019 0.0019 0.0019 0.0017 0.0017 

Heptachlor Epoxide mg!kg 0 4 0.00% 0 0 0 0.0017 0.0017 

Toxaphene mglkg 0 4 0.00% 0 0 0 0.17 0.17 

Miscellaneous 

Total Organic Carbon mg/kg 6 6 100.00% 5800 62000 27466.66667 NA NA 

Notes: 
1. This table represents data from site soil samples collected from 1990 to present. Samples designated as background are exduded from this summary. 
SQL: Sample Quantitation Limit. 
NA: Indicates detection limit Is not applicable because compound was detected In all samples, or detection limit Information Is not available. 
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Table A-4 
Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum Analyte Units Detected Tested · Detection Cone. Detected Cone. Detected Cone. SQL SQL 
Volatile Organics (VOCs) 

1,1, 1-Trichloroethane mg!L 0 12 0.00% 0 0 0 0.005 0.01 
1,1 ,2,2-Tetrachloroethane mg!L 0 12 0.00% 0 0 0 0.005 0.01 
1,1 ,2-Trichloroethane mg!L 0 12 0.00% 0 0 0 0.005 0.01 
1,1-Dichloroethane mg!L 0 12 0.00% 0 0 0 0.005 0.01 
1,1-Dichloroethene mg!L 0 12 0.00% 0 0 0 0.005 0.01 
1 ,2,4-Trichlorobenzene mg!L 0 7 0.00% 0 0 0 0.01 0.01 
1 ,2-Dibromoethane mg/L 0 5 0.00% 0 0 0 0.005 0.005 
1 ,2-Dichlorobenzene mg!L 0 7 0.00% 0 0 0 0.01 0.01 
1,2-Dichloroethane mg!L 0 12 0.00% 0 0 0 0.005 0.01 
1,2-Dichloroethene (total) mg!L 0 7 0.00% 0 0 0 0.01 0.01 
1 ,2-Dichloropropane mgtL 0 12 0.00% 0 0 0 0.005 0.01 
1,3-Dichlorobenzene mg!L 0 7 0.00% 0 0 0 0.01 0.01 
1,4-Dichlorobenzene mg!L 0 7 0.00% 0 0 0 0.01 0.01 
2,2-Chloroisopropylether mg!L 0 7 0.00% 0 0 0 0.01 0.01 
2,4-Dinltrotoluene mg!L 0 7 0.00% 0 0 0 0.01 0.01 
2,6-Dinitrotoluene mg!L 0 7 0.00% 0 0 0 O.Q1 0.01 
2-Chloroethylvinyl Ether mg!L 0 5 0.00% 0 0 0 0.05 0.05 
4-Bromophenyt phenyl ether mg!L 0 7 0.00% 0 0 0 0.01 0.01 
4-Chlorophenyt Phenyl Ether mg!L 0 7 0.00% 0 0 0 0.01 0.01 
Acetone mg!L 0 7 0.00% 0 0 0 0.01 0.01 
Benzene mg!L 0 12 0.00% 0 0 0 0.005 0.01 
Bis(2-Chloroethoxy)Methane mg!L 0 7 0.00% 0 0 0 0.01 0.01 
Bromodichloromethane mg!L 0 12 0.00% 0 0 0 0.005 0.01 
Bromoform mg!L 0 7 0.00% 0 0 0 0.01 0.01 
Bromomethane mg/L 0 12 0.00% 0 0 0 0.01 0.01 
Carbon Disulfide mg!L 0 7 0.00% 0 0 0 0.01 0.01 
Carbon Tetrachloride mg!L 0 12 0.00% 0 0 0 0.005 0.01 
Chlorobenzene mg!L 0 12 0.00% 0 0 0 0.005 0.01 

AMEC • • • 



• • • 
TableA-4 

Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Chloroethane mg!L 0 12 0.00% 0 0 0 O.Q1 0.01 

Chloroform mg/L 0 7 0.00% 0 0 0 0.01 O.Q1 

Chloromethane mg!L 0 12 0.00% 0 0 0 0.01 0.01 

Cis-1,3-Dichloropropene mg!L 0 12 0.00% 0 0 0 0.005 O.Q1 

Dibromochloromethane mg!L 0 12 0.00% 0 0 0 0.005 O.Q1 

Dichlorodifluoromethane mg!L 0 5 0.00% 0 0 0 0.005 0.005 

Ethylbenzene mg!L 0 12 0.00% 0 0 0 0.005 0.01 

Hexachlorobenzene mg/L 0 7 0.00% 0 0 0 O.Q1 0.01 

Hexachloroethane mgtL 0 7 0.00% 0 0 0 O.Q1 0.01 

mlp-Xylene mg!L 0 5 0.00% 0 0 0 0.005 0.005 

Methyl Butyl Ketone mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Methyl Ethyl Ketone mgtL 0 7 0.00% 0 0 0 O.Q1 0.01 

Methyl Isobutyl Ketone mgtL 0 7 0.00% 0 0 0 0.01 0.01 

Methyl-t-Butyl Ether mg!L 0 5 0.00% 0 0 0 0.01 0.01 

Methylene Chloride mg!L 0 12 0.00% 0 0 0 0.005 O.Q1 

Nitrobenzene mg!L 0 7 0.00% 0 0 0 0.01 0.01 

o-Xylene mg/L 0 5 0.00% 0 0 0 0.005 0.005 

Styrene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Tetrachloroethene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Toluene mgtL 0 12 0.00% 0 0 0 0.005 O.Q1 

trans-1,2-Dichloroethene mgtL 0 5 0.00% 0 0 0 0.005 0.005 

Trans-1,3-Dichloropropene mgtL 0 7 0.00% 0 0 0 O.Q1 O.Q1 

Trichloroethene mg/L 0 12 0.00% 0 0 0 0.005 0.01 

Trichlorofluoromethane mg/L 0 5 0.00% 0 0 0 0.005 0.005 

Vinyl Chloride mg/L 0 12 0.00% 0 0 0 0.01 O.Q1 

Xylenes (total) mg/L 0 7 0.00% 0 0 0 0.01 O.Q1 

Semi-Volatile Organics (SVOCs) 

2,4,5-Trichlorophenol mg!L 0 12 0.00% 0 0 0 0.01 0.025 

2,4,6-Trichlorophenol mg/L 0 12 0.00% 0 0 0 0.01 0.01 

AMEC 



Analyte 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

2,4-Dinitrophenol 

2-Chloronaphthalene 

2-Chlorophenol 

2-Methyi-4,6-Dinitrophenol 

2-Methylnaphthalene 

2-Nitroaniline 

2-Nitrophenol 

3,3-Dichlorobenzidine 

3-Nitroaniline 

4-Chloro-3-Methylphenol 

4-Chloroaniline 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)Pyrene 

Benzo(b )fluoranthene 

Benzo(b,k)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Bis(2-Chloroethyi)Ether 

Bis(2-Ethylhexyl)phthalate 

Butyl Benzyl Phthalate 

Carbazole 

Chrysene 

• 

TableA-4 
Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

mg/L 

mg/L 

mg!L 

mg!L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg!L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

12 

12 

7 

12 

7 

7 

7 

7 

7 

7 

12 

7 

7 

7 

12 

12 

12 

12 

12 

5 

7 

7 

5 

12 

7 

7 

12 

12 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

8.33% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

• 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.001 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.001 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.001 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.01 

0.01 

0.025 

0.01 

0.01 

0.025 

0.01 

0.025 

0.01 

O.Q1 

0.025 

0.01 

0.01 

0.025 

0.025 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.05 

0.01 

0.01 

0.025 

O.Q1 

0.025 

0.01 

0.01 

0.025 

0.01 

0.01 

0.025 

0.025 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 
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TableA-4 

Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

DI-N-Butylphthalate mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Dl-n-Octylphthalate mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Dibenzo(a,h)Anthracene mg!L 0 12 0.00% 0 0 0 0.01 0.01 

Dibenzofuran mg!L 0 7 0.00% 0 0 0 O.Q1 0.01 

Diethyl Phthalate mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Dimethyl Phthalate mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Fluoranthene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Fluorene mg!L 0 7 0.00% 0 0 0 0.01 0.01 

lndeno(1,2,3-cd)pyrene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

m+p-Cresol mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Naphthalene mg!L 0 12 0.00% 0 0 0 0.01 0.01 

o-Cresol mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Pentachlorophenol mg!L 0 12 0.00% 0 0 0 0.025 0.05 

Phenanthrene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Phenol mg!L 0 12 0.00% 0 0 0 0.01 0.01 

Pyrene mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Tetrachlorophenols (total) mg!L 0 5 0.00% 0 0 0 0.05 0.05 

lnorganlcs 

Aluminum mg!L 0 8 0.00% 0 0 0 0.16 0.16 

Arsenic mg!L 1 13 7.69% 0.009 0.009 0.009 0.008 0.01 

Barium mg/L 8 8 100.00% 0.027 0.072 0.035875 NA NA 

Cadmium mg!L 0 8 0.00% 0 0 0 0.001 0.001 

Calcium mg!L 8 8 100.00% 28 70 38.125 NA NA 

Chromium mg/L 1 13 7.69% 0.003 0.003 0.003 0.001 0.01 

Copper mg!L 8 13 61.54% 0.015 0.023 0.01775 0.025 0.025 

Cyanide mg!L 1 8 12.50% 0.017 0.017 0.017 0.01 0.01 

Iron mg/L 8 8 100.00% 0.44 4.7 1.33875 NA NA 

Lead mg!L 3 8 37.50% 0.003 0.009 0.005333333 0.002 0.002 

AMEC 



TableA-4 
Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL 

Magnesium mg!L 8 8 100.00% 2.4 96 30.7625 NA 

Manganese mg/L 8 8 100.00% 0.022 560 70.04475 NA 

Nickel mg/L 0 8 0.00% 0 0 0 0.003 

Potassium mg!L 8 8 100.00% 2.2 57 19.0625 NA 

Sodium mg!L 8 8 100.00% 8.1 690 227.8 NA 

Vanadium mg!L 4 8 50.00% 0.002 0.003 0.00225 0.001 

Zinc mg/L 8 8 100.00% 0.026 0.039 0.03225 NA 

Pesticldes/PCBs 

PCB-1260 mg!L 6 8 75.00% 0.00015 0.0094 0.002221667 0.001 

Alpha-Chlordane/2 mg!L 2 8 25.00% 0.00005 0.000064 0.000057 5E-05 

Notes: 
1. This table represents data from site surface water samples collected from 1990 to present. Samples designated as background are excluded from this summary. 
SOL: Sample Quantitation Limit. 
NA: Indicates detection limit is not applicable because compound was detected in all samples, or detection limit information is not available. 

• • 

Maximum 
SQL 

NA 

NA 

0.005 

NA 

NA 

0.003 

NA 

0.001 

SE-05 

AMEC • 



•• 

• 

Table 2-1 
. Tentatively Identified Compounds (TICs} 

Southern Wood Piedmont 
Wilmington, NC 

Compound Soil 

(Methylethyl) Benzene X 

(Methylphenyl) Ethanone X 

1-Methylnaphthalene X 

Acenaphthopyridine X 

Alpha-Chlordane/2 X 

Aminofluorenone 

Anthracenecarbonitrile 

Anthracenedione X 

Benzacephenanthrylene X 

Benzanthracenone X 

Benzoanthracenone X 

Benzoanthracenone (2 isomers) X 

Benzofluoranthene (not b or k) X 

Benzofluorene X 

Benzofluorene (2 isomers) X 

Benzofluorene (3 isomers) 

Benzofuran X 

Benzonaphthothiophene X 

Benzonaphthothiophene (2 isomers) 

Benzopyrene (not A) X 

Biphenyl X 

Camphene 

Cyclopentaphenanthrenone X 

Cyclopentapyrene X 

Dibenzothiophene x· 
Dihydrodimethylindene X 

Dihydromethylidene (2 isomers) X 
Dihydromethylindene X 

Dimethylnaphthalene X 

Dimethylnaphthalene (2 isomers) X 

Dimethylnaphthalene (3 isomers) X 

Dimethylphenanathrene X 

Dimethylphenanthrene (2 isomers) X 
Ethenylbenzaldehyde X 

Ethenylmethylbenzene X 

Ethyldimethylbenzene X 

Ethyldimethylbenzene (2 isomers) 

Ethyldimethylbenzene (3 isomers) 

Ethylmethylbenzene X 
Ethylmethylbenzene (2 isomers) X 

Sediment 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Table 2-1 
Tentatively Identified Compounds (TICs) 

Southern Wood Piedmont 
Wilmington, NC 

Compound Soil 

Ethylnaphthalene X 

Ethynylmethylbenzene X 

Fluorenone X 

Hexachlorobiphenyl 

Hexahydrohydroxytrimethyl X 

/ndane X 

lndene X 

lndenosoquinoline X 

Methyl (Methylethyl) Benzene X 

Methyl (Methylethyl) Benzene (3 isomers) X 

Methyl (Methylethyl) Phenanthrene X 

Methyl (Propenyl) Benzene X 

Methylanthracene X 

Methylanthracene (2 isomers) X 

Methylbenzanthracene X 

Methylbenzofuran X 

Methylbenzofuran (2 isomers) 

Methylbenzofuran (3 isomers) 

Methylbiphenyl X 

Methylchrysene X 

Methyldibenzofuran X 

Methylfluorene X 

Methylfluorene (2 isomers) 

Methylindan 

Methyl naphthalene X 

Methylphenanthrene X 

Methylphenanthrene (2 isomers) 

Methylphenanthrene (3 isomers) 

Methylpyrene X 

Methylpyrene (2 isomers) X 

Naphthochrysene X 

Octahydrodimethyl (Methylethenyl) 

PCB -1260 

Pentachlorobiphenyl 

Perylene X 

Phenylnaphthalene X 

Phenylpropenal X 

Pinene X 

Tetramethylbenzene 

Tetramethylphenanthrene X 

• Sediment 

X 

X 

X 

X 

X 

X 

X 

X • 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

• X 

X 

AMEC 



• 

•• 

• 

Table 2-1 
Tentatively Identified Compounds (TICs} 

Southern Wood Piedmont 
Wilmington, NC 

Compound Soil 

Trimethylbenzene 

Trimethylbenzene (2 isomers) 

Trimethylbenzene (3 isomers) X 

Trimethylnaphthalene X 

Vanillin X 

Sediment 

X 

X 

AMEC 



Detection Exceeds 
Analyte Units Frequency 5%? 

(Methylethyl) Benzene mg/kg 100.00% y 

(Methylphenyl) Ethanone mg/kg 100.00% y 

1·Methylnaphthalene mg/kg 100.00% y 

2,4-Dimethylphenol mg/kg 0.81% N 

2-Chlorophenol mg/kg 0.81% N 

2·Methylnaphthalene mg/kg 42.00% y 

4,4-DDD mglkg 14.00% y 

4,4-DDE mg/kg 12.50% y 

4,4·DDT mglkg 10.00% y 

Acenaphthene mg/kg 16.00% y 

Acenaphthopyridine mg/kg 100.00% y 

Acenaphthylene mglkg 18.00% y 

Aldrin mg/kg 25.00% y 

Alkanes mg/kg 100.00% y 

Alpha-Chlordane/2 mg/kg 5.60% y 

Aluminum mglkg 100.00% y 

Anthracene mg/kg 45.00% y 

Anthracenedione mg/kg 100.00% y 

Antimony mglkg 25.00% y 

Arsenic mg/kg 70.00% y 

Arsenic mg/kg 69.50% y 

Barium mg/kg 100.00% y 

Benzacephenanthrylene mg/kg 100.00% y 

Benzanthracenone mglkg 100.00% y 

Benzene mglkg 1.20% N 

Benzo(a)anthracene mglkg 64.00% y 

Benzo(a)pyrene mg/kg 60.00% y 

Benzo(b)fluoranthene mg/kg 58.00% y 

Benzo(b,k)fluoranthene mg/kg 78.00% y 

• 

Table2-2 
Soil COPC Screening 

Southern Wood Piedmont 
Wilmington, NC 

Maximum PRG 
Detected Industrial Exceeds 

Cone. Soil (1) PRG? 

0.7 NoPRG 

0.03 NoPRG 

8 NoPRG 

0.07 17618.3814 N 

0.039 241.335077 N 

2400 NoPRG 

0.064 17.078421 N 

0.029 12.055356 N 

0.16 12.0553598 N 

4900 38358.3011 N 

2 NoPRG 

11 54224.1412 N 

0.003 0.14509239 /'N 

5 NoPRG 

0.15 NoPRG 

13000 100000 N 

4600 100000 N 

20 NoPRG 

6.6 817.598663 N 

1300 2.72718461 ' y/ 

1300 439.254821 y 

47 100000 N 

4 NoPRG 

0.8 NoPRG 

0.078 1.45493144 / N 

1400 2.88646076 ~y _,--
370 0.28864608 y 

99 2.88646076 /y 

1000 2.88646076 y 

• 

RBC 
Industrial Exceeds 

Soil (2) RBC? COPC? Rationale (3) 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

40880 .. N N 

10220 ) N N 

40880 N N 

23.846667 N N 

16.832941 N N 

16.832941 N N 

122640 N N 

NoRBC N TIC 

NoRBC N pyrene PRG used as a surrogate 

0.3366588 N N 

NoRBC N refers to a group or dass of compounds. No 
criteria by which to evaluate 

NoRBC N TIC 

2044000 N N 

613200 N N 

NoRBC N TIC 

817.6 N N 

3.8154667 y y 

3.8154667 y y 

143080 N N 

NoRBC N TIC 

NoRBC N TIC 

104.05818 N N 

7.84 y y 

0.784 y y 

7.84 y y 

7.84 y y AME< 

• 



• 
Detection Exceeds 

Analyte Units Frequency 5%? 

Benzo(g,h,l)perylene mglkg 67.50% y 

Benzo(k)Fiuoranthene mg/kg 49.00% y 

Benzoanthracenone mglkg 100.00% y 

Benzoanthracenone (2 isomers) mglkg 100.00% y 

Benzofluoranthene (not b or k) mglkg 100.00% y 

Benzofluorene mglkg 100.00% y 

Benzofluorene (2 isomers) mglkg 100.00% y 

Benzofuran mg/kg 100.00% y 

Benzonaphthothiophene mglkg 100.00% y 

Benzopyrene (not A) mg/kg 100.00% y 

Biphenyl mglkg 100.00% y 

Bis(2·Ethylhexyl)phthalate mglkg 4.50% N 

Branched Nkane mg/kg 100.00% y 

Cadmium mg/kg 5.00% N 

Carbazole mg/kg 31.00% y 

Carboxylic Acid mg/kg 100.00% y 

Carboxylic Acids mglkg 100.00% y 

Chromium mg/kg 99.00% y 

Chrysene mg/kg 73.00% y 

Cobalt mglkg 22.00% y 

Copper mglkg 67.00% y 

Cyanide mglkg 4.50% N 

Cyclic Alkanes mg/kg 100.00% y 

Cydopentaphenanthrenone mglkg 100.00% y 

Cydopentapyrene mglkg 100.00% y 

Dlbenzo(a,h)anthracene mglkg 5.70% y 

Dibenzofuran mglkg 50.00% y 

• 
Table2-2 

Soil COPC Screening 
Southern Wood Piedmont 

Wilmington, NC 

Maximum PRG 
Detected Industrial Exceeds 

Cone. Soil (1) PRG? 

17 54224.1412 N 

36 28.8646076 7 y 

0.5 NoPRG 

0.3 NoPRG 

100 NoPRG 

400 NoPRG 

10 NoPRG 

1 NoPRG 

1 NoPRG 

0.1 NoPRG 

500 350 y 

0.8 176.183814 /N 

0.2 NoPRG 

1 808.54365 N 

1200 123.32867 y 

3 NoPRG 

2 NoPRG 

1200 64.0453251 ~y 
1400 288.646076 y 

6.2 100000 N 

1600 75908.4741 N 

12 35.4243715 N 

0.4 NoPRG 

500 NoPRG 

0.1 No eRG 

2.4' 0.28864608 ./ y 

4000 5062.80501 / N 

\ 

• 
RBC 

Industrial Exceeds 
Soil (2) RBC? COPC? Rationale (3) 

NoRBC N pyrene PRG used as a surrogate 

78A N y 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

102200 N N TIC 

408.8 N N 

NoRBC N refers to a group or class of compounds. No 
criteria by which to evaluate. 

1022 N N >-

286.16 y y 

NoRBC N refers to a group or class of compounds. No 
criteria by which to evaluate. 

NoRBC N refers to a group or class of compounds. No 
criteria by which to evaluate. 

6132 N y 

784 y y 

40880 N N 

81760 N N 

40880 N N 

NoRBC N refers to a group or class of compounds. No 
criteria by which to evaluate. 

NoRBC N TIC 

NoRBC N TIC 

0.784 y y 

8176 N N 
AME< 



Detection Exceeds 
Analyte Units Frequency 5%? 

Dibenzothiophene mglkg 100.00% y 

Dieldrin mglkg 4.50% N 

Dihydrodlmethylindene mg/kg 100.00% y 

Dihydromethylidene (2 isomers) mglkg 100.00% y 

Dihydromethylindene mglkg 100.00% y 

Dimethylnaphthalene mglkg 100.00% y 

Dimethylnaphthalene (2 isomers) mglkg 100.00% y 

Dimethylnaphthalene (3 Isomers) mglkg 100.00% y 

Dimethylphenanathrene mglkg 100.00% y 

Dimethylphenanthrene (2 isomers) mglkg 100.00% y 

Endosulfan I mglkg 30.00% y 

Endrin mglkg 4.50% N 

Ethenylbenzaldehyde mglkg 100.00% y 

Ethenylmethylbenzene mglkg 100.00% y 

Ethylbenzene mglkg 4.80% N 

Ethyldimethylbenzene mglkg 100.00% y 

Ethylene Glycol mg/kg 100.00% y 

Ethylmethylbenzene mglkg 100.00% y 

Ethylmethylbenzene (2 isomers) mglkg 100.00% y 

Ethylnaphthalene mg/kg 100.00% y 

Ethynylmethylbenzene mglkg 100.00% y 

Fluoranthene mglkg 78.00% y 

Fluorene mglkg 32.50% y 

Flu ore none mglkg 100.00% y 

Gamma-BHC (Lindane) mglkg 25.00% y 

Heptachlor mglkg 25.00% y 

Hexachlorobenzene mglkg 4.50% N 

Hexahydrohydroxytrimethyl mglkg 100.00% y 

lndane mglkg 100.00% y 

• 

Table2-2 
. Soil COPC Screening 

Southern Wood Piedmont 
Wilmington, NC 

Maximum PRG 
Detected Industrial Exceeds 

Cone. Soli (1) PRG? 

400 NoPRG 

0.014 0.15416071 N 

0.04 NoPRG 

0.4 NoPRG 

0.1 NoPRG 

2 NoPRG 

7 NoPRG 

3000 NoPRG 

0.4 NoPRG 

0.5 NoPRG 

0.13 5285.51442 ~ 
0.015 264.275721 ~ N 

0.03 NoPRG 

30 NoPRG 

0.53 230/ N 

0.5 NoPRG 

0.3 100000 N 

1 NoPRG 

3 NoPRG 

300 NoPRG 

4 NoPRG 

7300 30099.7243 ~ 
7000 33133.1821 N 

0.6 NoPRG 

0.0023 2.88061909 /N 

0.0019 0.54812662 ~ 
0.04 1.54160711 N 

0.09 NoPRG 

9 NoPRG 

• 

RBC 
Industrial Exceeds 

Soli (2) RBC? COPC? Rationale (3) 

NoRBC N TIC 

0.3577 N N 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

12264 N N 

613.2 N N 

NoRBC N TIC 

NoRBC ·N TIC 

204400 N N 

NoRBC N TIC 

4088000 N N 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

81760 N N 

. 81760 N N 

NoRBC N TIC 

4.4024615 N N 

1.2718222 N N 

3.577 N N 

NoRBC N TIC 

NoRBC N TIC 

AMEC • 



• 
Detection Exceeds 

Analyte Units Frequency 5%? 

lndene mg/kg 100.00% y 

lndeno(1 ,2,3-cd)pyrene mglkg 46.00% y 

lndenosoquinoline mg/kg 100.00% y 

Iron mg/kg 100.00% y 

Lead mg/kg 100.00% y 

MIP-Xylene mglkg 17.00% y 

Magnesium mglkg 89.00% y 

Manganese mglkg 94.00% y 

Manganese mglkg 94.44% y 

Mercury ~~\ mg/kg 22.50% y 

Methyl (Methylethyl) Benzene mg/kg 100.00% y 

Methyl (Methylethyl) Benzene (3 Isomers) mg/kg 100.00% y 

Methyl (Methylethyl) Phenanthrene mg/kg 100.00% y 

Methyl (Propenyl) Benzene mglkg 100.00% y 

Methyl Ethyl Ketone mglkg 17.00% y 

Methylanthracene mg/kg 100.00% y 

Methylanthracene (2 isomers) mg/kg 100.00% y 

Methylbenzanthracene mg/kg 100.00% y 

Methylbenzofuran mg/kg 100.00% y 

Methylblphenyl mg/kg 100.00% y 

Methylchrysene mg/kg 100.00%. y 

Methyldibenzofuran mg/kg 100.00% y 

Methyltluorene mg/kg 100.00% y 

Methylnaphthalene mglkg 100.00% y 

Methylphenanthrene mglkg 100.00% y 

Methylpyrene mg/kg 100.00% y 

Methylpyrene (2 Isomers) mg/kg 100.00% y 

Naphthalene mg/kg 17.00% y 

Naphthochrysene mg/kg 100.00% y 

• 
Table2-2 

Soil COPC Screening 
. Southern Wood Piedmont 

Wilmington, NC 

Maximum PRG 
Detected Industrial Exceeds 

Cone. Soli (1) PRG? 

0.03 NoPRG 

88 2.88646076 /v 
1 NoPRG 

20000 100000 N 

590 750 __./ N 

0.44 NoPRG 

4700 NoPRG 

230 32250.164 N 

230 32250.164 N 

1 C) N 

0.8 NoPRG 

2 NoPRG 

1 NoPRG 

2 Nq,.PRG 

0.071 27714.4665 7 N 

1 NoPRG 

0.2 NoPRG 

0.6 NoPRG 

0.7 NoPRG 

1000 NoPRG 

10 NoPRG 

700 NoPRG 

4 NoPRG 

1000 NoPRG 

0.4 NoPRG 

10 NoPRG 

1000 NoPRG 

2900 188.556627 y 

1 NoPRG 

• 
RBC 

Industrial Exceeds 
Soli (2) RBC? COPC? Rationale (3) 

NoRBC N TIC 

7.84 y y 

NoRBC N TIC 

613200 N N 

NoRBC N 

4088000 N N 

NoRBC N essential nutrient 

286160 N N 

40880 N N 

NoRBC N 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

1226400 N N 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

40880 N y 

NoRBC N TIC 

AMEC 



Detection Exceeds 
Analyte Units Frequency 5%? 

Nickel mg/kg 12.50% y 

a-Xylene mg/kg 1.90% N 

PCB-1260 mg/kg 50.00% y 

Pentachlorophenol m91kg 4.10% N 

Perylene mg/kg 100.00% y 

Phenanthrene mg/kg 47.00% y 

Phenylnaphthalene mg/kg 100.00% y 

Phenylpropenal mg/kg 100.00% y 

Pinene mg/kg 100.00% y 

Potassium mglkg 58.00% y 

Pyrene mg/kg 75.00% y 

Sodium mg/kg 47.00% y 

TCDD·TEQ mg/kg 100.00% y 

Tetrachlorophenols (total) mg/kg 0.99% N 

Tetramethylphenanthrene mg/kg 100.00% y 

Thallium mg/kg 0.00% N 

Toluene mg/kg 1.20% N 

Trimethylbenzene (3 isomers) mg/kg 100.00% y 

Trimethylnaphthalene mglkg 100.00% y 

Vanadium mg/kg 94.00% y 

Vanillin mg/kg 100.00% y 

Xylenes (total) mg/kg 17.00% y 

Zinc mg/kg 100.00% y 

Notes: 

Table 2-2 
Soil COPC Screening 

Southern Wood Piedmont 
Wilmington, NC 

Maximum PRG 
Detected Industrial Exceeds 

Cone. Soli (1) PRG? 

110 40876.6579 N 

0.2 NoPRG 

0.11 1.00466806 N 

4.8 11.0906889 N 

6 NoPRG 

15000 54224.1412 N 

0.09 NoPRG 

4 NoPRG 

1 NoPRG 

780 NoPRG 

4600 54224.1412 N 

620 NoPRG 

0.0031429 2.7325E.05 y 

2.8 NoPRG 

6 NoPRG 

0 NoPRG 

0.55 520 N 

6 NoPRG 

400 NoPRG 

34 14307.5906 N 

0.1 NoPRG 

2.3 210 N 

310 100000 N 

1. U.S. EPA Region IX. Preliminary Remediation Goals (PRGs). Dated 11/1/2000. Industrial Soil PRGs used • 

2. U.S. EPA Region Ill. Risk-Based Concentration Table. Dated 5/812001. Industrial Soil RBCs used. 

RBC 
Industrial 

Soli (2) 

40880 

4088000 

2.8616 

47.693333 

61320 

3.815E.05 

143.08 

408800 

14308 

4088000 

613200 

3. Rationale for excluding compounds for which there are no screening criteria available. TIC= Tentatively Identified Compound. 

Boldface type Indicates compound was selected as a COPC. 

• • 

Exceeds 
RBC? COPC? Rationale (3) 

N N 

N N 

N N 

N N" 

NoRBC N TIC 

NoRBC N pyrene PRG used as a surrogate 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N essential nutrient 

N N 

NoRBC N essential nutrient 

y y 

NoRBC N 

NoRBC N TIC 

N N 

N N 

NoRBC N TIC 

NoRBC N TIC 

N N 

NoRBC N TIC 

N N 

N N 



• 
Detection Exceeds 

Analyte Units Frequency 5%7 

• 
Table 2·2 

Soil COPC Screening 
Southern Wood Piedmont 

Wilmington, NC 

Maximum PRG 
Detected Industrial Exceeds 

Cone. Soli (1) PRG? 

• 
RBC 

Industrial Exceeds 
Soli (2) RBC? COPC? Rationale (3) 

AMEC 



Detection Exceeds 
Analyte Units Frequency 5%? 

1 ,2-Dichloropropane mg/kg 1.56% N 

1-Methylnaphthalene mglkg 100.00% y 

2-Methylnaphlhalene mg/kg 13.51% y 

4,4-DDD mg/kg 11.76% y 

4,4-DDE mglkg 5.88% y 

4-Chloro-3-Melhylphenol l mg/kg 2.27% N 

Acenaphlhene mglkg 37.50% y 

Acenaphlhylene mg/kg 5.77% y 

Acetone mg/kg 24.32% y 

Aluminum mglkg 100.00% y 

Amlnofluorenone mg/kg 100.00% y 

Anthracene mg/kg 46.88% y 

Anthracenecartonibile mg/kg. 100.00% y 

Arsenic mgn<g 67.19% y 

Barium mg/kg 94.12% y 

Benzo(a)anthracene mgn<g 57.8We y 

Benzo(a)pyrene mgn<g 56.25% y 

Benzo(b)fluoranthene mgn<g 53.19% y 

Benzo(b,k)fluoranthene mgn<g 82.35% y 

Benzo(g,h,l)perylene mg/kg 25.00% y 

Benzo(k)Fiuoranthene mg/kg 40.43% y 

Benzoanthracenone mglkg 100.00% y 

Benzofluoranlhene (not b or k) mg/kg 100.00% y 

Benzofluorene mglkg 100.00% y 

Benzofluorene (2lsomers) mglkg 100.00% y 

Benzofluorene (3lsomers) mg/kg 100.00% y 

Benzonaphthothlophene (21somers) mg/kg 100.00% y 

Benzopyrene (not a) mglkg 100.00% y 

Bls(2-Ethylhexyt)phthalate mglkg 2.70% N 

Cadmium mglkg 5.88% y 

Calcium mg/kg 100.00% y 

Camphene mg/kg 100.00% y 

Carbazole mglkg 23.44% y 

Chromium mgn<g 98.44~. y 

Chrysene I mgn<g 75.00% y 

Cobalt 

I 
mg/kg I 86.24% 

I 
y 

Copper mg/kg 95.31% y 

• 

Table 2-3 
Sediment COPC Screening 
Southern Wood Piedmont 

Wilmington, NC 

Maximum PRG 
Detected Residential Exceeds 

Cone. Soll(1) PRG? 

0.065 0.350557016 N 

20 NoPRG 

36 NoPRG 

0.0076 2.436603253 N 

0.026 1.719955237 N 

0.26 NoPRG 

250 3681.705748 N 

0.34 2308.676212 N 

0.5 1569.638669 N 

28000 76141.95085 N 

5 NoPRG 

420 21896.12062 N 

0.2 NoPRG 

180 0.389623911 y 

110 5374.905836 N 

730 0.621475058 y 

680 0.062147506 y 

1800 0.621475058 y 

27 0.621475058 y 

3.4 2308.676212 N 

5.5 a.21475o5n N 

0.1 NoPRG 

9 NoPRG 

0.8 NoPRG 

3 NoPRG 

40 NoPRG 

10 NoPRG 

0.3 NoPRG 

0.32 34.74146517 N 

2.1 37.0332n85 N 

12000 NoPRG 

0.04 NoPRG 

20 24.31902562 N 

71 30.09648942 y 

920 62.147505n y 

15 4692.813097 N 

1100 2905.085162 N 

RBC 
Residential Exceeds 

Soll(2) RBC? COPC? Rationale (3) 

9.393030114 N N I 
NoRBC N TIC 

1564.265714 N N 

2.661356532 N N 

1.878606023 N N 

NoRBC N 

4692.857143 N N 

NoRBC N pyrene PRG used as a surrogate 

7821.428571 N N 

78214.28571 N N 

NoRBC N TlC 

23464.26571 N N I 
NoRBC N TlC 

0.425817365 y y 

5475 N N 

0.87 4967189 y y 

0.087496719 y y 

0.874967189 y y 

0.874967189 y y 

NoRBC N pyrene PRG used as a surrogate 

8.749671887 N N I 
NoRBC N TlC 

NoRBC N TlC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TIC 

NoRBC N TlC 

45.62328913 N N I 76.21428571 N N 

3128.571429 y N essential nubient 

NoRBC N TIC 

31.93630239 N N 

234.6428571 N y 

87.49671887 y y 

1564.2857141 N N I 3126.571429 N N 

• 



• 
Detection Exceeds 

Ana lyle Units Frequency 5%? 

Cyclopentaphenanthrenone mg/kg 100.00% y 

Cyclopentapyrene mg/kg 100.00% y 

Delta-BHC mg/kg 5.88% y 

Dlbenzo(a,h)anthracene mg/kg 7.81% y 

Dibenzofuran mg/kg 27.03% y 

Dlbenzothlophene mg/kg 100.00% y 

Dieldrin mg/kg 5.88% y 

Dlhydromethylindene mg/kg 100.00% y 

Dlmethylnaphthalene (21somers) I mglkg 100.00% y 

Dlmethylnaphthalene (3 Isomers) mg/kg 100.00% y 

01-n-Butylphthalate mg/kg 5.41% 

l 
y 

Endosulfan II mg/kg 5.88% y 

Endosulfan Sulfate mg/kg 11.76% y 

Endrln Aldehyde I mg/kg 17.65% y 

Ethylbenzene mg/kg 6.25% y 

Ethyldlmethylbenzene mg/kg 100.00% y 

Ethyldlmethylbenzene (2lsomers) mg/kg 100.00% y 

E!hyldlmethylbenzene (3lsomers) mg/kg 100.00% y 

Ethylmethylbenzene mg/kg 100.00% y 

Fluoranthene mg/kg 78.13% y 

Fluorene mg/kg 29.73% y 

Gamma Chlordane 12 mg/kg 11.76% y 

Hexachloroblphenyl mg/kg 100.00% y 

Hexahydrohydroxylrlmethyl mg/kg 100.00% y 

lndane mg/kg 100.00% y 

lndene mg/kg 100.00% y 

lndeno(1 ,2,3-cd)pyrene mglkg 23.40% y 

Iron 1 mglkg 100.00% y 

Lead mglkg 100.00% y 

mlp-Xylene mg/kg 25.93% y 

Magnesium mg/kg 82.35% y 

Manganese mg/kg 100.00% y 

Methoxychlor mg/kg 11.76% y 

Methyl Ethyl Ketone mglkg 16.22% y 

Methylanthracene mg/kg 100.00% y 

Methylanthracene (2lsomers) mg/kg 100.00% y 

Methylbenzofuran (21somers) I mg/kg 100.00% y 

Table2-3 
Sediment COPC Screening 
Southern Wood Piedmont 

Wilmington, NC 

• 
RBC 

Exceeds Residential Exceeds 
Maximum 
Detected 

Cone. 

PRG 
Residential 

Soll(1) PRG? Soli (2) RBC? COPC? Rationale (3) 

0.2 NoPRG NoRBC N TIC 

0.3 NoPRG NoRBC N TIC 

0.00042 NoPRG NoRBC N detected In one sample only, at a very low 
concentration 

3.7 0.062147506 y 0.087496719 y y I 200 290.52623 N 312.8571429 N N 

20 NoPRG NoRBC N TIC 

0.0014 0.030398772 N 0.039920378 N N I 
0.1 NoPRG NoRBC N TIC 

20 NoPRG NoRBC N TIC 

4 NoPRG NoRBC N TIC 

0.076 6110.309701 N 7821.428571 N N 

0.0029 366.618582 N 469.2857143 N N 

0.016 366.618582 N 469.2857143 N N 

0.023 18 N NoRBC N endrln PRG used as a surrogate 

0.54 230 N 7821.428571 N N l 
0.08 NoPRG NoRBC N TIC 

0.01 NoPRG NoRBC N TIC 

0.2 NoPRG NoRBC N TIC 

0.07 NoPRG NoRBC N TIC 

1300 2293.61018 N 3128.571429 N N 

! 370 2643.613666 N 3128.571429 N N 

0.027 1.6 N NoRBC N chlordane PRG used as a surrogate 

0.1 NoPRG NoRBC N TIC 

4 NoPRG NoRBC N TIC 

2 NoPRG NoRBC N TIC 

0.03 NoPRG NoRBC N TIC 

680 0.621475058 y 0.874967189 y y l 
59000 23463.18462 y 23464.28571 y N essential nutrient 

590 400 y NoRBC y 

I 0.3 NoPRG 156428.5714 N N 

4900 NoPRG NoRBC N essential nutrient 

210 1762.353193 N 1564.285714 N N 

0.1 305.515485 N 391.0714286 N N 

0.32 7325.377394 N 46928.57143 N N 

40 NoPRG NoRBC N TIC 

4 NoPRG NoRBC N TIC 

0.4 NoPRG NoRBC N TIC 

• 
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Detection Exceeds 
Analyte Units Frequency 5%? 

Methylbenzofuran (3 Isomers) l mglkg I 100.00% I y 

Methyldibenzofuran 
I 

mglkg 100.00% y 

Methylene Chloride mglkg 19.05% y 

Methylftuorene mglkg 100.00% y 

Methylfluorene (21somers) mglkg 100.00% y 

Methylindan mglkg 100.00% y 

Methyl phenanthrene (21somers) I mglkg 100.00% I y 

• 

Table 2-3 
Sediment COPC Screening 
Southern Wood Piedmont 

Wilmington, NC 

RBC 
Exceeds Residential Exceeds 

Maximum 
Detected 

Cone. 

PRG 
Residential 

Soll(1) PRG? Soil (2) RBC? COPC? Rationale (3) 

0.9 I NoPRG l NoRBC N TIC 

10 NoPRG NoRBC N TIC 

0.059 8.881285002 N 85.16347304 N N I 
1 NoPRG NoRBC N TIC 

30 NoPRG NoRBC N TIC 

0.4 NoPRG NoRBC N TIC 

30 I NoPRG I NoRBC N TIC 

• AMEC 

• 



• 
Detection Exceeds 

Table 2-3 
Sediment COPC Screening 
Southern Wood Piedmont 

Wilmington, NC 

• 
RBC 

Exceeds Residential Exceeds 
Analyte Units Frequency 5%? 

Maximum 
Detected 

Cone. 

PRG 
Residential 

Soll(1) PRG? Soli (2) RBC? COPC? Rationale (3) 

Methyfphenanthrene (3lsomers) mglkg 100.00% y 30 NoPRG 

Methyfpyrene mglkg 100.00% y 6 NoPRG 

Naphthalene mglkg 10.94% y 44 55.91605683 N 1564.285714 

Nickel mglkg 23.53% y 52 1564.28082 N 1564.285714 

Octahydrodlmethyt (Methyfethenyf) mglkg 100.00% I y 0.2 NoPRG 

o-Xyfene mglkg 14.81% y 0.22 NoPRG 156428.5714 

PCB·1260 mglkg 11.76% y 0.59 0.221857188 y 0.319363024 

Pentachloroblphenyt (2 isomers) mglkg 100.00% y 0.4 NoPRG 

Pentachlorophenol mglkg 1.56% I N 0.22 2.978985095 N 5.322717065 

Perytene mglkg 100.00% y 0.2 NoPRG 

Phenanthrene mglkg 37.50% y 980 2308.676212 N 

Phenyfnaphthalene mglkg 100.00% y 20 NoPRG 

Potassium mglkg 70.59% y 1900 NoPRG 

Pyrene mglkg 70.27% y 360 2308.676212 N 2346.428571 

Selenium mglkg 11.76% y 1.6 391.0711227 N 391.0714286 

Sodium mglkg 52.94% y 3300 NoPRG 

TCDD·TEQ mg/kg 100.00% y o.oos537n 3.89857E.06 y 4.25817E.06 

Tetramethyfbenzene mglkg 100.00% y 0.008 NoPRG 

Tetramethylphenanthrene mg/kg 100.00% y 3 NoPRG 

Toluene mglkg 10.94% y 0.02 520 N 15642.85714 

Trimethyfbenzene mglkg 100.00% y 0.01 NoPRG 

Trimethyfbenzene (21somers) mglkg 100.00% y 0.4 NoPRG 

Vanadium mglkg 100.00% y 85 547.4994005 N 547.5 

Xytenes (total) mglkg 10.81% y 0.094 210 N 156428.5714 

Zinc mg/kg 100.00% y 640 23463.18462 N 23464.28571 

Notes: 
1. U.S. EPA Region IX. Preliminary Remediation Goals (PRGs). Dated 11/1/2000. Residential Soli PRGs used. 
2. U.S. EPA Region Ill. Risk-Based Concentration Table. Dated 518/2001. Residential Soli RBCs used. 
3. Rationale for excluding compounds for which there are no screening criteria available. TIC= Tentatively Identified Compound. 
Boldface type Indicates compound was selected as a COPC. 

NoRBC N TIC 

NoRBC N TIC 

N N I N N 

NoRBC N TIC 

N N I 
y N TIC 

NoRBC N TIC 

N N I 
NoRBC N TIC 

NoRBC N pyrene PRG used as a surrogate 

NoRBC N TIC 

NoRBC N essential nutrient 

N N I 
N N I 

NoRBC N essential nulrlent 

y y I 
NoRBC N TIC 

NoRBC N TIC 

N N I 
NoRBC N TIC 

NoRBC N TIC 

N N 

N N 

N N 

• 
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Maximum 
Detection Exceeds Detected 

Analyte Units Frequency 5%? Cone. 

Acenaphthene mg/L 8.30% y 0.001 

Alpha-Chlordane/2 mg/L 25.00% y 0.000064 

Arsenic mg/L 7.70% y 0.009 

Barium mg/L 100.00% y 0.072 

Calcium mg/L 100.00% y 70 

Chromium mg/L 7.70% y 0.003 

Copper mg/L 62.00% y 0.023 

Cyanide mg/L 12.50% y 0.017 

Iron mg/L 100.00% y 4.7 

Lead mg/L 37.50% y 0.009 

Magnesium mg/L 100.00% y 96 

Manganese mg/L 100.00% y 560 

PCB-1260 mg/L 75.00% y 0.0094 

Potassium mg/L 100.00% y 57 

Sodium mg/L 100.00% y 690 

Vanadium mg/L 50.00% y 0.003 

Zinc mg!L 100.00% y 0.039 

Notes: 

Table2-4 
Surface Water COPC Screening 

Southern Wood Piedmont 
Wilmington, NC 

Exceeds PRG 
WQS(1) MCL? Tap Water (2) 

NA ? 0.365 

0.002 N 

0.05 N 

2 N 

NA ? NA 

0.1 (a} N 

1.3 (b) N 

0.2 c N 

0.3 (d) y 

0.015 (b) N 

NA ? NA 

0.05 (d) y 

0.0005 (e) y 

NA ? NA 

NA ? NA 

NA ? 0.26 

5 (d) N 

Exceeds RBC Exceeds 
PRG? Tap Water (3) RBC? 

N 

NoPRG NA NoRBC 

NoPRG NA NoRBC 

NoPRG NA NoRBC 

NoPRG NA NoRBC 

N 

1. U.S. EPA. 2001. National Primary Drinking Water Standards. EPA 816-F-D1-D07. Value shown is the Maximum Contaminant Level (MCL) unless otherwise noted. 
2. U.S. EPA Region IX. Preliminary Remediation Goals (PRGs). Dated 11/112000. Tap water PRGs used • 
3. U.S. EPA Region Ill. Risk-Based Concentration Table. Dated 5/812001. Tap water RBCs used. 
4. Rationale for excluding compounds for which there are no screening criteria available. 
a. MCL for total chromium. 
b. Treatment Technique Action Level (TTAL). 
c. MCL for free cyanide 
d. Secondary drinking water standard. 
e. MCL for total PCBs. 
Boldface type Indicates compound was selected as a COPC. 

• 

COPC? Rationale (4) 

N 

N 
chlordane MCL used as 
a surrogate 

N 

N 

N essential nutrient 

N 

N 

N 

N essential nutrient 

N 

N essential nutrient 
y 

y 

N essential nutrient 

N essential nutrient 

N 

N 



• 
Analyte Units 

Detection Exceeds 
Frequency 5%? 

Maximum 
Detected 

Cone. 

• 
Table2-4 

Surface Water COPC Screening 
Southern Wood Piedmont 

Wilmington, NC 

Exceeds PRG 
WQS(1) MCL 1 Tap Water (2) 

• 
Exceeds RBC Exceeds 

PRG? Tap Water (3) RBC? COPC? Rationale (4) 

AMEC 



• 

Analyte 

Acenaphthene 

Chromium 

Dibenzofuran 

Fluorene 

TCDD-TEQ (mammal) 

Notes: 

Table2-5 
Fish Tissue COPC Screening 

Southern Wood Piedmont 
Wilmington, NC 

Maximum 
Detection Exceeds Detected 

Units Frequency 5%7 Cone. 

mg/kg 5.26% y 2.8 

mglkg 5.26% y 1.4 

mg/kg 5.26% y 1.8 

mg/kg 5.26% y 1.5 •. 

mglkg 100.00% y 1.04572E-05 

1. U.S. EPA Region Ill. Risk-Based Concentration Table. Dated 5/812001. Fish RBCs used. 
Boldface type indicates compound was selected as a COPC. 

• 

Exceeds 
RBC Fish (1) RBC? COPC? 

81.11111111 N N 

4.055555556 /N N 

. 5.407407407 -'N _..:::;::::::::::N-1--

l@o74o74Qt: ·~ N 

2.10288E-08 o/y y 

AMEC • 



• Compound 

Arsenic 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b )fluoranthene 

Benzo(b,k)fluoranthene 

Benzo(k)Fiuoranthene 

Carbazole 

Chromium 

Chrysene 

Dibenzo(a,h)anthracene 

lndeno(1,2,3-cd)pyrene 

Lead 

Manganese 

Naphthalene 

PCB-1260 

TCDD-TEQ 

•• 

• 

Table 2-6 
Compounds of Potential Concern (COPC) 

Southern Wood Piedmont 
Wilmington, NC 

Soil Sediment 

X X 

X X 

X X 

X X 

X X 

X 

X 

X X 

X X 

X X 

X X 

X 

X 

X X 

Surface Water Fish Tissue 

X 

X 

X 

AMEC 



Table 3-1. Summary of COPC Toxicological Data 

Cancer Slope Factors {CSF) Reference Doses (RID) 

{mg/kg-d)"1 

Weight-of-
Chemical Evidence Oral Dermala Inhalation Oral 

Arsenic A 1.5 1.9 15.1 0.0003 
Chromium A - - 42 0.003 
Lead B2 - - - -
Benz(a)Anthracene B2 0.73 2.52 0.31 -
Benzo(a)Pyrene B2 7.3 25.2 3.1 -
Benzo_(b _1Fiuoranthene B2 0.73 2.52 0.31 -
Benzo(k) Fluoranthene B2 0.073 0.25 0.031 -
Biphenyl D - - - 0.05 

Carbazole B2 0.02 0.069 0.02 -
Chrysene B2 0.0073 0.025 0.0031 -
Dibenzoj_a,h)Anthracene B2 7.3 25.2 3.1 -
lndeno(1 ,2,3-cd)Pyrene B2 0.73 2.52 0.31 -
Naphthalene c - - - 0.020 

PCB Aroclor 1260 B2 2.0 2.0 2.0 0.00002 

TCDDTEQb,c B2 150000 150000 150000 1E..Q9 

a - CSFs and RIDs for the dermal exposure route have been adjusted based on the oral absorption 
factors shown in Table 3-2. Dividing the oral CSF and/or RID by the chemical-specific absorption 
factor in Table 3-2 results in the adjusted values presented in the dermal columns above 
b- The cancer slope factor is from EPA's Health Effects Summary Tables (HEAST) (EPA, 1995) 
c- The reference dose is based on a minimum risk level (MRL) of 1 pg/kg-day as cited in ATSDR (1997) 

• 

(mg/kg-d) 

Dermal a Inhalation 

0.00024 0.0003 
0.0001 0.003 

- -
- -
- -
- -
- -

0.0145 0.05 

- -
- -
- -
- -

0.0058 0.00086 
0.00002 0.00002 

1E-09 1E-09 

Source 

IRIS, 2001; EPA, 2000 
IRIS, 2001; EPA, 2000 
IRIS, 2001; EPA, 2000 

IRIS, 2001; EPA, 2000 

IRIS, 2001; EPA, 2000 
IRIS, 2001; EPA, 2000 

IRIS,2001;EPA,2000 

IRIS,2001;EPA,2001b 

EPA,2000;2001b 

NCEA (cited in EPA, 2000) 

NCEA (cited in EPA, 2000) 

NCEA (cited in EPA, 2000) 

IRIS, 2001; EPA, 2000 
IRIS, 2001; EPA, 2000 

HEAST (cited in EPA, 2001b); 
ATSDR, 1997 

AMEC 

• 



• Table 3-2. Summary of Oral and Dermal Absorption Factors 

Oral Exposure Dermal Exposure 
Absorption Absorption 

Chemical Factor Source Factor Source 
Arsenic 0.8 EPA, 1996 0.01 EPA, 1996 
Chromium 0.037 ATSDR, 1993 0.01 EPA, 1996 
Lead 0.3 EPA, 2001a 0.01 EPA, 1996 
Benz(a)Anthracene 0.29 Magee et al. 1996 0.02 Magee et al. 1996 
Benzo(a}Pyrene 0.29 Magee et al. 1996 0.02 Magee et al. 1996 
Benzo(b JFiuoranthene 0.29 Magee et al. 1996 0.02 Magee et al. 1996 
Benzo(k Fluoranthene 0.29 Magee et al. 1996 0.02 Magee et al. 1996 
Biphenyl 0.29 Magee et al. 1996 0.1 Magee et al. 1996 
Carbazole 0.29 Magee et al. 1996 0.02 Magee et al. 1996 
Chrysene 0.29 Magee et al. 1996 0.02 Magee et al. 1996 
Dibenzo(a,h)Anthracene 0.29 Magee et al. 1996 0.02 Magee et al. 1996 
lndeno(1 ,2,3-cd)Pyrene 0.29 Magee et al. 1996 0.02 Magee et al. 1996 
Naphthalene 0.29 Magee et al. 1996 0.1 Magee et al. 1996 
PCB Aroclor 1260 1 Assumption 0.06 EPA, 1992 

Bonaccorsi et al., 
1984; Shu et al., Shu et al., 1987; 

TCDDTEQ 0.5 1988 a,b 0.02 1988 a,b 

•• 

•• 
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• Table 4-1. Exposure Factors for the Adolescent Trespasser Scenario 

Value 
Adolescent 

Parameter (age 8-18) Symbol Source· 
Exposure frequency (days/yr) 10 EF 1 day per month, 10 months/yr 
Exposure duration (yrs) 10 ED site-specific 
Body weight (kg) 47 BW EPA,1997 
Conversion factor (mg/kg) 1E+06 CF calculated 
Averaging time- noncarcinogenic (days) 3,650 ATnc EPA,1989 
Averaging time- carcinogenic (days) 27,375 ATe EPA,1997 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
Soil ingestion rate (mglday) 200 lgR EPA, 2001c 
Dermal Contact with Soil 
Dermal adherence factor (mg/cm2

) 0.2 OAF EPA, 2001c 

Skin surface area exposed (cm2/day) 2,800 SA EPA, 2001c 

Fish Consumption 
Exposure frequency (days/yr) 5 EF 50% of the total days spent on-site/yr 
Conversion factor (kg/g) 1E-03 CF calculated 
Fish consumption rate (g/day) 6 FCR EPA,1997 

• 

• 
AMEC 



• 
Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time· noncarcinogenic (days) 
Averaging time· carcinogenic (days) 
Pathway Specific Parameters 
Inc/dental Ingestion of So11 
Soil ingestion rate (mg/day) 
Dermal Contact with So" 
Dermal adherence factor (mglcm2

) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Conversion factor (mglkg) 

• 
Table 4-2a. Exposure Assumptions for the Hypothetical Onslte Trespasser (Arsenic) 

Value 
Adolescent 
(age 8 ·18) Symbol Source 

10 EF sne-specific 
10 ED sne-specific 
47 BW EPA. 1997 

3,650 ATnc EPA. 1989 
27,375 ATe EPA.1997 

200 I9R EPA. 2001c 

0.2 OAF EPA. 2001c 
2,800 SA EPA. 2001c 
0.01 ABSderm EPA, 1996 

1.E+06 CF 

Table 4-2b. Health-Based Cleanup Levels for the Hypothetical Onslte Trespasser (Arsenic) 

Soli HBClnorarcor = (Target Hazard lndex*BW*AT nc:Y(EF*ED*((11RfD, ... tlgR*ABSon;/CF)+(11RfD-•SA*DAF derm*ABSdermai"CF))) 

Soli HBCLc.n.:., = (Target Risk Levei*BW*AT.Y(EF*ED*((CSF '""tlgR*CF)+(CSF -·sA*DAF* ABSdermai"CF))) 

NONCARCINOGENIC 
Target Hazard Index 
Health-Based Cleanup Level· Soli (mglkg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level· Soli (mglkg) 

2,486 

1.0E-D6 
41 

• 

AMEC 



Table 4-3a. Exposure Assumptions for the Hypothetical Onslte Trespasser (Chromium) 

Value 
Adolescent 

Parameter (age 8 -18) Symbol Source 

Common Parameters 
Exposure frequency (dayslyr) 10 EF she-specific 
Exposure duration (yrs) 10 ED site-specific 
Body weight (kg) 47 BW EPA,1997 
Averaging time- noncarcinogenic (days) 3,650 ATnc EPA, 1989 
Averaging time· carcinogenic (days) 27,375 ATe EPA,1997 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
SoD Ingestion rate (mg/day) 200 lgR EPA, 2001c 
Dermal Contact with So11 

Oennal adherence factor (mg/cm2
) 0.2 OAF EPA, 2001c 

Skin surface area exposed (cm2/day) 2,800 SA EPA,2001c 

Dennal Absorption 0.01 ABSderm EPA,1996 

Conversion factor (mglkg) 1.E+06 CF 

Table 4-3b. Health-Based Cleanup Levels for the Hypothetical Onslte Trespasser (Chromium) 

Soil HBCL...rc.nc.r =(Target Hazard lndex*BW"AT ncV(EF"ED*((11RfDora~*lgR*/CF)+(1/RfD<termatSA*DAFderm*ABSdetrnai"CF))) 

NONCARCINOGENIC 

Target Hazard Index 
Health-Based Cleanup Level • Soil (mglkg) 

• 

13,985 

• AMEC 

• 



• • 
Table 4-4&. Exposure Assumptions for the HypotheUcal Onslte Trespasser (Benz(a)Anthraeene) 

Value 
Adolescent 

Parameter (age 8 ·18) Symbol Source 
Common Parameters 
Exposure frequency (dayslyr) 10 EF sne-specific 
Exposure duration (yrs) 10 ED sne-specific 
Body weight (kg) 47 BW EPA.1997 
Averaging time- noncarcinogenic (days) 3,650 ATnc EPA. 1989 
Averaging time- carcinogenic (days) 27,375 ATe EPA. 1997 
Pathway Specific Parameters 

·JncldentallngesUon of Soil 
SoD Ingestion rate (mg/day) 200 lgR EPA. 2001c 
Dermal Contact with Soil 
Dermal adherence factor (mg/cnr) 0.2 OAF EPA.2001c 

Skin surface area exposed (cm2/day) 2,800 SA EPA. 2001c 

Dermal Absorption 0.02 ABS.,.rm Magee et al., 1996 

Conversion factor (mg/l<.g) 1.E+06 CF 

Table 4-4b. Health-Based Cleanup Levels for the Hypothetical Onslte Trespasser (Benz(a)Anthracene) 

Soli HBCle.nc.r =(Target Risk Levei"BW'ATeY(EF'ED*((CSFcn~*lgR*/CF)+(CSF.,..,natSA*DAF*ABS~CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level ·Soli (mglkg) 

1.0E.05 
738 

• 
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Table 4-Sa. Exposure Assumptions for the Hypothetical Onslte Trespasser (Benzo(a)Pyrene) 

Value 
Adolescent 

Parameter (age a -18) 5ymbol Source 

Common Parameters 
Exposure frequency (dayslyr) 10 EF sne-specilic 
Exposure duration (yrs) 10 ED site-specific 
Body weight (kg) 47 BW EPA, 1997 
Averaging time· noncarcinogenic (days) 3,650 ATnc EPA, 1989 
Averaging tlme- carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingest/on of Sol/ 
Soil ingestion rate (mg/day) 200 lgR EPA, 2001c 
Dennal Contact with Sot7 

Dermal adherence factor (mg/crrr) 0.2 OAF EPA, 2001c 

Skin surface area exposed (cm2/day) 2,800 SA EPA,2001c 

Dermal Absorption 0.02 ABSdenn Magee et al., 1996 

Conversion factor (mg/kg) 1.E+06 CF 

Table 4-Sb. Health-Based Cleanup Levels for the Hypothetical Onsite Trespasser (Benzo(a)Pyrene) 

Soil HBCL..ne.r = (Target Risk Levei"BW" AT0)/(EF"ED"((CSF 0, 11,*1gR"/CF)+(CSF -·sA"DAF"ABSd"'"""'CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level ·Soil (mglkg) 

• 

1.0E-Q5 
74 

• • AME:C 



• • 
Table 4-Sa. Exposure Assumptions for the Hypothetical Onslte Trespasser (Benzo(b)Fiuoranthene) 

Value 
Adolescent 

Parameter (age 8 ·18) Symbol Source 
Common Parameters 
Exposure frequency ( dayslyr) 10 EF site-specific 
Exposure duration (yrs) 10 ED site-specific 
Body weight (kg) 47 BW EPA, 1997 
Averaging time· noncarcinogenic (days) 3,650 ATnc EPA, 1989 
Averaging time· carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingest/on of 5ol1 
Soli Ingestion rate (mg/day) 200 lgR EPA, 2001c 
Dermal Contact with 5ol1 
Dermal adherence factor (mglcm2

) 0.2 OAF EPA, 2001c 
Skin surface area exposed (crrf/day) 2,800 SA EPA,2001c 
Dennal Absorption 0.02 ABSdorm Magee et al., 1996 

Conversion factor (mglkg) 1.E+06 CF 

Table 4-Sb. Health-Based Cleanup Levels for the Hypothetical Onsite Trespasser (Benzo(b)Fiuoranthene) 

Soli HBCLe.nc.r =(Target Risk Levei*BW'AT0Y(EF*ED*((CSFora~*lgR*/CF)+(CSFdormo~•sA•oAF•ABsdermai"CF))) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level • Soli (mglkg) 

1.0E-05 
738 

• 

AMEC 



Table 4-7a. Exposure Assumptions for the Hypothetical Onslte Trespasser (Benzo(k)Fiuoranthene) 

Value 
Adolescent 

Parameter (age a -18) Symbol Source 

Common Parameters 
Exposure frequency (dayslyr) 10 EF site-specific 
Exposure duration (yrs) 10 ED site-specific 
Body weight (kg) 47 BW EPA, 1997 
Averaging time- noncarcinogenic (days) 3,650 ATnc EPA, 1989 
Averaging time- carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
SoU Ingestion rate (mglday) 200 lgR EPA, 2001c 
Dermal Contact with SOI1 
Dermal adherence factor (mglcm2

) 0.2 OAF EPA,2001c 

Skin surface area exposed (cm2/day) 2,800 SA EPA, 2001c 

Dermal Absorption 0.02 ABSdelm Magee eta!., 1996 

Conversion factor (mglkg) 1.E+06 CF 

Table 4-7b. Health-Based Cleanup Levels for the Hypothetical Onslte Trespasser (Benzo(k)Fiuoranthene) 

Soli HBCL..ncer =(Target Risk Levei•BW*AT0)/(EF•Eo•((CSF.,,tlgR•JCF)+(CSFc~e~ma~*SA*DAF*ABSc!enna1CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level- Soli (mglkg) 

• 

1.0E-{)5 
7,394 

• • AMEC 



• 
Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time· noncarcinogenic (days) 
Averaging time· carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingest/on of Soil 
SoH Ingestion rate (mg/day) 
Dennal Contact with Soil 
Dermal adherence factor (mg/cm2

) 

Skin surface area exposed (c~/day) 
Dennal Absorption 

Conversion factor (mg/kg) 

• 
Table 4-8a. Exposure Assumptions for the Hypothetical Onslte Trespasser (Chrysene) 

Value 
Adolescent 

(age 8 ·18) Symbol Source 

10 EF site-specific 
10 ED site-specific 
47 BW EPA.1997 

3,650 ATnc EPA,1989 
27,375 ATe EPA.1997 

200 lgR EPA, 2001c 

0.2 OAF EPA,2001c 
2,800 SA EPA, 2001c 

0.02 ABS.,.nn Magee et al., 1996 

1.E+06 CF 

Table 4-8b. Health-Based Cleanup Levels for the Hypothetical Onslte Trespasser (Chrysene) 

Soli HBCLc.nc. =(Target Risk Levei*BW*ATcY(EF*ED*((CSF.,,,tlgR*/CF)+(CSF-·SA"DAF*ABSd"""""CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level ·Soli (mglkg) 

1.0E..Q5 
73,944 

• 

AMEC 



Table 4-lla. Exposure Assumptions for the Hypothetical OnsHe Trespasser (Dibenzo(a,h)Anthracene) 

Value 
Adolescent 

Parameter (age 8 -18) Symbol Source 

Common Parameters 
Exposure frequency ( dayslyr) 10 EF s~e-specific 

Exposure duration (yrs) 10 ED s~e-specific 

Body weight (kg) 47 BW EPA, 1997 
Averaging time· noncarcinogenic (days) 3,650 ATnc EPA, 1989 
Averaging time· carcinogenic (days) 27,375 ATe EPA,1997 

Pathway Specific Parameters 
Incidental Ingestion of Soil 
SoU ingestion rate (mg/day) 200 lgR EPA, 2001c 
Dermal Contact with So11 
Dermal adherence factor (mglcm2

) 0.2 OAF EPA, 2001c 

Skin surface area exposed (cm2/day) 2,800 SA EPA,2001c 

Dermal Absorption 0.02 ABSdemt Magee et at., 1996 

Conversion factor (mglkg) 1.E+06 CF 

Table 4-b. Health-Based Cleanup Levels for the Hypothetical Onslte Trespasser (Dibenzo(a,h)Anthracene) 

Soli HBCLe.n..r =(Target Risk Levei"BW*ATcY(EF"ED"((CSFora~•lgR"/CF)+(CSF-·SA"DAF"ABSdennai"CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level- Soli (mglkg) 

• 

1.0E~5 
74 

• • AMEC 



• • 
Table 4-10a. Exposure Assumptions for the Hypothetical Onslte Trespasser (lndeno(1,2,3-cd)Pyrene) 

Value 
Adolescent 

Parameter (age 8 -18) Symbol Source 
Common Parameters 
Exposure frequency (dayslyr) 10 EF site-specific 
Exposure duration (yrs) 10 ED site-specific 
Body weight (kg) 47 BW EPA,1997 
Averaging time- noncarcinogenic (days) 3,650 ATnc EPA, 1989 
Averaging time· carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of So11 
Soil ingestion rate (mg/day) 200 lgR EPA,2001c 
Dermal Contact with Soli 
Dermal adherence factor (mg/cm2

) 0.2 OAF EPA,2001c 

Skin surface area exposed (cm2/day) 2,800 SA EPA, 2001c 

Dermal Absorption 0.02 ABSc~emt Magee et al .• 1996 

Conversion factor (mg/kg) 1.E+06 CF 

Table 4-10b. Health-Based Cleanup Levels for the Hypothetical Onslte Trespasser (lndeno(1,2,3-cd)Pyrene) 

Soli HBCLurc., =(Target Risk LeveJ•ew-ATcV(EF•eo•cccsF0,11tlgR•tcF)+(CSFdermal•sA•oAF•AaSclennali'CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level- Soli (mglkg) 

.... 

1.0E~5 
738 

• 

AMEC 



Parameter 
Common Parameters 
Exposure frequency ( dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time· noncarcinogenic (days) 
Averaging time· carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
Son Ingestion rate (mg/day) 
Dennal Contact with Soil 
Dermal adherence factor (mg/cm2

) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Conversion factor (mg/kg) 

Table 4·11a. Exposure Assumptions for the Hypothetical Onslte Trespasser (TCDD TEQ) 

Value 
Adolescent 

(age 8 -18) Symbol Source 

10 EF site-specific 
10 ED site-specific 
47 BW EPA, 1997 

3,650 ATnc EPA, 1989 
27,375 ATe EPA, 1997 

200 lgR EPA, 2001c 

0.2 OAF EPA, 2001c 
2,800 SA EPA, 2001c 

0.02 ABSdenn Shu et al., 1987; 1988 a,b 

1.E+06 CF 

Table 4-11b. Health-Based Cleanup Levels for the Hypothetical Onslte Trespasser (TCDD TEQ) 

Soil HBCLnoncanc:or =(Target Hazard lndex•BW*AT ncV(EF•Eo•((11RfDora~•lgR•/CF)+(1/RIDdermatSA•oAFderm•ABsder!TiaiCF))) 

Soli HBC'-e.ncer =(Target Risk LeverBW*ATeY(EF•Eo•((CSF,,.tlgR• ABS.,..ICF)+(CSF-natSA•DAPABSderma{CF))) 

NONCARCINOGENIC 

Target.Hazard Index 
Health-Based Cleanup Level ·Soli (mglkg) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level- Soli (mglkg) 

• 

0.008 

1.0E-{)5 
0.004 

• • AMEC 



• • Table 4-12a. Exposure Factors for the Hypothetical Onsite Trespasser Scenario (TCDD TEQ)- Fish Consumption 

Parameter 
Common Parameters 
Fish consumption rate (g/day) 
Exposure frequency (days/yr) 
Exposure duration (yrs) 
Body weight (kg) 
Conversion factor (kg/g) 
Averaging time- noncarcinogenic (days) 
Averaging time- carcinogenic (days) 

Value 
Adolescent 
(age 8-18) 

6 
5 
10 
47 

1E-03 
3,650 
27,375 

Synibol Source 

FCR EPA, 1997 
EF site-specific 
ED site-specific 
BW EPA,1997 
CF calculated 

ATnc EPA, 1989 
ATe EPA, 1997 

Table 4-12b. Health-Based TCDD TEQ Fish Tissue Levels for the Onslte Trespasser Scenario 

Fish RBCnoncancer =(Target Hazard Index* RID)/(FCR * EF *ED* 1/BW * CF * 1/ATnc) 

Fish RBCcancer =Target Risk Levei/((CSF)*(FCR * EF *ED* 1/BW * CF * 1/ATc)) 

NONCARCINOGENIC 
Reference Dose (RID) (mg/kg-day)3 

Target Hazard Index 
Health-Based Fish Tissue Level (mg/kg [ppm]) 

CARCINOGENIC 
Cancer Slope Factor (CSF) (mg/kg-dayr1 

b 

Target Risk Level 
Health-Based Fish Tissue Level (ppm) 

Notes: 

1E-09 
1 

G.E-04 

150000 
1E-05 
3.E-04 

a- The RID is based on a minimum risk level (MRL) of 1 pg/kg-day as cited in ATSDR (1997). 
b- The CSF is from EPA's Health Effects Summary Tables (HEAST) (EPA, 1995) 

(. 

• 

,\ 

\ 

AMEC 



Table 4-13. Exposure Factors for the Hypothetical Utility Worker 

Value 
Adult 

Parameter · Worker Symbol Source 
Common Parameters 
Exposure frequency (days/yr) 1 EF site-specific 
Exposure duration (yrs) 25 ED EPA, 1991 
Body weight (kg) 70 BW EPA, 1997 
Averaging time- noncarcinogenic (days) 9,125 ATnc EPA, 1989 
Averaging time- carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
Soil ingestion rate (mg/day) 330 lgR EPA, 2001c 
Dermal Contact with Soil 
Dermal adherence factor (mg/cm2

) 0.3 OAF EPA, 2001c 

Skin surface area exposed (cm2/day) 3,300 SA EPA, 2001c 
Dermal Absorption 0.01 ABSdenn EPA, 1996 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 1.6 IHr US EPA, 1997- average for outdoor workers 
Respirable particulate matter (J.Ig/m3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrs/day) 8 Et Site-specific 
Conversion factor1 (mg/kg) 1.E+06 CF1 

Conversion factor2 (mg/J.Ig) 1.E-03 CF2 

• • 



• • 
Table 4-14a. Exposure Assumptions for the Hypothetical Utility Worker (Arsenic) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (dayslyr) 1 EF sHe-specific 
Exposure duration (yrs) 25 ED EPA, 1991 
Body weight (kg) 70 BW EPA, 1997 
Averaging time· noncarcinogenic (days) 9,125 ATnc EPA, 1989 
Averaging time· carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of SoH 
Soli ingestion rate (mglday) 330 lgR EPA, 2001c 
Dermal Contact with SoH 
Dermal adherence factor (mglcrn2

) 0.3 OAF EPA,2001c 
Skin surface area exposed (cm2/day) 3,300 SA EPA,2001c 
Dermal Absorption 0.01 ABSc~erm EPA, 1996 

Inhalation of Outdoor Dust 
inhalation rate (m3/hr) 1.6 IHr USEPA, 1997- average for outdoor workers 
Respirable particulate matter (pglm3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrs/day) 8 Et SHe-specific 
Conversion factor, (mglkg) 1.E+06 CF, 

Conversion factor2 (mglpg) 1.E.C3 CF2 

Table 4-14b. Health-Based Cleanup Levels for the Hypothetical Utility Worker Scenario (Arsenic) 

Soil HBCL..onc.nc., = (Target Hazard lndex*BW AT neV(EF*ED*((1/RfD0101*1gRICF, )+(1/RfDdermai*SA *OAF c~erm • ABSdennai"CF1 )+( 11RfDw,*(lhr*PM10 *ET*CF2VCF 1)) 

Soil HBCI.c.nc.r = (Target Risk Levei*BWAT J!(EF*ED*((CSF ora~*lgRICF1)+(CSF dermai*SA*DAF*ABS.,.,..'CF1)+(CSFinh*(lhr*PM10*ET*C_F2VCF 1)) 

NONCARCINOGENIC 
Target Hazard Index 
Health-Based Cleanup Level· Soil (mglkg) 

CARCINOGENIC 
Target Risk Level 

. Health-Based Cleanup Level- Soil (mglkg) 

1 
22,341 

1.0E.C6 
146 

• 

AMEC 



Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time ·noncarcinogenic (days) 
Averaging time· carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingest/on of So11 
Soil ingestion rate {mg/day) 
Dermal Contact with Soil 
Dermal adherence factor (mg/cm2) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 
Respirable particulate matter (~Jg/m3) 

Exposure time (hrslday) 
Conversion factor1 (mglkg) 

Conversion factor2 (mg/~Jg) 

Table 4-15a. Exposure Assumptions for the Hypothetical Utility Worker (Chromium) 

Value 
Adult 

Worker Symbol Source 

1 EF site-specific 
25 ED EPA.1991 
70 BW EPA.1997 

9,125 ATnc EPA. 1989 
27,375 ATe EPA. 1997 

330 lgR EPA.2001c 

0.3 OAF EPA. 2001c 
3,300 SA EPA. 2001c 

0.01 ABSderm EPA.1996 

1.6 IHr US EPA. 1997- average for outdoor workers 

56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et Site-specific 

1.E+06 CF, 

1.E.03 CF2 

Table 4-15b. Health-Based Cleanup Levels for the Hypothetical Utility Worker Scenario (Chromium) 

Soil HBCL,.,ncancer =(Target Hazard lndex*BW"AT ncV(EF*ED*((11RtDoratlgRICF1)+(1/Rtodermai•SA*DAF*ABSderrriiiCF1)+(1/Rtolnh•(Jhr*PM10*ET*CF2)1CF1)) 

Soil HBC'-concer =(Target Risk Levei*BW"AT0)/(EF*ED*((CSF~m*(lhr*PM10*ET*CF2)1CF1 )) 

NONCARCINOGENIC 
Target Hazard Index 
Health-Based Cleanup Level -Soli (mg/kg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level- Soli (mglkg) 

• 

1 
122.109 

1.0E.06 
2,546 

• • AMEC 



• • 
Table 4-16a. Exposure Assumptions for the Hypothetical Utility Worker {Benz(a)Anthracene) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency { dayslyr) 1 EF sne-specific 
Exposure duration {yrs) 25 ED EPA, 1991 
Body weight (kg) 70 BW EPA, 1997 
Averaging time· carcinogenic {days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of son 
Soil ingestion rate {mg/day) 330 lgR EPA, 2001c 
Dermal Contact with Sol/ 
Denmal adherence factor {mglcm2

) 0.3 OAF EPA, 2001c 
Skin surface area exposed {cm2/day) 3,300 SA EPA, 2001c 
Denmal Absorption 0.02 ABSc~enn Magee et al.,1996 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 1.6 IHr US EPA, 1997 ·average for outdoor workers 
Respirable particulate matter {pglm3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time {hrs/day) 8 Et Site-specific 
Conversion factor1 {mglkg) 1.E+06 CF, 

Conversion factor2 {mg/pg) 1.E..03 CF2 

Table 4-16b. Health-Based Cleanup Levels for the Hypothetical Utility Worker Scenario {Benz(a)Anthracene) 

Soil HBCr....,...,. ={Target Risk Levei*BW*ATcYIEF*ED*{(CSFora~*lgRICF1)+{CSFdonnal•sA•oAF*ABScfennaii'CF1)+{CSFi1h*{lhr*PM10*ET*CF2YCF1)) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level· Soli (mglkg) 

1.0E..05 
2,634 

• 

AMEC 



Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time -carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
SoU Ingestion rate (mg/day) 
Dermal Contact with Soil 
Dermal adherence factor (mg/cm2

) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 
Respirable particulate matter (pglm3

) 

Exposure time (hrs/day) 
Conversion factor, {mglkg) 

Conversion factor2 (mg/f.lg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level- Soli (mglkg) 

• 

Table 4-17a. Exposure Assumptions for the Hypothetical Utility Worker (Benzo(a)Pyrene) 

Value 
Adult 

Worker Symbol Source 

1 EF sne-specific 
25 ED EPA,1991 
70 BW EPA, 1997 

27,375 ATe EPA, 1997 

330 lgR EPA, 2001c 

0.3 OAF EPA,2001c 
3,300 SA EPA, 2001c 

0.02 ABSc~em~ Magee et al., 1996 

1.6 IHr US EPA, 1997 -average for outdoor workers 

56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et sne-specific 

1.E+06 CF, 

1.E-03 CF2 

Table 4-17b. Health-Based Cleanup Levels for the Hypothetical Utility Worker Scenario (Benzo(a)Pyrene) 

1.0E-05 
263 

• • AMEC 



• 
Parameter 
Common Parameters 
Exposure frequency (daystyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging tlme ·carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingest/on of So11 
Soil ingestion rate (mg/day) 
Denna/ Contact with So11 
Dermal adherence factor (mg/cnr) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (m31hr) 
Respirable particulate matter (tJg/m3

) 

Exposure time (hrslday) 
Conversion factor1 (mglkg) 

Conversion factor2 (mg/tJg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level • Soil (mglkg) 

• 
Table 4-18a. Exposure Assumptions for the Hypothetical UUIItyWor1cer (Benzo(b)Fiuoranthene) 

Value 
Adult 

Wor1cer Symbol Source 

1 EF site-specific 
25 ED EPA, 1991 
70 BW EPA. 1997 

27.375 ATe EPA, 1997 

330 lgR EPA. 2001c 

0.3 OAF EPA. 2001c 
3,300 SA EPA. 2001c 
0.02 ABSdenn Magee et al., 1996 

1.6 IHr USEPA. 1997 ·average for outdoor workers 

56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et Site-specific 

1.E+06 CF1 

1.E.03 CF2 

Table 4-18b. Health-Based Cleanup Levels for the Hypothetical Utility Wor1cer Scenario (Benzo(b)Fiuoranthene) 

1.0E.05 
2,634 

• 

AMEC 



Table 4·19a. Exposure Assumptions for the Hypothetical Utility Worker (Benzo(k)Fiuoranthene) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (dayslyr) 1 EF site-specific 
Exposure duration (yrs) 25 ED EPA,1991 
Body weight (kg) 70 BW EPA, 1997 
Averaging time· carcinogenic (days) 27,375 ATe EPA,1997 
Pathway Specific Parameters 
Incidental Ingest/on of So11 
Soil Ingestion rate (mg/day) 330 lgR EPA, 2001c 
Dermal Contact with So11 
Dermal adherence factor (mg/cm2) 0.3 OAF EPA,200fc 

Skin surface area exposed (cm2/day) 3,300 SA EPA, 2001C 

Dennal Absorption 0.02 ABSdenn Magee et al., 1996 

Inhalation of Outdoor Dust 
Inhalation rate (m31hr) 1.6 IHr US EPA, 1997 ·average for outdoor workers 
Respirable particulate matter (~g!m3) 56 PmfO 3 x PM10 annual average (see text discussion) 

Exposure time (hrs/day) 8 Et Site-specific 
Conversion factor1 (mglkg) 1.E+06 CF1 

Conversion factor2 (mg/~g) 1.E-D3 CF2 

Table 4-19b. Health-Based Cleanup Levels for the Hypothetical Utility Worker Scenario (Benzo(k)Fiuoranthene) 

Soil HBCL.:.r- = (Target Risk Levei*BW* ATcVCEF*ED*((CSF oratlgRICF 1)+(CSF -·SA*DAF* ABSdefTnai"CF1)+(CSF~r~~*(lhr*PM10*ET*CF2VCF1 )) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level- Soil (mglkg) 

• 

1.0E-D5 
26,374 

• .AMEC 



• 
Parameter 
Common Parameters 
Exposure frequency ( days/yr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time· carcinogenic (days) 
Pathway Specific Parameters 
Inc/dental Ingestion of Sol/ 
Soli Ingestion rate (mg/day) 
Danna/ Contact with So11 
Dermal adherence factor (mg/crrt) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 
Respirable particulale matter (tJg/m3

) 

Exposure time (hrstday) 
Conversion factor1 (mg/kg) 

Conversion factor2 (mg/~g) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level ·Soli (mg/kg) 

• 
Table 4-20a. Exposure Assumptions for the Hypothetical Utility Worker (Carbazole) 

Value 
Adult 

Worker Symbol Source 

1 EF site-specific 
25 ED EPA,1991 
70 BW EPA. 1997 

27,375 ATe EPA,1997 

330 lgR . EPA,2001c 

0.3 OAF EPA. 2001c 
3,300 SA EPA.2001c 
0.02 ABSc~enn Magee et al., 1996 

1.6 IHr US EPA. 1997 ·average for outdoor workers 
56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et Site-specific 
1.E+06 CF1 

1.E-<13 CFz 

Table 4-20b. Health-Based Cleanup Levels for the Hypothetical Utility Worker Scenario (Carbazole) 

1.0E-<15 
96,046 

• 

AMEC 



Table 4-21a. Exposure Assumptions for the Hypothetical Utility Worker (Chrysene) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Paramelers 
Exposure frequency (days/yr) 1 EF sHe-specific 
Exposure duration (yrs) 25 ED EPA, 1991 
Body weight (kg) 70 BW EPA, 1997 
Averaging time- carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of Sot1 
Soil ingestion rate (mg/day) 330 lgR EPA, 2001c 
Dermal Contact with So11 
Dermal adherence factor (mglcm2

) 0.3 OAF EPA,2001c 

Skin surface area exposed (cm2/day) 3,300 SA EPA, 2001c 

Dermal Absorption 0.02 ABSc~erm Magee et al., 1996 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 1.6 IHr USEPA, 1997 - average for ou1door workers 
Respirable particulate matter (JJg/m3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrs/day) 8 Et SHe-specific 
Conversion factor1 (mglkg) 1.E+06 CF1 

Conversion factor2 (mg/Jlg) 1.E-03 CF2 

Table 4-21b. Health-Based Cleanup Levels for the Hypothetical Utility Worker Scenario (Chrysene) 

Soil HBCLc.nc.. = (Target Risk Levei'BW*AT.Y(EF'ED'((CSF.,.,,tlgR'/CF1)+(CSF •• .,,.tSA'DAF'ABS~CF1)+(CSF~n~~'(lhr*PM10'ET*CF2YCF1)) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level- Soli (mglkg) 

• 

1.0E-05 
263,744 

• .AM£C 



• 
Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time- carclnogenlc (days) 
Pathway Specific Parameters 
Inc/dental Ingestion of Soil 
SoU Ingestion rate (mg/day) 
Dermal Contact with Sot7 
Dermal adherence factor (mg/cm2

) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 
Respirable particulate matter (1Jg/m3

) 

Exposure time (hrs/day) 
Conversion factor1 (mglkg) 

Conversion factor2 (mg/IJg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level- Soli (mglkg) 

• 
Table 4-22a. Exposure Assumptions for the Hypothetical Utility Worker (Dibenzo(a,h)Anthracene) 

Value 
Adult 

Worker Symbol Source 

1 EF sne-specific 
25 EO EPA, 1991 
70 BW EPA,1997 

27,375 ATe EPA, 1997 

330 lgR EPA,2001c 

0.3 OAF EPA, 2001c 
3,300 SA EPA, 2001c 
0.02 ABSdonn Magee et al., 1996 

1.6 IHr US EPA, 1997 -average for outdoor workers 
56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et Site-specific 
1.E+06 CF1 

1.E-o3 CF2 

Table 4-22b. HeaHh-Based Cleanup Levels for the Hypothetical Utility Worker Scenario (Dibenzo(a,h)Anthracene) 

1.0E.05 
263 

• 

AMEC 



Table 4-23a. Exposure Assumptions for the Hypothetical Utility Worker (lndeno(1,2,3-cd)Pyrene) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (dayslyr) 1 EF sHe-specific 
Exposure duration (yrs) 25 ED EPA, 1991 
Body weight (kg) 70 BW EPA, 1997 
Averaging time· carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
SoD Ingestion rate (mglday) 330 lgR EPA, 2001c 
Dermal Contact with SoU 
Dennal adherence factor (mg/cm2

) 0.3 OAF EPA, 2001c 

Skin surface area exposed (cm2/day) 3,300 SA EPA, 2001c 

Dermal Absorption 0.02 ABSde!m Magee et al., 1996 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 1.6 IHr USEPA, 1997 ·average for outdoor workers 
Respirable particulate matter (f.Jg/m3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrs/day) 8 Et SHe-specific 

Conversion factor1 (mglkg) 1.E+06 CF1 

Conversion factor2 (mg/f.Jg) 1.E-03 CF2 

Table 4-23b. Health-Based Cleanup Levels for the Hypothetical Utility Worker Scenario (lndeno(1,2,3-cd)Pyrene) 

Soli HBC'-ea...,... = (Target Risk Levei*BW* AT0Y(EF*ED*{(CSF0,.tlgRICF1)+(CSF -·SA*DAF* ABSdermaJ"CF1)+(CSFinh*(ihr"PM10*ET*CF2YCF1)) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level ·Soil (mglkg) 

• 

1.0E-05 
2,634 

• • AMEC 



• 
Parameter 
Common Parameters 
Exposure frequency (days/yr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time· noncarcinogenic (days) 
Pathway Specific Parameters 
Inc/dental Ingestion of SoH 
Soil ingestion rate (mg/day) 
Dennal Contact with SoH 
Dennnal adherence factor (mglcm2

) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 
Respirable particulate matter (JJg/m3

) 

Exposure time (hrslday) 
Conversion factor1 (mglkg) 

Conversion factor2 (mg/JJg) 

• 
Table 4-24a. Exposure Assumptions for the Hypothetical Utility Worker (Naphthalene) 

Value 
Adult 

Worker Symbol Source 

1 EF site-specific 
25 ED EPA, 1991 
70 BW EPA, 1997 

9,125 ATnc EPA,1989 

330 lgR EPA, 2001c 

0.3 OAF EPA, 2001c 
3,300 SA EPA,2001c 
0.10 ABSderm Magee et al., 1996 

1.6 IHr USEPA,1997 -average for outdoor workers 
56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et Site-specific 
1.E+06 CF1 

1.E-03 CF2 

Table 4-24b. Health-Based Cleanup Levels for the Hypothetical Utility Worker Scenario (Naphthalene) 

Soil HBCLnonca,..,., = (Target Hazard lndex•BW*AT neV(EF•Eo•((11RID.,,.,*IgRICF1)+(11RfD-•sA•oAF• ABSc~e.,.,.ICF,)+(11RfDinh•(lhr"PM10•ET"cF2YCF,)) 

NONCARCINOGENIC 
Target Hazard Index 
Health-Based Cleanup Level ·Soli (mglkg) 

1 
742,680 

• 

AMEC 



Table 4-25a. Exposure Assumptions for the Hypothetical Utility Worker (TCDD TEQ) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (dayslyr) 1 EF site-specific 
Exposure duration (yrs) 25 ED EPA, 1991 
Body weight (kg) 70 BW EPA, 1997 
Averaging time- noncarcinogenic (days) 9,125 ATnc EPA, 1989 
Averaging time -carcinogenic (days) 27,375 ATe EPA. 1S97 
Pathway Specific Parameters 
Incidental Ingestion of Son 
Soil ingestion rate (mg/day) 330 lgR EPA,2001c 
Dermal Contact with Son 
Dermal adherence factor (mglcm2) 0.3 OAF EPA, 2001c 
Skin surface area exposed (cm2/day) 3,300 SA EPA,2001c 
Dermal Absorption 0.02 ABSc~enn Shu et al., 1987; 1988 a,b 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 1.6 IHr USEPA, 1997- average for outdoor workers 
Respirable particulate matter (1Jg/m3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrslday) 8 Et site-specific 
Conversion factor1 (mg/kg) 1.E+06 CF1 

Conversion factor2 (mg/IJg) 1.E.03 CF2 

Table 4-2Sb. Health-Based Cleanup Levels for the Hypothetical Utility Worker Scenario (TCDD TEQ) 

Soli HBCL,.,.ncanc:er = (Target Hazard lndex*BW AT nJI(EF*ED*((11RfD0,,tlgRICF 1 )+( 1/RfDc~enna~*SA*DAF c1enn • ABSdennai"CF 1 )+(1/RfDinh *(lhr"PM10 *ET*CF2YCF 1)} 

Soil HBCI..c.nc:er =(Target Risk Levei*BWAT0Y(EF*EO*((CSF0,.tlgRICF1)+(CSFc~enna~*SA*DAF*ABSdermaVCF1)+(CSFinh*(lhr"PM10*ET*CF2YCF1 )} 

NONCARCINOGENIC 
Target Hazard Index 
Health-Based Cleanup Level- Soil (mglkg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level- Soli (mglkg) 

• 

1 
0.0729 

1.0E.05 
0.0146 

• • AMEC 
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Table 4-26. Exposure Factors for the Hypothetical Construction Worker 

Value 
Adult 

Parameter Worker S~mbol Source 
Common Parameters 
Exposure frequency (days/yr) 60 EF site-specific 
Exposure duration (yrs) 1 ED site-specific 
Body weight (kg) 70 BW EPA,1997 
Averaging time- noncarcinogenic (days) 365 ATnc EPA,1989 
Averaging time· carcinogenic (days) 27,375 ATe EPA,1997 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
Soil ingestion rate (mg/day) 330 lgR EPA,2001c 
Dermal Contact with Soil 
Dermal adherence factor (mg/cm2) 0.3 OAF EPA,2001c 
Skin surface area exposed (cm2/day) 3,300 SA EPA,2001c 
uermar ADsorption l;nemJcal-specmc J-\Jj;::,derm 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 1.6 IHr USEPA, 1997- average for outdoor workers 
Respirable particulate matter (IJg/m~) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrs/day) 8 Et site-specific 
Conversion factor1 (mglkg) 1.E+06 CF1 

Conversion factor2 (mg/IJg) 1.E-Q3 CF2 

AMEC 



Table 4-27a. Exposure Assumptions for the Hypothetical Construction Worker (Arsenic) 

Value 
Adult 

Parameter Worker S;t!!!bol Source 
Common Parameters 
Exposure frequency ( dayslyr) 60 EF site-specific 
Exposure duration (yrs) 1 ED site-specific 
Body weight (kg) 70 BW EPA, 1997 
Averaging time· noncarcinogenic (days) 365 ATnc EPA, 1989 
Averaging time· carcinogenic (days) 27,375 ATe EPA,1997 
Pathway Specific Parameters 
Incidental Ingestion of So11 
Son Ingestion rate (mg/day) 330 lgR EPA,2001c 
Dermal Contact with Soli 
Dennal adherence factor (mg/cm2) 0.3 OAF EPA, 2001c 
Skin surface area exposed (cm2/day) 3,300 SA EPA, 2001c 
Dennal Absorption 0.01 ABSc~erm EPA,1996 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 1.6 IHr EPA, 1997 • average for ou1door workers 
Respirable particulate matter (1Jg/m3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrslday) 8 Et Site-specific 
Conversion factor1 (mglkg) 1.E+06 CF1 

Conversion factor2 (mg/IJg) 1.E-03 CF2 

Table 4-27b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (Arsenic) 

Soli HBCL,.neanoet = (Target Hazard lndex*BW" AT ncV(EF*ED*((1/RtO...,•IgRICF, )+{1/RtOderma~•SA *OAF dem,*ABSderrn;o{CF,)+{1/RtOinh*fhr"PM10 *ET*CF2VCF ,)) 

Soil HBClc.ncer = (Target Risk Levei*BW"ATcV(EF*ED*((CSF""" *lgRICF1)+(CSF -·SA*DAF*ABS""""""CF ,)+(CSFinh*(lhr"PM10•ET*CF2VCF1)) 

NONCARCINOGENIC 
Target Hazard Index 
Health-Based Cleanup Level • Soli (mglkg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level· Soli (mglkg) 

• 

1 
372 

1.0E-06 
61 

• .AMEC 
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Table 4-28a. Exposure Assumptions for the Hypothetical Construction Worker (Chromium) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (days/yr) 60 EF site-specific 
Exposure duration (yrs) 1 ED site-specific 
Body weight (kg) 70 BW EPA,1997 
Averaging time· noncarcinogenic (days) 365 ATnc EPA,1989 
Averaging time· carcinogenic (days) 27,375 ATe EPA,1997 
Pathway Specific Parameters 
Inc/dental Ingestion of Soil 
SoU Ingestion rate (mglday) 330 lgR EPA, 2001c 
Dermal Contact with Sol/ 
Dermal adherence factor (mglcm2) 0.3 OAF EPA,2001c 
Skin surface area exposed (cm2/day) 3,300 SA EPA, 2001c 
Dermal Absorption 0.01 ABSdenn EPA, 1996 

Inhalation of Outdoor Dust 
Inhalation rate (m31hr) 1.6 IHr EPA, 1997b ·average for outdoor workers 
Respirable particulate matter (~Jgfm3) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrs/day) 8 Et Site-specific 
Conversion factor1 (mglkg) 1.E+06 CF1 

Conversion factor2 (mg/IJg) 1.E-D3 CF2 

Table 4-28b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (Chromium) 

Soil HBCL.,.....,_ =(Target Hazard lndex*BW"AT ncY(EF*ED*((1/Rf001111*1gR*/CF1)+(1/RfO-·sA*OAF*ABSd"""""CF1)+(11RfDw,.(lhr-PM,o*ET*CF2YCF,)) 

Soli HBCL.:.nc.r =(Target Risk Levei*BW"AT0Y(EF*ED*((CSFw,*(th.-PM10*ET*CF2YCF1)) 

NONCARCINOGENIC 
Target Hazard Index 
Health-Based Cleanup Level- Soli (mgll<g) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level· Soil (mgll<g) 

1 
2,035 

1.0E-D6 
1,061 

• 

AMEC 



Parameter 
Common Parameters 
Exposure frequency ( dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time ·carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of son 
SoU Ingestion rate (mg/day) 
Dennal Contact with Soil 
Dermal adherence factor (mg/cm2

) 

Skin surface area exposed (crrf/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (m31hr) 
Respirable particulate matter (1Jg/rn3

) 

Exposure time (hrs/day) 
Conversion factor, (mglkg) 

Conversion factor2 (mg/IJg) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level· Soil (mglkg) 

• 

Table 4-29a. Exposure Assumptions for the Hypothetical Construction Worker (Benz(a)Anthracene) 

Value 
Adult 

Worker Symbol Source 

60 EF site-specific 
1 ED site-specific 

70 BW EPA, 1997 
27,375 ATe EPA, 1997 

330 lgR EPA,2001c 

0.3 OAF EPA, 2001c 
3,300 SA EPA,2001c 

0.02 ABSderm Magee et al., 1996 

1.6 IHr EPA, 1997 ·average for outdoor workers 

56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et Site-specific 

1.E+06 CF1 

1.E-03 CF2 

Table 4-29b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (Benz(a)Anthracene) 

1.0E-05 
1,097 

•• .AMEC 
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Table 4-30a. Exposure Assumptions for the Hypothetical Construction Worker (Beru:o(a)Pyrene) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (dayslyr) 60 EF site-specific 
Exposure duration (yrs) 1 ED site-specific 
Body weight (kg) 70 BW EPA, 1997 
Averaging time· carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of son 
Son Ingestion rate (mglday) 330 lgR EPA,2001c 
Dermal Contact with So11 
Dermal adherence factor (mglcm2

) 0.3 OAF EPA,2001c 

Skin surface area exposed (cm2/day) 3,300 SA EPA, 2001c 

Dermal Absorptlon 0.02 ABSc~enn Magee et al., 1996 

Inhalation of Outdoor Dust 
lnhalatlon rate (m31hr) 1.6 IHr EPA, 1997 • average for outdoor worllers 
Respirable particulate matter (1Jg/m3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrs/day) 8 Et Site-specific 
Conversion factor1 (mglkg) 1.E+06 CF, 

Conversion factor2 (mg/IJg) 1.E-03 CFz 

Table 4-30b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (Beru:o(a)Pyrene) 

Soil HBCt__ =(Target Risk Levei*BW"AT0Y(EF*ED*((CSF, .. tlgR*ICF1)+(CSF,~er,,... .. SA*DAF*ABS-....'CF1)+(CSFw:(lhr"PM,o*ET*CF2YCF1)) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level- Soil (mglkg) 

1.0E-05 
110 

• 

AMEC 



Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time· carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of SoY 
Soil Ingestion rate (mg/day) 
Dermal Contact with Soil 
Dermal adherence factor (mglcm2

) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 
Respirable particulate matter (IJg/m') 

Exposure time (hrs/day) 
Conversion factor1 (mglkg) 

Conversion factor2 (mg/IJg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level ·Soli (mglkg) 

• 

Table 4-31a. Exposure Assumptions for the Hypothetical Construction Worker (Benzo(b)Fiuoranthene) 

Value 
Adult 

Worker Symbol Source 

60 EF site-specific 
1 ED site-specific 

70 BW EPA, 1997 
27,375 ATe EPA, 1997 

330 lgR EPA,2001c 

0.3 OAF EPA, 2001c 
3,300 SA EPA,2001c 

0.02 ABSdorm Magee et al., 1996 

1.6 IHr EPA, 1997 • average for outdoor workers 

56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et site-specific 

1.E+06 CF1 

1.E-03 CF2 

Table 4-31b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (Benzo(b)Fiuoranthene) 

1.0E-05 
1,097 

• .AMEC 



•• 
Parameter 
Common Parameters 
Exposure frequency ( days/yr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging lime· carcinogenic (days) 
Pathway Specific Parameters 
Inc/dental Ingestion of So" 
Soil ingestion rate (mg/day) 
Dermal Contact with Sea 
Dennal adherence factor (mg/cm2) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (mlthr) 
Respirable partlculate matter (~g/m3) 
Exposure time (hrs/day) 
Conversion factor1 (mglkg) 

Conversion factor: (mg/~g) 

CARCINOGENIC 
Target Risk level 
Health-Based Cleanup level ·Soil (mglkg) 

• 
Table 4-32a. Exposure Assumptions for the Hypothetical Construction Worker (Benzo(k)Fiuoranthene) 

Value 
Adult 

Worker Symbol Source 

60 EF site-specific 
1 ED site-specific 

70 BW EPA, 1997 
27,375 ATe EPA, 1997 

330 lgR EPA,2001c 

0.3 OAF EPA, 2001c 
3,300 SA EPA,2001c 

0.02 ABSderm Magee et al., 1996 

1.6 IHr EPA, 1997 ·average for outdoor workers 
56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et site-specific 

1.E+06 CF1 

1.E-o3 CF2 

Table 4-32b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (Benzo(k)Fiuoranthene) 

1.0E-Q5 
10,989 

• 

AMEC 



Table 4-33a. Exposure Assumptions for the Hypothetical Construction Worker (carbazole) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (days/yr) 60 EF site-specific 
Exposure duration (yrs) 1 ED site-specific 
Body weight (kg) 70 BW EPA, 1997 
Averaging time- carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of Sot1 
SoU Ingestion rate (mglday) 330 lgR EPA, 2001c 
Dermal Contact with Soil 
Dermal adherence factor (mglcm2

) 0.3 OAF EPA,2001c 

Skin surface area exposed (cm2/day) 3,300 SA EPA,2001c 

Dermal Absorption 0.02 ABSc~onn Magee et al., 1996 

Inhalation of Outdoor Dust 
Inhalation rate (m3/lu) 1.6 IHr EPA, 1997- average for outdoor workers 
Respirable particulate matter (l.lg/m3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrslday) 8 Et site-specific 
Conversion factor1 (mglkg) 1.E+06 CF1 

Conversion factor2 (mglj.Jg) 1.E-03 Cfz 

Table 4-33b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (Carbazole) 

Soli HBCt.._. = (Target Risk levei'BW*ATcY!EF'ED'((CSF • .,tlgR'/CF1)+(CSF -·sA'DAF' ABSd..,.,.CF1)+(CSF~n~~'(lhr"PM10'ET"CF2YCF1)) 

CARCINOGENIC 
Target Risk level 
Health-Based Cleanup Level -Soli (mglkg) 

• 

1.0E-05 
40,019 

• 



• • 
Table 4-Ma. Exposure Assumptions for the Hypothetical Construction Worker (Chrysene) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (days/yr) 60 EF site-specific 
Exposure duration (yrs) 1 EO site-specific 
Body weight (kg) 70 BW EPA. 1997 
Averaging time· carcinogenic (days) 27,375 ATe EPA. 1997 
Pathway Specific Parameters 
Incidental Ingest/on of Soil 
Son Ingestion rate (mg/day) 330 lgR EPA. 2001c 
Dermal Contact wfth Soil 
Dermal adherence factor (mg/cm2

) 0.3 OAF EPA. 2001c 
Skin surface area exposed (cm2/day) 3,300 SA EPA. 2001c 
Dermal Absorption 0.02 ABSdenn Magee et al., 1996 

Inhalation of Outdoor Dust 
Inhalation rate (m31hr) 1.6 IHr EPA. 1997 ·average for outdoor workers 
Respirable particulate matter (pg/m3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure time (hrslday) 8 Et site-specific 
Conversion factor, (mg/kg) 1.E+06 CF1 

Conversion factor2 (mg/pg) 1.E-Q3 CF2 

Table 4-Mb. Heal1h-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (Chrysene) 

Soli HBCL...-= (Target Risk Levei*BW'AT0Y(EF*EO*((CSForo~•lgR•tcF1)+(CSFdermai*SA•oAF•ABs.,.,..,CF1)+(CSFinh•(lhr*PM,0*ET*CF2YCF1)) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level· Soil (mglkg) 

1.0E-Q5 
109,894 

• 

AMEC 



Parameter 
Common Parameters 
Exposure frequency ( dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time- carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
Son Ingestion rate (mg/day) 
Dennal Contact with Soil 

Dermal adherence factor (mglcm2
) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (mlthr) 
Respirable particulate matter (1Jg/m3

) 

Exposure time (hrslday) 
Conversion factor1 (mg/kg) 

Conversion factor2 (mg/IJg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level ·Soil (mglkg) 

• 

Table 4-35a. Exposure Assumptions for the Hypothetical Construction Worker (Dibenzo(a,h)Anthracene) 

Value 
Adult 

Worker Symbol Source 

60 EF sne-specific 
1 ED site-specific 

70 BW EPA. 1997 
27,375 ATe EPA, 1997 

330 lgR EPA,2001c 

0.3 OAF EPA, 2001c 
3,300 SA EPA, 2001c 

0.02 ABS.,.rm Magee et al., 1996 

1.6 IHr EPA, 1997 ·average for outdoor worl<ers 

56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et site-specific 

1.E+06 CF1 

1.E-o3 CF2 

Table 4-35b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (Dibenzo(a,h)Anthracene) 

1.oE-os 
110 

• .AMEC 



• 
Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time- carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of son 
SoU Ingestion rate (mglday) 
Dermal Contact with Soil 
Dennal adherence factor (mg/cm%) 

Skin surface area exposed (c~/day) 
Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 
Respirable particulate matter (1Jglm3

) 

Exposure time (hrs/day) 
Conversion factor1 (mglkg) 

Conversion factorz (mg/1Jg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level- Soli (mglkg) 

• 
Table 4-36a, Exposure Assumptions for the Hypothetical Construction Worker (lndeno{1,2,3-cd)Pyrene 

Value 
Adult 

Worker Symbol Source 

60 EF site-specific 
1 ED site-specific 

70 BW EPA, 1997 
27,375 ATe EPA, 1997 

330 lgR EPA, 2001c 

0.3 OAF EPA,2001c 
3,300 SA EPA,2001c 

0.02 ABSderm Magee et at., 1996 

1.6 IHr EPA, 1997- average for outdoor workers 

56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et site-specific 
1.E+06 CF1 

1.E-o3 CFz 

Table 4-36b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (lndeno(1,2,3-cd)Pyrene 

1.0E..Q5 
1,097 

• 

AMEC 



Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time- noncarcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of SoH 
SoU Ingestion rate (mg/day) 
Dermal Contact with So11 
Dermal adherence factor (mglcm2

) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 
Respirable particulate matter (1Jg/m3

) 

Exposure time (hrs/day) 
Conversion factor1 (mglkg) 

Conversion factor2 (mg/pg) 

Table 4-37a. Exposure Assumptions for the Hypothetical Construction Worker (Naphthalene) 

Value 
Adult 

Worker Symbol Source 

60 EF site-specific 
1 ED site-specific 

70 BW EPA. 1997 
365 ATnc EPA.1989 

330 lgR EPA. 2001c 

0.3 OAF EPA. 2001c 
3,300 SA EPA. 2001c 

0.10 ABSderm Magee et al., 1996 

1.6 IHr , EPA. 1997 - average for outdoor workers 

56 Pm10 3 x PM10 annual average (see text discussion) 

8 Et site-specific 

1.E+06 CF1 

1.E-03 CFz 

Table 4-37b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (Naphthalene) 

Soil HBCL..o..:.,...,. = (Target Hazard lndex*BW" AT neV(EF*ED*((11RfD0,.tlgR*/CF 1 )+(1/RIDdernwtSA *DAP ABSderrnai"CF 1)+( 1/R!Dinh *(lhr"PM10 *E:rCF2YCF 1)) 

NONCARCINOGENIC 
Target Hazard Index 
Health-Based Cleanup Level- Soil (mglkg) 

• 

1 
12,378 

• • AMEC 
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Table 4-38a. Exposure Assumptions for the Hypothetical Construction Worker (TCDD TEQ) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (dayslyr) 60 EF sHe-specific 
Exposure duration (yrs) 1 ED site-specific 
Body weight (kg) 70 BW EPA.1997 
Averaging time- noncarcinogenic (days) 365 ATnc EPA.1989 
Averaging time- carcinogenic (days) 27,375 ATe EPA. 1997 
Pathway Specific Parameters 
Inc/dental Ingestion of Son 
SoU Ingestion rate (mg/day) 330 lgR EPA.2001c 
Dermal Contact with Sot1 
Dermal adherence factor (mglcnf) 0.3 OAF EPA. 2001c 
Skin surface area exposed (cm2/day) 3,300 SA EPA.2001c 
Dermal Absorption 0.02 ABSc~enn Shu et al., 1987; 1988 a,b 

Inhalation of Outdoor Dust 
Inhalation rate (m3/hr) 1.6 IHr EPA. 1997- average for outdoor workers 
Respirable particulate matter (1Jg/m3

) 56 Pm10 3 x PM10 annual average (see text discussion) 

Exposure tlme (hrs/day) 8 Et sHe-specific 
Conversion factor1 (mglkg) 1.E+06 CF, 

Conversion factor2 (mg/IJg) 1.E.03 CF2 

Table 4-38b. Health-Based Cleanup Levels for the Hypothetical Construction Worker Scenario (TCDD TEQ) 

Soil HBClnoncancor = (Target Hazard lndex•ew-AT ncYCEF•Eo•(( 1/RfD.,,tlgR•tCF ,)+(1/RfDdennal •SA •oAF c1enn • ABS""""""CF 1 )+( 1/RfD;nn •(lhr"PM,o •ET*CF2YCF ,)) 

Soil HBCL.:.nc.r =(Target Risk Levei•BW'AT cY(EF•Eo•((csF-•IgR•tcF1)+(CSFdennal•sA•oAF•ABSdermaVCF1)+(CSFw,-(lhr"PM10•ET*cF2YCF1)) 

NONCARCINOGENIC 
Target Hazard Index 
Health-Based Cleanup Level- Soil (mglkg) 

CARCINOGENIC 
Target Risk Level 
Health-Based Cleanup Level- Soil (mglkg) 

1 
0.0012 

1.0E.05 
0.0061 

• 

AMEC 



Table 4-39. Exposure Factors for the Hypothetical Facility Worker • Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (days/yr) 250 EF EPA, 2001c 
Exposure duration (yrs) 25 ED EPA, 2001c 
Body weight (kg) 70 BW EPA, 1997 
Averaging time- noncarcinogenic (days) 9,125 ATnc EPA, 1989 
Averaging time- carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
Soil ingestion rate (mg/day) 50 JgR EPA, 2001c 
Dermal Contact with Soil 
Dermal adherence factor (mg/cm2

) 0.2 OAF EPA, 2001c 

Skin surface area exposed (cm2/day) 3,300 SA EPA, 2001c 
Dermal Absorption Chemical-specific ABSdenn 
Conversion factor1 (mg/kg) 1.E+06 CF1 

• 

• 
AMEC 



• 
Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time· noncarcinogenic (days) 
Averaging time· carcinogenic (days) 
Pathway Specific Parameters 
Inc/dental Ingestion of So11 
Son Ingestion rate (mg/day) 
Dennal Contact with So11 
Dermal adherence factor (mg/cm2

) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 
Conversion factor1 (mglkg) 

• 
Table 440a. Exposure Assumptions for the Hypothetical Facility Worker (Arsenic) 

Value 
Adult 

Worker Symbol Source 

250 EF EPA,2001c 
25 ED EPA, 2001c 
70 BW EPA, 1997 

9,125 ATnc EPA, 1989 
27,375 ATe EPA, 1997 

50 lgR EPA, 2001c 

0.2 OAF EPA, 2001c 
3,300 SA EPA,2001c 

O.o1 ABSc~enn EPA, 1996 

1.E+06 CF1 

Table 44Gb. Health-Based Cleanup Levels for the Hypothetical Facility Worker (Arsenic) 

Soil HBCLnonc.,..,., =(Target Hazard lndex•BW"AT ,..,y(EF"ED•((1/RfD-•IgR/CF)+(1/RfO-·sA•DAFc~enn•ABS<IerTnaiCF))) 

Soil HBClcanc. =(Target Risk Levei•BW"ATcY(EF•Eo•((csF-·IgRICF)+(CSF-·SNOAF•ABsc~erTna~CF))) 

NONCARCINOGENIC 
Target Hazard Index 
Health·Based Cleanup Level • Soil (mglkg) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level- Soil (mglkg) 

526 

1.0E-G6 
4 

• 

AMEC 



Parameler 
Common Parameters 
Exposure frequency ( dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time- noncarcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingest/on of Soil 
Son Ingestion rate (mg/day) 
Dermal Contact with Soil 
Dermal adherence factor (mglcm2

) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Conversion factor, (mglkg) 

Table 4-41a. Exposure Assumptions for the Hypothetical Facility Worker (Chromium) 

Value 
Adult 

Worker Symbol Source 

250 EF EPA.2001c 
25 ED EPA.2001c 
70 BW EPA.1997 

9,125 ATnc EPA. 1989 

50 lgR EPA. 2001c 

0.2 OAF EPA. 2001c 
2,800 SA EPA. 2001c 

0.01 ABSderm EPA. 1996 

1.E+06 CF1 

Table 4-41b. Health-Based Cleanup Levels for the Hypothetical Facility Worker (Chromium) 

Soli HBCl,.,ncancer =(Target Hazard lndex*BW"AT neY(EF*ED*((11RfDon~*lgRICF)+(1/RfD-·SA*DAFdonn*ABSdefmaii'CF))) 

NONCARCINOGENIC 
Target Hazard Index 
Health-Based Cleanup Level- Soli (mglkg) 

• 

1,406 

• .AMEC 



• • 
Table 4-42a. Exposure Assumptions for the Hypothetical Facility Worker (Benz(a)Anthracene) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (dayslyr) 250 EF EPA,2001c 
Exposure duration (yrs) 25 ED EPA,2001c 
Body weight (kg) 70 BW EPA, 1997 
Averaging time· carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
SoD Ingestion rate (mg/day) 50 lgR EPA,2001c 
Dennal Contact with Soil 

Dermal adherence factor (mg/cm2
) 0.2 OAF EPA,2001c 

Skin surface area exposed (cm2/day) 2,800 SA EPA,2001c 

Dermal Absorption 0.02 ABSde!m Magee et al., 1996 

Conversion factor, (mg/kg) 1.E+06 CF1 

Table 4-42b. Health-Based Cleanup Levels for the Hypothetical Facility Worker(Benz(a)Anthracene) 

Soil HBCI.ea.- =(Target Risk Levei*BW"ATcVIEF'ED*((CSF.,.tlgRICF)+(CSFdermo~•SA*DAF*ABSdennai"CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level· Soil (mg/kg) 

1.0E-Q5 
47 

• 

AMEC 



Table 443a. Exposure Assumptions for the Hypothetical Facility Worker (Benzo(a)Pyrene) 

Value 
Adult 

Parameter Worker 5ymbol Source 
Common Parameters 
Exposure frequency (dayslyr) 250 EF EPA.2001c 
Exposure duration (yrs) 25 ED EPA. 2001c 
Body weight (kg) 70 BW EPA. 1997 
Averaging time- carcinogenic (days) 27,375 ATe EPA. 1997 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
SoU Ingestion rate (mg/day) 50 lgR EPA. 2001c 
Dermal Contact with Soil 

Dermal adherence factor (mglcm2
) 0.2 OAF EPA. 2001c 

Skin surface area exposed (cm2/day) 2,800 SA EPA. 2001c 

Dermal Absorption 0.02 ABSc~enn Magee et al., 1996 

Conversion factor1 (mglkg) 1.E+06 CF1 

Table 443b. Health-Based Cleanup Levels for the Hypothetical Facility Worker (Benzo(a)Pyrene) 

Soil HBCLc.nc:.;, = (Target Risk Levei•BW* AT0)/(Ef•Eo•((CSF on~•JgR/CF)+(CSF dormo/SA.DAF*ABSdennai"CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level- Soil (mglkg) 

• 

1.0E-05 
4.74 

• 



• • 
Table 4-44a. Exposure Assumptions for the Hypothetical Facility Worker (Benzo(b)Fiuoranthene) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency ( dayslyr) 250 EF EPA,2001c 
Exposure duration (yrs) 25 ED EPA, 2001c 
Body weight (kg) 70 BW EPA, 1997 
Averaging time ·carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingest/on of So// 
SoU Ingestion rate (mg/day) 50 lgR EPA, 2001c 
Dermal Contact with Soil 
Dermal adherence factor (mglcm2

) 0.2 OAF EPA,2001c 
Skin surface area exposed (cm2/day) 2,800 SA EPA,2001c 

Dermal Absorption 0.02 ABSdenn Magee et at., 1996 
Conversion factor, (mglkg) 1.E+06 CF1 

Table 4-44b, Health-Based Cleanup Levels for the Hypothetical Facility Worker (Benzo(b)Fiuoranthene) 

Soli HBClc.nc.r =(Target Risk Levet•BW*ATcY(EF•Eo•((CSF-•tgRICF)+(CSF-·sA•DAF•ABscfennai"CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level· Soli (mg/kg) 

1.0E.Q5 
47 

• 

--

AMEC 



Parameter 
Common Parameters 
Exposure frequency ( days/yr} 
Exposure duration (yrs) 
Body weight (kg) 1 
Averaging time· carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of SoY 
Soil ingestion rate (mg/day) 
Dermal Contact with S011 
Dermal adherence factor (mglcm2

) 

Skin surface area exposed (cm2/day) 

Dermal Abs.orption 

Conversion factor, (mglkg) 

Table 445a. Exposure Assumptions for the Hypothetical Facility Worker (Benzo(k)Fiuoranthene) 

Adult 

Worker 

250 
25 
70 

27,375 

50 

0.2 

2,800 

0.02 

1.E+06 

Value 

Symbol 

EF 
ED 
BW 
ATe 

lgR 

OAF 

SA 

ABSc~erm 

CF1 

Source 

EPA, 2001c 
EPA, 2001c 
EPA, 1997 
EPA, 1997 

EPA, 2001c 

EPA, 2001c 

EPA,2001c 

Magee et al., 1996 

Table 445b. Health-Based Cleanup Levels for the Hypothetical Facility Worker (Benzo(k)Fiuoranthene) 

Soil HBCL,.,..... = (Target Risk Levei*BW* AT0)1(EF*ED*((CSF 0181*1gRICF)+(CSF """"'"*SA*DAF* ABSdermai"CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level ·Soil (mglkg) 

• 

1.0E-D5 
475 

• 



• 
Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time- carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
SoU Ingestion rate (mg!day) 
Dermal Contact with son 
Dermal adherence factor (mg!cm2

) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Conversion factor, (mglkg) 

• 
Table 4-46a. Exposure Assumptions for the Hypothetical Facility Worker (Carbazole) 

Value 
Adult 

Worker Symbol Source 

250 EF EPA. 2001c 
25 ED EPA. 2001c 
70 BW EPA,1997 

27,375 ATe EPA.1997 

50 lgR EPA.2001c 

0.2 OAF EPA,2001c 
2,800 SA EPA.2001c 

0.02 ABSderm Magee et al., 1996 

1.E+06 CF1 

Table 4-46b. Health-Based Cleanup Levels for the Hypothetical Facility Worker (Carbazole) 

Soli HBCLe.,...,... =(Target Risk Levei'BW*ATcY(EF'ED'((CSF,,.tlgR/CF)+(CSF.,.,m,tSA'DAF'ABS.,.,..,CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup level- Soil (mglkg) 

1.0E.05 
1,729 

• 

AMEC 



Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time- carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
SoU ingestion rate (mglday) 
Dermat Contact with Soil 
Oennal adherence factor (mglcnr) 

Skin surface area exposed (cm2/day) 

Dennal Absorption 
Conversion factor1 (mglkg) 

Table 447a. Exposure Assumptions for the Hypothetical Facility Worker (Chrysene) 

Value 
Adult 

Worker Symbol Source 

250 EF EPA, 2001c 
25 EO EPA,2001c 
70 BW EPA,1997 

27,375 ATe EPA,1997 

50 lgR EPA, 2001c 

0.2 OAF EPA, 2001c 
2,800 SA EPA,2001c 

0.02 ABSc~etm Magee et al., 1996 

1.E+06 CF1 

Table 447b. Health-Based Cleanup Levels for the Hypothetical Facility Worker (Chrysene) 

Soli HBC'-e.nc.r =(Target Risk LeveJ•BW'ATcY(EF•Eo•((CSFon~•lgRICF)+(CSF-·SA*DAPABSdefmaii'CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level- Soll(mg/kg) 

• 

1.0E.{)5 
4,753 

• • AMEC 



• • 
Table 4-48a. Exposure Assumptions for the Hypothetical Facility Worker (Dibenzo(a,h)Anthracene) 

Value 
Adult 

Parameter Worker Symbol Source 

Common Parameters 
Exposure frequency ( dayslyr) 250 EF EPA, 2001c 
Exposure duration (yrs) 25 ED EPA, 2001c 
Body weight (kg) 70 BW EPA, 1997 
Averaging time· carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Inc/dental Ingestion of Son 
Soil ingestion rate (mg/day) 50 lgR EPA, 2001c 
Dennal Contact with Son 
Dermal adherence factor (mg/cm2

) 0.2 OAF EPA,2001c 

Skin surface area exposed (cnr/day) 2,800 SA EPA,2001c 

Dermal Absorption 0.02 ABSderm Magee et al., 1996 

Conversion factor1 (mglkg) 1.E+06 CF1 

Table 4-48b. Health-Based Cleanup Levels for the Hypothetical Facility Worker (Dibenzo(a,h)Anthracene) 

Soli HBCI.e.,_ =(Target Risk Levei'BW*AT JI(EPED'((CSForo~'lgRICF)+(CSF-'SA'DAPABSclerlnoiCF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level- Soli (mgfkg) 

1.0E-<l5 
4.74 

• 

AMEC 



Table 4-49a. Exposure Assumptions for the Hypothetical Facility Worker (lndeno(1,2,3-cd)Pyrene) 

Value 
Adult 

Parameter Worker Symbol Source 
Common Parameters 
Exposure frequency (dayslyr) 250 EF EPA, 2001c 
Exposure duration (yrs) 25 EO EPA, 2001c 
Body weight (kg) 70 BW EPA,1997 
Averaging tlme- carcinogenic (days) 27,375 ATe EPA, 1997 
Pathway Specific Parameters 
Incidental Ingestion of Soil 
SoU ingestion rate (mgfday) 50 lgR EPA, 2001c 
Dermal Contact with Soli 

Dermal adherence factor (mglcm2
) 0.2 OAF EPA,2001c 

Skin surface area exposed (cm2/day) 2,800 SA EPA, 2001c 

Dermal Absorption 0.02 ABSdenn Mageeetal.,1996 

Conversion factor, (mglkg) f.E+06 CF1 

Table 4-49b. Health-Based Cleanup Levels for the Hypothetical Facility Worker (lndeno(1,2,3-cd)Pyrene) 

Soil HBCleanc.r = (Target Risk Levei*BW*ATcY(EF*EO*((CSF ,,..tlgRICF)+(CSF -·sA*OAF* ABSc!etrna~CF))) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level- Soil (mglkg) 

• 

1.0E..05 
47 

• • AMEC 



• 
Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time· noncarcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingest/on of Soil 
SoU Ingestion rate (mg/day) 
Dermal Contact with So" 
Dermal adherence factor (mglcm2

) 

Skin surface area exposed (cm2/day) 

Dermal AbsorpUon 

Conversion factor, (mg/kg) 

• 
Table 4-SOa. Exposure Assumptions for the Hypothetical Facility Worker (Naphthalene) 

Value 
Adult 

Worker Symbol Source 

250 EF EPA. 2001c 
25 ED EPA. 2001c 
70 BW EPA,1997 

9,125 ATnc EPA,1989 

50 lgR EPA. 2001c 

0.2 OAF EPA. 2001c 
2,800 SA EPA. 2001c 

0.02 ABSdenn Magee et al., 1996 

1.E+06 CF1 

Table 4-SOb. Health-Based Cleanup Levels for the Hypothetical Facility Worker (Naphthalene) 

Soil HBCLnor.:.nc.,. =(Target Hazard lndex*BW*AT ncV(EF*ED*((11RfD • .,,tlgRICF)+(11RfDdermotSA*DAFdenn•ABSdermii"CF))) 

NONCARCINOGENIC 

Target Hazard Index 
Health-Based Cleanup Level· Soli (mg/kg) 23,065 

• 

AMEC 



Parameter 
Common Parameters 
Exposure frequency (dayslyr) 
Exposure duration (yrs) 
Body weight (kg) 
Averaging time- noncarcfnogenfc (days) 
Averaging time- carcinogenic (days) 
Pathway Specific Parameters 
Incidental Ingestion of Son 
Soil ingestion rate (mglday) 
Dermal Contact with SoU 

Dermal adherence factor (mglcm2
) 

Skin surface area exposed (cm2/day) 

Dermal Absorption 

Conversion factor, {mglkg) 

Table 4-51a. Exposure Assumptions for the Hypothetical Facility Worker (TCDD TEQ) 

Value 
Adult 

Worker Symbol Source 

250 EF EPA,2001c 
25 ED EPA,2001c 
70 BW EPA, 1997 

9,125 ATnc EPA, 1989 
27,375 ATe EPA, 1997 

50 lgR EPA, 2001c 

0.2 OAF EPA, 2001c 
2,800 SA EPA, 2001c 

0.02 ABSc~erm Shu et al.,1987; 1988 a,b 
1.E+06 CF1 

Table 4-51 b. Health-Based Cleanup Levels for the Hypothetical Facility Worker (TCDD TEQ) 

Soil HBClnonconcer = (Target Hazard lndex*BW*AT nc:V(EPED*((1/RI00nllgRICF)+{1/RIO-·SA*DAF c~erm• ABSdermai"CF))) 

Soli HBCLc.nc.r =(Target Risk Levei*BW*AT JI(EF*ED*((CSF0,.,tlgR*/CF)+(CSFdermai*SA'DAF*ABSdennai"CF))) 

NONCARCINOGENIC 

Target Hazard Index 
Health-Based Cleanup Level -Soli (mglkg) 

CARCINOGENIC 

Target Risk Level 
Health-Based Cleanup Level -Soli (mglkg) 

• 

0.002 

1.0E-05 
0.00033 

• .AMEC 



• I 

-· 

• 
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Table 5-1. Summary of Site-Specific Sediment ciea~up Levels (mg/kg} [ppm] 

Chemical 
Arsenic 
Chromium 
Benz(a)Anthracene 
Benzo(a)Pyrene 
Benzo(b )Fiuoranthene 
Benzo(k) Fluoranthene 
Chrysene 
Dibenzo(a,h)Anthracene 
lndeno(1 ,2,3-cd)Pyrene 
TCDDTEQ 

NA = Not Applicable 

Adolescent Trespasser 
Carcinogenic Noncarcinogenic 

41 2,486 
NA 13,985 
738 NA 
74 NA 
738 NA 

7,394 NA 
73,944 NA 

74 NA 
738 NA 

0.004 0.008 

Balded values ·indicate lowest sediment cleanup target 

AMEC 



Table 5-2. Summary of Site-Specific Subsurface Soil Cleanup Levels (mg/kg) [ppm] 

Utilit~ Worker Construction Worker 
Carcino9enic Noncarcino9enic Carcino9enic Noncarcino9enic 

Chemical 
Arsenic 146 22,341 61 372 
Chromium 2,546 122,109 1,061 2,035 
Benz(a)Anthracene 2,634 NA 1,097 NA 
Benzo(a)Pyrene 263 NA 110 NA 
Benzo(b )Fiuoranthene 2,634 NA 1,097 NA 
Benzo(k) Fluoranthene 26,374 NA 10,989 NA 
Carbazole 96,046 NA 40,019 NA 
Chrysene 263,744 NA 109,894 NA 
Dibenzo(a,h)Anthracene 263 NA 110 NA 
lndeno(1 ,2,3-cd)Pyrene 2,634 NA 1,097 NA 
Naphthalene NA 742,680 NA 12,378 
TCDDTEQ 0.0146 0.0729 0.0061 0.0012 

NA = Not Applicable 
Balded values indicate lowest subsurface soil cleanup target 

• 

• 
AMEC 



• 

•• 

• 

Table 5-3. Summary of Site-Specific Surface Soil Cleanup Levels (mg/kg) [ppm] 

Chemical 
Arsenic 
Chromium 
Benz(a)Anthracene 
Benzo(a)Pyrene 
Benzo(b )Fiuoranthene 
Benzo(k) Fluoranthene 
Carbazole 
Chrysene 
Dibenzo(a,h)Anthracene 
lndeno(1 ,2,3-cd)Pyrene 
Naphthalene 
TCDDTEQ 

NA = Not Applicable 
Bolded values indicate lowest soil cleanup target 

Facility Worker _ 
Carcinogenic Noncarcinogenic . 

4 
NA 
47 
5 

47 
475 

1,729 
4,753 

5 
47 
NA 

0.0003 

526 
1,406 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

23,065 
0.002 

AMEC 



Table 5-4. Summary of Sediment RBC Exceedances by Sample Location • 
Exposure Area Sample Name f ·.· Sample ID . Sample Depth Analyte · .. Sample Concentration (mg/kg) 

Creek SS-10 121492SS10 0-2' Benzo(a)pyrene 680 
Creek SS-10 121492SS10 0-2' Benzo(b )fluoranthene 1800 
Drainage Ditch SD-26 012301SD26 0- 0.25' TCDD-TEQ 0.00626498 
Drainage Ditch SD-28 012301SD28 0- 0.25' TCDD-TEQ 0.00653777 
Offsite Backgrol SD-41 012501SD41 0- 0.25' Arsenic** 120 
Wetlands SD-24 012501SD24 0- 0.25' Arsenic 180 

**: This exceedance is a background sample 

• 

• 
AMEC 



• 

• 

• 

Table S..S. Summary of Surface Soli RBC Exceedances by Sampling Location l'l 

Exposure Area Sample Name SampleiD Sample Depth 
lF LF1A 021596LF1A 0-0.5' 
lF LF1A 100990LF1A 0-0.5' 
lF LF1A 021596LF1A 0-0.5' 
LF LF1A 100990Lf1A 0-0.5' 
LF LF2A 100990LF2A 0-0.5' 
LF LF2A 021596LF2A 0-0.5' 
lF LF2A 100990LF2A 0-0.5' 
lF LF2A 021596LF2A 0-0.5' 
lF 55-14 1004965514 0-2' 
lF 55-14 1004965514 0-2' 
lF 55-14 1004965514 0-2' 
lF 55-14 1004965514 0-2' 
NTA NTA·1 022691NTA1 0-0.5' 
NTA NTA-3 022691NTA3 0-0.5' 
NTA NTA-5 022691NTA5 0-0.5' 
NTA NTA-6 022691NTA6 0·0.5' 
NTA NTA-7 022691NTA7 0-0.5' 
NTA NTA-7 022691NTA7 0-0.5' 
NTA NTA-8 022691NTAB 0-0.5' 
NTA NTA-9 022691NTA9 0·0.5' 
NTB NT8-1 030191NT81 0·0.5' 
NT8 NTB-10 030191NT810 0·0.5' 
NT8 NTB-11 030191NT811 0-0.5' 
NT8 NTB-13 030191 NT813 0-0.5' 
NT8 NTB-3 022B91NT83 0-0.5' 
NT8 NTB-4 030191NTB4 0-0.5' 
NTB NTB-4 030191NTB4 0-0.5' 
NT8 NTB-6 022B91NT86 0·0.5' 
NT8 NTB-7 022B91NT87 0-0.5' 
NT8 NTB-8 030191NTB8 0-0.5' 
NTB NTB-9 030191NT89 0-0.5' 
OFF51TE8KGRD 55..02 1004965502 0-2' 
OFF5iTEBKGRD 5S..03 1004965503 0-2' 
POA PDA118 021496POA118 1 -1.5' 
POA PDA118 021496PDA11B 1 -1.5' 
POA POA1A 021496PDA1A 0-0.5' 
POA POA1A 021496PDA1A 0-0.5' 
POA POA1A 021496POA1A 0-0.5' 
PDA POA1A 021496PDA1A 0-0.5' 
PDA PDA18 021496PDA18 1 -1.5' 
POA PDA2A 021496PDA2A 0-0.5' 
POA POA3A 021496PDA3A 0-0.5' 
POA PDASA 021496PDA6A o-0.5' 
PDA PDASA 021496POA6A 0-0.5' 
PDA PDA7A 021496PDA7A 0-0.5' 
POA PDA7A 021496PDA7A 0·0.5' 
POA POA78 021496POA7B 1 -1.5' 
PDA POABA 021496PDA8A 0-0.5' 
PDA PDA8A 021496PDABA 0-0.5' 
POA 58..()8 1004965808 >2.0' 
PDA 58..()8 1004965808 >2.0' 

POA 55..()6 1004965506 0 -2' 
POA 55..06 1004965506 0- 2' 
PDA 55·06 1004965506 0 -2' 
PDA 5S..06 1004965506 0 -2' 
POA 5S..07 1004965507 0·2' 
PDA 55..()7 1004965507 0-2' 
POA 5S..06 1004965506 0-2' 
POA 55·21 1004965521 0-2' 
TWSA 55-10 1004965510 0·2' 
TW5A 55·12 1004965512 0-2' 
TW5A TW5·10A 022891TW510A 0·0.5' 
TWSA TW5·10A 022891TW510A 0-0.5' 
TWSA TW5·10B 022891TW5108 1 -1.5' 
TWSA TW5-11A 022791TW511A 0-0.5' 
TWSA TW5-1A 022891TW51A 0-0.5' 
TWSA TW5-1A 022891TW51A 0·0.5' 
TWSA TW5-2A 022891TW52A 0·0.5' 
TWSA TW5-3A 022891TW53A 0·0.5' 
TW5A TW5-4A 022891TWS4A 0·0.5' 
TW5A TW5-5A 022891TW55A 0- 0.5' 
TWSA TW5..SA 022891 TW56A 0·0.5' 
TW58 55-20 1004965520 0-2' 
TW58 55-20 1004965520 0-2' 
TW58 TW5811A 021496TW5811A 0-0.5' 
TW58 TW5812A 021496TW5812A 0-0.5' 
TW58 TW5813A 021496TW5813A 0-0.5' 
I_W:S8 TW:s813A 021496TW5813A 0·0 .• 
TW5B TW5815A 021496TW5815A 0·0.5' 
TW58 TW5815A 021496TW5815A 0·0.5' 
TW58 TW5815ADU 021496TW5815A 0-0.5' 
TW58 TW581A 021496TW581A 0-0.5' 
TW58 TW584A 021496TW5B4A 0-0.5' 
TW58 TWSB4A 021496TW5B4A 0- 0.5' 
TW58 TW585A 021496TW585A 0-0.5' 
TW58 TW5B5A 021496TW585A 0-0.5' 
TW58 TW585A 021496TW585A 0·0.5' 
TW5B TWSB5A 021496TWSB5A 0·0.5' 
TW58 TW586A 021496TW586A 0-0.5' 
TW5B TW589A 021496TWSB9A 0-0.5' 
WOOD 55-17 1004965517 0-2' 

(1). Some exceedances are from background locations, as follows: 
•: Indicates arsenic exceedance Is due to background sample 

Ana lyle Sample Concentralion (mg/kg) 
TCDD-TEQ 0.002 
TCDD-TEQ 0.002 
TCDD-TEQ 0.002 
TCDD-TEQ 0.002 
TCDD-TEQ 0.003 

,fCDD-TEQ : 0.003 
TCDD-TEQ 0.003 
TCDD-TEQ 0.003 

Arsenic 5 
Benzo a)pyrene 29 

TCDD-TEQ 0.003 
TCDD-TEQ 0.003 

Arsenic 11 
Arsenic 30 
Arsenic 7.1 
Arsenic 25 
Arsenic 63 
Arsenic 63 
Arsenic 10 
Arsenic 54 
Arsenic 7 
Arsenic 4.7 
Arsenic 8.1 
Arsenic 13 
Arsenic 4.8 

8enzo(a pyrene 17 
Benzo b,k)fluoranthene 50 

Arsenic 5 
Arsenic 9.4 
Arsenic 5.3 
Arsenic 12 

Arsenic • 56 
Arsenic • 5.4 

8enzo a)pyrene 165 
Oibenzo(a,h)anthracene- 165 

Arsenic 1300 
Arsenic 1300 

Benzo a pyrene 5.3 
Chromium 1200 

Arsenic 110 
Arsenic 5.6 
Arsenic 27 
Arsenic 67 
Arsenic 67 
Arsenic 74 
Arsenic 74 
Arsenic 74 
Arsenic 45 

8enzo(a)pyrene 7.3 
8enzo(a )anthracene 1400 

8enzo a )pyrene 370 
Arsenic 210 
Arsenic 210 

TCDD-TEQ 0.003 
TCDD-TEQ 0.003 

Arsenic 16 
Benzo a pyrene 5.3 

Arsenic 27 
Arsenic 43 
Arsenic 16 
Arsenic 12 

8enzo(a)pyrene 17 
8enzo(b,k)fluoranthene 60 

8enzo a )pyrene 290 
Arsenic 31 
Arsenic 6.8 

Benzo(a)pyrene 5.1 
Arsenic 6.4 
Arsenic 13 
Arsenic 26 
Arsenic 41 
Arsenic 8.7 
Arsenic 83 
Arsenic 83 
Arsenic 20 
Arsenic 5.3 
Arsenic 42 

8enzo(a)pyrene u.u 
Arsenic 13 

8enzo a )pyrene 5.5 
Arsenic 14 
Arsenic 4.1 
Arsenic 38 

8enzo a )pyrene 11 
Arsenic 5.7 

8enzo(a)anthracene 59 
Benzo(a)pyrene 26 

Benzo(b )fluoranthene 60 
Arsenic 5.9 
Arsenic 16 

TCDD-TEQ 0.001 

.. : Oibenzo(a,h)anthracene exceedance Is due to a 112DL value that Is approximately 70 times higher than the maximum detect. 
This exceedance should be excluded for this reason. AMEC 



Table 5-6. Summary of Soli Exceedances by Sample Location • Exposure Area Sample Name Sample ID Sample Depth - Analyte Sample Concentration (mg/kg) 
LF LF1A 021596LF1A 0-0.5' TCDD-TEQ 0.002 
LF LF1A 100990LF1A 0-0.5' TCDD-TEQ 0.002 
LF LF2A 100990LF2A 0-0.5' TCDD-TEQ 0.003 
LF LF2A 021596LF2A 0-0.5' TCDD·TEQ 0.003 
LF SS-14 100496SS14 0·2' TCDD·TEQ 0.003 
NTA NTA·7 022691NTA7 0-0.5' Arsenic 63 
PDA PDA11B 021496PDA11B 1 ·1.5' Benzo(a)pyrene 165U 
PDA PDA11B 021496PDA11B 1-1.5' Dibenzo(a,h)anthracene•• 165U 
PDA PDA1A 021496PDA1A 0-0.5' Arsenic 1300 
PDA PDA1A 021496PDA1A 0-0.5' Chromium 1200 
PDA PDA1B 021496PDA1B 1 -1.5' Arsenic 110 
PDA PDA6A 021496PDA6A 0-0.5' Arsenic 67 
PDA PDA7A 021496PDA7A 0-0.5' Arsenic 74 
PDA PDA7B 021496PDA7B 1 ·1.5' Arsenic 74 
PDA SB-08 100496SB08 >2.0' Benzo(a)anthracene 1400 
PDA 58·08 1004965808 >2.0' Benzo(a)pyrene 370J 
PDA 55-06 100496S506 0-2' Arsenic 210 
PDA 55·06 1004965506 0·2' TCDD-TEQ 0.003 
TW8A TW5·108 022891TWS108 1·1.5' Benzo(a)pyrene 290 
TW8B 55-20 1004965520 0·2' Arsenic 83 

"":This exceedance Is due to a 112DL value that Is -70 times higher than the max detect, and should therefore be excluded. 
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EXECUTIVE SUMMARY 

On behalf of the Southern Wood Piedmont Company (SWP) and its former Wilmington, North 
Carolina, New Hanover County site ("Site") owned by the North Carolina State Ports Authority, 
AMEC Earth & Environmental, Inc. (AMEC) has prepared the following baseline ecological risk 
assessment (SERA). This evaluation has been prepared in support of the companion 
Supplemental Remedial Investigation (SRI) and Human Health Risk Assessment reports. 

This SERA supplements a May 29, 1996 baseline Screening Level Ecological (SLERA) 
prepared by ChemRisk on behalf of SWP, and takes into consideration a larger media sampling 
database compared to that which was available in 1996 when the SLERA was prepared. The 
document provides recommendations relevant to ecological risks for consideration in the 
subsequent development of a site remedial action plan (RAP). Finally, this analysis fulfills 
SWP's commitment to addressing NCDENR concerns raised during comments on the 
Supplemental Remedial Investigation Work Plan. 

Site environmental sampling data from 1990 to present were evaluated using the methodology 
presented in EPA's Ecological Risk Assessment Guidance for Superfund (ERAGS; 1997a) and 
EPA Region IV Ecological Risk Assessment Bulletins (EPA, 2001 a), which serve as a 
supplement to ERAGS. · 

Four Assessment Endpoints and eight Measurement Endpoints were used to assess the 
potential ecological risks at the Site. Receptors of interest include benthic invertebrates, fish, 
upper trophic level piscivorous birds (i.e., great blue heron), upper trophic level carnivorous 
birds (i.e., red-tailed hawk), and upper trophic level piscivorous mammals (i.e., mink). Both 
empirical and modeled prey chemical concentrations were used in this SERA. 

Key ERA results from the evaluation of 60 chemicals of potential concern (COPECs) include the 
following: 

• Benthic Populations: Several metrics were used to assess. the potential risk to benthic 
populations, and these are summarized below: 

• PCB-1260 and lead exceeded AWQS or state WQS criteria in the surface water 
samples. Several of the COPECs were above the sediment quality guidelines 
(SQGs). 

• A qualitative field survey performed as part of the SLERA (ChemRisk, 1996) 
indicated the presence of macroinvertebrate species typical of slow moving shallow 
waterbodies. A detailed enumeration or identification of these species was not 
performed. 

• The AVS/SEM results suggest that most of the divalent metals would be associated 
with insoluble sulfides and not bioavailable for receptor uptake. Other metals are 
likely bound by organic complexing agents (i.e., TOG). 
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• Sediments collected within the drainage ditch and Greenfield Creek exhibited 
toxicity, based on the amphipod and chironomid tests that were performed. 

• In summary, the line of evidence indicates the potential for an impact on the benthic 
organisms present within the drainage ditch and the creek. This is likely due to the 
organic COPECs detected in the sediment samples. 

• Fish Populations 

• As with the benthic assessment endpoint, PCB-1260 and lead exceeded AWQS or 
state WQS criteria in the surface water samples. Several of the COPECs were 
above the SQGs. 

• Comparison of tissue body burdens to NOELs compiled in the USACE ERED 
database showed that all but one COPEC (copper) were below the tissue levels that 
may elicit a toxic effect. 

• Great Blue Heron 

• 

• Potential risk to the Great Blue Heron (receptor representing upper trophic level • 
piscivorous avian populations) was evaluated using the HQ method. Both empirical 
and modeled biota concentrations were used to estimate exposures. The HQs for 
eight of the 60 COPECs exceeded one, however, only HQs for benzo(b)fluoranthene 
(39) and PCBs (60.6} are greater than ten. Review of the dose calculations showed 
that these exceedances were associated with exposure to invertebrates (which 
represented about 1% of the diet) that were based on modeled concentrations. 

• Red-Tailed Hawk 

• Potential risk to the Red-Tailed Hawk (receptor representing upper trophic level 
predaceous avian populations) was evaluated using the HQ method. Both empirical 
and modeled biota concentrations were useo to estimate exposures. The HQs for all 
COPECs were below one, except for benzo(g,h,i)perylene (HQ of 2.2). This is not 
considered to be significant since a conservative model was used to estimate the 
principal prey item (small mammals) for this species. 

• Mink 

• Potential risk to the Mink (receptor representing upper trophic level piscivorous 
mammals) was evaluated using the HQ method. Both empirical and modeled biota 
concentrations were used to estimate exposures. The HQs for all COPECs were 
below one. 
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Weight-of-evidence and determination of the Ecological Significance and Relevance of the ERA 
results was also performed. Based on these results, the upper trophic level populations are not 
predicted to be at a significant risk. However, since the sediments within the drainage ditch and 
Greenfield Creek are exhibiting toxicity, and the lower trophic level community serve indirectly 
as a prey base for the evaluated higher trophic levels, consideration to improving sediment 
quality in this area would enhance the desirable upper trophic level receptor populations. 
However, any corrective action, should be weighted against probable future use of the Site by 
the North Carolina Ports Authority. 

1.0 INTRODUCTION 

. This baseline ecological risk assessment (SERA) was performed for the Southern Wood 
Piedmont Company (SWP) (NCO 058 517 467) and its site in Wilmington, New Hanover 
County, North Carolina (the Site), owned by the North Carolina State Ports Authority. The 
evaluation was performed as part of the Supplemental Remedial Investigation (SRI) conducted 
by Schnabel Engineering.1 This BERA supplements a screening-level ecological risk 
assessment (SLERA) prepared by ChemRisk for the Site in 1996 (ChemRisk, 1996). The 
SLERA was developed using analytical data from 1985 through 1995 and following guidance 
available at that time (e.g., EPA, 1994a). Additional data have been collected from the Site 
since that time, and ecological risk assessment guidance has been updated (e.g., EPA, 1997). 
This BERA has been prepared in compliance with EPA's Ecological Risk Assessment Guidance 
for Superfund (ERAGS; 1997a) and EPA Region IV Ecological Risk Assessment Bulletins (EPA, 
2001a), which serve as a supplement to ERAGS. 

ERAGS specifies that an eight-step process be used to perform ecological risk assessments 
within the Superfund process, as follows: 

1. Preliminary Screening Level 
2. Screening Level 
3. Problem Formulation 
4. Study Design and Development of Data Quality Objectives 
5. Verification of Field Sampling Design 
6. Site Investigation and Data Analysis 
7. Risk Characterization, and 
8. Risk Management. 

Many of the steps in the ERA process include Strategic Management Decision Points (SMDPs) 
whose objectives include the following: 

• Verify that the work that was conducted at each step is complete; 
• Determine whether the risk assessment is proceeding in a direction that will support 

decision-making; and 

1 AMEC has prepared a separate supplemental human health risk evaluation that should be consulted in 
conjunction with this SERA when evaluating remedial action alternatives for the Site. 
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SMDPs provide an opportunity to fine tune and focus any additional ERA activities to address 
the specific goals of the ERA. They also provide the opportunity to exit the process where the 
weight of evidence supports no further action, as all eight steps may not be required for all site 
evaluations. , 

EPA has also issued a set of risk management principles that are relevant to ERAs and serve 
as a supplement to the ERA guidance (EPA, 1999a). This October 1999 OSWER Directive 
recommends the following series of risk assessment/risk management questions be addressed 
at each SMDP: 

What ecological receptors should be protected? Site-specific assessment endpoints should be 
identified that address chemical-specific potential adverse effects to local populations and 
communities of plants and animals. The role of structure and function of the endpoint becomes 
important in this decision (Clements, 1997; Keenan et al., 1999). For example, the structure of 

·the benthic community itself (i.e., its diversitY) may be less important to the local system than 
the higher trophic levels it supports (i.e., it's function as a biomass source for higher trophic level 
organisms). 

Is there an unacceptable ecological risk at the site? Ecological impacts may be readily apparent • 
(e.g., loss of vegetation) or less apparent (e.g., slight change in benthic abundance). A variety 
of assessment and measurement endpoints may be needed to generate lines-of-evidence to 
determine whether a potential exists for unacceptable ecological risk. It is also important to 
determine whether or not the observed "effect" is due to site-related chemicals, or from 
indigenous conditions (e.g., naturally reducing conditions causing a paucity of benthic 
organisms). 

The remaining risk assessment/risk management questions emphasize issues related to 
remediation. However, the responses to these questions are tied to how the investigatory and 
evaluation stages of the ERA are conducted. 

Will the cleanup cause more ecological harm than current site contamination? This is to be 
addressed both for short-term and long-term effects, and it is related to the ability of a system to 
recover from any disturbance related to remediation. For example, it may be contraindicated to 
remove a bottomland hardwood forest based on presumed short-term ecological impact to a 
small mammal when the forest can not be restored due to issues related to water management 
as well as the long period of time required for system recovery . 

. 
What cleanup levels are protective? If a decision is made that a remedial action is required, the 
various lines-of-evidence that are used to evaluate the potential risks are revisited to determine 
an appropriate cleanup goal. In considering the selection of a remedy, the proposed 
alternatives should be evaluated as to their likelihood of achieving success and the associated 
timeframes for the ecological community to fully recover. For example, empirical data • 
supporting a concentration/response gradient can be used for such an assessment. · 
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In addition to the above questions, the OSWER Directive identifies six principles that risk 
managers should address when scoph1g ecological risk assessments or when making 
ecological risk management decisions (EPA, 1999a). The principles are: : 

1. Principle No. 1 - Reduce ecological risks to levels that will result in the recovery and 
maintenance of healthy local populations and communities of biota. 

2. Principle No. 2 - Coordinate with Federal, Tribal, and State Natural Resource 
Trustees. 

3. Principle No. 3 - Use site-specific ecological risk data to support cleanup decisions. 
Site-specific data are used to determine whether or not site releases present 
unacceptable risks and to develop quantitative cleanup levels that are protective. 

4. Principle No. 4 - Characterize site risks. Site risks are characterized in terms of the 
following: 

• Magnitude; i.e., the degree of the observed or predicted responses of receptors 
to the range of contaminant levels, · 

• Severitv: i.e., how many and to what extent the receptors may be affected, 
• Distribution; i.e., areal extent and duration over which the effects may occur, and 
• The potential for recovetv of the affected receptors . 

5. Principle No. 5 - Communicate risks to the public. 
6. Principle No. 6 - Remediate unacceptable ecological risks. 

ERAG Steps 1 and 2 were conducted as part of the SLERA (ChemRisk, 1996). This SERA 
addresses steps 3 through 8 in the sections that follow. This document is organized as follows. 
Section 2 provides a brief description of the Site setting and ecology. A summary of the key 
findings of the SLERA is given in Section 3. Section 4 details the Problem Formulation step of 
the SERA; namely, the selection of COPECs, the identification of the ecological endpoints to be 
protected, the organisms used as environmental receptors, and their potential routes of 
exposure. In Section 5, the exposure assessment is described, including the identification of 
exposure pathways and the calculation of exposure point concentrations (EPCs), and the 
evaluation of the ecological effects of COPECs. Finally, Section 6 contains the risk 
characterization, the risk management context of those risks is discussed in Section 7, Section 
8 describes potential uncertainties inherent in the estimation of risks, and a summary of the 
conclusions is provided in Section 9. 

2.0 SITE DESCRIPTION 

The Site, as discussed in detail in Sections 1 and 10 of the Rl report (SWP, 1999), 
encompasses 52 acres of vacant land in an industrial corridor bordering the Cape Fear River on 
its eastern shore in Wilmington, North Carolina (Figure 2-1 ). The North Carolina State Ports 
Authority owns the entire site after recently purchasing 35 acres from the City of Wilmington to 
add to the seventeen acres in the southern portion of the Site it already owned. The Site, 
initially developed for World War I barge and ship construction, housed wood-treating 
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operations from the 1930s until the early 1980s. Since that time, all equipment and buildings 
have been removed from the Site, and unpaved areas have become covered with grass and 
vegetation. Sections of unpaved and paved roads, concrete slabs, and partially buried railroad 
ties remain on the Site from previous operations. 

Approximately 1 0 acres of wetlands are present in eastern and southern areas onsite, and the 
southern half of the Site (approximately 35 acres) is wooded (personal communication, G. 
Kuntz, Schnabel Engineering). A covered drainage ditch runs north-south near the eastern Site 
boundary and empties into Greenfield Creek, a tributary of the Cape Fear River which forms the 
southern boundary of the Site. The Site is bounded on the north and south by two bulk 
petroleum storage facilities: Amerada Hess Petroleum Terminal to the north and VOPAK 
Petroleum Terminal to the south. Railroad tracks border the Site on the east and separate the 
Site from Front Street, Optimist Park, and parking areas. Land use in the vicinity of the Site is 
variable, with mixed residential and industrial uses. 

The Site contains both aquatic and terrestrial habitat. Aquatic habitats consist of the drainage 
ditch, Greenfield Creek, and the margins of the Cape Fear River. The drainage ditch drains 
runoff from the majority of the Site to Greenfield Creek, which in turn flows into the Cape Fear 
River via a tidal gate. The Cape Fear River in the vicinity of the Site is primarily estuarine and 
tidally influenced, with a salinity range that is considered oligohaline (i.e., 0.5 to 5.0 ppt) 

• 

(ChemRisk, 1996). Terrestrial habitats onsite include wooded areas, riparian and wetland • 
vegetation, and grassy open fields. Though terrestrial habitat is present in a large enough 
quantity to support mammalian food .webs, the industrial nature of its surroundings likely 
influences the quality of the habitat. A more detailed habitat characterization of the Site and its 
surroundings is presented in the SLERA (ChemRisk, 1 996). 

The US Fish and Wildlife Service considers 62 plant and animal species found in North Carolina 
to be either threatened or endangered (USFWS, 2001 ). More specifically, the North Carolina 
Natural Heritage Program lists 16 species within the Wilmington USGS quad (including 6 
vertebrates, 2 invertebrates, and 8 vascular plants) that are considered either threatened, 
endangered, rare, of special concern, or candidates for listing (NCNHP, 2001). Additionally, 
four natural communities and one special habitat are listed as occurring within the Wilmington 
quad within the past 20 years. A more detailed discussion of potential threatened or 
endangered species at the Site is contained in the SLERA (ChemRisk, 1 996). 

3.0 SUMMARY OF SLERA 

The SLERA (ChemRisk, 1 996}, which encompasses the first two ERAG steps listed in Section 1 
above, evaluated potential risks to aquatic receptors (benthic macroinvertebrates and fish) and 
piscivorous birds (great blue heron) from exposure to COPECs in Site sediments. Metals and 
PAHs were considered COPECs based on the data that were available at that time. The key 
conclusions of the SLERA are listed below: 

• Metals concentrations in sediments were found to be generally below levels of • 
concern based on a comparison to sediment quality guidelines (SQGs). Even 
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though some sampling locations contained metals at concentrations exceeding 
SQGs, results of an acid volatile sulfide/semi-extractable metals (AVS/SEM) analysis 
indicated that most locations had sufficient chelating properties . (including total 
organic carbon [TOG]) to reduce the bioavailability of these metals to aquatic 
organisms. 

• Potential risks due to ditch/creek sediments appeared to be confined to benthic 
macroinvertebrates, though qualitative observations of the local benthos indicated 
the presence of several taxa suited to freshwater habitats such as those present at 
the Site. 

• Risks associated with the direct contact and ingestion of Site sediments by benthic 
invertebrates and a locally abundant fish species (Leiostomus xanthurus [spot]) 
presented a potential hazard at some locations. However, these risk estimates did 
not incorporate physicochemical factors that control bioavailability (e.g., AVS and 
TOG). 

• Potential risks from PAH exposure in river sediments were predominately attributed 
to direct contact and ingestion of sediments by benthic organisms. Only a few 
locations in the study area contained PAHs at levels causing potential risks to spot. 

• No potential adverse effects were identified for the piscivorous avian receptor (Ardea 
herodias [great blue heron]). 

A detailed description of the SLERA may be found in GhemRisk (1996). This SERA expands 
the evaluation of risk to include terrestrial receptors that may frequent the Site due to the 
revegetation that is occurring. It also relies on a recently expanded database to evaluate 
ecological risk at the Site in a more site-specific manner. The. SERA is described below. 

4.0 PROBLEM FORMULATION 

Problem formulation is the first step in conducting a SERA. As described by EPA (1998), it is a 
process "for generating and evaluating preliminary hypotheses about why ecological effects 
have occurred, or may occur, from human activities.". The problem formulation for this Site was 
actually begun in the SLERA. As such, this phase of the evaluation involves refining SLERA 
hypotheses and using site-specific information to determine the scope and objectives of the 
SERA through the development of. a conceptual Site model. The components of problem 
formulation that will be emphasized here are listed below and described in detail in subsequent 
sections of this report: 

• Refining preliminary GOPEGs based on an evaluation of more recent site-specific 
data; 

• Identifying assessment and measurement endpoints to frame the evaluation; and 
• Selecting receptors to be evaluated. 
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As described. briefly in Section 1 and in detail in the SLERA (ChemRisk, 1996), a variety of 
avian, fish, and mammalian species may utilize the wetlands, waterways, and terrestrial areas in 
the vicinity of the Site and potentially be exposed to COPECs. Such potential exposure may 
occur through the consumption of biota, soil, sediment, and water containing COPECs and/or 
through direct contact with COPECs in environmental media. · 

4.1 Identification of Chemicals of Potential Concern 

Environmental media have been sampled at the Site since 1985. These data were summarized 
in Section 15.0 of the SRI (2001) report. However, due to the abundance of recent data, 
significant changes in laboratory analytical and reporting procedures in the last several years, 
and removal activities that have occurred onsite, only data collected since 1990 are included in 
this evaluation. These data include sediment, soil, fish tissue, and surface water data collected 
between 1990 and 2001, as shown in Tables 4-1 through 4-4. 

Wood treating constituents used historically at the Site are generally considered to include 
PAHs, pentachlorophenol (with trace levels of PCDDs/PCDFs), arsenic,.chromium, and copper. 
Other constituents, including pesticides, PCBs, other SVOCs, and other metals, are assumed to 
be unrelated to wood treating operations, though they have been analyzed for at the Site. 
Comprehensive tables of the data used in this evaluation are included as Appendix A: Table A-

., 

1 (fish tissue), Table A-2 (sediment data), Table A-3 (soil data}, and Table A-4 (surface water • 
data). 

For the purposes of ecological risk assessment, groundwater data were not included in the 
evaluation as a potential exposure pathway. It is assumed that any compounds in groundwater 
will migrate to surface water and therefore are reflected in the surface water analytical results. 
This is also reasonable as no potential ecological receptors are exposed to groundwater. 
Subsurface soil samples were also not included in the evaluation, because soil invertebrates 
and burrowing mammals are typically only exposed to soil up to depths of approximately six 
inches. Surface soil samples used encompassed depth intervals of 0 to 6 inches and 0 to 24 
inches. Despite the large depth range of 0 to 24 inches, those samples were conservatively 
included as they encompassed surficial soils. Similarly, only surficial sediment samples were 
evaluated in the ecological exposure assessment. Benthic macroinvertebrates typically inhabit 
the top three to six inches of substrate. As with the surface soil, sample depth intervals used 
included 0 to 4 inches and 0 to 24 inches. 

COPECs were determined using frequency of detection, comparison to screening levels and 
background data, and analytical qualifiers. The first step in COPEC identification was to remove 
any compounds that were considered "tentatively identified compounds" {TICs). These 85 
compounds, listed in Table 4-5, were given J and N flags by the analytical laboratory and had 
only estimated concentrations2

• Additionally, these TICs have generally not been studied by 
ecotoxicologists and therefore cannot be evaluated using conventional ecological risk 
assessment techniques. A small number of compounds were also eliminated from 

2 The TICs are flagged in this manner since there were no corresponding standards of the chemicals for • 
calibration and identification verification. 
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consideration because they represent a chemical group or class, rather than an individual 
compound, and have no criteria available by which to evaluate them. These compounds 
include: alkanes, branched alkanes, carboxylic acids, and cyclic alkanes. Each remaining 
analyte's frequency of detection was determined. Any compounds that were not detected 
greater than five percent of the time were removed from consideration. Analytes that were 
detected in over five percent of the samples analyzed were screened against EPA Region IV 
screening values (EPA, 2001a) by comparing their maximum detected concentration to Region 
IV screening concentrations. For sediment and soil samples, any compounds detected at 
concentrations above screening levels, and any compounds not having screening levels, were 
retained in the analysis. Sediment compounds without Region IV screening levels were 
compared to Lowest Effect Levels (LELs) (Persaud et al., 1993). Surface water analytes not 
having Region IV screening levels were compared to EPA ambient water quality criteria 
(AWQC; e.g., EPA, 1999b; Suter and Tsao, 1996). Any compounds detected at concentrations 
above screening levels, and any not having either Region IV screening levels or AWQC, were 
retained in the analysis. The results of these screening analyses are shown in Tables 4-6 
through 4-9 for fish, sediment, soil, and surface water, respectively. 

Compounds in onsite samples exceeding or not possessing screening levels were compared to 
offsite samples (considered representative of background). Mean and maximum concentrations 
of each analyte in soil, sediment, and surface water were calculated for onsite and offsite 
samples. If both mean and maximum onsite concentrations of an analyte were equal or" Jess 
than mean and maximum offsite concentrations, the analyte was considered consistent with 
background conditions and removed from the analysis at this point. However, central tendency 
and maximum comparisons may occasionally result in opposite outcomes for a given analyte. If 
the mean onsite concentration of such an analyte was less than or equal to the mean offsite 
concentration, and the maximum onsite concentration was no more than 50% greater than the 
maximum offsite concentration, the analyte was considered consistent with background 
conditions and removed from the analysis. Conversely, if the maximum onsite concentration of 
an analyte was less than or equal to the maximum offsite concentration, and the mean onsite 
concentration was no more than 50% greater than the mean offsite concentration, the analyte 
was considered consistent with background conditions and removed from the analysis. This 
background screening analysis is presented in Tables 4-10 (sediment), 4-11 (soil), and 4-12 
(surface water). 

Compounds that were remaining after all of the above screens were conducted were considered 
COPECs. The COPECs for sediment, surface soil, surface water, and fish are compiled in 
Table 4-13. 

4.2 Identification of Assessment and Measurement Endpoints 

Assessment endpoints are defined as "explicit expressions of the actual environmental value 
that is to be protected, operationally defined by an ecological entity and its attributes" (EPA, 
1998). Based on the results of the SLERA and subsequent field investigations, primary 
chemicals of concern at the Site are likely to be polycyclic aromatic hydrocarbons (PAHs) and 
PCDDs/PCDFs (dioxins and furans [dioxins]). PAHs are not thought to be bioaccumulative in 
nature; rather, their mode of action is acute toxicity followed by metabolism. Dioxins, however, 
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are more likely to cause risks to organisms through bioaccumulation than through acute toxicity. 
Both of these types of compounds are also likely to be sequestered in sediments. For these 
reasons, the assessment endpoints for risk assessment focus on aquatic organisms exposed to 
PAHs and dioxins in sediments and wildlife at upper trophic levels in the food web likely to 
consume aquatic prey organisms (e.g., birds and mammals). 

These compounds have also been found in surface soils, and because there are no longer 
industrial activities at the Site, and the area has been revegetating, there is the potential for any 
resident, terrestrial wildlife populations to be exposed to Site COPECs. Therefore, assessment 
endpoints are also evaluated for upper trophic level wildlife exposed to soil contaminants 
through ingestion of soil invertebrates and small mammals and birds. 

Measurement endpoints provide the actual tools used to evaluate each of the hypotheses 
evaluated and to estimate risk. They are selected to represent mechanisms of toxicity and 
exposure pathways and consider: 

• The strength of association between the measurement endpoint and assessment 
endpoint; 

• Data quality; and 
• Study design and execution. 

• 

Measurement endpoints include measured or modeled contaminant concentrations· in • 
environmental media and wildlife, laboratory toxicity studies, and field observations. 
Measurement endpoints were selected on the basis of the presence of receptors onsite, the 
existence of potentially complete exposure pathways, and the sensitivity of receptors to the 
COPECs. The assessment and measurement endpoints selected for evaluation in this SERA 
are as follows: 

Assessment Endpoint 1: Effects on benthic macroinvertebrates as a potential prey base for 
higher trophic level species resulting from exposure to chemicals in sediment and surface water 

• Measurement Endpoint 1: Comparison of sediment and surface water 
concentrations with effects concentrations (e.g., sediment quality guidelines [SQG], 
ambient water quality criteria [AWQC]) 

• Measurement Endpoint 2: Historical field observations of benthic macroinvertebrate 
communities at the Site 

• Measurement Endpoint 3: 
macroinvertebrates 

Analysis of COPEC bioavailability to benthic 

• Measurement Endpoint 4: Laboratory sediment toxicity testing 
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Assessment Endpoint 2: Effects on fish as a potential prey base for higher trophic level species 
resulting from exposure to chemicals in sediment and surface water, and effects on mid-to
upper trophic level fish populations 

• Measurement Endpoint 1: Comparison of surface water concentrations with AWQC 

• Measurement Endpoint 2: Comparison of fish tissue concentrations with effects 
concentrations (e.g., toxicity reference values [TRVs]) 

Assessment Endpoint 3: Effects on mid-to-upper trophic level bird populations resulting from 
consumption of prey_exp?sed to chemicals in surface soil, sediment, and/or surface water ' I 

• Measurement Endpoint 1: Comparison of predicted average daily doses (ADDs) of 
chemicals for avian receptors with TRVs for the species 

Assessment Endpoint 4: Effects on mid-to-upper trophic level mammal populations resulting 
from consumption of prey exposed to chemicals in surface soil, sedim~nt, and/qr surface water 

. . ... 

• Measurement Endpoint 1: Comparison of predicted average daily doses of 
chemicals for mammalian receptors with TRVs for the species 

4.3 Selection of Receptors of Interest 

Representative organisms were selected for quantitative risk evaluation based on the following 
criteria, consistent with EPA (1998) guidance: 

• Potential occurrence in the assessment area; 
• Potential for exposure to contaminants in the assessment area; 
• Reported sensitivites to the potential adverse effects of potential contaminants; 
• Representativeness as risk indicators for other similar or phylogenetically related 

species (in terms of potential for exposure and sensitivity to potential contaminants); 
and 

• Importance as recreational, economic, or protected species. 

Based on these criteria, ecologically-relevant indicator organisms were selected to assess risks 
to the primary groups of organisms identified in the assessment endpoints above. The 
receptors selected for evaluation include: 

• Benthic macroinvertebrates - As a group, benthic macroinvertebrates serve as a prey base 
for higher trophic level aquatic species, and were selected as the receptor for Assessment 
Endpoint 1. Historical field observations on diversity and abundance will be used in 
conjunction with laboratory toxicity tests for this endpoint. 

• Fish -The selection of an appropriate representative fish species is dependent upon what 
species utilize the waterbodies on and near the Site. Eleven different fish species were 
collected as part of field investigations at or near the Site. These included three species of 
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sunfish (readear, bluegill, and blue spotted sunfish); pumpkinseed; mosquitofish 
(Gambusia); inland silverside; darter; gizzard shad; striped mullet; largemouth bass; and 
bowfin. These fish species will be used as the receptors for Assessment Endpoint 2. 

• Piscivorous bird (great blue heron) - This species is common along coastal areas in the 
Eastern US, has been observed in the vicinity of the Site, and preys upon small to medium 
sized fish. For this ERA, it will be used as the representative aquatic contact receptor for 
Assessment Endpoint 3. 

• Piscivorous mammal (mink) -:- Mink are predaceous mammals that feed predominantly on 
fish and other aquatic species. Although it has not been observed at SWP, and the habitat 
is not ideal for this species, it will be used as the representative receptor for Assessment 
Endpoint No. 4. 

• . Terrestrial carnivorous bird (hawk) - The hawks are common predaceous bird species that 
feed predominantly on small mammals, and on small birds to a lesser extent. For this ERA, 
it will be used as the representative terrestrial receptor for Assessment Endpoint No. 3. 

4.4 COPEC Fate and Transport 

Potential chemical fate and transport pathways at the Site were discussed in the Rl Report 
(SWP, 1999). The following contaminant fate and transport mechanisms relevant to the BERA • 
were developed based upon field observations made during the sample collections for chemical 
analysis: 

• Surface runoff from the majority of the Site drains to the drainage ditch and Greenfield 
Creek, which eventually discharges to the Cape Fear River. A tidal gate provides some 
surface water control between the creek and Cape Fear River. 

• The source of water for the drainage ditch includes stormwater runoff and groundwater 
infiltration. Water source for Greenfield Creek includes these sources, as well as flow 
entering from the upstream impoundment (Greenfield Lake). 

• Other surface runoff pathways include (1) runoff from the jetty area and from the western 
portion of the Site to the Cape Fear River via the southern boat slip; and (2) small runoff 
area located along the northern property boundary of the site. 

• Since the Site is currently inactive and manmade structures have been removed, and the 
open areas have re'vegetated, there is reduced potential for erosion of soils into any of the 
drainage ways. 

• Sediments in the drainage ditch and Greenfield Creek likely received runoff during historical 
site operations which resulted in the accumulation of COPECs. 
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• Vertical diffusion of COPECs from the sediments to the overlying water is reduced due to 

the presence of organic matter and debris. The AVS/SEM results also indicated reduced ~--
bioavailability of divalent metals from the sediments. 

• Surface soils exhibit COPECs derived from former Site operations. Since the site is currently 
inactive and manmade structures have been removed, and the open areas have 
revegetated, there is reduced potential for erosion of soils into any of the drainage ways. 

4.5 Conceptual Site Model 

Based on the understanding of contaminant fate and transport mechanisms at the Site, a 
Conceptual Site Model for the ecological receptor exposure pathways was developed (Figure 4-
1 ). The Conceptual Site Model is a simplified diagram that demonstrates the hypothetical links 
between potential Site contaminants and receptors of interest and helps to formulate risk 
hypotheses. It is used as a planning tool to identify exposure pathways, ecological receptors, 
and potential effects on which to focus the ecological risk assessment. The historical primary 
source of COPECs included Site drainageways and soils. Secondary sources, representative of 
current Site conditions, include sediment, soils, and to a Jesser extent, surface water. The 
terrestrial primary receptors (e.g., invertebrates and small mammals) have the potential to 
accumulate COPECs from the soils, and serve as prey to higher trophic receptors of interest 
such as the hawk. The aquatic primary receptors (e.g., benthic invertebrates and forage fish) 
have the potential to exhibit sensitivity to COPEC exposure from sediments and surface water, 
but can also serve as prey to higher trophic receptors of interest such as other fish, piscivorous 
birds (e.g., heron) or piscivorous mammals (e.g., mink). Based upon available information and 
receptor life histories, not all of these pathways are applicable to all of the receptors. 

4.5.1 Exposure through consumption of biota 

Based upon information obtained from the Wildlife Exposure Factors Handbook (EPA, 1993a), 
the great blue heron was assumed to eat primarily fish, with aquatic invertebrates, small 
mammals, and small birds comprising a miniscule fraction of its diet. The red-tailed hawk was 
assumed to eat primarily small mammals, and smaller amounts of small birds and piscivorous 
birds. The mink diet consisted of fish, small mammals, small birds and piscivorous birds, 
aquatic invertebrates, and aquatic plants. Concentrations of COPECs were measured in fish, 
and estimated in other prey items using food web models described in Section 5. 

4.5.2 Exposure through ingestion of surface water 

Concentrations of most soil and sediment COPECs were not detectable in the majority of water 
samples, and potential exposure through the consumption of water was assumed to be 
negligible compared to that associated with biota. However, as a conservative measure, 
potential exposure through water ingestion was evaluated in the quantitative food chain analysis 
for those COPECs with detectable water concentrations. Exposure to surface water by benthic 
macroinvertebrates and fish was evaluated using surface water quality criteria . 
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Aquatic wildlife receptors (mink and great blue heron) were assumed to incidentally ingest 
sediment and thereby be potentially directly exposed to COPECs in sediment. Exposure to 
sediments by benthic invertebrates was assessed using toxicity tests and comparisons to · 
sediment criteria. 

4.5.4 Exposure through ingestion of soil 

The terrestrial wildlife receptor evaluated (red-tailed hawk) was assumed to incidentally ingest 
soil and be potentially exposed to soil COPECs as a result. Additionally, prey items ofthe hawk 
included in the food web modeling (e.g., small mammals and birds feeding on earthworms, 
other soil invertebrates, and/or terrestrial plants) were also assumed to incidentally ingest soil. 
The soil or sediment ingestion rates were from Beyer et al. (1994) for those species that have 
the potential to directly or incidentally ingest soils. 

5.0 ANALYSIS 

The analysis ·phase of the SERA includes the exposure assessment and ecological effects 
evaluation. Both of these are described separately below. 

5.1 Exposure Assessment 

This section discusses the approach and methods used to estimate potential exposures of 
receptors to COPECs in food webs assumed to be present at the Site. Potential receptors and 
exposure routes evaluated in the exposure assessment were identified in Section 3 above. The 
following sections describe the species included in the SERA (Section 5.1.1 ); the equations and 
exposure assumptions used to estimate potential exposure (Section 5.1.2); and the exposure 
point concentrations used for the Site (Section 5.1.3). 

5.1.1 Receptor Life History Summaries 

The life histories of the receptors included in the SERA are described below. 

Benthic macroinvertebrates 

Benthic macroinvertebrates are generally defined as infaunal organisms that dig or construct 
tubes or burrows into the substrate, or as epifaunal organisms that attach to hard substrates 
and move about freely. Some of the major taxonomic groups of benthic macroinvertebrates that 
have been previously observed at the Site, or are known to occur at the Site, include 
Oligochaeta (aquatic earthworms), Polychaeta (annelids), Decapoda (e.g., crab, shrimp, 
lobster), Amphipoda (scuds), Diptera (e.g., fly, mosquito, and midge larvae), and Odonata 
(dragonflies and damselflies). These organisms may filter-feed on detritus, algae, and plankton 
from the water column; scavenge the sediment surface for decaying organic matter; or feed on 
plant matter deposited on or buried in the substrate. 
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A variety of fish encompassing a range of trophic levels inhabits or frequents the waterbodies 
that traverse the Site. Spot (Leiostomus xanthurus) was used in the SLERA as an ecological 
receptor. During biological sampling conducted in 2001 at the Site and in background locations 
(Greenfield Lake, Burnt Mill Creek), 11 fish species were caught for tissue analyses, ranging in 
size from less than 100 mm to 2.28 ft {Table 5-1). These fish, including both forage fish and 
large game fish, encompass a variety of feeding guilds, from water column feeders to 
insectivores to carnivorous predators. 

Great blue heron 

Great blue herons {Ardea herodias) occur throughout most of North America except interior 
northern and western Canada and Alaska and are widely distributed in both saltwater and 
freshwater environments. Herons occur in North Carolina throughout the year, although some 
breeders probably migrate south during the winter. Nonresident herons may also pass North 
Carolina during migration, or remain there during the winter. Herons can rest or feed in almost 
any freshwater, marine, or estuarine habitat, although wetlands and associated stream, river, or 
lake/pond habitats are preferred. Nests are almost always built in trees, often in flooded 
situations. However, nests can also occur on the ground or on ledges. Herons typically nest in 
dense colonies caller heronries, but feed alone during the day. They typically prey on small fish, 
though they may also consume other aquatic organisms, small birds or mammals. 

Mink (Mustela vison) are widely distributed throughout North America, typically in association 
with aquatic habitats including rivers, streams, lakes, ditches, and wetlands. Mink, generally 
solitary mammals, inhabit dens built into brushy or wooded cover in riparian zones. They do not 
hybernate in winter, but are active year-round. Mink are opportunistic feeders, but when living 
in the vicinity of waterbodies, feed primarily on fish, emergent aquatic vegetation, and aquatic 
invertebrates. Their diet may also contain small birds and mammals in the riparian zone. 

Red-tailed hawk 

The red-tailed hawk (Buteo jamaicensis) is the most common hawk species in the United States 
(National Geographic Society, 1987; Gough et al., 1998). They may be found throughout most 
wooded and semi-wooded regions of the United States and Canada, and may also occur in 
grassy habitats and near wetlands. Hawks build their nests in the tops of trees and typically 
hunt from elevated perches. They prey on a variety of small mammals and, to a lesser extent, 
birds and reptiles. Though northern red-tailed hawk populations are migratory, those in 
southern North America are typically year-round residents . 
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Exposure was calculated differently for aquatic and terrestrial receptors, depending on their 
respective exposure pathways as illustrated in the conceptual site model (Figure 4-1). The 
methods used to· estimate exposure to Site COPECs (i.e;, the receptor-specific measurement 
endpoints) are discussed separately below for each receptor. 

Benthic macroinvertebrates 

Several measurement endpoints were employed to evaluate exposure of benthic 
macroinvertebrates to COPECs in Site surface water and sediment. First, surface water and 
sediment COPECs were compared to screening benchmarks. Bioavailability of COPECs was 
then investigated by calculating Site-specific sediment quality criteria (SOC) and by evaluating 
the ratio of semi-extractable metals to· acid volatile sulfides in sediment. These results were 
compared to previous field observations of benthic macroinvertebrates at the Site. Finally, a 
toxicity evaluation of invertebrates was conducted in the laboratory using Site sediments. Each 
of these measurement endpoints is discussed separately in the paragraphs that follow. 

• Surface water benchmark comparison 

Surface water concentrations of COPECs in the drainage ditch, Greenfield Creek, and Cape •. 
Fear River were compared separately to federal Ambient Water Quality Criteria (AWQC) and 
North Carolina freshwater· Water Quality Standards (NCDENR, 2001) (Table 5-2). When 
AWQC were not available for a given COPEC, Tier II secondary chronic values or lowest 
chronic values (Suter and Tsao, 1996) were used, in that order of preference. 

• Organic COPEC sediment analysis 

In screening level assessments, sediment concentrations are typically compared to sediment 
quality guidelines (SQGs) such as Effects Range-Low (ER-L) and Effects Range-Medium (ER
M) values (Long et al., 1995). One problem with such an approach, however, is its failure to 
recognize the possible mitigating effect of reduced bioavailability in high carbon-content 
sediments. To this end, Site sediments were screened against sac calculated using 
equilibrium partitioning (EqP) for the organic COPECs (Tables 5-3a through 5-3g). The EqP 
approach takes into account the partitioning of chemicals between the solid and aqueous 
phases in the sediment, the tendency of compounds such as PAHs to adsorb to organic matter, 
and the fact that the aqueous/soluble fraction of compounds is bioavailable. SQC were 
calculated using methods put forth in EPA (1993b), ~nd the following equation: 

where: 

sac = 
Koc = 

SOC = Koc x foe x AWQC 

sediment quality criterion (mg/kg) 
sediment-water partition coefficient (Ukg) 
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foe = 
AWQC= 

fraction organic carbon {kg/kg), and 
ambient water quality criterion {mg/L). 
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SQC were calculated separately for the· drainage ditch, Site wetlands, Greenfield Creek, the 
Cape Fear River, and the reach of the river that is in front of the Site. The foe was calculated 
based on the mean TOC content of the samples from each waterbody, and the AWQC were 
taken from EPA {1999b) and Suter and Tsao {1996). The mean concentration of each COPEC 
for each area {calculated as described in the following section) was then compared to its SQC. 

• Inorganic COPEC sediment evaluation 
I 
j 
I 
I 

I 
The concentrations of inorganic COPECs {i.e.~ metals) were compared to a suite of SQGs: 
Lowest Effect Levels (LELs) and Severe Effect Levels (SELs) (Persaud et al., 1993), derived for 
freshwater systems, and ER-Ls and ER-Ms (Lon'g et al., 1995), derived for estuarine and marine 
systems. This comparison was made separately for the drainage ditch, Greenfield Creek, the 
onsite wetlands, and the Cape Fear River in the vicinity of the Site and encompassing all 
available river data (Table 5-4). : 

I 

I 
Such a comparison does not, however, address the bioavailability of such compounds to 
organic organisms exposed to Site sediments. An approach described by EPA (1994b) allows 
for the estimation of the concentration of bioavailable metals in sediments based on EqP theory . 
Many divalent metal ions form sulfides and organic complexes in sediments that make them 
unavailable to biota and therefore non-toxic. As described by EPA {1994b), by measuring the 
concentration of acid volatile sulfide {AVS) and semi-extractable metals {SEM) in sediment, and 
deriving a ratio of the total SEM to AVS, a prediction can be made as to the availability (and 
toxicity) of metals in sediment. If the ratio of SEM to AVS is less than one, then all of the 
extractable metals for which the method is applicable (cadmium, copper, lead, nickel, and zinc) 
should be present in the sediment only as insoluble sulfides and therefore should be unavailable 
for uptake by organisms. If the ratio is greater than one, then at least some extractable metals 
are likely not present as sulfides and therefore more bioavailable. This analysis was conducted 
for the drainage ditch~ Greenfield Creek, and the Cape Fear River, as shown in Table 5-5. _ 

• Toxicity Evaluation of Site Sediments 

Toxicity tests were performed in February, 2001, on seven freshwater sediments collected from 
the Site using two invertebrate species: the amphipod Hyalella azteca and the midge larvae 
Chironomus tentans. Sediments were collected from the drainage ditch {2 samples), Greenfield 
Creek (3 samples), and one offsite, upstream location in Greenfield Creek (1 sample). These 
bioassays were conducted in accordance with EPA {2000) protocols and ASTM {1984) 
guidelines. The organisms were exposed to test sediments for ten days to determine the effects 
of Site sediments on survival and growth. The bioassay results are described in detail by AMEC 
elsewhere (AMEC, 2001 ) . 
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Forage fish populations in the vicinity of the Site were evaluated as an assessment endpoint 
because of their value as a prey base for higher trophic level species (including other fish, birds, 
and mammals). Larger fish species can also serve as recreational game species. The latter 
were evaluated using tissue concentration data collected from the Site and . from reference 
locations in the area. 

• Surface water benchmark comparison 

Federal AWQC, used in the benthic macroinvertebrate assessment described above, were 
designed to protect all aquatic organisms. As a result, the concentrations of fish tissue 
COPECs in surface water were compared to AWQC and to North Carolina WQS (Table 5-6}. 

• Fish tissue exposure assessment 

As mentioned previously, fish samples were collected from Greenfield Creek, as well as from 
·two reference locations: Greenfield Lake and Burnt Mill Creek .. Three samples were collected 
from Greenfield Lake, including sunfish, largemouth bass, and bowfin. Six samples were 
collected from Burnt Mill Creek: two composite samples of gambusia and inland silverside, two 
sunfish samples, and one sample each of largemouth bass and striped mullet. From Greenfield 
Creek upstream of the Site, three samples were collected: a forage fish composite sample, a 

• 

sunfish sample, and striped mullet. Finally, six samples (and two duplicates) were collected • 
from Greenfield Creek onsite, including bowfin, gizzard shad, largemouth bass, sunfish, striped 
mullet, and a composite of forage fish. The concentrations of COPECs in tissue were used as a 
direct measure o~ exposure for fish (Table 5-7). 

Great blue heron 

For the great blue heron, potential exposure to COPECs via ingestion of constituents in the food 
chain was evaluated in the BERA. Potential exposure via this route is a function of COPEC 
concentration in the diet, dietary intake rate, receptor body weight, and· factors describing the 
fraction of the heron's diet that originates from the Site. The great blue heron could be exposed 
to COPECs at the Site through the consumption of prey (primarily fish) and the incidental 
ingestion of surface water. The equation used to calculate the heron's average daily dose 
(ADD), or intake, is as follows: · 

ADD (mg/kg-day) = [([(Cfish X Frfish) + {Cinvert X Frinvert) + (Cbird X Frbird) + (Cmamm X Fr mamm)] 
x IRrood) + (Csw x IRsw)J x AUF x SUF + BW 

Where: 

ADD 
~sh 
Frfish 
Cinvert 
Fr1nvert 

= 
= 
= 
= 
= 

Average daily dose (mg/kg-day} 
Concentration of COPEC in fish {mg/kg) 
Fraction of diet comprised of fish {unitless) 
Concentration of COPEC in aquatic invertebrates (mg/kg) 
Fraction of diet comprised of aquatic invertebrates (unitless) 
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cbird = 
Frbird = 
Cmamm = 
Frmamm = 
IRrood = 
Csw = 
IRsw = 
AUF = 
SUF = 
BW = 

Concentration of COPEC in small birds (mg/kg) 
Fraction of diet comprised of small birds (unitless) 
Concentration of COPEC in small mammals (mg/kg) 
Fraction of diet comprised of sm.all mammals (unitless) 
Ingestion rate of food (dry weight) (kg/day) 
Concentration of COPEC in surface water (mg/L) 
Incidental ingestion rate of surface water (Uday) 
Area use factor (unitless) 
Seasonal use factor (unitless), and 
Body weight (kg). 
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The parameters used in the above equation are given in Table 5-8. They are discussed in more 
detail below. 

• Dietary intake rate and body weight 

Based on life history data for the heron and dietary studies summaried in the EPA Wildlife 
Exposure Factor's Handbook (1993a), the heron was assumed to eat 99% fish, and trace 
amounts of aquatic invertebrates (0.75%), small mammals (0.125%), and small birds (0.125%). 
The great blue heron has a body weight of approximately 2.3 kg, which is the mean of va!ues 

. listed in EPA (1993a) for adult male and female herons. The dry weight food ingestion rate of 
the heron, in kg/day, was calculated based on the body weight using the following equation by 
Nagy (1987) as cited in Sample et al. (1997): 

Where: 

IRrood = 
BW = 

IRrood = 0.0582 x BW0·651 

dry weight food ingestion rate (kg/day), and 
body weight (kg). 

The heron's surface water ingestion rate of 0.105 Uday was calculated· from the ingestion rate 
of 0.045 g/g-day (EPA, 1993a) and the body weight. 

• COPEC concentration in diet 

COPECs in sediment and water were modeled into dietary organisms when site-specific tissue 
data were absent. For fish, tissue concentrations were obtained from fish sampled at the Site. 
These tissue concentrations, expressed in dry weight, were used in the ADD equation. To 
estimate the concentration of COPECs in aquatic invertebrates, the following methods were 
used, listed in order of preference: 

1. COPEC concentrations in aquatic invertebrate tissues were estimated using the following 
relationship based on the chemical-specific Jog-linear regression equation developed by 
Bechtel Jacobs ( 1998): 
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Where: 

Cinvert = 
8o = 
81 = 
Csed = 

C _ e(Bo + 81 JnCsed) 
invert-

Estimated concentration of COPEC in aquatic invertebrate (mg/kg dry weight) 
Intercept of the chemical-specific log-linear regression equation (unitless) 
Slope of the chemical-specific log-linear regression equation (unitless), and 
Concentration in sediment (mg/kg). 

2. 8SAFsforfish were taken from the National Sediment Quality Survey (EPA, 1997b). 

3. In the absence of other 8SAF information, it was conservatively assumed that the COPEC 
concentration in aquatic invertebrates was equal to the sediment concentration (i.e., 8SAF = 
1) .. 

COPEC concentrations in small birds were estimated by multiplying the concentration in soil by 
a biotransfer factor obtained from the EPA's (1999c) Screening Level Ecological Risk 
Assessment Protocol for Hazardous Waste Combustion Facilities. When biotransfer factors 
were not available for a chemical, the factor was conservatively assumed to be equal to one. In 
the absence of empirical data, small mammal concentrations were estimated using the following 
methods, listed in the order of preference: 

1. COPEC concentrations in small mammal tissues were estimated using the following 
relationship based on the chemical-specific log-linear regression equation developed by 
Sample et al. (1998): 

Where: 

Cmamm 
8o 
81 
Cson 

= 
= 
= 
= 

C _ e(Bo + B 1 JnCsoil) 
mamm-

Estimated COPEC concentration in small mammals (mg/kg dry weight) 
Intercept of the chemical-specific log-linear regression equation (unitless) 
Slope of the chemical-specific log-linear regression equation (unitless) 
Concentration in soil (mglkg). 

2. 8iotransfer factors (from EPA, 1999c) multiplfed by the soil concentration. When biotransfer 
factors were not available for a chemical, the factor was conservatively assumed to be equal 
to one. 

Exposure point concentrations were calculated for each receptor and each medium, and are 
described in Section 5.1.3 below. 

• Area and seasonal use factors 
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For those receptors with large feeding ranges, only a fraction of the receptor's feeding range is 
actually made up of habitat at the Site. The area use factor (AUF) describes the fraction of a 
receptor's total feeding range that potentially includes the Site. The great blue heron has a 
home range of approximately 4.5 hectares (EPA, 1993a), and the available habitat at the Site is 
4.05 hectares, resulting in an AUF of 0.9. Some avian receptors may also migrate to and from 
the Site depending on the time of year. Because the Site is in the southern portion of the United 
States, heron populations are likely year-round residents .. As such, the seasonal use factor 
(SUF) was considered to be one. 

For the mink, as with the heron, potential exposure to COPECs via ingestion of constituents in 
the food chain was evaluated in the BERA; Potential exposure via this route is a function of 
COPEC concentration in the diet, dietary intake rate, receptor body weight, and factors 
describing the fraction of the mink's diet that originates from the Site. The mink could be 
exposed to COPECs at the Site through the consumption of prey (primarily aquatic organisms) 
and the incidental ingestion of sediment and surface water. The equation used to calculate the 
mink's ADD is as follows: 

ADD (mg/kg-day) = [([(Cfish X Frfish) + (Cinvert X Frrnvert) + (Cprant X Frprant) + (Cblrd X Frbird) + 
(Cmamm X Frmamm)] X IRrood) + (Csed X IRsed) + (Csw X IRsw)] X AUF X 

SUF+BW 

Where: 

ADD = 
Cfish = 
Frfish = 
Crnvert = 
Fnnvert = 
Cplant = 
Frprant = 
cbird = 
Frbrrd = 
Cmamm = 
Frmamm = 
IRrooct = 
Csed = 
IRsed = 
Csw = 
IRsw = 
AUF = 
SUF = 
BW = 

Average daily dose (mg/kg-day) 
Concentration of COPEC in fish (mg/kg) 
Fraction of diet comprised offish (unitless) 
Concentration of COPEC in aquatic invertebrates (mg/kg) 
Fraction of diet comprised of aquatic invertebrates (unitless) 
Concentration of COPEC in aquatic plants (mg/kg) 
Fraction of diet comprised of aquatic plants (unitless) 
Concentration of COPEC in small birds (mg/kg) 
Fraction of diet comprised of small birds (unitless) 
Concentration of COPEC in small mammals (mg/kg) 
Fraction of diet comprised of small mammals (unitless) 
Ingestion rate of food (dry weight) (kg/day) 
Concentration of COPEC in sediment {mg/kg) 
Incidental ingestion rate of sediment (kg/day) 
Concentration of COPEC in surface water (mg/L) 
Incidental ingestion rate of surface water (Uday) 
Area use factor (unitless) 
Seasonal use factor (unitless), and 
Body weight (kg). 
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The parameters used in the above equation are given in Table 5-8. They are discussed in more 
detail below. 

• Dietary intake rate and body weight 

Based on life history data for the mink and dietary studies summaried in EPA (1993a), the mink 
was assumed to eat 73% fish, 11.5% aquatic plants, 1 0% aquatic invertebrates, and small 
amounts (2. 75% each) of small piscivorous birds and small mammals. The mink has a body 
weight of approximately 1.02 kg, which was derived from the values listed in EPA (1993a). The 
dry weight food ingestion rate of the mink, in kg/day, was calculated based on the body weight 
using the following equation by Nagy (1987) as cited in Sample et al. (1997): 

IRrood = 0.0687 X BW0·822 

The mink's surface water ingestion rate of 0.081 Uday was calculated from the ingestion rate of 
0.079 g/g-day (EPA, 1993a) and the body weight. The sediment ingestion rate of 1.97 x 10-3 
kg/day was calculated by multiplying the body weight by the ingestion rate of 0.00193 g/g-day 
from EPA (1999c). · 

• COPEC concentration in diet 

COPECs in sediment and water were modeled into dietary organisms when site-specific tissue 
data were absent. For fish, tissue concentrations were obtained from fish sampled at the Site. 
These tissue concentrations, expressed in dry weight, were used in the ADD equation. To 
estimate the concentration of COPECs in aquatic invertebrates, the same methods were used 
for the mink as were used for the heron (described above). Concentrations in small mammals 
were also estimated following the same procedures listed for the heron above. COPEC 
concentrations in small piscivorous birds were estimated by multiplying the concentration in 
sediment by a biotransfer factor obtained from EPA (1999c). When biotransfer factors were not 
available for a chemical, the factor was conservatively assumed to be equal to one. COPEC 
concentrations (dry weight basis) in aquatic plants were estimated by multiplying a biota
sediment accumulation factor (BSAF) by the sediment concentration. BSAFs were obtained 
from EPA (1999c), Baes et al. (1984) for metals, and Travis and Arms (1988) for organics, in 
that order of preference. When BSAFs were not available from any of those sources, the 
concentration in plants was assumed to equal the concentration in sediment (i.e., a BSAF of 
one). 

Exposure point concentrations were calculated for each receptor and each medium, and are 
described in Section 5.1.3 below. 

• Area and seasonal use factors 

The mink has a home range of approximately 406 hectares (EPA, 1993a), and the Site 
comprises 21.04 hectares, of which only approximately 4.05 hectares is suitable habitat (i.e., 
wetlands and riparian habitat). Because the home range is greater than the available Site 
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habitat, the AUF for mink was calculated by dividing the available habitat by the home range, 
resulting in an AUF of 0.01. Mink are likely year-round residents at the Site. As such, the SUF 
was considered to be one. 

Red-Tailed Hawk 

For the red-tailed hawk, potential exposure to COPECs via ingestion of constituents in the food 
chain was evaluated in the SERA through food web modeling, as with the mink and great blue 
heron. . Potential exposure via this route is a function of COPEC concentration in the diet, 
dietary intake rate, receptor body weight, and factors describing the fraction of the receptor's 
diet that originates from the Site. The red-tailed hawk could be exposed to COPECs at the Site 
through the consumption of prey (primarily small mammals) and the incidental ingestion of 
surface water. The equation used to calculate the hawk's ADD is as follows: 

ADD (mg/kg-day) = [([(Cmamm X Frmamm) + (Cbird X Frbird) + (Cpiscbird X Frpiscbird)] X IRrood) + 
(Csw x IRsw)] x AUF x SUF + BW 

Where: 

ADD = 
Cmamm = 
Frmamm = 
cbird = 
Frbird = 
Cpiscbird = 
Fr plscbird = 
IRrood = 
Csw = 
IRsw = 
AUF = 
SUF = 
BW = 

Average daily dose (mg/kg-day) 
Concentration of COPEC in small mammals (mg/kg) 
Fraction of diet comprised of small mammals (unitless) 
Concentration of COPEC in small birds (mg/kg) 
Fraction of diet comprised of small birds (unitless) 
Concentration of COPEC in small piscivorous birds (mg/kg) 
Fraction of diet comprised of small piscivorous birds (unitless) 
Ingestion rate of food (dry weight) (kg/day) 
Concentration of COPEC in surface water (mg/L) 
Incidental ingestion rate of surface water (Uday) 
Area use factor (unitless) 
. Seasonal use factor (unitless), and 
Body weight (kg). 

The parameters used in the above equation are given in Table 5-8. They are discussed in more 
detail below. 

• Dietary intake rate and body weight 

Based on life history data for the red-tailed hawk and dietary studies summaried in EPA 
(1993a), the hawk was assumed to eat 88% small mammals, 6% small birds (terrestrial), and 
6% small piscivorous birds. The hawk has a body weight of approximately 1.134 kg, which was 
derived from the values listed in EPA (1993a). The dry weight food ingestion rate of the hawk, 
in kg/day, was calculated based on the body weight using the following equation by Nagy (1987) 
as cited in Sample et al. (1997): 
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IRtood = 0.0582 X BW"-651 

The hawk's surface water ingestion rate of 0.065 Uday was calculated from the ingestion rate of 
0.057 g/g-day (EPA, 1993a) and the body weight. 

• COPEC concentration in diet 

COPECs in soil, sediment, and surface water were modeled into dietary organisms when site
specific tissue data were absent. Concentrations in small mammals, small birds, and small 
piscivorous birds were estimated following _the same procedures listed for the heron and mink 
above. 

Exposure point concentrations were calculated for each receptor and each medium, and are 
described in Section 5.1.3 below. 

• Area and seasonal use factors 

• 

The red-tailed hawk has a home range of approximately 859 hectares (EPA, 1 993a), and the 
Site comprises 21.04 hectares. Because the home range is greater than the available Site 
habitat, the AUF for the hawk was calculated by dividing the available habitat by the home 
range, resulting in an AUF of 0.024. Though red-tailed hawk populations in northern North • 
America are migratory, hawks at the Site are likely year-round residents. As such, the SUF was 
considered to be one. 

5.1.3 Exposure Point Concentrations 

Exposure Point Concentrations (EPCs) were calculated as the arithmetic mean of the soil, 
sediment, fish, or surface water data, setting any non-detect results to one-half the reported 
quantitation limit. EPCs were not calculated if all of the samples that were relevant to the 
receptor's exposure from a given exposure medium were non-detect. Biota concentrations for 
all prey components of the dose equations except for fish were modeled based upon the EPCs 
calculated for the soils, sediments, fish, or surface water. Below, the sample groupings are 
discussed for each receptor. An explanation of the approach used to calculation EPCs for 
dioxins and furans follows. 

5.1.3.1 Receptor-specific EPCs 

Different groups of samples were used to calculate EPCs depending upon the receptor and 
exposure area under evaluation. For the aquatic evaluation, separate sets of EPCs were 
calculated for the drainage ditch, Greenfield Creek, onsite wetlands, and Cape Fear River, as 
these waterbodies provide different types of habitat and are distinct. For the three upper trophic 
level species evaluated, the samples were grouped to represent the areas of the Site likely to be 
used by the receptors. 

It is highly unlikely that the great blue heron would come in contact with soils from the center of • 
the upland portion of the Site, as this species prefers wetlands and riparian habitat. Also, due to 
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the paucity of soil data collected in riparian zones, and the abundance of wetland sediment 
data, the sediment data were considered adequate to capture this potential route of exposure. 
Therefore, no soil data were used in the food web model for the heron. The heron was 
considered to be equally likely to frequent the ditch, Greenfield Creek, and the Site wetlands. 
As such, the sediment and surface water EPCs for this species were derived using the sediment 
and surface water samples for the drainage ditch, Greenfield Creek, and the onsite wetlands. 

While the mink prefers aquatic and riparian habitat, mink may also build dens in the margins of 
creeks or wetlands. Only one soil sample was collected relatively close to the creek and ditch 
(sample SS-17). As a result, this sample was used as the soil EPC for this species. As with the 
heron, the mink was assumed· equally likely to frequent the ditch, creek, and wetlands. 
Therefore, the sediment and surface water EPCs for mink were derived using the sediment and 
surface water samples for the drainage ditch, Greenfield Creek, and the onsite wetlands. 

The red-tailed hawk is an upper trophic level predator that hunts its prey during flight. It also 
has a foraging range much larger than the Site. As such, the hawk was assumed to p'otentially 
be exposed to soils, sediments, and surface water from the entire Site. Therefore, soil EPCs for 
the hawk were derived using all of the Site soil samples, and sediment and surface water EPCs 
were derived using samples for the drainage ditch, Greenfield Creek, and the onsite wetlands. 
Sediments from the Cape Fear River were not included in deriving this EPC because they were 
collected at depth below the water column . 

5.1.3.2 EPCs for dioxins and furans 

Van den Berget al. (1998) compiled dioxin Toxic Equivalency Factors (TEFs) for mammals, fish 
and birds. These are applied in a similar manner to those for assessing human health risks -
i.e., they serve as weighting factors for the non-2,3,7,8-TCDD dioxin and furan congeners to 
generate 2,3,7,8-TCDD equivalent toxic potency. Some of the key issues discussed by Van 
den Berget al (1998) concerning TEFs are summarized below: 

• Mammals: The TEFs were based on rodent studies and a comparison against independent 
mink studies showed that the rodent TEFs were reasonable estimators for the mink. The 
authors also indicated that different species of mammals have the potential for different 
levels of biotransformation of the dioxin and furan congeners, and therefore species-specific 
refinement of the TEFs for ERAs of mammals may be warranted. 

• Fish: Fish have been reported to share the common Ah receptor-mediated mechanism of 
. response observed in rodents exposed to dioxins, except for the absence or low response to 

mono-ortho chlorine substituted halogenated compounds. 

• Birds: TEFs for birds were derived from egg injection studies, cultured avian hepatocytes 
and cultured thymus cells from a variety of avian species. They have all exhibited similar Ah 
receptor-mediated mechanism of response observed in rodents, but at different levels of 
sensitivity . 

The equation used for these calculations is shown below. 
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Where: 

2,3,7,8-TCDD toxic equivalents 
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TEO = 
PCDD1= 
PCDF1 = 
TEF, = 

the concentration of the individual polychlorinated dibenzofuran congener 
the concentration of the individual polychlorinated dibenzofuran congener, and 
the TEFs for the individual non-2,3,7,8-TCDD congeners 

The sum of these products - the TEO - is assumed to yield a comparable toxicological effect of 
2,3,7,8-TCDD. The TEO is used in the dose calculation and compared to the TRV to estimate 
the HI for the appropriate receptor. 

5.2 Ecological Effects Evaluation 

The effects evaluation entails reviewing the ecotoxicology of the COPECs and then selecting 
toxicity reference values (TRVs) for each COPEC and receptor evaluated in the SERA. For the 
great blue heron, mink, and red-tailed hawk, No Observed Adverse Effect Level (NOAEL) 

• 

values taken from literature sources including Schafer et al. (1983), EPA (1999c), Sample et al. • 
(1996), EFA West (1998, as cited in HERD, 2000), HERD (2000), and IRIS (EPA, 2001b), were 
used as TRVs. When NOAELs were not available, Lowest Observed Adverse Effect Levels 

. (LOAELs) were used. TRVs for each COPEC and receptor are shown in Table 5-9. 

Fish tissue data were evaluated using data obtained from the U.S. Army Corps of Engineers 
Environmental Residue-Effects Database (ERED) (USACE, 2001 ). ERED is a compilation of 
peer-reviewed data where biological effects and tissue concentrations were measured 
simultaneously in the same organism. Data were downloaded for the COPECs measured in 
fish tissue at the Site, and TRVs for each COPEC were derived from the range of No Observed 
Effect Levels (NOELs) for the fish species exposed to that COPEC. Fish TRVs are given in 
Table 5-10. 

6.0 RISK CHARACTERIZATION 

Step 7, the risk characterization step of the ERA, is a more refined and detailed quantification of 
potential site risks, and it includes a more site-specific evaluation of risks than was performed in 
Step 2 (the SLERA). Risk characterization is the culmination of the preceding steps of the ERA 
and involves three principal components: (1) risk estimation, (2) risk description, and (3) 
uncertainty analysis. In this step, the risks associated with estimated exposures are 
characterized, and the strengths, weaknesses, and assumptions employed in the ERA are fully 
described. As part of risk estimation, the exposure assessment and effects assessment profiles 
from the previous section are integrated to predict the likelihood of adverse effects to different 
assessment endpoints. In the risk description component, all of the exposure and risk estimates 
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are synthesized and interpreted. The weight of evidence supporting the different risk estimates 
is summarized, and sources of uncertainty are then addressed. 

6.1 Risk Estimation 

The risk estimation component includes qualitative and quantitative summaries of the exposure 
assessment results (including information from wildlife exposure models and field 
investigations). ·This is done separately for each assessment endpoint below. The 
measurement endpoints used to determine whether or not there is an adverse impact to each 
assessment endpoint are listed separately, along with the risk results for each endpoint. 

Assessment Endpoint 1: Effects on benthic macroinvertebrates as a potential prey base 
for higher trophic level species resulting from exposure to chemicals in sediment and surface 
water · 

Measurement Endpoint 1: Comparison of sediment and surface water concentrations with 
effects concentrations (e.g., sediment quality guidelines [SaG], ambient water quality criteria 
[AWaC]) 1 .• 

Surface water concentrations of COPECs were compared to both A wac and was for the state 
of North Carolina for the drainage ditch, Greenfield Creek, and Cape Fear River. As shown in 
Table 5-2, the only COPEC to exceed these guidelines for all of the waterbodies is PCB-1260. 
Additionally, lead narrowly exceeds its AWac for Greenfield Creek (by 0.0002 mg/L), though it 
is an order of magnitude below its North Carolina was. 

Organic and inorganic COPECs in the drainage ditch, Greenfield Creek, onsite wetlands, and 
the Cape Fear River were evaluated separately by comparison to calculated site-specific sacs 
(for organics) and by comparison to a suite of saGs (for inorganics). These analyses are 
shown in Tables 5-3 and 5-4, respectively. For the inorganic COPECs (metals) that had saGs 
in the literature, all of the COPECs in Greenfield Creek were below all saGs except for copper 
and zinc, which were both below their ER-Ls but slightly above their LELs. In the drainage 
ditch, chromium concentrations were below all saGs, concentrations of cadmium, copper, and 
nickel were below ER-Ls but above LELs, arsenic and lead concentrations were below SELs 
and ER-Ms, and zinc concentrations were below its SEL. Concentrations of COPECs were 
below all saGs in the wetlands except for arsenic, copper, and lead, which were above LELs 
and ER-Ls but below SELs and ER-Ms. Finally, COPEC concentrations were below all saGs in 
the river except for arsenic, chromium, and copper, which were below ER-Ls but above LELs. 

Site-specific sacs were calculated for the organic COPECs, as shown in Table 5-3. Of the 47 
COPECs, 15 exceeded sac in some portion of the Site or background sampling areas. Of 
these 15, 4 compounds in the background samples (delta-BHC, dibenzofuran, endosulfan II, 
and endosulfan sulfate) exceeded sac calculated for those samples. These compounds also 
exceeded sac for all of the other waterbodies onsite. 4,4'-DDE also exceeded sac for the 
background samples, as well as for all other sets of samples except for the wetland. PCBs 
exceeded their sac for Greenfield Creek only. For the onsite wetland, other than the 4 
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compounds that exceeded SQCs for the background areas, the only COPECs exceeded SQC 
were two PAHs: anthracene and benzo(a)anthracene. 

Measurement Endpoint 2: Historical field observations of benthic macroinvertebrate 
communities at the Site 

As part of the SLERA conducted in 1996, field observations were made of the benthic 
macroinvertebrate community at the Site at each of the surface water quality stations (Figure 2-
1 of ChemRisk, .1996). These results are described in detail in the SLERA (ChemRisk, 1996). 
In ditch sediments, the predominant benthic macroinvertebrates were Oligochaetes, 
Amphipods, and Chironomidae. Similar invertebrates species, along with Zygoptera, were 
observed associated with Creek sediments. 

Measurement Endpoint 3: Analysis of COPEC bioavailability to benthic macroinvertebrates 

As described previously, though COPECs may be present in sediments, they may exist in forms 
that are unavailable to aquatic organisms, therefore rendering them nontoxic. In an attempt to 
account for this, an analysis of the relationship between AVS in sediments and semi-extractable 
concentrations of metals was conducted. Such data were available for four sediment sampling 
locations in the Cape Fear River, two locations in the drainage ditch, and three locations in 

• 

Greenfield Creek. As shown ·in Table 5-5, the ratio of SEM:AVS for one of the river samples • 
was significantly below one, indicating that the metals are not bioavailable. For two of the river 
samples, the ratio was slightly over one, and the ratio was significantly greater than one for one 
of the river samples, indicating the potential for metals uptake by organisms at that location. 
One of the ditch sediment locations indicated the slight potential for bioavailability, though the 
other ditch sample had an SEM:AVS ratio below one. Only one of the three creek samples had 
an SEM:AVS ratio greater than one. 

The five metals included in this analysis have different binding affinities for AVS, with Cu having 
the highest affinity and Ni having the lowest (EPA, 1994b). At equilibrium, Cu will preferentially 
bind to AVS, displacing all other metals. If the available AVS is not completely saturated by Cu, 
the remaining metals will bind in the order Pb, Cd, Zn, and Ni. This means that even at the 
station with the highest metal concentrations, all of the Cu, and most of the other metals, would 
be present only as insoluble sulfides. The remaining metals would not be present as sulfides, 
but could still be bound by organic complexing agents. All five of these metals readily complex 
with organic carbon, and concentrations of TOC at the Site are reported at levels between (2.5 
and 9.4%). 

For organic COPECs, the issue of bioavailability was incorporated into measurement endpoint 1 
through the calculation of site-specific SQC. 

Measurement Endpoint 4: Laboratory sediment toxicity testing 

The results of the laboratory sediment bioassays are detailed in AMEC's Toxicity Evaluation of 
Southern Wood Piedmont Sediments (2001 ). Bioassay results (for both survival and growth) of 

Page 28 

• 



• 

•• 

• 

Southern Wood Piedmont 

And North Carolina Ports Authority 

Baseline Ecological Risk Assessment 

Wilmington, North Carolina 
October 19, 2001 

a me& 
sediment samples from the drainage ditch and Greenfield Creek were compared to results from , 
both an upstream sample taken from Greenfield Creek (considered a reference site) and from _' 
two control samples used in the laboratory. For the amphipod, survival results for the upstream 
reference station, the two laboratory control samples, and the sample from Greenfield Creek 
onsite just above the mouth of the creek are not significantly different. However, the other two 
Greenfield Creek samples onsite, and the two drainage ditch samples, exhibited significantly 
less survival than the reference location and laboratory controls. For amphipod growth, results 
for the drainage ditch samples and one Greenfield Creek onsite sample were significantly less 
than reference. Midge survival results paralleled those of the amphipod survival. For the midge 
growth tests, however, the two laboratory control results were significantly less than the 
reference site, as were the two ditch samples and one sample from Greenfield Creek. 

Assessment Endpoint 2: Effects on fish as a potential prey base for higher trophic level 
species resulting from exposure to chemicals in sediment and surfacewater, and effects on 
mid-to-upper trophic level fish populations 

Measurement Endpoint 1: Comparison of surface water concentrations with AWQC 

The results of this analysis were described above for assessment endpoint 1 (benthic , 
macroinvertebrates). As stated, the only COPEC to exceed these guidelines for all of the .· 
waterbodies is PCB-1260 (Table 5-2). Additionally, lead narrowly exceeds its AWQC for·. 
Greenfield Creek (by 0.0002 mg/L), though it is an order of magnitude below its North Carolina 
WQS. In addition to comparing surface water COPECs with AWQC and NCWQS, the surface 
water concentrations of the chemicals detected in fish tissue (when available) were compared to 
these benchmarks. As shown in Table 5-6, only chromium and copper were detected in both 
surface water and fish tissue. Of these chemicals, chromium surface water concentrations were 
below both federal and state water quality standards, but copper concentrations were slightly 
above both standards. 

Measurement Endpoint 2: Comparison of fish tissue concentrations with effects concentrations 

Residue concentrations of COPECs in measured in fish tissue were compared to TRVs for 
those compounds taken from the USACE ERED database. A range of TRVs are presented in 
Table 6-1, comprising the minimum,. average, and maximum NOEL for that compound or a 
surrogate compound, as noted. Because chromium was not detected in any fish tissue samples 
from the Site, it was not included in this analysis. Of the remaining five compounds, the tissue 
concentrations of all but copper were Jess than the minimum TRV (minimum NOEL). Copper 
concentrations were greater than the minimum TRV, but Jess than the mean TRV (average 
NOEL). 

Assessment Endpoint 3: Effects on mid-to-upper trophic level bird populations resulting 
from consumption of prey exposed to chemicals in surface soil, sediment, and/or surface 
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Measurement Endpoint 1: Comparison of predicted average daily doses (ADDs) of chemicals 
for avian receptors with TRVs for the species · 

Potential risks to the great blue. heron were estimated using the.hazard quotient (HQ) method .. 
In this method, the estimated exposure (the ADD) is compared to the toxicity benchmark (the 
TRV, or allowable exposure) using the following equation: 

Where: 

HQ = 
ADD = 
TRV = 

HQ =ADD +TRV 

hazard quotient (unitless) 
average daily dose (output of food web model) (mg/kg-day), and 
toxicity reference value (mg/kg-day). 

When the HQ is less than 1.0, the estimated potential exposure is less than the TRV, indicating 
that a potential risk likely does not exist. When the HQ is greater than 1.0, the estimated 
potential exposure exceeds the TRV and a potential risk may exist. HQ values above one but 
less than 1 0 are not considered significant due to the uncertainties associated with the input 
assumptions and TRV derivation. HQ values in excess of 1 0 suggest the potential for a 
population-level effect. 

The HQ was calculated for each COPEC for the heron. As shown in Table 6-2, the HQs for 
eight COPECs exceed one. However, only HQs for benzo(b)fluoranthene (35.1) and PCBs 
(54.6) are greater than ten. These potential risks come from exposure to COPECs in the diet, 
rather than in surface water. 

Assessment Endpoint 4: Effects on mid-to-upper trophic level mammal populations 
resulting from consumption of prey exposed to chemicals in surface soil, sediment, and/or 
surface water 

Measurement Endpoint 1: Comparison of predicted average daily doses of chemicals for 
mammalian receptors with TRVs for the species 

Potential risks were estimated for the mink and the red-tailed hawk using the same method 
described above for the heron. HQs for these receptors are presented in Table 6-2. For the 
mink, no COPECs had HQs exceeding one: · For the red-tailed hawk, only one COPEC, 
benzo(g,h,i)perylene, had an HQ greater than one. Its HQ (2.20) was less than ten as well. 

6.2 Risk Description 

The risk description component of the Risk Characterization Phase includes: (1) a summary of 
all the risk estimate(s); (2) a discussion of the evidence supporting the risk estimate(s) - i.e., 

• 

• 

weight of evidence evaluation; and (3) an interpretation of the ecological significance and • 
relevance of the estimate(s). 
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Benthic Populations: Several metric5 were used to assess the potential risk to benthic 
populations, and these are summarized below: 

• PCB-1260 and lead exceeded AWQS or state WQS criteria in the surface water samples. 
Several of the COPECs were above the SQGs. 

• Qualitative field survey performed as part of the SLERA (ChemRisk, 1996) indicated the 
presence of macroinvertebrate species typical of slow moving shallow waterbodies. A 
detailed enumeration or identification of these species was not performed. 

• The AVS/SEM results suggest that most of the divalent metals would be associated with 
insoluble sulfides and not bioavailable for receptor uptake. Other metals are likely bound by 
organic complexing agents (i.e., TOC). 

• Sediments collected within the drainage ditch and Greenfield Creek exhibited toxicity, based 
on the amphipod and chironomid tests that were performed. 

In summary, the line of evidence indicates the potential for an impact on the benthic organisms 
present within the drainage ditch and the creek. This is likely due to the organic COPECs 
detected in the sediment samples. 

• As with the benthic assessment endpoint, PCB-1260 and lead exceeded AWQS or state 
WQS criteria in the surface water samples. Several of the COPECs were above the SQGs. 

• Comparis~n of tissue body burdens to NOELs compiled in the USACE ERED database 
showed that all but one COPEC (copper) were below the tissue levels that may elicit a toxic 
effect. 

Great Blue Heron 

• Potential risk to the Great Blue Heron (receptor representing upper trophic level piscivorous 
avian populations) was evaluated using the.HQ method. Both empirical and modeled biota 
concentrations were used to estimate exposures. The HQs for eight of the 60 COPECs 
exceeded one, however, only HQs for benzo(b)fluoranthene (39) and PCBs (60.6) are 
greater than ten. Review of the dose calculations showed that these exceedances were 
associated with exposure to invertebrates (which represented about 1% of the diet) which 
were modeled concentrations. 

Red-Tailed Hawk 
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• Potential risk to the Red-Tailed Hawk (receptor representing upper trophic level predaceous 

avian populations) was evaluated using the HQ method. Both empirical.and modeled biota 
concentrations were used to estimate exposures. The HQs for all COPECs were below one, 
except for benzo(g,h,i)perylene (HQ of 2.2). This is not considered to be significant since a 
conservative model was used to estimate the principal prey item (small mammals) for this 
species. 

• Potential risk to the Mink (receptor representing upper trophic level piscivorous mammals) 
was evaluated using the HQ method. Both empirical and modeled biota concentrations 
were used to estimate exposures. The HQs for all COPECs were below one. 

6.2.2 Weight-of-Evidence: 

The weight-of-evidence is a crucial element of the interpretation of the . ERA results, and is 
integral to the risk management (Step 8) evaluation. The following factors will be considered in 
the weight-of-evidence evaluation of the various risk estimates~ 

• The relevance of the evidence to the assessment endpoint 

The avian and mammalian indicator species chosen as measurement endpoints (heron, mink 
and hawk) were selected for several reasons. First, all three species selected all represent 
upper trophic level predators so that potential food chain effects would be considered. Second, 
herons and hawks have been observed in the area. ·Finally, the mink is considered a sensitive 
recepto~ for several of the COPECs. 

The fish species selected as indicators were collected from the waterbodies on or near the Site, 
and thus represent the population that is potentially exposed to the COPECs. 

• The relevance of the evidence to the conceptual model describing the physical· fate and 
transport processes and their direct relevance to the assessment endpoints; 

The site conceptual model (Figure 4-1) and understanding of historical chemical fate and 
transport at the Site, showed that the ·cause of the presence of COPECs in soils, sediment and 
(to a lesser extent) surface water, was due to historical operations. The retention of organic 
matter in the ditch and creek are contributing to the reduced bioavailability of the metals, and 
some organics, in these sediments. 

Media samples collected to evaluate potential effects of COPECs were selected based on the 
evidence provided by the conceptual site model. Thus media collected included sediments, 
surface water, and biota at locations determined to be important from the conceptual site model. 

• The confidence in the risk estimate or other information 
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The confidence and representativeness in the risk estimates is reflected in the selection of the 
receptors and modeling that was performed. The ERA used receptors known to be in the area, 
and reflective of other related species. For example, the use of upper trophic level receptors 
(i.e., a top-down approach) captures potential risk to key ecosystem components since 
calculated risks to these receptors would reflect fate, uptake, transfer, and accumulation of 
COPECs through the food chain. 

However, since food-chain models were used to estimate media concentrations - particularly the 
terrestrial and aquatic invertebrates, plants, and terrestrial mammals - risk estimates for 
receptors that prey on these items (e.g., hawk on small mammals) are likely conservative. 

• The strength of causality associated with each line of evidence. 

There are several methods to identify the strength of causality with each line of evidence. The 
sampling program was designed such that the soil/sediment, surface water and biota samples 
(when collected) were co-located. Sampling locations were also identified based on potential 
mechanisms of COPEC transport. 

The collection and chemical analysis of fish strengthens the confidence in the dose calculations 
for these chemicals. The estimated concentrations of the COPECs in other prey or forage items 
are considered conservative upper estimates. Field observations also lend confidence in the 
exposure pathways that were evaluated. 

The weight-of-evidence approach evaluates multiple measurement endpoints - such as HQ 
analysis, toxicity testing, and bioavailabilty testing - to assess risk, which decreases the 
probability of missing an effect or'declaring an effect when there is not one. 

6.2.3 Ecological Significance and Relevance: 

The simplified food-chain exposure used conservative assumptions and it was assumed that the 
COPECs were 1 00 percent bioavailable from the exposure media even though there is 
evidence to the contrary (i.e., AVS/SEM results). The receptors would probably be exposed to 
lower COPEC concentrations that would result in an even lower probability of an adverse effect. 
In addition, the HQ values were calculated using the lowest TRV for the most sensitive endpoint 
and realistic estimates of foraging area based on life history patterns of the receptors. 

The determination of the ecological significance of various adverse effects arising from COPEC 
exposures to wildlife receptors included consideration of the following four items: 

1. The intensity, or severity, of the predicted adverse effect - The amphipod and chironomid 
toxicity tests results of the sediments collected from the the drainage ditch and creek 
showed low survival of these test organisms. Although indigenous macroinvertebrates were 
not tested, and both the drainage ditch and creek support these organisms, the results 
suggest that these populations would improve if the COPEC levels in the sediments decline . 
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For the remaining receptors, the HQ approach was used to assess potential risk. When the 
HQ is greater than 1.0, the estimated potential exposure exceeds the TRV and a potential 
risk may exist. HQ values above one but less than 10 are not considered significant due to 
the uncertainties associated with the input assumptions and TRV derivation. HQ values in .. 
excess of 10 suggest the potential for a population-level effect. Only the heron exhibited 
HQs above 10, and this was attributed to modeled invertebrate concentrations of PAHs and 
PCBs. Invertebrates are not the preferred prey for this species, since fish represent 99% of 
a heron's diet (PAHs were not detected in the fish}. The diet preference, combined with the 
use of modeled invertebrate concentrations, suggests that the HQ was likely conservative, 
and may not be indicative of a true unacceptable condition for this species. Furthermore, 
this species may also use areas along the Cape Fear River as forage and nesting areas. 

2. The size of the affected area that can be attributed to COPEC induced unacceptable effects 
- Nearly all of the sediment samples collected from the drainage ditch and creek exhibited 
toxicity based on the amphipod and chironomid toxicity tests. These exceedances were 
likely due to organic COPECs present in the sediments, since bioavailabilty tests (e.g., 
AVS/SEM} indicated that the divalent metals (some of which exceeded SQGs} were not 
available for uptake by aquatic organisms. 

• 

3. Temporal variation and frequency in the occurrence of unacceptable effects - Although 
analytical results were collected over an extended period {early 1990s to 2001}, no attempt • 
was made to evaluate changes in COPEC concentrations with time. 

4. The capability of the affected area to recover naturally to partial or full return of populations 
or communities and conditions that existed prior to the introduction of COPECs - COPECs 
have been present in the soils and sediments at the Site and it is likely that species such as 
the benthic invertebrates have acclimated to these conditions. However, consideration of a 
restoration activity of the sediments in the drainage ditch and creek would improve 
conditions for benthic organisms and also further enhance the higher trophic level 
organisms that directly or indirectly depend on these organisms. 

6.3 Uncertainty Analysis 

There are a number of sources of uncertainty in ERAs, which can be broadly grouped into three 
categories - conceptual model uncertainty, natural variation and parameter error, and model 
error. Each of these is discussed below. · 

Conceptual Model Uncertainty: The CSM summarized the fate and transport processes that 
had occurred and are ongoing at the site, formed the basis for the field investigations, the 
exposure pathways that were assessed, the receptors of concern, and the assessment and 
measurement endpoints that were used. 

Parameter Values: Uncertainty in parameter values include the representativeness of the field 
sampling and surveys, the exposure assumptions that were used for dose calculations, and the 
TRVs that were used to estimate the risks. 
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• Exposure Point Concentrations- Exposure point concentrations were calculated for surficial 
soil and surface sediments using samples that encompassed much greater depths than 
would be encountered by receptors incidentally ingesting these media. As such, soil and 
sediment concentrations could be higher than they would be if only the biologically relevant 
zone of each sample were analyzed. 

• Conservative exposure assumptions - Many of the exposure assumptions were based on 
field studies performed in other areas but were assumed to be representative of the 
behavior of these receptors at the · SWP Site. The most important of the exposure 
assumptions was the conservative assumption of bioavailability factor of 1. The calculated 
risks are biased high. 

• TRVs - TRVs were derived from the lowest reported NOAEL or LOAEL of test organisms 
after applying appropriate uncertainty factors to extrapolate to the anticipated comparable 
chronic effect in the receptor of interest. The uncertainty values used in TRV development 
are well established (e.g., EPA, 1997c). 

• Habitat characterization - Although a formal habitat characterization was not performed as 
part of this ERA, observations of plant species and animal species were made during the 
various sampling efforts performed in this area, which occurred over different seasons. 

Model Error: The most common example for model error uncertainty is the method used to 
derive indirect (food-chain) uptake. Although these were based on established fate and 
transport processes and food web models, they are generic and may not be representative of 
the processes that may be occurring at the site. 

7.0 RISK MANAGEMENT AND CONCLUSIONS 

Step 7 of the ERA Process determines whether a potential risk is present and defines a range 
or magnitude of the risk while risk management integrates the results of the risk assessment 
with other considerations to make and justify risk management decisions. For example, other 
risk management considerations can include the implications of existing background levels of 
contamination, available technologies, tradeoffs between human and ecological concerns (both 
in the context of risk reduction or potential increase), and costs (both financial and ecological) of 
alternative actions. A variety of risk management approaches may be used, including 
engineering controls, regulatory approaches, communication and education, or market-based 
incentives (EPA, 2001 c). Step 8 of the ERA process identifies key items relevant to the 
ecological risks predicted at the site that are needed for consideration as part of the remedial 
alternatives analysis. 

Section 1 summarized the six principles that risk managers should address when making 
ecological risk management decisions OSWER Directive 9285.7-28P (EPA, 1999a). The 
principles and approaches planned for SWP are presented below. Of these, the most relevant 
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for this stage of the project is Principle No. 1 - ("Reduce ecological risks to levels that will result 
in the recovery and maintenance of healthy local populations and communities of biota"). The 
risk characterization presented under Step 7 showed the following: 

• Many of the sediment samples collected from within both the drainage ditch and Greenfield 
Creek are toxic based on amphipod toxicity tests. These tests are performed with test 
organisms and not those indigenous to the evaluated waterbodys. 

• Surface water and sediment concentrations exceeded benchmarks for a small number of 
COPECs. 

• Evaluation of body burden levels of COPECs in fish did not indicate any potential for toxic 
effects, with the possible exception of copper. However, since copper is considered an 
essential nutrient, and the NOECs range over 2 orders of magnitude, this may not be 
significant. 

• 

• Food-chain transfer of COPECs to upper trophic level piscivorous avian (i.e., heron) resulted 
in eight HQs (out of the 60 COPECs) exceeding one, however, only HQs for 
benzo(b)fluoranthene (39) and PCBs (60.6) are greater than ten. Review of the dose 
calculations showed that these exceedances were associated with exposure to 
invertebrates which were based on modeled concentrations. Invertebrates are not the • 
preferred prey for this species, since fish represent 99% of their diet (PAHs were not 
detected in the fish). The diet preference, combined with the use of modeled invertebrate 
concentrations, suggests that the HQ was likely conservative, and may not be indicative of a 
true unacceptable condition for this species. · 

• Food-chain transfer of COPECs to upper trophic level piscivorous mammalian species (i.e., 
mink) did not result in hazard quotients significantly in excess of 1. Empirical data on prey 
item body burdens were used for this assessment. 

• Food-chain transfer of COPECs to upper trophic level terrestrial receptors (i.e., hawk) did 
not result in hazard quotients significantly in excess of 1. Prey item body burdens were 
estimated using predictive models for this species. 

Based on these results, the upper trophic level populations are not predicted to be at a 
significant risk. However, since the sediments within the drainage ditch and Greenfield Creek 
are exhibiting toxicity, and the lower trophic level community serve indirectly as a prey base for 
the evaluated higher trophic levels, consideration to improving sediment quality in this area 
would enhance the desirable upper trophic level receptor populations. However, any corrective 
action, should be weighted against probable future use of the Site by the North Carolina Ports 
Authority. · 
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Figure 4-1. 

Conceptual Model Oiagram for Ecological Receptors at the Southern Wood Piedmont 
Wilmington Site 
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Table 4-1 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Volatile Organics (VOCs) 

1,1,1-Trichloroethane mglkg 0 44 0.00% 0 0 0 0.001 0.071 

1,1,2,2-Tetrachloroethane mglkg 0 64 0.00% 0 0 0 0.001 0.5 

1,1,2-Trichloroethane mglkg 0 64 0.00% 0 0 0 0.001 0.5 

1,1-Dichloroethane mglkg 0 44 0.00% 0 0 0 0.001 0.071 

1,1-Dichloroethene mglkg 0 44 0.00% 0 0 0 0.001 0.071 

1,2-Dibromomethane mglkg 0 27 0.00% 0 0 0 0.005 0.025 

1,2-Dichloroethane mglkg 0 44 0.00% 0 0 0 0.001 0.071 

1,2-Dichloroethene (total) mglkg 0 17 0.00% 0 0 0 0.012 0.071 

1,2-Dlchloropropane mglkg 1 64 1.56% 0.065 0.065 0.065 0.001 0.5 

2-Chloroethylvlnyl Ether mglkg 0 27 0.00% 0 0 0 0.001 0.05 

Acetone mglkg 9 37 24.32% 0.021 0.5 0.138666667 0.0036 0.66 

Benzene mglkg 0 64 ' 0.00% 0 0 0 0.001 0.5 

Bromodichloroethane mglkg 0 12 0.00% 0 0 0 NA NA 

Bromodichioromethane mglkg 0 52 0.00% 0 0 0 0.005 0.5 

Bromoform mglkg 0 17 0.00% 0 0 0 0.012 0.071 

Bromomethane mglkg 0 44 0.00% 0 0 0 0.005 0.071 

camphene mglkg 1 1 100.00% 0.04 0.04 0.04 NA NA 

Carbon Disulfide mglkg 0 17 0.00% 0 0 0 0.012 0.071 

Carbon Tetrachloride mglkg 0 44 0.00% 0 0 0 0.001 0.071 

Chlorobenzene mglkg 0 44 0.00% 0 0 0 0.001 0.071 

Chloroethane mglkg 0 44 0.00% 0 0 0 0.005 0.071 

Chloroform mglkg 0 48 0.00% 0 0 0 0.001 0.5 

Chloromethane mglkg 0 27 0.00% 0 0 0 0.005 0.025 

Cis-1,3-Dichloropropene mglkg 0 44 0.00% 0 0 0 0.001 0.071 

Dibromochloromethane mglkg 0 44 0.00% 0 0 0 0.001 0.071 

Dichlorodifiuoromethane mglkg 0 27 0.00% 0 0 0 0.005 0.025 

Dihydromethylindene mglkg 1 1 100.00% 0.1 0.1 0.1 NA NA 

Ethylbenzene mglkg 4 64 6.25% 0.02 0.54 0.1935 0.001 0.5 

• • •• 
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Table 4-1 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected ·Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Ethyldimethylbenzene mglkg 100.00% 0.06 0.06 0.06 NA NA 
Ethyldimethylbenzene (2 isomers) mg/kg 100.00% 0.01 0.01 O.Q1 NA NA 
Ethyldimethylbenzene (3 isomers) mglkg 100.00% 0.2 0.2 0.2 NA NA 
Ethylmethylbenzene mg/kg 2 2 100.00% 0.009 0.07 0.0395 NA NA 
lndane mglkg 3 3 100.00% 0.05 2 0.983333333 NA NA 
lndene mglkg 1 100.00% 0.03 0.03 0.03 NA NA 
mlp-Xylene . mglkg 7 27 25.93% 0.001 0.3 0.056728571 0.001 0.005 

Methyl Butyl Ketone mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

Methyl Ethyl Ketone mg/kg 6 37 16.22% 0.011 0.32 0.087166667 0.0033 0.25 

Methyl Isobutyl Ketone mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

Methyl·t-Butyl Ether mglkg 0 27 0.00% 0 0 0 0.005 0.05 

Methylbenzofuran (2 isomers) mglkg 1 1 100.00% 0.4 0.4 0.4 NA NA ~· 

Methylbenzofuran (3 isomers) mg/kg 1 1 100.00% 0.9 0.9 0.9 NA NA 
Methylene Chloride mglkg 12 63 19.05% 0.0064 0.059 0.01655 0.001 0.11 

Methylindan mg/kg 1 1 100.00% 0.4 0.4 0.4 NA NA 
o-Xylene mglkg 4 27 14.81% 0.0011 0.22 0.0744 0.001 o.oo5· 

Styrene mglkg 0 17 0.00% 0 0 0 0.012 0.071 

Tetrachloroethene mglkg 0 17 0.00% 0 0 0 0.012 0.071 

Tetramethylbenzene mg/kg 1 1 100.00% 0.008 0.008 0.008 NA NA 
Toluene mglkg 7 64 10.94% 0.0013 0.02 0.006728571 0.001 0.5 

trans-1 ,2-Dichloroethene mg/kg 0 27 0.00% 0 0 0 0.001 0.005 

trans-1 ,3-Dichloropropene mglkg 0 17 0.00% 0 0 0 0.012 0.071 

Trichloroethene mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

Trichlorofluoromethane mglkg 0 27 0.00% 0 0 0 0.005 0.005 

Trimethylbenzene mg/kg 1 1 100.00% 0.01 0.01 0.01 NA NA 
Trimethylbenzene (2 isomers) mglkg 2 2 100.00% 0.2 0.4 0.3 NA NA 
Vinyl Chloride mglkg 0 44 0.00% 0 0 0 0.005 0.071 

Xylenes (total) mglkg 4 37 10.81% 0.002 0.094 0.036 0.0016 0.099 

Semi-Volatile Organics (SVOCs) 
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Table 4-1 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

1-Methylnaphthalene mglkg 3 3 100.00% 2 20 14 NA NA 

2,4,5-Trichlorophenol mglkg 0 47 0.00% 0 0 0 0.33 44 

2,4,6-Trichlorophenol mg/kg 0 27 0.00% 0 0 0 0.33 3.3 

2,4-Dimethylphenol mglkg 0 47 0.00% 0 0 0 0.33 44 

2,4-Dinitrophenol mg/kg 0 27 0.00% 0 0 0 1.6 17 

2-Chloronaphthalene mglkg 0 20 0.00% 0 0 0 0.41 44 

2-Chlorophenol mglkg 0 47 0.00% 0 0 0 0.33 44 

2-Methylnaphthalene mglkg 5 37 13.51% 0.21 38 12.71 0.032 44 

4-Chloro-3-Methylphenol mglkg 1 44 2.27% 0.26 0.26 0.26 0.33 24 

Acenaphthene mglkg 24 64 37.50% 0.14 250 23.1475 0.029 4.8 

Acenaphthylene mg/kg 3 52 5.77% O.Q7 0.34 0.206666667 0.021 44 

Amlnofluorenone mglkg 1 100.00% 5 5 5 NA NA 

Anthracene mglkg 30 64 46.88% 0.11 420 35.69833333 0.021 4.8 

Anthracenecarbon!trile mglkg 1 1 100.00% 0.2 0.2 0.2 NA NA 

Benzo(a)anthracene mglkg 37 64 57.81% 0.048 730 29.59832432 0.02 5 

Benzo(a)pyrene mglkg 36 64 56.25% 0.038 680 21.18727n8 0.029 44 

Benzo(b )fluoranthene mglkg 25 47 53.19% 0.031 1800 76.8016 0.023 44 

Benzo(b,k)fluoranthene mglkg 14 17 82.35% 0.051 27 4.797214286 0.41 0.46 

Benzo(g,h,i)perylene. mglkg 5 20 25.00% 0.57 3.4 1.596 0.026 44 

Benzo(k)Fiuoranthene mglkg 19 47 40.43% 0.052 5.5 2.642368421 0.026 44 

Benzoanthracenone mglkg 1 100.00% 0.1 0.1 0.1 NA NA 

Benzofluoranthene (not b or k) mglkg 4 4 100.00% 0.7 9 4.675 NA NA 

Benzofluorene mglkg 4 4 100.00% 0.09 0.8 0.3225 NA NA 

Benzofluorene (2 Isomers) mg/kg 1 1 100.00% 3 3 3 NA NA 

Benzofluorene (3 isomers) mglkg 2 2 100.00% 30 40 35 NA NA 

Benzonaphthothlophene (2 Isomers) mglkg 2 2 100.00% 0.2 10 5.1 NA NA 

Benzopyrene (not a) mglkg 1 1 100.00% 0.3 0.3 0.3 NA NA 

Bis(2-Chloroethyi)Ether mglkg 0 27 0.00% 0 0 0 0.33 3.3 

Bis(2-Ethylhexyl)phthalate mglkg 1 37 2.70% 0.32 0.32 0.32 0.045 44 

• • • 
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Table 4-1 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Carbazole mglkg 15 64 23.44% 0.059 20 6.527266667 0.022 44 

Chrysene mglkg 48 64 75.00% 0.042 920 28.15122917 0.021 3.3 

Cydopentaphenanthrenone mg/kg 1 100.00% 0.2 0.2 0.2 NA NA 

Cydopentapyrene mglkg 2 2 100.00% 0.1 0.3 0.2 NA NA 

Dl-n-Butylphthalate mg/kg 2 37 5.41% 0.058 0.076 0.067 0.028 44 

Dibenzo(a,h)anthracene mg/kg 5 64 7.81% 0.2 3.7 1.548 0.052 44 

Dibenzofuran mg/kg 10 37 27.03% 0.15 200 31.808 0.03 4.8 

Dibenzothiophene mg/kg 3 3 100.00% 2 20 9.666666667 NA NA 

Dimethylnaphthalene (2 isomers) mg/kg 1 1 100.00% 20 20 20 NA ·NA 

Dimethylnaphthalene (3 Isomers) mg/kg 1 100.00% 4 4 4 NA NA 

Fluoranthene mglkg 50 64 78.13% 0.065 1300 66.42998 0.031 46 

Fluorene mglkg 11 37 29.73% 0.069 370 56.93263636 0.031 "4.8 

Hexachlorobenzene mg/kg 0 20 0.00% 0 0 0 0.41 44 

Hexachloroblphenyl mg/kg 1 1 100.00% 0.1 0.1 0.1 NA NA 

Hexahydrohydroxytrlmethyl mg/kg 1 100.00% 4 4 4 NA NA 

lndeno(1,2,3-ccl)pyrene mg/kg 11 47 23.40% 0.61 680 63.47454545 0.067 ·<44 

m+p-Cresol mg/kg 0 5 0.00% 0 0 0 0.41 1.4 

Methylanthracene mg/kg 3 3 100.00% 1 40 1'7 NA NA 

Methylanthracene (2 Isomers) mg/kg 1 100.00% 4 4 4 NA NA 

Methyldibenzofuran mg/kg 2 2 100.00% 1 10 5.5 NA NA 

Methylfluorene mglkg 1 100.00% 1 1 1 NA NA 

Methylfluorene (2 Isomers) mg/kg 100.00% 30 30 30 NA NA 

Methylphenanthrene (21somers) mg/kg 2 2 100.00% 4 30 17 NA NA 

Methylphenanthrene (3 isomers) . mg/kg 1 100.00% 30 30 30 NA NA 

Methylpyrene mg/kg 2 2 100.00% 0.1 6 3.05 NA NA 

Naphthalene mg/kg 7 64 10.94% 0.3 44 12.27142857 0.025 44 

o-Cresol mglkg 0 20 0.00% 0 0 0 0.41 44 

Octahydrodimethyl (Methylethenyl) mg/kg 1 1 100.00% 0.2 0.2 0.2 NA NA 

p-Cresol mglkg 0 15 0.00% 0 0 0 NA NA 
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Table 4-1 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyta Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Pentachlorobiphenyl (2lsomers) mglkg 100.00% 0.4 0.4 0.4 NA NA 

Pentachlorophenol mglkg 64 1.56% 0.22 0.22 0.22 0.97 230 

Perylene mg/kg 2 2 100.00% 0.1 0.2 0.15 NA NA 

Phenanthrene mglkg 24 64 37.50% 0.11 980 79.5375 0.017 4.8 

Phenol mg/kg 0 47 0.00% 0 0 0 0.33 44 

Phenylnaphthalene mg/kg 3 3 100.00% 1 20 1 0.33333333 NA NA 

Pyrene mg/kg 26 37 70.27% 0.077 360 35.59142308 0.063 2.2 

Tetrachlorophenols (total) mg/kg 0 47 0.00% 0 0 0 0.33 44 

Tetramethylphenanthrene mglkg 1 1 100.00% 3 3 3 NA NA 

lnorganlcs 

Aluminum mglkg 17 17 100.00% 650 28000 6931.176471 NA NA 

Arsenic mglkg 43 64 67.19% 1.5 180 13.0744186 0.17 3.09 

Barium mglkg 16 17 94.12% 2.8 110 32.08125 3 3 

Cadmium mglkg 7 25 28.00% 0.18 2.1 0.764285714 0.23 2 

calcium mglkg 17 17 100.00% 330 12000 2537.647059 NA NA 

Chromium mglkg 63 64 98.44% 0.93 71 19.04809524 0.17 1 

Cobalt mg/kg 15 17 88.24% 0.3 15 3.416 0.23 6 

Copper mglkg 61 64 95.31% 1 1100 40.53934426 0.72 2.5 

Copper (Extractable Metal) mglkg 8 9 88.89% 0.58 21 6.635 0.36 0.36 

Iron mg/kg 17 17 100.00% 710 59000 11610 NA NA 

Lead mg/kg 37 37 100.00% 1.9 590 58.25675676 1.1 5 

Magnesium mglkg 14 17 82.35% 210 4900 1365 110 140 

Manganese mglkg 17 17 100.00% 3.5 210 47.58235294 NA NA 

Nickel mg/kg 9 26 34.62% 1.5 52 14.81111111 3 40 

Potassium mg/kg 12 17 70.59% 160 1900 625 50 130 

Selenium mg/kg 2 17 11.76% 1.2 1.6 1.4 0.91 7.8 

Sodium mglkg 9 17 52.94% 210 3300 1052.222222 110 1300 

Vanadium mglkg 17 17 100.00% 2.1 85 22.53529412 NA NA 

Zinc mglkg 26 26 100.00% 6.7 640 135.3538462 NA NA 

• • ., 
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i Table 4-1 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Dioxlns/Furans 

1,2,3,4,6,7,8-Heptachlorodibenzodioxin mglkg 61 61 100.00% 0.00000676 0.268 0.01445798 2.178E-06 8.21E-05 

1,2,3,4,6, 7 ,8-Heptachlorodibenzofuran mglkg 61 61 100.00% 0.0000015 0.144 0.00832985 2.178E-06 8.21E-05 

1,2,3,4, 7 ,8,9-Heptachlorodibenzofuran mglkg 56 61 91.80% 6.23E-08 0.00162 0.000128217 2.178E-06 8.21E-05 

1,2,3,4, 7 ,8-Hexachlorodibenzodioxin mglkg 59 61 96.72% 0.000000101 0.000406 3.38904E-05 2.178E-06 8.21E-05 

1,2,3,4,7,8-Hexachlorodibenzofuran mg/kg 61 61 100.00% 8.24E-08 0.00185 0.0001 08354 2.178E-06 8.21E-05 

1,2,3,6,7,8-Hexachlorodibenzodioxin mglkg 61 61 100.00% 0.000000265 0.00458 0.000282IT3 2.178E-06 8.21E-05 

1,2,3,6, 7 ,8-Hexachlorodibenzofuran mg/kg 61 61 100.00% 8.04E-08 0.000475 3.85763E-05 2.178E-06 8.21E-05 

1,2,3, 7 ,8,9-Hexachlorodibenzodioxin mg/kg 61 61 100.00% 0.000000227 0.000672 6.677 42E-05 2.178E-06 8.21E-05 

1,2,3,7,8,9-Hexachlorodibenzofuran mglkg 49 61 80.33% 0.000000244 0.000598 4.51602E-05 2.178E-06 8.21E-05 

1,2,3,7 ,8-Pentachlorodibenzodioxin mglkg 56 61 91.80% 0.000000119 o.oooon8 1.09181E-05 2.178E-06 8.21E-05 

1,2,3,7 ,8-Pentachlorodibenzofuran mglkg 57 61 93.44% 9.59E-08 0.0000992 9.48628E-06 2.178E-06 8.21E-05 

2,3,4,6, 7 ,8-Hexachlorodibenzofuran mglkg 61 61 100.00% 0.000000121 0.000784 6.29347E-05 2.178E-06 8.21E-05 

2,3,4,7 ,8-Pentachlorodibenzofuran mglkg 61 61 100.00% 0.000000129 0.000285 2.60946E-05 2.178E-06 8.21E-05 

2,3, 7,8-Tetrachlorodibenzodioxin mglkg 43 61 70.49% 9.45E-08 0.00000824 1.94545E-06 4.357E-07 1.642E-05 

2,3, 7,8-Tetrachlorodibenzofuran mg/kg 48 61 78.69% 0.000000185 0.0000218 2.63092E-06 4.357E-07 1.642E-05 

Heptachiorodibenzodloxlns (total) mg/kg 61 61 100.00% 0.0000213 1.7 0.086657839 2.178E-06 8.21E-05 

Heptachlorodibenzofurans (total) mglkg 61 61 100.00% 0.00000368 0.317 0.01889692 2.178E-06 8.21E-05 

Hexachlorodibenzodloxlns (total) mglkg 61 61 100.00% 0.00000216 0.0541 0.003642619 2.178E-06 8.21E-05 

Hexachlorodibenzofurans (total) mg/kg. 61 61 100.00% 0.00000197 0.0687 0.004235612 2.178E-06 8.21E-05 

Octachlorodibenzodioxin mg/kg 61 61 100.00% 0.0000955 2.36 0.146057238 4.357E-06 0.0001642 

Octachlorodibenzofuran mglkg 61 61 100.00% 0.00000237 0.136 0.009594915 4.357E-06 0.0001642 

Pentachlorodibenzodioxlns (total) mglkg 60 61 98.36% 0.000000279 0.00157 0.000166623 2.178E-06 8.21E-05 

Pentachlorodibenzofurans (total) mg/kg 61 61 100.00% 0.000000752 0.00218 0.00021722 2.178E-06 8.21E-05 

Tetrachlorodibenzodioxins (total) mglkg 51 61 83.61% 7.67E-08 0.000207 2.77196E-05 4.357E-07 1.642E-05 

Tetrachlorodibenzofurans (total) mglkg 57 61 93.44% 0.000000362 0.000262 4.27767E-05 4.357E-07 1.642E-05 

TCDD-TEQ mglkg 61 61 100.00% 4.46273E-07 0.00653777 0.000467635 NA NA 

Pesticides/PCBs 

PCB-1260 mglkg 2 17 11.76% 0.17 0.59 0.38 0.038 0.23 
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Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

4,4-DDD mg/kg 2 17 11.76% 0.0071 0.0078 0.00745 0.0038 0.05 

4,4-DDE mglkg 1 17 5.88% 0.026 0.026 0.026 0.0038 0.023 

4,4-DDT mg/kg 0 17 0.00% 0 0 0 0.0038 0.023 

Aldrin mglkg 0 17 0.00% 0 0 0 0.002 0.012 

Delta-BHC mglkg 1 17 5.88% 0.00042 0.00042 0.00042 0.002 0.012 

Dieldrin mglkg 1 17 5.88% 0.0014 0.0014 0.0014 0.0038 0.023 

Endosulfan II mglkg. 1 17 5.88% 0.0029 0.0029 0.0029 0.0038 0.023 

Endosuifan Sulfate mglkg 2 17 11.76% 0.0026 0.016 0.0093 0.0038 0.07 

Endrin Aldehyde mglkg 3 17 17.65% 0.00078 0.023 0.008326667 0.0038 0.023 

Gamma Chlordane 12 mglkg 2 17 11.76% 0.00043 0.027 0.013715 0.0021 0.012 

Methoxychlor mglkg 2 17 11.76% 0.049 0.1 0.0745 0.005 0.12 

Miscellaneous 

Add Volatile Sulfide mglkg 2 16 12.50% 53 370 211.5 10 10 

Ammonia Nitrogen mglkg 60 69 86.96% 0.55 120 13.8985 0.075 1.2 

Total Organic Carbon mglkg 77 78 98.72% 500 260000 40293.24675 150 500 

Notes: 
1. This table represents data from site sediment samples collected from 1990 to present. Samples designated as background are exduded from this summary. 

SQL: Sample Quantitation Limit. 
NA: Indicates detection limit is not applicable because compound was detected In all samples, or detection limit information is not available • 

• • • 
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Table 4-2 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Volatile Organics (VOCs) 

(Methylethyl) Benzene mglkg 2 2 100.00% 0.01 0.7 0.355 NA NA 

(Methylphenyl) Ethanone mglkg 1 100.00% 0.03 0.03 0.03 NA NA 

1,1,1-Trichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1,2,2-Tetrachloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1,2-Trichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1-Dichloroethane mglkg 0 53 0.00% 0 0 0 ·o.oo5 0.005 

1,1-Dichloroethene mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,2-Dibromomethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,2-Dichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,2-Dichloropropane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

2-Chloroethylvinyl Ether mg/kg 0 53 0.00% 0 0 0 0.05 0.05 

Alkanes mg/kg 1 1 100.00% 1 1 NA NA 

Benzene mglkg 84 1.19% O.Q78 0.078 O.Q78 0.005 0.11 

Benzofuran mglkg 1 100.00% 1 1 1 NA NA 

Branched Alkane mg/kg 1 1 100.00% 0.2 0.2 0.2 NA NA 

Bromodlchloroethane mglkg 0 53 0.00%· 0 0 0 0.005 0.005 

Bromomethane mglkg 0 53 0.00% 0 0 0 0.01 0.01 

Carbon Tetrachloride mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Chi oro benzene mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Chloroethane mglkg 0 53 0.00% 0 0 0 0.01 O.Q1 

Chloromethane mglkg 0 53 0.00% 0 0 0 0.01 0.01 

Cls-1,3-Dlchloropropene mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Cyclic Alkanes mglkg 1 100.00% 0.4 0.4 0.4 NA NA 

Dibromochloromethane mg/kg 0 53 0.00% 0 0 0 0.005 0.005 

Dlchlorodifluoromethane mg/kg 0 53 0.00% 0 0 0 0.005 0.005 

Dihydrodlmethyllndene mglkg 1 100.00% 0.04 0.04 0.04 NA NA 

Dihydromethylidene (21somers) mglkg 2 2 100.00% 0.03 0.4 0.215 NA NA 

Dihydromethylindene mglkg 1 1 100.00% 0.1 0.1 0.1 NA NA 
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Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Ethenylbenzaldehyde mglkg 1 1 100.00% 0.03 0.03 0.03 NA NA 
Ethenylmethylbenzene mglkg 1 100.00% 30 30 30 NA NA 
Ethylbenzene mglkg 4 84 4.76% 0.021 0.53 0.32025 0.005 0.021 

Ethyldimethylbenzene mglkg 2 2 100.00% 0.02 0.5 0.26 NA NA 
Ethylmethylbenzene mglkg 100.00% 1 1 1 NA NA 
Ethylmethylbenzene (2 isomers) mglkg 2 2 100.00% 0.08 3 1.54 NA NA 
Ethynylmethylbenzene mglkg 1 100.00% 4 4 4 NA NA 
lndane mglkg 1 1 100.00% 9 9 9 NA NA 
lndene mglkg 1 100.00% 0.03 0.03 0.03 NA NA 
MIP-Xylene mglkg 9 53 16.98% 0.0064 0.44 0.057533333 0.005 0.005 

Methyl (Methylethyl) Benzene mglkg 2 2 100.00% 0.04 0.8 0.42 NA NA 
Methyl (Methylethyl) Benzene (3 isomers) mglkg 1 100.00% 2 2 2 NA NA 
Methyl (Propenyl) Benzene mglkg 1 100.00% 2 2 2 NA NA 
Methyl Ethyl Ketone mglkg 3 18 16.67% 0.019 0.071 0.04 0.011 0.11 

Methyl-t-Butyl Ether mglkg 0 53 0.00% 0 0 0 0.05 0.05 

Methylbenzofuran mglkg 1 1 100.00% 0.7 0.7 0.7 NA NA 
Methylene Chloride mglkg 0 53 0.00% 0 0 0 0.005 0.005 

o-Xylene mglkg 1 53 1.89% 0.2 0.2 0.2 0.005 0.005 

Phenylpropenal mglkg 2 2 100.00% 0.1 4 2.05 NA NA 
Pinene mglkg 1 1 100.00% 1 1 NA NA 
Toluene mglkg 1 84 1.19% 0.55 0.55 0.55 0.005 0.11 

trans-1 ,2-Dichloroethene mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Trichloroethane mglkg ·o 53 0.00% 0 0 0 0.005 0.005 

Trichlorofluoromethane mglkg 0 53 0.00% 0 0 0 NA NA 
Trimethylbenzene (3 isomers) mglkg 3 3 100.00% 0.2 6 3.733333333 NA NA 
Vinyl Chloride mglkg 0 53 0.00% 0 0 0 0.01 0.01 

Xylenes (total) mglkg 3 18 16.67% 0.047 2.3 1.085666667 0.011 0.021 

Semi-Volatile Organics (SVOCs) 

1 ,2,4-Trichlorobenzene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

• • • 
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Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

1,2-Dichlorobenzene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

1,2-Diphenylhydrazine mglkg 0 4 0.00% 0 0 0 0.33 0.33 

1,3-Dichlorobenzene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

1 ,4-Dlchlorobenzene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

1-Methylnaphthalene mglkg 3 3 100.00% 0.1 8 2.8 NA NA 

2,4,5-Trlchlorophenol mglkg 0 66 0.00% 0 0 0 0.33 330 

2,4,6-Trlchlorophenol mglkg 0 70 0.00% 0 0 0 0.33 330 

2,4-Dichlorophenol mglkg 0 4 0.00% 0 0 0 0.33 0.33 

2,4-Dimethylphenol mglkg 1 123 0.81% O.Q7 0.07 0.07 0.33 330 

2,4-Dinltrophenol mglkg 0 105 0.00% 0 0 0 1.7 1700 

2,4-Dinltrotoluene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

2,6-Dinitrotoluene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

2-Chloronaphthalene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

2-Chlorophenol mglkg 1 123 0.81% 0.039 0.039 0.039 0.33 330 

2-Methylnaphthalene mglkg 15 36 41.67% 0.042 2400 176.6754 0.34 63 ' 

2-Nitrophenol mglkg 0 4 0.00% 0 0 0 0.33 0.33 

3,3-Dichlorobenzldlne mglkg 0 4 0.00% 0 0 0 0.67 0.67 

3,4-Benzofluoranthene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

4,6-Dinltro-o-cresol mglkg 0 4 0.00% 0 0 0 1.7 1.7 

4-Bromophenyl Phenyl Ether mglkg 0 4 0.00% 0 0 0 0.33 0.33 

4-Chloro-3-Methylphenol mglkg 0 66 0.00% 0 0 0 0.33 330 

4-Chlorophenyl Phenyl Ether mglkg 0 4 0.00% 0 0 0 0.33 0.33 

4-Nitrophenol mglkg 0 4 0.00% 0 0 0 1.7 1.7 

Acenaphthene mglkg 23 141 16.31% 0.039 4900 379.8996957 0.33 330 

Acenaphthopyrldlne mglkg 1 1 100.00% 2 2 2 NA NA 

Acenaphthylene mglkg 25 141 17.73% 0.037 11 0.95592 0.33 1400 

Alkanes mglkg 6 6 100.00% 0.4 5 2.066666667 NA NA 

Anthracene mglkg 63 141 44.68% 0.034 4600 168.7998095 0.33 330 

Anthracenedione mglkg 7 7 100.00% 0.3 20 3.4 NA NA 
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Table 4-2 
S.oil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Benzacephenanth~ene mglkg 1 100.00% 4 4 4 NA NA 

Benzanthracenone mglkg 4 4 100.00% 0.1 0.8 0.275 NA NA 

Benzidine mglkg 0 4 0.00% 0 0 0 2.7 2.7 

Benzo(a)anthracene mglkg 90 141 63.83% 0.037 1400 29.57156667 0.33 330 

Benzo(a)pyrene mg/kg 85 141 60.28% 0.031 370 11.6728 0.33 330 

Benzo(b )fluoranthene mglkg 38 66 57.58% 0.58 99 10.27210526 0.33 330 

Benzo(b,k)fluoranthene mglkg 65 84 77.38% 0.052 1000 33.13063077 0.33 66 

Benzo(g,h,l)pe~ene mglkg 27 40 67.50% 0.042 17 2.037407407 0.33 63 

Benzo(k)fluoranthene mg/kg 34 70 48.57% 0.4 36 4.568235294 0.33 330 

Benzoanthracenone mglkg 1 100.00% 0.5 0.5 0.5 NA NA 

Benzoanthracenone (2 isomers) mglkg 1 100.00% 0.3 0.3 0.3 NA NA 

Benzofluoranthene (not b or k) mg/kg 4 4 100.00% 0.08 100 25.845 NA NA 

Benzofluorene mglkg 5 5 100.00% 0.1 400 84.96 NA NA 

Benzofluorene (2 isomers) mglkg 2 2 100.00% 0.2 10 5.1 NA NA 

Benzonaphthothlophene mglkg 6 6 100.00% 0.1 1 0.45 NA NA 

Benzopyrene (not A) mg/kg 2 2 100.00% 0.08 0.1 0.09 NA NA 

Biphenyl mglkg 3 3 100.00% 0.2 500 168.4 NA NA 

Bis(2-Chloroethoxy)Methane mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Bis(2-Chloroethyi)Ether mglkg 0 70 0.00% 0 0 0 0.33 330 

Bis(2-Chloroisopropyi)Ether mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Bis(2-Ethylhexyl)phthalate mglkg 22 4.55% 0.8 0.8 0.8 0.33 1.7 

Butyl Benzyl Phthalate mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Carbazole mglkg 42 137 30.66% 0.039 1200 61.90728571 0.33 330 

Carboxylic Acid mg/kg 3 3 100.00% 0.5 3 1.366666667 NA NA 

Carboxylic Acids mglkg 1 1 100.00% 2 2 2 NA NA 

Chrysene mglkg 103 141 73.05% 0.041 1400 26.96329126 0.33 330 

Cyclopentaphenanthrenone mglkg 8 8 100.00% 0.1 500 64.35 NA NA 

Cyclopentapyrene mglkg 1 1 100.00% 0.1 0.1 0.1 NA NA 

01-N-Butylphthalate mglkg 0 22 0.00% 0 0 0 0.33 1.7 

• • • • 
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Table4-2 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Anaiyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Di-n-Octylphthalate mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Dibenzo(a,h)anthracene mglkg 6 105 5.71% 0.39 2.4 0.948666667 0.33 330 

Dibenzofuran mglkg 18 36 50.00% 0.042 4000 231.6993889 0.35 0.5 

Dibenzothiophene mglkg 2 2 100.00% 2 400 201 NA NA 
Diethyl Phthalate mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Dimethyl Phthalate mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Dimethylnaphthalene mglkg 6 6 100.00% 0.2 2 0.633333333 NA NA 
Dimethylnaphthalene (21somers) mglkg 1 1 100.00% 7 7 7 NA NA 
Dimethylnaphthalene (31somers) mglkg 100.00% 3000 3000 3000 NA NA 
Dimethylphenanathrene mglkg 1 100.00% 0.4 0.4 0.4 NA NA 
Dlmethylphenanthrene (2 Isomers) mg/kg 1 100.00% 0.5 0.5 0.5 NA NA 
Ethylene Glycol mg/kg 1 100.00% 0.3 0.3 0.3 NA ·NA 

Ethylnaphthalene mglkg 1 1 100.00% 300 300 300 NA NA 
Fluoranthene mglkg 110 141 78.01% 0.077 7300 129.9589273 0.33 330 

Fluorene mg/kg 13 40 32.50% 0.055 7000 564.91 03077 0.33 1.7 

Fluorenone mglkg 4 4 100.00% 0.08 0.6 0.32 NA .NA 
Hexachlorobenzene mglkg 22 4.55% 0.04 0.04 0.04 0.33 1.7 

Hexachlorobutadlene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Hexachlorocydopentadiene mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

Hexachloroethane mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Hexahydrohydroxytrimethyl mglkg 1 1 100.00% ·0.09 0.09 0.09 NA NA 
lndeno(1,2,3-cd)pyrene mglkg 65 141 46.10% 0.035 88 4.766307692 0.33 330 

lndenosoqulnollne mglkg 1 1 100.00% 1 1 1 NA NA 
lsophorone mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

Methyl (Methylethyl) Phenanthrene mg/kg 1 100.00% 1 NA NA 
Methylanthraoene mg/kg 5 5 100.00% 0.2 0.48 NA NA 
Methylanthraoene (2 isomers) mglkg 1 1 100.00% 0.2 0.2 0.2 'NA NA 
Methylbenzanthraoene mglkg 2 2 100.00% 0.1 0.6 0.35 NA NA 
Methylblphenyl mg/kg 3 3 100.00% 1 1000 335.3333333 NA NA 
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Table 4-2 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Methylchrysene mglkg 1 1 100.00% 10 10 10 NA NA 

Methyldibenzofuran mglkg 6 6 100.00% 0.2 700 122.75 NA NA 

Methylfluorene mg/kg 1 100.00% 4 4 4 NA NA 

Methylnaphthalene mglkg 3 3 100.00% 0.2 1000 334.4 NA NA 

Methylphenanthrene mglkg 3 3 100.00% 0.1 0.4 0.233333333 NA NA 

Methylpyrene mglkg 5 5 100.00% 0.09 10 2.156 NA NA 

Methylpyrene (2 isomers) mglkg 3 3 100.00% 4 1000 338 NA NA 

N-Nitrosodi-N-Propylamine mglkg 0 4 0.00% 0 0 0 0.33 0.33 

N-Nitrosodimethylamine mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

N-Nitrosodiphenylamine mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Naphthalene . mglkg 24 141 17.02% 0.042 2900 224.286375 0.33 330 

Naphthochrysene mglkg 1 1 100.00% 1 1 NA NA 

Nitrobenzene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

p-Chloro-m-cresoi mglkg 0 52 0.00% 0 0 0 0.33 66 

Pentachlorophenol mglkg 5 123 4.07% 0.16 4.8 1.646 0.89 1700 

Perylene mglkg 15 15 100.00%. 0.09 6 0.872666667 NA NA 

Phenanthrene mg/kg 66 141 46.81% 0.038 15000 378.250803 0.33 66 

Phenol mglkg 0 105 0.00% 0 0 0 0.33 330 

Phenylnaphthaiene mg/kg 1 1 100.00% 0.09 0.09 0.09 NA NA 

Pyrena mglkg 30 40 75.00% 0.064 4600. 162.9790667 0.33 0.43 

Tetrachlorophenols (total) mg/kg 1 101 0.99% 2.8 2.8 2.8 0.33 1700 

Tetramethylphenanthrene mglkg 3 3 100.00% 0.2 6 2.2 NA NA 

Trichlorophenols (total) mg/kg 0 48 0.00% 0 0 0 0.33 66 

Trimethylnaphthalene mglkg 1 1 100.00% 400 400 400 NA NA 

Vanillin mglkg 1 1 100.00% 0.1 0.1 0.1 NA NA 

lnorganics 

Aluminum mg/kg 36 36 100.00% 310 13000 1848.888889 NA NA 

Antimony mglkg 1 4 25.00% 6.6 6.6 6.6 5 5 

• • • 
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Table 4-2 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Arsenic mglkg 98 141 69.50% 1.2 1300 29.76530612 0.65 3 

Barium mglkg 36 36 100.00% 0.74 47 12.2675 NA NA 

Beryllium mglkg 0 4 0.00% 0 0 0 0.5 0.5 

Cadmium mglkg 2 40 5.00% 0.96 1 0.98 0.26 1.1 

Calcium mglkg 33 36 91.67% 2.7 130000 6704.839394 90 140 

Chromium mglkg 139 141 98.58% 1.1 1200 24.07640288 1 1.2 

Cobalt mglkg 8 36 22.22% 0.75 6.2 2.4025 0.37 2 

Copper mglkg 94 141 66.67% 2.8 1600 56.60744681 0.67 6 

Cyanide mglkg 1 22 4.55% 12 12 12 0.1 1 

Iron mglkg 36 36 100.00% 570 20000 3600.833333 NA NA 

Lead mglkg 40 40 100.00% 0.93 590 56.13925 0.5 0.5 

Magnesium mglkg 32 36 88.89% 22 4700 413.5 50 130 

Manganese mglkg 34 36 94.44% 3.8 230 36.97647059 3 7.3000002 

Mercury mg/kg 9 40 22.50% 0.012 1 0.326666667 0.01 0.2 ' 

Nickel mglkg 5 40 12.50% 5.4 110 29.88 0.65 6 

Potassium mglkg 21 36 58.33% 67 780 268.6190476 140 290 .· 

Selenium mg/kg 0 4 0.00% 0 0 0 1 

Silver mglkg 0 4 0.00% 0 0 0 1 

Sodium mglkg 17 36 47.22% 12 620 138 12 80 

Thallium mglkg 0 4 0.00% 0 0 0 1 1 

Vanadium mg/kg 34 36 94.44% 1.4 34 6.229411765 2 3 

Zinc mglkg 40 40 100.00% 1.8 310 42.1175 2 2 

Dloxlns/Furans 

1,2,3,4,6, 7,8-Heptachlorodibenzodloxln mglkg 15 16 93.75% 0.00000402 0.0987 0.034083935 3.1E-07 3.259E-05 

1,2,3,4,6, 7,8-Heptachlorodibenzofuran mglkg 16 16 100.00% 0.0000027 0.094 0.022645744 2.7E-07 3.259E-05 

1,2,3,4, 7 ,8,9-Heptachlorodibenzofuran mglkg 11 16 68.75% 0.00000288 0.0011 0.000563225 2E-07 3.259E-05 

1,2,3,4, 7 ,8-Hexachlorodibenzodioxin mglkg 13 16 81.25% 0.000000651 0.0011 0.000171761 2E-07 3.259E-05 

1,2,3,4, 7 ,8-Hexachlorodibenzofuran mglkg 10 10 100.00% 0.000000402 0.00116 0.000375222 2E-07 3.259E-05 
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Table4-2 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

1,2,3,6,7 ,8-Hexachiorodibenzodioxin mg/kg 14 16 87.50% 0.00000142 0.0025 0.000841256 2E-07 3.259E-05 

1,2,3,6,7,8-Hexachiorodibenzofuran mg/kg 14 16 87.50% 0.000000373 0.00055 0.000133409 2E-07 5.5E-05 

1,2,3, 7 ,8,9-Hexachiorodibenzodioxin mglkg 14 16 87.50% 0.00000072 0.0018 0.000379439 2E-07 3.259E-05 

1,2,3,7,8,9-Hexachlorodibenzofuran mg/kg 6 10 60.00% 0.000000544 0.000067 4.41407E-05 2E-07 3.259E-05 

1,2,3, 7 ,8-Pentachlorodibenzodloxln mglkg 12 16 75.00% 0.000000491 0.00036 5.03841 E-05 2E-07 5E-05 

1,2,3,7,8-Pentachlorodibenzofuran mglkg 8 10 80.00% 0.000000363 0.0000633 3.20074E-05 2E-07 3.259E-05 

2,3,4,6, 7 ,8-Hexachlorodibenzofuran mg/kg 13 16 81.25% 0.000000432 0.0011 0.000209415 4.6E-07 5.5E-05 

2,3,4,7,8-Pentachlorodibenzofuran mglkg 13 16 81.25% 0.000000372 0.00017 3.93139E-05 2E-07 5.5E-05 

2,3, 7,8-Tetrachlorodibenzodioxln mglkg 7 16 43.75% 0.0000009 0.000023 6.34429E-06 2E-07 2.2E-05 

2,3,7,8-Tetrachlorodibenzofuran mg/kg 7 16 43.75% 0.00000609 0.0001 2.68414E-05 2E-07 2.2E-05 

Heptachlorodibenzodioxins (total) mg/kg 16 16 100.00% 0.0000111 0.573 0.153665069 8.6E-07 3.259E-05 

Heptachlorodibenzofurans (total) mg/kg 16 16 100.00% 0.00000499 0.164 0.044430087 8.6E-07 3.259E-05 

Hexachiorodibenzodioxins (total) mg/kg 15 16 93.75% 0.0000048 0.028 0.00971422 2E-07 3.259E-05 

Hexachlorodibenzofurans (total) mglkg 16 16 100.00% 0.00000188 0.03863 0.010833028 2E-07 3.259E-05 

Octachlorodibenzodioxin mg/kg 15 16 93.75% 0.0000541 1 0.33922714 3.1E-06 0.0002 

Octachlorodibenzofuran mg/kg 16 16 100.00% 0.00000239 0.15525 0.038446281 1.7E-07 6.519E-05 

Pentachlorodibenzodioxins (total) mg/kg 14 16 87.50% 0.000000848 0.0043 0.000581081 2E-07 3.259E-05 

Pentachlorodibenzofurans (total) mg/kg 15 16 93.75% 0.000000372 0.0028 0.000575997 2E-07 3.259E-05 

Tetrachlorodibenzodioxlns (total) mglkg 9 16 56.25% 0.0000023 0.0012 0.000199989 2E-07 2.2E-05 

Tetrachlorodibenzofurans (total) mglkg 9 16 56.25% 0.00000162 0.00047 0.000122091 2E-07 2.2E-05 

TCDD-TEQ mg/kg 16 16 100.00% 4.9304E-07 0.0031429 0.001120515 NA NA 
Pesticides/PCBs 

PCB-1016 mglkg 0 4 0.00% 0 0 0 0.033 0.033 

PCB-1221 mg/kg 0 4 0.00% 0 0 0 0.067 0.067 

PCB-1232 mg/kg 0 4 0.00% 0 0 0 0.033 0.033 

PCB-1242 mg/kg 0 4 0.00% 0 0 0 0.033 0.033 

PCB-1248 mg/kg 0 4 0.00% 0 0 0 0.033 0.033 

PCB-1254 mglkg 0 4 0.00% 0 0 0 0.033 0.033 

PCB-1260 mg/kg 2 4 50.00% 0.06 0.11 0.085 0.033 0.033 

• • • 
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Table4-2 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

4,4-000 mglkg 3 22 13.64% 0.014 0.064 0.032666667 0.0033 0.45 

4,4-DDE mglkg 5 40 12.50% 0.0039 0.029 0.01704 0.0033 0.45 

4,4-DDT mglkg 4 40 10.00% 0.03 0.16 0.09225 0.0033 1.9 

Aldrin mglkg 4 25.00% 0.003 0.003 0.003 0.0017 0.0017 

Alpha-BHC mglkg 0 4 0.00% 0 0 0 0.0017 0.0017 

Alpha-Chlordane/2 mg/kg 1 18 5.56% 0.15 0.15 0.15 0.0018 0.23 

Beta-BHC mglkg 0 4 0.00% 0 0 0 0.0017 0.0017 

Chlordane (Tech, Mlxture)/1 mglkg 0 4 0.00% 0 0 0 0.017 0.017 

Delta-BHC mglkg 0 4 0.00% 0 0 0 0.0017 0.0017 

Dieldrin mglkg 1 22 4.55% 0.014 0.014 0.014 0.0033 0.45 

Endosulfan I mglkg 12 40 30.00% 0.0032 0.13 0.037983333 0.0017 0.23 

Endosulfan II mglkg 0 4 0.00% 0 0 0 0.0033 0.0033 -.-

Endosulfan Sulfate mglkg 0 4 0.00% 0 0 0 0.0033 0.0033 

Endrin mglkg 1 22 4.55% 0.015 O.D15 0.015 0.0033 0.03 

Gamma-BHC (Lindane) mglkg 1 4 25.00% 0.0023 0.0023 0.0023 0.0017 0.0017 -· 
Heptachlor mglkg 1 4 25.00% 0.0019 0.0019 0.0019 0.0017 0.0017 

Heptachlor Epoxide mglkg 0 4 0.00% 0 0 0 0.0017 0.0017 

Toxaphene mglkg 0 4 0.00% 0 0 0 0.17 0.17 

Miscellaneous 

Total Organic Carbon mglkg 6 6 100.00% 5800 62000 27 466.66667 NA NA 

Notes: 
1. This table represents data from site soil samples collected from 1990 to presenl Samples designated as background are excluded from this summary. 
SQL: Sample Quantitatlon Limil 
NA: Indicates detection limit is not applicable because compound was detected in all samples, or detection limit information is not available. 



Analyte Units 

Semi-Volatile Organics (SVOCs) 

2,4,5-Trichlorophenol mglkg 

2,4-Dimethylphenol mglkg 

2-Chloronaphthalene . mglkg 

2-Chlorophenol mglkg 

2-Methylnaphthalene mglkg 

Acenaphthene mglkg 

Acenaphthylene mglkg 

Anthracene mglkg 

Benzo(a)anthracene mglkg 

Benzo(a)pyrene mglkg 

Benzo(b )fluoranthene mglkg 

Benzo(g,h,l)perylene mglkg 

Benzo(k)fluoranthene mglkg 

Bis(2-Ethylhexyl)phthalate mglkg 

Carbazole mglkg 

Chrysene mglkg 

Di-n-Butyfphthalate mglkg 

Dibenzo(a,h)anthracene mglkg 

Dibenzofuran mglkg 

Fluoranthene mglkg 

Fluorene mglkg 

Hexachlorobenzene mglkg 

lndeno(1,2,3-ccl)pyrene mglkg 

Naphthalene mglkg 

o-Cresol mglkg 

p-Cresol mglkg 

Pentachlorophenol mglkg 

Phenanthrene mglkg 

• l 

Number 
Detected 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

Table 4-3 
Fish Tissue Data Summary 
Southern Wood Piedmont 

Wilmington, NC 

Number Frequency of Minimum Detected 
Tested Detection Cone. 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 5.3% 2.8 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 5.3% 1.8 

19 0.0% 0 

19 5.3% 1.5 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 
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Maximum Mean Minimum Maximum 
Detected Cone. Detected Cone. SQL SQL 

0 0 NA NA 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

2.8 2.8 0.013 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99. 0.99 

1.8 1.8 0.012 0.99 

0 0 0.99 0.99 

1.5 1.5 0.012 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 NA NA 

0 0 5.0999999 5.1 

0 0 0.99 0.99 

• 



• 
Number 

Analyte Units Detected 

Phenol mg/kg 0 

Pyrene mg/kg 0 

Tetrachlorophenols (total) mg/kg 0 

Dloxlns/Furans 

1,2,3,4,6, 7 ,8-Heptachlorodibenzodioxin mglkg 19 

1,2,3,4,6,7,8-Heptachlorodibenzofuran mglkg 18 

1,2,3,4, 7 ,8,9-Heptachlorodibenzofuran mglkg 2 

1,2,3,4, 7 ,8-Hexachlorodibenzodioxln mg/kg 6 

1,2,3,4, 7 ,8-Hexachlorodibenzofuran mglkg 14 

1,2,3,6, 7 ,8-Hexachlorodibenzodioxin mg/kg 12 

1,2,3,6, 7 ,8-Hexachlorodibenzofuran mglkg 12 

1,2,3,7,8,9-Hexachlorodibenzodioxln mglkg 8 

1,2,3, 7 ,8,9-Hexachlorodibenzofuran mglkg 2 

1,2,3,7,8-Pentachlorodibenzodioxin mglkg 16 

1,2,3, 7 ,8-Pentachlorodibenzofuran mglkg 14 

2,3,4,6,7,8-Hexachlorodibenzofuran mglkg 12 

2,3,4,7,8-Pentachlorodibenzofuran mg/kg 19 

2,3,7,8-Tetrachlorodibenzodioxin mglkg 10 

2,3, 7,8-Tetrachlorodibenzofuran mglkg 13 

Heptachlorodibenzodioxins (total) mglkg 20 

Heptachlorodibenzofurans (total) mglkg 18 

Hexachlorodibenzodioxlns (total) mglkg 15 

Hexachlorodibenzofurans (total) mglkg 17 

Octachlorodibenzodioxln mglkg 20 

Octachlorodibenzofuran mglkg 12 

Pentachlorodibenzodioxins (total) mglkg 16 

Pentachlorodibenzofurans (total) mg/kg 19 

Tetrachlorodibenzodioxlns (total) mglkg 10 

Tetrachlorodibenzofurans (total) mglkg 13 

• 
Table 4-3 

Fish Tissue Data Summary 
Southern Wood Piedmont 

Wilmington, NC 

Number Frequency of Minimum Detected 
Tested Detection Cone. 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

20 95% 0.000000763 

20 90% 0.000000242 

20 10% 0.000000236 

20 30% 0.000000154 

20 70% 8.84E-08 

20 60% 0.000000177 

20 60% 7.07E-08 

20 40% 0.000000158 

20 10% 0.000000177 

20 80% 0.00000013 

20 70% 8.22E-08 

20 60% 0.000000104 

20 95% 0.000000114 

20 50% . 0.000000216 

20 65% 0.000000203 

20 100% 0.000000545 

20 90% 0.00000027 

20 75% 0.000000181 

20 85% 0.000000163 

20 100% 0.00000269 

20 60% 0.000000523 

20 80% 0.00000013 

20 95% 0.000000114 

20 50% 0.000000216 

20 65% 0.000000203 
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Maximum Mean Minimum Maximum 
Detected Cone. Detected Cone. SQL SQL 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0.000311 1.97372E-05 2.148E-06 2.495E-06 

0.0000561 4.35283E-06 2.148E-06 2.495E-06 

0.00000024 0.000000238 2.148E-06 2.495E-06 

0.0000012 4.335E-07 2.148E-06 2.495E-06 

0.00000124 3.59671E-07 2.148E-06 2.495E-06 

0.00000642 1.29725E-06 2.148E-06 2.495E-06 

0.000000752 2.79308E-07 2.148E-06 2.495E-06 

0.00000217 5.6925E-07 2.148E-06 2.495E-06 ~ 

0.000000313 0.000000245 2.148E-06 2.495E-06 

0.00000101 0.00000035 2.148E-06 2.495E-06 

0.000000395 1.77007E-07 2.148E-06 2.495E-06 

0.00000109 0.000000376 2.148E-06 2.495E-06 ' 

0.00000137 3.69368E-07 2.148E-06 2.495E-06 

0.000000629 3.579E-07 4.3E-07 4.99E-07 

0.0000027 6.95154E-07 4.3E-07 4.99E-07 

0.00188 0.0001 02029 2.148E-06 2.495E-06 

0.000167 1.11106E-05 2.148E-06 2.495E-06 

0.000081 6.8086E-06 2.148E-06 2.495E-06 

0.0000346 3.98953E-06 2.148E-06 2.495E-06 

0.00419 0.000231773 4.296E-06 4.99E-06 

0.000171 1.60253E-05 4.296E-06 4.99E-06 

0.00000263 6.0875E-07 2.148E-06 2.495E-06 

0.00000698 1.16605E-06 2.148E-06 2.495E-06 

0.000000629 3.579E-07 4.3E-07 4.99E-07 

0.0000027 9.28923E-07 4.3E-07 4.99E-07 



Number 
Analyte Units Detected 

TCDD-TEQ mglkg 20 

lnorganics 

Arsenic mglkg 0 

Chromium mglkg 1 

Copper mglkg 4 

Miscellaneous 

Percent Lipids % 19 

ORP mV 19 

pH 19 

Salinity ppm 19 

Temperature c 19 

Conductivity umhos 19 

Dissolved Oxygen mg/L 19 

Notes: 
SQL: Sample Quantitation limit. 

Table4-3 
Fish Tissue Data Summary 
Southern Wood Piedmont 

Wilmington, NC 

Number Frequency of Minimum Detected 
Tested Detection Cone. 

20 100% 5.107E-08 

19 0.0% 0 

19 5.3% 1.4 

19 21.0% 2 

19 100% 1 

19 100% 106 

19 100% 6 

19 100% 0.0000001 

19 100% 18.9 

19 100% 210 

19 100% 4.32 

Maximum 
Detected Cone. 

1.04572E-05 

0 

1.4 

27 

5.1 

123 

7.2 

0.0000001 

23.9 

283 

7.8 

NA: Indicates detection limit is not applicable because compound was detected in all samples, or detection limit information is not available. 

• • 
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Mean Minimum Maximum 
Detected Cone. SQL SQL 

1.19464E-06 0 0 

0 0.91 1 

1.4 0.17 1 

8.725 0.72 2 

2.6421 05263 NA NA 

114.1578947 NA NA 

6.815789474 NA NA 

0.0000001 NA NA 

21 NA NA 

240.2105263 NA NA 

6.164210526 NA NA 

• 
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Table 4-4 
Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Volatile Organics (VOCs) 

1,1,1-Trichloroethane mg/L 0 12 '0.00% 0 0 0 0.005 0.01 

1,1,2,2-Tetrachloroethane mg/L 0 12 0.00% 0 0 0 0.005 0.01 

1,1,2-Trichloroethane mg/L 0 12 0.00% 0 0 0 0.005 O.Q1 

1,1-Dichloroethane mg/L 0 12 0.00% 0 0 0 0.005 0.01 

1,1-Dichloroethene mg/L 0 12 0.00% 0 0 0 0.005 0.01 

1,2,4-Trlchlorobenzene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

1,2-Dibromoethane mg/L 0 5 0.00% 0 0 0 0.005 0.005 

1,2-Dichlorobenzene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

1,2-Dichloroethane mg/L 0 12 0.00% 0 0 0 0.005 O.Q1 

1,2-Dichloroethene (total) mg/L 0 7 0.00% 0 0 0 0.01 O.Q1'·~· 

1,2-Dichloropropane mg/L 0 12 0.00% 0 0 0 0.005 O.Q1 ; 

1,3-Dichlorobenzene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

1,4-Dichlorobenzene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

2,2-Chloroisopropylether mg/L 0 7 0.00% 0 0 0 0.01 0.01 . 

2,4-Dinitrotoluene mg/L 0 7 0.00% 0 0 0 0.01 O.Q1 . 

2,6-Dinltrotoluene mg/L 0 7 0.00% 0 0 0 0.01 0.01 . 

2-Chloroethylvlnyl Ether mg/L 0 5 0.00% 0 0 0 0.05 0.05 

4-Bromophenyl phenyl ether mg/L 0 7 0.00% 0 0 0 O.Q1 0.01 

4-Chlorophenyl Phenyl Ether mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Acetone mg/L 0 7 0.00% 0 0 0 O.Q1 0.01 

Benzene mg/L 0 12 0.00% 0 0 0 0.005 0.01 

Bis(2-Chloroethoxy)Methane mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Bromodichloromethane mg/L 0 12 0.00% 0 0 0 0.005 0.01 

Bromoform mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Bromomethane mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Carbon Disulfide mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Carbon Tetrachloride mg/L 0 12 0.00% 0 0 0 0.005 0.01 

Chlorobenzene mg/L 0 12 0.00% 0 0 0 0.005 O.Q1 
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Table4-4 
Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 
Chloroethane mg/L 0 12 0.00% 0 0 0 O.Q1 0.01 
Chloroform mg!L 0 7 0.00% 0 0 0 0.01 0.01 
Chloromethane mg!L 0 12 0.00% 0 0 0 O.Q1 0.01 
Cis-1 ,3-Dichloropropene mg/L 0 12 0.00% 0 0 0 0.005 0.01 
Dibromochloromethane mg!L 0 12 0.00% 0 0 0 0.005 0.01 
Dlchlorodifluoromethane mg/L 0 5 0.00% 0 0 0 0.005 0.005 
Ethylbenzene mg!L 0 12 0.00% 0 0 0 0.005 0.01 
Hexachlorobenzene mg!L 0 7 0.00% 0 0 0 0.01 0.01 
Hexachloroethane mg!L 0 7 0.00% 0 0 0 0.01 0.01 
m/p-Xylene mg!L 0 5 0.00% 0 0 0 0.005 0.005 
Methyl Butyl Ketone mg!L 0 7 0.00% 0 0 0 0.01 0.01 
Methyl Ethyl Ketone mg/L 0 7 0.00% 0 0 0 0.01 0.01 
Methyl Isobutyl Ketone mg!L 0 7 0.00% 0 0 0 O.Q1 0.01 
Methyl-t-Butyl Ether mg!L 0 5 0.00% 0 0 0 0.01 0.01 
Methylene Chloride mg/L 0 12 0.00% 0 0 0 0.005 0.01 
Nitrobenzene mg!L 0 7 0.00% 0 0 0 0.01 0.01 
<>-Xylene mg!L 0 5 0.00% 0 0 0 0.005 0.005 
Styrene mg!L 0 7 0.00% 0 0 0 O.Q1 0.01 
Tetrachloroethane mg!L 0 7 0.00% 0 0 0 0.01 0.01 
Toluene mg!L 0 12 0.00% 0 0 0 0.005 0.01 
trans-1 ,2-Dichloroethene mg/L 0 5 0.00% 0 0 0 0.005 0.005 
Trans-1 ,3-Dichloropropene mg!L 0 7 0.00% 0 0 0 0.01 O.Q1 
Trichloroethane mg/L 0 12 0.00% 0 0 0 0.005 0.01 
Trichlorofluoromethane mg!L 0 5 0.00% 0 0 0 0.005 0.005 
Vinyl Chloride mg!L 0 12 0.00% 0 0 0 0.01 0.01 
Xylenes (total) mg/L· 0 7 0.00% 0 0 0 0.01 0.01 

Semi-Volatile Organics (SVOCs) 

2,4,5-Trichlorophenol mg!L 0 12 0.00% 0 0 0 0.01 0.025 
2,4, 6-Trichlorophenol mg!L 0 12 0.00% 0 0 0 0.01 0.01 

• • • 
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Table 4-4 
Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

2,4-Dichlorophenol mg/L 0 7 0.00% 0 0 0 0.01 0.01 

2,4-Dimethylphenol mg/L 0 12 0.00% 0 0 0 0.01 0.01 

2,4-Dinitrophenol mg/L 0 12 0.00% 0 0 0 0.025 0.05 

2-Chloronaphthalene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

2-Chlorophenol mg!L 0 12 0.00% 0 0 0 0.01 0.01 

2-Methyi-4,6-Dinitrophenol mg/L 0 7 0.00% 0 0 0 0.025 0.025 

2-Methylnaphthalene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

2-Nitroaniline mg/L 0 7 0.00% 0 0 0 0.025 0.025 

2-Nitrophenol mg/L 0 7 0.00% 0 0 0 0.01 0.01 

3,3-Dichlorobenzidine mg/L 0 7 0.00% 0 0 0 0.01 0.01 

3-Nitroaniline mg/L 0 7 0.00% 0 0 0 0.025 0.025•' 

4-Chloro-3-Methylphenol mg/L 0 12 0.00% 0 0 0 0.01 0.01' 

4-Chloroaniline mg/L 0 7 0.00% 0 0 0 0.01 0.01 

4-Nitroaniline mg/L 0 7 0.00% 0 0 0 0.025 0.025 

4-Nitrophenol mg/L 0 7 0.00% 0 0 0 0.025 0.025' 

Acenaphthene mg/L 1 12 8.33% 0.001 0.001 0.001 0.01 0.01', 

Acenaphthylene mg!L 0 12 0.00% 0 0 0 0.01 0.01 

Anthracene mg!L 0 12 0.00% 0 0 0 0.01 0.01 

Benzo(a)anthracene mg!L 0 12 0.00% 0 0 0 0.01 0.01 

Benzo(a)Pyrene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Benzo(b )fluoranthene mg/L 0 5 0.00% 0 0 0 0.01 0.01 

Benzo(b,k)fluoranthene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Benzo(g,h,l)perylene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Benzo(k)fluoranthene mg/L 0 5 0.00% 0 0 0 0.01 0.01 

Bis(2-Chloroethyi)Ether mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Bis(2-Ethylhexyl)phthalate mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Butyl Benzyl Phthalate mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Carbazole mg/L 0 12 0.00% 0 0 0 0.01 0.01, 

Chrysene mg/L 0 12 0.00% 0 0 0 0.01 0.01 
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Table 4-4 
Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Di-N-Butylphthalate mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Di-n-Octylphthalate mgll 0 7 0.00% 0 0 0 0.01 0.01 

Dibenzo(a,h)Anthracene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Dibenzofuran mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Diethyl Phthalate mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Dimethyl Phthalate '!'giL 0 7 0.00% 0 0 0 0.01 0.01 

Fluoranthene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Fluorene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

lndeno(1,2,3-cd)pyrene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

m+p-Cresol mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Naphthalene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

a-Cresol mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Pentachlorophenol mg/L 0 12 0.00% 0 0 0 0.025 0.05 

Phenanthrene mgll 0 12 0.00% 0 0 0 0.01 0.01 

Phenol mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Pyrene mgll 0 7 0.00% 0 0 0 0.01 0.01 

Tetrachlorophenols (total) mg/L 0 5 0.00% 0 0 0 0.05 0.05 

lnorganlcs 

Aluminum mg/L 0 8 0.00% 0 0 0 0.16 0.16 

Arsenic mg/L 1 13 7.69% 0.009 0.009 0.009 0.008 0.01 

Barium mg/L 8 8 100.00% 0.027 0.072 0.035875 NA NA 

Cadmium mg!L 0 8 0.00% 0 0 0 0.001 0.001 

Calcium mg/L 8 8 100.00% 28 70 38.125 NA NA 

Chromium mg/L 13 7.69% 0.003 0.003 0.003 0.001 0.01 

Copper mg/L 8 13 61.54% O.D15 0.023 o.o1n5 0.025 0.025 

Cyanide mg!L 1 8 12.50% 0.017 0.017 0.017 0.01 0.01 

Iron mg/L 8 8 100.00% 0.44 4.7 1.33875 NA NA 

Lead mg/L 3 8 37.50% 0.003 0.009 0.005333333 0.002 0.002 

• • • 
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Table 4-4 

Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL 

Magnesium mg!L 8 8 100.00% 2.4 96 30.7625 NA 

Manganese mg!L 8 8 100.00% 0.022 560 70.04475 NA 

Nickel mg!L 0 8 0.00% 0 0 0 0.003 

Potassium mg/L 8 8 100.00% 2.2 57 19.0625 NA 

Sodium mg!L 8 8 100.00% 8.1 690 227.8 NA 

Vanadium mg!L 4 8 50.00% 0.002 0.003 0.00225 0.001 

Zinc mg/L 8 8 100.00% 0.026 0.039 0.03225 NA 

Pestlcldes/PCBs 

PCB-1260 mg!L 6 8 75.00% 0.00015 0.0094 0.002221667 0.001 

Alpha-Chlordane/2 mg!L 2 8 25.00% 0.00005 0.000064 0.000057 5E-05 

Notes: 
1. This table represents data from site surface water samples collected from 1990 to present. Samples designated as background are exduded from this summary. 
SOL: Sample Quantitation Limit. 
NA: Indicates detection limit Is not applicable because compound was detected in all samples, or detection limit Information is not available. 
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Maximum 
SQL 

NA 

NA 

0.005 

NA 

NA 

0.003 

NA 

0.001 

5E-05' 



Table 4-5 
Tentatively Identified Compounds 

Southern Wood Piedmont 
Wilmington, NC 

Compound Soil 

{Methylethyl) Benzene X 

{Methylphenyl) Ethanone X 

1-Methylnaphthalene X 

Acenaphthopyridine X 

Alpha-Chlordane/2 . X 

Aminofluorenone 

Anthracenecarbonitrile 

Anthracenedione X 

Benzacephenanthrylene X 

Benzanthracenone X 

Benzoanthracenone X 

Benzoanthracenone {2 isomers) X 

Benzofluoranthene {not b or k) x. 
Benzofluorene X 

Benzofluorene (2 isomers) X 

Benzofluorene {3 isomers) 

Benzofuran X 

Benzonaphthothiophene X 

Benzonaphthothiophene {2 isomers) 

Benzopyrene {not A) X 

Biphenyl X 

Camphene 

Cyclopentaphenanthrenone X 

Cyclopentapyrene X 

Dibenzothiophene X 

Dihydrodimethylindene X 

Dihydromethylidene {2 isomers) X 

Dihydromethylindene X 

Dimethylnaphthalene X 

Dimethylnaphthalene {2 isomers) X 

Dimethylnaphthalene {3 isomers) X 

Dimethylphenanathrene X 
Dimethylphenanthrene {2 isomers) X 

Ethenylbenzaldehyde X 

Ethenylmethylbenzene X 

Ethyldimethylbenzene X 
Ethyldimethylbenzene {2 isomers) 

Ethyldimethylbenzene {3 isomers) 

Ethylmethylbenzene X 
Ethylmethylbenzene {2 isomers) X 
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• Sediment 

X 
X 

X 
X 

X 
X 
X 
X 

X • X 

X 
X 
X 
X 

X 

X 
X 

X 
X 
X • X 



• 

• 

• 

Table.4-5 
Tentatively Identified Compounds 

Southern Wood Piedmont 
Wilmington, NC 

Compound Soil 

Ethylnaphthalene X 

Ethynylmethylbenzene X 

Fluorenone X 

Hexachlorobiphenyl 

Hexahydrohydroxytrimethyl X 

lndane X 

lndene X 

lndenosoquinoline X 

Methyl (Methylethyl) Benzene X 

Methyl (Methylethyl) Benzene (3 isomers) X 
Methyl (Methylethyl) Phenanthrene X 

Methyl (Propenyl) Benzene X 

Methyl anthracene X 

Methylanthracene (2 isomers) X 

Methyl benzanthracene X 

Methylbenzofuran X 

Methylbenzofuran (2 isomers) 

Methylbenzofuran (3 isomers) 

Methylbiphenyl X 

Methylchrysene X 

Methyldibenzofuran X 

Methylfluorene X 
Methylfluorene (2 isomers) 

Methylindan 

Methyl naphthalene X 

Methylphenanthrene X 

Methylphenanthrene (2 isomers) 

Methylphenanthrene (3 isomers) 

Methylpyrene X 

Methylpyrene (2 isomers) X 

Naphthochrysene X 

Octahydrodimethyl (Methylethenyl) 

PCB -1260 

Pentachlorobiphenyl 

Perylene X 

Phenylnaphthalene X 

Phenylpropenal X 

Pinene X 

Tetramethylbenzene 

Tetramethylphenanthrene X 
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Sediment 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 



Table 4·5 
Tentatively Identified Compounds 

Southern Wood Piedmont 
Wilmington, NC 

Compound Soil 

Trimethylbenzene 

Trimethylbenzene (2 isomers) 

Trimethylbenzene (3 isomers) X 
Trimethylnaphthalene X 
Vanillin X 
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X 
X 

• 

• 



• 
Analyte Units 
Acenaphthene mg!kg 
Chromium mg!kg 
Copper mg/kg 
Dibenzofuran mg!kg 
Fluorene mg!kg 
TCDD-TEQ (fish) mg/kg 

• 

• 

Table 4-6 
Fish COPC Screening 

Southern Wood Piedmont 
Wilmington, NC 

Detection 
Fre_g_uency Exceeds 5%? 

5% y 
5% y 

21% y 
5% y 
5% y 

100% y 

Maximum 
Detected 

Cone. COPC 
2.8 y 
1.4 y 
27 y 
1.8 y 
1.5 y 

3.87 415E-06 y 



Maximum 
Detection Exceeds Detected 

Analyte Units FreQuency 5%? Cone 
1,2-Dichloropropane mg/kg 2% N 0.065 
1-Methylnaphlhalene mglkg 100% y 20 
2-Methylnaphlhalene mg/kg 14% y 38 
4,4'-DDD mg/kg 12% y 0.0078 
4,4'-DDE mglkg 6% y 0.026• 
4-Chloro-3-Melhytphenol mglkg 2% N 0.26 
Acenaphthene mglkg 38% y 250 
Acenaphthyfene mglkg 6% y 0.34 
Acetone mg/kg 24% y 0.5 
Aluminum mglkg 100% y 28000 
Aminofluorenone mglkg 100% y 5 
Ammonia Nitrogen mglkg 87% y 120 
Anthracene mg/kg 47% y 420 
Anthracenecarbonitrile mglkg 100% y 0.2 
Arsenic mglkg 67% y 180 
Barium mglkg 94% y 110 
Benzo(a)anthracene mg/kg 58% y 730 
Benzo(a)pyrene mglkg 56% y 680 
Benzo(b )fluoranthene mglkg 53% y 1800 
Benzo(b,k)fluoranthene mglkg 82% y 27 
Benzo(g,h.l)peryfene mglkg 25% y 3.4 
Benzo(k)Fiuoranthene mglkg 40% y 5.5 
Benzoanthracenone mglkg 100% y 0.1 
Benzofluoranthene (not b or k) mg/kg 100% y 9 
Benzofluorene mglkg 100% y 0.8 
Benzofluorene (21somers) mglkg 100% y 3 
Benzofluorene (3 isomers) mglkg 100% y 40 
Benzonaphthothiophene (2lsorr mglkg 100% y 10 
Benzopyrene (not a) mglkg 100% y 0.3 
Bis(2-Ethylhexyf)phthalate mglkg 3% N 0.32 
Cadmium mg/kg 28% y 2.1 
Calcium mglkg 100% y 12000 
Camphene mglkg 100% y 0.04 
Carbazole mglkg 23% y 20 
Chromium mglkg 98% y 71 
Chrysene mglkg 75% y 920 
Cobalt mglkg 88% y 15 
Copper mglkg 95% y 1100 
Cyclopentaphenanthrenone mglkg 100% y 0.2 
Cyclopentapyrene mglkg 100% y 0.3 
Delta-BHC mglkg 6% y 0.00042 
Di-n-Butylphthalate mglkg 5% y 0.076 
Dibenzo(a,h)an!hracene mglkg 8% y 3.7 
Dibenzofuran mglkg 27% y 200 
Dibenzothlophene mglkg 100% y 20 
Dieldrin mglkg 6% y 0.0014 
Dihydromethylindene mglkg 100% y 0.1 
Dimethyfnaphthalene (2 isomert mglkg 100% y 20 
Dimethylnaphthalene (3lsomert mglkg 100% y 4 
Endosulfan II mg/kg 6% y 0.0029 

• 

Table4-7 
Sediment COPC Screening 
Southern Wood Piedmont 

Wilmington, NC 

Reglon4 Exceeds 
ScreenJ!)_ Reglon4? 

NA NA 
NA NA 

0.33 yes 

LEL 
(2) 
NA 
NA 
NA 

0.0033 yes 0.008 
0.0033 yes 0.005 

NA NA NA 
0.33 yes NA 
0.33 yes NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

0.33 yes 0.22 
NA NA NA 

7.24 yes 6 
NA NA NA 

0.33 yes 0.32 
0.33 yes 0.37 
NA NA NA 
NA NA NA 
NA NA 0.17 
NA NA 0.24 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

0.182 yes NA 
1 yes 0.6 

NA NA NA 
NA NA NA 
NA NA NA 

52.3 yes 26 
0.33 yes 0.34 
NA NA NA 
18.7 yes 16 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
0.33 yes 0.06 
0.33 yes NA 
NA NA NA 

0.0033 no 0.002 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

• 

Page2 of8 

If No Region 4, Does COPC 
Max Exceed LEL? potential? (3) Rationale_ (4) 

NA N voc 
NA N TIC 

y 
y 
y 

NA N 
y 
y 

NA N voc 
NA y 
NA N TIC 
NA N Only analyzed re: tox testing 

y 
NA N TIC 

y 
NA y 

y 
y 

NA y 
NA y 
yes y 
yes y 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 

N 
y 

NA y 
NA N VOC 
NA y 

y 
y 

NA y 
y 

NA N TIC 
NA N TIC 
NA y 
NA y 

y 
y 

NA N TIC 
N 

NA N TIC 
NA N TIC 
NA N TIC 
NA y 

• 



• 
Maximum 

Detection Exceeds Detected 
Ana_Me Units FrequencY 5%? Cone 
Endosulfan Sulfate mglkg 12% y 0.016 
Endrin Aldehyde mglkg 18% y 0.023 
Ethylbenzene mglkg 6% y 0.54 
Ethyldimethylbenzene mglkg 100% y 0.06 
Ethyldimethylbenzene (2 Isomer mglkg 100% y 0.01 
Ethyldimethylbenzene (3 Isomer mglkg 100% y 0.2 
Ethylmethylbenzene mglkg 100% y 0.07 
Fluoranthene mglkg 78% y 1300 
Fluorene mglkg 30% y 370 
Gamma Chlordane /2 mglkg 12% y 0.027 
Hexachloroblphenyl mglkg 100% y 0.1 
Hexahydrohydroxytrimethyl mglkg 100% y 4 
lndane mglkg 100% y 2 
lndene mglkg 100% y 0.03 
lndeno(1,2,3-cd)pyrene mglkg 23% y 660 
Iron mglkg 100% y 59000 
Lead mglkg 100% y 590 
m/p-Xytene mglkg 26% y 0.3 
Magnesium mglkg 62% y 4900 
Manganese. mglkg 100% y 210 
Methoxychlor mglkg 12% y 0,1 
Methyl Ethyl Ketone mglkg 16% y 0.32 
Methylanthracene mglkg 100% y 40 
Methylanthracene (21somers) mglkg 100% y 4 
Methylbenzofuran (21somers) mglkg 100% y 0.4 
Methylbenzofuran (3 isomers) mglkg 100% y 0.9 
Methyldibenzofuran mglkg 100% y 10 
Methylene Chloride mglkg 19% y 0.059 
Methylfluorene mglkg 100% y 1 
Methylfluorene (2 Isomers) mglkg 100% y 30 
Methylindan mglkg 100% y 0.4 
Methylphenanthrene (21somers mglkg 100% y 30 
Methylphenanthrene (3 Isomers· mglkg 100% y 30 
Methylpyrene mglkg 100% y 6 
Naphthalene mglkg 11% y 44 
Nickel mglkg 35% y 52 
Octahydrodimethyl 
(Methylethenyl)azulene mglkg 100% y 0.2 
o-Xytene mglkg 15% y 0.22 
PCB-1260 mglkg 12% y 0.59 
Pentachlorobiphenyl (2 Isomers: mglkg 100% y 0.4 
Pentachlorophenol mglkg 2% N 0.22 
Perylene mglkg 100% y 0.2 
Phenanthrene mglkg 38% y 960 
Phenylnaphthalene mglkg 100% y 20 
Potassium mglkg 71% y 1900 
Pyrena mglkg 70% y 360 
Selenium mglkg 12% y 1.6 
Sodium mglkg 53% y 3300 
TCDD-TEQ (bird) mglkg 100% y 0.00269244 

• Table4-7 
Sediment COPC Screening 
Southern Wood Piedmont 

Wilmington, NC 

Reglon4 Exceeds 
Screen _1ft Rl!glon 4? 

NA NA 

LEL 
_ru_ 
NA 

0.0033 yes 0.003 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

0.33 yes 0.75 
0.33 yes 0.19 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA 0.2 
NA NA NA 

30.2 yes 31 
yes NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

0.33 yes NA 
15.9 yes 16 

NA NA NA 

0.033 yes 0.005 
NA NA NA 
NA NA NA 
NA NA NA 

0.33 yes 0.56 
NA NA NA 
NA NA NA 

0.33 yes 0.49 
NA NA NA 
NA NA NA 

0.0000025 yes NA 
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If No Region 4, Does COPC 
Max Exceed LEL? . ~olentlal?_(3) Rationale (4) 

NA y 
y 

NA y voc 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 

y 
y 

NA y 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
yes y 
NA y 

y 
N voc 

NA y 
NA y 
NA y 
NA N voc 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N voc 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 

y 
y 

' 
NA N TIC 

y 
NA N TIC 
NA N 
NA N TIC 

y 
NA N TIC 
NA y 

y 
NA y 
NA y 

y 



• 

Detection Exceeds 
Analyte Units Frequency 5~.? 

TCDD-TEQ (fish) mglkg 100% y 
TCDD-TEQ (mammal) mglkg 100% y 
Tetra methyl benzene mglkg 100% y 
Tetrame!hylphenan!hrene mglkg 100% y 
Toluene mglkg 11% y 
Trimethylbenzene mglkg 100% y 
Trime!hylbenzene (21somers) mglkg 100% y 
Vanadium mglkg 100% y 
Xylenes (total) mglkg 11% y 
Zinc mglkg_ 100% y 

Notes: 

Maximum 
Detected 

Cone 
0.0025876 
0.00653777 

0.008 
3 

0.02 
0.01 
0.4 
85 

0.094 
640 

Table4-7 
Sediment COPC Screening 
Southern Wood Piedmont 

Wilmington, NC 

Reglon4 Exceeds 
Screen (1) Reglon4? 
0.0000025 yes 
0.0000025 yes 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
124 _yes 

1. EPA. 2001a. Region 4 Ecological RlskAssessmentBulletins-Supplementto RAGS. 
2. Lowest effect level. Persaud et al. 1993. 
3. Prior to background comparison. 
4. Rationale for excluding compounds for which there are no screening criteria available. 

TIC = tentatively Identified compound. VOCs were not analyzed in sediments. 

• 

Page4of8 

LEL If No Region 4, Does COPC 
(2) Max Exceed LEL? potential? (3) Ratlonale_(4) 
NA y 
NA y 
NA NA N TIC 
NA NA N TIC 
NA NA N voc 
NA NA N TIC 
NA NA N TIC 
NA NA y 
NA NA N voc 
120 y 

• 



• 
Detection Exceeds 

Analyte Units Frequency 5%7 
1-Methylnaphthalene mg/kg 100% y 
2,4-Dimethylphenol mg/kg 1% N 
2-Chlorophenol mg/kg 1% N 
2-Methylnaphthalene mg/kg 39% y 
4,4'-DDD mglkg 25% y 
4,4'-DDE mg/kg 18% y 
4,4'-DDT mg/kg 18% y 
Acenaphthene mglkg 8% y 
Acenaphthylene mg/kg 21% y 
Aldrin mg/kg 25% y 
Alkanes mglkg 100% y 
Aluminum mg/kg 100% y 
Anthracene mglkg 49% y 
Anthracenedione mglkg 100% y 
Antimony mg/kg 25% y 
Arsenic mg/kg 79% y 
Barium mg/kg 100% y 
Benzacephenanthrylene mg/kg 100% y 
Benzanthracenone mg/kg 100% y 
Benzo(a)anthracene mglkg 70% y 
Benzo(a)pyrene mg/kg 67% y 
Benzo(b )fluoranthene mg/kg 89% y 
Benzo(b,k)fluoranthene mglkg 85% y 
Benzo(g,h,l)perylene mg/kg 68% y 
Benzo(k)Fiuoranthene mglkg 68% y 
Benzoanthracenone mg/kg 100% y 
Benzoanthracenone (2 lson mg/kg 100% y 
Benzofluoranthene (not b o mg/kg 100% y 
Benzofluorene mglkg 100% y 
Benzonaphthothiophene mglkg. 100% y 
Benzopyrene (not a) mg/kg 100% y 
Biphenyl mg/kg 100% ·Y 
Bis(2-Ethylhexyl)phthalate mg/kg 5% N 
Cadmium mglkg 5% N 
Calclum mg/kg 89% y 
Carbazole mglkg 41% y 
Carboxylic Acid mg/kg 100% y 
Chromium· mg/kg 100% y 
Chrysene mglkg 82% y 
Cobalt mglkg 17% y 
Copper mg/kg n% y 
Cyclopentaphenanthrenone mg/kg 100% y 
Dibenzo(a,h)anthracene mglkg 8% y 

• Table4-8 
Soli COPC Screening 

Southern Wood Piedmont 
{' Wilmington, NC 

Maximum 
Detected Reglon4 

Cone Screen 111 
0.1 NA 

O.o7 NA 
0.039 7 
0.47 NA 
0.014 0.0025 
0.029 0.0025 
0.16 0.0025 
0.93 20 
11 NA 

·o.oo3 0.0025 
5 NA 

3700 50 
84 0.1 
1 NA 

6.6 3.5 
1300 10 
28 165 
4 NA 

0.8 NA 
59 NA 
29 0.1 
60 NA 
60 NA 
17 NA 
30 NA 
0.5 NA 
0.3 NA 
0.08 NA 
0.7 NA 
1 NA 

0.08 NA 
0.2 60 
0.8 NA 
1 1.6 

130000 NA 
11 NA 
3 NA 

1200 0.4 
68 NA 
2.8 20 

1600 40 
0.6 NA 
2.4 NA 
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Exceeds COPC 
Re!llon4? potential? 121 Rationale 131 

NA N TIC 
NA N 
N N 

NA y 
y y 
y y 
y y 
N N 

NA y 
y y 

NA N TIC 
y y 
y y 

NA N TIC 
y y 
y y 
N N 

NA N TIC 
NA N TIC 
NA y 
y y 

NA y 
NA y 
NA y 
NA y 
NA N nc 
NA N TIC 

-. 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
N N 

NA N 
N N 

NA y 
NA y 
NA y 
y y 

NA y 
N N 
y y 

NA N TIC 
NA y 



• 

Detection 
Analvte Units Freauencv 
Dibenzofuran mg/kg 56% 
Dimethyl naphthalene mg/kg 100% 
Dimethyfphenanathrene mg/kg 100% 
Dimethylphenanthrene (2 I~ mg/kg 100% 
Endosulfan I mg/kg 27% 
Endrin mg/kg 5% 
Ethylene Glycol mg/kg 100% 
Fluoranthene mg/kg 86% 
Fluorene mglkg 18% 
Fluorenone mg/kg 100% 
Gamma-BHC (Lindane) mg/kg 25% 
Heptachlor mg/kg 25% 
Hexachlorobenzene mg/kg 5% 
lndeno(1,2,3-cd)pyrene mg/kg 54% 
Iron mglkg 100% 
Lead mg/kg 100% 
MIP-Xyfene mglkg 11% 
Magnesium mglkg 94% 
Manganese mg/kg 100% 
Mercury mg/kg 32% 
Methyfanthracene mglkg 100% 
Methylanthracene (2 isome mg/kg 100% 
Methylbenzanthracene mg/kg 100% 
Methyfdibenzofuran mglkg 100% 
Methylnaphthalene mglkg 100% 
Methylphenanthrene mg/kg 100% 
Methyfpyrene mg/kg 100% 
Methyfpyrene (2 isomers) mg/kg 100% 
Naphthalene mg/kg 17% 
Nickel mglkg 18% 
PCB-1260 mglkg 50% 
Pentachlorophenol mg/kg 6% 
Perylene mg/kg 100% 
Phenanthrene mg/kg 50% 
Phenylnaphthalene mg/kg 100% 
Potassium mg/kg 50% 
Pyrena mglkg 68% 
Sodium mg/kg 61% 
TCDD-TEQ (bird) mg/kg 100% 
TCDD-TEQ (fish) mg/kg 100% 
TCDD-TEQ (mammal) mglkg 100% 
Tetrachlorophenols (total) mg/kg 2% 
Vanadium mglkg 94% 
Zinc maiko 100% 

Notes: 

Exceeds 
5%? 

y 
y 
y 
y 
y 
N 
y 
y 
y 
y 
y 
y 
N 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
N 
y 
y 

Table4-8 
Soli COPC Screening 

Southern Wood Piedmont 
Wilmington, NC 

Maximum 
Detected Region 4 

Cone Screen IH 
0.59 NA 
0.4 NA 
0.4 NA 
0.5 NA 

0.13 NA 
0.015 0.001 
0.3 97 
97 0.1 

0.69 30 
0.6 NA 

0.0023 0.00005 
0.0019 NA 
0.04 0.0025 
17 NA 

20000 200 
590 50 

0.011 0.05 
4700 NA 
230 100 
o.n 0.1 
0.5 NA 
0.2 NA 
0.6 NA · 
0.2 NA 
0.2 NA 
0.4 NA 
0.4 NA 
4 NA 

0.99 0.1 
110 30 
0.11 0.02 
4.8 0.002 
3 NA 
54 0.1 

0.09 NA 
600 NA 
41 0.1 
260 NA 

0.001443 NA 
0.0015487 NA 
0.0031429 NA 

2.8 0.001 
19 2 

310 50 

1. EPA 2001a. Region 4 Ecological Risk Assessment Bulletins- Supplement to RAGS. 
2. Prior to background comparison. 
3. Rationale for excluding compounds for which there are no screening criteria available. 
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Exceeds COPC 
Reglon4? potential? 121 Rationale (3) 

NA y 
NA N TIC 
NA N TIC 
NA N TIC 
NA y 
y N 
N N 
y y 
N N 

NA N TIC 
y y 

NA y 
y N 

NA y 
y y 
y y 
N N 

NA y 
y y 
y y 

NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
NA N TIC 
y y 
y y 
y y 
y y 

NA N TIC 
y y 

NA N TIC 
NA y 
y y 

NA y 
NA y 
NA y 
NA y 
y N 
y y 
y y 

• 



• • Table4-8 
Soli COPC Screening 

Southern Wood Piedmont 
Wilmington, NC 

Maximum 
Exceeds Detected Region 4 

5%? Cone Screen 1 
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COPC 



Detection 

Table 4-9 
Surface Water COPC Screening 

Southern Wood Piedmont 
Wilmington, NC 

Maximum 
Exceeds Detected Region 4 Exceeds 

Analyte Units Frequency 5%? Cone Screen (1) Region 4? 
Alpha-Chlordane/2 mg/L 25% yes 0.000064 0.0000043 yes 
Arsenic mg/L 8% yes 0.009 0.19 no 
Barium mg!L 100% yes 0.072 NA NA 
Calcium mg/L 100% yes 70 NA NA 
Chromium mg!L 8% yes 0.003 0.011 no 
Copper mg/L 62% yes 0.023 0.00654 yes 
Cyanide mg/L 13% yes 0.017 0.0052 yes 
Iron mg/L 100% yes 4.7 1 yes 
Lead mg/L 38% yes 0.009 0.00132 yes 
Magnesium mg/L 100% yes 96 NA NA 
Manganese mg/L 100% yes 560 NA NA 
PCB-1260 mg/L 75% yes 0.0094 0.000014 yes 
Potassium mg/L 100% yes 57 NA NA 
Sodium mg/L 100% yes 690 NA NA 
Toluene mg/L 8% yes 0.001 0.175 no 
Vanadium mg/L 50% yes 0.003 NA NA 
Zinc mg/L 100% yes 0.039 0.05891 no 

Notes: 
1. EPA. 2001a. Region 4 Ecological Risk Assessment Bulletins- Supplement to RAGS. 
2. Values taken from either EPA (1999a) or Suter and Tsao (1996). 
3. Prior to background comparison 

• • 

COPC 
Exceeds potential? 

AWQC(2) AWQC? (3) 
0.0000043 yes yes 

0.15 no no 
0.004 yes yes 
116 no no 

O.Q11 no no 
0.009 yes yes 
0.0052 yes yes 

1 yes yes 
0.0025 yes yes 

82 yes· yes 
0.12 yes yes 

0.000014 yes yes 
53 yes yes 
680 yes yes 

0.0098 no no 
0.02 no no 
0.12 no no 

• 



• 
SiteAnalyte Units 
4,4-0DE mglkg 
Acenaphthene mglkg 
Acetone mglkg 
Aluminum mglkg 
Anmonla Nitrogen mglkg 
Anthracl!ne mglkg 
Arsenic mglkg 
Barium mglkg 
Benzo(a)anthracene mglkg 
Benzo(a)pyrene mglkg 
Benzo(b)ftuoranthene mglkg 
Benzo(b,k)ftuoranthene mglkg 
Benzo(g,h,l)petylene mglkg 
Benzo(k)Fiuoranthene mglkg 
Bls(2-Eihythexyt)phthalate mglkg 
Cadnium mglkg 
calcium mglkg 

Carbazole mglkg 
Clvorrium mglkg 
Ctrysene mglkg 
Cobaft mglkg 
Copper mglkg 
Dlbenzoluran mglkg 
Dieldrin mglkg 
Df.n.Bulytphthalate mglkg 
Elhytbenzene mglkg 
Auoranthene mglkg 

Auorene mglkg 

Iron mglkg 

Lead mglkg 
Magnesium mglkg 

Manganese mglkg 
Methyl Ethyl Ketone mglkg 
Methylene Chloride mglkg 
Phenanthrene mglkg 
Potassium mglkg 
Pyrene mglkg 
TCDO. TEQ (bird) mglkg 
TCDO. TEQ (ftsh) mglkg 
TCDO. TEQ (manmal) mglkg 
Toluene mglkg 

Vanadium = Zinc 

• 
Table4·10 

Sediment Screen Against Background 
Southern Wood Piedmont 

Wilmington, NC 

Site Mean< Site Max< Site Max < (U! x Site Mean< 1.5 
Bkgd BkgdMean? BkgdMax? BkgdMax)? X Bkgd Mean? Conditions 1 

Site Max Site Mean Bkgd Max Mean (Condition 1) (Condltlon2) (Condition 3) (Condition 4) and 2 true? 
0.026 0.01 0.017 0.017 yes .... .... yes .... 
250 8.Q3 0.13 0.28? .... .... .... no .... 
0.5 0.09 0.019 0.1424 yes .... .... yes .... 

28000 6931.18 2700 2700 .... .... .... no .... 
120 12.13 78 17.226 yes .... .... yes .... 
420 18.91 0.17 0.295 .... .... .... no .... 
190 9.02 120 26.13 yes .... .... yes .... 
110 30.28 48 48 yes .... .... yes .... 
730 17.32 0.88 0.4106 .... .... .... no .... 
680 12.57 0.78 0.38?4 .... .... .... no .... 
1800 41.49 1.4 0.5118 .... .... .... no .... 
27 3.99 1.4 1.4 .... .... .... no .... 
3.4 2.42 0.048 0.28n5 .... .... .... no .... 
5.5 1.99 1.4 0.5138 .... .... .... no .... 
0.32 1.98 1.9 0.841 .... yes yes no .... 
2.1 0.42 0.58 0.58 yes .... .... yes .... 

12000 2537.85 15000 15000 yes yes yes yes yes.rerrove 
20 2.34 0.2 0.301 .... .... .... no .... 
71 18.78 19 7.9584 .... .... .... no .... 
920 21.20 1.2 0.4802 .... .... .... no .... 
15 3.20 1.4 1.4 .... .... .... no .... 

1100 38.68 29 13.78 .... .... .... no .... 
200 8.92 0.082 o.2n4 .... .... .... no .... 

0.0014 0.00 0.012 0.012 yes yes yes yes yes-remove 
0.078 1.95 1.4 0.541 .... yes yes no .... 
0.54 0.02 0.003 0.0151 .... no .... yes .... 
1300 52.31 2.2 0.701 .... no .... no .... 
370 17.24 0.11 0.283 .... no no no no 

59000 11610 5900 5900 no .... no no no 
590 58.o7 130 130 yes .... no yes no 
4900 1135.29 950 950 no no .... yes no 
210 47.58 43 43 .... no no yes no 
0.32. 0.03 0.021 0.06938 yes no no yes no 
0.059 0.01 0.011 0.02039 yes no no yes no 
990 30.08 1.2 0.501 no no no no .... 
1900 454.12 210 210 .... .... no no .... 
360 25.12 1.7 0.901 no .... no no .... 

0.002692 0.00 1.12E~ 3.95E-08 no no no no no 
0.002588 0.00 8.86E-08 2.42E-08 .... no no no no 
0.008538 0.00 8.74E-08 2.55E-08 .... no no no no 

0.02 0.01 0.18 0.0485 yes yes yes yes yes.rerrove 
85 22.54 13 13 .... no no no no 
840 139.82 210 210 ves .... no ves .... 

• 
Conditions 1 Conditions 2 
and 3 true? and 4 true? 

.... .... 

.... .... 

.... .... 
.... .... 
.... .... 
.... .... 
.... .... .... .... .... .... 
.... .... 
.... .... 
.... .... 
.... .... 
.... .... 
.... .... .... .... 

yes-remove yes-remove 
.... .... 
.... .... 
.... .... .... .... 
.... .... .... .... 

yes.rerrove yes.rerrove .... .... 
no no .... no 
no no 
.... no 
.... .... 
no .... 
no no 
no .... 
.... no 
no .... 
no no 
no .... 
no no 
no no 
no .... 

yes-remove yes.rerrove 
no no 
no .... 



Site Analyte Units 
1-Methylnaphthalene mg/kg 
2,4-Dimethylphenol mg/kg 
2-Chlorophenol mg/kg 
2-Methylnaphthalene mg/kg 
4,4-DDD mg/kg 
4,4-DDE mglkg 
4,4-DDT mg/kg 
Acenaphthene mg/kg 
Acenaphthylene mg/kg 
Aldrin mg/kg 
Alkanes mg/kg 
Aluminum mg/kg 
Anthracene mg/kg 
Anthracenedione mg/kg 
Antimony mg/kg 
Arsenic mg/kg 
Barium mg/kg 
Benzacephenanthrylene mg/kg 
Benzanthracenone mg/kg 
Benzo(a)anthracene mg/kg 
Benzo(a)pyrene mg/kg 
Benzo(b )tluoranthene mg/kg 
Benzo(b,k)tluoranthene mg/kg 
Benzo(g ,h,l)perylene mglkg 
Benzo(k)Fiuoranthene mg/kg 
Benzoanthracenone mg/kg 
Benzoanthracenone (2 Isomers) mg/kg 
Benzofluoranthene (not b or k) mglkg 
Benzofluorene mg/kg 
Benzonaphthothlophene mg/kg 
Benzopyrene(nota) mg/kg 
Biphenyl mg/kg 
Bls(2-Ethylhexyl)phthalate mg/kg 

• 

Table 4-11 
Soil Screen Against Background 

Southern Wood Piedmont 
Wilmington, NC 

Site Mean< Site Max< 
Bkgd Bkgd Mean? Bkgd Max? 

Site Max Site Mean Bkgd Max Mean (Condition 1) (Condition 2) 
0.1 0.1 0.09 0.09 no no 
0.07 0.357976 0 0.2 no no 
0.039 0.357607 0 0.2 no no 
0.47 0.217944 0.12 0.1925 no no 
0.014 0.004737 0.044 0.016 yes yes 
0.029 0.005511 0.035 0.009642 yes yes 
0.16 0.022386 0.01 0.004225 no no 
0.93 0.372405 0 0.204167 no no 
11 0.538095 0 0.204167 no no 

0.003 0.001388 NA NA NA NA 
5 2.6 6 6 yes yes 

3700 1601.111 4700 2526.667 yes. yes 
84 3.135286 0.056 0.176 no no 
1 0.6 NA NA NA NA 

6.6 3.525 NA. NA NA NA 
1300 30.50673 56 12.65 no no 
28 11.18333 43 16.85 yes yes 
4 4 NA NA NA NA 

0.8 0.333333 NA NA NA NA 
59 3.002107 0.11 0.158667 no no 
29 2.379702 0.15- 0.167 no no 
60 7.760556 0.22 0.22 no no 
60 5.772264 0.26 0.164833 no no 
17 1.556909 0.18 0.161833 no no 
30 2.88129 0.22 0.22 no no 
0.5 0.5 NA NA NA NA 
0.3 0.3 NA NA NA NA 

0.08 0.08 NA NA NA NA 
0.7 0.4 NA NA NA NA 
1 0.34 NA NA NA NA 

0.08 0.08 NA NA NA NA 
0.2 0.2 NA NA NA NA 
0.8 0.283864 0 0.2 no no 

• 
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Site Max< 
1.5x Bkgd Site Mean < 1.5 

Max? xBkgd Mean? Conditions 1 Conditions 1 Conditions2 
(Condition 3) (Condition 4) and 2true? and 3 true? and4 true? 

yes yes no no no 
no no no no no 
no no no no no 
no yes no no no 
yes yes yes-remove yes-remove yes-remove 
yes yes yes-remove yes-remove yes-remove 
no no no no no 
no no no no no 
no no no no no 
NA NA no no no 
yes yes yes-remove yes-remove yes-remove 
yes yes yes-remove yes-remove yes-remove 
no no no no no 
NA NA no no no 
NA NA no no no 
no no no no no 
yes yes yes-remove yes-remove yes-remove 
NA NA no no no 
NA NA no no no 
no no no no no 
no no no no no 
no no no no no 
no no no no no 
no no no no no 
no no no no no 
NA NA no no no 
NA NA no no no 
NA NA no no no 
NA NA no no no 
NA NA no no no 
NA NA no no no 
NA NA no no no 
no yes no no no 

• 



• 

Site Analyte Units 
Cadmium mg/kg 
Calcium mglkg 
Carbazole mg/kg 
Carboxylic Acid mg/kg 
Chromium mglkg 
Chrysene mglkg 
Cobalt mglkg 
Copper mglkg 
Cydopentaphenanthrenone mglkg 
Dibenzo(a,h)anthracene mg/kg 
Dibenzofuran mglkg 
Dimethylnaphthalene mg/kg 
Dimethylphenanathrene mglkg 
Dimethylphenanthrene (2 Isomers) mglkg 
Endosulfan I mglkg 
Endrln mglkg 
Ethylene Glycol mg/kg 
Fluoranthene mglkg 
Fluorene mg/kg 
Fluorenone mglkg 
Gamma-BHC (Lindane) mg/kg 
Heptachlor mglkg 
Hexachlorobenzene mglkg 
lndeno(1 ,2,3-cd)pyrene mglkg 
Iron mg/kg 
Lead mglkg 
Magnesium mglkg 
Manganese mglkg 
Mercury mg/kg 
Methylanthracene mg/kg 
Methylanthracene (2 Isomers) mglkg 
Methyl benzanthracene mg/kg 
Methyldibenzofuran mg/kg 

• 
Table4-11 

Soil Screen Against Background 
Southern Wood Piedmont 

Wilmington, NC 

Site Mean< Site Max< 
Bkgd Bkgd Mean? Bkgd Max? 

Site Max Site Mean Bkgd Max Mean (Condition 1) (Condition 2) 
1 0.309091 0 0.204167 no no 

130000 10768.06 17000 4191.667 no no 
11 0.838213 0 0.204167 no no 
3 1.366667 0.7 0.7 no no 

1200 30.06333 10.9 5.45 no no 
68 4.432083 0.22 0.1585 no no 
2.8 0.671389 1.8 1.033333 yes no 

1600 52.37935 24 12.71667 no no 
0.6 0.36 NA NA NA NA 
2.4 0.447152 NA NA NA NA 
0.59 0.205167 0.046 0.180167 no no 
0.4 0.35 0.09 0.09 no no 
0.4 0.4 NA NA NA NA 
0.5 0.5 NA NA NA NA 
0.13 0.015234 0.0024 0.001317 no no 

O.Q15 0.003418 0 0.002 no no 
0.3 0.3 NA NA NA NA 
97 5.995833 0.25 0.203333 no no 

0.69 0.271591 0 0.204167 no no 
0.6 0.32 NA NA NA NA 

0.0023 0.001213 NA NA NA NA 
0.0019 0.001113 NA NA NA NA 

0.04 0.247955 0 0.2 no no 
17 1.306714 0.14 0.156333 no no 

20000 3663.889 6600 3320 no no 
590 81.84545 100 33.5 no no 

4700 463.3889 1800 505.6667 yes no 
230 40.11111 65 28.03333 no no 
0.77 0.088182 0 0.059167 no no 
0.5 0.333333 NA NA NA NA 
0.2 0.2 NA NA NA NA 
0.6 0.35 NA NA NA NA 
0.2 0.2 NA NA NA NA 

Site Max< 
1.5x Bkgd Site Mean < 1.5 

Max? xBkgdMean? 
(Condition 3) (Condition 4) 
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no no 
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NA NA 

Conditions 1 
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Conditions 1 
and 3 true? 
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Conditions2 
and 4 true? 
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Site Analyte Units 

Methylnaphthalene mglkg 
Methylphenanthrene mglkg 
Methylpyrene mglkg 
Methylpyrene (2 Isomers) mg/kg 
Naphthalene mglkg 
Nickel mglkg 
PCB-1260 mglkg 
Pentachlorophenol mglkg 

Perylene mglkg 
Phenanthrene mglkg 
Phenylnaphthalene . mglkg 
Potassium mglkg 
Pyrene mglkg 
Sodium mglkg 
Tetrachiorophenols (total) mglkg 
Vanadium mglkg 
Zinc mglkg 

• 

Table4·11 
Soil Screen Against Background 

Southern Wood Piedmont 
Wilmington, NC 

Site Mean< Site Max< 
Bkgd Bkgd Mean? Bkgd Max? 

Site Max Site Mean Bkgd Max Mean (Condition 1) (Condition 2) 

0.2 0.2 NA NA NA NA 
0.4 0.3 NA NA NA NA 
0.4 0.23 0.1 0.1 no no 
4 4 NA NA NA NA 

0.99 0.397845 0.085 0.161167 no no 
110 7.488182 3.3 1.540833 no no 
0.11 0.05075 NA NA NA NA 
4.8 1.7675 0 0.503333 no no 
3 0.479 0.2 0.15 no no 
54 1.667701 0.14 0.1545 no no 

0.09 0.09 NA NA NA NA 
600 168.0556 450 220 yes no 
41 3.7125 0.22 0.16 no no 

260 71.05556 280 111.1667 yes yes 
2.8 1.389194 NA NA NA NA 
19 5.744444 12 6.383333 yes no 

310 51.36818 100 26.65 no no 

• 
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Site Max< 
1.5x Bkgd Site Mean < 1.5 

Max? xBkgd Mean? Conditions 1 Conditions 1 Conditions 2 
(Condition 3) (Condition 4) and 2true? and 3 true? and 4 true? 

NA NA no no no 
NA NA no no no 
no no no no no 
NA NA no no no 
no no no no no 
no no no no no 
NA NA no no no 
no no no no no 
no no no no no 
no no no no no 
NA NA no no no 
yes yes no yes-remove no 
no no no no no 
yes yes yes-remove yes-remove yes-remove 
NA NA no no no 
no yes no no no 
no no no no no 

• 



• 

Site Analyte Units Site Max Site Mean Bkgd Max 

Acenaphthene mg!L 0.001 0.004667 NA 
Alpha-Chlordane/2 mg!L 6.4E-05 3.3E-05 0.00005 
Arsenic mg/L 0.009 0.004769 NA 
Barium mg!L 0.072 0.035875 0.065 
Calcium mg/L 70 38.125 65 
Chromium mg/L 0.003 0.002423 NA 
Copper mg/L 0.023 0.015731 0.02 
Cyanide mgll 0.017 0.0065 NA 
Iron mg/L 4.7 1.33875 5.1 
Lead mg/L 0.009 0.002625 0.006 
Magnesium mg!L 96 30.7625 6 
Manganese mg/L 560 70.04475 0.51 
PCB-1260 mg/L 0.0094 0.001791 0.001 
Potassium mg/L 57 19.0625 3.1 
Sodium mg/L 690 227.8 16 
Vanadium mg/L 0.003 0.001625 0.001 
Zinc mg/L 0.039 0.03225 0.042 

• 
Table4-12 

Surface Water Screen Against Background 
Southern Wood Piedmont 

Wilmington, NC 

Site Mean< Site Max< Site Max < 1.5 
Bkgd Bkgd Mean? Bkgd Max? x Bkgd Max? 
Mean (Condition 1) {Condition 2) {Condition 3) 
NA NA NA NA 

0.00005 yes no yes 
NA NA NA NA 

0.065 yes no yes 
65 yes no yes 
NA NA NA NA 

0.01625 yes no yes 
NA NA NA NA 
5.1 yes yes yes 

0.006' yes no no 
6 no no no 

0.51 no no no 
0.001 no no no 

3.1 no no no 
16 no no no 

0.001 no no no 
0.042 yes yes yes 
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Site Mean < 1.5 
xBkgd Mean? Conditions 1 Conditions 1 Conditions 2 
(Condition 4) and 2 true? and 3 true? and 4 true? 

NA no no no 
yes no yes-remove no 
NA no no no 
yes no yes-remove no 
yes no yes-remove no 
NA no no no 
yes no yes-remove no 
NA no no no 
yes yes-remove yes-remove yes-remove 
yes no no no 
no no no no 
no no no no 
no no no no 
no no no no 
no no no no 
no no no no 
yes yes-remove _y~s-remove yes-remove 
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Table 4-13 • COPCs for Ecological Risk Assessment 
Southern Wood Piedmont 

Wilmington, North Carolina 

COPC Sediment Soil Surface Water Fish 

2-Methylnaphthalene X X 
4,4'-DDD X 
4,4'-DDE X 
4,4'-DDT X 
Acenaphthene X X 
Acenaphthylene X X 
Aldrin X 
Aluminum X 
Anthracene X X 
Antimony X 
Arsenic X X 
Barium X 
Benzo{a}anthracene X X 
Benzo(a}pyrene X X 
Benzo{b }fluoranthene X X 
Benzo(b,k}fluoranthene X X 
Benzo{g,h,i}perylene X X 
Benzo(k}Fiuoranthene X X • Cadmium X 
Calcium X 
Carbazole X X 
Carboxylic Acid X 
Chromium X X X 
Chrysene X X 
Cobalt X 
Copper X X X 
Cyanide X 
Delta-BHC X 
Dibenzo(a,h}anthracene X X 
Dibenzofuran X X X 
Endosulfan I X 
Endosulfan II X 
Endosulfan Sulfate X 
Endrin Aldehyde X 
Fluoranthene X X 
Fluorene X X 
Gamma-BHC {Lindane} X 
Gamma chlordane /2 X 
Heptachlor X 
lndeno{1,2,3-cd}pyrene X X 
Iron X X 
Lead X X X • Magnesium X X X 
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Table 4-13 

• COPCs for Ecological Risk Assessment 
Southern Wood Piedmont 

Wilmington, North Carolina 

COPC Sediment Soil Surface Water Fish 
Manganese X X X 
Mercury X 
Methoxychlor X 
Naphthalene X X 
Nickel X X 
PCB-1260 X X X 
Pentachlorophenol X 
Phenanthrene X X 
Potassium X X 
Pyrene X X 
Selenium X 
Sodium X X 
TCDD-TEQ X X X 
Vanadium X X 

·Zinc X X 

• 

• 



Sample ID 
Greenfield Lake 
BI0-10B 
BI0-100 

BI0-10E 

Burnt Mill Creek 
BI0-11A 
BI0-11B 
BI0-11C 
BI0-11C-Dup 
BI0-15-Comp 
BI0-15-Comp-
Dup 

Table 5-1 
Fish Species Caught for Analysis 

Southern Wood Piedmont 
Wilmington, NC 

Species Sample Type 

Sunfish composite 
Largemouth composite 

single fish 
Bowfin fillet 

Largemouth single fish 
Striped Mullet single fish 

Sunfish composite 
Sunfish composite 

Gambusia, Inland Silverside composite· 

Gambusia, Inland Silverside composite 

Greenfield Creek Upstream of Site 
BI0-12A Sunfish composite 

single fish 
BI0-12B Striped Mullet whole body 

Gambusia, Shad, Inland 
BI0-16-Comp Silverside composite 

Greenfield Creek Onsite 
single fish 

BI0-13A Bowfin whole body 
single fish 

BI0-13B Gizzard Shad whole body 
single fish 

BI0-13B-Dup Gizzard Shad fillet 
single fish 

BI0-13C Largemouth fillet 
BI0-130 Sunfish composite 

single fish 
BI0-13E Striped Mullet fillet 

single fish 
BI0-13E-Dup Striped Mullet fillet 

Gambusia, Shad, Inland 
BI0-14-Comp Silverside, Darter composite 

• 
%Lipid Length 

2.3 85-122 mm 
4.4 1.48-1.6 ft 

5.1 2.28 ft 

1.1 77-270 mm 
1.9 ~85-344 mm 
2.7 61-124 mm 
3.1 58-120 mm 
2.8 NA 

3.4 NA 

2.2 45-160 mm 

1.1 322mm • 
2.4 NA 

2.0 1.8-1.86 ft 

3.2 370-380 mm 

3.3 385mm 

1.0 292mm 
NA 43-114 mm 

3.0 ~38-340 mm 

2.7 ~32-385 mm 

2.5 NA 

• 



• • 
Table 5·2 

Surface Water Screening Against AWQC and NC WQS 
Southern Wood Piedmont 

Wilmington, NC 

Ditch Creek River 
Surface EPC EPC EPC AWQC Ditch< Creek< River< 

WaterCOPC (mg/L) (mg/L) (mg/L) (mg/L) AWQC? AWQC? AWQC? 
Cyanide 0.005 0.005 0.005 0.0052 
Lead 0.001 0.0027 0.001 0.0025 
Magnesium 2.8 2.966667 76 82 (a) 
Manganese 0.029 0.039 0.070667 0.12 (b) 
PCB-1260 0.00033 0.003933 0.0004 0.000014 
Potassium 2.4 2.5 46.33333 53 (c) 
Sodium 9.4 11.33333 586.6667 680 (d) 

Notes: 
AWQC from EPA (1999a) and Suter and Tsao (1996) 
NC WQC from NCDENR (2001) 

pass pass 
pass fail 
pass pass 
pass pass 
fail fail 

pass pass 
pass pass 

a. Used lowest chronic value for daphnids and all organisms in absence of AWQC 
b. Tier II secondary chronic value in absence of AWQC 
c. Used lowest chronic value for daphnids and all organisms in absence of AWQC 
d. Used lowest chronic value for daphnids and all organisms in absence of AWQC 

pass 
pass 
pass 
pass 
fail 

pass 
pass 

NCWQS 
(mg/L) 
0.005 
0.025 
NA 
NA 

0.000001 
NA 
NA 

• 
Ditch< Creek< River< 
WQS? WQS? WQS? 
pass pass pass 
pass pass pass 
NA NA NA 
NA NA NA 
fail fail fail 
NA NA NA 
NA NA NA 



COPC ·sediment 
2-Methylnaphthalene 
4,4'-DDD 
4,4'-DDE 
Acenaphthene 
Acenaphthylene 
Aluminum 
Anthracene 
Arsenic 
Barium 
Benzo( a )anthracene 
Benzo(a)pyrene 
Benzo(b )fluoranthene 
Benzo(b,k)fluoranthent 
Benzo(g,h,i)perylene 
Benzo(k)Fiuoranthene 
Cadmium 
Carbazole 
Chromium 
Chrysene 
Cobalt 
Copper 
Delta-BHC 
Dibenzo(a,h)anthracer 
Dibenzofuran 
Endosulfan II 
Endosulfan Sulfate 
Endrin Aldehyde 
Fluoranthene 
Fluorene 
Gamma chlordane /2 

• 

Table 5-3a. 
Calculation of Site-specific Sediment Quality Criteria: All Onsite Data 

Southern Wood Piedmont 
Wilmington, NC 

Mean Cone Jog Koc Koc AWQC ~eanTOC foe SQC SQC 
mg/kg mUg Ukg ug/L mg/kg kg/kg ug/kg mg/kg 

2.23E+OO 3.64 4365.2 2.1 42782.97 0.042783 3.92E+02 3.92E-01 
4.88E-03 4.93 85114 0.001 42782.97 0.042783 3.64E+OO 3.64E-03 
5.56E-03 5.04 109648 0.001 42782.97 0.042783 4.69E+OO 4.69E-03 
1.08E+01 3.6 3981.1 23 42782.97 0.042783 3.92E+03 3.92E+OO 
1.81E+OO 3.84 6918.3 300 42782.97 0.042783 8.88E+04 8.88E+01 
5.86E+03 NA NA 87 42782.97 0.042783 NA NA 
2.01E+01 4.37 23442 0.73 42782.97 0.042783 7.32E+02 7.32E-01 
9.12E+OO NA NA 150 42782.97 0.042783 NA NA 
2.84E+01 NA NA 4 42782.97 0.042783 NA NA 
2.25E+01 5.55 354813 0.027 42782.97 0.042783 4.10E+02 4.10E-01 
1.69E+01 5.98 954993 0.014 42782.97 0.042783 5.72E+02 5.72E-01 
5.80E+01 6.08 1E+06 300 42782.97 0.042783 1.54E+07 1.54E+04 
3.04E+OO 6.08 1E+06 300 42782.97 0.042783 1.54E+07 1.54E+04 
2.53E+OO 6.2 2E+06 300 42782.97 0.042783 2.03E+07 2.03E+04 
2.43E+OO 6.09 1E+06 300 42782.97 0.042783 1.58E+07 1.58E+04 
4.13E-01 NA NA 2.2 42782.97 0.042783 NA NA 
2.28E+OO 3.39 2454.7 NA 42782.97 0.042783 NA NA 
1.43E+01 NA NA 74 42782.97 0.042783 NA NA 
2.75E+01 5.49 309030 300 42782.97 0.042783 3.97E+06 3.97E+03 
2.64E+OO NA NA 23 42782.97 0.042783 NA NA 
4.34E+01 NA NA 9 42782.97 0.042783 NA NA 
2.12E-03 1 2.2 42782.97 0.042783 9.41E-02 9.41E-05 
1.53E+OO 6.28 2E+06 300 42782.97 0.042783 2.45E+07 2.45E+04 
9.62E+OO 1 3.7 42782.97 0.042783 1.58E-01 1.58E-04 
3.78E-03 2.87 741.31 0.0056 42782.97 0.042783 1.78E-01 1.78E-04 
4.51E-03 2.87 741.31 0.0056 42782.97 0.042783 1.78E-01 1.78E-04 
5.21E-03 3.97 9332.5 0.036 42782.97 0.042783 1.44E+01 1.44E-02 
6.51E+01 4.69 48978 6.16 42782.97 0.042783 1.29E+04 1.29E+01 
1.86E+01 3.88 7585.8 3.9 42782.97 0.042783 1.27E+03 1.27E+OO 
3.91E-03 5.08 120226 0.0043 42782.97 0.042783 2.21E+01 2.21E-02 

• 
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Mean cone 
exceed SQC? 

mMl~i~~l 
no 
NA 

!Bi:L2Y~§:1~~1;21 
NA 
NA 

r;~~f1i;:~~~~:tti~ 
no 
no 
no 
no 
NA 
NA 
NA 
no 
NA 
NA 

;;S:.·.f§}!:Y~.~:J~;:;~; 
no 

IJ~!I 
no 

l~?~~~~~~:~ 
no 

• 



• 
COPC - sediment 
Indeno(1,2,3-cd)pyren 
Iron 
Lead 
Magnesium 
Manganese 
Methoxychlor 
Naphthalene 
Nickel 
PCB-1260 
Phenanthrene 
Potassium 
Pyrene 
Selenium 
Sodium 
TCDD-TEQ (fish) 
Vanadium 
Zinc 

• 
Table 5-3a 

Calculation of Site-specific Sediment Quality Criteria: All Onsite Data 
Southern Wood Piedmont 

Wilmington, NC 

Mean Cone log Koc Koc AWQC !meanTOC foe SQC SQC 
mg/kg mUg Ukg ug/L mg/kg kg/kg ug/kg mg/kg 

2.24E+01 6.54 3E+06 300 42782.97 0.042783 4.45E+07 4.45E+04 
9.90E+03 NA NA 1000 42782.97 0.042783 NA NA 
6.17E+01 NA NA 2.5 42782.97 0.042783 NA NA 
9.33E+02 NA NA 82000 42782.97 0.042783 NA NA 
3.60E+01 NA NA 120 42782.97 0.042783 NA NA 
2.16E-02 4.89 77625 0.03 42782.97 0.042783 9.96E+01 9.96E-02 
2.43E+OO 3.19 1548.8 300 42782.97 0.042783 1.99E+04 1.99E+01 
1.44E+01 NA NA 52 42782.97 0.042783 NA NA 
8.95E-02 5.72 524807 0.014 42782.97 0.042783 3.14E+02 3.14E-01 
3.77E+01 4.15 14125 6.3 42782.97 0.042783 3.81E+03 3.81E+OO 
3.63E+02 NA NA 53000 42782.97 0.042783 NA NA 
2.62E+01 4.58 38019 300 42782.97 0.042783 4.88E+05 4.88E+02 
1.35E+OO NA NA 5 42782.97 0.042783 NA NA 
4.60E+02 NA NA 680000 42782.97 0.042783 NA NA 
2.37E-04 7.15 1E+07 NA 42782.97 0.042783 NA NA 
2.08E+01 NA NA 20 42782.97 0.042783 NA NA 
1.36E+02 NA NA 120 42782.97 0.042783 NA NA 

.. •. -, ·, 
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Mean cone 
exceed SQC? 

no 
NA 
NA 
NA 
NA 
no 
no 
NA 
no 

-~~:t11fY§~~;~:t~~ 
NA 
no 
NA 
NA 
NA 
NA 
NA 



COPC -sediment 
2-Methylnaphthalene 
4,4'-:DDD 
4,4'-DDE 
Acenaphthene 
Acenaphthylene 
Aluminum 
Anthracene 
Arsenic 
Barium 

. Benzo(a)anthracene 
Benzo( a )pyrene 
Benzo(b )fluoranthene 
Benzo(b,k)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)Fiuoranthene 
Cadmium 
Carbazole 
Chromium 
Chrysene 
Cobalt 
Copper 
Delta-BHC 
Dibenzo(a,h }anthracene 
Dibenzofuran 
Endosulfan II 
Endosulfan Sulfate 
Endrin Aldehyde 
Fluoranthene 
Fluorene 
Gamma chlordane /2 

• 

Table 5-3b 
Calculation of Site-specific Sediment Quality Criteria: Wetland Data 

Southern Wood Piedmont 
Wilmington, NC 

Mean Cone log Koc Koc AWQC !mean TOC foe SQC 
mg/kg mUg Ukg ua/L mg/kg kg/kg ug/kg 

6.43E-01 3.64 4365.158 2.1 81100 0.0811 7.43E+02 
3.98E-03 4.93 85113.8 0.001 81100 0.0811 6.90E+OO 
4.97E-03 5.04 109647.8 0.001 81100 0.0811 8.89E+OO 
1.12E+OO 3.6 3981.072 23 81100 0.0811 7.43E+03 
6.27E-01 3.84 6918.31 300 81100 0.0811 1.68E+05 
3.25E+03 NA NA 87 81100 0.0811 NA 
4.51E+OO 4.37 23442.29 0.73 81100 0.0811 1.39E+03 
1.35E+01 NA NA 150 81100 0.0811 NA 
2.06E+01 NA NA 4 81100 0.0811 NA 
1.69E+OO 5.55 354813.4 0.027 81100 0.0811 7.77E+02 
1.05E+OO 5.98 954992.6 0.014 81100 0.0811 1.08E+03 
1.45E+OO 6.08 1202264 300 81100 0.0811 2.93E+07 
7.16E-01 6.08 1202264 300 81100 0.0811 2.93E+07 
1.31E+OO 6.2 1584893 300 81100 0.0811 3.86E+07 
1.86E+OO 6.09 1230269 300 81100 0.0811 2.99E+07 
3.67E-01 NA NA 2.2 81100 0.0811 NA 
1.67E+OO 3.39 2454.709 NA 81100 0.0811 NA 
1.55E+01 NA NA 74 81100 0.0811 NA 
1.67E+OO 5.49 309029.5 300 81100 0.0811 7.52E+06 
1.57E+OO NA NA 23 81100 0.0811 NA 
6.94E+01 NA NA 9 81100 0.0811 NA 
1.50E-03 1 2.2 81100 0.0811 1.78E-01 
6.27E-01 6.28 1905461 300 81100 0.0811 4.64E+07 
6.81E-01 1 3.7 81100 0.0811 3.00E-01 
2.40E-03 2.87 741.3102 0.0056 81100 0.0811 3.37E-01 
2.95E-03 2.87 741.3102 0.0056 81100 0.0811 3.37E-01 
4.44E-03 3.97 9332.543 0.036 81100 0.0811 2.72E+01 
7.34E+OO 4.69 48977.88 6.16 81100 0.0811 2.45E+04 
9.50E-01 3.88 7585.776 3.9 81100 0.0811 2.40E+03 
4.08E-03 5.08 120226.4 0.0043 81100 0.0811 4.19E+01 

• 
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SQC Mean cone J 
ma/kg !exceed SQC? 

7.43E-01 no 
6.90E-03 no 
8.89E-03 no 
7.43E+OO no 
1.68E+02 no 

NA NA 
1.39E+OO ~~:}-~~J~~-x~~:t~ 

NA NA 
NA NA 

7.77E-01 .fi·~~:-f1Y~~l:~~~:2· 
1.08E+OO no 
2.93E+04 no 
2.93E+04 no 
3.86E+04 no 
2.99E+04 no 

NA NA 
NA NA 
NA NA 

7.52E+03 no 
NA NA 
NA NA 

1.78E-04 2il.:;l!fi~s ~1£2~ 
4.64E+04 no 
3.00E-04 

~~~iii~ 3.37E-04 
3.31E-04 
2.72E-02 no 
2.45E+01 no 
2.40E+OO no 
4.19E-02 no 

• 



• 
COPC - sediment 
Indeno(1,2,3--cd)pyrene 
Iron 
Lead 
Magnesium 
Manganese 
Methoxychlor 
Naphthalene 
Nickel 
PCB-1260 
Phenanthrene 
Potassium 
Pyrene 
Selenium 
Sodium 
TCDD-TEQ (fish) 
Vanadium 
Zinc 

• 
Table 5-3b 

Calculation of Site-Specific Sediment Quality Criteria: Wetland Data 
Southern Wood Piedmont 

Wilmington, NC 

Mean Cone log Koc Koc AWQC ~eanTOC foe SQC 
mg/kg mUg Ukg ug/L mg/kg kg/kg ug/kg 

1.09E+OO 6.54 3467369 300 81100 0.0811 8.44E+07 
4.82E+03 NA NA 1000 81100 0.0811 NA 
8.13E+01 NA NA 2.5 81100 0.0811 NA 
6.09E+02 NA NA 82000• 81100 0.0811 NA 
2.33E+01 NA NA 120 81100 0.0811 NA 
1.56E-02 4.89 77624.71 0.03 81100 0.0811 1.89E+02 
6.34E-01 3.19 1548.817 300 81100 0.0811 3.77E+04 
1.45E+01 NA NA 52 81100 0.0811 NA 
2.91E-02 5.72 524807.5 0.014 81100 0.0811 5.96E+02 
5.24E+OO 4.15 14125.38 6.3 81100 0.0811 7.22E+03 
2.42E+02 NA NA 53000 81100 0.0811 NA 
2.62E+OO 4.58 38018.94 300 81100 0.0811 9.25E+05 
1.04E+OO NA NA 5 81100 0.0811 NA 
3.63E+02 NA NA 680000 81100 0.0811 NA 
1.56E-04 7.15 14125375 NA 81100 0.0811 NA 
1.17E+01 NA NA 20 81100 0.0811 NA 
8.18E+01 NA NA 120 81100 0.0811 NA 
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SQC Mean cone .I 
mg/kg exceedSQC? 

8.44E+04 no 
NA NA 
NA NA 
NA NA 
NA NA 

1.89E-01 no 
3.77E+01 no 

NA NA 
5.96E-01 no 
7.22E+OO no 

NA NA 
9.25E+02 no 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 



COPC ·sediment 
2-Methylnaphthalene 
4,4'-DDD 
4,4'-DDE 
Acenaphthene 
Acenaphthylene 
Aluminum 
Anthracene 
Arsenic 
Barium 
Benzo( a)anthracene 
Benzo( a )pyrene 
Benzo(b )fluoranthene 
Benzo(b,k)fluoranthen 
Benzo(g,h,i)perylene 
Benzo(k)Fiuoranthene 
cadmium 
carbazole 
Chromium 
Chrysene 
Cobalt 
Copper 
Delta-BHC 
Dibenzo(a,h)anthrace1 
Dibenzofuran 
Endosulfan II 
Endosulfan Sulfate 
Endrin Aldehyde 
Fluoranthene 
Fluorene 
Gamma chlordane /2 

• 

Table 5-3c 
Calculation of Site-specific Sediment Quality Criteria: Drainage Ditch Data 

Southern Wood Piedmont 
Wilmington, NC 

Mean Cone log Koc Koc AWQC meanTOC foe SQC SQC 
mg/kg mUg Ukg ua/L mg/kg kg/kg ug/kg mg/kg 

1.07E+01 3.64 4365.158 2.1 78828.57 0.078829 7.23E+02 7.23E-01 
1.15E-02 4.93 85113.8 0.001 78828.57 0.078829 6.71E+OO 6.71E-03 
1.15E-02 5.04 109647.8 0.001 78828.57 0.078829 8.64E+OO 8.64E-03 
5.33E+01 3.6 3981.072 23 78828.57 0.078829 7.22E+03 7.22E+OO 
8.92E+OO 3.84 6918.31 300 78828.57 0.078829 1.64E+05 1.64E+02 
2.80E+04 NA NA 87 78828.57 0.078829 NA NA 
9.15E+01 4.37 23442.29 0.73 78828.57 0.078829 1.35E+03 1.35E+OO 
8.99E+OO NA NA 150 78828.57 0.078829 NA NA 
1.10E+02 NA NA 4 78828.57 0.078829 NA NA 
2.73E+01 5.55 354813.4 0.027 78828.57 0.078829 7.55E+02 7.55E-01 
6.35E+OO 5.98 954992.6 0.014 78828.57 0.078829 1.05E+03 1.05E+OO 
8.41E+OO 6.08 1202264 300 78828.57 0.078829 2.84E+07 2.84E+04 
2.60E+01 6.08 1202264 300 78828.57 0.078829 2.84E+07 2.84E+04 
8.23E+OO 6.2 1584893 300 78828.57 0.078829 3.75E+07 3.75E+04 
6.31E+OO 6.09 1230269 300 78828.57 0.078829 2.91E+07 2.91E+04 
9.50E-01 NA NA 2.2 78828.57 0.078829 NA NA 
7.47E+OO 3.39 2454.709 NA 78828.57 0.078829 NA NA 
1.80E+01 NA NA 74 78828.57 0.078829 NA NA 
3.14E+01 5.49 309029.5 300 78828.57 0.078829 7.31E+06 7.31E+03 
1.50E+01 NA NA 23 78828.57 0.078829 NA NA 
2.98E+01 NA NA 9 78828.57 0.078829 NA NA 
6.00E-03 1 2.2 78828.57 0.078829 1.73E-01 1.73E-04 
6.08E+OO 6.28 1905461 300 78828.57 0.078829 4.51E+07 4.51E+04 
5.73E+01 1 3.7 78828.57 0.078829 2.92E-01 2.92E-04 
1.15E-02 2.87 741.3102 0.0056 78828.57 0.078829 3.27E-01 3.27E-04 
1.60E-02 2.87 741.3102 0.0056 78828.57 0.078829 3.27E-01 3.27E-04 
1.15E-02 3.97 9332.543 0.036 78828.57 0.078829 2.65E+01 2.65E-02 
1.64E+02 4.69 48977.88 6.16 78828.57 0.078829 2.38E+04 2.38E+01 
1.13E+02 3.88 7585.776 3.9 78828.57 0.078829 2.33E+03 2.33E+OO 
6.00E-03 5.0~ 120226.4 0.0043 78828.57 0.078829 4.08E+01 4.08E-02 

• 
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.Mean cone J 
~xceedSQC? 

~~~~ 
no 
NA 

~~ri~s~L~:~~L 
NA 
NA 

~!~~~~~ 
no 
no 
no 
no 
NA 
NA 
NA 
no 
NA 
NA 

fii:JL·yesY~ 
no 

ti~£l~!~Nili 
no 

£~~:~~J£] 
no 

• 



• 
COPC - sediment 
Indeno(1,2,3-cd)pyren 
Iron 
Lead 
Magnesium 
Manganese 
Methoxychlor 
Naphthalene 
Nickel 
PCB-1260 
Phenanthrene 
Potassium 
Pyrene 
Selenium 
Sodium 
TCDD-TEQ (fish) 
Vanadium 
Zinc 

• 
Table 5-3c 

Calculation of Site;.specific Sediment Quality Criteria: Drainage Ditch Data 
Southern Wood Piedmont 

Wilmington, NC 

-
Mean Cone log Koc Koc AWQC meanTOC foe ,SQC 

mg/kg mUg Ukg ug/L mg/kg kg/kg 0 <ug/kg 
5.19E+OO 6.54 3467369 300 78828.57 0.078829'. 8.20E+07 
5.90E+04 NA NA 1000 78828.57 0.078829 NA 

''·. 
6.09E+01 NA NA 2.5 78828.57 o:o78829 NA 
3.80E+03 NA NA 82000 78828.57 0.078829 NA 
1.60E+02 NA NA 120 78828.57 0.078829 NA 
6.00E-02 4.89 77624.7.1 0.03 78828.57 0.078829 1.84E+02 
1.12E+01 3.19 1548.817 300 7882ff.57 0.078829 3.66E+04 
2.00E+01 NA NA 52 78828.57 0.078829 NA 
1.15E-01 5.72 524807.5 0.014 78828.57 0.078829 5.79E+02 
1.90E+02 4.15 14125.38 6.3 78828.57 0.078829 7.01E+03 
1.20E+03 NA NA 53000 78828.57 0.078829 NA 
1.53E+02 4.58 38018.94 300 78828.57 0.078829 8.99E+05 
3.70E+OO NA NA 5 78828.57 0.078829 NA 
1.40E+03 NA NA 680000 78828.57 0.078829 NA 
6.87E-04 7.15 14125375 NA 78828.57 0.078829 NA 
8.50E+01 NA NA 20 78828.57 0.078829 NA 
6.40E+02 NA NA 120 78828.57 0.078829 NA 

··-. "-; 
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SQC Mean cone J 
mg/kg !exceed SQC? 

8.20E+04 no 
NA NA 
NA NA 
NA NA 
NA NA 

1.84E-01 no 
3.66E+01 no 

NA NA 
5.79E-01 no 
7.01E+OO .:iU/~;>~-~yes·i:Ji1:·.: 

NA NA 
8.99E+02 no 

NA NA 
NA NA · 
NA NA 
NA NA . '-~ 
NA NA 



G~ ; 
l 



COPC - sediment 
2-Methylnaphthalene 
4,4'-DDD 
4,4'-DDE 
Acenaphthene 
Acenaphthylene 
Aluminum 
Anthracene 
Arsenic 
Barium 
Benzo(a)anthracene 
Benzo( a )pyrene 
Benzo(b )fluoranthene 
Benzo(b,k)fluoranthen 
Benzo(g,h,i)perylene 
Benzo(k)Fiuoranthene 
cadmium 
carbazole 
Chromium 
Chrysene 
Cobalt 
Copper 
Delta-BHC 
Dibenzo(a,h}anthrace 
Dibenzofuran 
Endosulfan II 
Endosulfan Sulfate 
Endrin Aldehyde 
Fluoranthene 
Fluorene 
Gamma chlordane /2 

• 

Table 5-3d 
Calculation of Site-Specific Sediment Quality Criteria: Greenfield Creek Data 

Southern Wood Piedmont 
Wilmington, NC 

Mean Cone log Koc Koc AWQC meanTOC foe SQC SQC 
mg/kg mUg UkJJ ug/L mg/~g kg/kg ug/kg mg/kg 

6.97E-01 3.64 4365.158 2.1 25475.39 0.025475 ti'#l~#lrW# 2.34E-01 
5.35E-03 4.93 85113.8 0.001 25475.39 0.025475 t?lf??#### 2.17E-03 
5.35E-03 5.04 109647.8 0.001 25475.39 0.025475 t/f-:'#,~(1#(( 2.79E-03 
2.82E+OO 3.6 3981.072 23 25475.39 0.025475 t/;~{{1/f.!## 2.33E+OO 
5.31E-01 3.84 6918.31 300 25475.39 0.025475 tl!{#ti### 5.29E+01 
6.28E+03 NA NA 87 25475.39 0.025475 NA NA 
5.77E+OO 4.37 23442.29 0.73 25475.39 0.025475 t1~'#t1tNt# 4.36E-01 
3.84E+OO NA NA 150 25475.39 0.025475 NA NA 
2.45E+01 NA NA 4 25475.39 0.025475 NA NA 
4.60E+01 5.55 354813.4 0.027 25475.39 0.025475 ##??.~### 2.44E-01 
4.13E+01 5.98 954992.6 0.014 25475.39 0.025475 /(f.!({#### 3.41E-01 
1.31 E+02 6.08 1202264 300 25475.39 0.025475 ;!l/t/t##?ttf 9.19E+03 
2.37E+OO 6.08 1202264 300 25475.39 0.025475 ####### 9.19E+03 
6.80E-01 6.2 1584893 300 25475.39 0.025475 ,~·~·r.w#tf# 1.21E+04 
9.74E-01 6.09 1230269 300 25475.39 0.025475 f?k'/!t!N#/1 9.40E+03 
3.73E-01 NA NA 2.2 25475.39 0.025475 NA NA 
5.83E-01 3.39 2454.709 NA 25475.39 0.025475 NA NA 
1.11E+01 NA NA 74 25475.39 0.025475 NA NA 
5.75E+01 5.49 309029.5 300 25475.39 0.025475 fltf#ll##?f 2.36E+03 
1.72E+OO NA NA 23 25475.39 0.025475 NA NA 
1.78E+01 NA NA 9 25475.39 0.025475 NA NA 
2.70E-03 1 2.2 25475.39 0.025475 5.60E-02 5.60E-05 
5.09E-01 6.28 1905461 300 25475.39 0.025475 lfl!l!l!t!li# 1.46E+04 
9.66E-01 1 3.7 25475.39 0.025475 9.43E-02 9.43E-05 
5.35E-03 2.87 741.3102 0.0056 25475.39 0.025475 1.06E-01 1.06E-04 
5.35E-03 2.87 741.3102 0.0056 25475.39 0.025475 1.06E-01 1.06E-04 
5.40E-03 3.97 9332.543 0.036 25475.39 0.025475 tl#kWN## 8.56E-03 
8.99E+01 4.69 48977.88 6.16 25475.39 0.025475 t#?!N! k'## 7.69E+OO 
1.43E+OO 3.88 7585.776 3.9 25475.39 0.025475 ##h'#i!## 7.54E-01 
2.70E-03 5.08 120226.4 0.0043 25475.39 0.025475 llfft!##?/1/ 1.32E-02 

• 
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Mean cone 
exceed SQC? 

yes 
.yes·· 
yes 

. :yes . .. 

no 
NA 

• __ .,........ .... ,,- .• ..,~.,o'n-.'.••• 

- yes_,_~-
NA 
NA 

...--: ---~~·...--·-·--·-··~-,-~-~..-..-

yes 

.. ~,:· __ . y~~-----·--: 
no 
no 
no 
no 
NA 
NA 
NA 
no 
NA 
NA 

~,....,..,..., ...... _........,....'"_,~~-~--... -. 
. _ yes 

no 
~~-~------ ... _ ...... ,..." .. -,.,,.-

·:·yes 
yes·. 

..... · y_es . ... : ..... 
no .... , •. ...,-·yes ___ --~-

_ye.s 
no 

• 



• 
COPC -sediment 
Indeno( 1,2,3-cd)pyrer 
Iron 
Lead 
Magnesium 
Manganese 
Methoxychlor 
Naphthalene 
Nickel 
PCB-1260 
Phenanthrene 
Potassium 
Pyrene 
Selenium 
Sodium 
TCDD·TEQ (fish) 
Vanadium 
Zinc 

• 
Table 5-3d 

Calculation of Site-specific Sediment Quality Criteria: Greenfield Creek Data 
Southern Wood Piedmont 

Wilmington, NC 

Mean Cone Jog Koc Koc AWQC ~eanTOC foe SQC SQC 
mg/kg mUg Ukg ug/L mg/kg kg/kg ug/kg mg/kg 

4.93E+01 6.54 3467369 300 25475.39 0.025475 ??! ?l?lf##tt 2.65E+04 
8.76E+03 NA NA 1000 25475.39 0.025475 NA NA 
2.58E+01 NA NA 2.5 25475.39 0.025475 NA NA 
9.48E+02 NA NA 82000 25475.39 0.025475 NA NA 
3.27E+01 NA NA 120 25475.39 0.025475 NA NA 
2.67E-02 4.89 77624.71 0.03 25475.39 0.025475 iit?tNt#ti?t 5.93E-02 
5.09E-01 3.19 1548.817 300 25475.39 0.025475 i'?#####t? 1.18E+01 
1.22E+01 NA NA 52 25475.39 0.025475 NA NA 
2.62E-01 5.72 524807.5 0.014 25475.39 0.025475 "'' ,,., '' '"'~ uuur~uuu• 1.87E-01 
6.12E+OO 4.15 14125.38 6.3 25475.39 0.025475 ?W?ti?!Nii! 2.27E+OO 
4.47E+02 NA NA 53000 25475.39 0.025475 NA NA 
2.93E+OO 4.58 38018.94 300 25475.39 0.025475 l!ft#t/I;WN 2.91E+02 
1.48E+OO NA NA 5 25475.39 0.025475 NA NA 
4.37E+02 NA NA 680000 25475.39 0.025475 NA NA 
8.61E-05 7.15 14125375 NA 25475.39 0.025475 NA NA 
2.70E+01 NA NA 20 25475.39 0.025475 NA NA 
1.32E+02 NA NA 120 25475.39 0.025475 NA NA 

• 
Mean cone 

exceed SQC? 
no 
NA 
NA 
NA 
NA 
no 
no 
NA 

~t~~~~,~~!EJ~~ 
NA 
no 
NA 
NA 
NA 
NA 
NA 
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Table 5-3e 
Calculation of Site-specific Sediment Quality Criteria: Cape Fear River Data In Vicinity of Site 

Southern Wood Piedmont 
Wilmington, NC 

Mean Cone log Koc Koc AWQC !mean TOC foe SQC SQC Mean concJ 
COPC -sediment mg/kg mUg Ukg ug/L mg/kg kg/kg ua/kg ma/kg !exceed SQC? 
2-Methylnaphthalene 3.35E-01 3.64 4365.158 2.1 29526.67 0.029527 2.71E+02 2.71E-01 

~~[~ 4,4'-DDD 3.52E-03 4.93 85113.8 0.001 29526.67 0.029527 2.51E+OO 2.51E-03 
4,4'-DDE 3.52E-03 5.04 109647.8 0.001 29526.67 0.029527 3.24E+OO 3.24E-03 
Acenaphthene 1.26E+OO 3.6 3981.072 23 29526.67 0.029527 2.70E+03 2.70E+OO no 
Acenaphthylene 4.71E-01 3.84 6918.31 300 29526.67 0.029527 6.13E+04 6.13E+01 no 
Aluminum 9.56E+03 NA NA 87 29526.67 0.029527 NA NA NA 
Anthracene 6.38E+OO 4.37 23442.29 0.73 29526.67 0.029527 5.05E+02 5.05E-01 ilitl~~~~Jl~ 
Arsenic 8.42E+OO NA NA 150 29526.67 0.029527 NA NA NA 
Barium 2.09E+01 NA NA 4 29526.67 0.029527 NA NA NA 
Benzo(a)anthracene 2.52E+OO 5.55 354813.4 0.027 29526.67 0.029527 2.83E+02 2.83E-01 [j~~~§ Benzo(a)pyrene 9.35E-01 5.98 954992.6 0.014 29526.67 0.029527 3.95E+02 3.95E-01 
Benzo(b )fluoranthenE 2.91E+OO 6.08 1202264 300 29526.67 0.029527 1.06E+07 1.06E+04 no 
Benzo(b,k)fluoranthe 4.25E-01 6.08 1202264 300 29526.67 0.029527 1.06E+07 1.06E+04 no 
Benzo(g,h,i)perylene NA 6.2 1584893 300 29526.67 0.029527 1.40E+07 1.40E+04 NA 
Benzo(k)FiuoranthenE 1.14E+OO 6.09 1230269 300 29526.67 0.029527 1.09E+07 1.09E+04 no 
Cadmium 2.43E-01 NA NA 2.2 29526.67 0.029527 NA NA NA 
Carbazole 1.78E+OO 3.39 2454.709 NA 29526.67 0.029527 NA NA NA 
Chromium 3.48E+01 NA NA 74 29526.67 0.029527 NA NA NA 
Chrysene 3.26E+OO 5.49 309029.5 300 29526.67 0.029527 2.74E+06 2.74E+03 no 
Cobalt 4.50E+OO NA NA 23 29526.67 0.029527 NA NA NA 
Copper 2.41E+01 NA NA 9 29526.67 0.029527 NA NA NA 
Delta-BHC 1.57E-03 1 2.2 29526.67 0.029527 6.50E-02 6.50E-05 lli~~~~ye~1KJ}?J 
Dibenzo( a,h )anthracE 4.71E-01 6.28 1905461 300 29526.67 o:o29527 1.69E+07 1.69E+04 no 
Dibenzofuran 3.35E-01 1 3.7 29526.67 0.029527 1.09E-01 1.09E-04 

~~il Endosulfan II 3.52E-03 2.87 741.3102 0.0056 29526.67 0.029527 1.23E-01 1.23E-04 
Endosulfan Sulfate 3.52E-03 2.87 741.3102 0.0056 29526.67 0.029527 1.23E-01 1.23E-04 
Endrin Aldehyde 3.25E-03 3.97 9332.543 0.036 29526.67 0.029527 9.92E+OO 9.92E-03 no 
Fluoranthene 1.50E+01 4.69 48977.88 6.16 29526.67 0.029527 8.91E+03 8.91E+OO ~1~~~~~~;~~ 
Fluorene 3.35E-01 3.88 7585.776 3.9 29526.67 0.029527 8.74E+02 8.74E-01 no 
Gamma chlordane /2 1.78E-03 5.08 120226.4 0.0043 29526.67 0.029527 1.53E+01 1.53E-02 no 

• • 
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Table 5-3e 

Calculation of Site-Specific Sediment Quality Criteria: Cape Fear River Data in Vicinity of Site 
Southern Wood Piedmont 

Wilmington, NC 

Mean Com Jog Koc Koc AWQC meanTOC foe SQC SQC Mean cone _I 
COPC -sediment mg/kg mUg Ukg ug/L mg/kg kg/kg ug/kg mg/kg exceed SQC? 
Indeno(1,2,3-cd)pyre 5.12E-01 6.54 3467369 300 29526.67 0.029527 3.07E+07 3.07E+04 no 
Iron 9.90E+03 NA NA 1000 29526.67 0.029527 NA NA NA 
Lead 1.50E+01 NA NA . 2.5 29526.67 0.029527 NA NA NA 
Magnesium 1.79E+03 NA NA 82000 29526.67 0.029527 NA NA NA 
Manganese 7.69E+01 NA NA 120 29526.67 0.029527 NA NA NA 
Methoxychlor 1.78E-02 4.89 77624.71 0.03 29526.67 0.029527 6.88E+01 6.88E-02 no 
Naphthalene 4.71E-01 3.19 1548.817 300 29526.67 0.029527 1.37E+04 1.37E+01 no 
Nickel 4.50E+OO NA NA 52 29526.67 0.029527 NA NA NA 
PCB-1260 3.52E-02 5.72 524807.5 0.014 29526.67 0.029527 2.17E+02 2.17E-01 no 
Phenanthrene 4.10E+OO 4.15 14125.38 6.3 29526.67 0.029527 2.63E+03 2.63E+OO ;s1fy~~r~:~ 
Potassium 7.33E+02 NA NA 53000 29526.67 0.029527 NA NA NA 
Pyrene 3.72E-01 4.58 38018.94 300 29526.67 0.029527 3.37E+05 3.37E+02 no 
Selenium 9.83E-01 NA NA 5 29526.67 0.029527 NA NA NA 
Sodium 1.36E+03 NA NA 680000 29526.67 0.029527 NA NA NA 
TCDD-TEQ (fish) 2.34E-05 7.15 14125375 NA 29526.67 0.029527 NA NA NA 
Vanadium 2.10E+01 NA NA 20 29526.67 0.029527 NA NA NA 
Zinc 5.33E+01 NA NA 120 29526.67 0.029527 NA NA NA 
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COPC - sediment 
2-Methylnaphthalene 
4,4'-DDD 
4,4'-DDE 
Acenaphthene 
Acenaphthylene 
Aluminum 
Anthracene 
Arsenic 
Barium 
Benzo(a)anthracene 
Benzo( a )pyrene 
Benzo(b )fluoranthene 
Benzo(b,k)fluoranthent 
Benzo(g, h, i)perylene 
Benzo(k)Fiuoranthene 
Cadmium 
Carbazole 
Chromium 
Chrysene 
Cobalt 
Copper 
Delta-BHC 
Dibenzo(a,h )anthracer 
Dibenzofuran 
Endosulfan II 
Endosulfan Sulfate 
Endrin Aldehyde 
Fluoranthene 
Fluorene 
Gamma chlordane /2 

• 

Table 5-3f 
Calculation of Site-specific Sediment Quality Criteria: All Cape Fear River Data 

Southern Wood Piedmont 
Wilmington, NC 

Mean Cone log Koc Koc AWQC !mean TOC foe SQC SQC 
mg/kg mUg Ukg ug/L mg/kg kg/kg ug/kg mg/kg 

3.03E-01 3.64 4365.158 2.1 26051.43 0.026051 2.39E+02 2.39E-01 
3.52E-03 4.93 85113.8 0.001 26051.43 0.026051 2.22E+OO 2.22E-03 
3.52E-03 5.04 109647.8 0.001 26051.43 0.026051 2.86E+OO 2.86E-03 
2.55E+OO 3.6 3981.072 23 26051.43 0.026051 2.39E+03 2.39E+OO 
5.09E-01 3.84 6918.31 300 26051.43 0.026051 5.41E+04 5.41E+01 
9.56E+03 NA NA 87 26051.43 0.026051 NA NA 
6.02E+OO 4.37 23442.29 0.73 26051.43 0.026051 4.46E+02 4.46E-01 
7.65E+OO NA NA 150 26051.43 0.026051 NA NA 
2.09E+01 NA NA 4 26051.43 0.026051 NA NA 
2.46E+OO 5.55 354813.4 0.027 26051.43 0.026051 2.50E+02 2.50E-01 
1.17E+OO 5.98 954992.6 0.014 26051.43 0.026051 3.48E+02 3.48E-01 
2.76E+OO 6.08 1202264 300 26051.43 0.026051 9.40E+06 9.40E+03 
4.25E-01 6.08 1202264 300 26051.43 0.026051 9.40E+06 9.40E+03 
2.05E-01 6.2 1584893 300 26051.43 0.026051 1.24E+07 1.24E+04 
1.02E+OO 6.09 1230269 300 26051.43 0.026051 9.62E+06 9.62E+03 
2.43E-01 NA NA 2.2 26051.43 0.026051 NA NA 
1.57E+OO 3.39 2454.709 NA 26051.43 0.026051 NA NA 
3.04E+01 NA NA 74 26051.43 0.026051 NA NA 
3.02E+OO 5.49 309029.5 300 26051.43 0.026051 2.42E+06 2.42E+03 
4.50E+OO NA NA 23 26051.43 0.026051 NA NA 
2.50E+01 NA NA 9 26051.43 0.026051 NA NA 
1.57E-03 1 2.2 26051.43 0.026051 5.73E-02 5.73E-05 
5.09E-01 6.28 1905461 300 26051.43 0.026051 1.49E+07 1.49E+04 
3.03E-01 1 3.7 26051.43 0.026051 9.64E-02 9.64E-05 
3.52E-03 2.87 741.3102 0.0056 26051.43 0.026051 1.08E-01 1.08E-04 
3.52E-03 2.87 741.3102 0.0056 26051.43 0.026051 1.08E-01 1.08E-04 
3.25E-03 3.97 9332.543 0.036 26051.43 0.026051 8.75E+OO 8.75E-03 
1.36E+01 4.69 48977.88 6.16 26051.43 0.026051 7.86E+03 7.86E+OO 
3.03E-01 3.88 7585.776 3.9 26051.43 0.026051 7.71E+02 7.71E-01 
1.78E-03 5.08 .120226.4 0.0043 26051.43 0.026051 1.35E+01 1.35E-02 

• 
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Mean cone 
exceedSQC? 

-~~ no 
NA 

Z±it1i[~:rr!EZ: 
NA 
NA 

)mii~~1zii 
no 
no 
no 
no 
NA 
NA 
NA 
no 
NA 
NA 

%~,:~ili~~-ili~ii 
no 

~~l!iJi~ 
no 

2£Jj.,~:-:.~·::r}!._~§~}t~~ 
no 
no 

• 



• 
COPC -sediment 
Indeno( 1,2,3-cd)pyren 
Iron 
Lead 
Magnesium 
Manganese 
Methoxychlor 
Naphthalene 
Nickel 
PCB-1260 
Phenanthrene 
Potassium 
Pyrene 
Selenium 
Sodium 
TCDD-TEQ (fish) 
Vanadium 
Zinc 

• 
Table 5-3f 

Calculation of Site-Specific Sediment Quality Criteria: All Cape Fear River Data 
Southern Wood Piedmont 

Wilmington, NC 

Mean Cone log Koc Koc AWQC meanTOC foe SQC SQC 
mg/kg mUg Ukg ug/L mg/kg kg/kg ug/kg mg/kg 

5.49E-01 6.54 3467369 300 26051.43 0.026051 2.71E+07 2.71E+04 
9.90E+03 NA NA 1000 26051.43 0.026051 NA NA 
1.50E+01 NA NA 2.5 26051.43 0.026051 NA NA 
1.79E+03 NA NA 82000 26051.43 0.026051 NA NA 
7.69E+01 NA NA 120 26051.43 0.026051 NA NA 
1.78E-02 4.89 77624.71 0.03 26051.43 0.026051 6.07E+01 6.07E-02 
1.66E+OO 3.19 1548.817 300 26051.43 0.026051 1.21E+04 1.21E+01 
4.50E+OO NA NA 52 26051.43 0.026051 NA NA 
3.52E-02 5.72 524807.5 0.014 26051.43 0.026051 1.91E+02 1.91 E-01 
5.86E+OO 4.15 14125.38 6.3 26051.43 0.026051 2.32E+03 2.32E+OO 
7.33E+02 NA NA 53000 26051.43 0.026051 NA NA 
3.30E-01 4.58 38018.94 300 26051.43 0.026051 2.97E+05 2.97E+02 
9.83E-01 NA NA 5 26051.43 0.026051 NA NA 
1.36E+03 NA NA 680000 26051.43 0.026051 NA NA 
1.99E-05 7.15 14125375 NA 26051.43 0.026051 NA NA 
2.10E+01 NA NA 20 26051.43 0.026051 NA NA 
5.33E+01 NA NA 120 26051.43 0.026051 NA NA 

. , ........ :,_. 
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Mean cone 
exceed SQC? 

.no 
NA 
NA 
NA 
NA 
no 
no 
NA 
no 

~~-.i~·S,Y~l-1~7!1~;· 
NA 
no 
NA "1 

NA 
NA 
NA 
NA 



COPC -sediment 
2-Methylnaphthalene 
4,4'-DDD 
4,4'-DDE 
Acenaphthene 
Acenaphthylene 
Aluminum 
Anthracene 
Arsenic 
Barium 
Benzo( a )anthracene 
Benzo( a )pyrene 
Benzo(b )fluoranthene 
Benzo(b,k)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)Fiuoranthene 
Cadmium 
Carbazole 
Chromium 
Chrysene 
Cobalt ' 
Copper 
Delta-BHC 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Endosulfan II 
Endosulfan Sulfate 
Endrin Aldehyde 
Fluoranthene 
Fluorene 
Gamma chlordane /2 

• 

Table5-3g 
Calculation of Site-specific Sediment Quality Criteria: Background Data 

Southern Wood Piedmont 
Wilmington, NC 

Mean Cone log Koc Koc AWQC !mean TOC foe SQC 
mg/kg mUg Ukg ug/L mg/kg kg/kg ug/kg 

3.37E-01 3.64 4365.158 2.1 93790 0.09379 8.60E+02 
3.80E-03 4.93 85113.8 0.001 93790 0.09379 7.98E+OO 
1.70E-02 5.04 109647.8 0.001 93790 0.09379 1.03E+01 
2.87E-01 3.6 3981.072 23 93790 0.09379 8.59E+03 
3.37E-01 3.84 6918.31 300 93790 0.09379 .1.95E+05 
2.70E+03 NA NA 87 93790 0.09379 NA 
2.95E-01 4.37 23442.29 0.73 93790 0.09379 1.61E+03 
2.61E+01 NA NA 150 93790 0.09379 NA 
4.60E+01 NA NA 4 93790 0.09379 NA 
4.11E-01 5.55 354813.4 0.027 93790 0.09379 8.99E+02 
3.87E-01 5.98 954992.6 0.014 93790 0.09379 1.25E+03 
5.12E-01 6.08 1202264 300 93790 0.09379 3.38E+07 
1.40E+OO 6.08 1202264 300 93790 0.09379 3.38E+07 
2.88E-01 6.2 1584893 300 93790 0.09379 4.46E+07 
5.14E-01 6.09 1230269 300 93790 0.09379 3.46E+07 
5.80E-01 NA NA 2.2 93790 0.09379 NA · 
3.01E-01 3.39 2454.709 NA 93790 0.09379 NA 
7.96E+OO NA NA 74 93790 0.09379 NA 
4.80E-01 5.49 309029.5 300 93790 0.09379 8.70E+06 
1.40E+OO NA NA 23 93790 0.09379 NA 
1.38E+01 NA NA 9 93790 0.09379 NA 
1.95E-03 1 2.2 93790 0.09379 2.06E-01 
3.37E-01 6.28 1905461 300 93790 0.09379 5.36E+07 
2.77E-01 1 3.7 93790 0.09379 3.47E-01 
3.80E-03 2.87 741.3102 0.0056 93790 0.09379 3.89E-01 
3.80E-03 2.87 741.3102 0.0056 93790 0.09379 3.89E-01 
1.95E-02 . 3.97 9332.543 0.036 93790 0.09379 3.15E+01 
7.01E-01 4.69 48977.88 6.16 93790 0.09379 2.83E+04 
2.83E-01 3.88 7585.776 3.9 93790 0.09379 2.77E+03 
1.00E-02 5,08 120226.4 0.0043 93790 0.09379 4.85E+01 

• 
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SQC Mean cone I 
mn/kg !exceed SQC? 

8.60E-01 no 
7.98E-03 no 
1.03E-02 :f~~:b·t~tx~~1;~~~~ 
8.59E+OO no 
1.95E+02 no 

NA NA 
1.61E+OO no 

NA NA 
NA NA 

8.99E-01 no 
1.25E+OO no 
3.38E+04 no 
3.38E+04 no 
4.46E+04 no 
3.46E+04 no 

NA NA 
NA NA 
NA NA 

8.70E+03 no 
NA NA 
NA NA 

2.06E-04 £;~;£z~e:s~if:i1f~ 
5.36E+04 no 
3.47E-04 

1!1f~ 3.89E-04 
3.89E-04 
3.15E-02 no 
2.83E+01 no 
2.77E+OO no 
4.85E-02 no 

• 



• 
COPC - sediment 
Indeno( 1 ,2,3-cd)pyrene 
Iron 
Lead 
Magnesium 
Manganese 
Methoxychlor 
Naphthalene 
Nkkel 
PCB-1260 
Phenanthrene 
Potassium 
Pyrene 
Selenium 
Sodium 
TCDD-TEQ (fish) 
Vanadium 
Zinc 

• 
Table5-3g 

Calculation of Site-specific Sediment Quality Criteria: Background Data 
Southern Wood Piedmont 

Wilmington, NC 

Mean Cone log Koc Koc AWQC [mean TOC foe SQC 
m_gjkg_ mUg Ukg ug/L mg/kg kg/kg ug/kg 

3.26E-01 6.54 3467369 300 93790 0.09379 9.76E+07 
5.90E+03 NA NA 1000 93790 0.09379 NA 
1.30E+02 NA NA 2.5 93790 0.09379 NA 
9.50E+02 NA NA 82000 93790 0.09379 NA 
4.30E+01 NA NA 120 93790 0.09379 NA 
1.95E-02 4.89 77624.71 0.03 93790 0.09379 2.18E+02 
3.37E-01 3.19 1548.817 300 93790 0.09379 4.36E+04 
4.50E+OO NA NA 52 93790 0.09379 NA 
3.80E-02 5.72 524807.5 0.014 93790 0.09379 6.89E+02 
5.01E-01 4.15 14125.38 6.3 93790 0.09379 8.35E+03 
2.10E+02 NA NA 53000 93790 0.09379 NA 
6.01E-01 4.58 38018.94 300 93790 0.09379 1.07E+06 
9.50E-01 NA NA 5 93790 0.09379 NA 
1.10E+02 NA NA 680000 93790 0.09379 NA 
2.42E-06 7.15 14125375 NA 93790 0.09379 NA 
1.30E+01 NA NA 20 93790 0.09379 NA 
2.10E+02 NA NA 120 93790 0.09379 NA 
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SQC Mean cone _I 
mg/kg exceed SQC? 

9.76E+04 no 
NA NA 
NA NA 
NA NA 
NA NA 

2.18E-01 no 
4.36E+01 no 

NA NA 
6.89E-01 no 
8.35E+OO no 

NA NA 
1.07E+03 no 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 



Table 5-4 
Comparison of Inorganic Sediment COPCs to Sediment Quality Guidelines 

Southern Wood Piedmont 

Greenfiel Drainage 
d Creek Ditch Wetland 

COPC Units EPC EPC sEPC 
Aluminum mg/kg 6283.3 28000.0 3254.4 
Arsenic mg/kg 3.8 9.0 13.5 
Barium mg/kg 24.5 110.0 20.6 
Cadmium mg!kg 0.4 0.9 0.4 
Calcium mg/kg · 2686.7 12000.0 1237.8 
Chromium mg/kg 11.1 18.0 15.5 
Cobalt mg/kg 1.7 15.0 1.6 
Copper mg/kg 17.8 29.8 69.4 
Iron mg/kg 8760.0 59000.0 4820.0 
Lead mg/kg 25.8 60.9 81.3 
Magnesium mg/kg 948.3 3800.0 609.4 
Manganese mg/kg · 32.7 160.0 23.3 
Nickel mg/kg 12.2 20.0 14.5 
Potassium mg/kg 446.7 1200.0 242.2 
Selenium mg/kg 1.5 3.7 1.0 
Sodium mg/kg 436.7 1400.0 362.8 
Vanadium mg/kg 27.0 85.0 11.7 
Zinc mg/kg 132.3 640.0 81.8 

Notes: . 
LELs and SELs are from Persaud et al. (1993) 
ER-Ls and ER-Ms are from Long et at. (1995) 

, 

Wilmington, NC 

Cape 
Fear 
River ER-
EPC LEL SEL ER-L M Outcome 

9563.3 NA NA NA NA NA 
7.7 6 33 8.2 70 :<all; D,W:<SEL,ERM; R:<SEL,ER 

20.9 NA NA NA NA NA 
0.2 0.6 10 1.2 9.6 C,W,R:<all; D:<SEL,ERL 

1380.0 NA NA NA NA NA 
30.4 26 110 81 370 C,D,W:<all; R:<SEL,ERL 
4.5 NA NA NA NA NA 
25.0 16 110 34 270 C,D,R:<SEL,ERL; W:<SEL,ERM 

9903.3 NA NA NA NA NA. 
15.0 31 250 47 218 C,R:<all; D,W:<SEL,ERM 

1790.0 NA NA NA NA NA 
76.9 NA NA NA NA NA 
4.5 16 75 21 52 C,W,R:<all; D<SEL,ERL 

733.3 NA NA NA NA NA 
1.0 NA NA NA NA NA 

1356.7 NA NA NA NA NA 
21.0 NA NA NA NA NA 
53.3 120 820 150 410 W,R:<all; C:<SEL,ERL; D:<SEL 

• 

• 

• 



• 
Location Sample 

Cape Fear River SS14 

Cape Fear River SS18 

Cape Fear River SS20 

Cape Fear River SS23 

Drainage ditch SS-7 

Drainage ditch SS-8 

Greenfield Creek SS-1 

Greenfield Creek SS-11 

Greenfield Creek SS-9 

AVS Cd 

• 
Table 5-5 

AVS-5EM Analysis of Bioavailability 
Southern Wood Piedmont 

Wilmington, NC 

Cu Pb Nl Zn 
(J,Jmol/g) (J,Jmol/g) (J,Jmolfg) (J,Jmollg) (J,Jmol/g) (J,Jmolfg) 

u (0.31) 0.008541 u (0.003) 0.77 0.10 9.33 

3.31 0.00258 0.110 0.12 0.04 1.53 

u (0.31) 0.004804 0.124 0.11 0.04 1.24 

u (0.31) NA 0.030 0.08 u (0.005) 0.83 

u (0.31) 0.001601 0.047 0.11 u (0.005) 0.55 

23.13 0.002758 0.157 0.26 0.03 1.36 

u (0.31) 0.00863 0.331 1.06 0.05 2.45 

u (0.31) u (0.0003) 0.027 0.03 u (0.005) 0.14 

u (0.31) u (0.0003) 0.009 0.02 u (0.005) 0.10 

U (#)=undetected (1/2 the analytical detection limit) 

• 
SEM:AVS 

SEM Ratio Bioavailable? 

10.213 32.68 yes 

1.799 0.54 no 

1.523 4.87 yes 

0.938 3.00 yes 

0.710 2.27 yes 

1.807 0.08 no 

3.895 12.46 yes 

0.195 0.62 no 

0.141 0.45 no 



• 

Table 5-6 
Comparison of Fish COPC Surface Water Concentrations to Water Quality Standards 

Southern Wood Piedmont 
Wilmington, NC 

Ditch Creek 
EPC EPC AWQC Ditch< Creek< NCWQS Ditch< Creek< 

Fish COPC (mg/L) (mg/L} (mg/L) AWQC? AWQC? (mg/L} NC WQS? NC WQS? 
Dioxin NA NA NA NA NA NA NA NA 
Chromium 0.003 0.003 0.011 yes yes 0.05 yes yes 
Copper 0.013125 0.015 0.009 no no 0.007 no no 
Acenaphthene NA NA NA NA NA NA NA NA 
Dibenzofuran NA NA NA NA NA NA NA NA 
Fluorene NA NA NA NA NA NA NA NA 

• • 



• 
Sample ID Species 
Greenfield Lake 
810-108 Sunfish 
BI0-100 Largemouth 
BI0-10E Bowfin 
Average 

Burnt Mill Creek 
BI0-11A Largemouth 
BI0-118 Striped Mullet 
BI0-11C Sunfish 
BI0-11C-Dup Sunfish 

Gambusia, Inland 
BI0-15-Comp Silverside 

Gambusia, Inland 
BI0-15-Comp-Dup Silverside 
Average 

Greenfield Creek Upstream of Site 
BI0-12A Sunfish 

BI0-128 Striped Mullet 
Gambusia, Shad, 

BI0-16-Comp Inland Silverside 
Average 

• 
Table 5·7 

Measured Fish Tissue Concentrations By Location 
Southern Wood Piedmont 

Wilmington, NC 

TCDD·TEQ Chromium 
Sample Type %Lipid Length (ppm} (ppm) 

composite 2.3 85-122 mm 2.44E-08 u (0.5) 
composite 4.4 1.48-1.6 ft 3.58E-07 u (0.455) 

single fish fillet 5.1 2.28 ft 1.04E-06 u (0.455) 

. Copper 
(ppm) 

u (1.) 
u (0.9) 
u (0.9) 

4.76E-07 U {0.47) U (0.933) 

single fish 1.1 177-270 mm 3.24E-07 u (0.5) u {1.) 
single fish 1.9 285-344 mm 1.68E-07 u (0.5) u {1.) 
composite 2.7 61-124 mm 1.02E-07 u (0.455) u {0.9) 
composite 3.1 58-120 mm 8.40E-07 u (0.5) u (1.) 

composite 2.8 NA 5.43E-07 u (0.5) u (1.) 

composite 3.4 NA 2.07E-07 u (0.455) 2 
3.64E-07. u {0.485) 1.15 

composite 2.2 45-160 mm 4.45E-07 u (0.455) u {0.9) 
single fish 

whole body 1.1 322mm 4.65E-07 1.4 3.2 

composite 2.4 NA 2.55E-07 u (0.455) 2.7 
3.89E-07 0.77 2.27 
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Acenaphthene Dibenzofuran Fluorene 
(ppm) (ppm} (ppm} 

u (0.495) u (0.495) u (0.495) 
u (0.495) u (0.495) u (0.495) 
u (0.495) u (0.495) u (0.495) 
u (0.495) u {0.495) u (0.495) 

u {0.495) u {0.495) u (0.495) 
u {0.495) u {0.495) u {0.495) 
u (0.495) u {0.495) u (0.495) 
u (0.495) u (0.495) u (0.495) 

u (0.495) u (0.495) u (0.495) 

u (0.495) u (0.495) u (0.495) 
u (0.495) u (0.495) u (0.495) 

u (0.495) u (0.495) u (0.495) 

u (0.495) u (0.495) u (0.495) 

u (0.495) u (0.495) u l0.495) 
u (0.495) u {0.495) u (0.495) 



Species 

BJ0-13A Bowfin 

BI0-136 Gizzard Shad 
BI0-136-Dup Gizzard Shad 
BI0-13C Largemouth 
BI0-130 Sunfish 
BI0-13E Striped Mullet 
BI0-13E-Dup Striped Mullet 

Gambusia, Shad, 
Inland Silverside, 

BI0-14-Comp Darter 
Average 

• 

Table 5-7 
Measured Fish Tissue Concentrations By Location 

Southern Wood Piedmont 
Wilmington, NC 

TCDD-TEQ 
Length (ppm) 

single fish 
whole body 2.0 1.8-1.86 ft 7.96E-07 u (0.5) 
single fish 

whole body 3.2 370-380 mm 5.83E-07 u (0.455) 
single fish fillet 3.3 385mm 1.29E-06 u (0.455) 
single fish fillet 1.0 292mm 1.45E-06 u (0.455) 

composite NA 43-114 mm 1.18E-06 NA 
single fish fillet 3.0 338-340 mm 2.83E-06 u (0.5) 
single fish fillet 2.7 332-385mm 9.69E-07 u (0.455) 

composite 2.5 · NA 3.87E-06 u (0.455) 
1.62E-06 U (0.468) 

• 
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Acenaphthene Dibenzofuran 
(ppm) (ppm) 

27 u (0.495) u (0.495) u (0.495) 

u (0.9) u (0.495) u (0.495) u (0.495) 
u (0.9) 2.8 1.8 1.5 
u (0.9) u (0.495) u (0.495) u (0.495) 

NA NA NA NA 
u (1.) u (0.495) u (0.495) u (0.495) 
u (0.9) u (0.495) u (0.495) u (0.495) 

u (0.9) u (0.495) u (0.495) u (0.495) 
4.64 0.82 0.68 0.64 

• 



• 
DWFood 
Ingestion 

Receptor Rate 
of Interest (kg/day) 

Great Blue Heron 1.011 E-01 
Red-tailed Hawk 6.316E-02 
Mink 6.983E-02 

• Table 5-8 
Exposure Parameters for Receptors of Interest Used in Food Web Modeling 

Southern Wood Piedmont 
Wilmington, NC 

Dietary Fractions 1 Soil/Sed Surface 
Percent of Items in Diet Ingestion Water Body 

Aquatic Aquatic Small Small Pisciv Rate lngestior Weight 
Plants Inverts Fish Mammals Birds Birds (kg/day) (Uday) (Kg) 
0.00 0.01 0.99 0.001 0.001 0.00 O.OOE+OO 0.105 2.336 
0.00 0.00 0.00 0.88 0.06 0.06 O.OOE+OO 0.065 1.134 
0.12 0.10 0.73 0.03 0.00 0.03 1.97E-03 0.081 1.020 

• 
Available Home Area 

J 
Seasonal 

Habitat Range Use Use 
(ha) (hal Factor Factor 
4.05 4.5 0.9 1 

21.04 859 0.02 1 
4.05 406 0.01 1 



Chemical 
2-methvtnaphthalene 
4.4'·DDD 
4.4'·DDE 
4.4'-DDT 
Acenaphthene 
Acenaohthvtene 
Aldrin 
Al_pha-Chlordane/2 
Aluminum 
Anthracene 
Antimony_ 
Arsenic 
Benzo a)anthracene 
Benzo a)pyrene 
Benzo b )fluoranthene 
Benzo b,k)fluoranthene 
Benzo (g,h,iloervtene 
Benzo k)fluoranthene 
Calcium 
Carbazole 
CarboxYlic acid 
Chrysene 
C_yanide 
Delta·BHC 
Di·n·butylphthalate 
Dibenzo(a h)anthracene 
Dibenzofuran 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin aldehyde 
Fluoranthene 
Fluorene 
Gamma·BHC (Lindane) 
Gamma chlordane 12 
Heptachlor 
lndeno(1,2,3-cd)pyrene 
Iron 
Magnesium 
Manganese 
MethoxYchlor 
Naphthalene 
Pentachlorophenol 
Phenanthrene 
Potassium 
Pvrene 
Selenium 
Sodium 
TCDD-TEQ 
LEAD 
PCB·1260 
Mercury 
Barium 
cadmium 
Chromium 
Cobalt 
Cqpper 
Nickel 
Vanadium 
Zinc 

Great Blue 
Heron 

Table 5-9 
Toxicity Reference Values for Wildlife Receptors of Interest 

Southern Wood Piedmont 
Wilmington, NC 

Red-tailed 
Hawk Mink 

Page 1 of 1 

(mglkg-day) (mg_/kg-day) (mglkg-day) Source/Comments 
NR NR 2.08E+01 EFA West 1998 

3.00&03 3.00E·03 6.20E·01. Sam_l)le et al. 1996 
3.00E·03 3.00E.03 6.20E-()1 Sample et al. 1996 
3.00E.03 3.00E·03 6.20E·01 Sam_l)le et al. 1996 
1.01E+02 1.01E+02 7.28E+01 IRIS (EPA, 2001c) (mammals), Schafer et al. 1983 (birds) 
1.01E+02 1.01E+02 7.28E+01 Used acenaphthene as surrooate 

NR NR 1.54E·01 Sample et al. 1996 
NR NR NR 

1.10E+02 1.10E+02 8.03E.01 Sample et al. 1996 
1.11E+02 1.11E+02 4.16E+02 IRIS (mammals), Schafer et al. 1983 (birds) 

NR NR 5.20E.02 Sam_j)le et al. 1996 
2.50E+OO 2.50E+OO 5.20E·02 Sample et al. 1996 
7.90E·04 7.90E·04 6.95E·02 EPA, 1999b 
1.00E·03 1.00E·03 4.20E·01 Sample et al. 1996 (mammals), EPA (1999b) (birds) 
1.40E·04 1.40E·04 4.20E·01 Used benzo(a)pyrene as mammal surrooate, benzo(k)fluoranthene as bird surrggate 
1.40E·04 1.40E·04 4.20E·01 Used benzo(a)pyrene as mammal surrogate, benzo(k)fluoranthene as bird surrogate 
1.00E·03 1.00E·03 4.20E·01 Used benzo(a)pvrene as surrooate 
1.40E·04 1.40E.04 4.20E.01 Used benzo(a)pyrene as mammal surrogate, EPA (1999b) (birds) 

NR NR NR 
NR NR 2.31E.01 IRIS (EPA, 2001c) (2,4-dichlorophenol as surrogate) 
NR NR NR 

1.00E.03 1.00E·03 4.20E.01 Used benzo(a)pyrene as mammal surrogate EPA (1999b) (birds) 
4.00E·02 4.00E·02 4.97E+01 Samjlle et al. 1996 (mammals), Combuster_guldance Jbirds) 
5.60E.01 5.60E·01 1.00E·02 Sample et al. 1996 
1.10E.01 1.10E·01 2.29E+02 Sample et al. 1996 
3.90E·04 3.90E-04 1.54E·03 EPA,1999b 
1.11E+02 1.11E+02 4.16E+02 Used anthracene as surrooate 
1.00E+01 1.00E+01 1.20E·01 Sample et al. 1996JIRV for endosulfan) 
1.00E+01 1.00E+01 1.20E·01 Sample et al. 1996 (TRV for endosulfan) 
1.00E+01 1.00E+01 1.20E·01 Samjlle et al. 1996 _ITRV for endosulfan). 
1.00E·02 1.00E·02 3.80E-02 Sample et al. 1996 (TRV for endrinl 

NR NR 5.20E+01 IRIS_iEPA, 2001c) 
1.01E+02 1.01E+02 5.20E+01 IRIS (mammals), Schafer et al. 1983 (birds) 
5.60E·01 5.60E·01 1.00E·02 SampJe et al. 1996 

NR NR NR 
6.50E·02 6.50E·02 1.00E-Q1 Samjlle etal.1996_{_mammals), EPA (1999b) (birds) 
1.00E.03 1.00E.03 4.20E.01 Used benzo(a)pyrene as mammal surrogate, EPA (1999b) (birds) 

NR NR NR 
NR NR NR 

9.97E+02 9.97E+02 6.80E+01 Sample etal. 1996 
NR NR 3.10E+OO Sample et al. 1996 
NR NR 2.08E+01 HERD,2000 

4.03E+OO 4.03E+OO 1.85E·01 Sample etal. 1996 (mammals), EPA (1999b) (birds) 
1.13E+02 1.13E+02 3.12E+01 Used ovrene as mammal surrogate, Schafer et al. 1983_(birds) 

NR NR NR 
NR NR 3.12E+01 IRIS_iEPA, 2001c) 

4.00E·01 4.00E.01 1.54E·01 Sample et al. 1996 
NR NR NR 

1.40E·05 1.40E·05 8.00E-07 Sample et al. 1996 
1.13E+OO 1.13E+OO 6.15E+OO Sample et al. 1996 
1.80E·01 1.80E·01 1.40E·01 Sample et al. 1996 (used Aroclor 1254 as surrogate l 
4.50E·01 4.50E·01 1.00E+OO Sam_Qie et al. 1996 (mercuric chloride and mercuric sulfide) 
2.08E+01 2.08E+01 4.10E+OO Sample et al. 1996 
1.45E+OO 1.45E+OO 7.42E·01 Sample et al. 1996 
1.00E+OO 1.00E+OO 2.11E+03 Sample et al. 1996 
9.70E·01 9.70E·01 9.23E·01 HERD,2000 
4.70E+01 4.70E+01 1.17E+01 Samjlle et al. 1996 
7.74E+01 7.74E+01 3.08E+01 Sample etal.1996 
1.14E+01 1.14E+01 1.50E·01 Sam_j)le et al. 1996 
1.45E+01 1.45E+01 1.23E+02 Sample et al. 1996 

• 

• 

• 



• 

• 

• 

COPC 
Copper 
Dioxins (TCDD) 
Acenaphthene 
Dibenzofuran 
Fluorene 

Avg 
NOEL 

(mg/kg) 
13.902 

Table 5·10 
Fish Toxicity Reference Values 

Southern Wood Piedmont 
Wilmington, NC 

Min Max 
NOEL NOEL 

(mg/kg) (mg/kg) 
0.64 100 

Notes 

7.43E-03 9.00E-06 0.44 
3.5 3.5 3.5 
30 30 30 Used phenanthrene as surrogate 

18.24 1.25 30 Used fluoranthene as surrogate 

Note: Chromium was not detected in fish tissue onsite 
and was therefore not considered in this analysis 



Fish COPC 
TCDD-TEQ 
Copper 
Acenaphthene 
Dibenzofuran 
Fluorene 

• 

Table 6-1 
Comparison of Fish Tissue Residues to TRVs 

Southern Wood Piedmont 
Wilmington, NC 

TRV(min TRV (avg TRV (max 
Fish EPC NOEL} NOEL} NOEL} 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1.622E-06 9.00E-06 0.0074 0.44 
4.64 ·0.64 13.902 100 
0.82 3.5 3.5 3.5 
0.68 30 30 30 
0.64 1.25 18.24 30 

• 

Outcome 
less than min NOEL 
less than avg NOEL 
less than min NOEL 
less than min NOEL 
less than min NOEL 

• 



• 
Chemicals Food 
2-methylnaphthalene NC 
4,4'-DDD O.OOE+OO 
4,4'-DDE O.OOE+OO 
4,4'-DDT O.OOE+OO 
Acenaphthene 9.50E-04 
Acenaphthylene 1.52E-06 
Aldrin NC 
Alpha-Chlordane/2 NC 
Aluminum 1.56E-02 
Anthracene 1.53E-05 
Antimony NC 
Arsenic 3.16E-04 
Benzo a anthracene 2.41E+OO 
Benzo alpyrene '1.43E+OO 
Benzo b fluoranthene 3:51E+01. 
Benzo b,k}_fluoranthene \1:84E+OO 
Benzo (g,h,i)p~ene 2.15E-01 
Benzo k)fluoranthene '1~47E+OO 
Calcium NC 
Carbazole NC 
Carboxylic acid NC 
Chrysene 2;33E+OO 
Cyanide 7.71E-02 
Delta-BHC 1.99E-06 
Di-n-butylphthalate 5.10E-03 
Dibenzo(a,h)anthracene 3.33E-01 
Dibenzofuran 8.09E-04 
Endosulfan I O.OOE+OO 
Endosulfan II 1.99E-07 
Endosulfan sulfate 2.37E-07 
Endrin aldehyde 2.74E-04 
Fluoranthene NC 
Fluorene 8.52E-04 
Gamma-BHC (Lindane) O.OOE+OO 
Gamma chlordane /2 NC 
Heptachlor O.OOE+OO 
lndeno 1,2,3-cd)pyrene ;t.90Et00 

• 
Table 6·2 

Hazard Quotients for Upper Trophic Level Receptors 
Southern Wood Piedmont 

Wilmington, NC 

Hazard Quotients 
Piscivorous Bird Piscivorous Mammal 
Great Blue Heron Mink 

Surface Surface 
Sediment Water Total Food Sediment Water Total 

NC NA NC 6.83E-06 2.07E-06 NA 8.90E-06 
NA NA O.OOE+OO O.OOE+OO NA NA O.OOE+OO 
NA NA O.OOE+OO O.OOE+OO NA NA O.OOE+OO 
NA NA O.OOE+OO O.OOE+OO NA NA O.OOE+OO 

O.OOE+OO NA 9.50E·04 2.44E-05 2.86E-06 NA 2.73E-05 
O.OOE+OO NA 1.52E-06 1.45E·06 4.79E-07 NA 1.93E-06 

NA NA NC O.OOE+OO NA NA O.OOE+OO 
NA NC NC NC NA NC NC 

O.OOE+OO NA 1.56E·02 6.53E-01 1.40E-01 NA 7.93E-01 
O.OOE+OO NA 1.53E-05 2.34E-06 9.30E-07 NA 3.27E-06 

NA NA NC O.OOE+OO NA NA O.OOE+OO 
O.OOE+OO · NA 3.16E-04 4.05E-03 3.38E-03 NA 7.43E-03 
O.OOE+OO NA 2.4.1E+OO: 6.92E-03 6.23E-03 NA 1.32E-02 
O.OOE+OO NA i'1'.43E+OO.· 7.95E-04 7.73E-04 NA 1.57E-03 
O.OOE+OO NA '3:51E+01' 2.84E-03 2.66E-03 NA 5.50E-03 
O.OOE+OO NA ~1i84E+OO: 8.22E-04 1.39E-04 NA 9.61E-04 
O.OOE+OO NA 2.15E-01 4.41E-04 1.16E-04 NA 5.57E-04 
O.OOE+OO NA \1iA7E+QQ: 1.19E-04 1.11E-04 NA 2.30E-04 

NC NA NC NC NC NA NC 
NC NA NC 1.29E-03 1.90E-04 NA 1.48E-03 
NA NA NC NC NA NA NC 

O.OOE+OO NA !2:33E+OO; 1.39E-03 1.26E-03 NA 2.65E-03 
NA 5.06E·03 8.22E-02 8.02E-07 • NA 7.93E-08 8.82E-07 

O.OOE+OO NA 1.99E-06 4.68E-05 4.09E-06 NA 5.08E-05 
O.OOE+OO NA 5.10E-03 7.86E-07 1.62E-07 NA 9.47E-07 
O.OOE+OO NA 3.33E-01 2.02E-02 1.92E-02 NA 3.94E-02 
O.OOE+OO NA 8.09E-04 5.03E-06 4.45E-07 NA 5.47E-06 

NA NA O.OOE+OO 2.66E-07 NA NA 2.66E-07 
O.OOE+OO NA 1.99E-07 6.94E-06 6.07E-07 NA 7.55E-06 
O.OOE+OO NA 2.37E-07 8.27E-06 7.23E-07 NA 9.00E-06 
O.OOE+OO NA 2.74E-04 2.61E-05 2.64E-06 NA 2.88E-05 

NC NA NC 5.54E-05 2.41E-05 NA 7.95E-05 
O.OOE+OO NA 8.52E-04 4.00E-05 6.89E-06 NA 4.69E-05 

NA NA O.OOE+OO O.OOE+OO NA NA O.OOE+OO 
NC NA NC NC NC NA NC 
NA NA O.OOE+OO O.OOE+OO NA NA O.OOE+OO 

O.OOE+OO NA ~1~90Etom 1.07E-03 1.03E-03 NA 2.10E-03 
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Carnivorous Bird 
Red-tailed Hawk 

Surface 
Food Soil Water Total 

NC NC NA NC 
O.OOE+OO NA NA O.OOE+OO 
O.OOE+OO NA NA O.OOE+OO 
O.OOE+OO NA NA O.OOE+OO 
8.77E-06 NA NA 8.77E-06 
2.33E-04 O.OOE+OO NA 2.33E·04 

NC NA NA NC 
NC NA NC NC 

2.31E-02 O.OOE+OO NA 2.31E-02 
5.21E-05 O.OOE+OO NA 5.21E-05 

NC NC NA NC 
1.02E-03 O.OOE+OO NA 1.02E·03 
5.07E-04 O.OOE+OO NA 5.07E-04 
8.57E-04 O.OOE+OO NA 8.57E-04 
9.29E-03 O.OOE+OO NA 9.29E-03 
4.54E-03 O.OOE+OO NA 4.54E-03 

'2.20E'1:00 O.OOE+OO NA '2.20E+OO: 
2.31E-03 O.OOE+OO NA 2.31E-03 

NC NC NA NC 
NC NC NA NC; 
NC NA NA NC 

4.56E-04 O.OOE+OO NA 4.56E-04 
O.OOE+OO NA 1.75E-04 1.75E-04 
3.10E-07 NA NA 3.10E-07 
1.43E-03 NA NA 1.43E-03 
3.40E-04 O.OOE+OO NA 3.40E-04 
9.46E-06 O.OOE+OO NA 9.46E-06 
1.89E-06 O.OOE+OO NA 1.89E-06 
3.09E·08 NA NA 3.09E-08 
3.69E-08 NA NA 3.69E-08 
4.26E-05 NA NA 4.26E-05 

NC NC NA NC 
1.51E-05 NA NA 1.51E-05 
2.78E-06 O.OOE+OO NA 2.78E-06 

NC NA NA NC 
1.18E-10 O.OOE+OO NA 1.18E-10 
4.89E-03 O.OOE+OO NA 4.89E-03 



Chemicals Food 
Iron NC 
Magnesium NC 
Manganese 2.27E-03 
Methoxychlor NC 
Naphthalene NC 
Pentachlorophenol O.OOE+OO 
Phenanthrene 2.83E-05 
Potassium NC 
Pyrene NC 
Selenium 9.85E-04 
Sodium NC 
TCDD-TEQ O.OOE+OO 
LEAD 9.33E-02 
PCB-1260 5.46E+01 
Mercury O.OOE+OO 
Barium 1.39E-03 
Cadmium 1.20E-04 
Chromium 8.17E-02 
Cobalt 7.94E-04 
Copper 8.68E-03 
Nickel 3.67E-05 
Vanadium 5.34E-04 
Zinc 3.53E-03 
Notes: 
NA Not applicable. 

Table 6·2 
Hazard Quotients for Upper Trophic Level Receptors 

Southern Wood Piedmont 
Wilmington, NC 

Hazard Quotients 
Pisclvorous Bird Plscivorous Mammal 
Great Blue Heron Mink 

Surface Surface 
Sediment Water Total Food Sediment Water Total 

NC NC NC NC NC NC NC 
NC NC NC NC NC NC NC 

O.OOE+OO 1.48E-06 2.27E-03 4.76E-04 1.02E-05 4.23E-07 4.86E-04 
NC NA NC 9.97E-07 1.34E-07 NA 1.13E-06 
NC NA NC 1.02E-05 2.25E-06 NA 1.24E-05 
NA NA O.OOE+OO 9.25E-10 NA NA 9.25E-10 

O.OOE+OO NA 2.83E-05 5.86E-05 2.33E-05 NA 8.19E-05 
NC NC NC NC NC NC NC 
NC NA NC 4.03E-05 1.61E-05 NA 5.64E-05 

O.OOE+OO NA 9.85E-04 6.10E-04 1.69E-04 NA 7.78E-04 
NC NC NC NC NC NC NC 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 8.06E-05 9.34E-02 3.07E-04 1.93E-04 2.88E-07 5.01E-04 
O.OOE+OO 6.82E-04 l5.46E+0.1r 9.07E-01 1.23E-05 1.71E-05 9.07E-01 

NA NA O.OOE+OO 2.05E-04 NA NA 2.05E-04 
O.OOE+OO 6.47E-05 1.45E-03 6.19E-04 1.33E-04 6.39E-06 7.59E-04 
O.OOE+OO NA 1.20E-04 7.06E-05 1.07E-05 NA 8.13E-05 
O.OOE+OO NA 8.17E-02 6.38E-07 1.31E-07 NA 7.69E-07 
O.OOE+OO NA 7.94E-04 2.49E-04 5.50E-05 NA 3.04E-04 
O.OOE+OO 1.23E-05 8.69E-03 8.34E-04 7.15E-05 9.64E-07 9.07E-04 
O.OOE+OO NA 3.67E-05 2.29E-05 9.00E-06 NA 3.19E-05 
O.OOE+OO NA 5.34E-04 1.24E-02 2.68E-03 NA 1.51E-02 
O.OOE+OO NA 3.53E-03 1.02E-04 2.13E-05 NA 1.24E-04 

NC Not calculated, no TRV available • 

• • 
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Carnivorous Bird 
Red-tailed Hawk 

Surface 
Food Soil Water Total 

NC NC NC NC 
NC NC NC NC 

5.46E-05 O.OOE+OO 5.11E-08 5.46E-05 
NC NA NA NC 
NC NC NA NC 

2.64E-07 O.OOE+OO NA 2.64E-07 
4.91E-05 O.OOE+OO NA 4.91E-05 

NC NC NC NC 
NC NC NA NC 

9.94E-07 NA NA 9.94E-07 
NC NC NC NC 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
8.50E-03 O.OOE+OO 2.78E-06 8.50E-03 
3.44E-08 O.OOE+OO 2.35E-05 2.36E-05 
2.82E-03 O.OOE+OO NA 2.82E-03 
O.OOE+OO NA 2.23E-06 2.23E-06 
7.86E-09 NA NA 7.86E-09 
3.55E-03 O.OOE+OO NA 3.55E-03 
2.22E-04 NA NA 2.22E-04 
2.78E-04 O.OOE+OO 4.25E-07 2.79E-04 
1.86E-05 O.OOE+OO NA 1.86E-05 
7.96E-04 O.OOE+OO NA 7.96E-04 
3.10E-03 O.OOE+OO NA 3.10E-03 

• 



Number 
Analyte Units Detected 

Semi-Volatile Organics (SVOCs) 

2,4,5-Trichlorophenol mglkg 0 

2,4-Dimethylphenol mglkg 0 

2-Chloronaphthalene mg/kg 0 

2-Chlorophenol mg/kg 0 

2-Methylnaphthalene mglkg 0 

Acenaphthene mg/kg 1 

Acenaphthylene mg/kg 0 

Anthracene mg/kg 0 

Benzo(a)anthracene mg/kg 0 

Benzo(a)pyrene mg/kg 0 

Benzo(b )fluoranthene mg/kg 0 

Benzo(g,h,i)perylene mg/kg 0 

Benzo(k)fluoranthene mg/kg 0 

Bis(2·Ethylhexyl)phthalate mglkg 0 

Carbazole mg/kg 0 

Chrysene mglkg 0 

01-n-Bulyiphthalate mg/kg 0 

Dibenzo(a,h)anthracene mglkg 0 

Dlbenzofuran mg/kg 1 

Fluoranthene mglkg 0 

Fluorene mg/kg 1 

Hexachlorobenzene mg/kg 0 

lndeno(1 ,2,3-cd)pyrene mg/kg 0 

Naphthalene mglkg 0 

o-Cresol mg/kg 0 

p-Cresol mg/kg 0 

Pentachlorophenol mg/kg 0 

Phenanthrene mg/kg 0 

• 
TableA-1 

Fish Tissue Data Summary 
Southern Wood Piedmont 

Wilmington, NC 

Number Frequency of Minimum Detected 
Tested Detection Cone. 

19 0.0% 0 

19 0.0% 0 

19 . 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 5.3% 2.8 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

1.9 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 5.3% 1.8 

19 0.0% 0 

19 5.3% 1.5 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

19 0.0%·' J 0 

• 
Maximum Mean Minimum Maximum 

Detected Cone. Detected Cone. SQL SQL 

0 0 NA NA 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

2.8 2.8 0.013 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 .. 
0 0 0.99 0.99 

. ' 
0 0 0.99 0.99 

0 0 0.99 .0.99 

0 0 0.99 0.99. 
·> 

0 0 0.99 0.99 · .. 
0 0 0.99 0.99'" 

0 0 0.99 0.99 

0 0 0.99 0.99 

1.8 1.8 0.012 0.99 

0 0 0.99 0.99 

1.5 1.5 0.012 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 NA NA 

0 0 5.0999999 5.1 

0 0 . 0.99 0.99 

AMEC 



Number 
Analyte Units Detected 

Phenol mg/l<g 0 

Pyrene mg/l<g 0 

Tetrachlorophenols (total) mglkg 0 

Dloxlns/Furans 

1,2,3,4,6,7,8-Heptachlorodibenzodioxin mg/l<g 19 

1,2,3,4,6, 7 ,8-Heptachlorodibenzofuran mg/l<g 18 

1,2,3,4, 7 ,8,9-Heptachlorodibenzofuran mg/kg 2 

1,2,3,4, 7 ,8-Hexachlorodibenzodloxln mglkg 6 

1,2,3,4, 7 ,8-Hexachlorodibenzofuran mg/l<g 14 

1,2,3,6, 7 ,8-Hexachlorodibenzodioxin mg/l<g 12 

1,2,3,6, 7 ,8-Hexachlorodibenzofuran mg/l<g 12 

1,2,3, 7 ,8,9-Hexachlorodibenzodioxin mglkg 8 

1,2,3, 7 ,8,9-Hexachlorodibenzofuran mglkg 2 

1,2,3, 7,8-Pentachlorodibenzodioxin mglkg 16 

1,2,3, 7 ,8-Pentachlorodibenzofuran mglkg 14 

2,3,4,6, 7 ,8-Hexachlorodibenzofuran mg/l<g 12 

2,3,4, 7 ,8-Pentachlorodibenzofuran mg/l<g 19 

2,3,7 ,8-Tetrachlorodibenzodioxin mg/l<g 10 

2,3, 7,8-Tetrachlorodibenzofuran mg/l<g 13 

Heptachlorodibenzodioxlns (total) mg/kg 20 

Heptachlorodibenzofurans (total) mg/l<g 18 

Hexachlorodibenzodioxins (total) mglkg 15 

Hexachlorodibenzofurans (total) mg/l<g 17 

Octachlorodibenzodloxin mglkg 20 

Octachlorodibenzofuran mglkg 12 

Pentachlorodibenzodioxlns (total) mg/l<g 16 

Pentachlorodibenzofurans (total) mg/kg 19 

Tetrachlorodibenzodioxlns (total) mglkg 10 

Tetrachlorodibenzofurans (total) mg/kg 13 

•• 

TableA-1 
Fish Tissue Data Summary 
Southern Wood Piedmont 

Wilmington, NC 

Number Frequency of Minimum Detected 
Tested Detection Cone. 

19 0.0% 0 

19 0.0% 0 

19 0.0% 0 

20 95% 0.000000763 

20 90% 0.000000242 

20 10% 0.000000236 

20 30% 0.000000154 

20 70% 8.84E-08 

20 60% 0.000000177 

20 60% 7.07E-08 

20 40% 0.000000158 

20 10% 0.000000177 

20 80% 0.00000013 

20 70% 8.22E-08 

20 60% 0.000000104 

20 95% 0.000000114 

20 50% 0.000000216. 

20 65% 0.000000203 

20 100% 0.000000545 

20 90% 0.00000027 

20 75% 0.000000181 

20 85% 0.000000163 

20 100% 0.00000269 

20 60% 0.000000523 

20 80% 0.00000013 

20 95% 0.000000114 

20 50% 0.000000216 

20 65% 0.000000203 

• 

Maximum Mean Minimum Maximum 
Detected Cone. Detected Cone. SQL SQL 

0 0 0.99 0.99 

0 0 0.99 0.99 

0 0 0.99 0.99 

0.000311 1.97372E-05 2.148E-06 2.495E-06 

0.0000561 4.35283E-06 2.148E-06 2.495E-06 

0.00000024 0.000000238 2.148E-06 2.495E~06 

0.0000012 4.335E-07 2.148E-06 2.495E-06 

0.00000124 3.59671E-07 2.148E-06 2.495E-06 

0.00000642 1.29725E-06 2.148E-06 2.495E-06 

0.000000752 2.79308E-07 2.148E-06 2.495E-06 

0.0000021'7: 5.6925E-07 2.148E-06 2.495E-06 

0.000000313 0.000000245 2.148E-06 2.495E-06 

0.00000101 0.00000035 2.148E-06 2.495E-06 

0.000000395 1.77007E-07 2.148E-06 2.495E-06 

0.00000109 0.000000376 2.148E-06 2.495E-06 

0.00000137 3.69368E-07 2.148E-06 2.495E-06 

0.000000629 3.579E-07 4.3E-07 4.99E-07 

0.0000027 6.95154E-07 4.3E-07 4.99E-07 

0.00188 0.0001 02029 2.148E-06 2.495E-06 

0.000167 1.11106E-05 2.148E-06 2.495E-06 

0.000081 6.8086E-06 2.148E-06 . 2.495E-06 

0.0000346 3.98953E-06 2.148E-06 2.495E-06 

0.00419 0.000231773 4.296E-06 4.99E-06 

0.000171 1.60253E-05 4.296E-06 4.99E-06 

0.00000263 6.0875E-07 2.148E-06 2.495E-06 

0.00000698 1.16605E-06 2.148E-06 2.495E-06 

0.000000629 3.579E-07 4.3E-07 4.99E-07 

0.0000027 9.28923E-07 4.3E-07 4.99E-07 

fiEC 



• 
Number 

Analyte Units Detected 

TCDD-TEQ mglkg 20 

lnorganlcs 

Arsenic mglkg 0 

Chromium mg/kg 1 

Copper mglkg 4 

Miscellaneous 

Percent Upids % 19 

ORP mV 19 

pH 19 

Salinity ppm 19 

Temperature c 19 

Conductivity umhos 19 

Dissolved Oxygen mg/L 19 

Notes: 
SOL: Sample Quantitatlon Umll 

• 
TableA-1 

Fish Tissue Data Summary 
Southern Wood Piedmont 

Wilmington, NC 

Number Frequency of Minimum Detected 
Tested Detection Cone. 

20 100% 5.107E-08 

19 0.0% 0 

19 5.3% 1.4 

19 21.0% 2 

19 100% 1 

19 100% 106 

19 100% 6 

19 100% 0.0000001 

19 100% 18.9 

19 100% 210 

19 100% 4.32 

Maximum 
Detected Cone. 

1.04572E-05 

0 

1.4 

27 

5.1 

123 

7.2 

0.0000001 

23.9 

283 

7.8 

NA: Indicates detection limit Is not applicable because compound was detected In all samples, or detection limit Information Is not available. 

• 
Mean Minimum Maximum 

Detected Cone. SQL SQL 

1.19464E-06 0 0 

0 0.91 1 

1.4 0.17 1 

8.725 0.72 2 

2.642105263 NA NA 

114.1578947 NA NA 

6.815789474 NA NA 

0.0000001 NA NA 

21 NA NA 

240.2105263 NA NA 

6.164210526 NA NA 
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TableA-2 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Volatile Organics (VOCs) 

1,1, 1-Trichloroethane mglkg 0 44 0.00% 0 0 0 0.001 0.071 

1,1 ,2,2-Tetrachloroethane mglkg 0 64 0.00% 0 0 0 0.001 0.5 

1,1 ,2-Trichloroethane mg/kg 0 64 0.00% 0 0 0 0.001 0.5 

1, 1-Dlchloroethane mglkg 0 44 0.00% 0 0 0 0.001 0.071 

1 , 1-Dlchloroethene mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

1 ,2-Dibromomethane mglkg 0 27 0.00% 0 0 0 0.005 0.025 

1 ,2-Dichloroethane mglkg 0 44 0.00% 0 0 0 0.001 0.071 

1 ,2-Dlchloroethene (total) mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

1 ,2-Dichloropropane mglkg 64 1.56% 0.065 0.065 0.065 0.001 0.5 

2-Chloroethylvinyl Ether mg/kg 0 27 0.00% 0 0 0 0.001 0.05 

Acetone mg/kg 9 37 24.32% 0.021 0.5 0.138666667 0.0036 0.66 

Benzene mg/kg 0 64 0.00% 0 0 0 0.001 0.5 

Bromodichloroethane mg/kg 0 12 0.00% 0 0 0 NA NA 

Bromodichloromethane mglkg 0 52 0.00% 0 0 0 0.005 0.5 

Bromoform mglkg 0 17 0.00% 0 0 0 0.012 0.071 

Bromomethane mg/kg 0 44 0.00% 0 0 0 0.005 0.071 

Camphene mg/kg 1 1 100.00% 0.04 0.04 0.04 NA NA 

Carbon Disulfide mg/kg 0 17 0.00% 0 0 0 0.012 0.071 

Carbon Tetrachloride mglkg 0 44 0.00% 0 0 0 0.001 0.071 

Chlorobenzene mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

Chloroethane mg/kg 0 44 0.00% 0 0 0 0.005 0.071 

Chloroform mglkg 0 48 0.00% 0 0 0 0.001 0.5 

Chloromethane mg/kg 0 27 0.00% 0 0 0 0.005 0.025 

Cis-1 ,3-Dichloropropene mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

Dibromochloromethane mg/kg 0 44 0.00% 0 0 0 0.001 0.071 

Dlchlorodifluoromethane mg/kg 0 27 0.00% 0 0 0 0.005 0.025 

Dihydromethylindene mg/kg 1 1 100.00% 0.1 0.1 0.1 NA NA 

Ethyl benzene mg/kg 4 64 6.25% 0.02 0.54 0.1935 0.001 0.5 
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TableA-2 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

1-Methylnaphthalene mglkg 3 3 100.00% 2 20 14 NA NA 

2,4,5-Trichlorophenol mglkg 0 47 0.00% 0 0 0 0.33 44 

2,4,6-Trichlorophenol mglkg 0 27 0.00% 0 0 0 0.33 3.3 

2,4-Dimethylphenol mglkg 0 47 0.00% 0 0 0 0.33 44 

2,4-Dinitrophenol mglkg 0 27 0.00% 0 0 0 1.6 17 

2-Chloronaphthalene mglkg 0 20 0.00% 0 0 0 0.41 44 

2-Chlorophenol mglkg 0 47 0.00% 0 0 0 0.33 44 

2-Methylnaphthalene mglkg 5 37 13.51% 0.21 38 12.71 0.032 44 

4-Chloro-3-Methylphenol mglkg 1 44 2.27% 0.26 0.26 0.26 0.33 24 

Acenaphthene mglkg 24 64 37.50% 0.14 250 23.1475 0.029 4.8 

Acenaphthylene mglkg 3 52 5.77% 0.07 0.34 0.206666667 0.021 44 

Aminofluorenone mglkg 1 1 100.00% 5 5 5 NA NA 

Anthracene mglkg 30 64 46.88% 0.11 420 35.69833333 0.021 4.8 

Anthracenecarbonitrile mglkg 1 1 100.00% 0.2 0.2 0.2 NA NA 

Benzo(a)anthracene mglkg 37 64 57.81% 0.048 730 29.59832432 0.02 5 

Benzo(a)pyrene mglkg 36 64 56.25% 0.038 680 21.18727778 0.029 44 

Benzo(b )fluoranthene mglkg 25 47 53.19% 0.031 1800 76.8016 0.023 44 

Benzo(b,k)fluoranthene mglkg 14 17 82.35% 0.051 27 4.797214286 0.41 0.46 

Benzo(g,h,l)perylene mglkg 5 20 25.00% 0.57 3.4 1.596 0.026 44 

Benzo(k)Fiuoranthene mglkg 19 47 40.43% 0.052 5.5 2.642368421 0.026 44 

Benzoanthracenone mglkg 1 1 100.00% 0.1 0.1 0.1 NA NA 

Benzofluoranthene (not b or k) mglkg 4 4 100.00% 0.7 9 4.675 NA NA 

Benzofluorene mglkg 4 4 100.00% 0.09 0.8 0.3225 NA NA 

Benzofluorene (2 isomers) mglkg 1 1 100.00% 3 3 3 NA NA 

Benzofluorene (3 isomers) mglkg 2 2 100.00% 30 40 35 NA NA 

Benzonaphthothiophene (2 Isomers) mglkg 2 2 100.00% 0.2 10 5.1 NA NA 

Benzopyrene (not a) mglkg 1 1 100.00% 0.3 0.3 0.3 NA NA 

Bis(2-Chloroethyi)Ether mglkg 0 27 0.00% 0 0 0 0.33 3.3 

Bls(2-Ethylhexyl)phthalate mglkg 1 37 2.70% 0.32 0.32 0.32 0.045 44 
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TableA-2 

Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Carbazole mglkg 15 64 23.44% 0.059 20 6.527266667 0.022 44 

Chrysene mglkg 48 64 75.00%• 0.042 920 28.15122917 0.021 3.3 

Cyclopentaphenanthrenone mglkg 1 1 100.00% 0.2 0.2 0.2 NA NA 

Cyclopentapyrene mglkg 2 2 100.00% 0.1 0.3 0.2 NA NA 

01-n-Butylphthalate mglkg 2 37 5.41% 0.058 0.076 0.067 0.028 44 

Dibenzo(a,h)anthracene mglkg 5 64 7.81% 0.2 3.7 1.548 0.052 44 

Dibenzofuran mglkg 10 37 27.03% 0.15 200 31.808 0.03 4.8 

Dibenzothiophene mglkg 3 3 100.00% 2 20 9.666666667 NA NA 

Dimethylnaphthalene (2lsomers) mglkg 1 100.00% 20 20 20 NA NA 

Dimethylnaphthalene (3 isomers) mg/kg 100.00% 4 4 4 NA NA 

Fluoranthene mglkg 50 64 78.13% 0.065 1300 66.42998 0.031 46 

Fluorene mglkg 11 37 29.73% 0.069 370 56.93263636 0.031 4.8 

Hexachlorobenzene mglkg 0 20 0.00% 0 0 0 0.41 44 

Hexachlorobiphenyl mglkg 1 1 100.00% 0.1 0.1 0.1 NA NA 

Hexahydrohydroxytrlmethyl mg/kg 1 1 100.00% 4 4 4 NA NA 

lndeno(1 ,2,3-cd)pyrene mglkg 11 47 23.40% 0.61 680 63.47454545 0.067 44 

m+p-Cresol mg/kg 0 5 0.00% 0 0 0 0.41 1.4 

Methylanthracene mglkg 3 3 100.00% 40 17 NA NA 

Methylanthracene (2 isomers) mglkg 1 1 100.00% 4 4 4 NA NA 

Methyldibenzofuran mglkg 2 2 100.00% 1 10 5.5 NA NA 

Methylfluorene mglkg 1 1 100.00% 1 1 1 NA NA 

Methylfluorene (2lsomers) mglkg 1 100.00% 30 30 30 NA NA 

Methylphenanthrene (2 isomers) mglkg 2 2 100.00% 4 30 17 NA NA 

Methylphenanthrene (3 isomers) mglkg 1 1 100.00% 30 30 30 NA NA 

Methylpyrene mglkg 2 2 100.00% 0.1 6 3.05 NA NA 

Naphthalene mglkg 7 64 10.94% 0.3 44 12.27142857 0.025 44 

a-Cresol mglkg 0 20 0.00% 0 0 0 0.41 44 

Octahydrodimethyl (Methylethenyl) mglkg 100.00% 0.2 0.2 0.2 NA NA 

p-Cresol mglkg 0 15 0.00% 0 0 0 NA NA 
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TableA-2 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Pentachlorobiphenyl (2 isomers) mg/kg 1 1 100.00% 0.4 0.4 0.4 NA NA 

Pentachlorophenol mglkg 1 64 1.56% 0.22 0.22 0.22 0.97 230 

Perylene mglkg 2 2 100.00% 0.1 0.2 0.15 NA NA 

Phenanthrene mg/kg 24 64 37.50% 0.11 980 79.5375 0.017 4.8 

Phenol mg/kg 0 47 0.00%' 0 0 0 0.33 44 

Phenylnaphthalene mglkg 3 3 100.00% 20 10.33333333 NA NA 

Pyrena mg/kg 26 37 70.27% o.on 360 35.59142308 0.063 2.2 

Tetrachlorophenols (total) mglkg 0 47 0.00% 0 0 0 0.33 44 

Tetramethylphenanthrene mg/kg 1 1 100.00% 3 3 3 NA NA 

lnorganlcs 

Aluminum mg/kg 17 17 100.00% 650 28000 6931.176471 NA NA 

Arsenic mglkg 43 64 67.19% 1.5 180 13.0744186 0.17 3.09 

Barium mglkg 16 17 94.12% 2.8 110 32.08125 3 3 

Cadmium mg/kg 1 17 5.88% 2.1 2.1 2.1 0.23 2 

Cadmium (Extractable metal) mglkg 6 8 75.00% 0.18 0.97 0.54 0.072 0.072 

Calcium mg/kg 17 17 100.00% 330 12000 2537.647059 NA NA 

Chromium mg/kg 63 64 98.44% 0.93 71 19.04809524 0.17 1 

Cobalt mg/kg 15 17 88.24% 0.3 15 3.416 0.23 6 

Copper mg/kg 61 64 95.31% 1 1100 40.53934426 0.72 2.5 

Copper (Extractable Metal) mglkg 8 9 88.89% 0.58 21 6.635 0.36 0.36 

Iron mg/kg 17 17 100.00% 710 59000 11610 NA NA 

Lead mg/kg 28 28 100.00% 1.9 590 58.06786 1.1 5 

Lead (Extractable Metal) mglkg 9 9 100.00% 5 220 58.8444 NA NA 

Magnesium mg/kg 14 17 82.35% 210 4900 1365 110 140 

Manganese mg/kg 17 17 100.00% 3.5 210 47.58235294 NA NA 

Nickel mg/kg 4 17 23.53% 13 52 29.5 3 40 

Nickel (Extractable Metal) mg/kg 5 9 55.56% 1.5 6 3.06 0.58 0.58 

Potassium mg/kg 12 17 70.59% 160 1900 625 50 130 

Selenium mg/kg 2 17 11.76% 1.2 1.6 1.4 0.91 7.8 

AMEC 
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TableA-2 

Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Sodium mglkg 9 17 52.94% 210 3300 1052.222222 110 1300 

Vanadium mg/kg 17 17 100.00% 2.1 85 22.53529412 NA NA 

Zinc mg/kg 17 17 100.00% 7.8 640 139.6235 NA NA 

Zinc (Extractable Metal) mglkg 9 9 100.00% 6.7 610 127.2889 NA NA 

DloxlnsfFurans 

1,2,3,4,6,7 ,8-Heptachlorodibenzodioxln mglkg 61 61 100.00% 0.00000676 0.268 0.01445798 2.178E-06 8.21E-05 

1,2,3,4,6, 7 ,8-Heptachlorodibenzofuran mg/kg 61 61 100.00% 0.0000015 0.144 0.00832985 2.178E-06 8.21E-05 

1,2,3,4, 7 ,8,9-Heptachlorodibenzofuran mg/kg 56 61 91.80% 6.23E-08 0.00162 0.000128217 2.178E-06 8.21E-05 

1,2,3,4, 7 ,8-Hexachlorodibenzodioxin mglkg 59 61 96.72% 0.000000101 0.000406 3.38904E-05 2.178E-06 8.21E-05 

1,2,3,4, 7,8-Hexachlorodibenzofuran mglkg 61 61 100.00% 8.24E-08 0.00185 0.000108354 2.178E-06 8.21E-05 

1,2,3,6, 7 ,8-Hexachlorodibenzodioxln mglkg 61 61 100.00% 0.000000265 0.00458 o.ooo282n3 2.178E-06 8.21E-05 

1,2,3,6,7,8-Hexachlorodibenzofuran mg/kg 61 61 100.00% 8.04E-08 0.000475 3.85763E-05 2.178E-06 8.21E-05 

1,2,3, 7,8,9-Hexachlorodibenzodioxln mglkg 61 61 100.00% 0.000000227 0.000672 6.67742E-05 2.178E-06 8.21E-05 

1,2,3, 7,8,9-Hexachlorodibenzofuran mglkg 49 61 80.33% 0.000000244 0.000598 4.51602E-05 2.178E-06 8.21E-05 

1,2,3, 7,8-Pentachlorodibenzodloxln mg/kg 56 61 91.80% 0.000000119 o.oooon8 1.09181E-05 2.178E-06 8.21E-05 

1,2,3, 7 ,8-Pentachlorodibenzofuran mglkg 57 61 93.44% 9.59E-08 0.0000992 9.48628E-06 2.178E-06 8.21E:-05 

2,3,4,6, 7 ,8-Hexachlorodibenzofuran mglkg 61 61 100.00% 0.000000121 0.000784 6.29347E-05 2.178E-06 8.21E-05 

2,3,4, 7 ,8-Pentachlorodibenzofuran mglkg 61 61 100.00% 0.000000129 0.000285 2.60946E-05 2.178E-06 8.21E-05 

2,3,7,8-Tetrachlorodibenzodloxin mglkg 43 61 70.49% 9.45E-08 0.00000824 1.94545E-06 4.357E-07 1.642E-05 

2,3, 7,8-Tetrachlorodibenzofuran mg/kg 48 61 78.69% 0.000000185 0.0000218 2.63092E-06 4.357E-07 1.642E-05 

Heptachlorodibenzodioxlns (total) mglkg 61 61 100.00% 0.0000213 1.7 0.086657839 2.178E-06 8.21E-05 

Heptachlorodibenzofurans (total) mg/kg 61 61 100.00% 0.00000368 0.317 0.01889692 2.178E-06 8.21E-05 

Hexachlorodibenzodioxins (total) mg/kg 61 61 100.00% 0.00000216 0.0541 0.003642619 2.178E-06 8.21E-05 

Hexachlorodibenzofurans (total) mglkg 61 61 100.00% 0.00000197 0.0687 0.004235612 2.178E-06 8.21E-05 

Octachlorodibenzodioxin mglkg 61 61 100.00% 0.0000955 2.36 0.146057238 4.357E-06 0.0001642 

Octachlorodibenzofuran mglkg 61 61 100.00% 0.00000237 0.136 0.009594915 4.357E-06 0.0001642 

Pentachlorodibenzodioxlns (total) mglkg 60 61 98.36% 0.000000279 0.00157 0.000166623 2.178E-06 8.21E-05 

Pentachlorodibenzofurans (total) mg/kg 61 61 100.00% 0.000000752 0.00218 0.00021722 2.178E-06 8.21E-05 

Tetrachlorodibenzodioxlns (total) mglkg 51 61 83.61% 7.67E-08 0.000207 2.77196E-05 4.357E-07 1.642E-05 

AMEC 



TableA-2 
Sediment Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Tetrachlorodibenzofurans (total) mg/kg 57 61 93.44% 0.000000362 0.000262 4.27767E-05 4.357E-07 1.642E-05 

TCDD-TEQ mg/kg 61 61 100.00% 4.46273E-07 0.00653777 0.000467635 NA NA 

Pestlcldes/PCBs 

PCB-1260 mglkg 2 17 11.76% 0.17 0.59 0.38 0.038 0.23 

4,4-0DD mglkg 2 17 11.76% 0.0071 0.0078 0.00745 0.0038 0.05 

4,4-DDE mg/kg 1 17 5.88% 0.026 0.026 0.026 0.0038 0.023 

4,4-DDT mg/kg 0 17 0.00% 0 0 0 0.0038 0.023 

Aldrin mg/kg 0 17 0.00% 0 0 0 0.002 0.012 

Delta-BHC mg/kg 17 5.88% 0.00042 0.00042 0.00042 0.002 0.012 

Dieldrin mg/kg 1 17 5.88% 0.0014 0.0014 0.0014 0.0038 0.023 

Endosulfan II mg/kg 1 17 5.88% 0.0029 0.0029 0.0029 0.0038 0.023 

Endosulfan Sulfate mg/kg 2 17 11.76% 0.0026 0.016 0.0093 0.0038 0.07 

Endrin Aldehyde, mg/kg 3 17 17.65% 0.00078 0.023 0.008326667 0.0038 0.023 

Gamma Chlordane 12 mg/kg 2 17 11.76% 0.00043 0.027 0.013715 0.0021 0.012 

Methoxychlor mgll<g 2 17 11.76% 0.049 0.1 0.0745 0.005 0.12 

Miscellaneous 

Acid Volatile Sulfide mg/kg 2 16 12.50% 53 370 211.5 10 10 

Ammonia Nitrogen mg/kg 60 69 86.96% 0.55 120 13.8985 0.075 1.2 

Total Organic Carbon mg/kg 77 78 98.72% ' 500 260000 40293.24675 150 500 

Notes: ·"" 
1. This table represents data from site sediment samples collected from 1990 to present. Samples designated as background are exduded from this summary. 
SOL: Sample Quantitation Llmil ~ 
NA: Indicates detection limit is not applicable because compound was detected in all samples, or detection limit information is not available. 
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TableA-3 

Soli Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Volatile Organics (VOCs) 

(Methylethyl) Benzene mglkg 2 2 100.00% 0.01 0.7 0.355 NA NA 

(Methylphenyl) Ethanone mglkg 1 1 100.00% 0.03 0.03 0,03 NA NA 

1,1,1-Trichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1,2,2-Tetrachloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1,2-Trichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1-Dichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,1-Dichloroethene mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,2-Dibromomethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,2-Dichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

1,2-Dichloropropane mg/kg 0 53 0.00%. 0 0 0 0.005 0.005 

2-Chloroethylvinyl Ether mglkg 0 53 0.00% 0 0 0 0.05 0.05 

Alkanes mglkg 1 1 100.00% 1 1 NA NA 

Benzene mglkg 84 1.19% 0.078 0.078 O.Q78 0.005 0.11 

Benzofuran mglkg 1 1 100.00% 1 1 1 NA NA 

Branched Alkane mglkg 1 1 100.00% 0.2 0.2 0.2 NA NA 

Bromodlchloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Bromomethane mglkg 0 53 0.00% 0 0 0 0.01 0.01 

Carbon Tetrachloride mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Chlorobenzene mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Chloroethane mglkg 0 53 0.00% 0 0 0 0.01 0.01 

Chloromethane mglkg 0 53 0.00% 0 0 0 0,01 0.01 

Cis-1,3-Dichloropropene mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Cyclic Alkanes mglkg 1 1 100.00% 0.4 0.4 0.4 NA NA 

Dibromochloromethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Dichlorodifluoromethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Dihydrodimethyllndene mglkg 1 1 100.00% 0.04 0.04 0.04 NA NA 

Dihydromethylldene (2 isomers) mglkg 2 2 100.00% 0.03 0.4 0.215 NA NA 

Dihydromethylindene mglkg 1 100.00% 0.1 0.1 0.1 NA NA 
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TableA-3 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Anaiyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Ethenylbenzaldehyde mg/kg 100.00% 0.03 0.03 0.03 NA NA 

Ethenylmethylbenzene mglkg 1 100.00% 30 30 30 NA NA 

Ethyl benzene mglkg 4 84 4.76% 0.021 0.53 0.32025 0.005 0.021 

· Ethyldlmethylbenzene mg/kg 2 2 100.00% 0.02 0.5 0.26 NA NA 

Ethyimethylbenzene mglkg 1 1 100.00% 1 NA NA 

Ethylmethylbenzene (2 Isomers) mglkg 2 2 100.00% 0.08· 3 1.54 NA NA 

Ethynylmethylbenzene mg/kg 1 1 100.00% 4 4 4 NA NA 

lndane mg/kg 1 100.00% 9 9 9 NA NA 

lndene mglkg 1 1 100.00% 0.03 0.03 0.03 NA NA 

MIP-Xylene mglkg 9 53 16.98% 0.0064 0.44 0.057533333 0.005 0.005 

Methyl (Methylethyl) Benzene mg/kg 2 2 100.00% 0.04 0.8 0.42 NA NA 

Methyl (Methylethyl) Benzene (3 isomers) mglkg 1 100.00% 2 2 2 NA NA 

Methyl (Propenyl) Benzene mglkg 100.00% 2 2 2 NA NA 

Methyl Ethyl Ketone mglkg 3 18 16.67% 0.019 0.071 0.04 0.011 0.11 

Methyl-t-Butyl Ether mglkg 0 53 0.00% 0 0 0 0.05 0.05 

Methylbenzofuran mg/kg 1 100.00% 0.7 0.7 0.7 NA NA 

Methylene Chloride mg/kg. 0 53 0.00% 0 0 0 0.005 0.005 

o-Xylene mg/kg 1 53 1.89% 0.2 0.2 0.2 0.005 0.005 

Phenylpropenal mglkg 2 2 100.00% 0.1 4 2.05 NA NA 

Pinene mg/kg 1 1 100.00% 1 1 1 NA NA 

Toluene mglkg 1 84 1.19% 0.55 0.55 0.55 0.005 0.11 

trans-1 ,2-Dichloroethene mg/kg 0 53 0.00% 0 0 0 0.005 0.005 

Trichloroethane mglkg 0 53 0.00% 0 0 0 0.005 0.005 

Trichlorofluoromethane mg/kg 0 53 0.00% 0 0 0 NA NA 

Trimethylbem;ene (31somers) mglkg 3 3 100.00% 0.2 6 3.733333333 NA NA 

Vinyl Chloride mglkg 0 53 0.00% 0 0 0 0.01 0.01 

Xylenes (total) mg/kg 3 18 16.67% 0.047 2.3 1.085666667 0.011 0.021 

Semi-Volatile Organics (SVOCs) 

1,2,4-Trichlorobenzene mglkg 0 4 0.00% 0 0 0 0.33 0.33 
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TableA-3 

Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

1,2-Dichlorobenzene mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

1,2-Diphenylhydrazine mglkg 0 4 0.00% 0 0 0 0.33 0.33 

1,3-Dichlorobenzene mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

1 ,4-Dlchlorobenzene mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

1-Methylnaphthalene mglkg 3 3 100.00% 0.1 8 2.8 NA NA 

2,4,5-Trlchlorophenol mglkg 0 66 0.00% 0 0 0 0.33 330 

2,4,6-Trichlorophenol mg/kg 0 70 0.00% 0 0 0 0.33 330 

2,4-Dichlorophenol mglkg 0 4 0.00% 0 0 0 0.33 0.33 

2,4-Dimethylphenol mglkg 1 123 0.81% 0.07 0.07 0.07 0.33 330 

2,4-Dinitrophenol mglkg 0 105 0.00% 0 0 0 1.7 1700 

2,4-Dinitrotoluene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

2,6-Dinltrotoluene mg!kg 0 4 0.00% 0 0 0 0.33 0:33 

2-Chloronaphthalene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

2-Chlorophenol mg!kg 1 123 0.81% 0.039 0.039 0.039 0.33 330 

2-Methylnaphthalene mg!kg 15 36 41.67% 0.042 2400 176.6754 0.34 63 

2-Nitrophenol mg!kg 0 4 0.00% 0 0 0 0.33 0.33 

3,3-Dichlorobenzidlne mg!kg 0 4 0.00% 0 0 0 0.67 0.67 

3,4-Benzofluoranthene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

4,6-Dinitro-o-cresol mg!kg 0 4 0.00% 0 0 0 1.7 1.7 

4-Bromophenyl Phenyl Ether mg!kg 0 4 0.00% 0 0 0 0.33 0.33 

4-Chloro-3-Methylphenol mg!kg 0 66 0.00% 0 0 0 0.33 330 

4-Chlorophenyl Phenyl Ether mg!kg 0 4 0.00% 0 0 0 0.33 0.33 

4-Nitrophenol mg!kg 0 4 0.00% 0 0 0 1.7 1.7 

Acenaphthene mg!kg 23 141 16.31% 0.039 4900 379.8996957 0.33 330 

Acenaphthopyridine mg!kg 1 1 100.00% 2 2 2 NA NA 

Acenaphthylene mg!kg 25 141 17.73% 0.037 11 0.95592 0.33 1400 

Alkanes mglkg 6 6 100.00% 0.4 5 2.066666667 NA NA 

Anthracene mglkg 63 141 44.68% 0.034 4600 168.7998095 0.33 330 

Anthracenedione mglkg 7 7 100.00% 0.3 20 3.4 NA NA 
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TableA-3 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC . 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Benzacephenanthrylene mg/kg 1 100.00% 4 4 4 NA NA 
Benzanthracenone mglkg 4 4 100.00% 0.1 0.8 0.275 NA NA 
Benzidine mg/kg 0 4 0.00% 0 0 0 2.7 2.7 
Benzo(a)anthracene mg/kg 90 141 63.83% 0.037 1400 29.57156667 0.33 330 
Benzo(a)pyrene mg/kg 85 141 60.28% 0.031 370 11.6728 0.33 330 
Benzo(b )fluoranthene mg/kg 38 66 57.58% 0.58 99 10.27210526 0.33 330 
Benzo(b,k)fluoranthene mg/kg 65 84 77.38% 0.052 1000 33.13063077 0.33 66 
Benzo(g,h,i)perylene mglkg 27 40 67.50% 0.042 17 2.037407407 0.33 63 
Benzo(k)fluoranthene mg/kg 34 70 48.57% 0.4 36 4.568235294 0.33 330 

Benzoanthracenone mg/kg 1 1 100.00% 0.5 0.5 0.5 NA NA 
Benzoanthracenone (21somers) mg/kg 100.00% 0.3 0.3 0.3 NA NA 

Benzofluoranthene (not b or k) mg/kg 4 4 100.00% 0.08 100 25.845 NA NA 
Benzofluorene mg/kg 5 5 100.00% 0.1 400 84.96 NA NA 

Benzofluorene (2 isomers) mg/kg 2 2 100.00% 0.2 10 5.1 NA NA 

Benzonaphthothiophene mg/kg 6 6 100.00% 0.1 0.45 NA NA 

Benzopyrene (not A) mglkg 2 2 100.00% 0.08 0.1 0.09 NA NA 

Biphenyl mg/kg 3 3 100.00% 0.2 500 168.4 NA NA 

Bis(2-Chloroethoxy)Methane mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

Bls(2-Chloroethyi)Ether mg/kg 0 70 0.00% 0 0 0 0.33 330 

Bls(2-Chloroisopropyi)Ether mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

Bis(2-Ethylhexyl)phthalate mg/kg 1 22 4.55% 0.8 0.8 0.8 0.33 1.7 

Butyl Benzyl Phthalate mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

Carbazole mg/kg 42 137 30.66% 0.039 1200 61.90728571 0.33 330 

Carboxylic Acid mg/kg 3 3 100.00% 0.5 3 1.366666667 NA NA 

Carboxylic Acids mg/kg 1 1 100.00% 2 2 2 NA NA 
Chrysene mg/kg 103 141 73.05% 0.041 1400 26.96329126 0.33 330 

Cyclopentaphenanthrenone mglkg 8 8 100.00% 0.1 500 64.35 NA NA 
Cyclopentapyrene mg/kg 1 100.00% 0.1 0.1 0.1 NA NA 

DI-N-Butylphthalate mglkg 0 22 0.00% 0 0 0 0.33 1.7 

• • ~EC 



• • • 
TableA-3 

Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Dl-n-Octylphthalate mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Dibenzo(a,h)anthracene mg/kg 6 105 5.71% 0.39 2.4 0.948666667 0.33 330 

Dibenzofuran mglkg 18 36 50.00% 0.042 4000 231.6993889 0.35 0.5 

Dibenzothiophene mglkg 2 2 100.00% 2 400 201 NA NA 

Diethyl Phthalate mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

Dimethyl Phthalate mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

Dlmethylnaphthalene mglkg 6 6 100.00% 0.2 2 0.633333333 NA NA 

Dimethylnaphthalene (2lsomers) mglkg 1 100.00% 7 7 7 NA NA 

Dimethylnaphthalene (3lsomers) mglkg 1 1 100.00% 3000 3000 3000 NA NA 

Dimethylphenanathrene mglkg 1 1 100.00% 0.4 0.4 0.4 NA NA 

Dlmethylphenanthrene (2lsomers) mglkg 1 100.00% 0.5 0.5 0.5 NA NA 

Ethylene Glycol mglkg 1 1 100.00% 0.3 0.3 0.3 NA NA 

Ethylnaphthalene mglkg 1 100.00% 300 300 300 NA NA 

Fluoranthene mglkg 110 141 78.01% 0.077 7300 129.9589273 0.33 330 

Fluorene mglkg 13 40 32.50% 0.055 7000 564.9103077 0.33 u 
.' 

Fluorenone mglkg 4 4 100.00% 0.08 0.6 0.32 NA NA 

Hexachlorobenzene mglkg 1 22 4.55% 0.04 0.04 0.04 0.33 1.7 

Hexachlorobutadiene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Hexachlorocyclopentadiene mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Hexachloroethane mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Hexahydrohydroxytrimethyl mglkg 1 1 100.00% 0.09 0.09 0.09 NA NA 

lndeno(1,2,3-cd)pyrene mglkg 65 141 46.10% 0.035 88 4.766307692 0.33 330 

lndenosoquinoline mglkg 1 1 100.00% 1 1 NA NA 

lsophorone mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Methyl (Methylethyl) Phenanthrene mglkg 1 100.00% 1 1 NA NA 

Methylanthracene mglkg 5 5 100.00% 0.2 0.48 NA NA 

Methylanthracene (2lsomers) mglkg 1 1 100.00% 0.2 0.2 0.2 NA NA 

Methylbenzanthracene mglkg 2 2 100.00% 0.1 0.6 0.35 NA NA 

Methylb!phenyl mglkg 3 3 100.00% 1 1000 335.3333333 NA NA 
. 1· 
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TableA-3 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Methylchrysene mglkg 1 1 100.00% 10 10 10 NA NA 

Methyldibenzofuran mglkg 6 6 100.00% 0.2 700 122.75 NA NA 

Methylfluorene mglkg 1 1 100.00% 4 4 4 NA NA 

Methylnaphthalene mg/kg 3 3 100.00% 0.2 1000 334.4 NA NA 

Methylphenanthrene mglkg 3 3 100.00% 0.1 0.4 0.233333333 NA NA 

Methylpyrene mglkg 5 5 100.00% 0.09 10 2.156 NA NA 

Methylpyrene (21somers} mg/kg 3 3 100.00% 4 1000 338 NA NA 

N-Nitrosodi-N-Propylamine mglkg 0 4 0.00% 0 0 0 0.33 0.33 

N-Nitrosodimethylamine mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

N-Nitrosodiphenylamine mglkg 0 4 0.00% 0 0 0 0.33 0.33 

Naphthalene mg/kg 24 141 17.02% 0.042 2900 224.286375 0.33 330 

Naphthochrysene mglkg 1 1 100.00% 1 1 1 NA NA 

Nitrobenzene mg/kg 0 4 0.00% 0 0 0 0.33 0.33 

p-Chloro-m-cresol mg/kg 0 52 0.00% 0 0 0 0.33 66 

Pentachlorophenol mg/kg 5 123 4.07%. 0.16 4.8 1.646 0.89 1700 

Perylene mglkg 15 15 100.00% 0.09 6 0.872666667 NA NA 

Phenanthrene mg/kg 66 141 46.81% 0.038 15000 378.250803 0.33 66 

Phenol mglkg 0 105 0.00% 0 0 0 0.33 330 

Phenylnaphthalene mglkg 1 1 100.00% 0.09 0.09 0.09 NA NA 

Pyrena mglkg 30 40 75.00% 0.064 4600 162.9790667 0.33 0.43 

Tetrachlorophenols (total) mglkg 1 101 0.99% 2.8 2.8 2.8 0.33 1700 

Tetramethylphenanthrene mglkg 3 3 100.00% 0.2 6 2.2 NA NA 

Trichlorophenols (total) mg/kg 0 48 0.00% 0 0 0 0.33 66 

Trimethylnaphthalene mglkg 1 1 100.00% 400 400 400 NA NA 

Vanillin mglkg 1 1 100.00% 0.1 0.1 0.1 NA NA 

lnorganlcs 

Aluminum mglkg 36 36 100.00% 310 13000 1848.888889 NA NA 

Antimony mglkg 4 25.00% 6.6 6.6 6.6 5 5 
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TableA-3 

Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Arsenic mglkg 98 141 69.50% 1.2 1300 29.76530612 0.65 3 

Barium mg/kg 36 36 100.00% 0.74 47 12.2675 NA NA 

Beryllium mg/kg 0 4 0.00% 0 0 0 0.5 0.5 

Cadmium mg/kg 2 40 5.00% 0.96 1 0.98 0.26 1.1 

Calcium mglkg 33 36 91.67% 2.7 130000 6704.839394 90 140 

Chromium mglkg 139 141 98.58% 1.1 1200 24.07640288 1.2 

Cobalt mg/kg 8 36 22.22% 0.75 6.2 2.4025 0.37 2 

Copper mglkg 94 141 66.67% 2.8 1600 56.60744681 0.67 6 

Cyanide mglkg 22 4.55% 12 12 12 0.1 1 

Iron mglkg 36 36 100.00% 570 20000 3600.833333 NA NA 

Lead mglkg 40 40 100.00% 0.93 590 56.13925 0.5 0.5 

Magnesium mglkg 32 36 88.89% 22 4700 413.5 50 130 

Manganese mglkg 34 36 94.44% 3.8 230 36.97647059 3 7.3000002 

Mercury mglkg 9 40 22.50% 0.012 1 0.326666667 0.01 0.2· 

Nickel mg/kg 5 40 12.50% 5.4 110 29.88 0.65 6 

Potassium mglkg 21 36 58.33% 67 780 268.6190476 140 290 '· 

Selenium mg/kg 0 4 0.00% 0 0 0 1 1 

Silver mglkg 0 4 0.00% 0 0 0 

Sodium mglkg 17 36 47.22% 12 620 138 12 80 

Thallium mg/kg 0 4 0.00% 0 0 0 1 

Vanadium mglkg 34 36 94.44% 1.4 34 6.229411765 2 3 

Zinc mg/kg 40 40 100.00% 1.8 310 42.1175 2 2 

Dloxlns/Furans 

1,2,3,4,6,7,8-Heptachlorodibenzodloxln mglkg 15 16 93.75% 0.00000402 0.0987 0.034083935 3.1E-07 3.259E-05 

1,2,3,4,6,7,8-Heptachlorodibenzofuran mglkg 16 16 100.00% 0.0000027 0.094 0.022645744 2.7E-07 3.259E-05 

1,2,3,4,7,8,9-Heptachlorodibenzofuran mglkg 11 16 68.75% 0.00000288 0.0011 0.000563225 2E-07 3.259E-05 

1,2,3,4,7,8-Hexachlorodibenzodloxln mglkg 13 16 81.25% 0.000000651 0.0011 0.000171761 2E-07 3.259E-05 

1,2,3,4, 7 ,S.Hexachlorodibenzofuran mglkg 10 10 100.00% 0.000000402 0.00116 0.000375222 2E-07 3.259E-05 
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Analyte 

1,2,3,6, 7 ,8-Hexachlorodibenzodioxln 

1,2,3,6,7,8-Hexachlorodibenzofuran 

1,2,3, 7,8,9-Hexachlorodibenzodioxin 

1,2,3,7 ,8,9-Hexachlorodibenzofuran 

1,2,3, 7 ,8-Pentachlorodibenzodioxin 

1,2,3, 7 ,8-Pentachlorodibenzofuran 

2,3,4,6,7,8-Hexachlorodibenzofuran 

2,3,4, 7 ,8-Pentachlorodibenzofuran 

2,3,7,8-Tetrachlorodibenzodioxln 

2,3, 7,8-Tetrachlorodibenzofuran 

Heptachlorodibenzodioxins (total) 

Heptachlorodibenzofurans (total) 

Hexachlorodibenzodioxins (total) 

Hexachlorodibenzofurans (total) 

Octachlorodibenzodioxin 

Octachlorodibenzofuran 

Pentachlorodibenzodloxins (total) 

Pentachlorodibenzofurans (total) 

Tetrachlorodibenzodioxins (total) 

Tetrachlorodibenzofurans (total) 

TCDD-TEQ 

Pesticldes/PCBs 

PCB-1016 

PCB-1221 

PCB-1232 

PCB-1242 

PCB-1248 

PCB-1254 

PCB-1260 

• 

TableA-3 
Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Units Detected Tested Detection Cone. Detected Cone. Detected Co.nc. SQL SQL 

mglkg 

mglkg 

mglkg 

mg!kg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mg!kg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mg/kg· 

mglkg 

14 

14 

14 

6 

12 

8 

13 

13 

7 

7 

16 

16 

15 

16 

15 

16 

14 

15 

9 

9 

16 

0 

0 

0 

0 

0 

0 

2 

16 

16 

16 

10 

16 

10 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

4 

4 

4 

4 

4 

4 

4 

87.50% 

87.50% 

87.50% 

60.00% 

75.00% 

80.00% 

81.25% 

81.25% 

43.75% 

43.75% 

100.00% 

100.00% 

93.75% 

100.00% 

93.75% 

100.00% 

87.50% 

93.75% 

56.25% 

56.25% 

100.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

50.00% 

• 

0.00000142 

0.000000373 

0.00000072 

0.000000544 

0.000000491 

0.000000363 

0.000000432 

0.000000372 

0.0000009 

0.00000609 

0.0000111 

0.00000499 

0.0000048 

0.00000188 

0.0000541 

0.00000239 

0.000000848 

0.000000372 

0.0000023 

0.00000162 

4.9304E-07 

0 

0 

0 

0 

0 

0 

0.06 

0.0025 

0.00055 

0.0018 

0.000067 

0.00036 

0.0000633 

0.0011 

0.00017 

0.000023 

0.0001 

0.573 

0.164 

0.028 

0.03863 

0.15525 

0.0043 

0.0028 

0.0012 

0.00047 

0.0031429 

0 

0 

Q 

0 

0 

0 

0.11 

0.000841256 

0.000133409 

0.000379439 

4.41407E-05 

5.03841 E-05 

3.20074E-05 

0.000209415 

3.93139E-05 

6.34429E-06 

2.68414E-05 

0.153665069 

0.044430087 

0.00971422 

0.010833028 

0.33922714 

0.038446281 

0.000581081 

0.000575997 

0.000199989 

0.000122091 

0.001120515 

0 

0 

0 

0 

0 

0 

0.085 

2E-07 3.259E-05 

2E-07 5.5E-05 

2E-07 3.259E-05 

2E-07 3.259E-05 

2E-07 5E-05 

2E-07 3.259E-05 

4.6E-07 5.5E-05 

2E-07 5.5E-05 

2E-07 2.2E-05 

2E-07 2.2E-05 

8.6E-07 3.259E-05 

8.6E-07 3.259E-05 

2E-07 3.259E-05 

2E-07 3.259E-05 

3.1E-06 0.0002 

1.7E-07 6.519E-05 

2E-07 3.259E-05 

2E-07 3.259E-05 

2E-07 2.2E-05 

2E-07 2.2E-05 

NA NA 

0.033 

0.067 

0.033 

0.033 

0.033 

0.033 

0.033 

0.033 

0.067 

0.033 

0.033 

0.033 

0.033 

0.033 
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TableA-3 

Soil Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

4,4-DDD mglkg 3 22 13.64% 0.014 0.064 0.032666667 0.0033 0.45 

4,4-DDE mg/kg 5 40 12.50% 0.0039 0.029 0.01704 0.0033 0.45 

4,4-DDT mglkg 4 40 10.00% 0.03 0.16 0.09225 0.0033 1.9 

Aldrin mglkg 1 4 25.00% 0.003 0.003 0.003 0.0017 0.0017 

Alpha-BHC mglkg 0 4 0.00% 0 0 0 0.0017 0.0017 

Alpha-Chlordane/2 mglkg 1 18 5.56% 0.15 0.15 0.15 0.0018 0.23 

Beta-BHC mg/kg 0 4 0.00% 0 0 0 0.0017 0.0017 

Chlordane (Tech, Mixture)/1 mglkg 0 4 0.00% 0 0 0 0.017 0.017 

Delta-BHC mglkg 0 4 0.00% 0 0 0 0.0017 0.0017 

Dieldrin mglkg 1 22 4.55% 0.014 0.014 0.014 0.0033 0.45 

Endosulfan I mglkg 12 40 30.00% 0.0032 0.13 0.037983333 0.0017 0.23 

Endosulfan II mglkg 0 4 0.00% 0 0 0 0.0033 0.0033 

Endosulfan Sulfate mglkg 0 4 0.00% 0 0 0 0.0033 0.0033 

Endrin mglkg 1 22 4.55% 0.015 O.Q15 0.015 0.0033 0.03 

Gamma-BHC (Lindane) mglkg 1 4 25.00% 0.0023 0.0023 0.0023 0.0017 0.0017 

' Heptachlor mglkg 1 4 25.00% 0.0019 0.0019 0.0019 0.0017 0.0017 

Heptachlor Epoxide mg/kg 0 4 0.00% 0 0 0 0.0017 0.0017 

Toxaphene mglkg 0 4 0.00% 0 0 0 0.17 0.17 

Miscellaneous 

Total Organic Carbon mglkg 6 6 100.00% 5800 62000 27 466.66667 NA NA 

Notes: 
1. This table represents data from site soli samples collected from 1990 to present. Samples designated as background are excluded from this summary. 

SOL: Sample Quantitatlon Limit. 
NA: Indicates detection limit Is not applicable because compound was detected in all samples, or detection limit Information Is not available. 
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TableA-4 
Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Volatile Organics (VOCs) 

1,1,1-Trichloroethane mg/L 0 12 0.00% 0 0 0 0.005 0.01 

1,1,2,2-Tetrachloroethane mg/L 0 12 0.00% 0 0 0 0.005 0.01 

1,1,2-Trichloroethane mg!L 0 12 0.00% 0 0 0 0.005 0.01 

1,1-Dichloroethane mg/L 0 12 0.00% 0 0 0 0.005 0.01 

1,1-Dichloroethene mg!L 0 12 0.00% 0 0 0 0.005 0.01 

1,2,4-Trichlorobenzene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

1,2-Dibromoethane mg/L 0 5 0.00% 0 0 0 0.005 0.005 

1,2-Dichlorobenzene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

1,2-Dichloroethane mg!L 0 12 0.00% 0 0 0 0.005 0.01 

1,2-Dichloroethene (total) mg/L 0 7 0.00% 0 0 0 0.01 0.01 

1,2-Dichloropropane mg/L 0 12 0.00% 0 0 0 0.005 0.01 

1,3-Dichlorobenzene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

1 ,4-Dichlorobenzene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

2,2-Chloroisopropylether mg/L 0 7 0.00% 0 0 0 o.o, 0.01 

2,4-Dinitrotoluene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

2,6-Dinitrotoluene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

2-Chloroethylvinyl Ether mg!L 0 5 0.00% 0 0 0 0.05 0.05 

4-Bromophenyl phenyl ether mg!L 0 7 0.00% 0 0 0 0.01 0.01 

4-Chlorophenyl Phenyl Ether mg!L 0 7 0.00% 0 0 0 0.01. 0.01 

Acetone mg!L 0 7 0.00% 0 0 0 O.Q1 0.01 

Benzene mg!L 0 12 0.00% 0 0 0 0.005 0.01 

Bis(2-Chloroethoxy)Methane mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Bromodichloromethane mg/L 0 12 0.00% 0 0 0 o.oo5· - 0.01 

Bromoform mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Bromomethane mg/L ·o 12 0.00% 0 0 0 0.01 0.01 

Carbon Disulfide mg!L 0 7 0.00% 0 0 0 0.01 0.01 

carbon Tetrachloride mg!L 0 12 0.00% 0 0 0 0.005 0.01 

Chlorobenzene mg/L 0 12 0.00% 0 0 0 0.005 0.01 
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TableA-4 

Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

Chloroethane mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Chloroform mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Chloromethane mgJL 0 12 0.00% 0 0 0 0.01 0.01 

Cis-1,3-Dichloropropene mg!L 0 12 0.00% 0 0 0 0.005 0.01 

Dibromochloromethane mg!L 0 12 0.00% 0 0 0 0.005 0.01 

Dichlorodifluoromethane mg/L 0 ·5 0.00% 0 0 0 0.005 0.005 

Ethyl benzene mg/L 0 12 0.00% 0 0 0 0.005 0.01 

Hexachlorobenzene mgJL 0 7 0.00% 0 0 0 0.01 0.01 

Hexachloroethane mgJL 0 7 0.00% 0 0 0 0.01 0.01 

m!p-Xylene mgJL 0 5 0.00% 0 0 0 0.005 0.005 

Methyl Butyl Ketone mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Methyl Ethyl Ketone mg/L 0 7 0.00% 0 0 0 0.01 O.Q1. 

Methyl isobutyl Ketone mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Methyl-t-Butyl Ether mg/L 0 5 0.00% 0 0 0 0.01 0.01 

Methylene Chloride mgJL 0 12 0.00% 0 0 0 0.005 O.Q1 

Nitrobenzene mg!L 0 7 0.00% 0 0 0 0.01 O.Q1 

a-Xylene mg!L 0 5 0.00% 0 0 0 0.005 0.005 

Styrene mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Tetrachloroethene mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Toluene mg!L 0 12 0.00% 0 0 0 0.005 0.01 

trans-1,2-Dichloroethene mg/L 0 5 0.00% 0 0 0 0.005 0.005 

Trans-1,3-Dichloropropene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Trlchloroethene mg/L 0 12 0.00% 0 0 0 0.005 0.01 

Trlchlorofluoromethane mgJL 0 5 0.00% 0 0 0 0.005 0.005 

VInyl Chloride mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Xylenes (total) mg/L 0 7 0.00% 0 0 0 O.Q1 0.01 

Semi-Volatile Organics (SVOCs) 

2,4,5-Trlchlorophenol mg/L 0 12 0.00% 0 0 0 0.01 0.025 

2,4,6-Trlchlorophenol mg!L 0 12 0.00% 0 0 0 0.01 0.01 

AMEC 



TableA-4 
Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

2,4-Dichlorophenol mg/L 0 7 0.00% 0 0 0 0.01 0.01 

2,4-Dimethylphenol mgll 0 12 0.00% 0 0 0 0.01 0.01 

2,4-Dinitrophenol mg/L 0 12 0.00% 0 0 0 0.025 0.05 

2-Chloronaphthalene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

2-Chlorophenol mg/L 0 12 0.00% 0 0 0 O.Q1 0.01 

2-Methyi-4,6-Dinitrophenol mg/L 0 7 0.00% 0 0 0 0.025 0.025 

2-Methylnaphthalene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

2-Nitroanillne mg/L 0 7 0.00% 0 0 0 0.025 O.Q25 

2-Nitrophenol mg/L 0 7 0.00% 0 0 0 0.01 0.01 

3,3-Dichlorobenzldine mg/L 0 7 0.00% 0 0 0 0.01 0.01 

3-Nitroanillne mg/L 0 7 0.00% 0 0 0 0.025 0.025 

4-Chloro-3-Methylphenol mg/L 0 12 0.00% 0 0 0 0.01 0.01 

4-Chloroaniline mgll 0 7 0.00% 0 0 0 0.01 0.01 

4-Nitroaniline mgll 0 7 0.00% 0 0 0 0.025 0.025 

4-Nitrophenol mg/L 0 7 0.00% 0 0 0 0.025 0.025 

Acenaphthene mg/L 1 12 8.33% 0.001 0.001 0.001 0.01 0.01 

Acenaphthylene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Anthracene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Benzo(a)anthracene mgll 0 12 0.00% 0 0 0 0.01 0.01 

Benzo(a)Pyrene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Benzo(b )fluoranthene mg/L 0 5 0.00% 0 0 0 0.01 0.01 

Benzo(b,k)fluoranthene mgll 0 7 0.00% 0 0 0 0.01 0.01 

Benzo(g,h,l)perylene mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Benzo(k)fluoranthene mg/L 0 5 0.00% 0 0 0 0.01 0.01 

Bls(2-Chloroethyi)Ether mgll 0 12 0.00% 0 0 0 0.01 0.01 

Bis(2-Ethylhexyl)phthalate mgll 0 7 0.00% 0 0 0 0.01 0.01 

Butyl Benzyl Phthalate mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Carbazole mgll 0 12 0.00% 0 0 0 0.01 0.01 

Chrysene mgll 0 12 0.00% 0 0 0 0.01 0.01 

• • ~EC 
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TableA-4 

Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum Maximum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL SQL 

01-N-Butylphthalate mg!L 0 7 0.00% 0 0 0 O.Q1 0.01 

01-n-Octylphthalate mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Dibenzo(a,h)Anthracene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

Dibenzofuran mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Diethyl Phthalate mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Dimethyl Phthalate mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Fluoranthene mg!L 0 12 0.00% 0 0 0 0.01 0.01 

Fluorene mg!L 0 7 0.00% 0 0 0 0.01 0.01 

lndeno(1,2,3-cd)pyrene mg/L 0 12 0.00% 0 0 0 0.01 0.01 

m+p-Cresol mg/L 0 7 0.00% 0 0 0 0.01 0.01 

Naphthalene mg!L 0 12 0.00% 0 0 0 0.01 0.01 

o-Cresol mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Pentachlorophenol mg/L 0 12 0.00% 0 0 0 0.025 0.05 

Phenanthrene mg!L 0 12 0.00% 0 0 0 0.01 0.01 

Phenol mg!L 0 12 0.00% 0 0 0 0.01 0.01 

Pyrena mg!L 0 7 0.00% 0 0 0 0.01 0.01 

Tetrachlorophenols (total) mg/L 0 5 0.00% 0 0 0 0.05 0.05 

lnorganlcs 

Aluminum mg!L 0 8 0.00% 0 0 0 0.16 0.16 

Arsenic mg/L 1 13 7.69% 0.009 0.009 0.009 0.008 0.01 

Barium mg!L 8 8 100.00% 0.027 0.072 0.035875 NA NA 

Cadmium mg!L 0 8 0.00% 0 0 0 0.001 0.001 

Calcium mg!L 8 8 100.00% 28 70 38.125 NA NA 

Chromium mg!L 13 7.69% 0.003 0.003 0.003 0.001 0.01 

Copper mg!L 8 "13 61.54% 0.015 0.023 0.01775 0.025 0.025 

Cyanide mg!L 8 12.50% 0.017 0.017 0.017 0.01 0.01 

Iron mg!L 8 8 100.00% 0.44 4.7 1.33875 NA NA 

Lead mg/L 3 8 37.50% 0.003 0.009 0.005333333 0.002 0.002 

AMEC 



TableA-4 
Surface Water Data Summary1 

Southern Wood Piedmont 
Wilmington, NC 

Number Number Frequency of Minimum Detected Maximum Mean Minimum 
Analyte Units Detected Tested Detection Cone. Detected Cone. Detected Cone. SQL 

Magnesium mg!L 8 8 100.00% 2.4 96 30.7625 NA 

Manganese mg/L 8 8 100.00% 0.022 560 70.04475 NA 

Nickel mg/L 0 8 0.00% 0 0 0 0.003 

Potassium mg/L 8 8 100.00% 2.2 57 19.0625 NA 

Sodium mg/L 8 8 100.00% 8.1 690 227.8 NA 

Vanadium mg/L 4 8 50.00% 0.002 0.003 0.00225 0.001 

Zinc mg/L 8 8 100.00% 0.026 0.039 0.03225 NA 

Pestlcldes/PCBs 

PCB-1260 mg!L 6 8 75.00% 0.00015 0.0094 0.002221667 0.001 

Alpha-Chlordane/2 mg/L 2 8 25.00% 0.00005 0.000064 0.000057 SE-05 

Notes: 
1. This table represents data from site surface water samples collected from 1990 to present. Samples designated as background are excluded from this summary. 
SOL: Sample Quantitatlon Limit. . 
NA: Indicates detection limit is not applicable because compound was detected in all samples, or detection limit information Is not available. 

• • 

Maximum 
SQL 

NA 

NA 

0.005 

NA 

NA 

0.003 

NA 

0.001 

SE-05 
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INTRODUCI'ION 

AMEC- February 2001 
Toxicity Evaluation of Southern Wood Piedmont Sediments 

Toxicity tests were conducted on seven freshwater sediments collected from a location 

identified as the Southern Wood Piedmont Company site located in Wilmington, North 

Carolina. · · Sediment toxicity tests were performed using the amphipod Hyalel/a t:izteca 

and the midge larvae Chironomus tentans. Sampling coordination and distribution efforts 

were perfonned by Mark Maritato and John Samuelian of AMEC Earth & Environmental 

(AMEC) in Portland, Maine and Gregory Kuntz of Schnabel Engineering Associates, Inc. 

Testing was conducted between February 6-16, 2001 at the.AMEC Bioas~ay Laboratory 

in San Diego, California. Sediment samples were identified as SD-42, SD-43, SD-44, 

SD-45, SD-45 Duplicate, SD-46, and SD-47. Sample SD-47 was identified as a reference 

site to which all comparisons were made. 

MEmODS AND MATERIALS 

SAMPLE COLLECI'ION AND TRANSPORT 

Sediment was collected on January 18-19, 2001 by Schnabel Engineering Associates 

personnel. Following collection, sediments were placedin 5-gallon buckets double lined 

. with clear, 4-millimeter (mm) -thick plastic bags. The buckets were then labeled and 

tightly sealed. These samples were received at the AMEC laboratory on January 25, 

2001. Appropriate chain-of-custody procedures were ·employed during collection and 

transport: 

SAMPLE RECEIPT 

Upon arrival at the laboratory, the buckets were opened, and their contents verified. 

Receipt temperature was measured in one bucket from each site. When possible, pore 

water was .collected for analysis of ammonia. Pore water consisted of a subsample of 

overlying water from one bucket from. each site. Sediments tend to rapidly settle out and 

force porewater to the surface during shipment and storage. When no overlying water 

was present, a subsample of sediment was centrifuged in an effort to collect pore water. 

Samples were placed in a 4°C cold room until test initiation. 
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AMEC- February 2001 
Toxicity Evaluation of Southern Wood Piedmont Sediments 

0RGANISI\f PROCUREMENT AND HANDLING 

Amphipod 

Test specimens (Hyalella azteca) were obtained on February 6, 2001 from Aquatic 

BioSystems in Fort Collins, Colorado. The organisms were sorted by size class, then 

transported to the laboratory in oxygen-saturated. water contained. in plastic bags. Fine . 

screens were included as a substrate source. An insulated ice chest containing the bags 

was shipped by overnight delivery service. Upon arrival at the laboratory, organism · 

· receipt infonnation was recorded and physical parameters and animal condition were 

specified. Prior to test initiation, The amphipods were acclimated to the test conditions 

and observed for any indications of stress or significant mortality. 

Midge Larvae 

Test specimens (Chironomus tentans) were obtained on February 6, ~001 from Aquatic 

BioSystems in Fort Collins, Colorado. The midge larvae were transported to the 

laboratory in oxygen-saturated water contained in 250-milliliter (ml) ·plastic containers. 

Paper towels were included as ·a substrate. An insulated ice chest containing the 

organisms was shipped by overnight delivery service. Upon arrival at the laboratory, 

organism receipt information was recorded and physical paramet~rs and animal condition 

were specified. Prior to test . initiation, the amphipods were acclimated to the test 

conditions and observed for any indications of stress or signifi~ant mortality. 

BIOASSAY PROTOCOL 

Bioassays were conducted in accordance with EPA protocols outlined in "Methods for 

Measuring the Toxicity and Bioaccumulation of Sediment-associated contaminants with 

Freshwater Invertebrates, Second Edition" (2000) and ASTM guidelines outlined in 

"Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates," 

E 1383-94 (1984). 

The amphipod Hyalella azteca and midge larvae Chironomus tentans were used as the 

test organisms. Animals were exposed to test sediments for ten days to determine the 

effects of site sediment on survival and growth. Test chambers consisted of 1-liter (L) 

glass jars supplied with continuous aeration at a rate of one bubble per second. The test 

was conducted at 20 ± 1 °C under a 16 hour (light): 8 hour (dark) light cycle. The 

experimental design consisted of five replicate jars per site arranged randomly. An 

additional replicate was included for each site as a surrogate for routine measurements of 
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AMEC- February 2001 
Toxicity Evaluation ofSouthem Wood Piedmont Sediments 
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pH, dissolved oxygen (DO), conductivity, temperature, and ammonia. Two centimeters 

(em) of sediment was placed in each chamber. Approximately 800 mi of Culligan

filtered water (Culligan) was then added to each chamber. 

The sediment was allowed to settle and the system allowed to equilibrate for 24 hours 

prior to the addition of test organisms. Twenty amphipods or ten midge larvae were 
•. 

carefully added to each test chamber of their respective tests after confirmation by two 

technicians that the correct number of test organisms was segregated and in healthy 

condition. A source of food was provided during the test by adding one mi of a mixture 

of ground Tetramin® flakes (0.02 grams (g)) and Culligan per test chamber every two to 

three days during the testing period. The feeding regime was terminated if the presence 

of excess food was observed on the sediment surface in several test chambers. 

Temperature, DO, pH, and conductivity were monitored daily in the surrogate replicate 

test chamber for each site. Subsamples of overlying water were collected from each 

· surrogate for ammonia analysis at the beginning and end of the test. Each test chamber 

was examined daily to ensure proper air flow. Abnormal. conditions or unusual animal 

behavior, if observed, were also noted at this time. 

Two sediment controls and a reference toxicant test were conducted in conjunction with 

the test sediments to ensure that organisms were not impacted by stresses other than 

contamination in the test material. The two control sediments consisted of washed beach 

sand (Control 1) and an artificial sediment (Control 2) consisting of washed beach sand, 

clay. and peat moss. 

STATISTICAL ANALYSES 

Statistical analyses were performed using GraphPad Prism software, Version 3.0. A One-

. Way Analysis of Variance (ANOVA) was performed to determine if significant 

differences. existed between mean survival and growth data when compared to the 

reference site data Prior to the ANOV A, deviations from a normal distribution of the 

data were evaluated using the Kolmogorov-Smimov test. Survival data, expressed as a 

proportion, was arcsine square-root transformed prior to analysis to normalize the 

distribution of the data and satisfy assUmptions for ANOV A. Growth data, expressed as 

milligrams (mg) growth/organism was not transformed prior to analysis. Unpaired one 

tailed t-test comparisons were used to evaluate differences between the reference and 

individual test sediment data if the overall ANOV A identified significant differences 

between the test sediments . 
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AMEC- February 2001 
Toxicity Evaluation of Southern Wood Piedmont Sediments 

The median lethal concentration value (LC50) and associated confidence intervals for 

reference toxicants test were calculated using ToxCalc Comprehensive Toxicity Data 

Analysis and Database Software, Version 5.0. 

RESULTS AND DISCUSSION 

Test results are summarized in Figures .1 through 4. Survival and growth data, water 

quality data, statistical summaries, and reference. toxicant data are contained in 

Appendices A, B, C, and D, respectively. Chain-of-custody infonnation is located in 

Appendix E. 

Amphipod Bioassays 

Mean control survival was 90 and 82 percent for Controls 1 and 2, respectively. These 

values exceed the recommended EPA survival criterion of 80 percent. This indicates _that · 

the. test conditions were adequate and test series was valid. Av~rage survival of 

amphipods exposed to the test sediments ranged from 0 to 92 pe!cent (Figure 1 ). The 
. . . 

average growth per organism .was Q.11 and 0.22 mg for Controls 1 and 2, respectively. 

The average growth per organism in test sediments, with surviving animals, ranged from 

. 0.13 to 0.17 mg (Figure 2). ANOVA detected significant differences in mean survival 

and grciwth among the referenc~ and test sediments. (See Appendix C fort-test p-values) 

All water quality measurements recorded during the 1 0-day exposure were in the range 

defined as acceptable by the test protocol. No abnonnal conditions or behaviors were 

observed throughout the duration of the test. 

A concurrent reference toxicant test using copper chloride (CuCl~ was conducted in 

order to assess the health of the test organisms and soundness of procedures. Mean 

control survival was 100 percent. An LC50 value of 520 micrograms per liter (J.tg/L) 

copper wa8 determined using Maximum Likelihood-Probit analysis. The associated 95 

percent confidence intervals for this value were 421 and 651 J.lg/L copper. This LC50 

value is within internal control· chart limits of ± two _standard deviations (Appendix C). 

This indicates that test organism sensitivity was similar to that of organisms historically 

tested at the AMEC bioassay laboratory. 
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AMEC- February 2001 
Toxicity Evaluation of Southern Wood Piedmont Sediments 

AMEC ·Southern Wood Piedmont 
2/6101 

Hyalella tuJeca 

• 

* * 

• Mean values are statistically less than the reference site (p<O.OS). 

Figure 1. 10-Day Solid-Phase Amphipod Survival(+/- 95% CI) 

* Mean values arc statistically less than the reference site (p<O.OS). 

Figure 2. 10-Day Solid-Phase Amphipod Growth(+/- 95 CI) 
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Toxicity Evaluation of Southem Wood Piedmont Sediments 

AMEC- Soutbem Wood Piedmont 
2/6101 

Chlronomus tentans 

* 

• • * . * 

• Mean values arc statistically less than the reference site (p<O.OS). 

Figure 3. 1 0-Day Solid-Phase Midge Survival 

• • 

• Mean values arc statistically Jess than the reference site (p<O.OS). 

Figure 4. 1 0-Day Solid-Phase Midge Growth 

6 

• 

• 

• 



·J 

• 
~l 

. I 

.. :] 

l 
~j 

.-t~1 
~~] 

I 
':1 
•· 

·.1 

1 

1 

• 
1 

Midge Larvae Bioassays 

AMEC- February 2001 
Toxicity Evaluation of Southern Wood Piedmont Sediments 

Mean control survival was 86 and 88 percent for Controls 1 and 2, respectively. These 

values exceed the EPA survival criterion of 80 percent. This indicates that test conditions 

were adequate and the test series was valid. Average survival of midge larvae exposed to 

the test sediments ranged from 0 to 90 percent (Figure 3). The average growth per 

organism was 0.74 mg and 0.59 mg for Controls 1 and 2, respectively. The average 

growth per organism in test sediments, with surviving animals, ranged from 1.01 to 1.34 

mg (Figure 4). ANOVA detected significant differences in mean survival and growth 

among the reference and test sediments. (See Appendix C fort-test p-values) 

All water quality measurements recorded during the 1 0-day exposure were in the range 

defined as acceptable by the test protocol. No abnormal conditions or behaviors were 

observed throughout the duration of the test. 

A concurrent reference toxicant test using copper chloride (CuCl~ was conducted in 

order to assess the health of the test organisms and soundness of procedures. Mean 

control survival was 90 percent. An LC50 value of 541 Jlg/L copper was determined using 

MaXimum Likelihood-Probit analysis. ·The associated 95 percent confidence intervals for 

this v~ue were 301 and 915 Jlg/L copper. This LC50 value is within.intemal con~ol chart 

limits of± two standard deviations (Appendix C). This indicates that test organism 

sensitivity was similar to that of organisms historically tested at the AMEC bioassay 

laboratory. 

Ammonia Analyses 

Total ammonia levels in the pore water collected from test sediments ranged from 2.4 to 

11.8 milligr_ams per liter (mg/L). Ammonia in overlying water on day zero ranged from 

0.5 to 2.6 mg/L. Ammonia in overlying water on day ten ranged from 0."1 to 2.1 mg/L 

and 0.6 to 2.0 mg/L, for the amphipod and midge larvae tests, respectively. These levels 

were below the lowest concentrations reported to be toxic to H azteca and C. tentans. 
. . 

Whiteman et al. (1996) reported a 96-hour total ammonia LC50 value of9.7 mg/L for H 

azteca and 87 mg/L for C. tentans. 
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] Appendix A-t. Ten-Day Solid-Phase Results (HyaleUa azteca) 

Survival Data 

• AMEC- Southern Wood Piedmont- February 2001 

] Control#1 A 20 100 0.13 
Beach Sand B 20 100 0.10 

c 16 80 0.05 

1 D 17 85 0.13 
E 17 85 90 0.12 0.11 

Control#2 A 18 90 0.36 

~ Art. Sediment B 19 95 0.21 
1:-

-

c 17 85 0.25 
D 14 70- 0.17 

~ 
E 16 80 84 0.12 0.22 

SD-42 A 0 0 NA 
B 0 0 NA 

~ 
c 0 0 NA 
D 0 0 NA 
E 0 .o o• NA NA 

I SD-43 A 0 0 NA 
B 0 0 NA 
c 0 0 NA 
D 0 0 NA 
E 0 0 o• NA NA 

SD-44 A 8 40 0.18 
B 17 85 0.11 
c 8 40 0.11 
D 17 85 0.10 
E 13 65 63* 0.17 0.13 

] . " SD-45 A 0 0 NA i} B 0 0 NA 
c 0 0 NA 

~ 
D 0 0 NA . 

. E 0 0 o• NA NA 

SD-45Dup A 0 0 NA 

iJ B 0 0 NA 
,_ c 0 0 NA J.•· 

D 0 0 NA 

:1 E 0 0 o• NA NA 

SD-46 A 18 90 0.14 
B 9 45 0.15 

] 
c 18 90 0.16 
D 16 80 0.18 
E 17 85 78 0.24 0.17 

J 
SD-47 A 20 100 0.17 

·Reference B 19 95 0.12 
c 20 100 0.14 
D 16 80 0.13 

• E 17 85 92 0.10 0.13 

J 
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Control#! 
Beach Sand 

Control#2 
Art. Sediment 

SD-42 

SD-43 

SD-44-

SD-45 

SD-45Dup 

· SD-46 

SD-47 
Reference 

Appendix A-2. Ten-Day Solid-Phase Results (Chironomus tentans) 
Survival Data 

A 
B 
c 
D 
E 

A 
B 
c 
D 
E 

A 
B 
c 
D 
E 

A 
B 
c 
D 
E 

A 
B 
c 
D 
E 

A 
B 
c 
D 
E 

A 
B 
c 
D 
E 

A 
B 
c 
D 
E 

A 
B 
c 
D 
E 

AMEC- Southern Wood Piedmont- February 2001 

9 
8 
8 
8 
10 

10 
10 
9 
7 
8 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

7 
9 
9 
6 
7 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

8 
8 
9 
8 
10 

8 
10 
9 
10 
8 

90 
80 
80 
80 
100 

100 
100 
90 
70 
80 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

70 
90 
90 
60 
70 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

80 
80 
90 
80 
100 

80 
100 
90 
100 
80 

86 

88 

o• 

o• 

76* 

o• 

o• 

86 

90 

0.84 
0.58 
0.89 
0.71 
0.66 

0.80 
0.50 
032 
0.73 
0.62 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

0.93 
1.13 
0.95. 
0.61 
1.42 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

133 
1.00 
1.13 
1.19 
0.64 

1.06 
"1.52 
1.73 
1.52 
0.87 

0.74* 

0.59* 

NA 

NA 

1.0 

NA 

NA 

1.1 

13 
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AMPHIPOD 

HYALELLA AZTECA 



.___ . ·---

I 
Day· Temp 

(OC) 

0 20.7 
1 20.8 
2 20.6 
3 20.6 
4 20.7 
5 .20.8 
6 20.7 
7 20.9 
8 20.7 
9 20.7 
10 20.8 

~- 1: ··: . ! ............. t::· :; ............ 

Appendix Table B-1. Ten-Day Solid-Phase Results (Hyalella azteca) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

Control #1 

D.O. pH Conductivity 

···. ,1 _., 

Total Ammonia (mg!L) 
(m2/L) ·(units) (umbos/em) Pore Water Overlying Water 

7.3 8.03 155 - 0.5 
6.2 8.21 763 - -
- 7.97 768 - -
7.8 8.08 772 - -
8.2 7.99 771 - -
7.7 7.96 774 - -
7.8 8.12 775 - -
7.8 7.97 773 - -
6.8 7.77 776 - -
7.1 7.60. 778 - -
6.2 7.47 780 - 0.1 

. . . Note: Dissolved oxygen measurements were not taken on day 2 due to technical problems mth the meter • 

• • • 
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Appendix Table B-1 (cont.) Ten-Day .Solid-Phase Results (Hyalella azteca) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

Control#2 

• 

Temp D.O. pH Conductivity Total Ammonia (mg!L) 
(oq (m~) (units) (umbos/em) Pore Water Overlying Water 

""\, ... 

20.6 7.3 8.07 1009 - 1.7 
20.6 6.4 8.26 1011 - -
20.4 - 8.14 1018 - -
20.7 8.3 8.25 1019 - -
20.6 8.6 8.21 1018 - -
20.8 8.3 8.11 . 1021 - -
20.7 8.0 8.27 1022 - -
20.9 8.1 8.15 1021 - -
20.8 8.0 8.03 1025 - -
20.6 7.9 8.00 1030 - -
20.8 8.0 7.91 1029 - 1.2 

Note: Dissolved oxygen measurements were not taken on day 2 due to technical problems w1th the meter •. . . 
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Appendix Table B-1 (cont.) Ten-Day Solid-Phase Results (Hyalella azteca) 
AMEC- Southern Wood Piedmont 

Water.Quality Data 

Initiated February 6, 2001 

SD-42 

Temp D.O. pH . Conductivity Total Ammonia (mg!L) 
(OC) (mg/L) (units) (umbos/em) Pore Water Overlying Water 

20.6 .7.3 7.79 722 5.5 2.4 
20.7 6.4 7.80 725 - -
20.5 - 7.93 726 - -
20.7 7.5 7.88 725 - -
20.6 8.0 7.75 722 - -
20.8 7.9 7.62 . 719 - -
20.8 7.5 7.70 714 - -
20.9 7.6 7.98 714 - -
20.8 7.4 7.52 713 - -
20.7 7.6 7.72 712 - -
20.8 7.6 7.79 710 - 1.6 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to technical problems With the meter. 
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Appendix Table B--1 (cont.) Ten-Day Solid-Phase Results (Hyalella azteca) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

. Initiated February 6, 2001 

SD-43 

Temp D.O. pH Conductivity Total Ammonia (mg!L) 
(OC) (mJVL) (units) (umbos/em) Pore Water Overlyin~Water 

·-

20.6 7.0 7.75 794 6.0 1.8 
20.7 6.4 7.77 808 - -
20.5 - 7.81 820 - --
20.7 7.6 7.86 824 - --
20.6 7.9 7.68 822 - -::: 
20.8 7.9 7.57 822 - -
20.7 7.4 7.65 817 - -
20.9 7.4 7.75 815 - -
20.7 7.0 7.53 814 - -
20.7 7.2 7.63 810 - -

. 20.8 7.2 . 7.62 810 - ·1.5 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to techmcal problems mth the meter • 
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Appendix Table B-1 (cont.) Ten-Day Solid-Phase Results (Hyalella azteca) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

SD-44 

Temp D.O. pH Conductivity Total Ammonia (mg/L) 
(og_ {In~) (units) (umbos/em) Pore Water Overlying Water 

' ' 

20.6 7.1 7.97 917 9.2 1.3 
20.6 . 6.5 7.99 974 - --
20.5 - 7.94 1000 - -
20.6 8.1 8.05 1010 - -
20.5 8.0 8.02 1015 - -
20.7 8.1 7.96 .1018 - -
20.7 7.9 7.98 1017· - ·• -
20.8 7.8 7.94 1017 - --20.7 7.8 . 7.86 1017 - -
20.6 7.9 7.86 1015 - -
20.8 8.1 7.71 1012 - 1.5 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to techmcal problems With the meter. 
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Apptndix Table B-1 (cont.) Ten-Day Solid-Phase Results (Hyalella a:teca) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

SD-45 

Day Temp D.O. pH Conductivity Total Ammonia (mg/L) 
(OC) (mg!L) (units) (umbos/em) Pore Water Overlr_ing Water 

0 20.5 6.5 7.62 775 NR 1.1 
1 20.5 6.5 7.97 779 - -
2 20.5 - 7.91 784 - -
3 20.6 8.0 8.00 790 - -
4 20.5 8.2 7.90 791 - -
5 20.7 8.4 7.86. 793 - -
6 20.7· 7.5 7.87 792 - -
7 20.8 7.8 7.88 794 - -
8 20.6 7.6 7.75 795 - -
9 20.6 1.5 7.78 793 - -
10 20.8 8.0 7.69 792 - 0.6 

. . . Note: Dissolved oxygen measurements were not taken on day 2 due to technical problems mth the meter • 
· NR- Not recorded due to insufficient pore water for analysis 
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Appendix Table B-1 (cont.) Ten-Day Solid-Phase Results (Hyalella azteca) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

SD-45 Duplicate 

Day Temp D.O. pH Conductiv~ty Total Ammonia (mg/L) 
(OC) (m~) (units) (umbos/em) 

0 20.5 7.0 7.79 846 
1 20.5 6.5 7.79 855 
2 20.5 - 7.87 867 
3 20.6 8.0 7.93 876 
4 20.5 8.4 7.83 880 
5 20.7 8.2 7.70 886 
6 20.6 7.7 7.74 . 888 

7 20.8 7.8 7.82 889 
8 20.6 7.6 7.65 891 
9 20.6 7.6 7.72 891 
10 . 20.7 7.9 7.61 891 

. . . Note: DISsolved oxygen measurements were not taken on day 2 due to technical problems With the meter • 
NR- Not recorded due to insufficient pore water for analysis 

• • 

Pore Water Overlying Water 

NR 1.1 
- -- -
- -- -
- -- -
- -- -- -- 0.7 

• 
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Appendix Table B-1 (cont) Ten-Day Solid-Phase Results (Hyalella a:teca) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated Fe,ruary 6, 2001 

SD-46 

Day Temp D.O. pH Conductivity Total Ammonia (mg!L) 
(OC) (mg!L) (units) (umbos/em) Pore Water Overlying Water 

0 20.5 7.2 7.80 829 11.8 2.6 
1 20.5 6.5 8.15 849 - -
2 20.4 - 8.10 864 - -
3 20.6 8.4 8.18 872 - -
4 20.4 8.6 8.09 874 - -
5 '20.5 8.5 7.97 876 - -
6 20.7 8.1 8.00 879 - -
7 20.7 8.1 8.00 875 - -
8 20.6 8.1 7.88 876 - -
9 20.6 8.0 7.83 873 - -
10 . 20.6 . 8.3 7.77 868 - 2.1 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to techmcal problems w1th the meter • 
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Appendix Table B-1 (cont.) Ten-Day Solid-Phase Results (Hyalella ar,teca) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

SD-47 

Day Temp. D.O. pH Conductivity Total Ammonia (mg/L) 
(OC) (mg!L) {units) {umbos/em) Pore Water Overlying Water 

0 20.6 7.3 8.15 736. 2.4 0.7 
1 20.5 6.5- 8:21 737 - -
2 20.4 - 8.13 742 - -
3 20.6 8.2 8.24 744 - -
4 20.4 8.5 8.19 743 - -
5 20.7 8.3 8.01 744 - -
6 20.6 8.0 8.01 742 - -
7 20.7 8.1 8.06 743 - -
8 20.6 8.1 8.04 745 - -
9 20.6 7.9 7.97 745 - -
10 20.7 8.1 7.92 747 - 0.2 

. . . Note: Dissolved oxygen measurements were not taken on day 2 due to technical problems mth the meter • 

• • • 
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Appendix Table B-2. Ten-Day Solid-Phase Results (Chironomus tentans) · 
· AMEC- Southern Wood Piedmont · 

Water Quality Data 

Initiated February 6, 2001 

Control#l 

... 
~· ·........:J _..; 

Temp D.O. pH Conductivity Total Ammonia (mg/L) 
(OC) (mg/L) (units) (umbos/em) Pore Water Overlying Water 

20.8 7.4 7.89 765 - 0.5 
20.8 6.6 8.15 764 - -
20.7 - 8.22 771 - -
20.8 6.9 . 8.34 776 - -
20:6 8.5 8.22 778 - -
20.9 8.2 8.07 . 780 - -
20.7 8.1 8.13 779 - -

. 20.7 8.3 8.06 780] - -
20.6 6.9 7.81 782 - -
20.6 7.4 7.56 783 - -
20.9 7.4 7.16 787 - 0.6 

. . . Note: Dissolved oxygen measurements were not taken on day 2 due to techmcal problems mth the meter • 

. 

• •• • 

• '-'-"'oo 



I 

-

Appendix Table B-2 (cont.) Ten-Day Solid-Phase Results (Chironomus tentans) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

Control#2 

-- -, 
-,..,..-.. 

I 
Day Temp D.O. pH Conductivity Total Ammonia (mg/L) 

(OC) (mg!L) (units) (umbos/em) Pore Water Overlying Water 

0 20.7 7.4 7.99 984 - 1.7 
1 20.8 6.6 8.17 979 - - . '~ 

2 20.7 - 8.25 985 -· -
3 20.8 6.9 8.31 987 - -
4 20.6 8.5 8.24 986 - - .':. 

5 20.9 8.2 8.07 ,989 - -
6 20.7 8.0 8.14 990 - -
7 20.7 8.1 8.15 991 - -
8 20.5 7.6 7.92 994 - -
9 20.6 7.4 7.61 997 - -
10 20.8 1.5 1.65 1002 - 1.6 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to techmcal problems mth the meter. 
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Appendix Table B-2 (cont.) Ten-Day Solid-Phase Results (Chironomus tentans) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 . 

SD-42 

,, 
~· 

I 
Day Temp D.O. pH Conductivity Total Ammonia (mg/L) 

(OC) (m2/L) (units) (umbos/em) Pore Water Overlying Water 

0 20.7 7.2 7.75 737 5.5 2.4 
1 20.7 6.6 7.74 728 - -
2 20.7 - 8.03 727 - -
3 20.8 6.7 8.10 725 - -
4 20.6 8.3 7.89 720 - -
5 20.8 8.2 7.80 716 - -
6 20.8 7.9 7.92 710 - -
7 20.9 8.0 7.86 709 ...... -
8 20.6 8.0 7.73 706 - -
9 20.6 7.6· 7.59 702 - -
10 20.8 7.7 7.60 701 - 0.6 .. 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to technical problems with the meter. · 

• • • 
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Appendix Table B-2 (cont.) Ten-Day Solid-Phase Results (Chironomus tentans) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

. 
SD-44 

Temp D.O. pH Conductivity Total Ammonia (mg!L) 
(OC) (mg/L) (units) (umbos/em) Pore Water Overlyjng Water 

20.8 7.4 8.17 924 9.2 1.3 
20.8 6.7 7.95 . 955 - -
20.7 - 8.02 974 - -
20.8 6.5 8.01 982 - -
20.6 8.2 7.95 986 - -
20.9 8.1 7.77 988 - -
20.8 7.7 7.83 985 - -
20.9 7.7 1.55 985 - -
20.7 7.7 7.65 982 - -
20.9 7.1 7.44 978 - -
20.9 7.1 7.43 '978 - 1.6 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to technical problems mth the meter • 

I 
I 

' ., 



I 
Day 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Appendix Table B-2 (cont.). Ten-))ay Sf:llld-Pb~e Results (Chironomus tentans) 
AMEC- Southern Wood Piedmont . . . 

Water Quality Data 

. Initiated February ~' 2001 

SD-43 

Temp D.O. pH . Conductivity Total Ammonia (mg/L) 
(OC) (mg/L) (units) (umbos/em) Pore Water Overlyin~ Water 

20.6 7.2 7.65 789 6.0 1.8 
20.8 6.5 7.71 807 - -
20.7 - 7.89 826 - -
20.8 6.4 7.91 833 - -
20.7 7.9 7.75 835 - -
20.9 7.8 1.58 .. 837 - -
20.7 7.4 7.68 836 - -
20.7 7.2 7.34 836 - -
20.7 7.6 7.62 832 - -

. 20.6 7.2 7.46 829 - -
20.9 7.5 7.47 828 - 0.6 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to technical problems with the meter. 

• • • 
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Appendix Table B-2 (cont.). Ten• Day Solid-Phase Results (Chironomus tentans) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

SD-45 

-· -~-

I 
Day Temp D.O. pH Conductivity Total Ammonia (mg!L) 

(OC) (mg!L) (units) (umbos/em) 

0 20.8 7.3 8.09 770 
1 20.8 6.8 8.10 767 
2 20.7 - 8:11 770 
3 20.8 6.9 8.11 774 
4 20.6 8.6 8.04 775 • 
5 20.9 8.4 7.89 777 
6 20.7 8.0 7.89 775 

7 20.7 8.1 7.87 778 
8 20.7 8.3 7.78 775 
9 20.9 8.1 7.56 776 
10 20.9 8.3 7.56 777. 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to techntcal problems With the meter. 
NR- Not recorded due to insufficient pore water for analysis 

Pore Water Overlying Water 

NR. 1.1 
- -- -- -- -- -- -- -- -
- -- 0.6 
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Appendix Table B-2 (cont.) Ten-Day Solid-Phase Results (Chironomus tentans) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

SD-45 Duplicate 

-

Day Temp D.O. pH Conductivity Total Ammonia (mg/L) 
(OC) (mg!L) (units) (umbos/em) 

0 20.7 7.4 8.05 853 
1 20.8 6.8 8.11 854 
2 20.7 - 8.07 865 
3 20.7 7.0 8.07 871 
4 20.6 8.7 7.97 873 
5 20.8 8.4 7.87 880 
6 20.8 . 8.2 7.87 882 
7 20.8 8.2 7.86 884 
8 20.7 8.5 7.79 884 
9 20.8 8.3 7.63 886 
10 20.9 8.2 7.54 890 

Note: Dissolved oxygen measurements were not taken on day 2 due to technical problems w1th the meter. 
NR .. Not recorded due to insufficient pore water for analysis 

. . 

• • 

Pore Water Overlying Water 

NR 1.1 

- -
- -- -
- -- -- -
- -
- -
- -- 2.0 
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Appendix Table B-2 (c~nt.) Ten-Day Solid-Phase Results (Chironomus tentans) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

-SD-46 . 

Day Temp D.O. pH Conductivity Total Ammonia (mg/L) 
(OC) (mg!L) (units) (umbos/em) Pore Water Overlying Water· 

0 20.7 7.5 8.08 827 11.8 2.6 
1 20.9 6.8 8.17 843 - -
2 20.7 8.11 866 

. - - -
3 20.5 6.9 8.10 880 -- -
4 20.7 8.5 7.99 885 - -
5 20.8 8.4 7.89 891 - -
6 20.7 8.0 7.88 891 - -
7 20.8 8.1 7.88 892 - -
8 20.6 8.2 7.76 890 - -
9 20.7 7.9 7.60 889 - -
10 20.9 7.9 7.51 884 - 1.0 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to techmcal problems mth the meter. 
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Appendix Table B-2 (cont.) Ten-Day Solid-Phase Results (Chironomus tentans) 
AMEC- Southern Wood Piedmont 

Water Quality Data 

Initiated February 6, 2001 

SD-47. 

Temp D.O. pH Conductivity Total Ammonia (mg!L) 
(OC) (m~)_ _(units) (umbos/em) Pore Water Overlying Water 

20.8 7.3 8.18 734 2.4 0.7 
20.9 6.8 8.20 729 - -
20.7 - 8.20 732 - -
20.7 7.0 8.23 734 - -
20.7 8.5 8.18 732 - -
20.9 8.4 8.05 733 - -

. 20.6 7.9 7.94 732 - -
20.8 8.0 7.98 732 - -
20.7 8.3 7.90 733 - -
20.7 7.9 7.68 735 - -
20.9 8.0 7.59 739 - 0.6 

. . Note: Dissolved oxygen measurements were not taken on day 2 due to technical problems mth the meter • 
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Appendix Table C-1 
AMEC- Southern Wood Piedmont 

Amphipod Survival (2/6/01) · 

ANOV A Summary Table For Amphipod Survival 

.Parameter vame uata :set-B 
J. ao1e Anwyzea 
AmphiSurArcsinSqTran 
One-way analysis of variance 
Pvalue P<O.OOOl 
P value summary ••• 
Are means signif. different? (P < 0.05) Yes 
Number of groups 9 
F 121.7 
Rsquared 0.9643 

Bartlett's test for equal variances 
Bartlett's statistic (corrected) 118.0 
Pvalue P<O.OOOl 
P value summary ••• 

· Do the variances differ signif. (P < 0.05) Yes 

ANOVATable ss df 
Treatment (between columns) 11.39 8 
Residual (within columns) 0.4212 36 
Total 11.82 44 

• 
uam :set-l; 

MS· 
.1.424 
0.01170 • 

• 
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AppendiX Table C-2 
AMEC- Southern Wood Piedmont 

Summary oft-test Results : p-Values 

Survival 

Site H. azteca C tentans 

Control I 0.403 0.261 

Control2 0.079 0.437 

SD-42 <0.001 <0.001 

SD-43 <0.001· <0.001 

SD-44 O.otl 0.044 

SD-45 <0.001 <0.001 

SD-45Dup <0.001 <0.001 

SD-46 0.056 0.261 

SD-47 NA NA 

NA- not applicable 
Note: All tests compared to reference sediment SD-47 

Growth 

Site H. azteca C tentans 

Control I 0.104 0.004 

Control2 0.033 0.002 

SD-42 NA NA 

SD-43 NA. NA 

SD-44 0.462 0.075 

SD-45 NA NA 

SD-45Dup NA NA 

SD-46 0.042 0.097 

-SD-47 NA NA 

NA - not applicable 
Note: All tests compared to reference sediment SD-47 
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L-.. L........ L..... L-.: -

Control 

O.lmg/L 

0.2mg/L. 

0.4myjL 

0.8myjL 

1.6myjL 
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Appendix Table D-1. Ten-Day Solid·Phase Results (Hyaklla azteca) 
Reference Toxicant Data 
Iirltiated February 6, 2001 

. pH(units) 
0 24 48" 72 96 

error. 

• 

--..J :........J __...; _j __.j 

96 

10 
-- 10 

10 
-- 10 

-- 10 
-- 10 

9 
-- 10 

8 
8 
6 
8 

6 
7 
5 
5 

10 5 
10 7 
10 4 
10 3 

-- 2 
-- 1 
-- . 0 

-- 0 

• 



Start Date: 02106/2001 

I 
End Date: 02/1012001 

. · Sample Date: 
Comments: 

'

. Conc-ug/L 
L-Lab Control 

100 
200 

. f 
400 
800 

1600 

1 
1.0000 
1.0000 
0.8000 
0.6000 
0.5000' 
0.2000 

2 
1.0000 
1.0000 
0.8000 
0.7000 
0.7000 
0.1000 

.. I 

''l Conc-ug/L Mean N-Mean .. · 
-~< 

·~~.· L-Lab Control 1.0000 1.0000 
100 0.9750 0.9750 

..-:;·] :~:··: 

.·.;. 

~00 0.7500 0.7500 
*400 0.5750 0.5750 
*800' 0.4750 0.4750 

*1600 0.0750 0.0750 
,....j :·,: . ... ; 

Amphipod 1 0-day Survival Bioassay-Survival 
TestiD: 010206hara _,,} .1.:;t ~.. ~.i!f!lP.~e,t~: REF-RefToxicant 
Lab 10: CAOEE-Ogderi Bioassay Sample Type: CUCL-Copper chloride 
Protocol: ASTM 93 Test Species: HA-Hyalella azteca · 

3 4 
1.0000 1.0000 
0.9000 1.0000 
0.6000 0.8000 
0.5000 0.5000 
0.4000 0.3000 
0.0000 0.0000 

Transform: Arcsin Square Root · Rank 1-Talled Number Total 
Mean Min Max CV% N Sum Critical Resp Number 
1.4120 1.4120 1.4120 0.000 4 0 40 
1.3713 1.2490 1.4120 5.942 4 16.00 10.00. 1 40 
1.0519 0.8861 1.1071 10.508 4 10.00 10.00 10 40 
0.8620 0.7854 0.9912 11.405 4 10.00 10.00 17 40 
0.7602 0.5796 0.9912 23.069 4 10.00 10.00 21 40 
0.2757 0.1588 0.4636 53.294 4 10.00 10.00 37 40. 

. ;" .. Auxiliary Tests Statistic Critical Skew Kurt 
,;~..: 
,.-~ 

Shapiro-Wilk's Test Indicates normal distribution (p > 0.01) 0.94924 0.884 0.22489 0.08037 .... 
Equality of variance cannot be confirmed 

'~.·~ _s_te_e_rs_M_a_n_~_o_n_e_R_an_k_T_e_s_t _____ 1_o_o ____ 2_oo--~14~1~.4~2~1~~~~~~~--------------------------------
• Maximum Llkellhood-Problt 

Hypothesis Test (1-tall, 0.05) NOEC LOEC ChV TU 

·-··J Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical 
"·'-~ Slope 2.24027 0.27938 1.69268 2.78787 0 6.96061 7.81472 

Intercept -1.0843 0.7514 -2.5571 0.38839 

P-value Mu Sigma Iter 
0.07 2.7159 0.44637 4 

TSCR 
-~ Point 
.. EC01 

EC05 
.] EC10 

· ~ EC15 
EC20 

J 

..! 

1 

• l 

EC25 
EC40 
EC50 
EC60 
EC75 
EC80 
EC85 
EC90 
EC95 
EC99 

Problts ug/L 95% Fiducial Limits 
2.674 47.5854 . 21.972 77.2217 
3.355 95.8684 54.6822 137.665 
3.718 139.266 88.3935 188.45 
3.964 179.167 121.687 233.941 
4.158 218.886 156.257 278.92 
4.326 259.909 192.854 325.67 
4.747 400.689 319.172 494.138 
5.000 519.871 421.358 651.281 
5.253 674.501 545.146 875.899 
5.674 1039.85 809.665 1480.9 
5.842 1234.73 940.6 1837.02 
6.036 1508.45 1116.71 2368.9 
6.282 1940.65 1381.3 3272.91 
6.645 2819.13 1884.75 5307.82 
7.326 5679.59 3350.11 13248.7 

1.0 .,.------------~~--........ 

0.9 

0.8 

0.7 

g: 0.6 
c 
g_ 0.5 
II) 

&! 0.4 

0.3 

0.2 

0.1 

0.0 ohMTn ..... rTd~'I"T''''--~-..,.....,-.~ 
10 100 1 000 1 0000 10000 

0 

Dose ug/L 

·t 
,• 

Page 1 ToxCalc v5.0 Reviewed by: 7~ 3f{ot 
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Reference Toxicant Control Chart· Hyalella azteca 

CV%=85.6 

2000 -· 
1500 

Mean 

500 

r-----------~--------------------------------;-180· 
0 4SD 

02123100 03103100 03/17/00 07/18100 09/27/00 12/12/00 02/06/01 02/15/01 

Date 

Dates · Values Mean -1 so -250 +1 so. +250 
02/23/00 942.8953 661.3899 95.0912 0.0000 1227.6886 1793.9873 
03103/00 203.5576 661.3899 95.0912 0.0000 1227.6886 1793.9873 
03/17/00 146.8149 661.3899 95.0912 0.0000 1227.6886 1793.9873 
07/18/00 1817.5541 661.3899 95.0912 0.0000 1227.6886 1793.9873 

·09127/00 982.3056 661.3899 95.0912 0.0000 1227.6886 1793.9873 
12112100 230.2174 661.3899 95.0912 0.0000 . 1227.6886 1793.9873 
02/06/01 519.8706 661.3899 95.0912 0.0000 1227.6886 1793.9873 • 02115/01 447.9034 661.3899 95.0912 0.0000 1227.6886 1793.9873 

• 



.. 1 

'·J 

~ 
l ., 

''1 

'] 

1 
'] 

. ;l 
MIDGE LARVAE 

• CHIRONOMUS TENTANS 

]' 

J 

J 
:J 
l. . 
. J 
J 

·-
.J 



Control 

0.19mr/L 

0.38mr/L 

0.7Smr/L 

l.SmrJL 

3.0mr/L 

Note: 

• 

-~ 

Appendix Table D-2. Ten Day Solld Phase Results (Chircmomus tentans) 
Reference Toxicant Data 
Initiated. February 6, 2001 

Cond 
96 0 24 

• 

10 9 
10 7 
10 10 
10 10 

10 8 
10 5 
10 6 
10 8 

10 5 
10 3 
10 9 
10 9 

10 3 
10 3 
10 3 
10 4 

10 1 
10 1 
10 3 
10 1 

10 1 
10 0 
10. 0 
10 0 

• 
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Chironomus tentans-% Survival 
Start Date: 02106/2001 Test 10: 010206ctra Sample 10: REF-Ref Toxicant 

·.End Date: 02/1 0/2001. LabiD: CAOEE-Ogden Bioassay Sample Type: CUCL-Copper chloride 
Sample Date: Protocol: EC-Environment Canada Test Species: CT-Chironomus tentans 
Comments: 
Conc-mg/L 1 2 3 4 ·~'··~~.~, .... _ .... -

L-Lab Control 0.9000 0.7000 1.0000 1.0000 
0.1875 0.8000 0.5000 0.6000 0.8000 
0.375 0.5000 0.3000 0.9000 0.9000. 
0.75 0.3000 0.3000 0.3000 0.4000 

1.5 0.1000 0.1000 0.3000 0.1000 
3 0.1000 0.0000 0.0000 0.0000 . 

Transform: Untransformed 1-Talled 
Con e-m giL Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean 

L-Lab Control 0.9000 1.0000 0.9000 0.7000 1.0000 15.713 4 0.9000 0.0000 
0.1875 0.6750 0.7500 0.6750 0.5000 0.8000 22.222 4 2.029 2.410 0.2672 0.6750 0.2500 
0.375 0.6500 0.7222 0.6500 0.3000 0.9000 46.154 4 2.255 2.410 0.2672 0.6500 0.2778 
*0.75 0.3250 0.3611 0.3250 0.3000 0.4000 15.385 4 !?.186 2.410 0.2672 0.3250 0.6389 
*1.5 0.1500 0.1667 0.1500 0.1000 0.3000 66.667 4 6.765 2.410 0.2672 0.1500 0.8333 

*3 0.0250 0.0278 0.0250 0.0000 0.1000 200.000 4 7.892 2.410 0.2672 0.0250 0.9722 

Auxiliary Tests Statistic Critical Skew Kurt 
Shaplro-Wilk's Test Indicates normal distribution (p > 0.01) 
Bartletfs Test Indicates equal variances (p = 0.04) 
Hypothesis Test (1-tall, 0.05) NOEC LOEC ChV 
Dunnett's Test 0.375 0.75 0.53033 

0.95459 . 0.884 -0.3399 0.71023 
11.8663 . 15.0863 

TU MSDu MSDp MSB MSE F-Prob df. 
.. 0.26719 0.29688 0.46342 0.02458 1.4E-06 5, 18 

Maximum Llkellhood-Problt 
Parameter 
Slope 
Intercept 
TSCR 
Point 
EC01 
ECOS 
EC10 
EC15 
EC20 
EC25 
EC40 
EC50 
EC60 
EC75 
ecao 
EC85 
EC90 
EC95 
EC99 

Page 1 

Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter 
2.12293 0.6719 0.806 3.43987 0 0.94162 7.81472 0.82 -0.2671 0.47105 3 
5.56705 0.26312 5.05134 6.08275 

Problts mg/L 95% Fiducial Limits 
2.674 0.04336 0.00061 0.12292 
3.355 0.0908 0.00421 0.19844 
3.718 0.13466 0.01164 0.25843 
3.964 0.17567 0.02295 0.31102 
_4.158 0.217 0.03909 0.36289 
4.326 0.26012 0.06125 0.41755 
4.747 0.41073 0.17703 0.63788 
5.000 0.54062 0.30148 0.91516 
5.253 0.7116 0.45087 1.49513 
5.674 1.1236 0.71174 4.18163 
5.842 1.34691 0.82332 6.51695 
6.036 1.66381 0.96434 11.059 
6.282 2.17053 1.16401 21.7452 
6.645 3.21882 1.51952 59.9761 
7.326 6.74082 2.45786 409.986 

ToxCalc v5.0 

1.0 ~-----:7"-~::----, 

0.9 

0.8 

0.7 

:g 0.6 
c 
8. 0_.5 
Ill li. 0.4 

0.3 

0.2 

0.1 

0.0 +-,...:r.~~..,.:..,. ....... ...,..,r"l'n"I_T""Mrnlll! 
0.0001 0.01 1 100 1 0000 

Dosemg/L 



1 

F:.]· .. 
:·.·: 
. ' 

.. t.J_< 

r:J 

[1_.· 

bl 

J. 
] 
::1_ 

J 

.1 

J 
J 
J 

Reference Toxicant Control Chart - Ch/ronomous tentans 

·cV%=43.5 
840 

740 

640 

:!3 u 540 ::s u 
~ 440 
.:. 
0 

340 10 

fd 
240 

140 

40 ~====~~======~==~~======~==~==~======~~so 
03/03100 03/17/00 08/04/00 

Dates Values Mean 
.. 03/03/00 324.0088 390.5842 

'03117/00 703.9157 390.5842 
08/04/00 329.0227 390.5842 
09127/00 229.1131 390.5842 
12108/00 345.0218 390.5842 
12112100 262.3835 390.5842 
02106/01 ·540.6239 ·. 390.5842 

09127/00 

Date 

-150 
220.5377 
220.5377 
220.5377 
220.5377 
220.5377 
220.5377 
220.5377 

12108/00 

-250 
50.4912 
50.4912 
50.4912 
50.4912 
50.4912 

.· 50.4912 
50.4912 

12112100 02106/01 

+150 +250 
. 560.6307 730.6772 

. 560.6307 730.6772 
560.6307 730.6772 
560.6307 730.6772 
560.6307 730.6772 
560.6307 730.6772 
560.6307 730.6772 

• 

• 

• 
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APPENDIXE · 

. CHAIN-oF-CUSTODY FORMS 



OODEN ENVIRONMENTAL AND ENERGY SERVICES. 
••••• 

Ogden B/tNisssy Labortltory 
5550 Morehouse Drive, SUite B 
San Oiego, CA 92121 · 
619-458-9044 (area code to change to 858 mid-1999) 

..•. ' 
~ 

Chain of Custody 

Date 1}1'1 (o L Page_!_a~_L 
5 I \ (') \ _1 \ • ANALYSIS REQUIRED 

·COMPANY ov.-h\et't'\ lUooc. ri~o.W\oo:r-wi flr!!'":.!!::'·.A~Mvo..~-r-....... -r----,..-r---r---r----r--r--"T--....,....._, dr~ -\<~ 
ADDRESS P.c .. Sox 5tlY7 ° ~ r S}A.D:Ol :Rop_ec~~ 
ctTY Spad·oY'bJ"JA. STATE sc. Z1Ptc\30Li t1! .~ ~ Q sAUPLeRsr.JGNAnk1:1 
PHONE NO. g(oq-5'99- (070 . ':! J ~ 803 ~ ~ 1:~ ~;~ 0 

Cl) 
a: w z 
~ 
~ 

j~ J 
1----S-A-M-PL_E_ID----.--DA-:T-E -r-T-IM-E......,.-MA-:T_R_IX.,-com:-TYPAJ~EP.-£--t:~ ~ ~ 

ll?.! 15 

' 
S0-47-t ---~ 

llJ 
1 
'( 
y 

SPECIAL INSmUCTJONSICOMMEHTS: 

may epply for hazardous mater!• Is characterization testing. 

REUNQUISHEDBV 

(Signature) 

(Prlrted Name) 

(Company) 

RECEIVED BY 

(Signature) 

(Printed Name) 

(ColfC)ally) 

0 
u. 
0 
It 

r---------------------~ ~ 
~ CONCENTRATIQ.ISJCOMMENTS 

\ 

(Date) (Printed Name) I !Date) 

Ogden Bioassay Lab Log-in No. 

DISTRIBUTION: WHITE, CANARY .. Ogden31oassay -Originator 
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....... 

Environmental Investigations 
Standard Operating Procedures 

and · 
. Quality Asslirance Manual 

'• .. . . '... . ... .. ~ .. ....... 

. ' .. -./·~,\i£0 sr-47~ . '- '\)\~' . . . '-'&- ·, 

. . . . -. . .. .. . . ... · . 

May 1996 
**Includes 1997 Revisions** 

.\ .. 
·, 

. U.~s. Environmental Protection Agency 
.•. R~gion4 

'980 College Station Road . 
. .._A~ens, Georgia 30605-2720 

'**(706) 355-8603** 
'! 

., 
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PARADIGM ANALYTICAL LABORATORIES, INC. 
2627 Northchase Parkway S.E. 

August 25, 2000 

Mr. Greg Kuntz 
Schnabel Engineering 
104 Corporate Blvd # 420 
West Columbia, SC 2916~ 

Dear Greg: 

Wilmington, North Carolina 28405 
- (910) 350-1903 
Fax (910) 350-1557 

We are pleased to announce that Paradigm Analytical Laboratories, Inc. (which is considered a 
small business laboratory for government procurements), capabilities now include testing 
dioxins andfurans, as well as PCB congeners. In conjunction with our organic and inorganic 
testing of water and soil samples, we analyze samples for polychlorinated dibenzo-p-dioxins and 
dibenzofurans, (dioxinlfuran) in water, soil, and air matrices. (We are now validated by the US 
Army corps of engineers, and certified by a number of states including North Carolina, Virginia, 

-New YorA; Connecticut, Kentucky, and Arkansas.) We offer "modified" test method EPA # 1668 
for Polychlorinated Biphenyls (PCBs). 

Due to the new environmental regulation changes, you may have the need for testing for 
dioxins/furans by SW 846 methods # 8280, 8290 or 1613, or PCBs by EPA # 1668. When this 
happens, please call us at 919-639-7303 so that we can explain how these new methods may 
affect your laboratory testing requirements. 

Again, we thank you for your continued interest in Paradigm and we look forward to speaking 
with you in the near future. 

Respectfully, 

Paradigm Analytical Laboratories, Inc. 

Matt Bums 

North Carolina Wastewater Certification #481 
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Qualifications & Experience 

Client References and Project Summaries 

Client: 

Contact:. 
Phone: 

Roy F. Weston 
West. Chester, Pennsylvania 
Sharon Nordstrom 
610-701-3948 

Project Sumniary: 

Analyses of over 500 sedim_ent, tissue, groundwater, and surface water samples for 
. dioxins andfurans analyzed by method SW 846 # 8290. Data was submitted to US Army 
Corps of Engineers and EPA Region II. .The laboratory provided analyses of large 
groups of samples in both hardcopy and electronic data formats in 21 calendar days. 

Client: 

Contact: 
Phone: .. 

· IT Corporation 
Hopkinton, Massachusetts 
Mike Quinlan. 
508-435-9561 

Project Summary:· 
. . 

Analyses of over 200 sediment, ·groundWater,. and surface water samples for dioxinS and 
furans analyzed by method SW 846 # 8290 obtained from a "high profile" site in New 
England Data was submitted to US Army Corps of Engineers and EPA Region 11 The 
laboratory provided analyses of large groups of samples in both hardcopy and electronic 
data formats in 21 calendar days, as well as 7 calendar day turnaround times. 

Client: 

Contact: 
Phone: 

DES CO 
Capital Heights, Maryland . 
Allan Feltzer, Ned Berg (project manager) 
301-499-1900 

Project Summary: 

Analyses of over 150 sediment, groundwater, and ambient air samples for dioxins and 
furans analyzed by method SW 846 # 8290 and method T 09-modified obtained from a 
"high profile" site in Virginia Data was submitted to US Army Corps of Engineers and 
EPA Region IV. The laboratory provided analyses of large groups of samples in both 
hardcopy in 21 calendar days, as well as 7 calendar day turnaround times. · 

• 

• 

• 



STANDARD ,. 
1. Finn Name/Business Address: 2. Year Present Finn 3. Date Prepared: 

FORM(SF) Established: 1994 January J, 1999 

254 .4. SpecifY type of ownership and check below, if applicable. 

Paradigm Analytical Laboratories 

Architect-Engineer 2627 Northchase Pkwy S.E. Private Corporation 

and Related Services Wilmington, North Carolina 28405 X A. SmaJJ Business 

Questionnaire B. Small Disadvantaged Business 
1a. Submittal is for 00 Parent Company D Branch or Subsidiary Office I C. Woman-owned Busmess 

5. Name of Parent Company, if any: Sa. Fonner Parent CompanyName(s), if any, and Year(s) Established: 

6. Names of not more than Two Principals to Contact: Title/Telephone: 

1) Frederick T. Doane, Chief Executive Officer (910) 350-1903 
2)Mark D. Randall, President (910) 350-1903 

7. Present Offices: 7a. Total Personnel 24 

Paradigm Analytical Laboratories, Inc. 
2627 Northchase Pl.."W)' SE 
Wilmington, North Caro!ina 28405 
910-350-/903 

8. Personnel by Discipline: (List each person only once, by primary function.) 

-- Administrative __ Elcctrical Engineers -- CXcanograph~ 16 l:bemists 
-- Architects Estimators · · Planucn · 1 Computer Systems 
__ Chenrical Engineers =Geologists = Sanitary Engineers 7 Administrative 
__ Civil Engineers __ Hydrologists _. _ Soils Engineers 
__ Construction Inspectors __ Interior Designers __ Specification Writers 
__ Draftsmen __ Landscape Arcllitects · __ . StruCiunll Engineers 

--Ecologists __ Mechanical Engineers __ Surveyors 

-- Economists __ Mining Engineers __ Transportation 

9. Summary of Professional Services Fees Last 5 Years (Most recent year first) Ranges of Professional Services Fees INDEX 
Received: (Insert index number) 1. Less than $100,000 

1998 1997 1996 1995 2. s1oo.ooo to s25o,ooo 
-. 3. $250,000 to $500,000 

Direct Federal contract work. including overseas 2 2 1 1 4. $500,000 to $1 million 
All other domestic work 2 2 3 S. $1 million to $2 million 
All other foreign work• n/a n/a n/a n/a 6. $2 million to $5 million 

7. $5 million to $10 million 
•Firms interested in foreign work, but without such experience, check here: D 8. $10 million or greater 

.·,-':·.··.·~·· ··'•.•- J • 

..... ;._.<1" 

STANDARD FORM 254 PAGE· 



• • • 
10. Profile ofFinn's Project Experience, Last 5 Years 

Profile Number of Total Gross Fees Profile Number of. Total Gross Fees Profile Number of Total Gross Fees 
Code Projects (in thousands) Code Projects (in thousands) Code Projects (in thousands) 

1) 201/20l 400 $900 11) 21) 
2) 12) 22) 
3) 13) 23) 
4) 14) 24) 
5) 15) 25) 
6) 16) 26) 
7) 17) 27) 
8) 18) 28) 
9) 19) 29). 
10) 20) 30) 

11. Project Examples, Last 5 Years 

Completion 

Profile "P","C" Cost of Work Date ( Actual 

Code "N", or"IE" Project Name and Location Owner Name and Address (in thousands) or estimated) 

1 
201 c CERCLASite US EPN Environmental Consulant 100 1999 

Wilmington, NC Atlanta, GA 
2 

201 c CERCLASite Environmental Consultant 500 1997 
Wilmington, NC Philadelphia, PA 

3 
201 c CERCLASite Environmental Consultant 60 1998 

Charlotte, NC Charlotte, NC 
4 

201 c NC CERCLA Site Environmental Consultant so 1998 
Charlotte, NC Durham, NC 

5 
:-

201 c NC RCRA site assesment Environmental Consultant 65 1998 
Research Triangle Park, NC Charlotte, NC 

6 
201 c NC environmental site assesment Environmental Consultant 65 1998 

Research Triangle Park, NC - Charlotte, NC 
7 

201 c RCRASite Environmental Consultant 50 1997 
Abitibi, Indiana Raleigh, NC 

:n 'FORM Z54 PAGe ll I~"""V. 11~11ZJ 



8 -· 

201 c US Army Corps Environmental Consultant 25 1999 
Wilmington, NC . Wilmington, NC 

9 
201 c US Air Force US Air Force 30 1997-1999 

' Goldsboro, NC Goldsboro, NC 
10 

201 c US Army Corps Environmental Consultant 15 1998 
Fayetteville, NC Raleigh,NC 

11 

201 c US Marine facility Environmental Consultant 70 1998-99 
Camp LeJeune, NC Charlotte, NC 

12 
20! c Site investigation Environmental Consultant 20 1998 

Cherry Point, NC Wilmington, NC 
. 

13 
201 c Site investigation US Marine Facility Environmental Consultant 50 1996 

Cherry Point, NC Raleigh, NC 

14 
20-! c Site investigation US Army Corps Facility Environmental Consultant 5 1996 

Ft. Fischer, NC Durham,NC 

15 
201 c Site investigation US Army Corps Facility Environmental Consultant 10 1996 

Cherry Point, NC Durham,NC 

16 
201 c Site investigation US Army Corps Facility Environmental Consultant 40 1997 

Ft Collins, CO Raleigh,NC 

17 
201 c Site investigation US Army Corps Facility Environmental Consultant 10 1996 

Cherry Point, NC Durham,NC 

18 
201 c Site investigation US National Guard Facilities Environmental Consultant 60 1996 

Varioius sites, NC Charlotte, NC 

19 
201 c Site investigations NC Dept ofTransportation Environmental Consultant 30 1996 

Varioius sites, NC RaleighNC 

~--·· STANDARD FORM 254 PAGE 6 .) 



• 20 
201 c Groundwater monitoring analyses Facilities Environmental Consultant 20 1996 

Green.,uv.v, NC Gr 
_,_ 

NC 

21 
201 c Groundwater monitoring analyses Facilities Environmental Consultant 20 1996 

Robbins AFB, GA. Ralei~h. NC 

22 

201 c Hazardous waste site investigation Environmental Consultant 30 1999 
US Militarv F~~mtv Arkansas Ralei~h. NC 

23 
201 c Hazardous waste site investigation Environmental Consultant IS 1998 

US Military Facility, Cuba Ct. ......... ~, NC 

24 
201 c Analyses of soil & water samples Environmental Consultant IS 1998 

FortB~g!NC (UST ·.., ...... 11 ...... s) R~lPinh NC 

25 
201 c Analyses of soil & water samples Environmental Consultant 35 1997 

Goldsboro. NC (RCRA site) Fairfax, VA 

26 
201 c Analyses of soil samples for haz waste .................. ~~: .... Environmental Consultant 35 1999 

Charleston, SC (RCRAsite) R~t,.inh NC 

27 . 
201 c Analyses of soil samples Environmental Consultant 40 1999 

US Military Base, PA (RCRAsite) 'l.fft, ul<>n-4 ...... , ....... 
28 

201 c Analyses of soil samples (Dredge Spoils) Environmental Consultant 10 1998 
US Army Corps S"v"11a11, GA project Chari~Ma, SC 

29 
201 c Analyses of soil samples (Phase II site ha· .. .. ' - Environmental Consultant 25 1998 

c. ·" GA . Rlft'- ,.~VA 

30 I 
201 c Analyses of soil samples (Phase II site i;,. - ... l) Environmental Consultant 20 1998 

South Carolina t:11 _, NC 

12. The foregoing is a statement of facts Date: 
Matthew Bums January 1, 1999 

Signature: 'JYped Name and Title: Sales Manager 

STANDARD FORM 264 PAGE 7 11·92) 
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PARADIGM ANALYTICAL LABORATORIES, INC . 

. I 
i 

Paradigm Analytical Laboratories 
List of Certifications 

Ultra-Trace Analysis 

US Army Corps of Engineers 
Dioxins and Furans 
Methods: 

1613Water 
· 8290Water 
8290 Solids 

Expires February 9, 2002 

State of Arkansas 
Dioxin!Furans 
Expires May 11, 2001 

State of Connecticut 
Potable Water for Dioxin 
Certification Number: PH-0258 
Expires December 31, 2001 

State of Georgia 
Drinking Water 
Dioxin 
Certification Number: 946 . 
Expires December 31,2000 

Commonwealth of Kentucky 
Dioxin by HRGCIMS 
2378-TCDD 
Laboratory Identification Number: 90120 
Expires December 31, 2000 

State of New Jersey · 
PCDDIPCDF (Dioxins!Furans) 
Method: 

8290 
Laboratory Identification Number. 67100 
Expires June 30, 2000 

State of New York 
Non-potable Water 
Dioxins (all) 
Certification Number: 036423 
Potable Water 
2378-TCDD 
Certification Number: 036424 
Expires June 30, 2000 

State of North Carolina 
Drinking Water 
2378-TCDD 
Method: 
. 1613 
Laboratory Identification Number: 37776 
Expires December 31,2000 

State of South Carolina 
Hazardous Waste 
Method: 

8290' 
Certification Number: 99029002 
Expires December 31, 2000 

Commonwealth of Virginia 
Drinking Water 
2378-TCDD 
Laboratory Identification Number. 00235 
Expires June 30, 2001 

. State of West Virginia 
Dioxin/Furan 

. Methods: 
8280A 
8290 
1613 

Certification Number. 293 
Expires December 31, 2000 

Last updated: 06/09/00 12:03 PM 
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DEPARTMENT OF THE ARMY 
CORPS OF ENGINEERS, OMAHA DISTRICT 

HTRW CENTER OF EXPERTISE 

REPI.YlO 
AllENTION OF 

12565 WEST CENTER ROAD 
OMAHA. NEBRASKA 68144-3869 

February 11, 2000 

Hazardous, Toxic and Radioactive Waste 
Center of Expertise 

Paradigm Analytical Laboratories, Inc. 
2627 Northchase Parkway S.E. 
Wilmington, NC 28405 

Gentlemen: 

This correspondence addresses the recent evaluation of 
Paradigm Analytical Laboratories, .Inc .. of Wilmington, NC by the 
u.s. Army Corps·of Engineers (USACE) Hazardous, Toxic, and 
Radioactive Waste Center of Expertise '(HTRW CX) for performing 
dioxin and furan analyses. Specifically evaluated were the 
following parameters: 

METHOD 
1613 
8290" 
8290 

PARAMETERS· 
Dioxins/Furans 
Dioxins/Furans 
Dioxins/Furans 

MATRIX 
Wate~ 

Water 
. Solids 

Evaluation of your laboratory for the analytical capabilities 
was based on the documents you submitted, which include Statement 
of Qualifications, Quality Assurance Program Pl~n, Standard 
Operating Procedures for Method 8290 and Method 1613 and state 
certifications. · 

The ·expiration date of validation is February 9, 2002. It 
should be noted that this office reserves the right to suspend 
acceptance status at any time if technical performance is found. 
to be deficient. 

• 

• 

• 
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Any questions or comments can be directed to Jim Cheney at 
(402) 697-2565. General questions regarding laboratory 
validation may be directed to the Laboratory Validation 
Coordinator at (402) 697-2574. 

Sincerely, 

;>--....n/J~~ 

t 
Marcia c. 
Director, 

· Toxic and 
Center of 

~· :J.· 
D es, Ph.D. 
U E Hazardous, 
Radioactive Waste 
Expertise 
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~hrh nf ~ .efn_ W.ers.e11 
Christine Todd Whitman. 
Gove~o~ · 

Department of Environmental Protection 
Office of Quality Assurance 

· P. 0;Box424 . 

Robert C. Shinn,. Jr. 
Commissioner . 

9 Ewing Street - 2nd Floor 
Trenton. NJ 08625 

Telephone: (609)292-3950 
Facsimile: (609)777-1774 

PARADIGM ANALYTICAL LABORATORY 
26'ZT NORTHCHASE PKWY S.E. 
WILMINGTON, NC 28405 

JAN 10 (rOO 

Attn: OR. YVES TONDEUR 
lab ID t# 67100 

.. Dear Laboratory Manager: 

A Certificate and an Annual Certified Parameter List (ACPL) that reflects the 
current status of your facility are enclosed. If there are any discrepancies, please contact 
your Laboratory Certification Officer to verify infonnation and make arrangements for a 
Iiew ACPL. Effective with the receipt of this letter, your facility,s certification status is 
valid through June 30, 2000. Both the ACPL and Certificate should be conspicuously 
displayed at your facility in a location on the premises that is visible to the public. 

~ . . . . . 

As always: we ~re a~ailable to discuss any comments or questions. Please· do not 
hesitate to eontact your labor:atocy certification officer or me. 

Enclosure(s) 

. \ 

. ( 

New Jer:;ey js an Equal Opportunity Employer 
Recycled Paper 

. 
.. 

••• 
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. f))S1P $!1Jt'Ui/J£~<1Jf. (}) y 
£~~~~co~gvJ£~rt)fiJ.J:,. !P1ltl~.BC'1fl0~ 

Ceritjies fJ!iat. .· 

PARADIGMANALYTICALLABORATORY 
(Laboratory Name) 

. . 67100 . 
(Laboratory lD. Number) 

. . 
Regulations Governing The Certification Of 

Laboratories And Environmental Measurements N.J.A.C. 7:18 et.seq. . . 

is lfereby appro'{}etf as a 

·s~te Cert~ed Environmental Laboratory .. ·~. = . 

... 
. fJO petform tne aw#Jses i1s intficatetf on ~.flmtttaf Certijlet!Par~i£r .Cist · .... · 

. . . . '• 

w~ 1l1tiSt 11CCtJ!ft}'an_y tJiis ceittjlcate to fe '{}a/itf ~. 

Expiration Date: June 30,2000 · 

Joseph F. Aiello, Chief 
Office of Quality Assurance 

. . 

..· 

THIS CEimFICATB IS TO BE CONSPICUOUSLY DISPLAYED ATTHB LABORATORY WlTH THBANNUALCERTIFIED PARAMBTBR LIST IN A LOCATION ONTHB PREMISES VISIBLE TO THB PUBUC . . 



Status Coda 

A SDW06.0700 
c SHW05.0100 
c · SHW05.0300 
c SHW05.0420 

.c SHWOB.0100 

Page 1 

• 

Parameter 

2,3,7,8 TCDD (DIOXIN) 
SEMIVOLATILE ORGANICS 
SEMIVOLATILE ORGANICS 
SEMIVOLATILE ORGANICS . 

l'tttW oJttr:it=y IJttfJtll UIIUII L,• ':·"·· I;; II Y II VIlli n:H naa a· I VI.V"fi.IVII 

Environmental Labor{_:,;: j Certification Program 
Annual Certified Parame.ter List- and Current Status 

PARADIGM ANALYTICAL LABORATORY 
2627 NORTHCHASE PKWY S.E. 

WILMINGTON, NC 28405 
LablD 67100 

Effective Date: 01/06/99 Expiration Date: 06/30/00 

EPA ASTM SM18 USGS 
16138 

PCDDs & PCDFs (DIOXINS AND FURANS) 

. SW846 

3510C, REV3,12196 

3540C, REV 3, 12196 

3545, REV 0, 12196 · 

8290, REV 0, 9194 

Key: A Applied, C Certified, D Dropped by Lab, S ·Suspended, T Temporary Certification 

• 

...-..... 

·.Other 

• 
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•til STATE OF NEW YORK 
- DEPARTMENT OF HEALTH 

.adswo~h Center . The Governor Nelson~- Rockefeller Empire State Plaza 

. Antonia C. Novello, M.D., M.P.H. 

P.O. Box 509 Albany, New York 12201.0509 

Dennis P. Whalen 
Commissioner · Executive Deputy Commissioner 

DEAR LABORATORY DIRECTOR: 

Enclosed are the amended ELAP Certificate(s) of Approval for permit year 1999-2000 
.issued to your environmental laboratory. The Certificate(s) supersede any previously 
issued and are in effect through March 31, 2000. Please careftllly examine the 
Certificate(s) to insure that the categories, subcategories and arialytes for which your 
laboratory is approved are listed co'rrectly, as well as verifying your laboratory's name, 
address, directorand identification number. · 

In addition, please destroy your expired 1998-99 ELAP Certificate(s) of Approval. 

(·(·:·:_·::·_. Please notify this .office of any.corrections required. We may be.reached at (518) 485-
5570. . 

•• 

LLM:mes 
Enclosure(s) 

Sincerely, . 

. ._;; ~- )/) . . 

~ ~· . ~~~ 
Linda L Madlin 
Administrative Assistant 
Environmenta! laboratory 

Approval Program 

NYSDOH -WADSWORTH CENTER- ELAP- PO BOX 509- ALBANY NY 12201-0509 
Phone: 518-485-5570 www.wadsworth.org/labcert Fax: 518-485-5568 



NEW YORK STATE DEPARTMENT OF HEALTH 

ANTONIA C. Commissioner 

Expires 1.2:01. AH April 1, 2000 
ISSUED Aprll 1, 1999 
REVISED December 17, 1999 

INTERIM CERTIFICATE OF APPROVAL FOR LABORATORY SERVICE 

Issued in accordance with and pursuant to section 502 Public Health Law of New York State 

Lab ID No.: 11685 Director: HS. MARTHA IIAIER 
Lab Name: PARADIGM ANALYT.I'CAL LABORATORIES INC 
Address : 2627 NORTHCHASE PKNY SE 

WIIJfiNGTON NC 28405 

is hereby APPROVED as an Environmental Laboratory ~or the category 

ENVIRONMENTAL ANALYSES/ POTABLE WA7ER 

All approved subcategories and/or analytes are listed below: 

r. Hlscellaneous : 
2,3,1,8-Tetracblarodlbenzo-p-dl 

<. 

Serial No.: 036424 
Property o£ the New York State Department o£ Health. Valid only at the address shown. 

ut he conspicuously posted. Valid certificate has a red serial number. 

DOH-3317 (3195) 

Wadsworth Center 

• 

• 

• 
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NORTH CAROLINA DEPARTMENT OF 
ENVIRONMENT AND NATURAL. RESOURCES 

DIVISION OF WATER QUALITY 

January 3, 1999 

Mr. Mark Randall 
. Paradigm Analytical Laboratories, Inc. 
2627 Northchase Parkway SE 
Wilmington, NC 28405 · 

SUBJECT: Wastewater/Groundwater Laboratory Certification Renewal 

Dear Mr. Randall: 

The Department of Environment and Natural Resources, in accordance with the 
provisions of NC GS 143-215-.3 (a) (10), 15 NCAC 2H :0800, is pleased to renew 
certification for your laboratory to perform specified. environmental analyses 
required by EMC monitoring and reporting regulations 15 NCAC 28 .0500, 2H 
.0900 and 2L .01 00, .0200, .0300, and 2N .0100 through .0800. · 

. Enclosed for your use is a certificate describing the requirements and limits of 
your certification. Please .review this certificate to insure that your laboratory is 
certified for all parameters required to properly meet your certification needs. 

Please contact us at 919-733-3908 if you have questions or need additional 
information. · 

Sincerely, 

-~e~ 
Bernard E. Sims, Ph.D. 7?ef( 
Chief, Laboratory Section 

Enclosure 

cc: James W. Meyer 
Norman L. Good 
Dana B. Satterwhite 

LABORATORY SECTION 
1623 MAIL SERVICE CENTER, RALEICH, NOftTH CAROLINA 271199·1623 

LoCATI.OHI 4405.REEDY CftEEK ROII.D0 RALEIGH, NORTH CAROLINA 27607•84415 

PHONE 919·733·3908 FAX DID·733·6241 
AN EQUAL OPP.ORTUNITY I AI'I'IRMATIVI: ACTION EMPLOYER • BO% RECYCLECI/10% POST-<:ONSUMI!R PAPER 

:·. 
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--------------------------------- ---------------------------------

Certificate No. 481 

·.··· ... ~-

• 

STATE OF NORTH CAROUNA DEPARTMENT OF THE 
ENVIRONMENT AND NATURAL RESOURCES 

DIVISION OF WATER QUALITY 
LABORATORY CERTIFICATION PROGRAM 

In accordance with the provisions of N.C.G.S. 143·215.3 (a) (1), 143·215.3 (a)(10) and NCAC 2H.OBOO: 

PARADIGM ANALYTICAL LABORATORIES, INC. 
Is hereby certified to perfonn environmental analysis as Dsled on Atlachment I and report monitoring dala to DWQ for 

compliance with NPDES effluent, surface water. groundwater. and pretreatment regulations. 

By reference 15A NCAC 2H .0800 Is made a part of this certificate. 

This certificate does not guarantee validity of data generated, but Indicates the methodology. equipmen~ quanty control procedllf9s, 
records, and proficiency of the laboratory have been examined and found to be acceptable. 

This certificate shafl be vaUd until December 31, 2002 

. ~··: •• • 
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Attachment I 
North Carolina Wastewater/Groundwater Laboratory Certification 

Certified Parameters Ustlng 

Paradigm Analytical Laboratories, Inc. 
2627 Northchase Parkway SE 
Wilmington, NC 28405 

Certificate Number: 
Effective Date: 
Expiration Date: 
Date of last Amendment 

481 
01/01/2000 
12131/2002 
01/01/2000 

he above named laboratory, having duly metlhe requirements of 15A NCAC 2H.0800,1s hereby certified forlhe measurement oflhe parameters Usted below. 

CERnFIED PARAMETERS 

PURGEABLE HALOCARBON$. VOLAnLES (VPH) 
NORGANIC EPA601 
.1ETALS I, REGULAR LEVEL STANDARD METHODS 6230D 
ALUMINUM 

EPA5030+8010 
ARSENIC 

EPA 5030 + 8021 
BERYLLIUM 

PURGEABLE AROMATICS 
CADMIUM EPA602 
CHROMIUM, TOTAL STANDARD METHODS 6230D 
COBALT EPA 5030 + 8020 
COPPER EPA 5030 + 8021 
IRON ORGANIC PHENOLS 
LEAD EPA604 
MANGANESE EPA 8040 + 3500 SERIES 
NICKEL ORGANOCHLORINE PESTICIDES & PCBs 
SELENIUM EPA608 
VANADIUM PHTHALATE ESTERS 
ZINC EPA606 
~ETALS II, REGULAR LEVEL EPA 8060 + 3500 SERIES 
ANTIMONY ORGANOCHLORINE PESTICIDES & PCBs 
SILVER EPA 8080 + 3500 SERIES 
~····uuM ORGANOCHLORINE PESTICIDES 1·"-.: 

\1 ·. 3 I, LOW LEVEL EPA 8081A + 3500 SERIES 
1 
.. NUM POLYCHLORINATED BIPHENYLS (PCB'S) 
· NIC · EPA 8082 + 3500 SERIES 
BERYLLIUM POLYNUCLEAR AROMATICS 
CADMIUM HYDROCARBONS 

CHROMIUM, TOTAL EPA610 

·COBALT EPA 8100 + 3500 SERIES 

COPPER PURGEABLE ORGANICS 

IRON EPA624 

LEAD STANDARD METHODS 6210D 

MANGANESE· EPA 5030 + 8240 

NICKEL EPA 5030 + 8260 

SELENIUM BASE NEUTRAUACID ORGANICS 

VANADIUM EPA625 

ZINC EPA 8250 + 3500 SERIES 

METALS II, LOW LEVEL EPA 8270 + 3500 SERIES 

ANTIMONY CHLORINATED ACID HERBICIDES 

SILVER STANDARD METHODS 5098 

THALLIUM EPA 8150 + 3500 SERIES 

BARIUM TOTAL PETROLEUM HYDROCARBONS 

MERCURY 
(TPH) CALIFORNIA METHOD 

GASOLINE RANGE 
OIL & GREASE- EPA 9071 DIESEL RANGE 
pH 1,2, OIBROMOETHANE (EOB) 
TCLP EPA504.1 

METALS PETROLEUM HYDROCARBONS RBCA 
ORGANICS METHODS 

CY ~IC 
EXTRACTABLE$ (EPH) 

•

cation requires maintance of an acceptable quality assurance program. use or approved methodology, and satisfactory performance on evaluation samples. Laboratories 
.t to civil penalties and/or decertification for lnfracUons as set forth In 15A NCAC 2H.OS07, . . . . _ . . .. 
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NORTH CAROLINA DEPARTMENT OF 
ENVIRONMENT AND NATURAL. RESOURCES 

DIVISION OF WATER QUALITY 

December 28, 1999 

Mr. Mark Randall 
Paradiom Analvtlcal Laboratories. Inc. 
·2627 Northchase Parkway SE 
Wilmington, NC 28405 

SUBJECT: Additional Parameter Certification 
METALS I, REGULAR LEVEL ARSENIC 
METALS I, REGULAR LEVEL BERYLLIUM 
METALS I, REGULAR LEVEL CADMIUM · 
METALS I, REGULAR LEVEL CHROMIUM, TOTAL· 
METALSI,REGULARLEVELLEAD 
METALS I, REGULAR LEVEL SELENIUM 
METALS II, REGULAR LEVEL SILVER 
METALS I, LOW LEVEL ALUMINUM 
METALS I,.LOW LEVEL COPPER 
METALS I, LOW LEVEL MANGANESE 
METALS I, LOW LEVEL VANADIUM 
METALS I, LOW LEVEL ZINC 

. 1,2, DIBROMOETHANE (EDB) EPA 504.1 

Dear Mr. Randall: . 

The. Department of Environment and Natural Resources, in accordance with the 
provisions of 15A NCAC 2H .0800, is pieased to certify your laboratory to perform 
additional analytical parameter(s). This change to your certification is effective 

. January 1; 2000. · 

Enclosed is an amended certificate that includes the new parameter(s). The same 
requirements applying to your present certification are applicable to the new 
parameter addition(s). Please review this certificate to Insure that your laboratory Is 
certified for all parameters required to properly meet your certification needs. 

Contact us at (919) 733-3908 if you have questions or need additional Information. 

BES:des 

Enclosure 

cc James W. Meyer 
Norman L. Good 

Sincerely, 

~~E.~ .· 
Bernard E. Sims, Ph.D. 1?t!/( 
Chief, Laboratory Section · 

LABORATORY SECTION 

1623 MAIL SERVICE CENTII!:It1 RALI!:IGH, NOI'tTH CAitOLINA 27899•1823 
LOCATION: 440:1 REIEDY CREEK RoAD, RALEIOH1 NORTH CAftOLINA 27607·6445 

PHONE 91 9·733·3908 FAX Sal 9·733·6241 
AN EqUAL OPPORTUNITY I AFFIRMATIVE ACTION EMPLOYER • SO% RECYCLED/I 0% POST-cONSUMER PAPER 

·-

., 

,i, .•. .. 



NORTH .CAROL.JNA DEPARTMENT OF 
ENVIRONMENT AND NATURAL. RESOURCES 

481 
Mr. Mark Randall 
ParadiQm Analytical Laboratories, Inc. 
2627 Northchase Parkway SE 
Wilmington, NC 28405 

DIVISION OF WA1'ER QUALITY 

December 28, 1999 

SUBJECT: Deleting Parameter{s) from Certificate 

1,2, DIBROMOETHANE (EDB) EPA 504 

Dear Mr. Randall: 

Per your request we are deleting the above parameters from your certificate. 
Enclosed Is an updated certificate reflecting this change which Is effective on 
January 1, 2000. · 

If you have questions or we can be of any further assistance, please contact us at 
(919) 733 3908 .. 

BES:des 

Sincerely, 

~R~~· 
Bernard E. Sims, Ph.D. f<i!.K 
Chief, Laboratory Section 

Enclosure 

cc James W. ·Meyer 
Norman L. Good 
Dana E. Satterwhite 

LABORATORY SECTION 
· 1823 MAIL SERVICE CENTER, RALEIGH, NORTH CAROLINA 27699-1623 

LocATION: 4405 REEDY CREEK ROAD, RALEIGH, NORTH CAROLINA 27607•6445 
PHONE 919•733•3901! FAX 919•733-6241 

AN EqUAL OP'~RTUNITY I AP'I"IRMATIVE ACTION EMI"LOYER • SO% RECVCLED/10% P'OST•CONSUMI<ft P'APER 

·' 



Attachment I 

WEST vntGINIADIVISION OF ENVIRONMENTAL PROTECTION 
OFFICE OF WATER RESOURCES 

ANNUAL CERTIFIED PARAMETER LIST 

for 

PARADIGM ANALYTICAL LABORATORIES, INC. 
WJ.lmington, North Carolina 

PARAMETERS CERTIFIED 

MEIALS(CYANGFAA/ICP): Aluminum, ~timony, Arsenic, Barium, Beryllium, Cadmium, Calcium, 
Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Mercury, Molybdenum, Nicke~ Potassium, 
Selenium, Silver, Sodium, Thallium, Zinc*** · 

GC and GCJM:S: Purgeable Halocarbons[EP A 601], Purgeable Aromatics[EP A 602], Halogenated and Aromatic 
Volatiles[8021B], Organochlorine Pesticides[8081A], Polychlorinated Biphenyls(PCB)[8082], Clorinated 
Herbicides[SlSIA], Volatile Organic Compounds[EPA 624/8260B], Semivolatile Organic Compounds[EPA 
625/8270C], Total Petrol~um Hydrocarbo~s[8015B]*** 

.· ('HAMCTERISTICS: Corrosivity[9045C], Pamt Filter Liquids Test[9095A]***. 
··.·.-·.,-_,· . 

.. , iffiaerrY: Toxicity Characteristic Leaching Procedure(TCLP)[1311]*** 
. . . . . ·, 

DIOXINIFURAN: Polychlorinated dibenzo~p-dioxins and dibenzofurans(PCDD/Fs )[8280A/8290/1613'] * * * 
• This certification does not include drinking water analysis. · · 

This laboratory may test ONLY for those environmental parameters listed above for compliance reporting 
purposes. All testing must be by the test method cited in the current application for certification. · 

This Certification Expires: December 31, 2000 

~j-~. 
Daniel T .. Arnold 

Quality Assurance Officer 

December 28, 1999 

Certificate No. 293 
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1.0 Introduction 

The purpose of this Quality Assurance Plan is to inform our customers of the quality 
assurance aspects and procedures followed by the laboratory when conducting ultra-trace 
analyses. It describes the procedures that are in place to ensure that all data conform to . 
specific requirements for accuracy, precision, and completeness. These procedures 
described herein are . incorporated into all analyses performed by the Ultra-Trace 
Analyses Group, safeguarding sample integrity as well as the reliability and defensibility 
of the information produced. In addition, client-specific quality control measures may be 
added to satisfy individual client's needs. 

----------------------- Dme: ______ __ 
Greg Dickinson 
QAManager 

___________________ Dme: ______ __ 
Mark Randall 
President 

~----~~------ · Dme: _. ______ _ 
Martha Maier 
Senior Chemist 

Print Date: 01/26100 
Revision Date: 08 DEC 99 
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2.0 Laboratory Organization 

Laboratozy Address: 

Company Officials: 

Paradigm Analytical Laboratories, Inc. 
2627 Northchase Pkwy S.E. 

Wilmington, NC 28405 
Ph.:.910-350-2839 
Fax: 910-350-1557 

Frederick Doane 
Chief Executive Officer 

Ph.: 910-350-2839 
Fax: 910-350-1557 

Mark Randall 
President 

Ph.: 910-350-1903 
Fax: 910-350-1557 

Organizational Structure: . 

Paradigm Analytical Laboratories is a privately owned corporation that specializes in 
providing analytical services based upon the most advanced technologies available. 
· Clients include state and federal agencies, and the incineration, chemical, and pulp· & 
paper industries. The laboratory also offers assistance to environmental engineering 
firms who service these industries in support of their conipliance provisions. Our goal is 
to provide our customers with exceptional products and services while staying apprised 
of the most advanced technologies, and to be sensitive to our customer's evolving needs. 

The organizational structure for the Ultra-Trace Analyses Section of Paradigm is 
shown in Figure 1. 

. . . 
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Michael R. 
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Figure 1. 

Heather Keen 
HRIMS Chemist 

Paradigm Analytical Laboratories, Inc., Ultra-Trace Analyses 
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Duties of Laboratory Personnel 

1. Laboratory Director: administers the operations of the laboratory including the 
scheduling and reporting of analytical results. The manager or designee signs the 
analytical data reports. The manager is responsible for ensuring that laboaratory 
personnel are qualified. The manager is available for consultations with the 
laboratory staff and the customers. In his/her absence, a substitute is identified. 

2. Quality Assurance Manager: ensures that the laboratory follows the quality control 
procedures described herein, including the ones required by the various certification 
programs that the laboratory participates in. 

3. Laboratory Supervisor: monitors the perfonnance of the technical personnel 
conducting the analyses, and oversees the peifonnance of all laboratory procedures, 
analyses, and quality assurance . 
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3.0 

3.1 

Quality Assurance 

Quality Assessment 

3.1.1 Initial Precision & Recovery 

For a· given analytical methodology and matrix, the laboratory performs a 
demonstration of initial performance. This is accomplished using a set of four 
replicate samples fortified with the group of seventeen 2,3,7,8-substituted 
PCDD/Fs at levels corresponding to the methodology's limit of quantitation 
(e.g., 1 ppt for 2,3,7,8-TCDD in soil by Method 8290). Satisfactory 
perfonnance requires: 

3.1.1.1 Recoveries of the isotopically-labeled extraction standards to fall 
within the 40 (15 for OCDD) to 130 percent range for the tetra
through heptachlorinated congeners 

3.1.1.2 Recoveries (accuracy) of the unlabeled compounds should be 100 
± 35 percent when spiked at the method quantitation limit and± 30 
percent when spiked at 20 times the method quantitation limit 

3.1.1.3 Relative standard deviation (RSD) of the unlabeled analyte 
concentrations should be within 30 percent when spiked at the 
method quantitation limit. 

3.1.2 On-Going Precision & Recovery (OPR) 

In addition to the initial demonstration of system's performance, an On-Going 
. Precision and Recovery (accuracy) sample is processed daily for batche~ of 

samples of a given matrix and for a given core methodology. The OPR is 
fortified with the collection of seventeen 2,3, 7,8-substituted PCDD/Fs at levels 
corresponding to 20 times the core method's quantitation limit. Acceptable 
performance is determined as discussed in Section 3.1.1. ~ 

3.1.3 Determination ofMethod Detection Limits 

For each core method and on an annual basis, or whenever modifications are 
brought to the original methodology, the laboratory shall determine the 
method's detection limit. The MDL is calculated following the analysis of 
seven replicate samples fortified at levels within a factor of five from the 
measured MDL ( 40 CFR Part 136, Appendix B; EPA Test Methods EPA-600/4-
82-057). This data is for information only and is not used during the reporting 
of actual samples' results. 
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3 .1.4 Detection Limits 

The sample summary datasheet displays the concentration of the detected 
analytes as well as the sample-specific detection limit for each of the undetected 
17 2,3,7,8-substituted congeners. The detection limit is obtained for each~ 
analyte using the noise level from the· two ions monitored and a minimum 
signal-to-noise for the ions of2.5. 

3.1.5 Isotopically Labeled Standards 

All procedures intended for the determination of PCDD/Fs call for the use of a 
series of labeled PCDD/F congeners. The function of these labeled compounds 
is to monitor the extraction and fractionation efficiencies as well as perform the 
qualitative and quantitative characterization of the analytes of interest. Paradigm 
Analytical Labs uses labeled compounds with the highest level of purity that can 
be obtained from commercial sources. Records pertaining to the acquisition and 
preparation of the standards are kept inside a dedicated, page-numbered logbook. 
Information such as the manufacturer's name, lot number, date received, percent 
purity, name of the chemical or mixture of chemicals, concentrations and 
manufacturer's QC data is recorded. 

3.1.6. Measurement ofRecoveries 

Through the use of labeled PCDD/Fs, recoveries of the extraction and cleanup · 
standards are reported for each sample. The target analytes' concentrations are 
reported "recovery· corrected", ie., there is no need to adjust the analyte 
concentrations for the reported recoveries. See Table 2 for acceptable recovery 
limits. 

Accurate measurements (well above 90 percent) are still possible whenever the 
recoveries fall below the recommended limits provided the following three 
conditions are met: 

a) For situations where the recoveries of the extraction/cleanup standards. 
range from 25 (17 for OCDD) to 39 percent for all PCDD/F congener 
groups, 

b) The signal-to-noise ratio of the detected unlabeled target analytes and 
labeled standards is 2:10:1, 

c) The detection limit for the non-detected target analytes remains within 
a factor of three from the MDL. 

Note: When the recoveries of the extraction/cleanup standards are below 25 
percent (17 for OCDD), rejection of the data by the chemist is assessed 
on a case-by-case basis . 
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For samples obtained from stationary sources of combustion or ambient air, the 
laboratory reports the percent recoveries of a group of five sampling standards, 
which were introduced inside the sampling device before the sampling event. 
The. function of the sampling standards is to monitor the sampling efficiency 
and sample storage conditions. Acceptable recoveries for the sampling 
standards are from 70 to 130 percent. 

3.1.7 Quality Control Samples . 

· · · One laboratory method blank ·(LNIB) sample is· processed with every batch of 
20 or fewer samples. The LMB is obtained following the same steps used to 
process field samples with the exception of the actual matrix. Generally, soil is 
replaced by salt, eflluent by DI water, Method 23 resin by XAD-2 resin from 
the same batch used to prepare the air sampling modules sent to the field, and 
biological tissues by vegetable oil 

Acceptable method blank shows: 

.. 

a) Recoveries of the extraction standards within the specification of the 
method, 

b) Detection limits that are within a factor of five from the MDL, and 

c) No target analytes at concentrations exceeding the lower method 
Calibration Limit (or Minimum Level for Method 1613) or 10% of the 
sample result, whichever is greater .. 

An invalid LMB requires are-extraction of the associated samples. 

3.1.8 Performance Evaluation Samples 

Performance evaluation samples are ·generally submitted with compliance 
samples (e.g., Method 23) or as part of a certification process (e.g., SDWA 
Method 1613).-SRM samples are analyzed upon request (tissue, soil, salt water). 

3.1.9 Statistical Analysis Tools & Control Charts 

Quality control charts are designed to detect trends and deviations from normal 
performance. A variety of charts are developed and analyzed on a regular basis 
to ensure adequate system performance. Whenever possible, lower and upper 
control and warning limits are defined to help with the management of the 
laboratory operations. Such information can be reviewed as part of a 
laboratory audit. 

. ~ . 
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3.1.10 Participation in inter-lab and intra-lab studies 

It is the policy ofParadigm Analytical Labs to participate in inter-lab and intra
lab studies with clearly defmed and functional objectives. 

3.2 Quality Control 

3.2.1 Educationffraining 

Qualifications of the staff are a key element of acceptable laboratory 
performance. Training begins with an overview of the laboratory operations 
with an emphasis on the interdependencies between the various functions and 
their role in providing a quality product or service. Training also covers the QA 
Program, and encourages a discussiop. of the standard operating procedures. 
The classes are followed by a hands-on approach with experienced and senior 
chemists. All training is documented in the employees' Training Record. 

3.2.2 Standard Operating Procedures 

Standard operating procedures (SOPs) delineate key steps of the laboratory 
processes. SOPs are categorized and codified as shown in Figure 3. Updated 

·versions are implemented via LIMS control and the old version archived (both 
electronically and hardcopy). 

3.2.3 Instrument Calibration & Instrument Performance 

Instrumentation performance is verified and documented every 12 hours during 
which samples are analyzed. The mass spectrometer resolving power of 10,000 
(or 100 ppm mass resolution) is established at the beginning of every 12-H shift 
during which samples are analyzed. Additionally, the GC column performance 
standard (RETCHECK) defines the various homologue retention time windows 
and demonstrates the isomer specificity of the analysis for 2,3,7,8-TCDD on the 
DB-5 column (25% valley between 2,3,7,8-TCDD and the closest eluting 
isomer). The relative response factor (RRF) for each unlabeled and labeled 
target analyte is determined using a five-point initial calibration (leal) curve. 
An acceptable leal is defmed as follows: 

a) SIN ~ 10:1 for the unlabeled and labeled target compounds. 
b) The percent relative standard deviations for the mean response factors 

from the 17 unlabeled standards must not exceed ± 20 percent, and 
those for the nine labeled reference compounds must not exceed ± 30 
percent. 

c) Ion abundance ratios are within 15 percent ~fthe theoretical value. 

The authenticity of the leal is validated at the beginning of every 12-H shift 
during which samples are analyzed. A valid continuing calibration (ConCal) 
meets the following specifications: 

Print Date; 01116/00 
Revision Date: 08 DEC 99 

Page 10of33 



a) SIN~ 10: 1 for the unlabeled and labeled target compounds. 
b) Methods 8290 and 23: RRFs must be within± 20 percent ofthe mean 

RRFs of the leal specifications for the unlabeled standards, and within 
± 30 percent for the labeled standards. 

c) Method 1613: The concentrations must be within the calibration 
verification limits presented in Table 6 ofEPA Method 1613. 

d) Ion abundance ratios are within 15 percent of the theoretical value. 

3.2.4 Preventive Maintenance 

Laboratory equipment (e.g., GC, MS, balances, and vacuum pumps) is subject 
· to regularly scheduled routine maintenance. Details are recorded inside 
appropriate logbooks. Figure ·4 represents a summary of the preventive 
maintenance program for the HRGCIHRMS system. Maintenance records 
contain the date of each instrument's installation, the date and a.description of 

·the repairs, modifications, and preventive maintenance, the initials of the 
chemist performing the maintenance, and GC column information and 
installation dates. SOPs are written for each major area of the laboratory. 
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Supplies 
• Filters, Sand, Na2so •• Glasswool: SUP-01 
• Solvent: SUP-02 (tridec:ane purification) 
• Standards: SUP-03 
• Glassware: SUP-04 
• Acid/Base Coated Si(h: SUP-05 

Sample Processing 
Conditioning 
• Receiving: SP-C-01 
• Homogenization: SP-C-02 
• Percent Moisture: SP-C-03 
• Percent Lipids: SP-C-04 
• Particle Size: SP..C-05 
• Grindil\g: SP-C-06 
• Screening: SP..C-07 
• Sample Labeling: SP-C-08 
• Sample Storagetremperaturc Recording: SP-C-09 
• Thimble Preparation for Solids: SP-C-10 

Extraction 
• SDS: SP-E-01 
• SPE SP-C-02 
• ASE: SP-C-03 
• SPF: SP-C-04 (separatory funnel) 
• MEX: SP..C-01 (microcxtraction) 
• Tissues: SP-C-01 
• CAD: SP..C-01 (carbon SEP water) 
• Milk: SP-C-01 

Spiking 
• SP-S-01 

Sample Processing 
Concentration 
• Vacuum Concentrator: SP-N-01 
• Rotavap: SP·N-02 
Cleanup 

. • Gravity Flow: SP-U-01 
• PCU: SP-U-02 
• PCU-F: SP-U-03 
• H2S04: filt, egg: SP-U-04 
Analysis 
• HRGCIHRMS Operation: SP-A-01 

• HR.MS Emergency Shutdown: SP-A-02 
• LIMS shutdown: SP-A-03 
Splitting/ Archiving Extracts 
• After Extraction: SP-D-01 
• After Analysis: SP-D-02 

Reporting 
Data Generation 
• Lab Method Blank: RP-G-01 
• Recoveries: RP-G-02 
• ConCal Acceptance: RP-G-03 
• Reporting Target Peaks: RP-G-04 
• Data Generation and Review: RP-G-05 
Archiving Data 
• Backup/Restore HRMS-1 Tape Drive: RP-A-01 

Shipping 
• Data Package Assembly: SH-A-01 
• Data: SH-D-01 
• Sample Containers: SH..C-01 
• Invoicing: SH-I-01 

XADModoles 
• XAD-01 

Waste Disposal 
• Solids: WD-S-01 
• Liquids: WD-L-01 

. . 
Preventive Maintenance 

• Sample Prep: PM-01 
• Instrumentation: PM-02 
• LIMS: PM-03 
• SOP Management: PM-04 

Reference Methods 
REF-21 
REF-22 
REF-31 
REF-32 
REF-40 
REF-41 

M8290 Solids Consolidated 
M8290 Aqueous Consolidated 
M161J Solids Consolidated 
M1613 Aqueous Consolidated 
MM680 LRMS MMS 
MM680 LRMS Water 

Figure 3. SOP Numbering System 
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Short Term 

• Glass liner changed daily 

• Septwn changed daily 

• . Solvent wash bottles changed daily 

Long Term 

• Gas pmifying traps changed 

• He cylinder pressure checked 

• Column cut/changed as needed 

Short Term 

• PFK replaced daily 

• Septwn replaced once per week 

• Source cleaned as needed 

Vacuum System 

• Rotary Pumps 

·• Gas ballast 1 hour every 30 days 

• Oil changed once per year 

• Diffusion Pumps 

• Track number of accidental venting events 

• Check leve11color oil once every 3 years or after 10 accidental ventings 

• Flight Tube 

• Bake once per week 

Figure 4. HRGC/HRMS System Maintenance Program 
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4.0 Laboratory Operations 

4.1 Sample Receipt & Tracking 

• When s~les arrive at the laboratory, they are examined with regard to their overall 
condition. The integrity of the custody seals is assessed. The contents of the sample 
labels are verified against the attached documents (e.g., chain-of-custody) and 
discrepancies are noted on the Sample Receipt Checklist (Figure 5). The 
accompanying chain-of-custody records are signed and dated. Each batch of samples 
is entered into the log-in database (Laboratory Information Management System-
LIMS) and is assigned a sequential and unique project number (e.g., G-301-1), which 
enables tracking the batch of samples throughout the laboratory processes. An 
acknowledgement form is faxed to the client. 

Following a review of the information recorded at the sample log-in stage, the LIMS prints a 
series oflabels c~ntaining the Project Number, the field sample ID and the laboratory Sample 
ID. These labels-- used throughout the entire sample handling process- are designed to 
eliminate the risk of sample switching and to maintain sample integrity. 

4.3.2 Sample Storage and Archive 

Samples are· stored in a refrigerator kept at 4°C (± 2°C) for a period of 30 days after the 
completion of the project. Other arrangements are possible· when specified by the client. 
Tissue samples are stored in a ·freezer maintained at -20°C. The temperatures are recorded 
daily (except on weekends and holidays). Sample extracts are retained at room temperature 
for up to six months a:fter.the completion of the project. A project is considered completed 
when the analytical report is mailed. 

4.3.3 Sample Conditioning 

The purpose of the sample-conditioning step is to prepare the sample for the extraction step 
or. generate information to be used for the extraction or reporting steps. Thus, 
homogenization, filtration, drying, determination of the percent moisture or lipids, weighing, 
measuring the pH and volume of aqueous samples, dissolution, and fortification of the 
sample are considered as part of the sample conditioning. All data is recorded in the LIMS 
via a computer located in the sample co.nditioning area. 
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Paradigm Analytical Labs 

Sample Receipt Checklist CSRCl 

Client Lab Proj. 10: -----
Client Proj.ID: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Comments: 

-------------------------------------------------
Shipped 
Hand Delivered 

COC Present on Receipt 
NoCOC 
Additional Transmittal Forms 

Custody Tape on Container 
No Custody Tape 

Samples Intact 
Samples Broken I Leaking. 
VOA Vials Checked for Air Bubbles 

Chilled on Receipt 

Notes: 

Notes: 

Notes: 

Notes: 

Actual Temp.(s) in oc: 
-Ambient on Receipt Notes: ----------------

Walk-in on Ice; Coming down to temp; 

SuffiCient Sample Submitted 
Insufficient Sample Submitted 

Samples Preserved Correctly 
Improper Preservative{s) 
None recommended (N/A) 
(see preservative ~hecklist where applicable) 

Received Within Holding lime 
Not Received Within Holding lime 
N/A 

No Discrepancies Noted 
Disaepancies Noted 
No COC Received 

· Notes: 

Notes: 

Notes: 

Notes: 

--------~-----------------------------------

Inspected and Logged in by: ___ _ 

Figure 5. Sample Receipt Checklist 

Date/lime: -----
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4.3.4 Sample Fortification 

There are three steps during the sample handling that require the addition of a known 
quantity oflabeied PCDD/Fs. 

The extraction is preceded by the introduction of a number of carbon-13 labeled 2,3,7,8-
substituted PCDD/Fs directly into the sample matrix. For aqueous samples, ·these "extraction 
standards" are prepared inside a water miscible solvent (acetone, 1 mL) before addition to 
the water matrix. (Referred to as "internal standards" in Methods 8290 and 23, and "labeled 
standards" in Method 1613.) 

Paradigm Analytical Labs refers the group offive labeled 2,3,7,8-substituted PCDD/F.s added 
to the air sampling device (XAD resin) as "sampling standards" (SS). The same group of 
labeled compounds is used as "cleanup standards" (CS) in the Paradigm Analytical Labs 
version of Method 8290. 

Finally, the labeled compounds, added to the final sample extract before the injection of an 
aliquot inside the GC/MS system, are called "injection standards" (JS) (Referred to 
''recovery standards" in Methods 8290 and 23, and "internal standards" in Method 1613. 

4.3 .5 Sample Extraction/Fractionation/ Analysis 

. . 

. Sample extraction, fractionation and analysis are . based on USEPA methodologies. 
Depending on the t)rpe of matrix, and EPA methodology, Paradigm Analytical Labs follows 
validated procedures that meet or exceed the method's requirements. 

4.3.6 Data Reduction 

All calculations are performed using validated computer programs. Figure 6 is a model of a 
summary datasheet. It shows the analyte concentrations, detection limits, percent recoveries 
of the labeled compounds, and other relevant information. The form also lists the toxic 
equivalency (TEQ) using the specified toxic equivalency factors (e.g., ITEF). 

4.3.7 DataReview 

Data is continually reviewed throughout the entire laboratory operations processes. It starts 
with the sample log-in step where it is the responsibility of the sample custodian to verify the 
accuracy of the information entered into the LIMS, and the information between the sample 
containers and the chain-of-custody. The GC/MS operator reviews the output from each 
system performance check, QC and field sample before completing the calculations. He/she 
verifies the validity ofLMB, the acceptance of calibration files, the percent recoveries before 
submitting the data to the laboratory director for final review and approval. The client and 
laboratory information contained in the sample summary datasheet originates directly from 
the LIMS. The use of data review checklists insures consistency and completeness. 
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4.3.1 0 Data Package Assembly 

Paradigm Analytical Labs offers two standard reporting formats. A summary data package 
consists of a cover letter (including the case narrative) and all sample and QC sample results. 
A full data package also includes copies of all chromatograms for the sample and QC data. 
Electronic deliverables are also available. ,, 

4.3.p Shipping 

Data packages are normally mailed using a one- or two-day carrier. 

4.3.12. Archiving 

Hard copies of the reports are kept on site one year before being transferred to a long-term 
off-site archive location where they will remain for no more than three years unless special 
arrangements are made at the onset of the project. Electronic raw data are duplicated and 
archived for a period of 10 years. One copy remains on site while the duplicate is sent to an 
off-site long-term archive location. 

Sample remnants are removed from the storage area thirty days aft_er completion of the 
project. They are then disposed by proper means or returned to the client. The final sample 
extract (i.e., the one used for the GC/MS analysis) is kept on site for one year, while the 50 
percent sample extract (i.e., the one obtained right after the extraction whenever applicable) is 
kept at room temperature for three months ·after. the completion of the ·project. Special 
arrangements . can be made at the beginning · of the project, if necessary . 
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· l. _____________________________ M_e_ffl-od_8_2-90-----------------------------J 
Client Sample ID 

Client Name 

Analyte 

2,3, 7,8-TCD.D 
1,2,3,7,8-PeCDD 
1,2,3,4,7,8-HxCDD 
1 ,2,3,6,7,8-HxCDD 
1 ,2,3, 7,8,9-Hx.CDD 
1,2,3,4,6,7,8-lipCDD 
OCDD 
2,3,7,8-TCDF 

1,2,3,7,8-PeCDF 
2,3,4, 7,8-PeCDF 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
2,3,4,6, 7,8-Hx.CDF 
1',2,3, 7,8,9-Hx.CDF 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 
OCDF 

TotalTCDDs 

Total PeCDDs 
Total HxCDDs 
Total HpCDDs 
Total TCDFs 

Total PeCDFs 
Total HxCDI:s 
Total HpCDFs 

TEQ(ND=O) 

TEQ(ND=Yz) 

Client Information 

Project Name: 
SampleiD: 

Laboratoa Information 

ProjectiD: 
SampleiD: 

Collection Date: 
Receipt Date: 
Extraction Date: 
Analysis Date: 

Analytical Data Summary Sheet 
Amount EDL EMPC 

(ppt) (ppt) (ppt) 

ND 0.5 
ND 2.5 
ND 2.5 
ND 2.5 
ND 2.5 
ND 2.5 
ND 5 
ND 0.5 

ND 2.5 
ND 2.5 
ND 2.5 
ND 2.5 
ND 2.5 
ND 2.5 
ND 2.5 
ND 2.5 
ND 5 
ND 0.5 

ND 2.5 
ND 2.5 
ND 2.5 
ND 0.5 

ND 2.5 
ND 2.5 
ND 2.5 

SamJ!Ie Information 
.xxxx 
xxxx Matrix: 

Weight I Volume: 
Solids I Lipids: 
Original pli : 

GXXX-X Batch II>: 
xxxxx 

Filename: 
01-Ian-00 Retchk: 
02-Jan-00 Begin ConCal: 
04-Jan-00 EndConCal: 
06-Jan-00 Initial Cal: 

Figure 6. Sample Datasheet 

RT 
(min.) 

Ratio Qualifier 

ITEF 

ITEF 

Soil 
11.72 Grams 
85.5 % 
NA 

WGXXXX 

a06jan99a-5 
a06jan99a-1 

. a06jan99a-2 
a06jan99a-9 
m8290-5112299 
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• Labeled 
Standard 

Extraction Standards 
13C12-2,3,7,8-TCDD 
13C12-1,2,3,7,8-PeCDD 
13C12-1,2,3,6, 7,8-HxCDD 
13C12-1 ,2,3,4,6, 7,8-HpCDD 
13C12-0CDD 
13C12-2,3, 7,8-TCDF 
13C12-1,2,3,7,8-PeCDF 
13C12-1,2,3,6, 7,8-HxCDF 
13C12-1 ,2,3 ,4,6, 7,8-HpCDF 

CleanoJ! Standards 
37C14-2,3, 7,8-TCDD 
13C12-2,3,4,7,8-PeCDF 
13C12-1,2,3,4, 7,"8-HxCDD 
13C12-1,2,3,4, 7,8-HxCDF 
13C1r 1,2,3,4, 7,8,9-HpCDF 

Injection Standards 
13C1r1,2,3,4-TCDD 
13 . . 

Ct2·1,2,3,7,8,9-HxCDD 

Client Information 

Project Name: 
SampleiD: 

Laboraton: Information 

ProjectiD: 
SampleiD: 

Collection Date: 
Receipt Date: 
Extraction Date: 
Analysis Date: 

Reviewed by: 

•••• 

Method8290 

Client Sample Name 
Client Name 

Analytical Data Summary Sheet 
. Expected Measured Percent 

Amount Amount Recovery 
(ng) (ug) (%) 

2 2.00 100 

2 2.00 100 

2 2.00 100 
2 2.00 100 

4 4.00 100 

2 2.00 100 

2 2.00 100 
2 2.00 100 

2 2.00 100 

2 2.00 100 

2 2.00 100 

2 2.00 100 

2 2.00 100 

2 2.00 100 

RT 

!(min.) 

33:02 

33:28 

35:59 

39:01 

42:53 

29:06 

32:40 

35:19 

37:52 

30:03 

33:16 

35:54 

35:14 

39:37 

29:18 

36:12 

SamJ!Ie Information 

:xxxx 
XXX Matrix:" 

Weight I Volume: 
Solids I Lipids: 
Original pH : 

GXXX-X Batch ID: · 
:xxxx 

Filename: 
01-Jan-00 Retchk: 
02-Jan-00 Begin ConCa!: 
04-Jan-00 EndConCal: 
06-Jan-00 Initial Cal: 

Figure 6. Sample Datasheet 

Ratio Qualifier 

0.78 

1.29 

1.25 

1.04 

0. 

o:81 

1.59 

0.52 

0.46 

1.61 

1.23 

0.52 

0.47 

0.81 

1.24 

Soil 
10.00 Grams 
100 % 
NA 

WGXXXX 

a06jan99a-5 
a06jan99a-1 
a06jan99a-2 
a06jan99a-9 
m8290-5112299 

Date Reviewed: 
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PARADIGM ANALYTICAL LABORATORIES, INC. 

{ • Definition of Paradigm Analytical Lab's 
"FULL" Data Package 

PAL Project No.: Draft 
Full Data Package: Example Soil Package; one sample 

Approx. Page # 
Section 1: Cover Letter 

• Cover Letter 1 

• Table of Contents 2 

• Summary Table 3 

• Toxic equivalency Factors . 4 

• List of Qualifiers 5 

Section 2: Analytical Results 
• Sample Data; SICP 6-30 
• LMBData 31-49 
• On-going Precision & Recovery (OPR) 50-63 

Section 3: Project Information 
• Chain-of-Custody 64 
• Log-in Summary 65 

((;:: • Sample Receipt Checklist 66 
• Project Specific Information/Instructions .67-68 • Section 4:_ Sample Preparation Documentation 
• Prep-Table Dry Weight Determination 69 
• Copy of Dry-Weight Log Paperwork 70 
• Extraction Log Paperwork 71 

• Extraction Observation Paperwork 72 

• PCU-F Clean-up Paperwork 73 

• PCU-F Observation Paperwork 74 

Section 5: Initial Calibration 
• !CAL Summary Table 15 
• ICAL Injection Log 16 
• Mass Resolution Check 77-78 
• Wmdow Defining Mix Elution Times 79 
• WDM Chromatography 80 
• GC Resolution Chromatography 81 
• ICAL Chromatography 82-126 

Section 6: Continuing Calibration 
• Sample Run Log 127 
• Mass Resolution Check 128-129 
• Wmdow Defining Mix Elution Times 130 
• WDM Chromatography 131 
• GC Resolution Chromatography 132 

' • \ • Chromatography 133-145 
• Injection Prep Log 146 



5.0 Analytical Procedures 

5.1 Introduction 

Routine analytical services are performed using standard USEP A or other approved or 
internally developed and validated methodologies. 

Paradigm Analytical Labs' Ultra-Trace Analyses section. provides analyses for 
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) using a combination of 
isotope-dilution high-resolution gas chromatography and high-resolution mass spectrometry. 
Methods include: 

• Method 23 for stationary sources of combustion (Clean Air Act), 
• Method 0023A for stationary sources of combustion (RCRA), 
• Method 8290 for soiJ!sediment/water/tissue/pulp & paper/waste samples, 
• Method 1613B for drinking/wastewater/soil/sediment/tissue/pulp & paper, 

· • Method T09A for ambient air samples. 

5.3 Reference Materials 

Analytical standards are obtained from traceable sources whether they are prepared in the 
laboratory or obtained from commercial suppliers (See Figure 7 for Reference Standard 
Receipt Form). Proper documentation accompanies each standard solution (primary, 
secondary and working) showing the identity, purity and composition of the solution. The · 
name of the preparation chemist and the date ofpreparation•are·recorded inside a·dedicated 
log book. Ea~h standard solution is assigned a unique identification number (F:igure 8). This 
number, along with the concentration, is included on the label affixed onto the contairier/vial. 
SRMs (Standard Reference Materials) for PCDDfFs in soil and fish tissues have been 
analyzed by the laboratory. 
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Ultra-trace Standard sos Receipt 
Logbook# ___ _ 

Paradigm Analytical Standards 

Analyst: 
-----------------

Manufacturer Dates 
'ii8ni"' Lot Number Description Vendor Cone. Receipt Opened Expires 

A 

B 

c 

0 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

p 

Q 

R 

s 

T 

Comments: 

Notes: 
Attach any Certificate of Analysis following this page as "aaa-bbb-cdcl" where aaa Is the logbook number, bbb Is the page number, 

cIs the Item letter, and dd Is the COA page f.. 

PAL lot#'s are "aaa-bbb-c" where aaa Is the logbook number, bbb Is the page number, and cIs the Item number. 

Figure 7. Reference Standard Receipt Form 

Page: -----
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Preparation Date: 

Expiration Date: 

Injection Standard 
Solution 

Refening 

page 

Comments:· 

Notes: 
Refering Page format Is PAl lot#. 

Ultra-trace Standard 
Logbook# 

Paradigm Analytical 

I I 

I I 

Description 

Nonane (Solvent) 

.. . 
Total Volume : 

505 Working 

M23-JS 

Analyst: ---
Paradigm Lot Number: 

Amount 

used 

(IJL) Initial Final 

(ngi!JL) (ng/IJL) 

lot 11 format Is a-b-mmddyy-xxx-yyy where a Is the method, b Is the use, c Is an adcfrtionalldentllier, mmddyy Is the date, 

xxx Is the logbook, and yyy Is the page number. 

Figure 8. Working Standard Form 

Page: -----
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6.0 Facilities 

The illtra-Trace Analysis section occupies approximately 8000 square feet. All critical 
instrumentation is connected to an uninterupted power supply (UPS). Modem state-of-the
art instrumentation is used (e.g., HP 6890 GC interfaced to a MicroMass AutoSpec illtima 
mass spec~ometer). Access to the facilities is controlled at all times. Non-Paradigm 
employees are required to sign-in at the receptionist desk and are escorted by laboratory 
personnel while in the building. An electronic system secures the building during the non
working hours. A punch lock is installed to doors that are not locked at all times. 

List ofRelevant Instrumentation Dedicated to PCDD/F Analyses 
(available back up equipments are labeled with*) 

--------------------------·--- ·---
Eq!!p~ent ---.. -----·--· · ~odel No. Units · 

MicroMass J?.ouble-Focu~sing_Mass ~ec!!'Q!!l~~~!_ _ _AutoSpec illtima 2 
--~dru£2_le Mass S~ectromet~* HP-MSD 1 __ . 

Gas Chromatograph*____ . HP-6890 2 

...-------·--=-A;:::u;.;:.:to::.::sam=J2:r::.:l:..::er=--- ----·· CTC A200 SE , ·-1 __ 
Autosampler* _____ HP-6890 Injector ! 1 

,__ ___ A_c_c_e_l_e_ra-'-te_d_S;;_;o...;.l...;...ve...._n=t~E-xtr-actor* ASE 200 Dionex : 2 

l._ ------'---S~o~lvent Controll~-------~=~:·=~ Dionex -L--=_-2-_-_-_-: 
r--------~C~en;;:.:trifu=·=~ . . DamoniECHN-SII ! 1 . 
' DryVacuumSystemPum_p Welch2025 1 
,__ _______ ~&'"""o;...;.ta.;.;..:v:..:a.~p..::..:or:;___ ----------.. · Buchi R 1 _ ____, 

Vacuum Chambers Labconco 4 
Recirculator Neslab CFT-75 1 

___ _.;___.c...._;;, ---------· 

Recirculator · · Neslab CFT -300 .1 
~----·-------~~~ ~.~:;..._~~--~--~----~ 

UPS · Exide Electronics 1 ·-----'--
Oven , Welt 804 1 -
Oven Fisher Scientific 2 

~------·------~~~. 
Laboratonr Information Management Sr_steJ:!!S : Labvantage Systems ; 1 _ _. 

,__ ___ __:_W<:...::a=ter Purification S1~em Dracor I 1;;___ 
Solid Phase Extraction Manifold Six Positions 1 :------- -------~ ----

1 • Dessica!!J_r -·-------'-- Boekel 1 _ 
,..------;.;;,S_o=xhl~e;...;.t-'""E_?ctra~tion Ass~~!Y-* · GlasCo I L__ 14 __ , 
~----G~ian:;:;_t_ Soxhlet Extraction ~:ystem ~ ACE ! 1 
----=H=igh-Precision Solvent Deliv~ Pum~ · F~_!!~_Me~e~g _ _j ____ 8 __ · 
,__ _____ Muf!!~urnace ·---·-- .: Wilt Industpes 210 : .L_· 
~------~Sonic Ba!!!_ ____________ _!!~~<?_n 2~1Q__~ ___ _) __ _ 
~- ______ . ____ !lE~£~. D.~~.Y.~!-~~~~~ .. . ................ : .... ___ ... XL-3.JQQJ? ___ ... --~----·· .L~---· 
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7.0 Personnel Qualifications 

Resumes for key personnel are presented on the following pages. 
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/ Mark Randall 

• Director 
• Management/Supervisory Experience 
• Operation & Maintenance of GC/MS/DS 
• Mass Spectral Interpretation 

Relevant Experience 

1994 to Present 

President, Paradigm Analytical Laboratories, Inc., Wilmington, NC 

Oversight of laboratory operations, new business development, and financial management , 

1990to1994 

Director of Operations, Industrial & Environmental Analysts, Billerica, MA 

1987tol990 

Laboratory Director, Industrial & Environmental Analysts, Cary, NC 
'· 

Responsible for the direct management and administration of the production laboratories and 
implementation of Quality Assurance Protocols. · 

Create and plan construction, renovation and space utilization projects to facilitate laboratory development 

·Assign and implement production schedules for performing sample processing techniques and document 
application. 

Initiate uniform training and development to our employees for operating analytical instrumentation. 

Evaluate lab personnel on sampling and testing techniques used in the analytical testing methods. 

1985to1987 

Shift Supervisor & GC/MS Chemist, Iridustrial & Environmental Analysts, Cary, NC 

Responsible for the supervision of secrod shift sta~ the operation and maintenance of two GCIMS 
instruments and the review of GC/MS data. 

Supervised test/analytical engineers, technicians and production personnel. 

Developed and validated all new methods for the GC department 

Prepared final reports for all special projects. 

1984to 1985 

GC Chemist, Grainger Laboratories, Raleigh, NC 

Operated and maintained the GC instrumentation. 
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Evaluated chromatographic data. 

• 1981 to 1984 

,<'c.·:· 

i 

• 

Research Analyst, Exxon Chemicals, Baytown, TX 

Supervised operations and proposed new methods for the development of pilot units. 

Supervised research staff. 

1978 to 1981 

Chemical Analyst, NUS, Clearlake, TX 

Penormed organic extractions, metal analysis, inorganic analysis and data preparation. 

Supervised staff on second shift. 

Education 

Univ~sity of Rhode Island, Kingston, Rhode Island, 1977- B.S., Biology 
North Carolina State University, Raleigh, N.C.; 1987- 1989, B.A., Chemistry. 

Professional AfJUiations 

American Industrial Hygiene Association 
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Frederick T. Doane 

Primary Responsibilities/Expertise 

• Chief Executive Officer 
• Management/Supervisory Experience 
• Responsible for corporate structure, finance, facilities, research and development, and client 

services. 
• Founded a large national environmental laboratory in 1977. Directed growth of from a size of 

two employees to over 300 employees. 

Relevant Experience 

1994 to Present 

Chief Executive Officer, Paradigm Analytical Laboratories, Inc., Wilmington, NC 

May 1977 to November 1991 

President & Chief Executive Officer, lEA, Cary, NC 

Responsible for the direct management and administration of a network of seven environmental testing 
laboratories. 
ResponSible for the financial growth of lEA, Inc. which became a 26 million dollar laboratory. 

May 1966 to May 1977 . 

Vice President & Director of Laboratories, Aquatec Environmental Services, Burlington, VT 

Directed laboratory growth during various phases of U.S. Public Health Service and EPA projects. 
Devised groundwater sampling methods and plans for national corporate accounts. 
Acted as spokesman for laboratory community dming start up ofEP A 

1961 to 1965 

Flight & Security Officer, Bri Airborne Division, Fort Bragg, NC 

Responsible for various aspects of flight operations, security, and communications for Division and Corps 
commanders. 

Education 

Sir George Williams University, Montreal, Canada, Otemistry, 1969 

Professional Affiliations 

American Chemical Society, Water Environment Federation, American Industrial Hygiene Association 
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Martha M. Maier 

Primary Responsibilities/Expertise 

• Final review of dioxinlfuran data 
• Preparation of analytical reports 
• Maintain dioxinffuran data quality 

Relevant Experience 

1999-Present 

Senior Chemist, Paradigm Analytical Laboratories, Inc., Wilmington, NC 

Responsible for maintaining the quality of the data in the Dioxin!Furan group. Review data and prepare 
reports. 

1998-1999 

Bioanalytical Project Manager, Alta Analytical Laboratory, ElDorado Hills, CA 

Liaison between pharmaceutical clients and the Liquid Chromatography Mass Spectrometry (LCMS) 
Services group, ensuring efficient study management and timely reporting of laboratory results. Directed all 
phases of study conduct, including: review of study protocols and sponsor Standard Operating Procedures; 
initiation, maintenance and review of study and raw data files; scheduling of sample analyses; and 
preparation of final reports. · 

1992-1998 

Associate Scientist, Alta Analytical Laboratory, ElDorado Hills, CA 

Involved in sales and project management. Directed sample analysis, reviewed data and prepared reports. 
Presented papers and gave educational seminars and presentations on dioxinlfuran analysis. Arranged 
exhibit schedule and represented the laboratory at technical meetings and industry conferences. From 1992-
1997, acted as laboratory representative for the Eastern U.S., both in sales and project management 
capacities. · · 

1990-1992 

Technical Sales, Enseco-Cal Lab, West Sacramento, CA 

Coordinated the dioxin/furan marketing program. Prepared bids, organized exhibits, and oversaw the 
production of marketing materials. Acted as a liaison between the salespeople and the dioxin!furan 
laboratory. 

1988-1990 

HR. GC/MS Operator, Enseco-Cal Lab, West Sacramento, CA 

Dioxin/furan analysis of pulp, food, and tow level environmental samples using high resolution GCIMS • 
Promoted to scientist position in December 1989. Involved in data review and project management. 
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1987-1988 

GCIMS Operator, Enseco-Cal Lab, West Sacramento, CA 

Dioxin/furan analysis using low resolution GC/MS systems. Promoted to lead person in May 1988. 

1986-1987 

GC/MS BNA Operations Supervisor, Radian Corporation, Sacramento, CA 

Scheduling and completion of all semivolatile analyses. Trained other operators in BNA analysis and 
routine instrwnent maintenance. 

1984-1986 

GC/MS Operator, Radian Corporation, Sacramento, CA 

Perfonned EPA Methods 624, 625, SW-8240, SW-8270, and by EPA Contract Lab Protocol. Performed 
routine maintenance on all systems. Responsible for interfacing the GC/MS lab with the laboratory 
database management system. 

1984-1984 

Analytical Chemist, W'tsconsin Department of Agriculture, Madison, WI 

Assayed pesticide formulations using HPLC, GC, and TLC. Researched, developed and modified methods. 

Education 

University of Wisconsin, Madison, WI: B.S. Cheniistry, December 1983 

Professional Affiliations 

Air & Waste Management Association 
Source Evaluation Society 
Carolina Air Pollution Control Agency 

· B.S .. Philosophy, {1983) 

Technical Association of the Pulp and Paper Industry 

Presentations 

"An Evaluation of Modified EPA Method 1668 for the Determination of Mono through Deca PCBs and Congener
Specific PCBs" Poster presentation at the 13th Annual Conference on Contaminated Soils in Amherst, MA, October 
1998 

"Analytical Methods for the Analysis ofPCDD/PCDFs, PCBs and PAHs in Environmental Samples" Presented at.the 
seminar, "Quantitative Analysis of Organic Toxic Micro Pollutants in the Environment and Food Chain with Particular 
Reference to PCDD/PCDF/PCBs /PA'ff', in Venice, Italy, December 20, 1997. 

"Levels ofPCDDs/PCDFs and PAHs in Soil and Sediment in China" Poster presentation at the 121h Annual Conference 
on Contaminated Soils in Amherst, MA, October 1997. 

"Analysis of Coplanar PCBs using High Resolution Mass Spectrometry'' Presented at the HazMat Conference in Long 
Beach, CA, November 1992. 

Print Date: 01126100 
Revision Date: 08 DEC 99 

Page30of39 

• 

• 

• 



• 

• 

Alfred G. Dickinson 

Primary Responsibilities/Expertise 

• Quality Assurance Program Director 
• General Systems Manager 
• Laboratory Automation and Software Design 
• Environmental Laboratory Management 
• Environmental Chemistry 
• Generation and evaluation of environmental data 
• Project manager for the design and implementation of a LIMS system 

Relevant Experience 

September 1994 to Present 

Quality Assurance/General Systems Manager, Paradigm Analytical Laboratories, Inc., Wilmington, NC 

Implement Quality Assurance program. 

Implementation of Laboratory Information Management System 

November 1991 to September 1994 

Director of Laboratory OperationS, lEA, Cary, NC 

Responsible for the upgrade and maintenance of the computer systems used in the laboratory and the 
design of related automation subsystems. 

Provide daily support for the main network system used in the laboratory. 

Provide training for new personnel in database design and programming. 

May 1990 to November 1991 

Senior Technical Specialist, Envirofacts"LaboratOries, Division of lEA, Cary, NC 

Responsible for developing and maintaining a laboratory designed to process large numbers of drinking 
water samples as accurately and efficiently as possible. 

Designed QNQ!:, plan for this testing program. 

Provide daily supervision oflaboratory operation and personnel. Perform training of new employees. 

Project leader for the design and implementation of a LIMS System . 
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February 1985 to May 1990 

Assistant Inorganic Manager, General Physics Analytical Services, Gaithersburg, MD 

Primary responsibility was Project Leader for an Inorganic CLP Contract 

Supervised and trained all Lab personnel in analytical methodology and protocol. 

Assisted in the design oflnorganic CLP software 

Operated and maintained ICP and GFAA instnunentation. 

October 1983 to February 1985 

GC/MS Operator, JTC Environmental Consultants, Inc., Rockville, MD 

Responsible for the operation and maintenance of GCIMS and GC instnunentation. 

Trained new personnel in the operation and analytical methodology used for environmental analysis. 

Professional Affiliations 

Institute of Electrical and Electronics Engineers 

Education 

Virginia Polytechnic Institute and State University- Blacksburg, VA; B.S. in Biology, 1974; Montgomery College
Rockville, MD; AAS in Engineering Technology/Electronics Option; SAS Programming- SAS Institute 1994; 
TCPIIP Network Training- 1992; EBS System Operation - Radian Corporation -1992; High Resolution Gas 
Chromatography- Hewlett-Packard ~c. 1990; GCIMS Maintenance- Finnigan MAT Institute, 1984. 
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W. Michael Larkins 

Primary Responsibilities/Expertise 

• GC/MS-Senior Chemist 
• Computer Applications 
• GCIMS analysis, data review, and computer programming 
• Groundwater, surface water, industrial influent and effluent samples, and soil samples 

Relevant Experience 

April1995 to Present 

GCIMS Chemist, Paradigm Analytical Laboratories, Inc., Wilmington, NC 

Responsible for the complete organic analyses utilizing EPA and Solid Waste methodologies and procedures 
performed at the laboratory. 
High-Resolution GC/MS 

July 1994 to March 1995 . 

GC/MS Analyst ll, lEA, Cary, NC 

Responsible for the volatile component analysiS of water and soil samples by GCIMS by applicable 
methodologies. 

Help maintain and repair instn.unentation. 

Working knowledge ofEPAMethods # 524, 601, 602,624, as well as SW 846 Method# 8240, 8010, & 8020. 
Includes knowledge ofSW 846 # 8270 and EPA# 625. 

February 1994 to July 1994_ 

Data Reviewer, lEA, Cary, NC 

Responsible for reviewing final laboratory analyses generated from GC/MS instnnnentation. 

October 1992 to February 1994 

GC/MS Analyst I, lEA, Cary, NC 

Responsible for analyses of groundwater and soil samples utilizing GCIMS instrumentation. 

June 1992 to October 1992 

GC/MS Trainee, lEA, Cary, NC 

Responsible for analyses of grom1dwater and soil samples utilizing GC/MS instrumentation . 
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Education 

University ofNorth Carolina at Wilmington, Wilmington, North Carolina , ACS Certified B.S. Chemistry, May 
1992; Tekrnar Purge and Trap Operation and Maintenance- Tekmar Co. 1992; Hewlett Packard Inc. HP MS 
ChemStation and EnviroQuant Softwar~ Hewlett Packard Inc. 1994; Proper use of micro tubing- Raleigh Valve and 
Fittings Inc. 1993. 
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Craig R. Tronzo 

Primary Responsibilities/Expertise 

• Project Management 
• Client Interaction 
• Computer and Information Systems 
• . Troubleshooting 
• GMP 
• GC/MS 

Relevant Experience 

1998 to Present 

Senior Chemist, Paradigm Analytical Laboratories, Inc., Wilmington, NC 

Lead for the sample preparation unit utilizing EPA and Solid Waste methodologies for PCDD/Fs. 
Back up for the operation of the high-resolution GCIMS instrumentation. 
Data interpretation. 

1996to 1998 

Associate Scientist, Applied Analytical Industries (AAI), Wilmington, NC 

Manage contact pharmaceutical projects within GMP guidelines. 
Direct a self-managed gas chromatography group. · 

Instrumental in the consolidation of group, which resulted in better utilization of resources and improved 
turnaround time. · 

Extensive interaction with customer service representatives providing answers to client questions. Work 
closely With marketing and sales providing technical expertise necessary to land new projects. 

1994to 1996 

Assistant Scientist II, Applied Analytical Industries (AAI), Wilmington, NC 

1992 to1994 

Chemist, Oxford Laboratories, Wilmington, NC 

Developed and maintained Gas Chromatography- Mass Spectrometry department. 

1992 

Analytical Chemist/Shift Supervisor, Savannah Laboratories, Savannah, GA 

Supervised and conducted environmental analysis utilizing Gas Chromatography- Mass Spectrometry. 

1989to1992 
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Research Assistant, Duke University Medical Center- Howard Hughes Research Center, Pharmacology 
Department, Durham, NC 

Assisted in cancer cell research 

Education 

UNIVERSITY OF NORTH CAROLINA AT WILMINGTON, Wilmington, NC; Master of Science - Biological 
Oceanography, 1989; Bachelor of Science; cum laude- Marine Biology, 1984; CAPE FEAR COMMUNITY 
COLLEGE, Wilmington, NC; Associate of Applied Science in Marine Technology, 1980. 

Publications 

Verity, P.O., Tronzo. C.R., Sieracki, M.E. (1991). The abundance and distribution ofaplastidic 
dinoflagellates during the North Atlantic spring bloom. Manuscript submitted 

Verity, P.O., Yoder, J.A, Bishop, SS, Nelson, J.R., Craven, D.B., Robertson, C.Y., Tronzo, C.R, Blanton, 
J.O. (1991). Composition, productivity, and nutrient chemistry of a subtropical neritic microplankton food web. 
Manuscript submitted 

Cahoon, L.B., Tronzo, C.R. (1990). New records ofamphipods and cumaceans in demersal zooplankton 
collections from Onslow Bay, North Carolina. J. Elis. Mitch. Sci Soc. 106:78-84. 

Cahoon, L.B., Redman, R.S., Tronzo. C.R. (1990). Benthic microalgal biomass in sediments of Onslow 
Bay, North Carolina. Est. Coast. ShelfSci. 31:805-816. · 

Tronzo, C.R., Cahoon, L.B. (19.89). A list of demersal zooplankton collected in Onslow Bay, North 
Carolina, USA PlanlctonNewsletter 11:14-18. 

Cahoon, L.B., Tronzo, C.R. (1988). A comparison of demersal zooplankton collected at Alligator Ree~ 
Florida, using emergence and reentry traps. Fish..BulL 86:838-845 · 

Tronzo, C.R~ Cahoon, L.B. (1986). The quantitative sampling of demersal zooplankton in Onslow Bay, 
North Carolina. Proc 6thA.A.U.S. Conference Tallahassee, Fl. 

. . . 
Tronzo, C.R., CahooD, L.B. (1986). Abundance and taxonomic composition of demersal zooplankton 

associated with rock outcrops and their adjacent sand substrata in Onslow Bay, N.C. NOAA Technical Manual 
Series 

Cahoon, L.B., Tronzo, C.R., Howe, J.C. (1986). Notes on the occurrence ofHyperoche medusanun 
(KrlSyer) (Amphipoda:.Hyperiidae) with ctenophores offNorth Carolina. Crustaceana 51:95.,96 

Gutknecht, W.F., Grohse, P.M, Tronzo, C.R. (1981). Evaluation of the automated method for 
determination oflead in gasoline. Environmental Monitoring Systems Laboratory, Research Triangle Park, N.C. 

. . 
Grohse. P.M, Gutknecht, W.F., Gaskill, A, Tronzo, C.R. (1981). Analysis of trace quantities of silicon by 

electrothermal atomic absorption using the graphite platform. Research Triangle Institute, RTP, N.C. 

Gutknecht, W.F., Grohse, P.M., Homzak, C.A, Tronzo, C.R. (1981). Development of a method for the 
sampling and analysis of organotin compounds. NIOSH contract #21 0-80-0066. Research Triangle Institute, RTP, 
N.C. 
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Awards 

Awarded UNC-Wilmington Teaching Assistantship, 1986-1987. 
Selected for membership into Sigma Xi, 1986. 
Awarded N.C. Marine Sanctuary Grant, 1986. 
Awarded N.C.- Sea Grant Research Assistantship, 1985-1986. 
Rec. Grant from The Lemer-Grey Fund for Marine Research, 1985. 
AwardedSigmaXiResearch Grant, 1984. 
Awarded UNC-Wilmington Undergraduate Research Fellowship, 1983-1984. 
Rec. the Yarborough Grant; North Carolina Academy of Science, 1983 . 
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Heather M. Keen 

Primary Responsibilities/Expertise 

• Supervision of GC/MS Staff 
• Troubleshooting 
• Data Review 
• GC/MS 

Relevant Experience 

3/99 to Present 
/ 

Senior Analyst, Paradiim Analytical Laboratories, Inc., Wilmington. NC 

Operation of the AutoSpec Ultima GC/MS system; report preparation of all dioxin-related analyses. 

11/97 to 3/99 

Senior Analyst, Pace Analytical Services, Inc., Indianapolis, IN 

Supervision ofHRGCJHRMS staft; sample analysis by EPA Methods 8290, 1613,23, and 680. Final review of 
all results and documentation, continuing education of personnel, on-going method development, development 
and revision of SOPs, daily operation of two HP5890 GC coupled to VG AutoSpecX mass spectrometer. 
Quality Improvement Council Team leader. · 

11/96 to 11/97 

. . 

. Laboratory Analyst, Pace Analytical Services, Inc., Indianapolis, IN 

Scheduling sample extraction and preparation to meet holding times and due dates. Extraction and 
preparation of samples for EPA Methods 8290, 1613, 23 and 680. Analysis and report preparation for high
resolution environmental samples. Operation and maintenance of the high-resolution GC/MS system. 

8/94 to 11/96 

Laboratory Analyst, Pace Analytical Services, Inc., Indianapolis, IN 

Extraction and preparation of samples for EPA Methods 8280, DFLM01.1, 613, WA86-K357, and SOW 
11/92. Analysis and report preparation for low-resolution samples. Operation and maintenance of two 
HP5890 GC/HP5970 MS. 

Education 

BUTLER UNIVERSilY, INDIANAPOLIS, IN: BS BIOLOGY, MAY 1995. 

Print Date: 01/26100 
Revision Date: 08 DEC 99 
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Training 

I. October 1998: Accelerated Solvent Extraction (Dionex. Inc.) 
2. July 1997: AutoSpec Maintenance and Ion Optics; GB Scientific. Inc. 
3. May 1997: MicroMass Users' Meeting, Operator Training Session & Technical Presentations . 

· Print DatC: 01/26100 
Revision Date: 08 DEC 99 
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STATE OF CONNECTICUT 

DEPARTMENT OF PUBLIC HEALTH 

November 15, 1999 

Ms. Martha. Maier, Registrant 
Paradigm Analytical Laboratories, Inc. · 
2627 Northchase Parkway, SE 
W".Jlmington, NC 28405 

Dear Ms Maier: 

In ~ccordance with Sections 19a-29a and 25-40 of the Connecticut General Statutes and Sections 19a-36-
A25 through·19a-36-A33, 19a-36-A57 through 19a-36-A63 and 19-4-1 of the Connecticut Public Health 
Code, registration and approval of the above-mentioned laboratory is hereby gmnted. On the records of 
this Department you are listed as registrant and as director. 

The Connecticut registration number assigned to your laboratory is PH-0258. ThiS regutration will expire 
on December 31, 2001 .. 

Please find enclosed a Certificate of Approval as a Public Healtli Labomtory •. Before you can perfomi any 
tests in addition to those listed on this certificate, prior written approval from this department must be 
obtained. · · 

In the event your laboratory should need additional infonnation, please contact a laboratory certification 
officer at (860)509-7389. 

THF/ml 
enclosure 
forml.dot C/wrpdocsldermntr.p~igm.doc 

Phone: 860 509-7389 
Telephone Device for the Deaf (860) 509-7191 

410 Capitol Avenue- MS # 51LAB 
P.O. Box 340308 Hartford, CT 06134 

An Equal Opportunity Employer 

• 

• 
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State tJ6-. z;~·01- 'Pa&u ~~·· 

/1~&-~~ 
TWS IS TO CERTIFY THAT THE LABORATORY DESCRIBED BELoW HAS BEEN APPROVED BY THE STATE DEPARTMENT OF PUBLIC HEALTH 
PURSUANT TO APPLICABLE PROVISIONS OF THE PUBLIC HEALTH CODE AND GENERAL STATUTES OF CONNECTICUT~ FOR MAKING THE 
EXAMINATIONS; DETERMINATIONS OR TESTS SPECIFIED BELOW WHICH HAVE BEEN AUTHORIZED IN WRITING BY THAT DEPARTMENT. , 

PARADIGM ANALYTICAL LABORATORIES, ·:INC •... 

LOCATED AT 2627 Northchase Parkway SE IN Wilmington,· NC . 28405 
AND REGISTERED IN THE NAME OF .~.. . MARTHA MAIER ::.~· . 
THIS CERTIFICATE IS ISStnm IN THE NAME OF MARTHA:lWAIER . WHO BAS BEEN DESIGNATED 

BY ~HE REGISTRANT TO BE IN CHARGE OF THE LABORATORY WORK COVERED BY TIJIS CERTIFICATE OF APPROVAL AS FOLLOWS: 

POTABLE WATER 

Examination For: 
DIOXIN 

SEE CO~TER PRINT-OUT FOR SPECIFIC TESTS APPROVED 

THIS CERTIFICATE EXPIRES December 31, 2001 AND IS REVOCABLE FOR CAUSE BY THE STATE DEPARTMENT OF PUBLIC HEALTH · · 
DATED AT HARTFORD, COimECTICUT, TmS 17th DAYOF 'NOVEMBER 

.. 
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STATE ·OF CONNECTICUT 
DEPARTMENT OF PUBLIC HEALTH 

November 15, 1999 

Ms. Martha. Maier, Registrant 
Paradigm Analytical Laboratories, Inc. · 
2627 Northchase Parkway, SE : 
Wilmington, NC 28405 

Dear Ms Maier: 

In accordance with Sections 19a-29a and 25-40 of the Connecticut General Statutes and Sections 19a-36-
A25 through·19a-36-A33, 19a-36-A57 through 19a-36-A63 and 19-4-1 of the Connecticut Public Health 
Code, registration and approval of the above-mentioned laboratozy is hereby granted. On the records of 
this Department you are listed as registrant and as director. 

The Connecticut registration number assigned to your laboratozy is PH-0258. ··This registration will expire 
on December 31, 2001 •. 

Please find enclosed a Certificate of Approval as a Public Health Laboratory.· Before you can perform miy 
tests in addition to those listed on this certificate, prior written approval from this department must be 
obtained. 

In the event your laboratory should need additional infonnation, please contact a laboratory certification 
officer at {860)509-73 89. · 

THF/ml 
enclosure 
fonnl.dot C/wrpdocs/dennlltr.paradigm.doe 

Phone: 860 509-7389 
Telephone Device for the Deaf (860) 509-7191 

410 Capitol Avenue· MS II 51LAB 
P.O. Box 340308 Hartford, CT 06134 

An Equal Opportunity Employer 

• 
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THIS IS TO CERTIFY THAT THE LABORATORY DESCRIBED BELOW HAS BEEN APPROVED BY THE STATE DEPARTMENT OF PUBLIC HEALTH 
PURSUANT '1'0 APPLICABLE PROVISIONS OF THE· PUBLIC HEALTH CODE AND GENERAL STATUTES OF CONNECTICUT~ FOR MAKING 'tHE 
EXAMINA'I'IO~S; DETERMINATIONS OR TESTS SPECIFIED BELOW WHICH HAVE BEEN AUTHORIZED IN WRITING BY THAT DEPARTMENT •. 

PARADIGM ANALYTICAL LABORATORIES, ·INC.· .. 

LOCATED AT 2627 Northchase Parkmly SE IN Wlbnlngton,. NO. 28405 
AND REGISTERED IN THE NAME OF· .~. MARTHAMAIER . .:~!·· .. 
THIS CER'l'IFICATE IS ISSUED IH THE NAME OF MARTHA: MAIER . WHO HAS BEEN DESIGNATED 

BY ~HE REGISTRANT TO BE m CHARGE OF THE L.AJKiRATORY WORK COVERED BY TJJIB CERTIFICATE OF APPROVAL AS FOLLOWS: 

POTABLE WATER 

Examination For: 
.DIOXIN . 

SEE COMPliTER PRINT-OUT FOR SPECIFIC TESTS APPROVED 

THIS CERTIFICATE EXPIRES .. December 31, 2001 
DATED AT HARTFORD, CONNECTICUT, THIS 

"PH-0258 

• 

., 

AND IS REVOCABLE FOR CAUSE BY THE STATE DEPARTMENT OF PUBLIC HEALTH ·· · · 
17th DAY.OF . "NOVEMBER 1999 

DIRECTOR, DIVISION OF ENVIRONMENTAL HEALTH 

• • 
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September 2 i, 2001 

Gregory B. Kuntz, P.G. 
Associate 
Schnabel Engineering Associates, Inc. 
104 Corporate Blvd., Suite 420 
W. Columbia, SC 29169 

NORTH 
CAROLINA 

PORTS 
ERIK STROMBERG 

Executive Director 

Re: North Carolina State Ports Authority 
Voluntary Consent for Land Use Restrictions 
Fonner Southern Wood Piedmont Site 
Port of Wilmington 

Dear Mr. Kuntz: 

RRCEIVED 
SEP 2 6 2001 

BY: 

The North Carolina State Ports Authority is pleased to provide the executed voluntary 
consent fonn supporting land use restrictions on those parcels described in your, August 24, 
2001, letter. The North Carolina State Ports Authority supports Southern Wood Piedmont's 
efforts to remediate the fonner wood treatment site to regulatory acceptable conditions for future 
industrial uses. 

However, the North Carolina State Ports Authority has many questions and concerns that 
must oe addressed in the near future, such as but not limited to, additional deed restriction 
language, on-site health and safety issues, excavation plans and documented site inspections. 
The Authority is also very interested in your defining of"areas off-limits for excavation" and 
their locations, sizes and your intentions and timing of remediating these areas. 

Again, we are pleased to assist you in your efforts to return the former Southern Wood 
Piedmont site to an envirolun.entally acceptable condition for port industrial uses. Please 
continue your close coordination with my staff, and do not hesitate calling. 

Cc: Assistant Attorney General 
Chief Engineer 
Environmental Manager 

Since ely, 
CAROLINA STATE PORTS AUTHORITY 

William Arrants, Southern Wood Piedmont 

NORTII CAROLINA STATE PORTS AUTIIORITY 

P.O. Box 9002 • Wilmington, NC 28402 • Tel: (910) 343-6232 • Fax: (910) 343-6237 • email· stromberg@ncports com htt 1.'1 
· . • p: www.ncports.com 



: 

VOLUNTARY CONSENT TO IMPOSITION OF ~AND USE RESTRICTIONS • 
Southern Wood Piedmont (NCD 05~ 517 467) Site, 

. New Hanover County, North Carolina 

The North Carolina State Ports Authority, owner in/fee simple of real property located at 
Wilmington, ~ew Hanover County, North Carolina which includes the Southern Wood 
Piedmont site· (the . "Site"), is agreeable to the imposition of Land Use Restrictions 
("Restrictions") in conjunction with actual remediation of hazardous substances ·at the Site. The 
North Carolina State Ports Authority understands that ii will.be required to document any 
agreement to the actual Restrictions approved for the Site by the North Carolina Department of 
Environment and Natural Resources, and that it may refuse to consent upon review of the actual 
Restrictions. . 

IN WITNESS WHEREOF; the North Carolina State Ports Authority has caused these 
presents to be executed in its name by Erik Stromberg, its Executive Director, this dL_ day of 
September, 2001. 

.STATE OF NORTH CAROLINA · 
COUNTY OF NEW HANOVER 

· I, Kimberly A. Alexander, a Notary Public, do hereby certify that Erik Stromberg 
personally appeared before me this day and acknowledged that he is the Executive Director of 
the North Carolina State Ports Authority and that by authority duly given, and as the act of the 
North Carolina State Ports Authority, the foregoing instrument was signed in its name by such 
Executive Director. · 

WITNESS my hand and official seal the tA I day of September; 2001. 

My Commission expires: 

~ ;!31 ,p,od/ 

• 

• 
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ACKNOWLEDGEMENT SHEET 

I HAVE REVIEWED AND BEEN INFOR1\1ED OF WE HEALTH AND SAFETY 
CONCERNS ON THE PROJECT SITE. • . 

NAME (PRINT) SOCIAL SECURITY# 

zzv -ofo--?/31 · . . · 
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Ref.2 

Expanded Site Inspection 
of 

Southern Wood Piedmont 
Wilmington, New Hanover County, North Carolina 

Prepared by: 

Robert Mangum, P.G. 

Site Manager 

EPA ID No. NCD058517467 

WastelAN No. 02821 

Prepared Under: 

Contract No. 68-W9-0055 

For The 

Waste Management Division 

U.S. Environmental Protection Agency 

Prepared By: 
_Black & Veatch Special Projects Corp. 

BVSPC Project NA 52014.755 

July 16, 1997 

t·' 
I 

Reviewed by: 

Hubert Wieland 

Technical Reviewer 

Approved by: 

Carter J. Helm 

Project Manager 
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Schnabel 
En~inee 

Mr. S~art F. Parker 
Hydro geologist 

October 20, 2000 

Schnabel Engineering Associates, Inc. 
104 Corporate Blvd., Suite 420 

W. Columbia, SC 29169 
803-796-6240 • Fax 803-796-6250 

North Carolina Department of Environment and Natural Resources 
Div. ofW aste Management- Superfund Section 
401 Oberlin Road, Suite 150 · 
Raleigh, NC 27605 

Re: Matrix Spike (MS) and Matrix Spike Duplicates (MSD) 
For Dioxin/Furan Analysis 
Southern Wood Piedmont Site 
Wilmington, New Hanover County, NC 
USEPAID: NCD 058 517 467 

Dear Mr. Parker: 

Schnabel Engineering Associates, Inc. is pleased to provide this request for not analyzing 
Matrix Spikes and Matrix Spike Duplicates during dloxin/furan analysis at the Southern 
Wood Piedmont (SWP) facility in Wilmington, North Carolina. Based on review of 
USEPA Method 8290 and Method 1613, both of which are high-resolution dioxin/furan 
analysis, MS and MSD's are not required. ·Ms and MSD's are not required because each 
sample is spiked prior to analysis and the spike is recovered indicating any matrix. effects. 
Method 1613 specifically states that MS and MSD's are not required. 

Matrix s pikes are not typically required for dioxin/furan analyses. The purpose of a 
matrix spike is to assess the bias of analytical measurements due to matri?C. effects. To do 
this, a known amount of an analyte is spiked into a sample prior to extraction, then the 
sample is processed as a routine sample and the recovery of the spiked analyte is 
measured. 

Dioxin/furan analysis methods, however, utilize the isotope dilution technique. 
Isotopically labeled standards; which are identical to the target analytes in all respects 
except mass, are spiked into every sample prior to extraction. The recoveries of the 
labeled st~dards are an indicator of the matrix binding as well as the efficiency of the 
preparation procedures. In addition, the concentrations of the target analytes are 
calculated directly from these labeled standards, which automatically compensates for an 
incomplete extraction or any loss of the analytes during the sample preparation steps. The 
quality of the data is known if the labeled standards are adequately recovered, and other 
QC parameters, such as analyte levels detected in the method blank, are within method 
criteria . 

Ashland, VA • Atlanta, GA • Baltimore, MD • Bethesda, MD • Blacksburg, VA • Charlotte, NC • Charlottesville, VA • Columbia, SC 
Denver, CO • Gainesville, GA • Hampton, VA • Leesburg, VA • New Brunswick, NJ • Richmond, VA • West Chester, PA 



Matrix Spike (MS) and Matrix Spike Duplicates (MSD) 
for Dioxin/Furan Analysis 
Southern Wood Piedmont 

Wilmington, North Carolina .• 
Page2of2 

The most recently promulgated EPA dioxin method, EPA Method 1613, does not require 
the analysis of matrix spikes or matrix spike duplicates. One "Ongoing Precision and 
Recovery'' (OPR) sample, which is a clean sample spiked with the 17 target analytes, is 
analyzed With every analytical batch. The recoveries are measured, and precision and 
accuracy data from every OPR are collected and charted. These results give an iridication 
of the laboratory performance throughout the sample processing procedures. The results 
of the OPR are one of the criteria used to determine the acceptability of every batch of 
samples analyzed. · · · 

The approved 'Supplemental Remedial Investigation (SRI) Workplan.states that Method 
8290 will be used for dioxin!furari analysis. Based on review. of the analytical methods, 
we are requesting approval from NCDENR to utilize USEPA Method 1613 and that MS 
and MSD's not be required f~r all future .dioxin!furan analysis at the SWP Wilmington, 
NC facility. We are requesting this change because our review has indicated that USEP A 
.Method 1613 is the inost current and most accurate methodology. 

Schrta~el and SWP would appreciate a quick response to our request because the first 
round of dioxin/furan sampling is scheduled for October 24, 2000. We thank you in 
advance for you prompt attention to this matter. If you have any questions, please feel 
free to giye us a call. 

Sincerely, 

SCHNABEL ENGINEERING ASSOCIATES, INC. 

~L -- IS. K--L' 
~Kuntz;P.G.~ 
Associate . · · 

CC: Mr. Bill Arrants- Southern Wood Piedmont 

• 

• 



REF.17 

• • • 



NORTH CAROLINA DEPARTMENT. OF 
ENVIRONMENT AND NATURAL RESOURCES 

DIVISION OF WASTE MANAGEMENT 

October 23, 2000 

}M. Gregory B. Kuntz, P. G. 
Associate 
Schnabel Engineering Associates, Inc. 
104 Corporate Boulevard, Suite 410 
W. Columbia, South Carolina 29169 -••••-~•••e••••••••••-•• 

Re: · Dioxin Analytical Matrix Spike/Matrix Spike Duplicates 
Southern Wood Piedmont Site 
Wilmington, New Hanover County, NC 
NCD 058 517 467 

Dear Mr. Kuntz, 

We have received your request and explanation for omitting Matrix 
Spike/Matrix Spike Duplicate analyses for dioxin samples during Remedial 
Investigation of the above site. The US EPA Region IV, Science and Ecosystem 
Support Division (SESD) concurs with your assessment of analytical method 1613, 
and supports use of this method as you have outlined. Ifyou have any questions, 
please contact me at (919) 733-2801, Ext. 280. 

cc: Bill Arrants, Southern Wood Piedmont Co. 
File 

Sincerely, 

~ 
Stuart F. Parker, Jr. 
Hydro geologist 
NC Superfund Section 

1646 MAIL ,SERVICE CENTER, RALEIGH, NORTH CAROLINA 27699·1648 

401 OBERLIN ROAD, SUITE ISO, RALEIGH, NC 278015 

PHONE 919·733-4996 FAX 919·7115·36015 

AN EQUAL OPPORTUNITY I AFFIRMATIVE ACTION EMPLOYER • SO% RECYCLED/I 0% POST•CONSUMER PAP'ER 
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· Inactive Hazardous Sites Program 

Guidelines for 

Assessment and Cleanup 

August2001 

http://wastenot.enr.state.nc. us/sfhome/200 1_ C&A _Guidelines_ ADA.htm 
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North Carolina Dep~rtment of Environment and Natural Resources 

Division of Waste Management 

Superfund Section 

Inactive Hazardous Sites Branch 

401 Oberlin Road- Suite 150 

Raleigh, North Carolina 27605 

Telephone: (919) 733-2801 

Purpose and Intended Use of the Guidelines 

These guidelines outline the minimum technical and administrative requirements for all site 
assessments and site cleanups conducted pursuant to the Inactive Hazardous Sites Response Act of 
1987 (N.C.G.S. 130A-310 et.seq.) except for those cleanups conducted under the Inactive Hazardous 

• 

• 

Sites Registered Environmental Consultant (REC) Program. For additional information on the REC • 
program, please refer to the REC Program Rules and Implementation Guidance, June 2001. 

http:l/wastenot.enr.state.nc.us/sfhome/200 1_ C&A _Guidelines _ADA.htm 10/12/01 



• These guidelines should be used by remediating parties at priority action sites when responding to 
Site Assessment Request Letters, Site Assessment Orders, Site Cleanup Request Letters, Remedial 
Action Orders, and Administrative Orders on Consent for voluntary remedial actions not conducted 
under the REC program. Due to the wide range of conditions encountered at hazardous substance 
disposal sites, the guidelines will not address every conceivable situation. At most sites, the 
consultant will need to prescribe additional sample collection and analysis based on site-specific 
conditions. The importance of retaining a qualified and experienced environmental consultant cannot 
be overemphasized. 

Note: In order to receive bran.ch approval, all voluntary site cleanups, whether managed under 
the REC program or managed directly by the branch, must be conducted pursuant to a consent 
order with the division. "Independent cleanups" conducted outside consent orders are no 
longer an option, and will not be acknowledged by the branch. 

Table of Contents 

• 1.0. Introduction 

2.0. Remedial Investigation Work Plans 

3.0. Remedial Investigation Reports 

4.0. Remediation Goals 

5.0. Remedial Action 

• Appendix A: Minimum Sampling and Analytical Requirements for the Remedial 
Investigation · · · · · 

http:l/wastenot.enr.state.nc.us/sfhome/2001 C&A Guidelines ADA.htm - - - 10/12/01 



A.l. Introduction 

A.2. Minimum Soil Sample Collection 

A.3. Minimum Groundwater Sample Collection 

AA. Minimum Surface Water and Sediment Sample Collection 

A.S. Other Sample Collection 

A.6. Standard Field Protocols 

A. 7. Minimum Sample Analyses 

A.8. Data Reporting Requirements 

Page 4 of61 

Appendix B: Minimum Requirements for Confirmation Sampling and Analysis 

B.l. Introduction 

B.2. Soil Sampling 

B.3. Groundwater Sampling 

B.4. Surface Water/Sediment Sampling 

B.S. Minimum Sample Analyses 

Appendix C: Sensitive Environment Contacts 

Appendix D: Land Use Restrictions 

D.l. Approval Process for Use ofLand Use Restrictions as the Remedy 

D.2. Land Use Restriction~ Cons.ent Form 

http://wastenot.enr.state.nc.us/sfhome/2001_ C&A _Guidelines _ADA.htm 10/12/01 
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D.3. Cancellation of Land Use Restrictions 

1.0. Introduction 

1.1 Statutory Authority 

The Inactive Hazardous Sites Program was created by the Inactive Hazardous Sites Response Act of 
1987 (N.C.G.S. 130A-310 et. seq.). Authority for implementing the statute has been delegated to the 
Director of the Division of Waste Management (division). 

The Inactive Hazardous Sites Program is a state program that derives its authority from the state 
statute referenced above. Compliance with these guidelines does not ensure compliance with the 
National Contingf!ncy P.lan or CERCLAISARA . 

1.2 Jurisdiction 

The program addresses releases to the environment of hazardous substances, as defined in 
CERCLA/SARA. The program addresses both pre-1980 and post-1980 disposal/releases. Except as 
noted below, the program's jurisdiction is not limited by facility type or operating status. 

The program does not address RCRA permitted or interim status facilities, or any sites for which the 
Environmental Management Commission, the Commissioner of Agriculture, or the Pesticide Board 
has assumed jurisdiction. 

N.C.G.S. 130A-310.9 provides site owners, operators, or responsible parties an opportunity to 
voluntarily clean up inactive hazardous substance or waste disposal sites with the approval of the 
division. This voluntary remedial action program is administered by the division's Inactive Hazardous 
Sites Branch (branch) . 

1.3 Categories of Site Cleanups 

http://wastenot.enr.state.nc.us/sfhome/2001_C&A_Guidelines_ADA.htm 10/12/01 
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1.3.1 Voluntary remedial actions 

Amendments to the Inactive Hazardous Sites Response Act in 1994 and 1995 provided the division 
with the authority to approve qualified environmental consultants to certify that remedial actions are 
in compliance with state law. At eligible voluntary remedial action sites, the remediating party may 
now retain an approved environmenta~ consultant to both perform and certify a remedial action in lieu 
of state oversight. These changes were instituted because ofthe limited state staff resources available 
to oversee voluntary remedial actions. This division continues to have complete discretion to directly 
oversee any voluntary remedial action, however, due to resource limitations, all eligible sites will be 
directed into the privatized oversight program known as the Registered Environmental Consultant 
(REC) Program. 

Remediating Parties wishing to conduct a voluntary remedial action must first notify the branch, in 
writing, of their desire to conduct a voluntary remedial action. Upon receipt of such notice~ the 
branch will send a Checklist for Registered Environmental Consultant (REC) Program Eligibility to 
the remediating party for completion with the aid of their consultant. The checklist will be used to 
expedite the site eligibility screening process. Sites having any of the conditions listed on the 
checklist are not automatically ineligible for the REC program but will be reviewed in more depth 
prior to assigning the site to either the REC or state-supervised voluntary remedial action programs . . . 

1.3.1.1. Remedial actions under REG program 

Remediating parties are required to hire a division approved REC to perform and certify all remedial 
activities at the site. Prior to initiating any site work, remediating parties are required to sign a limited 
Administrative Order on Consent (Consent Order) that outlines the requirements for the remedial 
action. 

Upon remedial action completion and final certification by the REC, the site will be assigned "No 
Further Action" .status in the Inactive Hazardous Sites inventory. This change of inventory status does 
not preclude any future state action if new evidence of contamination is discovered at a later date. 

• 

•• 

Note: Site cleanups under the REC program do not receive state oversight. The branch will, however, 
perform random and targeted audits of sites in the REC program. For additional information, please 
refer to the REC Program Rules and Implementation Guidance, June 2001. • 

http://wastenot.enr.state.nc.us/sfhome/2001_ C&A _Guidelines_ ADA.htm 10/12/01 
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1.3. 1.2 Remedial actions under branch oversight 

The branch will oversee voluntary site cleanups, at sites not eligible for the REC program, pursuant 
to Consent Orders with remediating parties. Under this category of voluntary remedial actions, the 
branch provides review and concurrence for project work, including remedial investigation work 
plans, remedial investigation reports, remedial action plans and remedial action reports. The 
remediating party does not have to hire a Registered Environmental Consultant to perform this work. 

1.3.2 Priority actions _ 

When the branch determines a site is a priority for action, the branch will solicit the cooperation of 
the responsible party in performing assessment or cleanup activities by issuing a Site Assessment 
Request Letter or Site Cleanup Request Letter. The branch will review documents and oversee work 
related to compliance with Site Assessment Requests without a Consent Order, however, in order to 
comply with Site Cleanup Requests, responsible parties must sign a Consent Order prior to beginning · · f 
any site work. The branch will determine, based on site conditions, if the remedial action will be · 
supervised by the state or an REC. If the responsible party does not comply with the solicitation 
letters, the branch may issue an Order compelling action. 

1.4 No Further Action Letters 

After satisfactorily completing a voluntary remedial action (either REC or state oversight), the 
remediating party will receive a letter·indicating that the work required under the Consent Order has 
been completed and the Consent Order is terminated. The site will then be assigned "No Further 
Action" status in the Inactive Hazardous Sites inventory. This change of inventory status does not 
preclude any future state action if new evidence of contamination is discovered at a later date. 

In accordance with N.C.G.S. 130A-31 0. 7( c), any party wishing to. receive a "No Further Action" 
letter, must provide the request, in writing, and reimburse the state for expenses incurred while 
reviewing the no further action request. This requirement applies to all voluntary remedial action sites 
under the Inactive Hazardous Sites program . 

http:/lwastenot.enr.state.nc.us/sfhome/2001_ C&A_ Guidelines _ADA.htm 10/12/01 
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1.5 General Provisions 

1.5.1 These guidelines outline the remedial action technical requirements and are not a substitute for 
the Inactive Hazardous Sites Response Act, N.C.G.S. 130A-310 et seq., and any relevant program 
rules. 

1.5.2 These guidelines will be updated each August and will be made available on the Superfund 
Section's website at 

http://wastenot.enr.state.nc.uslsjhomelsjhome.htm 

Questions regarding the guidelines should be directed to the Inactive Hazardous Sites Branch staff at 
(919) 733-2801. 

2.0. Remedial Investigation Work Plans . 

Remediating parties must submit Remedial Investigation Work Plans to the branch pursuant to the 
terms of the Consent Order, the Site Assessment Request Letter or the Site Assessment Order. The 
remediating party must not implement the Remedial Investigation Work Plan prior to branch 
approval. 

2.1 Introduction 

The Remedial Investigation should be conducted in at least two phases. The Phase I investigation 
must identify all releases of hazardous substances to the environment, characterize the chemical 
nature of such releases, and collect sufficient sampling data in order to compile a list of contaminants 

· of concern. Subsequent phases of the investigation must delineate the areal and vertical extent of 
contamination in each area of concern, to concentrations less than or equal to the remediation goals 
established pursuant to Section 4.0. Separate work plans are required for each phase of the 
investigation. 
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The Remedial Investigation Work Plans must comply with the May 1996 United States 
Environmental Protection Agency Region IV Environmental Investigations Standard Operating 
Procedures and Quality Assurance Manual (SOP)(Revised 1997). This manual is available from U.S. 
EPA Region IV, Science and Ecosystem Support Division. All data collection and QA/QC 
procedures must be outlined in the work plan. Exact references (document and page number) to 
specific procedures in the SOP can be substituted in the work plan. 

Appendix A provides an outline of the minimum sampling and analytical requirements for the 
remedial investigation. 

2.2. Phase I Remedial Investigation: Identification of Contaminants and 

Areas of Concern 

The Phase I Work Plan must contain the information described below and be presented in the 
following order: 

Site Description: 

1. Site location information including site street address, longitude and latitude, and site and 
surrounding property land use. 

2. A summary of all management practices employed at the site for hazardous wastes and any wastes 
that may have contained hazardous substances, including a list of types and amounts of waste 
generated (with RCRA waste codes), treatment and storage methods, and ultimate disposition of 
wastes; a description of the facility's past and current RCRA status; the location and condition of any 
vessels currently or previously used to store any chemical products, hazardous substances or wastes; 
and a summary of the nature of all on-site hazardous substance releases, including one-time disposals 
or spills. 

3. United States Geological Survey topographic maps sufficient to display topography within a one
mile radius of the site. 
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4. A site survey plat (prepared and certified by a Professional Land Surveyor) including scale; 
benchmarks; north arrow; locations of property boundaries, buildings, structures, all perennial and 
non-perennial surface water features, drainage ditches, .dense vegetation, known and suspected spill 
or disposal areas, underground utilities, storage vessels, existing on-site wells; and identification of 
all adjacent prop'erty owners and land usage. 

5. A description oflocal geologic and hydrogeologic co~ditions. 

6.1nventory and map of all wells, springs, and surface-water intakes used as sources of potable water 
within a one-half mile radius ofthe center of the site. If the site is greater than one hundred (100) 
acres in size, the inventory and map must cover a one-mile radius from the center of each source area. 

• 

7. An evaluation of the site and all adjacent property for the existence of any of the environmentally 
sensitive areas listed below. Appendix C provides the telephone contacts that must be made in order 
to identify these areas. The information received through these contacts must be outlined in this 
section of the work plan. In most cases, none of these areas will be present. Knowledge of the • 
presence of these sensitive environments is necessary .to determine if any special sampling (such as 
aquatic toxicity testing) is required and whether site remediation may do more harm than good (for 
example, excavation and destruction of a wetland vs. leaving in place residual contamination which 
will not significantly impact the wetland environment). 

State Parks 

Areas Important to Maintenance ofUnique Natural Communities 

Sensitive Areas Identified Under the National Estuary Program 

Designated State Natural Areas 

State Seashore, Lakeshore and River Recreational Areas 

Rare Species( state and federal Threatened and Endangered) 

Sensitive Aquatic Habitat 

State Wild and Scenic Rivers • · National Seashore, Lakeshore and River Recreational Areas 

http:l/wastenot.enr.state.nc.us/sfhome/200 1_ C&A_ Guidelines_ AD A.htm 10112/01 



National Parks or Monuments 

• Federal Designated Scenic or Wild Rivers 

Designated and Proposed Federal Wilderness and Natural Areas 

National Preser-Ves and Forests 

Federal Land designated for the protection ofNatural Ecosystems 

Critical Areas Identified Under the Clean Lakes Program 

State-Designated Areas for Protection or Maintenance of Aquatic Life 

State Preserves and Forests 

Terrestrial Areas Utilized for Breeding by Large or Dense Aggregations of Animals 

National or State Wildlife Refuges 

Marine Sanctuaries 

National and State Historical Sites. 

• Areas Identified Under Coastal Protection Legislation 

• 

Coastal Barriers or Units of a Coastal Barrier Resources System 

Spawning Areas Critical for the Maintenance ofFish/Shellfish Species within River, Lake or Coastal 
Tidal Waters 

Migratory Pathways and Feeding Areas Critical for Maintenance of Anadromous Fish Species within 
River Reaches or Areas in Lakes or Coastal Tidal Waters in which such Fish Spend Extended Periods 
of Time 

State Lands Designated for Wildlife or Game Management 

Wetlands 

Site History: 

8. A chronological listing of all previous owners and each period of ownership since the property was 
originally developed from pristine land. 
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9. Operational history with aerial photographs and Sanbome Fire Insurance maps to support land-use 
history. 

10. A list of all hazardous substances which have been used or stored at the site, and approximate . 
amounts and dates of use or storage as revealed by available written documentation and interviews 
with a representative number of former and current employees or occupants possessing relevant 
information. 

11. Site environmental permit history, including copies of all federal, state, and local environmental 
permits, past and present, issued to the remediating party or within its custody or control. . 

12. A summary of all previous and ongoing environmental investigations and environmental 
regulatory involvement with the site, and copies of all associated reports and laboratory data. . . 

Proposed Methods of Investigation: 

13. Proposed procedures for characterizing site geologic and hydrogeologic conditions and 
identifying and delineating each contamination source as to each affected environmental medium, 
including any plan for special assessment such as a geophysical survey. 

14. Proposed methods, locations, depths of, and justification for, all sample collection points for all 
media sampled, including monitoring well locations and anticipated screened intervals (must comply 
with Appendix A). 

15. Proposed field and laboratory procedures for quality assurance/quality control (must comply with 
Appendix A). 

16. Proposed analytical parameters. and analytical methods for all samples (must comply with 
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Appendix A) . 

17. A contact name, address and telephone number for the principal consultant and laboratory, and 
qualifications and certifications of all consultants, laboratories and contractors expected to perform 
work in relation to this work plan. Any laboratory retained must currently be either certified to 
analyze applicable certifiable parameters under Title 15A of the North Carolina Administrative Code, 
Subchapter 2H, Section .0800, or be a contract laboratory under the EPA Contract Laboratory 
Pr<:>gram. 

18. Equipment and personnel decontamination procedures. 

Health and Safety: 

19. A health and safety plan that conforms to OSHA requirements and assures that the health and 
safety of nearby residential and business communities will not be adversely affected by activities 
related to the remedial investigation. 

.• Schedule: 

•• 

20. A proposed schedule for site activities and reporting. 

Other Information: 

21. Any other information required by the branch or considered relevant by the remediating party. 

Certification: 

22. A certification under oath by a corporate official in charge of a principal business function 
stating: "I certify that, to the best of my knowledge, after thorough investigation, the information 
contained in or accompanying this certification is true, accurate, and complete." 
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23. A certification under oath by the consultant responsible for the day to day remedial activities 
stating: "I certify that, to the best of my knowledge, after thorough investigation, the infonnation 
contained in or accompanying this certification is true, accurate, and complete." 

24. Any work which would constitute the "practice of engineering" as defined by G.S. 89C shall be 
perfonned under the responsible charge of, and signed and sealed by, a professional engineer 
registered in the state of North Carolina. Any work which would constitute the "public practice of 
geology" as defined by G.S. 89E shall be performed under the responsible charge of, and signed and 
sealed by, a geologist licensed in the state of North Carolina. 

Note: Items 4-6 and 8-10 above may not be required for sites where the area of concern is limited to a 
small area of soil contamination only. 

2.3. Phase II Remedial Investigation: Delineation of Extent of Contamination 

Upon completion of the Phase I remedial investigation, the branch will compile a list of contaminants 
of concern for the site. 

The remediating party should use the remediation goals contained in Tables 4-l and 4-2 or site
specific natural background levels for metals, if less stringent, in order to delineate the extent of 
contamination. The branch will determine remediation goals for any contaminants not listed in the 
tables. 

The Phase II (and any necessary subsequent phases) Remedial Investigation Work Plan should 
include items 14-24 above and presented in that order. 

3.0. Remedial Investigation Reports 
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After each phase ofthe remedial investigation, the iefuediating paity must prepare a Remedial 
Investigation Report which includes the minimum information listed below. These reports must be 
submitted to the branch pursuant to the terms of the Consent Order, the Site Assessment Request 
Letter or the Site Assessment Order. 

Remedial investigation reports should be organized in sections corresponding to the following and 
must include at least: 

Methods of Investigation: 

1. A narrative description of how the investigation was conducted, including a discussion of any 
variances from the approved work plan. 

2. A description of groundwater monitoring well design and installation procedures, including 
drilling methods used, completed drilling logs, "as built" drawings of all monitoring wells, well 
construction techniques and materials, geologic logs, and copies of all well installation p7rmits . 

3. A map, drawn to scale, showing all soil, surface water and sediment sample locations and 
monitoring well locations in relation to known disposal areas or other sources of contamination. 
Monitoring wells must be surveyed to a known benchmark. Soil sample locations must be surveyed 
to a known benchmark or flagged ·with a secure marker until after the remedial action is completed. 
Monitoring well locations and elevations must be surveyed by a Professional Land Surveyor. 

4. A description of all laboratory quality control and quality assurance procedures· followed during 
the remedial investigation. 

5. A description of procedures used to manage drill cuttings, purge water and decontamination water. 

Site Geology and Hydrogeology: 

6 •. A summary of site geologic conditions, including a description of so.ils and vadose zone 
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characteristics. 

7. A description of site hydrogeologic conditions (if groundwater assessment is determined to be 
necessary), including current uses of groundwater, notable aquifer characteristics, a water 
table elevation contour map with groundwater flow patterns depicted, tabulated groundwater 
elevation data, and a description of procedures for measuring water levels. 

Investigation Results: 

8. Tabulation of analytical results for ail sampling (including sampling dates and soil sampling 
depths) and copies of ail laboratory reports'(including the data reporting requirements shown 
in section A.8). . 

9. Soil, groundwater, surface water and sediment contaminant delineation maps and cross 
sections, including scale and sampling points with contamin·ant concentrations. 

10. A description of procedures and the results of any special assessments such as geophysical 
surveys, immunoassay testing (EPA SW-846 4000 series methods), soil gas surveys, or test pit 
excavations. 

Notes/Photographs: 

11. Copies of all field logs and notes, and color copies of site photographs. · 

Other Information: 

12. Any other information required by the branch or considered relevant by the remediating party. 

Certification: 
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13. A certification under oath by a corporate offiCial ih charge of a principal business function 
stating: "I certify that, to the best of my knowledge, after thorough investigation, the information 
contained in or accompanying this certification is true, accurate, and complete." 

14. A certification under oath by the consultant responsible for the day to day remedial activities 
stating: "I certify that, to the best of my knowledge, after thorough investigation, the information 
contained in or accompanying this certification is true, accurate, and complete." 

15. Any work which would constitute the "practice of engineering" as defined by G.S. 89C shall be 
performed under the responsible charge of, and signed and sealed by, a professional engineer 
registered in the state of North Carolina. Any work which would constitute the "public practice of 
geology" as defmed by G.S. 89E shall be performed under the responsible charge of, and signed and 
·sealed by, a geologist licensed in the state of North Carolina. 

• 4.0. Remediation Goals 

• 

The branch's policy for establishing remediation goals is consistent with the intent of 
CERCLA/SARA and the National Contingency Plan (NCP), as required byN.C.G.S. 130A-310.3. 

4.1 Remediation Goals for Unrestricted Land Use 

This section describes the procedures for establishing remediation goals for unrestricted land use for 
each environmental media. Remediation goals for restricted land use are described in section 4.2. 

4.1.1 Remediation goals for soils · 

The branch has two soil remediation goals: a "health-based" remediation goal for total concentrations 
· of contaminants (section 4.1.1.1); and a "protection of groundwater" remediation goal for leachable 
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concentrations of contaminants (section 4.1.1.2). The rem.edial action must attain both soil 
remediation goals. 

When developing a Remedial Action Plan (RAP) as discussed in section 5.0, the remediating party 
shall attempt to design a remedial action alternative that will attain the goals described in sections· 
4.1.1.1 and 4.1.1.2. However, remediation goals may be adjusted by the branch at the time of remedy 
selection if warranted. If the preferred remedy (selection governed by the feasibility study included in: . 
the RAP) can not achieve the remediation goals provided, the branch will re-establish levels based on 
the lowest concentration that can be achieved at the site given that those levels must correspond to 
less than the maximum cumulative excess cancer risk of 1 x 104 and a hazard index of 1. 

4. 1. 1. 1 "Health-based" soil remediation goals for unrestricted land use 

The branch's health-based remediation goals are shown in Table 4-1. These remediation goals have 
been established using current USEP A risk assessment guidance and are based on a lifetime excess 
cancer risk of 1 x 10·6 (carcinogens) and a hazard quotient of0.2 (non-carcinogens). The hazard 
quotient of 0.2 is used to account for multiple (average of 5) non-carcinogens in the same critical 

• 

effect group. The branch will adjust these remediation goals at sites with less than 5 non-carcinogens • 
in the same critical effect group. The branch must be contacted for contaminants not listed in Table 4-
1. 

Note 1: The soil remediation goal for PCBs was established in accordance with USEP A policy for 
cleanup ofPCBs at Superfund sites. The unrestricted use remediation goal for PCBs is 1 ppm. This 
number may not be adjusted. It represents a 1 x 1 o-6 cancer risk. However, higher levels can remain 
in subsurface soils if(l) restrictive covenants, which prevent exposure, are applied and (2) the 
remaining concentrations ofPCBs in soil are shown not to pose a threat to groundwater (i.e.· soils 
meet protection of groundwater remediation criteria). Application of restrictive covenants requires 
branch approval (see 4.2). 

Note 2: Some of the remediation goals shown in Table 4-1 may be more stringent than natural 
background concentrations or method detection limits. Cleanup to below site-specific natural 
background concentrations (metals only) or method detection limits (using the analytical methods 
specified in section A.7.1.2) is not required. 

4. 1.1.2 "Protection of groundwater" soil remediation goals 
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Procedure 

In addition to meeting health-based remediation goals, soils must meet a protection of groundwater 
remediation goal. The remediating party may use a laboratory leachate analysis model to determine 
the potential for soils to leach residual contamination to groundwater. The branch recommends the 
use ofTCLP analysis to determine the leachability of contaminants. If another laboratory model is 
used, the remediating party must demonstrate its scientific validity, and that its precision and 
accuracy are commensurate with its stated use. Soils which leach organic contaminants in excess of 
the groundwater remediation goals will require further remediation. Soils which leach metals in 
excess of the groundwater remediation goals (or natural leachable background concentrations, 
whichever are less stringent) will also require further remediation. 

Alternatively the remediating party can use simple scientifically-valid mathematical equations, 
employing site-specific field data for all parameters, to calculate protection of groundwater 
remediation goals. The use of generic values for these parameters is not allowed. 

. Exceptions 

At sites that meet any of the following three conditions, the "protection of groundwater" soil 
remediation goals do not apply : 

1. Residual soil contaminant concentrations (mglkg) for metals only, do not exceed the site-specific 
natural background concentrations; 

2. Residual soil contaminant concentrations (in mglkg) for both metals and organics, do not exceed 
values of twenty times the corresponding groundwater remediation goals (in mg/1); 

3. Residual soil contaminant concentrations (in mglkg) for metals and organics, do not exceed the 
health-based soil remediation goals (in mglkg) described in section 4.1.1.1, and either (a) or (b) 
applies: 

. (a) the remediating party has determined that all on-site disposal and releases of hazardous substances 
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occurred prior to 1980, and sampling demonstrates that groundwater is free of hazardous substances; 

(b) the branch-approved remedial action plan for the site includes active groundwater remediation 
and demonstrates that the fmal remedy for groundwater will address any future leaching of 
contaminants from soil to groundwater. 

4.1.2 Remediation goals for groundwater 

The branch's remediation goals for groundwater consist of the least stringent of: (i) the health-based 
remediation goals shown in Table 4-2; (ii) the method detection limits (using the analytical methods 
specified in section A.7.1.2); or (iii) natural background concentrations (metals only). 

The health-based remediation goals shown in Table 4-2 are based on the lower of: (i) state 
groundwater standards (15A NCAC 2L .0202); (ii) federal Maximum Contaminant Levels (MCL's); 
or (iii) non-zero Maximum Contaminant Level Goals (MCLG's). For contaminants that are not listed 
contact the branch. 

4.1.3 Remediation goals for sediments 

Remediation goals for sediment are based on the most stringent of: (i) the health-based soil 
remediation goals listed in Table 4-1 (or the upstream "background" concentrations if less stringent); 
and (ii) remediation goals sufficient to ensure that contaminated sediment will not cause exceedances 
of the remediation goals for groundwater and surface water. 

Remediation goals may be adjusted by the branch at the time of remedy selection if warranted. If the 
preferred remedy (selection governed by the feasibility study included in the Remedial Action Plan) 
can not achieve the remediation goals provided, the branch will re-establish levels based on the 
lowest concentration that can be achieved at the site given that those levels must correspond to less 
than the maximum cumulative excess cancer risk of 1 x 104 and a hazard index of 1. 

Note 1: If contaminated sediments are located in a wetland or other sensitive environment, the branch 
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will weigh the benefit of active remediation with the rieed for protecting and preserving sensitive 
environments and instead using passive remedies or institutional controls . 

Note 2: At sites with surface water contamination, remediating parties may need to plan the remedial 
action to address continuing sonrce areas first. For example, surface water contamination may result 
from continuing· releases from soils. In this case, soils must be remediated to whatever levels will 
ensure attainment of the surface water remediation goals. 

4.1.4 Remediation goals for surface water 

Preliminary remediation goals for surface water are established by the Division of Water Quality· 
(DWQ) using State or Federal surface water standards for the protection of human health and/or 
aquatic life. Final remediation goals will be set at the DWQ standards or upstream "background" 
concentrations, whichever are less stringent, with the exception of the following two conditions: (1) if 
surface water contamination is causing sediments to exceed cleanup criteria, remediation of surface 
water will be necessary to eliminate this effect; (2) if remediation of surface water is determined to 
cause unreasonable harm to a wetland (or other protected environment) alternate goals will be 
determined by the branch. ~ 

4.2 Remediation Goals for Restricted Land Use 

Under certain site conditions, it may not be appropriate or feasible to meet the soil or sediment 
remediation goals described in sections 4.1.1 and 4.1.2. The remediating party may propose (for 
branch review and approval) alternate soil or sediment remediation goals based on a restricted land
use exposure scenario. The process and requirements for proposing restricted land use as a remedy 
are described in detail in Appendix D of these guidelines. 

4.3 Additional Provisions 

The branch considers "monitored natural attenuation" to be a potential remedial alternative for 
attaining the remediation goals not a waiver of the remediation goals. If natural attenuation of any 
contaminated medium is proposed, the remediating party must demonstrate that it is supported by the 
results of the feasibility study and that it is the preferred remedy. 
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Table 4-1: Soil Remediation Goals 1 

• Hazardous substances identified with an asterisk uhibit both carcinogenic and non-carcinogenic effects. The carcinogenic remediation goal is listed 
because it is more stringent at the I ::c I U6 risk concentration than the remediation goal for non-carcinogenic effects. Cleanup below method detection limits, 
using analytical methods prescribed in the guidelines, is not required. 

I Chemical II CASRN II RG(ppm) I 
!Acetone II 6764111 32olffil 
jAcetone cyanohydrin 7586511 9.8jffil 
!Acetophenone 9886211 0.098j[EI 

!Acrolein 10702811 0.02j[EI 

jAcrylamide * 7906111 o.uj[9 
!Acrylic acid 7910711 58ooj[EI 

!Acrylonitrile * 10713111 0.211[9 
jAldicarb 11606311 12.2j[EI 

JAldrin * 30900211 0.0291[9 
jAllyl alcohol 10718611 62I[EI 
jAllyl chloride 10705tll 6ooi[EI 
j4-Aminopyridine 50424511 0.24j[EI 

!Ammonium sulfamate 777306011 24ooi[EI 
jAniline* I 6253311 851[9 
!Antimony and compounds (not listed below) II 744036011 6.2j[EI 
!Antimony pentoxide II 131460911 7.81[EI 
jAntimony potassium tartrate · II 30461011 14j[EI 
jAntimony tetroxide II 133231611 6.21[EI 
jAntimony trioxide II 130964411 6.21[EI 
jArsenic II 744038211 4.4j[EI 

.!Benzene* 7143211 0.651@ 
!Benzidine * 9287511 0.0211[9 
jBenzoic acid 6585011 48oooi[EI 
jBenzotrichloride 9807711 0.0371[9 
jBenzyl chloride 10044711 0.891[9 
!Beryllium and compounds 744041711 30j[EI 
jatphaBHC 31984611 0.0921[9 
JbetaBHC. 31985711 0.321[] 
!gamma BHC (Lindane)* . 5889911 0.441[9 
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!technical BHC (hexachlorocyclohexane, all isomers) 60873111 0.321[9 

IBis(2-chloroethyl)ether . 11144411 0.211[9 

• IBis(2-ethylhexyl)phthalate (DEHP)* 11781711 351[9 
IBis(chloromethyl)ether . 54288111 0.000191[9 

IBromodichloromethane * 7527411 tl[9 
IBromoform(tribromomethane)* 7525211 621[9 

IBromomethane 7483911 o.78I[E] 

It-Butanol 7136311 122oi[E] 

!Butyl benzyl phthalate 8568711 24ooi[E] 

!cacodylic acid 7560511 36I[EJ 
!cadmium and compounds 744043911 7.41[]1 

lcaptan* 13306211 14ol[9 

I carbaryl 6325211 12201[]1 

!carbon disulfide 7515011 nl[EI 
!carbon tetrachloride * 5623511 0.241[9 

!Chlordane * 5774911 1.61[9 
12-Chloro-1,3-butadiene 12699811 o.ni[]J 

14-Chloro-2,2-methylaniline hydrochloride 316593311 ul[9 
14-Chloro-2-methylaniline 9569211 0.841[9 

14-Chloroaniline 10647811 4si[EJ 

IChlorobenzene 10890711 3ol[]l 
,j 

IChlorobenzilate * 51015611 t.sl[9 

• 14-Chlorobenzotrifluoride 9856611 24oi[EI 
l' 

lt-Chlorobutane 10969311 t42I[E} 

IChloroethane* 7500311 31[9 
!chloroform * 6766311 0.241[9 

!Chloromethane 7487311 1.21[9 
lbeta-Chloronaphthalene 9158711 78oi[]J 
lo-Chloronitrobenzene 8873311 Btl@ 
lp-Chloronitrobenzene 10000511 ul[9 
12-Chlorophenol 9557811 12.61[]1 

lo-Chlorotoluene 9549811 32l[E)' 

IChtorpyrifos 292188211 361[]1 
!chromium m and comEounds 1606583tll 24oooi[E] 

!Chromium VI and compounds* 1854029911. 3ol[9 
!copper and compounds 744050811 5soi[E] 
lcrotonaldehyde * 12373911 0.00531[9 

leumene 9882811 ' 321(]1 

!cyanide 5712511 2.21[E) 

lcyclohexanone 10894111 62oooi[EJ 

lnalapon 7599011 36oi[E] 

• IDDD 7254811 2.41[9 

'IDDE 7255911 1.71[9 
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I DDT* II 5029311· t.71@ 
IDiallate II 230316411 sl@ 
lniazinon II 3334t511 . ullBJ • joibenzofuran t32649ll 58/I]J 
It ,2-Dibromo-3-chloroEropane* 96t28ll 0.451@ 
It ,2-Dibromoethane t06934ll - 00691@ 
loi-n-butyl phthalate 8474211 t22oj!]J 
jt ,2-Dichlorobenzene I 955011/ t4ooj[]! 

jt ,3-Dichlorobenzene II 54t73tll 2.6ji]J 

jt ,4-Dichlorobenzene* II t06467jl 3.4j@ 

13,3'-Dichlorobenzidine II 9t94tll uj@ 
lnichlorodifluoromethane II 7571811 1B.8ji]J 

lt,t-Dichloroethane II 7534311 118ji]J 

lt,2-Dichloroethane (EDC)* II 10706211 o.351@ 
lt,t-Dichloroethylene* 7535411 0.054j@ 

lt,2-Dichloroethylene ~cis) 15659211 8.6ji]J 

It ,2-Dichloroethylene (mixture) 54059011 8.6ji]J 

lt,2-Dichloroethylene (trans) 156605/1 12.61rn 
12,4-Dichlorophenol 12083211 36j[E} 

12,4-Dichlorophenoxyacetic acid (2,4-D) 9475711 138j[E} 

It ,2-Dichloropropane* II 788751/ 0.35/@ 

12,3-DichloroproEanol . 6t6239ll -36I[E} • jt,3-Dichloropropene * 54275611 0.71@ 
lnichlorvos * 6273711 1.71@ 
lnicofol 11532211 uj@ 
lnieldrin * II 6057111 0.03j@ 

lniethyl phthalate II 8466211 98ooj[E] 

!Diethylstilbestrol 5653111 O.OOOt41[9 

lnimethoate 6051511 2.4j[E} 

13,3'-Dimethox~benzidine 11990411 .3sl[9 
13,3'-Dimethylbenzidine t1993711 0.0531[9 
l1,t-Dimethylhydrazine. 5714711 0.191[9 
It ,2-Dimethylhydrazine 54073811 0.0131@ 
12,4-Dimethylphenol II 1056791/ 24ooj[E] 
!Dimethyl phthalate 13111311 122oool(]] 

It ,2-Dinitrobenzene ( o-Dinitrobenzene) _52829011 4.sj(]] 

It ,3-Dinitrobenzene (m-Dinitrobenzene) 996soll 12.2I[E] 

lt,4-Dinitrobenzene (E-Dinitrobenzene) t0025411 4.811]1 
12,4-Dinitrophenol 5128sll 24I[E) 
12,4-Dinitrotoluene 12114211 24I[E} 
12,6-Dinitrotoluene 60620211- 12.2I[E) • jDinitrotoluene mixture I NAil 0.721[9 
lninoseb · II 8885711- t2.2I[EI 
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!Dioxins and Furans . ' .- "'· 

12,3, 7 ,8-Heptachlorodibenzo-e-dioxin (2,3,7 ,8-HPeCDD) NAil 0.00041@ 

• 12,3, 7,8-Hexachlorodibenzo-p-dioxin (2,3, 7 ,8-HxCDD) NAil 0.000041[9 

loctachlorodibenzo-p-dioxin (OCDD) NAil 0.0041[9 . 

12,3,7,8-Pentachlorodibenzo-p-dioxin (2,3,7,8-PeCDD) II NAil o.ooooo81[9 

12,3, 7,8-Tetrachlorodibenzo-p-dioxin (2,3, 7,8-TCDD) II 174601611 0.0000041[9 ! 

12,3, 7 ,8-Heptachlorodibenzofuran (2,3,7 ,8-HPCDF) NAil 0.00041[9 

12,3, 7 ,8-Hexachlorodibenzofuran (2,3, 7,8-HxCDF) NAil 0.000041[9 

loctochlorodibenzofuran (OCDF) NAil 0.0041[9 

It ,2,3, 7 ,8-Pentachlorodibenzofuran (1 ,2,3, 7 ,8-PeCDF) NAil o.oooo81[9 . · 

12,3, 7 ,8-Pentachlorodibenzofuran (2,3, 7 ,8-PeCDF) NAil o.ooooo81@ 
12,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF} NAil 0.000041[9 

loiehenylamine 12239411 3ooi[EJ. 

It ,2-Diphenylhydrazine 12266711 0.611[9 .. 

loiquat 8500711 261[EI 
loisulfoton 29804411 0.48I[EI 
loiuron 33054111 24lffil 
IEndosulfan 11529711 74lffil·. 
IEndothall 14573311 24oi[EJ 
IEndrin . 7220811 . 3.6lffil 
IEpichlorohydrin 10689811 1.521(]1 I 

jEthion 56312211 6.2lffil 
·t 

• 12-Ethoxyethanol 11080511 48ooi[]J 
f 

jEthyl acetate 14178611 38ooi[]J 
!Ethyl acrylate . 14088511 0.211[9 
!Ethyl ether 6029711 32oolffil 
!Ethyl methacrylate 9763211 42lffil 
IEthylbenzene 10041411 3oolffil 
!Ethylene diamine 10715311 24olffil 
!Ethylene oxide 7521811 0.141@ 
IEthylenethiourea (ETU)* 9645711 4.41[9 
!Formaldehyde 5ooooll 1856lffil 
!Formic acid 6418611 24ooolffil 
!Furfural 9801111 361[]1 
IGiycidaldehyde 76534411 4.81ffil 
!Heptachlor * 7644811 0.111[9 
!Heptachlor epoxide * 102457311 0.0531[9 
IHexachlorobenzene* 11874111 0.31[9 
IHexachlorobutadiene * 8768311 6.21[9 
IHexachlorocyclopentadiene 7747411 84lffil 
!Hexachloroethane * 6772111 351[9 

••• !Hexachlorophene 7030411 3.61(]1 
IHydrazine · 30201211 . 0.161[] 
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IIsophorone * II 7859111 5101[9 
IKepone II 14350011 0.0271[9 • Lead 743992111 4ool[] 
!Malathion 12175511 . 2401~ 
!Maleic anhydride 10831611 12201~ 
!Maleic hydrazide 12333111 3401~ 
IMalononitrile 10977311 0.241~ 
!Mercury (inorganic) 743997611 4.61~ 
IMethacrylonitrile II 12698711 0.4211]1 

!Methanol II 6756111 62001~ 
IMethomyl II 1675277511 8.8ji]J 

!Methoxychlor II 7243511 6211]1 
12-Methyl benzenamine (2-methylaniline) II 9553411 21[9 
12-Methyl benzenamine hydrochloride (2-methylaniline hydrochloride) 63621511 2.71[9 
!Methyl chlorocarbonate 7922111 122ooii]J 

14,4'-Methylene bis(2 chloroaniline)* 10114411 3.71[9 
!Methylene bromide 7495311 13.41~ 
jMethylene chloride * 7509211 8.91[9 
!Methyl ethyl ketone (MEK) 7893311 14601~ 
!Methyl hydrazine 6034411 0.441[9. 

!Methyl isobutyl ketone (4-methyl-2-pentanone) 10810111 1581~ 
!Methyl methacrylate· 

.. 
. 8062611 4401~ • !Methyl parathion 29800011 . 31~ 

12-Methylphenol ( o-cresol) 9548711 62oji]J 

13-Methylphenol (m-cresol) 10839411 6201~ 
14-Methylphenol (p-cresol) 10644511 6211]1 
!Naled 30076511 241~ 
!Nickel and comEounds 744002011 320j[EI 

!Nitric oxide 1010243911 156oii]J 

12-Nitroaniline B874411 0.7j[EI 

!Nitrobenzene 9895311 4ji]J 
14-Nitrophenol 10002711 9811]1 
IN-Nitrosodiethanolamine 111654711 0.171[9 
IN-Nitrosodiethylamine 5518511 0.00951[9 

IN-Nitrosodimethylamine 6275911 0.0131[9 
IN-Nitrosodi-n-butylamine 92416311 0.0241[9 

IN-Nitroso di-n-propylamine 62164711 0.00691[9 

IN-Nitrosodiphenylamine 8630611 991[9 
IN-Nitrosopyrrolidine 93055211 0.231[9 

lm-Nitrotoluene 9908111 7411]1 
lo-Nitrotoluene 8872211 7411]1 • lp-Nitrotoluene II 9999011 741(}!] 

loctamethylpyroEhosphoramide II 15216911 24I[EI 
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!Paraquat . '~ ' : . .' .. _ .. 191042511 541[B 
!Parathion 5638211 741[]1 

• IPentachlorobenzene 60893511 9.81(]1 
IPentachloronitrobenzene * 8268811 1.91[9 
!Pentachlorophenol * 8786511 31[9 

. ~-J 
!Phenol 10895211 74ooi[EI .. 
lp-Phenylenediamine 10650311 74I[EI 

,, 

!Phenylmercuric acetate 6238411 o.98I[EI 
!Ph orate 29802211 2.41(]1 
!Phosphine 780351211 3.61(]1 
!Phosphorus (white) 772314011 0.321(]1 
!Phthalic anhydride 8544911 24oooi!EJ 

!Polychlorinated biphenyls (PCBs)3 133636311 . 11[j 
!Polynuclear aromatic hydrocarbons 

IAcenaphthene 8332911 74olfB 
!Anthracene 12012711 44ooi[]J 
IBenzo[ a ]pyrene 5032811 0.0621[9 
IBenzo[b ]fluoranthene 20599211 0.621[9 
IBenzo[k]fluoranthene . 20708911 6.21[9 
!Benz[ a ]anthracene 5655311 0.621[9 
lcarbofuran . 156366211 62I[EI . ~ 

' • _IChrysene 21801911 621[9 . . 
. ··loibenz[ a,h ]anthracene 5370311 0.0621[9 

IFluoranthene 20644011 46oi[]J 
!Fluorene 8673711 52oi[]J 
1Indeno(1 ,2,3-cd)pyrene 19339511 0.621[9 
!Naphthalene 9120311 11.2I[E} 
12-methyl Naphthalene 9157611 1t.2I!EI 
IPyrene 12900011 46oi[E} 
IPronamide 2395058511 92oi[EI 
IPropargite 231235811 240j[Ej 
IPropargyl alcohol 10719711 24I[E} 
IPropazine 13940211 24oi[EI 
!Propylene oxide 7556911 1.91[9. 

!Pyridine 11086111 12.2I[E} 
!Quinoline 9122511 0.0411[9 
lselenious acid 778300811 621[]1 
I selenium 778249211 781(]1 
lselenourea 63010411 621[E} 
!silver and compounds 744022411 781(B 

••• !sodium fluoroacetate 6274811 0.24I[E} 
!strychnine 5724911 3.61[]] 
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I styrene II 10042511 32ooii]J 
It ,2,4,5-Tetrachlorobenzene 9594311 3.6lffil • lt,1,1,2-Tetrachloroethane"' 63020611 31[9 
It, 1 ,2,2-Tetrachloroethane* 7934511 0.381[9 
!Tetrachloroethylene (PCE)* I 12718411 5.71[9 
12,3,4,6-Tetrachlorophenol II 5890211 36olffil 
lp,a,a,a-Tetrachloro'toluene II 521625111 0.0241[9 
ITetraethyldithioEyrophosphate ·368924511 6.2lffil 
jnallitim and compounds NIAll 1.041~ 
IThlofanox 3919618411 3.61~ 
IThlram 13726811 62I[EI 
jToluene I 10888311 32ooi[EJ 

IToluene-2,4-diamine II 9580711 o.t51[9 

IToluene-2,6-diamine II 82340511 24ooi[EJ 

IP-Toluidine 10649011 2.61[9 

jToxaphene 800135211 0.441[9 

j1, 1,2-Trichloro-1 ,2,2-trifluoroethane 7613111 46000010" 

It ,2,4-Trichlorobenzene 12082tll 13olffil 
It, t, 1-Trichloroethane 7155611 126lffil" 
It, 1 ,2-Trichloroethane * 7900511 0.841[9 • !Trichloroethylene (TCE)* 7901611 2.81@ 
ITrichlorofluoromethane 7569411 7slffil 
12,4,5-TrichloroEhenol 9595411 122olffil 
12,4,6-TrichloroEhenol 8806211 441[9 
12-(2,4,5-Trichlorophenoxy)eropionic acid II 9372111 98lffil 
12,4,5-TrichloroEhenoxyacetic acid II 9376511 122lffil 
It, 1,2-TrichloroEropane II 59877611 31ffil 
It ,2,3-Trichloropropane * II 96t8411 0.00t41@ 
It ,3,5-Trinitrobenzene 9935411 4.2lffil 
!vanadium 744062211 uolffil 
!Vinyl acetate 10805411 86lffil 
!Vinyl chloride 7501411 o.t51[9 
!Xylene (mixed) t33020711 28oj[B 
lzinc 744066611 46oolffil 
!zinc Ehosphide 131484711 4.6lffil 

I ·Adapted from US EPA Region IX, 2000 Preliminary Remediation Goal Table, except as noted. 

2 ·The RG is based on US EPA guidance on lead cleanup levels. • 3 ·The RG is based on USEPA policy for cleanup ofPCBs at Superfund Sites. The Branch is currently reviewing the PCB remediation goal policy and may 
issue further guidance at a later date. · 
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• 

C- The RG is based on the carcinogenic endpoint and corresponds to an excess lifeiime cancer risk of 1 in 1,000,000 • 

N ·The RG is based on the non-carcinogenic endpoint and corresponds to a hazard quotient of0.2. 

. NA- Not Available. 

Table 4-2: Groundwater Remediation Goals 

For each contaminant the lower of the I SA NCAC 2L standard or interim standard, the USEPA non-zero MCLG. or. the USEPA MCL was retained as the 
remediation goal. All RG's unless otherwise specified by footnotes are the I SA NCAC 2L standard or interim standard. Cleanup below method detection limits, 
wing analytical methods prescribed in these guidelines, is not required. • 

I Chemical 
II cAsRN II r!~J -I 

IAcenaphthene 8332911 sol 
!Acenaphthylene 20896811 21ol 
!Acetone 6764tll 7001 
IAcrylamide 7906tll o.otl 

!Anthracene .. 12012711 21001 

1Antimony1 .. 744036011 61 
!Arsenic ' 11 744o3s211 sol 
!Barium . II 744039311 20001 
!Benzene II 7143211 tl 
!Benzoic acid I 6585oll 280001 
IBenzo( a )anthracene 5655311 o.o51 
IBenzo(b )fluoranthene 20599211 0.0471 

!Benzo(k)fluoranthene 20708911 0.471 
IBenzo(~,h,i)perylene 19124211• 2101 
!Benzo(a)pyrene 5032811 0.00471 

!Beryllium1 744041711 41 
IBis(2-chloroethyl)ether 11144411 0.0311 
IBis(2-ethylhexyl)phthalate 11781711 31 
IBromodichloromethane 7527411 0.6, 
!Bromoform 7525211 0.191 
ln-Butylbenzene 10451811 701 
lsec-Butylbenzene 13598811 701 
ltert-Butylbenzene 98060611 701 
!Butyl benzyl phthalate 8568711 tool 
I cadmium 744043911 51 
leaErolactam .. 10560211 35001 
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!carbon disulfide 751Soll 1ool 
jcarbofuran 156366211 361 
!carbon tetrachloride 5623511 0.31 
jchlordane 5774911 0.0271 
lchlorobenzene 10890711 5o I 
lchloroethane 7500311 28001 
jchloroform 6766311 0.191 
!Chloromethane 7487311 2.61 

• 
12-Chlorophenol 9557811 0.11 
j2-Chlorotoluene 9549811 1401 
jChrornium 74407311 sol 
jchrysene 21801911 51 
!copper 744050811 toool 
jeyanide 5712511 1541 
IDibenz(a,h)anthracene 53703011 0.00471 
IDibenzofuran 13264911 281 
It ,2-Dibromo-3-chloropropane 9612811 0.0251 
IDibromochloromethane 12448111 0.411 

lortho-Dichlorobenzene (1 ,2-Dichlorobenzene) 1 9550tll 6201_ 
jmeta-Dichlorobenzene ( 1 ,3-Dichlorobenzene) 54173111 6201 
!para-Dichlorobenzene (1,4-Dichlorobenzene) 10646711 751 
jp,p'-Dichlorodiphenyl Dichloroethane (DDD) 7354811 0.141 • jp,p"-Dichlorodiphenyltrchloroethane (DDT) 50029311 0.11 
jDichlorodifluoromethane (Freon-12) 7571811 14001 
It, 1-Dichloroethane 7534311 7001 
It ,2-Dichloroethane t0706211 . 0.381 

jt,t-Dichloroeth~lene 7535411 71 
Ieis-t ,2-Dichloroethylene I 15690211 701 
jtrans-1 ,2-Dichloroethylene 15660511 701 
j2,4-Dichlorophenoxy-acetic-acid (2,4-D) 9475711 701 
It ,2-Dichloropropane 7887511 0.561 
It ,3-Dichloropropene 54275611 0.21 
!Dieldrin 6057111 0.00221 
j2,4-Dimethylphenol 10567911 1401 
lmsulfoton 29804411 0.281 
IDiethyl phthalate 8466211 5oool 
!Di-n-butyl phthalate 8474211 1ool 
1Diquat1 8500711 201 
!para-Dioxane t239t111 71 

2,3, 7,8-tetrachlorodibenzo-p-Dioxin (2,3, 7,8-TCDD) ~~~ - 1746016 7 

jDiphenyl II 9252411 350j 
IEndosulfan n (beta-endosulfan) . ·- •. II 11529711 421 
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jEndrin 
,. 

7220811 21 
!Ethyl acetate 

.. 
14178611 26001 

• !Ethlylbenzene 10041411 291 
!Ethylene dibromide 10693411 0.00041 

!Ethylene glycol NIAll 70001 
IFluoranthene 20644011 2801 
jFluorene 8673711 2801 
!Heptachlor 7644811 o.oosl 

!Heptachlor epoxide 102457311 0.0041 

IHexachlorobenzene 11874111 0.021 

IHexacblorobutadiene 8768311 0.441 

Hexachlorocyclohexane Isomers (total Hexacblorohexane: includes alpha, beta, delta, gamma, 
16087311G and epsilon isomer) 

jHexacblorocyclopentadiene 1 .. II 60873111 · sol· 

12-Hexanone II 59178611 2801 

IIndeno(l ,2,3-cd)pyrene 19339511 0.0471 

lrsophorone 7859111 36.81 

!Isopropyl benzene 9882811 701 
!Isopropyl ether .. 

10820311 701 
Lead 743992111 tsl 
jLindane 5889911 0.2, 

jMercury 743997611 ul . ! 

•• !Methanol · 6756tll 35001 
!Methoxychlor - · 7243sll 351 
!Methyl ethyl ketone 7893311 1701 
!Methylene chloride 7509211 51 
12-Methylnaphthalene 9157611 281 
13-Methylphenol (m-cresol) 10839411 351 
14-Methylphenol (p-cresol) 10644511 3.51 
INapthalene 9120311 2tl: 

!Nickel ... 744002011 - tool , 

IN-Nitrosodimethylamine 6275911 0.00071 

!Pentachlorophenol 8786511 0.3,_ 

!Phenanthrene 8501811 2101 . 

!Phenol . 10895211 3001' 

IPhorate 29802211 1.41 

IPCBs
1 .1113363631G 

IN-Propylbenzene II 10365111 70j. 

IPyrene ll129oooll 2101 

!selenium 11778249211 sol 

•• !silver 11744022411 181 

lsimazine1 · .... 
•. 111223491[Jj 
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!Styrene lltoo42511 1001 

12,4,5-TPl 11 9376510 

II, I ,2,2-Tetrachloroethane II 7934511 0.17, 
!Tetrachloroethylene III27184II 0.71 
12,3,4,6-Tetrachlorophenol II 5890211 2IOj 

!Thallium 
.. 

II744028oll 21 
jToluene III08883II Ioool 
!Toxaphene 800I352II 0.0311 
II ,2,4-Trichlorobenzene "I2082III 701 
II, I, I-Trichloroethane 7155611 2ool 

II, I ,2-Tri~hloroethane1 I 7900510 

jTrichloroethylene II 790I611 2.81 
II,I,2-Trichloro-I,2,2-trifluoroethane (CFC-113) · II 7613111 2101 
ITrichlorofluoromethane II 7569411 2Iool 
II,2,3-Trichloropropane II 9618411 o.oo5j 

11,2,4-Trimethylbenzene II 9563611 3501 
II,3,5-Trimethylbenzene · III08678II 3501 
jVinyl chloride II 7501411 o.o15l 

IXylenes III32ooooll 5301 

!zinc 11131000011 21ool 

1 -USEPAMCL 

5.0. Remedial Action 

Once the branch has approved the remedial investigation in writing, the remediating party must 
prepare a Remedial Action Plan (RAP) which includes the minimum information listed below. The 
Plan must be submitted to the branch pursuant to the terms of the Consent Order, the Site Cleanup 
Request Letter, or the Remedial Action Order. · · 

5.1 Introduction 

Depending on site conditions and in order to avoid submitting a final RAP that will not be 
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approvable, it may be advantageous for the remediatiiig partY to submit several drafts of the RAP 
(e.g. 30%, 90%, and final). This would allow the remediating party to receive contingent approval on 
proposed altemative(s) prior to the development of final RAP. The submission of a draft RAP is not 
required but is encouraged at sites using new remedial technologies or where treatability studies 
and/or pilot tests are necessary. 

After the RAP has been reviewed by the branch and any required amendments to the RAP have been 
made, the remediating party must submit copies of the RAP in sufficient quantities for distribution to 
the local health director, register of deeds office, and each public library in the county where the site · 
is located, if requested by the branch. 

The branch will mail notice of the development of the RAP to those parties who have requested such 
notice (N.C.G.S. 130A-310.9(b)). The RAP will be available for public comment in this manner for 
30 days after such mailing. If the division director determines that there is significant public interest 
in a site, the branch may hold a public meeting or public hearing. The branch will evaluate and 
consider all public comments before approving the RAP. RAPs must not be implemented until written 
approval is received from the branch. 

The branch will approve or disapprove the RAP within a reasonable period of time of receipt, but in a 
period not less than 30 days (public comment period). · · · 

Any modifications to the approved final RAP (including scheduling) must be submitted in writing to. 
and approved by the branch. 

5.2 Remedial Action Plan 

The RAP should be organized in sections corresponding to the following and must include at least: 

5.2.1_0bjectives: 

1. A discussion of the results of the remedial investigation including media contaminated, 
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contaminants of concern, and the areal and vertical extent" of contamination. 

2. A brief statement of objectives for the remedial action. 

5.2.2 Evaluation of remedies: 

1. Technology screening: Identification and listing of potentially applicable technologies. 

2. Feasibility Study: An evaluation of remedial alternatives using the following feasibility study 
criteria: 

a. Protection of human health and the environment, including attainment of remediation goals. 

b. Compliance with applicable federal, state and local regulations. 

c. Long-term effectiveness and permanence. 

d. Reduction of toxicity, mobility and volume. · 

e. Short-term effectiveness: effectiveness at minimizing the impact of the site remediation on the 
environment and the local community. 

f. Implementability: technical and logistical feasibility, including an estimate of time required for 
completion. 

g. Cost. 

h. Community acceptance. 

5.2.3 Proposed remedy: 

1. A demonstration that the proposed remedy is supported by the results of the feasibility study . 
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2. A detailed description of the proposed remedy, inCluding (where applicable): process flow 
diagrams of all major components ofthe treatment train; final engineering design reports, plans and 

· specifications; and a project schedule . 

3. A description of all activities that are necessary to ensure that the proposed method(s) of remedial 
action is (are) implemented in compliance with applicable laws and regulations and that remediation 
goals established hereunder are met. These activities include, but are not limited to, well installation 
and abandonment, sampling, run-on/run-off control, discharge of treated waste streams, and 
management of remediation-derived wastes. 

4. The results of any treatability studies and/or additional site characterization needed to support the 
proposed remedy. Any sampling conducted in this regard must have the same support documentation 
as required for remedial investigation sampling. The applicable reporting requirements listed in 
section 3.0 and in Section A.8 must be identified in the RAP. 

5. A description of the criteria for remedial action completion, including procedures for post-remedial 
and confirmatory sampling. · 

6. A health and safety plan that conforms to OSHA requirements and assures that the health "and 
safety of nearby residential and business communities will not be adversely affected by activities 
related to the remedial action. · 

7. Equipment and personnel decontamination procedures. 

5.2.4 Planned progress reporting 

The remediating party must specify in the RAP the intended progress reporting. A description of 
procedures and a schedule for completing construction, operation and maintenance, system 
monitoring and performance evaluation, and progress reporting must also be provided in the RAP. 
The progress reports must comply with the terms of the Consent Order and the approved RAP. In 
most cases, the following reports will be required: 

5.2.4. 1 Preconstruction report- The content and time table for submitting this report must be 
specified in the RAP. (See section 5.3 for content requirements.) 
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5.2.4.2. Construction completion report- The content and time table for submitting this report 
must be specified in the RAP. (See section 5.4 for content requirements). 

5.2.4.3. Periodic progress reports.;. The content and time table for progress reporting must be · 
specified in the RAP. (See section 5.5 for content requirements). 

5.2.5 Certification 

5.2. 5. 1 A certification under oath by a corporate official in charge of a principal business function 
stating: "I certify that, to the best of my knowledge, after thorough investigation, the information 
contained in or accompanying this certification is true, accurate, and complete." 

•• 

5. 2. 5. 2 A certification under oath by the consultant responsible for th~ day to day remedial activities. • 
. stating: "I certify that, to the best of my knowledge,· after thorough investigation, the information 
contained in or accompanying this certification is true, accurate, and complete." 

5.2.5.3 Any work which would constitute the "practice of engineering" as defined by G.S. 89C shall 
be performed under the responsible charge of, and signed and sealed by, a professional engineer 
registered in the state of North Carolina. Any work which would constitute the "public practice of 
geology" as defined by G.S. 89E shall be performed under the responsible charge of, and signed and 
sealed by, a geologist licensed in the state of North Carolina. 

5.3 Preconstruction Report 

Within ninety days of receiving written approval of the RAP from the branch, the remediating party 
must submit a preconstruction report. The report must be certified as described in section 5.2.5 and 
contain at least the following information. 

1. The results of any addition~! site char?cterization or treatability studies performed since branch 
approval of the RAP~ · · · · · · · · · · · , · · 
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2. A final engineering report, including a narrative description of process design, a summary of 
changes from the conceptual design approved in the RAP and final construction plans and 
specifications. 

3. Copies of any required registrations, permits, and approvals. 

4. A detailed Performance Monitoring and Evaluation Plan which has been developed to monitor the 
performance of the remedial action system as shown in the final design. 

5. An updated project schedule including estimated submittal dates for the Construction Completion 
Report, Progress Reports, and the Remedial Action Completion Report. 

5.4 Construction Completion Report 

Within ninety days of construction completion, the remediating party must submit a construction 
completion report which includes "as-built" plans and specifications, a summary of major variances 
from the fmal design plans, and a summary of any problems encountered during construction. The 
construction completion report must be certified as described in section 5.2.5. 

5.5 Progress Reports 

Weekly progress reports will be required during remedial actions ofless than three months duration. 
Quarterly progress reports will be required for remedial actions of greater than three months duration. 
The content of weekly and quarterly progress reports will be specified in the approved RAP. In most 
cases, the following information will be required: 

1. Operation and maintenance results: summaries of remedial action operating experience and 
maintenance requirements, and a discussion of major problems encountered . 

· 2. Performance evaluation results: tabulated· and graphical presentation of monitoring data, and 
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comparison of remedial action performance to design goals. 

Example: Performance evaluation reports for a groundwater remediation system would include 
evaluation of impacts on contaminant levels, hydraulic gradients and recovery well capture zones, 
evaluation of the treatment train, contaminant removal efficiencies, total mass of contaminants 
removed, etc. All results must include the applicable information shown in section 3.0 and the data 
reporting requirements shown in section A.8. Copies of waste manifests are required for any RCRA 
haz~dous wastes shipped off site. 

3. All progress reports must be certified as described in section 5.2.5. 

5.6 Remedial Action Completion Report . 

•• 

Within ninety (90) days of remedial action completion, the remediating party must submii a final 
reJ)ort which demonstrates that the remedial action has been completed in accordance with the 
approved RAP and in compliance with any Consent Order, Site Cleanup Request Letter, or Order to 
Develop and Implement a Remedial Action Program. The final report must include at least the • 
following: 

1. A final progress report which includes the information shown in section 5.5. 

2. A summary of remedial action operating experience and effectiveness in meeting design goals, 
based on all performance monitoring data and progress reporting to date. 

3. A discussion of criteria for remedial action completion, and a demonstration, supported by 
confirmation sampling data, that such criteria have been satisfied. All confirmation sampling results 
must include the same support documentation as required for remedial investigation sampling. The 
applicable reporting requirements listed in section 3.0 and section A.8 must be identified. 

4. A summary of total project costs. 
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Appendix A: Minimum Sampling and Analytical Requirements for the 

Remedial Investigation 

A.1. Introduction 

This appendix provides general guidance on minimum sampling and analytical requirements. At most 
sites, the remediating party will need to prescribe additional sampling and analysis based on site
specific conditions . 

The remedial investigation must include collection of the minimum number of samples described 
below, from each area of concern (minimum analytical requirements are addressed in section A.7 of 
this appendix). Once the first phase of sampling is completed, the branch will review the information 
provided and compile a list of contaminants of concern. The second phase of the remedial 
investigation must be structured to define the extent of each contaminant in each area of concern for 
each medium that is contaminated. The extent of contamination must be delineated to the remediation 
goals established for the site. 

A.2. Minimum Soil Sample Collection 

A.2.1. Phase I sampling · 

The purpose of the Phase I soil investigation is to identify all releases of hazardous substances to site 
soils, to characterize the chemical nature of such releases, and to collect sufficient sampling data to 
establish remediation goals . 
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Known or suspected spills and disposal areas must be investigated using historical research, such as 
waste management records, employee interviews and vintage maps and aerial photographs. Samples • 
must be collected from each lmown or suspected area of concern, e.g., in the vicinity of any vessels 
used to store chemical product or waste streams, any units used to manage hazardous substances, 
disposal areas, spill areas, areas of stressed vegetation, etc. The required sampling strategy depends 
on whether or not there is visible evidence of contamination. 

A.2. 1. 1. Visible evidence of contamination . 

At least one grab soil sample must be collected centrally from the most visibly contaminated location 
and horizon in each area of hazardous substance release or possible release. 

A.2.1.2. No visible evidence of contamination 

1 ~ Surf~ce Release: 

a. If no visible evidence exists in an area of a suspected surface release of contaminants, sampling 
must be conducted by first establishing a grid with grid line intersections (nodes) spaced no farther 
than 50 feet apart. Samples must be collected from each grid node. Compositing to reduce the total 
number of samples may be conducted as follows: 

62,500 square feet: No more than 4 grid node 

(250ft. X 250ft.) samples may be composited. 

> 62,500 square feet: A greater number of grid node samples may be composited but a minimum of 5 
resulting composite samples must be submitted for laboratory analyses. 

•• 

Surface samples for volatile organic contaminants must be collected 6 to 18 inches below ground • 
surface. For samples for volatiles analysis, at least 25% of the samples must be collected as unmixed 
grab samples, and must be evenly distributed across'the area ofcont3mination.· .. 

http:l/wastenot.enr.state.nc.us/sfhome/2001_ C&A _ Guidelines_ADA.htm 10/12/01 



• 

• 

• 

b. In addition, if actual contaminants released are (1) unknown, (2) mobile contaminants, or (3) 
contaminants that have been detected in groundwater at the site, a soil boring must be advanced to the 
water table. A boring must be centrally located in each area of concern and sampled at intervals from 
ground surface to the water table, e.g., (1) 6- 18 inches below ground surface; (2) at least every 5 feet 
from 6 inches to the water table; and (3) at the water table. Additional sampling depths should also be 
chosen based on visual and field-screening evidence. Samples collected for volatile organic analysis 
must be collected as unmixed grab samples. 

2. Subsurface Release: 

a. The results of the historical research must be used to conduct geophysical surveys and test 
trenching. Geophysical surveys must be conducted by scanning areas of concern on parallel and 
perpendicular traverses spaced no further than 30 feet apart (closer spacing may be required when 
using a metal detector). Grids must be established in all areas which yield anomalous readings during 
the scanning phase. Grid nodes must be spaced no greater than 10 feet apart. Readings must be 

. recorded at each grid node and mapped. If areas are excluded from the survey due to instrument 
interferences, a written justification for exclusion along with a map delineating the features causing 
the interferences must be provided with the remedial investigation report . 

b. Once the subsurface disposal area has been identified, it must be sampled in accordance with 
sections A.2.1.1, A.2.1.2.1 (b) and A.S .1 (1 ). If the suspected subsurface disposal area cannot be 
located using the methods above, a soil boring should be advanced through the suspected disposal 
area in accordance with section A.2.1.2.1 (b). 

A.2.2 Phase II sampling 

. The purpose of the Phase TI soil investigation is to delineate the lateral and vertical extent of 
contamination in each area of concern, to concentrations less than or equal to the remediation goals 
listed in Table 4-1, naturally occurring background levels (metals) or remediation goals established 
by the branch. Delineating the extent of soil contamination requires sampling all ditches, culverts or 
other drainage features which may have received runoff from known-contaminated areas. Field 
screening methods, such as soil gas testing and immunoassay test kits, may be used to help define the 
extent of contamination. If these methods are used, soil samples must also be collected at the 
expected vertical and lateral boundaries of each contaminated area and sent to the laboratory for 
confirmation. 
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A.3. Minimum Groundwater Sample Collection 

A.3.1. Phase !·sampling 

The purpose of the Phase I groundwater investigation is to identify all releases of hazardous 
substances to groundwater, to characterize the chemical nature of the contaminant plume(s), and to 
collect sufficient sampling data to establish remediation goals. 

The need for groundwater assessment at a site with known soil contamination will be determined on a 
case-by-case basis. If(1) the water table is within five feet of the land surface, (2) the contaminants 
are known to extend to within a five foot depth of the water table, or (3) the contaminants are 
somewhat mobile (such as VOCs, leachable metals) the uppermost groundwater aquifer must be 
sampled. At least one well must be installed centrally within each area of release meeting one or 
more of the three criteria. Where contaminants are believed to be "floaters" due to density and 
solubility in water, well screens must be positioned across the water table. Where contaminants are 
believed to be "sinkers," the well screen must be positioned just above the bedrock surface. In many 

• 

cases, insufficient information on the nature of hazardous substance releases at the site will make it • 
. . necessary to perform the Phase I groundwater field work after the Phase I soil work is completed; -

If the remediating party decides not to install a well within an area due to grossly contaminated 
conditions or concern for rupturing buried vessels, a minimum of three wells must then be installed . 
immediately surrounding the suspect area. Once groundwater flow patterns are clearly defined, a well 
will be required on the hydraulically down gradient perimeter of the area of concern. A previously 
installed well may be appropriately located. Depending on the size of the area and nature of the 
release, additional monitoring wells may be necessary once the source is removed or remediated~ 

Groundwater elevation data must be collected during each sampling event and at least every six 
months during the remedial investigation. If subsequent water table elevation data indicate a 
significant change in the direction of groundwater flow, additional wells will be necessary to . 
adequately evaluate groundwater contamination. Groundwater elevations must be measured from a 
datum established by a Professional Land Surveyor. 

A minimum of one sample must be collected from each monitoring well. 
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A.3.2. Phase II sampling 

If Phase I sampling indicates hazardous substances are present in groundwater, additional , 
groundwater assessment will be required. The purpose of the Phase IT groundwater investigation is to 
delineate the lateral and vertical extent of all contaminant plumes, on site and off-site. The lateral and 
vertical extent o.fthe groundwater contaminant plumes must be defined by wells free from hazardous 
substance concentrations exceeding branch remediation goals. 

Note: Site-specific conditions may require more than two phases to complete the groundwater 
investigation. Examples include complex hydrogeology, such as fractured bedrock aquifers, and 
complex contaminant behavior, such as the migration of dense non-aqueous phase liquids (DNAPL). 

A.4. Minimum Surface Water and Sediment Sample Collection 

A.4.1. Phase I sampling . 

The purpose of the Phase I surface water/sediment investigation is to identify all releases of 
hazardous substances to surface water or sediments, to characterize the chemical nature of such 
releases, and to collect sufficient sampling data to establish remediation goals. Surface water 
·assessment will be necessary if there is a potential for contaminants to migrate to surface water via 
surface runoff or through a discharge of contaminated grolindwater to a surface water body. If surface 
water assessment is required, at least one water and one sediment sample must be collected 
immediately upstream of the site and one water and one sediment sample collected immediately 
downstream of the site. These samples need only be analyzed for contaminants previously detected in 
other media at the site unless a non-permitted direct discharge of a hazardous substance from the site 
to surface water has occurred. If such a discharge has occurred, samples must be analyzed for the 
analytical scan shown in section A.7.1. 

A.4.2. Phase II sampling 

If contamination is detected in any downstream sample, additional surface water/sediment assessment 
will be required. The purpose of the Phase IT surface water/sediment investigation is to defme the 
downstream extent of contamination to concentrations less than or equal to the remediation goals 
established by the branch. 
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A.5. Other Sample Collection 

A.5.1. Phase I sampling 

1. Any abandoned or buried vessels containing unknown materials or hazardous substances must be 
excavated and the contents sampled and analyzed for parameters sufficient to meet disposal or 
treatment facility requirements. A full scan composite soil sample(s) inth~ vessel area must be 
collected as described in section A.2.1. Soil samples will also be required at the time of vessel 
excavation in the immediate vicinity of all joints and junctures of subsurface pipe associated with any 
undergr~und vessels known or suspected to contain or have contained hazardous substances. 

• 

2. Site-specific background soil samples must be collected to establish natural metals concentrations. 
Samples should be located away from roadways, railways, parking areas and other potential sources 
of contamination. Because natural metals concentrations are highly variable, the branch recommends 
collecting a minimum of five background soil samples. Background soil samples should be collected 
from depths and soil types that are representative "of contaminated soils, but should not be collected • 
from topsoils (0-6 inches). 

3. If groundwater assessment is required, background groundwater samples should be collected to 
established natural background conditions. Samples should be collected up gradient of any on-site 
sources of contamination. 

4. If surface water assessment is required, background surface water and sediment samples should be 
collected to establish natural or anthropogenic background conditions. Samples should be collected 
upstream of any on-site sources of contamination. 

A.5.2. Phase II sampling 

Areas determined to have hazardous substance contamination resulting from a release from a vessel 
must' be characterized according to section A:2.2. . · 
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• A.6. Standard Field Protocols 

• 

•• 

1. Unless othe~ise noted below, field procedures must be in compliance with the May 1996 US 
Environmental Protection Agency Region IV Environmental Investigations Standard Operating 
Procedures and Quality Assurance Manual (SOP) (Revised 1997). This ~anual is available from 
USEP A Region IV, Science and Ecosystems Support Division. · 

2. In addition to the standard protocols contained in EPA's SOP Manual, please observe the 
following: 

a. Field QC samples: (i) minimum of one duplicate sample per medium per container type per field 
day; (ii) equipment rinsate blanks and VOA trip blanks are strongly recommended. 

b. Soil, sediment and waste samples for volatiles analysis should be collected directly into sample 
containers without mixing . 

c. All soil sampling and boring locations must be staked and flagged (or surveyed) until the 
completion of the remedial investigation. 

d. The location of all monitoring wells must be surveyed by a Professional Land Surveyor registered 
in North Carolina. 

e. Filtration of groundwater samples for metals analysis before acid digestion is not permitted. 
Samples must be prepared using Standard Method 3030C "Preliminary Treatment for Acid
Extractable Metals," Standard Methods for the Examination of Water and Wastewater, latest edition. 
If turbidity is a problem, groundwater samples should be collected using a low-flow purging and 
sampling technique. Additional well development may also be necessary. 

f. For surface waters that are very shallow (less than 6 inches deep), turbulent or highly turbid, 
samples may be collected in a separate collection container and then decanted into the sample 
container. Samples for organic analysis must be decanted into the sample container immediately. 
Samples for metals analysis may be allowed to settle for a few minutes prior to decanting. All 
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collection containers must be made of the same materials as the sample container and must be 
precleaned and handled in the same manner. 

g. Drill cuttings and well development, purge and decontamination water must be containerized until 
laboratory data is available to make a determination as to how the material may be disposed or 
treated. Materials exceeding branch remediation goals may not be replaced on the site. Listed or 
characteristic hazardous wastes must be managed in accordance with RCRA requirements. 

A.7. Minimum Sample Analyses 

A.7.1. Phase I analyses 

A. 7. 1. 1 Analytical parameters 

Each Phase I sample must be analyzed for: 

1. Hazardous substance list metals including antimony, arsenic, beryllium, cadmium, chromium, 
copper, lead, mercury, nickel, selenium, silver, thallium, and zinc. 

2. All of the USEPA Target Compound List hazardous substances (excluding pesticides and PCBs) 
with a library search (using the National Institute of Standards and Technology mass spectral library) 
to produce a list of tentatively identified compounds (TICs). The library search must identify TICs 
for the largest 10 peaks in each analytical fraction having reasonable agreement with reference 
spectra (i.e., relative intensities of major ions agree within± 20%). The list of TICs identified must 
not include laboratory control sample compounds, surrogates, matrix spike compounds, internal 
standards, system monitoring compounds, or target compounds. Any TICs having reasonable 
agreement with reference spectra, and that are detected in more than one sample, must be included in 
all subsequent analytical work unless the compound can be proven to be a laboratory contaminant. 
Quantification of these specific TICs must be performed before cleanup levels can be determined and 
Phase II of the investigation can proceed. 
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3. Pesticides, PCBs, dioxins, cyanide, fonnaldehyde,.and any other CERCLA hazardous substance, if 
suspected to have been present at the site (based on chemical usage history) . 

A.7.1.2. Analytical methods 

The analytical methods used should be the most recent, US EPA approved, update of the 
following analytical methods: 

Soil and sediment samples: 

Volatile Organic Compounds: Method 8260 

Semi-volatile Organic Compounds: Method 8270 

Pesticides Method 8081 
. . 

PCBs Method 8082 

Metals SW -846 Methods 

Dioxins, cyanide, fonnaldehyde USEP A method 

and any other analytes not covered having the lowest 

by above me~ods method detection limit 

Water samples (including groundwater, surface water and TCLP leachate): 

Volatile Organic Compounds: Method 8260 

Semi-volatile Organic Compounds: Method 8270 

Pesticides Method 8081 

PCBs Method 8082 

Metals, dioxins, ~yanide, fonnaldehyde USEP A method 
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and any other analytes not covered by capable of achieving 

above methods method detection limits less than or equal to the applicable 2L standard. 

Note 1: StandardMethod 3030C "Preliminary Treatment for Acid-Extractable Metals," Standard 
Methods for the Examination of Water and Wastewater, latest edition, must be used in metals 
analyses of water samples. Filtration of groundwater and surface water samples before acid digestion 
is not permitted. Highly turbid water samples for metals analysis should be collected in accordance 
with Appendix A, section A.6 (2)(e) and (f). · 

Note 2: In order to demonstrate compliance with the branch's soil remediation goals for the protection 
of groundwater, the laboratory must achieve sample quantitation limits less than or equal to the 
Subchapter 2L groundwater standards, or must state in the case narrative that the sample quantitation 
limits are the lowest that can be achieved using EPA-approved methods. 

A. 7.2. Phase II analyses 

A. 7.2.1 Analytical parameters 

After the first phase of sampling is conducted as specified in sections A.2. through A.S. above, any 
samples subsequently collected need only be analyzed for the following: 

1. TICs meeting the criteria in Section A.7.1.1(2) above, and that are CERCLA hazardous substances, 
must be quantified in Phase II analyses using USEP A methods having the lowest method detection 
limit. If no USEPA method exists for a particular compound, the best available analytical method 
should be used. 

• 

• 

2. All CERCLA hazardous substances present above method detection limits, unless the contaminant 
concentration is proven through sampling to be the result of a naturally-occurring condition, or the 
contaminant is a common laboratory contaminant detected in concentrations below that detected in • 
the method blank. If a compound that is not a common laboratory contaminant is detected in both the 
blank and a sample, another phase of sampling will be necessary to demonstrate the absence or 
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presence of the contaminant. 

3. Potential degradation compounds (which are also CERCLA hazardous substances) ofthose . 
CERCLA hazardous substances detected at the site. 

4. If chromium is detected in any environmental medium above background, sampling for Cr +6 will 
be necessary. The Remedial Investigation Work Plan must include an outline of the proposed method 
ofCr +6 analysis. This data will be used to determine whether Cr +3, Cr +6 or a ratio of the two will 
be used to establish remediation goals. 

5. Iflaboratory sample dilutions were performed on Phase I samples, Phase IT samples must be 
analyzed for the entire analytical fraction previously diluted in addition to the above items. Sample 
dilutions raise analytical detection limits and therefore can mask the presence of other constituents at 
lower concentrations. 

A. 7.2.2 Analytical methods 

Phase II (and subsequent) samples should be analyzed using the methods specified above for Phase I 
samples. Other USEP A methods may be substituted, provided that the substitute methods achieve 
equal or lower method detection limits. 

A.a. Data Reporting Requirements 

The laboratory reports submitted with remedial investigation reports must include at least the items 
listed below. Full CLP documentation packages are not required. 

1. The laboratory report must include a statement certifying that the laboratory is either certified for 
applicable parameters under 15A NCAC Subchapter 2H .0800, or that it is a contract laboratory 
under EPA's Contract Laboratory Program . 

2. A signed statement from the laboratory that the samples were received in good condition and at the 
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required temperature and that analysis of the. samples complied with all procedures outlined in 
USEP A methodology, unless otherwise specified. Any deviation from the methods, additional 
sample preparation, sample dilution and analytical problems not rectified, must be justified in a 
narrative with the laboratory report. 

3. Laboratory sheets for all analytical results, including sample identification, sampling dates, date 
samples were received by laboratory, extraction dates, analysis dates, analytical methods used, 
dilution factors and sample quantitation limits.· 

Note: Sample quantitation limits must meet the USEP A method detection limits unless the laboratory 
provides a written justification as to why the method detection limits could not be achieved. 

4. Laboratory sheets for all laboratory quality control samples, including results for bias and precision 
and control limits used. The following minimum laboratory quality control sample reporting is 
required: (a) at least one matrix spike and one matrix spike duplicate per sample delivery group or 
14-day period, whichever is more frequent (control limits must be specified); (b) at least one method 
blank per sample delivery group or 12-hour period, whichever is less; and (c) system monitoring 
compounds, surrogate recovery required by the method and laboratory control sample analysis 

• 

(acceptance criteria must be specified). All samples which exceed ·control limits/acceptance criteria • 
must be flagged in the laboratory report. 

5. The results of any library searches performed for "tentatively identified compounds." The library 
search must identify TICs for the largest 10 peaks in each analytical fraction having reasonable 
agreement with reference spectra (i.e., relative intensities of major ions agree within± 20%) and 
providing percent probabilities of match. TICs must not include compounds which are laboratory 
control sample compounds, internal standards, surrogates, matrix spike compounds, system 
monitoring compounds, and target compounds. 

6. Completed chain-of-custody with associated air bill (if applicable) attached. 

7. The laboratory report must include the names and qualifications of the individuals performing each 
analysis, the quality assurance officer reviewing the data, and the laboratory manager. 
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Appendix 8: Minimum Requirements for Confirmation 

Sampling and Analysis 

8.1. Introduction 

age o 

This appendix provides general guidance on the minimum "post-remediation" sampling and analyses 
required to demonstrate compliance with branch remediation goals. At most sites, the remediating 
party will need to prescribe additional sampling and analysis based on site-specific conditions. 

8.2. Soil Sampling 

8.2.1. Post in-situ remediation 

For in-situ soil remedies, such as soil vapor extraction, confirmation sampling must be designed to 
verify that the entire soil column has been remediated to below branch remediation goals. The 
remediating party must design a three-dimensional sampling grid as follows: 

1. Design a surface sampling grid over the area(s) of concern. Grid nodes should be no more than 50 
feet apart. 

2. At each grid node, specify "candidate" sampling locations at the surface, at 6- 18 inches below 
ground surface, and at at least 5-foot intervals down to the vertical limit of contamination. The result 
is a three-dimensional grid of"candidate" sampling locations encompassing the area of concern. 

3. Select at least two candidate locations at each grid node for sample collection, using a combination 
of random and biased selection. Biased samples should be collected.from known "hot spots" and 
from soil zones that are known to be resistant to in-situ methods (e.g., clay lenses). 

• . 4. Same-depth samples from up to four adjacent grid nodes may be composited. Samples at different . 
depths may not be composited. For samples for volatiles analysis, at least 25% must be collected as 
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· unmixed grab samples, and must be evenly distributed across the area of contamination. 

8.2.2. Post ex-situ remediation 

8.2.2.1 Post-excavation sampling 

Post-excavation sampling must be designed to verify that all soils/wastes above branch remediation 
goals have been removed. Excavations should be sampled as follows: 

1. Design a sampling grid over the base and sidewalls of the excavation. Grid nodes must be no more 
than 50 feet apart. At each grid node, collect a sample from 0-3 inches into the base or sidewall. 

2. For very small excavations, collect at least one composite sample from the base and one composite 
sample from each s~dewall. Comp~site S?Illples must consist of at least four aliquots each. 

3. Biased samples should also be collected from areas of residual contamination, based on visible or 
field-screening evidence. 

4. For excavations <62,500 square feet, samples .from up to four adjacent grid nodes may be 
composited. For excavations > 62,500 square feet, a greater number of grid nodes may be composited 
but a minimum of 5 resulting composite samples must be submitted for laboratory analyses. For all 
excavations, samples from different sidewalls may not be composited and at least 25% of the samples 
collected for volatiles analysis must be collected as unmixed grab samples. 

8.2.2.2 Treated soil stockpiles 

Treated soils/wastes must meet branch remediation goals before they can be replaced on site. Treated 
soil stockpiles should be sampled as follows: 
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1. Stockpiles should be gridded into equal segments of approximately 100 cubic yards each . 

2. Within each segment, locate at least three hand-auger borings, using either random or biased 
selection. Samples should be collected from two depths within each boring (minimum 6 samples per 
segment). · 

3. Additional biased samples should also be collected from areas of residual contamination, based on 
visible or field-screening evidence. 

4. Samples may be composited only within each segment. For samples for volatiles analysis, at least 
25% must be collected as unmixed grab samples. 

8.3. Groundwater Sampling 

Confirmation sampling must demonstrate that site groundwater has been remediated to below branch . 
remediation goals. This must be demonstrated as follows: · 

1. Groundwater remediation systems may be shut down when two consecutive biannual sampling 
events demonstrate that all monitoring wells (on-site and off-site) are free of contamination above 
branch remediation goals. 

2. Following system shutdown, at least six consecutive biannual sampling events must demonstrate 
that all monitoring wells are free of contamination above branch remediation goals. 

3. To account for the effects of seasonal fluctuations in the water table, biannual sampling events 
should be conducted in winter and summer. 

8.4. Surface Water/Sediment Sampling 
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1. Confirmation sampling must demonstrate that site surface water and sediment have been 
remediated to below branch remediation goals. Six consecutive biannual sampling events must • 
demonstrate that: (1) concentrations in downstream samples are less than or equal to concentrations 
in upstream samples; or (2) concentrations in downstream samples are less than or equal to branch 
remediation goals. 

2. To account for the effects of seasonal fluctuations in stream flow, biannual sampling events should 
be conducted in winter and sum.m'er. 

8.5. Minimum Sample Analyses 

All confirmation samples must be analyzed for the list of constituents developed during the Phase II 
Remedial Investigation (see Appendix A, section A.7.2.). Confirmation samples must be analyzed · 
using USEP A methods with detection limits less than or equal to branch remediation goals, or 
USEP A methods with the lowest available detection limits for each contaminant of con~ern. 

Appendix C: Sensitive Environment Contacts 

SOURCE OF_ 
I NAME 

. !!SENSITIVE ENVIRONMENT I INFORMATION .TELEPHONE# 

NC Division of Parks Susan Giles State Parks 
and Recreation -
!Natural Heritage Program Phone: (919) 733-4181 

Fax: (919) 715-3085 Areas Important to Maintenance of Unique Natural 
Communities 

Post Office Box 27687 . 

Raleigh, NC 27611-7687 

Sensitive Areas Identified Under the National 
Estuary Program 

Designated State Natural Areas 

State Seashore, Lakeshore and River Recreational 
Areas 
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Rare species( state and federal Threatened and 
Endangered) 

• Sensitive Aquatic Habitat 

NC Planning and Natural Robert K. Huband State Wild and Scenic Rivers 
Resources 

(919)846-9991 

National Park Service (404) 562-3103 for list and general National Seashore, Lakeshore and River 
information. Stuart Johnson (404) Recreational Areas 

Public Affairs Office 562-3103/or 

!specifics on National Seashore, 
!Lakeshore and River Recreational 
!Areas as necessary_. 

www.nps.gov/rivers National Parks or Monuments 

Federal Designated Wild and Scenic Rivers 
Internet 

• US Forest Service Kathy Ludlow Designated and ~oposed Federal Wilderness and · 
Natural Areas 

(828) 257-4253 

National Preserves and Forests 
Larry Haden 

{828) 257-4864 
Federal Land designated for the protection of 

Steve Simone Natural Ecosystems 

(828) 257-4810 

NC Division of Water Jay Sauber Critical Areas Identified Under the Clean Lakes 
Quality Program 

Phone: (919) 733-6510 

Hope Thompson State-Designated Areas for Protection or 
Maintenance of Aquatic Life 

Phone: (919) 733-5083 x 360 

Ask for Clean Water Act 305b report 

NC Division of Forest Joe Hogue State Preserves and Forests 
Resources 

• Phone: (919) 733-2162 
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US Fish & Wildlife JohnHetner Terrestrial Areas Utilized for Breeding by Large or 
Service Dense Aggregations of Animals 

Phone: (919) 856-4520 x 11 

NC Wildlife Resources Frank McBride National or State Wildlife Refuges 
Commission 

Phone: (919) 733-3633 x 283 

'NOAA 'Matt Stout 

. Phone: (301) 713-3125 x 173 

IMarme S~cruaries 

NC Department of Renee Gledhill-Early National and State Historical Sites 
Cultural Resources 

Phone: (919) 733-4763 

NC Division of Coastal 1(919) 733-2293 I Areas Identified Under Coastal Protection 
Management · Legislation · . 

'Internet llhttp://dcm2.enr.state.nc.us I Coastal Barriers or Units of a Coastal Barrier 
Resources System 

NC Wildlife Resources Fred Harris, ext. 275 or Spawning Areas Critical for the Maintenance of 
Commission · Fish/Shellfish Species within River, Lake or Coastal 

Bob Currie, ext. 280 Tidal Waters. 

Phone: (919) 733-3633 

Migratory Pathways and Feeding Areas Critical for 
Maintenance of Anadromous Fish Species within 
River Reaches or Areas in Lakes or Coastal Tidal 
Waters in which such Fish Spend Extended PeriodS 
of Time 

State Lands Designated for Wildlife or Game 
Management 

US Army Corps of 11<919) 876-8441, ext. 28 "Wetlands 
Engineers 

Appendix D: Land Use Restrictions 

0.1. Approval Process for Use of Land Use Restrictions as the Remedy 

Land use restrictions, for soil and sediment contamination, may be proposed as part or all of a site 
remedy when such a remedy is supported by the results of the feasibility study (See section 5.2.2.). 
Depending on contaminant concentrations and the site's proposed restricted use, additional remedial 
action may or may not be required. 

I 

I 

• 

• 

Cleanup levels for the standard industrial/commercial exposure scenario will be provided by the • 
branch upon request. Cleanup levels for other site specific exposure scenarios must be calculated by 
the remediating party. If the remediating party calculates Cleanup levels, all supporting risk and · 
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exposure assessment calculations must be provided for the branch's review and approval. 

Note: All containment remedies require land use restrictions. 

The following steps outline the process that the remediating party must follow for approval of 
remedies involvmg land use restrictions: 

1 The remediating party notifies the branch, in writing, that it proposes to use land use restrictions at 
a site. The notification letter must include either a request for standard industrial/commercial cleanup 
levels or indicate that site specific cleanup levels will be calculated. 

2. The remediating party submits a draft Remedial Action Plan (RAP) that includes a land use 
restriction proposal. The land use restriction proposal (proposal) should contain: 

• A description/list outlining what activities and uses should be restricted at the site. Examples of 
precluded activities are: 

• - Construction of buildings and other man-made structures. 

• 

- Excavating, dredging or otherwise removing soils and sediments at all, or below specified depths. 

- Planting or removal of vegetation including edible varieties, trees and shrubs. 

- Limitations on site use (e.g., preclusion of all uses other than industrial/commercial). 

b. The deed book and page numbers for the property or properties where the restrictions will apply if 
approved. 

c. The plat book and page numbers for any "Notice of an Inactive Hazardous Substance or Waste 
Disposal Site" already recorded in relation to the site. 

. . . . . . . : . . . ... . ' 
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d. Proposed remediation goals for restricted land use. 

Note: The remediating party must provide all supporting risk and exposure assessment 
calculations if a site specific exposure scenario is proposed. 

e. Written consent by the owner(s) of the site to the imposition ofland use restrictions using the form 
provided in section D.2. · 

f. A proposed inspection plan for the site to verify that the recorded land use restrictions are in place 
and activities at the site are in compliance with these restrictions. The proposed inspection plan must 
be included in the section of the RAP that describes planned inspection, maintenance, and progress 
reporting (see section 5.2.4). 

• 

Note: The site owner or remediating party will be required to conduct an inspection of the site • 
no less than annually and submit a signed and notarized statement stating that the land use · 
restrictions are still in effect and that conditions at the site are not in violation ofthe land use 
restrictions. The branch may later supply a form for such purposes. Owners, operators and 
other responsible parties are required under N.C.G.S. 130A-310.3(t) to enforce the land use 
restrictions and are expected to take action immediately upon discovery of a violation of the 
land use restrictions. Failure to do so will cause automatic revocation of branch approval of the 
remedial action. 

3. After reviewing the proposal, the branch will either approve, reject or provide comments on the 
proposal. If an agreement is reached on the proposal, the branch will transmit the land use restrictions 
document to the remediating party as it is to be recorded. If this document is acceptable to the 
remediating party, a final RAP that includes the land use restrictions document must be submitted. 
The branch will proceed with public notice of the final RAP in ac~ordance with N.C.G.S. 130A-
310.4(c)(2). 

4. During the RAP public notice period, the remediating party must submit a draft "Notice of Inactive 
Hazardous Substance or Waste Disposal Site" (Notice) to the branch for review. The Notice takes the 
form of a site survey plat prepared in accordance with N.C.G.S. 130A-31 0.8 and branch guidance. • 
The branch will not issue approval to proceed with recordation ofthe land use restrictions until the 
·branch has received the draft Notice and concludes it is complete (with the exception of the required 
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references to the book and page numbers where the land use restrictions are recorded). If a Notice for 
the site has already been approved by the branch and properly recorded, another Notice does not need 
to be prepared . 

5. After the RAP public notice period concludes and the draft Notice has been approved by the 
branch, ~he branch will give approval to proceed with implementation of the RAP and recordation of 
the land use restrictions document. After receiving written approval to proceed, the remediating party 
must have the land use restrictions document recorded in the appropriate Register of Deeds office and 
indexed in the grantor index under the names of the owners of all affected properly. 

6. Within a time period specified by the branch, the remediating party must submit a certified copy of 
the recorded land use restrictions document and a copy of the relevant grantor index page(s). The 
remediating party must also submit a finalized copy of the Notice, ready for recordation. The book 
and page numbers where the land use restrictions are recorded must be referenced on the Notice. 

7. Once the final Notice is approved by the branch, the remediating party must have the Notice 
recorded in the appropriate Register of Deeds office and indexed in the grantor index under the name 
(s) of the owner(s) of all affected property . 

8. The remediating party must submit a certified copy of the recorded Notice and a copy of the 
relevant grantor index page(s) to the branch within the time period specified. 

Note: Failure of the remediating party to comply with deadlines issued by the branch for submittal 
of above referenced docume11ts will cause automatic revocation of branch approval ofthe RAP. 

0.2. Land Use Restrictions Consent Form 

The following is the form required to be submitted (see 2.e in section D.1) indicating provisional 
consent of the site's owner to the imposition ofland use restrictions, subject to later withdrawal when 
the owner reviews the land use restrictions document. 

VOLUNTARY CONSENT TO IMPOSITION OF LAND USE RESTRICTIONS 
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Superfund Site, County, North Carolina 

I,, owner in fee simple of real property located at[street address], [town or city] ,_County, North 
Carolina which includes the Superfund site (the "Site"), am agreeable to the imposition of Land Use 
Restrictions ("Restrictions") partially or completely in lieu of actual remediation of hazardous . 
substances at the Site. I understand that I will be required to document any agreement to the actual 
Restrictions approved for the Site by the North Carolina Department of Environment and Natural 
Resources, and that I may refuse to consent upon review of the actual Restrictions. 

IN WITNESS WHEREOF, has caused these presents to be executed in its name by [name of atty. 
or other agent ifthe is one] , its [title] , this day of, . 

[name of owner if agent is signing] 

By: [signature of atty. or other agent if there is one] 

Signatory's name typed or printed: 

STATE OF NORTH CAROLINA · 

COUNTY OF 

I, , a Notary Public, do hereby certify that personally appeared before me this day and aclmowledged 
that he/she is the [title] of [owner] and that by authority duly given, and as the act of [owner] , the 
foregoing instrument was signed in its name by such [title] . 

WITNESS my had and official seal this day of, . 
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. Notary Public 

My commission expires . 

0.3. Cancellation of Land Use Restrictions ., 

At a subsequent date, should the owner believe that all hazards have been removed and that 
hazardous substances are no longer present at the site above unrestricted use remediation goals, the 
owner may request branch approval to cancel the land use restrictions. Canceling land use restrictions 
without prior branch approval will cause automatic revocation of approval of the RAP and will 
subject the party taking such action to enforcement. 
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• DISCLAIMER 
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Preliminary remediation goals (PRGs) focus on common exposure pathways and may not 
consider all exposure pathways encountered at CERCLA I RCRA sites (Exhibit 1-1). 
PRGs do not consider impact to groundwater or address ecological concerns. PRGs are 
specifically not intended as a (1) stand-alone decision-making tool, (2) as a substitute for 
EPA guidance for preparing baseline risk assessments, or (3) a rule to determine if a waste 
is hazardous under RCRA. 

The guidance set out in this document is not final Agency action. It is not intended, nor can 
it be relied upon to create any rights enforceable by any party in litigation with the United 
States. EPA officials may decide to follow the guidance provided herein, or act at variance 
with the guidance, based on an analysis of specific circumstances. The Agency also 
reserves the right to change this guidance a_t any ~ime without public notice. 

1.0 INTRODUCTION 

Region 9 Preliminary Remediation Goals (PRGs) are risk-based tools for evaluating and cleaning 
up contaminated sites: They are being used to streamline and standardize all stages of the risk 
decision-making process. · 

The Region 9 PRG table combines current EPA toxicity values with "standard" exposure factors 
to estimate contaminant concentrations in environmental media (soil, air, and water) that are 
considered protective of humans, including sensitive groups, over a lifetime. Chemical 
concentrations above these levels would not automatically designate a site as "dirty" or trigger a 
response action. However, exceeding a PRG suggests that further evaluation of the potential 
risks that may be posed by site contaminants is appropriate. Further evaluation may include 
additional sampling, consideration of ambient levels in the environment, or a reassessment ofthe 
assumptions contained in these screening-level estimates (e.g. appropriateness of route-to-route 
extrapolations, appropriateness of using chronic toxicity values to evaluate childhood exposures, 
appropriateness of generic exposure factors for a specific site etc.). 

The PRG concentrations presented in the table can be used to screen pollutants in environmental 
media, trigger further investigation, and provide an initial cleanup goal if applicable. When 
considering PRGs as preliminary goals, residential concentrations should be used for maximum 
beneficial uses of a property. Industrial concentrations are included in the table as an alternative 
cleanup goal for soils. In general, it is not recommended that industrial PRGs be used for 
screening sites unless they are used in conjunction with residential values. 

Before applying PRGs as screening tools or initial goals, the user of the table should consider 
whether the exposure pathways and exposure scenarios at the site are fully accounted for in the 
PRG calculation. Region 9 PRG concentrations are based on exposure pathways for which 
generally accepted methods, models, and assumptions have been developed (i.e. ingestion, 
dermal contact, and inhalation) for specific land-use condit.ions and do not consider impact to 
groundwater or ecological receptors (see Developing a Conceptual Site Model below) . 



EXHIBIT 1-1 
TYPICAL EXPOSURE PATHWAYS BY MEDIUM 

FOR RESIDENTIAL AND INDUSTRIAL LAND USES• 

EXPOSURE PATHWAYS, ASSUMING: 

MEDIUM RESIDENTIAL LAND USE INDUSTRIAL LAND USE · 

Ground Water Ingestion from drinking Ingestion from drinking 

Inhalation ofvolaiiles Inhalation ofvolatiles 

Dermal absorption from Dermal absorption 
bathing 

Surface Water Ingestion from drinking Ingestion from drinking 

Inhalation ofvolatiles Inhalation ofvolatiles 

Dermal absorption from Dermal absorption 
bathing 

Ingestion during swimming 

Ingestion of contaminated fish 

SoH· Ingestion Ingestion 

Inhalation ofparticu/ates Inhalation of particulates 

Inhalation ofvolatiles Inhalation ofvolatiles 

Exposure to indoor air from Exposure to indoor air from 
soil gas soil gas 

Exposure to ground water Exposure to ground water 
contaminated by soil leachate contaminated by soil 

leachate 

Ingestion via plant, meat, or Inhalation of particulates 
dairy products from trucks and heavy 

equipment 

Dermal absorption Dermal absorption 

Footnote: 
8Exposure pathways considered in the PRG calculations are indicated in boldface italics. 
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• 2.0 READING THE PRG TABLE 
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•• 

2.1 General Considerations 

With the exceptions described below, PRGs are chemical concentrations that correspond to fixed 
levels of risk (i.e. either a one-in-one million [I0-6] cancer risk or a noncarcinogenic hazard 
quotient of I) in soil, air, and water. In most cases, where a substance causes both cancer and 
noncancer (systemic) effects, the I0-6 cancer risk will result in a more stringent criteria and 
consequently this value is presented in the hard copy of the table. PRG concentrations that 
equate to a 10-6 cancer risk are indicated by "ca". PRG concentrations that equate to a hazard 
quotient of I for noncarcinogenic concerns are indicated by "nc". 

If the risk-based concentrations are to be used for site screening, it is recommended that both 
cancer and noncancer-based PRGs be used. Both carcinogenic and noncarcinogenic values may 
be obtained at the Region 9 PRG homepage at: 

http://www.epa.gov/region09/waste/sfund/prgl 

It has come to my attention that some users have been multiplying the cancer PRG concentrations 
by 10 or 100 to set "action levels" for triggering remediation or to set less stringent cleanup levels 
for a specific site after considering non-risk-based factors such as ambient levels, detection 
limits, or technological feasibility. This risk management practice recognizes that there may be a 
range of values that may be "acceptable" for carcinogenic risk (EPA's risk management range is 
one-in-a-million [10-6] to one-in-ten thousand [104

]). However, this practice could lead one to 
overlook serious non cancer health threats and it is strongly recommended that the user consult 
with a toxicologist or regional risk assessor before doing this. For carcinogens, I have indicated 
by asterisk ("ca*") in the PRG table where the noncancer PRGs would be exceeded if the cancer 
value that is displayed is multiplied by 100. Two stars ("ca**") indicate that the noncancer 
values would be exceeded ifthe cancer PRG were multiplied by 10. There is no range of 
"acceptable" noncarcinogenic "risk" so that under no circumstances should noncancer PRGs be 
multiplied by 10 or 100, when setting final cleanup criteria. 

In general, PRG concentrations in the table are risk-based but for soil there are two important 
exceptions: (1) for several volatile chemicals, PRGs are based on the soil saturation equation 
("sat") and (2) for relatively less toxic inorganic and semivolatile contaminants, a non-risk based 
"ceiling limit" concentration is given as 1 o+s mg/kg ("max"). · 

Also included in the PRG table are soil screening levels (SSLs) for protection of groundwater 
(see Section 2.3); and, California EPA PRGs ("CAL-Modified PRGs") for specific chemicals 
where CAL-EPA screening values may be "significantly" more restrictive than the federal values 
(see Section 2.4) . 
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2.2 Toxicity Values 

Heirarchy ofToxicity Values 

EPA toxicity values, known as noncarcinogenic reference doses (RID) and carcinogenic slope 
factors (SF) were obtained from IRIS, NCEA (formerly ECAO) through September 2000, and 
HEAST. The priority among sources of toxicological constants of the table in order of 
preference is as follows: (1) IRIS (indicated by "i"), (2) NCEA ("n"), (3) HEAST (''h"), (4) 
withdrawn from IRIS or HEAST and under review C'x") or obtained from other EPA documents 
("o"). 

Inhalation Conversion Factors 

As of January 1991, IRIS and NCEA databases no longer present RIDs or SFs for the inhalation 
route. These criteria have been replaced with reference concentrations (RfC) for noncarcinogenic 
effects and unit risk factors (URF) for carcinogenic effects. However, for purposes of estimating 
risk and calculating risk-based concentrations, inhalation reference doses (RfDi) and inhalation 
slope factors (SFi) are preferred. This is not a problem for most chemicals because the inhalation 
toxicity criteria are easily converted. To calculate an RfDi from an RfC, the following equation 
and assumptions may be used for most chemicals: 

. 
. mg 20m3 1 

RfDI (kg-day)- RfC(mg/nt)x day x 70kg 

Likewise, to calculate an SFi from an inhalation URF, the following equation and assumptions 
maybe used: 

SFi (kg-day)- URF(m3 /u )x day x 70k x 103 ug 
(mg) g 20m3 g mg 

Substances with New Toxicity Values 

To help users rapidly identify substances with new toxicity values, these chemicals are printed in 
boldface type. This issue of the PRG table contains new or revised toxicity values for benzene, 
chlorine, cyclohexane, 4,4'-dichlorobenzophenone, 1,3-dichloropropene, diisononyl 
phthalate, n,n-diphenyl-1,4 benzenediamine (DPPD), dysprosium, ethylene glycol 
mono butyl ether, hexachlorobutadiene, monomethyl and dimethyl hydrazines, 1,1 '
sulfonylbis(4-chlorobenzene), thallium, trimellitic anhydride (TMAN), triphenylphosphine 
oxide, tris(2-chloroethyl) phosphate, vinyl chloride and uranium. In addition, lead in 
industrial soils bas a new PRG based on the recommendations ofthe Technical Review 
Workgroup (TRW) for Lead. 
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Route-to-Route Methods 

Route-to-route extrapolations ("r") were frequently used when there were no toxicity values 
available for a given route of exposure. Oral cancer slope factors ("SFo") and reference doses 
("RfDo") were used for both oral and inhaled exposures for organic compounds lacking 
inhalation values. Inhalation slope factors ("SFi") and inhalation reference doses ("RfDi") were 
used for both inhaled and oral exposures for organic compounds lacking oral values. Route 
extrapolations were not performed for in organics due to portal of entry effects and known 
differences in absorption efficiency for the two routes of exposure. 

An additional route extrapolation is the use of oral toxicity values for evaluating dermal 
exposures. For many chemicals, a scientifically defensible data base does not exist for making 
an adjustment of an oral slope factor!RfD to estimate a dermal toxicity value. Based on the 
current guidance (USEPA 2000a), the only chemical for which an adjustment is recommended is 
cadmium. An oral absorption efficiency of 5% is assumed for cadmium which leads to an 
estimated dermal reference dose (RfDd) of2.5E-05. Please note that the PRG calculations for 
cadmium are based on this adjustment. 

Although route-to-route methods are a useful screening procedure, the appropriateness of 
these default assumptions for specific contaminants should be verified by a toxicologist or 
regional risk assessor. Please note that whenever route-extrapolated values are used to 
calculate risk-based PRGs, additional uncertainties are introduced in the calculation. 

2.3 Soil Screening Levels 

Generic, soil screening levels (SSLs) for the protection of groundwater have been included in the 
. PRG table for 100 ofthe most common contaminants at Superfund sites. Generic SSLs are 

derived using default values in standardized equations presented in Soil Screening Guidance 
(available from NTIS as document numbers PB96-963502 and PB96-963505 or EPA/540/R-
95/128 and EPA/540/R-96/018). 

The SSLs were developed using a default dilution-attenuation factor (DAF) of20 to account for 
natural processes that reduce contaminant concentrations in the subsurface. Also included are 
generic SSLs that assume no dilution or attenuation between the source and the receptor well 
(i.e., a DAF of 1 ). These values can be used at sites where little or no dilution or attenuation of 
soil leachate concentrations is expected at a site (e.g., sites with shallow water tables, fractured 
media, karst topography, or source size greater than 30 acres). 

In general, if an SSL is not exceeded for the migration to groundwater pathway, the user may 
eliminate this pathway from further investigation. 

2.4 "Cal-Modified PRGs" 

When EPA Region 9 first came out with a Draft of the PRG tables in 1992, there was 
concern expressed by California EPA's Department ofToxic Substances and Control 
(DTSC) that for some chemicals, the risk-based concentrations calculated using Cal-EPA toxicity 
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values were "significantly" more protective than the risk-based PRGs calculated by Region 9. At 
an interagency meeting comprised of mostly toxicologists, it was agreed that values that differed • 
by a factor of four or more would be said to have "significant" difference in risk-based PRGs. 
Although four was a somewhat arbitrary cutoff point, it reflects a consideration that the numbers 
are not very precise and at best, are order-of-magnitude estimates of risk. 

Cal-Modified PRGs are inc'luded for those chemicals where Cal-EPA values are "significantly" 
more protective. The original list of Cal-Modified PRGs (cadmium, chromium 6, nickel, PAHs 
benzo(a)pyrene and benzo(k)fluoranthene, tetrachloroethylene [PCE] and lead which has been 
withdrawn) were based on exposure factors and modeling assumptions presented in California 
EPA's Preliminary Endangerment Assessment Guidance Manual (PEA 1994). Please note that 
any Cal-Modified PRGs that have been added to this original list after 1995 have been calculated 
using Cal-EPA toxicity values and Region 9 exposure methodology. In this issue of the PRG 
table, Cal-Modified PRGs have been added for 1,1-dichloroethane and MTBE. In the State of 
California, Cal-Modified PRGs should be· used as screening levels because they are more 
stringent than the Federal numbers. 

2.5 Miscellaneous 

Volatile organic compounds (VOCs) are indicated by "1" in the VOC column of the table and in 
general, are defined as those chemicals having a Henry's Law constant greater than 10"5 (atm
m3/mol) and a molecular weight less than 200 g/mole). Three borderline chemicals 
( dibromochloromethane, 1 ,2-dibromochloropropane, and pyrene) which do not strictly meet 
these criteria of volatility have also been included based upon discussions with other state and 

·federal agencies and after a consideration ofvapor pressure characteristics etc. Volatile organic 
chemicals are evaluated for potential volatilization from soil/water to air using volatilization 
factors (see Section 4.1). 

Chemical-specific dermal absorption values for contaminants in soil and dust are presented for 
arsenic, cadmium, chlordane~ 2,4-D, DDT, lindane, TCDD, P AHs, PCBs, and 
pentachlorophenols as recommended in the "Risk Assessment Guidance for Superfund Volume 1: 
Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) 
Interim Guidance" (USEPA 2000). Otherwise, default skin absorption fractions are assumed to 
be 0.10 for nonvolatile organics. Please note that previous defaults of0.01 and 0.10 for 
inorganics and VOCs respectively, have been withdrawn per new guidance. 

3.0 USING THE PRG TABLE 

The decision to use PRGs at a site will be driven by the potential benefits of having generic risk
based concentrations in the absence of site-specific risk assessments. The original intended use 
ofPRGs was to provide initial cleanup goals for individual chemicals given specific medium and 
land-use combinations (see RAGS Part B, 1991), however risk-based concentrations have several 
applications. They can also be used for: 

• Setting health-based· detection limits for chemicals of potential concern 

• Screening sites to determine whether further evaluation is appropriate 

• Calculating cumulative risks associated with multiple contaminants 
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A few basic procedures are recommended for using PRGs properly. These are briefly described 
below. Potential problems with the use ofPRGs are also identified . 

3.1 Developing a Conceptual Site Model 

The primary condition for use ofPRGs is that exposure pathways of concern and conditions at 
the site match those taken into account by the PRG framework. Thus, it is always necessary to 
develop a conceptual site model (CSM) to identify likely contaminant source areas, exposure 
pathways, and potential receptors. This information can be used to determine the applicability of 
PRGs at the site and the need for additional information. For those pathways not covered by 
PRGs, a risk assessment specific to these additional pathways may be necessary. Nonetheless, 
the PRG lookup values will still be useful in such situations for focusing further investigative 
efforts on the exposure pathways not addressed. 

To develop a site-specific CSM, perform an extensive records search and compile existing data 
(e.g. available site sampling data, historical records, aerial photographs, and hydrogeologic 
information). Once this information is obtained, CSM worksheets such as those provided in 
ASTM's Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites 
(1995) can be used to tailor the generic worksheet model to a site-specific CSM. The final CSM 
diagram represents linkages among contaminant sources, release. mechanisms, exposure 
pathways and routes and receptors. It summarizes our understanding of the contamination 
problem. 

• As a final check, the CSM should answer the following questions: 

• 

• Are there potential ecological concerns? 

• Is there potential for land use other than those covered by the PRGs (that is, residential 
and industrial)? 

• Are there other likely human exposure pathways that were not considered in development 
of the PRGs (e.g. impact to groundwater, local fish consumption, raising beef, dairy, or 
other livestock)? 

• Are there unusual site conditions (e.g. large areas of contamination, high fugitive dust 
levels, potential for indoor air contamination)? 

If any of these four conditions exist, the PRG may need to be adjusted to reflect this new 
information. Suggested references for evaluating pathways not currently evaluated by Region 9 
PRG's are presented in Exhibit 3-1. 
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EXIDBIT 3-1 
SUGGESTED READINGS FOR EVALUATING EXPOSURE 

PATHWAYS NOT CURRENTLY ADDRESSED BY REGION 9 PRGs 

EXPOSURE PATHWAY REFERENCE 

Migration of contaminants to an 1:1nderlying Soil Screening Guidance (USEPA 
potable aquifer 1996a,b), 

Standard Guide for Risk-Based Corrective 
Action Applied at Petroleum Release Sites 
(ASTM 1995) 

Ingestion via plant uptake Soil Screening Guidance (USEPA 
1996a,b) 

Ingestion via meat, daizy products, human Estimating Exposure to Dioxin-Like 
milk Compounds (USEPA 1994a) 

Inhalation of volatiles that have migrated into User's Guide for Johnson and Ettinger 
basements (1991) ModelforSubsurface Vapor 

Intrusion into Buildin~s (USEPA 1997a)_ . 

Ecological pathways Ecological Risk Assessment: Guidance for 
Superfund.; Process for Designing and 
Conducting Ecological Risk Assessments, 
(USEP A 1997b ), 
Guidance for Ecological Risk Assessment 
at Hazardous Waste Sites and Permitted 
Facilities (CAL-EPA 1996) 

3.2 Background Levels Evaluation 

A necessazy step in determining the usefulness of.Region 9 PROs is the consideration of 
background contaminant concentrations. EPA may be concerned with two types of background 
at sites: naturally occurring and anthropogenic. Natural background is usually limited to metals 
whereas anthropogenic (i.e. human-made) "background" includes both organic and inorganic 
contaminants. Before embarking on an extensive sampling and analysis program to determine 
local background concentrations in the area, one should first compile existing data on the subject. 
Far too ~ften there is pertinent information in the literature that gets ignored, resulting in needless 
expenditures of time and money. 

Generally EPA does not clean up below natural background. In some cases, the predictive risk
based models generate PRO levels that lie within or even below typical background. If natural 
background concentrations are higher than the risk-based PROs, an adjustment ofthe PRO is 
probably needed. Exhibit 3-2 presents summazy statistics for selected elements in soils that have 
background levels that may exceed risk-based PROs. An illustrative example of this is naturally 
occurring arsenic in soils which frequently is higher than the risk-based concentration set at a 

· one-in-one-million cancer risk (the PRO for residential soils is 0.39 mglkg). After considering 
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background concentrations in a local.area, EPA Region 9 has at times used the non-cancer PRG 
(22 mglkg) to evaluate sites recognizing that this value tends to be above background levels yet 
still falls within the range of soil concentrations (0.39-39 mglkg) that equates to EPA's 
"acceptable" cancer risk range of 10E-6 to 10E-4. 

Where anthropogenic "background" levels exceed PRGs and EPA has detennined that a response 
action is necessary and feasible, EPA's goal will be to develop a comprehensive response to the 
widespread contamination. This will often require coordination with different authorities that 
have jurisdiction over the sources of contamination in the area. 

EXHIBITJ-2 
BACKGROUND CONCENTRATIONS OF SELECTED ELEMENTS IN SOILS 

TRACE U.S. STUDY DATA 1 CALIFORNIA DATA2 

ELEMENT I Range I GeoMean I ArMean I Range GeoMean ArMean 

Arsenic · <.1-97 5.2mg/kg 7.2mg/kg 0.59-11 2.75 mg/kg 3.54 mglkg 

Beryllium <1-15 0.63 " 0.92 " 0.10-2.7 1.14 " 1.28 " 

Cadmium <1-10 -- <1 0.05-1.7 0.26 0.36 

Chromium 1-2000 37 54 23-1579 76.25 122.08 

Nickel <5-700 13 19 ~.0-509 35.75 56.60 

1Shacklette and Hansford, "Element Concentrations in Soils and Other Surficial Materials of the Conterminous 
United States", USGS Professional Paper 1270, 1984. 

2Bradford et. al, "Background Concentrations of Trace and Major Elements in California Soils", Kearney 
Foundation Special Report, UC-Riverside and CAL-EPA DTSC, March 1996. 

3.3 Screening Sites with Multiple Pollutants 

A suggested stepwise approach for PRO-screening of sites with multiple pollutants is as follows: 

• Perfonn an extensive records search and compile existing data. 

• Identify site contaminants in the PRG table. Record the PRG concentrations for 
various media and note whether PRG is based on cancer risk (indicated by "ca") 
or noncancer hazard (indicated by "nc"). Segregate cancer PRGs from non-cancer 
PRGs and exclude (but don't eliminate) non-risk based PRGs ("sat" or "max"). 

• For cancer risk estimates, take the site-specific concentration (maximum or 95 
UCL) and divide by the PRG concentrations that are designated for cancer 
evaluation ("ca"). Multiply this ratio by 10-6 to estimate chemical-specific risk for 
a reasonable maximum exposure (RME). For multiple pollutants, simply add the 
risk for each chemical: 
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cone,. coney cone., 
6 Risk= [ ( PRG ) + (PR(;) + ('PRG)] x lO-

x y 1: 

• For non-cancer hazard estimates. Divide the concentration term by its respective 
non-cancer PRG designated as "nc" and sum the ratios for multiple contaminants. 
The cumulative ratio represents a non-carcinogenic hazard index (HI). A hazard 
index of 1 or Jess is generally considered "safe". A ratio greater than 1 suggests 
further evaluation. [Note that carcinogens may also have an associated non
cancer PRG that is not listed in the printed copy of the table sent to folks on 
the mailing list. To obtain thes·e values, the user should view or download the 
PRG table at our website and display the appropriate sections.] 

cone,. coney cone., 
Hazard Index= [ (-P."'G ) + (--) · + ( P.'"G ) ] 

.n X ·PRGY .n 1: 

For more information on screening site risks, the reader should contact EPA Region 9's Technical 
Support Group. 

3. 4 Potential Problems 

As with any risk-based tool, the potential exists for misapplication. In most cases the root cause 
will be a lack of understanding ofthe intended use of Region 9 PRGs. In order to prevent misuse 
, ii- PROs, the following should be avoided: 

• Applying PRGs to a site without adequately developing a conceptual site model 
that identifies relevant exposure pathways and exposure scenarios, 

·• Not considering background concentrations when choosing PRGs as cleanup 
goals, 

• Use ofPRGs as cleanup levels without the nine-criteria analysis specified in the 
National Contingency Plan (or, comparable analysis for programs outside of 
Superfund), 

• Use ofPRGs as cleanup levels without verifying numbers with a toxicologist or 
regional risk assessor, 

• Use of antiquated PRG tables that have been superseded by more recent 
publications, 

• Not considering the effects of additivity when screening multiple chemicals, and 

• Adjusting PRGs upward by factors of 10 or I 00 without consulting a toxicologist 
or regional risk assessor. 
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4.0 TECHNICAL SUPPORT DOCUl\f.ENTATION 

Region 9 PRGs consider human exposure hazards to chemicals from contact with contaminated 
soils, air, and water. The emphasis ofthe PRG equations and technical discussion are aimed at 
developing screening criteria for soils, since this is an area where few standards exist. For air 
and water, additional reference concentrations or standards are available for many chemicals (e.g. 
MCLs, non-zero MCLGs, A WQC, and NAAQS) and consequently the discussion of these media 
are brief. 

4.1 Soils - Direct Ingestion 

Calculation of risk-based PRGs for direct ingestion of soil is based on methods presented in 
RAGS HHEM, Part B (USEPA 1991a) and Soil Screening Guidance (USEPA 1996a,b). 
Briefly, these methods backcalculate a soil concentration level from a target risk (for 
carcinogens) or hazard quotient (for noncarcinogens). 

A number of studies have shown that inadvertent ingestion of soil is common among children 6 
years old and younger (Calabrese et at. 1989, Davis .et al. 1990, Van Wijnen et at. 1990). To take 
into account the higher soil intake rate for children, two different approaches are used to estimate 
PRGs, depending on whether the adverse.health effect is cancer or some effect other than cancer. 

For carcinogens, the method for calculating PRGs uses an age-adjusted soil ingestion factor that 
takes into account the 'difference in daily soil ingestion rates, body weights, and exposure 
duration for children from 1 to 6 years old and others from. 7 to 31 years old. This health
protective approach is chosen to take into account the higher daily rates of soil ingestion in 
children as well as the longer duration of exposure that is anticipated for a long-term resident. 

- For more on this method, see USEPA RAGs Part B (199la). 

For noncarcinogenic concerns, the more protective method of calculating a soil PRG is to 
evaluate childhood exposures separately from adult exposures. In other words, an age
adjustment factor is not applied as was done for carcinogens. This approach is considered 
conservative because it combines the higher 6-year ~xposure for children with chronic toxicity 
criteria. In their analysis ofthe method, the Science Advisory Board (SAB) indicated that, for 
most chemicals, the approach may be overly protective. However, they noted that there are 
specific instances when the chronic RID may be based on endpoints of toxicity that are specific 
to children (e.g. fluoride and nitrates) or when the dose-response is steep (i.e., the dosage 
difference between·the no-observed-adverse-effects level [NOAEL] and an adverse effects level 
is small). Thus, for the purposes of screening, EPA Region 9 has adopted this approach for 
calculating soil PRGs for noncarcinogenic health concerns. 

4.2 Soils- Vapor and Particulate Inhalation 

Agency toxicity criteria indicate that risks from exposure to some chemicals via inhalation far 
outweigh the risk via ingestion; therefore soil PRGs have been designed to address this pathway 
as well. The models used to calculate PRGs for inhalation of volatiles/particulates are updates of 
risk assessment methods presented in RAGS Part B (USEPA 1991 a) and are identical to the Soil 
Screening Guidance: User's Guide and Technical Background Document (US EPA 1996a,b ). 

11 

/ 

/ 
/ 

" 



To address the soil-to-air pathways the PRG calculations incorporate volatilization factors (VF J • 
for volatile contaminants and particulate emission factors (PEF) for nonvolatile contaminants. 
These factors relate soil contaminant concentrations to air contaminant concentrations that may 
be inhaled on-site. The VF, and PEF equations can be broken into two separate models: an 
emission model to estimate emissions of the contaminant from the soil and a dispersion model to 
simulate the dispersion ofthe contaminant in the atmosphere. 

It should be noted that the box model in RAGS Part B has been replaced with a dispersion term 
(Q/C) derived from a modeling exercise using meteorological data from 29 locations across the · 
United States because the box model may not be applicable to a broad range of site types and 
meteorology and does not utilize state-of-the-art techniques developed for regulatory dispersion 
modeling. The dispersion model for both volatiles and particulates is the AREA-ST, an updated 
version ofthe Office of Air Quality Planning and Standards, Industrial Source Complex Model~ 
ISC2. However, different Q/C terms are used in the VF and PEF equations. Los Angeles was 
selected as the 90th percentile data set for volatiles and Minneapolis was selected as the 90th 
percentile data set for fugitive dusts (USEPA 1996 a,b). A default source size of0.5 acres was 
chosen for the PRG calculations. This is consistent with the default exposure area over which 
Region 9 typically averages contaminant concentrations in soils. If unusual site conditions exist 
such that the area source is substantially larger than the default source size assumed here, an 
alternative Q/C could be applied (see USEPA 1996a,b). · 

Volatilization Factor for Soils 

· Volatile chemicals, defined as those chemicals having a Henry's Law constant greater than 
1 o·s ( atm-m3/mol) and a molecular weight less than 200 g/mole, were screened for inhillation 
exposures using a volatilization factor for soils (VFJ. Please note that VF.'s are available at our 
website. · 

The emission terms used in the VF, are chemical-specific and were calculated from physical
chemical information obtained from several sources. The priority of these sources were as 
follows: Soil Screening Guidance (US EPA 1996a,b ), Supeifund Chemical Data Matrix 
(USEPA 1996c), Fate and Exposure Data (Howard 1991), Subsurface Contamination Reforence 
Guide (EPA 1990a), and Supeifund Exposure Assessment Manual (SEAM, EPA 1988). In those 
cases where Diffusivity Coefficients (Di) were not provided in existing literature, Di's were 
calculated using Fuller's Method described in SEAM. A surrogate term was required for some 
chemicals that lacked physico-chemical information. In these cases, a proxy chemical of similar 
structure was used that may over- or under-estimate the PRG for soils. · 

Equation 4-9 forms the basis for deriving generic soil PRGs for the inhalation pathway. The 
following parameters in the standardized equation can be replaced with specific site data to 
develop a simple site-specific PRG 

• Source area 
• Average soil moisture content 
• Average fraction organic carbon content 
• Dry soil bulk density 

The basic principle of the VF. model (Henry's law) is applicable only if the soil contaminant 
concentration is at or below soil saturation "sat". Above the soil saturation limit, the model 

12 

• 

• 



• 

• 

• ••• 

cannot predict an accurate VF-based PRG. How these particular cases are handled, depends on 
whether the contaminant is liquid or solid at ambient soil temperatures (see Section 4.5) . 

Particulate Emission Factor for Soils 

Inhalation of chemicals adsorbed to respirable particles (PM10) were assessed using·a default PEF 
equal to I. 316 x 109 m3 /kg that relates the contaminant concentration in soil with the 
concentration of respirable particles in the air due to fugitive dust emissions from contaminated 
soils. The generic PEF was derived using default values in Equation 4-11, which corresponds to 
a receptor point concentration of approximately 0. 76 ug/m3

• The relationship is derived by 
Cowherd (1985) for a rapid assessment procedure applicable to a typical hazardous waste site 
where the surface contamination provides a relatively continuous and constant potential for 
emission over an extended period oftime (e.g. years). This represents an annual average 
emission rate based on wind erosion that should be compared with chronic health criteria; it is 
not appropriate for evaluating the potential for more acute exposures. 

The impact of the PEF on the resultant PRG concentration (that combines soil exposure 
pathways for ingestion, skin contact, and inhalation) can be assessed by accessing the Region 9 
PRO website and viewing the pathway-specific soil concentrations. Equation 4-11 forms the 
basis for deriving a generic PEF for the inhalation pathway. For more details regarding specific 
parameters used in the PEP model, the reader is referred to Soil Screening Guidance: Technical 
Background Document (USEPA 1996a). · 

Note: the generic PEF evaluates wind borne emissions and does not consider dust emissions 
from traffic or other forms of mechanical disturbance that could iead to greater emissions 
than assumed here. 

4.3 Soils - Dermal Exposure 

Dermal Contact Assumptions 

Since the 1998 PRO table was issued, exposure factors for dermal contact with soil have changed 
in a few cases (USEPA 2000a). Recommended RME (reasonable maximum exposure) defaults 
for adult workers' skin surface areas (3300 cm2/day) and soil adherence factors (0.2 mg/cm2

) now 
differ from the defaults recommended for adult residents (5700 cm2/day, 0.07 mg/cm2

) as noted 
in Exhibit 4-1. This is due to differences in the range of activities experienced by workers versus 
residents. 

Dermal Absorption 

Chemical-specific skin absorption values recommended by the Superfund Dermal Workgroup 
were applied when available. Chemical-specific values are included for the following chemicals: 
arsenic, cadmium, chlordane, 2,4-D, DDT, lindane, TCDD, PAHs, PCBs, and 
pentachlorophenols. 

The recently issued "Risk Assessment Guidance for Superfund Volume 1: Human Health 
Evaluation Manual (PartE, Supplemental Guidance for Permal Risk Assessment) Interim 
Guidance" (USEPA 2000a) recommends a default dermal absorption factor for semivolatile 

' organic compounds of 10% as a screening method for the majority of SVOCs without dermal 
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absorption factors. Default dermal absorption values for other chemicals (VOCs and inorganics) 
are not recommended in the new guidance. Therefore, the assumption of 1% for in organics and 
10% for volatiles is no longer included in the Region 9 PRG table. This change has minimal 
impact on the final risk-based calculations because human exposure to VOCs and inorganics in 
soils is generally driven by other pathways of exposure. 

4.4 Soils - Migration to Groundwater 

The methodology for calculating SSLs for the migration to groundwater was developed to 
identify chemical concentrations in soil that have the potential to contaminate groundwater. 
Migration of contaminants from soil to groundwater can be envisioned as a two-stage process: 
(1) release of contaminant in soil leachate and (2) transport of the contaminant through the 
underlying soil and aquifer to a receptor well. The SSL methodology considers both of these fate 
and transport mechanisms. · 

. 
SSLs are backcalculated from acceptable ground water concentrations (i.e. nonzero MCLGs, 
MCLs, or risk-based PRGs). First, the acceptable groundwater concentration is multiplied by a 
dilution factor to obtain a target leachate concentration. For example, if the dilution factor is 10 
and the acceptable ground water concentration is 0.05 mg!L, the target soil leachate concentration 
would be 0.5 mg!L. The partition equation (presented in the Soil Screening Guidance document) 
is then used to calculate the total soil concentration (i.e. SSL) corresponding to this soil leachate 
concentration. 

The SSL methodology was designed for use during the early stages of a site evaluation when 
information about subsurface conditions may be limited. Because of this constraint, the 
methodology is based on conservative, simplifying assumptions about the release and transport 
of contaminants in the subsurface. For more on SSLs, and how to calculate site-specific SSLs 
versus generic SSLs presented in the PRG table, the reader is referred to the Soil Screening 
Guidance document (US EPA 1996a,b ). 

4.5 Soil Saturation Limit 

The soil saturation concentration "sat" corresponds to the contaminant concentration in soil at 
which the absorptive limits of the soil particles, the solubility limits of the soil pore water, and 
saturation of soil pore air have been reached. Above this concentration, the soil contaminant may 
be present in free phase, i.e., nonaqueous phase liquids (NAPLs) for contaminants that are liquid 
at ambient soil temperatures and pure solid phases for compounds that are solid at ambient soil 
temperatures. 

Equation 4-10 is used to calculate "sat" for each volatile contaminant. As an update to RAGS 
HHEM, Part B (USEPA 199la), this equation takes into account the amount of contaminant that 
is in the vapor phase in soil in addition to the amount dissolved in the soil's pore water and 
sorbed to soil particles. 

Chemical-specific "sat" concentrations must be compared with each VF-based PRG because a . 
basic principle ofthe PRG volatilization model is not applicable when free-phase contaminants 
are present. How these cases are handled depends on whether the contaminant is liquid or solid 
at ambient temperatures. Liquid contaminant that have a VF-based PRO that exceeds the "sat" 
concentration are set equal to "sat" whereas for solids (e.g., PAHs), soil screening decisions are 
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based on the appropriate PRGs for other pathways of concern at the site (e.g., ingestion). 
4.6 Ground Water/Surface Water- Ingestion and Inhalation 

Calculation ofPRGs for ingestion and inhalation of contaminants in dom~stic water is based on 
the methodology presented in RAGS HHEM, PartB (USEPA 1991a). Ingestion of drinking 
water is an appropriate pathway for all chemicals. For the purposes of this guidance, however, 
inhalation of volatile chemicals from water is considered routinely only for chemicals with a 
Henry's Law constant ofl x w·s atm-m3/rnole or greater and with a molecular weight of less 
than 200 g/mole. 

For volatile chemicals, an upperbound volatilization constant (VF w) is used that is based on all 
uses ofhousehold water (e.g showering, laundering, and dish washing). Certain assumptions 
were made. For example, it is assumed that the volume of water used in a residence for a family 
of four is 720 L/day, the volume ofthe dwelling is 150,000 Land the air exchange rate is 0.25 air 
changes/hour (Andelrnan in RAGS Part B). Furthermore, it is assumed that the average transfer 
efficiency weighted by water use is 50 percent (i.e. half of the concentration of each chemical in 
water will be transferred into air by all water uses). Note: the range of transfer efficiencies 
extends from 30% for toilets to 90% for dishwashers. 

4. 7 Default Exposure Factors 

Default exposure factors were obtained primarily from RAGS Supplemental Guidance Standard 
Default Exposure Factors (OSWER Directive, 9285.6-03) dated March 25, 1991 and more 
recent information from U.S. EPA's Office of Solid Waste and Emergency Response, U.S. 
EPA's Office ofResearch and Development, and California EPA's Department ofToxic 
Substances Control (see Exhibit 4-1). 

Because contact rates may be different for children and adults, carcinogenic risks during the first 
30 years of life were calculated using age-adjusted factors ("adj"). Use of age-adjusted factors 
are especially important for soil ingestion exposures, which are higher during childhood and 
decrease with age. However, for purposes of combining exposures across pathways, additional 
age-adjusted factors are used for inhalation and dermal exposures. These factors approximate the 
integrated exposure from birth until age 30 combining contact rates, body weights, and exposure 
durations for two age groups - small children and adults. Age-adjusted factors were obtained 
from RAGS PART B or developed by analogy (see derivations next page) . 
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For soils only, noncarcinogenic contaminants are evaluated in children separately from adults. 
No age-adjustment factor is used in this case. The focus on children is considered protective of 
the higher daily intake rates of soil by children and their lower body weight. For maintaining 
consistency when evaluating soils, dermal and inhalation exposures are also based on childhood 
contact rates. 

(1) ingestion([mg-yr]/[kg-d]: 

(2) skin contact([ mg-yr ]/[kg-d]: 

SFSadJ = 
EDC X AF X SAC 

+ 
(EDr- EDc) X AF x SA8 

BWC BW~ 

(3) ' ,halation ([m3-yr]/[kg-d]): 

InhFadJ = 
EDC X IRAC 

+ 
(EDr- EDc) X IRA

8 

BWC BW
6 
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EXHIBIT4-l 
STANDARD DEFAULT FACTORS 

Symbol Definition (units) Default Reference 

CSFo Cancer slope factor oral (mglkg-d)-1 IRIS, HEAST, or NCEA 
CSFI Cancer slope factor inhaled (mglkg-dH IRIS, HEAST, or NCEA 
RfDo Reference dose oral (mg/kg-d) IRIS, HEAST, or NCEA 
RfDI Reference dose inhaled (mglkg-d) IRIS, HEAST, or NCEA 

TR Target cancer risk 10~ 

THQ Target hazard quotient 1 

BWa Body weight, adult (kg) 70 RAGS (Part A), EPA 1989 (EPN540/1-89/002) 
BWc Body weight, child (kg) 15 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 

ATe Averaging time -carcinogens (days) 25550 RAGS(PartA), EPA 1989 (EPN540/1-89/002) 
ATn Averaging time- noncarcinogens (days) ED*365 

SAa Exposed surface area for soiVdust (cm2/day) Dermal Assessment, EPA 2000 (EPN540/R-99/005) 
- adult resident 5700 
- adult worker 3300 

SAc Exposed surface area, child In soil (cm2/day) 2800 Dermal Assessment, EPA 2000 (EPN540/R-99/005) 

AFa Adherence factor, soils (mg/cm~ Dermal Assessment, EPA 2000 (EPN540/R-99/005) 
-adult resident 0.07 
- adult worker 0.2 

AFc Adherence factor, child (mg/cm~ 0.2 Dermal Assessment, EPA 2000 (EPN540/R-99/005) 

ABS Skin absorption defaults (unitless): 
-semi-volatile organics 0.1 Dermal Assessment, EPA 2000 (EPN540/R-99/005) 
-volatile organics Dermal Assessment, EPA 2000 (EPN540/R-99/005) 
-lnorganlcs Dermal Assessment, EPA 2000 (EPN540/R-99/005) 

IRAa Inhalation rate- adult (m3/day) 20 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
IRAc Inhalation rate - child (m3/day) 10 Exposure Factors~ EPA 1997 (EPN6001P-95/002Fa) 

IRWa Drinking water ingestion ~ adult (Uday 2 RAGS(Part A), EPA 1989 (EPN540/1-89/002) 
IRWc Drinking water ingestion - child (Uday) 1 PEA, Cal-EPA (DTSC, 1994) 

IRSa Soil Ingestion - adult (mg/day) 100 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
IRSc Soil ingestion- child (mg/day), 200 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
IRSo Soil ingestion - occupational (mg/day) 50 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 

EFr Exposure frequency - residential (d/y) 350 Exposure FaCtors, EPA 1991 (OSWER No. 9285.6-03) 
EFo Exposure frequency- occupational (d/y) 250 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 

EDr Exposure duration- residential (years) 30" Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
EDc Exposure duration- child (years) 6 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
EDo Exposure duration- occupational (years) 25 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 

Age-adjusted factors for carcinogens: 
IFSadj Ingestion factor, soils ([mg-yr)l{kg-d]) 114 RAGS(Part B), EPA 1991 (OSWER No. 9285.7-01B) 
SFSadj Dermar factor, soils Qmg-yr)l{kg-d]) 361 By analogy to RAGS (Part B) 
lnhFadj Inhalation factor, air ([m3-yr)l[kg-d]) 11 By analogy to RAGS (Part B) 
IFWadj Ingestion factor, water QL·yr)llkg-d]) 1.1 By analogy to RAGS (Part B) 

VFw Volatilization factor for water (Um3
) 0.5 RAGS(Part B), EPA 1991 (OSWER No. 9285.7-Q1B) 

PEF Particulate emission factor (m3/kg) See below Soil Screening Guidance (EPA 1996a,b) 
VFs Volatilization factor for soil (m31kg) See below Soil Screening Guidance (EPA 1996a,b) 
sat Soil saturation concentration (mglkg) See below Soil Screening Guidance (EPA 1996a,b) 

Footnote: 
"Exposure duration for lifetime residents is assumed to be 30 years total. For carcinogens, exposures are combined for children (6 years) 
and adults (24 years) • 
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To calculate PRGs for volatile chemicals in soil, a chemical-specific volatilization factor is calculated 
per Equation 4.:.9. Because ofits reliance on Henry's law, the VF, model is applicable only when the 
contaminant concentration in soil is at or below saturation (i.e. there is no free-phase contaminant 
present). Soil saturation ("sat") corresponds to the contaminant concentration in soil at which the 
adsorptive limits of the soil particles and the solubility limits of the available soil moisture have been 
reached. Above this point, pure liquid-phase contaminant is expected in the soil. If the PRG calculated 
using VF, was greater than the calculated sat, the PRG was set equal to sat, in accordance with Soil 
Screening Guidance (USEPA 1996 a,b). The equation for deriving sat is presented in Equation 4-10 . 

. PRG EQUATIONS 

Soil Equations: For soils, equations were based on three exposure routes (ingestion, skin contact, and 
inhalation). 

Equation 4-1: Combined Exposures to Carcinogenic Contaminants in Residential Soil 

TR x ATe 
C(mg/ kg) = -------...,...,,..---------__;:;.._~~--~-=---=~-

IFS4dj X CSF0 SFSadj X ABS X CSF0 InhFadj X CSFJ. 
EF [ ( ) + ( ) + ( ) ] 

:r 106mg/kg 106mg/kg VF
8
4 

Equation 4-2: Combined Exposures to Noncarcinogenic Contaminants in Residential Soil 

THQ X EWe X ATn 
C(mg/ kg) = ----------=~----___;=---::-::-~~,..---=-=-=--

1 IRS 1 SAc X AF X ABS 1 IRA 
EF:r X EDc [ (-- X c ) + (-- X ) + (-·- X --c)) 

RfD0 106mg/ kg RfD0 106mg/ kg · RfDJ. VF: 

Equation 4-3: Combined Exposures to Carcinogenic Contaminants in Industrial Soil 

TR x BW
8 

X ATe 
C(mg/ kg) = -----~----:=--,...---___,-___::;__-~,...--~~--~~---:= 

IRSO X CSFO SAB X AF X ABS X CSFO IRA., X CSFJ. 
EFO X EDO [ ( 6 ) + ( ) + ( ) 1 

10 mg/kg 106mg/kg VF: 

• 

Footnote: • 
'Use VF1 for volatile chemicals (defined as having a Henry's Law Constant [atm-m3/mol] greater than 10'5 and a molecular 
weight less than 200 grams/mol) or P~F for non-volatile chemicals. 
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• 

• 

• 

THQ X BW
8 

X ATn 
C(mg/ kg) = --------~=------__::-::-:-"---~-=:---

1 ' IRSO 1 'SA. X AF X ABS 
EFO X EDO[ (--X ) + (--X ) + 

RfD0 1Q6mg/kg RfD0 10 6mg/kg 

1 IRAa 
( RfD x --.)] 

1 VF8 

Equation 4-4: Combined Exposures to Noncarcinogenic Contaminants in Industrial Soil 

Tap Water Equations: 

Equation 4-5: Ingestion and Inhalation Exposures to Carcinogenic Contaminants in Water 

Equation 4-6: Ingestion and Inhalation Exposures to Noncarcinogenic Contaminants in Water 

THQ x BWa x ATn x 1000ug/mg 
c ( ug 1 L) . = -------=~IR:::w=:--=---v=-=F=-x----=r=-=RA:-:---

EF x ED [ ( __ a ) + ( " a ) ] 
r r RfD

0 
RfD

1 
· 

Air Equations: 

Equation 4-7: Inhalation Exposures to Carcinogenic Contaminants in Air 

Equation 4~8: Inhalation ,Exposures to Noncarcinogenic Contaminants in Air 

Footnote: 

= THQ X RfD1 x BWa x ATn x 1000ug/mg 

EFr x EDr x IRAa 

"Use VF, for volatile chemicals (defined as having a Henry's Law Constant [ atm-m3/mol] greater than 1 o-s and a molecular 
weight less than 200 grams/mol) or PEF for non-volatile chemicals. -

19 
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SOIL-TO-AIR VOLATILIZATION FACTOR (VF,) 

Equation 4-9: Derivation of the Volatilization Factor 

where: 

Parameter 

VF. 

Q/C 

T 

e. 
n 

p. 

Di 

H 

H' 

(3 .14 X DA X T) 112 

VF
8 

(m 3 I kg) = ( Ql C) x x 10-4 (m 2 I cm 2 ) 
(2 X pb X DA) 

Definition (units) 

Volatilization factor (m3/kg) 

Apparent diffusivity (cm2/s) 

Inverse of the mean cone. at the center of a 
0.5-acre square source (g/m2-s per kglm3

) 

Exposure interval (s) 

Dry soil bulk density (g/cm3
) 

Air filled soil porosity (L.jL10u) 

Total soil porosity (Lpo,.IL10u) 

Water-filled soil porosity (Lwau/L,.u) 

Soil particle density (glcm3
) 

Diffusivity in air (cm2/s) 

Henry's Law constant (atm-m3/mol) 

Dimensionless Henry's Law constant 

Diffusivity in water (cm2/s) 

Soil-water partition coefficient (cm3/g) = K..,f .. 

Soil organic carbon-water' partition coefficient (cm3/g) 

Fraction organic carbon in soil (gig) 

20 

68.81 

9.5 X 101 

1.5 

0.28 or n-ew 

0.43 or 1 - (pJpJ 

0.15 

2.65 

Chemical-specific 

Chemical-specific 

Calculated from H by multiplying by 41 
(USEPA 1991a) 

Chemical-specific 

Chemical-specific 

Chemical-specific 

0.006 (0.6%) 

• 

•• 

• 



SOIL SATURATION CONCENTRATION (sat) 

• Equation 4-10: Derivation of the Soil Saturation Limit 

· 5 I sat = - (K nb +a + H a ) 
Pb ~. w a 

Parameter Definition (units) Default 

sat Soil saturation concentration (mg'kg) 

s Solubility in water (mgfL-water) Chemical-~pecific 

Pb Dry soil bulk density (kg/L) 1.5 

n Total soil porosity (Lpo..fLsoil) 0.43 or 1 - (pJpJ 

p. Soil particle density (kg/L) 2.65 

Kd Soil-water partition coefficient (Likg) K.,., x foe (chemical-specific) 

koc Soil organic carbon/water partition coefficient (Likg) Chemical-specific 

foe Fraction organic carbon content of soil (!1g) 0.006 or site-specific 

ew Water-filled soil porosity CLw.t./L.oJ 0.15 

• e. Air filled soil porosity (L.;/L,01~ 0.28 or n-ew 

.w Average soil moisture content 0.1 
(kg-Jkg,oa or Lwa,Jkg,oa) 

H Henry's Law constant (atm-m3/mol) Chemical-specific 

H' Dimensionless Henry's Law constant H x 41, where 41 is a units 
conversion factor 

21 



SOIL-TO-AIR PARTICULATE EMISSION FACTOR (PEF) 

Equation 4-11: Derivation of the Particulate Emission Factor 

3600s/h 

Parameter Definition (units) · Default 

PEP Particul~te emission factor (m3/kg) 1.316 X 109 

Q/C Inverse of the mean concentration at the center 90.80 
of a 0.5-acre-square source (glm2-s per kg/m3

) 

v Fraction of vegetative cover (unitless) 0.5 

Um Mean annual windspeed (m/s) 4.69 

u, Equivalent threshold value ofwindspeed at 7 m (rnls) 11.32 

F(x) Function dependent on U,/U1 derived using 0.194 
Cowherd (1985) (unitless) 

REFERENCES 

ASTM. 1995. Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites. Designation E 1739 -
95. Philadelphia, Pennsylvania. 

Calabrese, E.J., H. Pastides, R. Barnes, et al. 1989. How much soil do young children ingest: an epidemiologic study. In: 
Petroleum Contaminated Soils, Vol. 2. E.J. Calabrese and P.T. Kostecki, eds. pp. 363-417. Chelsea~ MI, Lewis Publishers. 

California EPA. 1994. Preliminary Endangerment Assessment Guidance Manual. (PEA) Department of Toxic Substances 
Control, Sacramento, California. 

California EPA. 1996. Guidance for Ecological Risk Assessment at Hazardous Waste Sites and Permitted Facilities, Part A: 
Overview. Department of Toxic Substances Control, Sacramento, California. 

Cowherd, C., G. Muleski, P. Engelhart, and D. Gillette. 1985. Rapid Assessment of Exposure to Particulate Emission/rom 
Surface Contamination. EPN600/8-85/002. Prepared for Office of Health and Environmental Assessment, U.S. 
Environmental Protection Agency, Washington, DC. NTIS PB85-1922197AS. 

Davis, S., P. Waller, R. Buschom, J. Ballou, and P. White. 1990. Quantitative estimates of soil ingestion in normal children 
between the ages of2 and 7 years: population-based estimates using AI, Si, and Ti as soil tracer elements. Archives of 
Environmental Health 45:112-122. · 

Howard, P.H. 1990. Handbook of Environmental Fate and Exposure Data for Organic Chemicals. Lewis Publishers, 
Chelsea Michigan. 

U.S. EPA. 1988. Superfund Exposure Assessment Manual. EPN540/1-88/001. Office of Emergency and Remedial 
Response, Washington, DC . 

. U.S. EPA.I990a. Subsurface Contamination Reference Guide. EPA/540/2-90/011. Office ofEmergency and_ . 
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• S.J.Smucl<or 

2.3E+02 I 3.0E.Q3 I 2.3E+02 I 3.0E.C3 r 0 0.1 
4.CE+OO I 4.CE+OO r 0 0.1 

1.3E•01 I 1.3E+01 r 0 0.1 

3.0E.C1 h 3.0E.C1 r 0 0.1 

1.7E.CI I 1.7E.CI r 1 

1.tE+OO I 

2.0E.Q3 I 8.4E+OO I 5.7£-08 I 0 

1.0E-C4 I 
I.SE-1!2 I 

1.oe.c. r o 0.1 
1.5E.c2 r o 0.1 

S.OE-1!2 I 5.0E.c2 r 1 

t.2E•OO . I 
7.0E.c2 h 4.0E.c2 I UE.c2 h 4.0E.c2 

1 
r 1 

2.2£+02 I 2.2E+CI2 I 

7 .CE.CZ h 4.CE-C2 I 3.5E-C2 h 4.0E-C2 r 1 
1.4E.c2 I 2.0E-C2 I 1.4E-C2 r 2.2E.c2 r 0 0.1 

5.0E.c2 1 e.oe.cz r o o. 1 

8.0E-C2 I 5.7E.Q3 h 0 0.1 

2.0E-C4 h 0 0. f 
2.0E.c2 n 2.8E.Q3 n I 

8.2E-C2 I 2.0E-C2 I 0.2E-C2 r 2.0E-C2 r 1 
7.liE.C3 I 2.0E-C2 I UE.C3 I 2.0E.c2 r 0 0.1 

1.4E.C3 I 1.4E-C3 I 1 

0 0.1 
s.oe-CJ -r o 0.1 

2.0E.c2 I 2.0E.c2 r 0 0.1 

2.CE-C2 I 2.CE-C2 r 0 0.1 
UE+OO r UE+OO I 1 

5.0E-C2 I 

1.0E.c2 n 
1.0E-C2 n 

1.0E-C2 n 

2.0E.C1 I 

1.0E.()1 r o 0.1 

s.oe.cz r 0 0.1 
1.0E-C2 r 1 
1.0E-C2 r 1 

1.0E-C2 r 1 
2.0E.()1 r o 0.1 

1.0E+OO I 1.0E+OO r 0 0.1 

3.CE-C3 h 3.CE.Q3 r 0 0.1 

5.0E-C4 I !.3E+OO I 0 0.001 

5.0E.CI I 5.CE.C1 r 0 0.1 
8.8E.Q3 h 2.0£.()3 I UE.C3 r 2.0E-C3 r 0 0.1 
3.5E-C3 h 1.3E.()1 I 3.5E.C3 r UE.CI r 0 0.1 

1.0E.C1 I 1.1E.C1 r 0 0.1 
2.0E-C2 h 2.0E.()2 r o 0.1 

5CE.C3 I 

1.0E.C1 I 
1.3E.()I I 7.0E-C4 I ue.c2 

I.OE-C2 I 

t.OE.C1 I 
1.5E.()2 I 

4.0E.()I h 4.0E.C1 

3.5E.C1 I 6.0E-C4 I 3.5E.C1 
2.0E-C2 I 
1.0E.()1 I 

2.0E.c3 h 

5.0E.C3 r o 0.1 

2.0E.C1 I 1 
1 7.0E-C4 r 1 

t.OE-C2 r o 0.1 

1.0E.C1 r o 0.1 
1.5E.()2 r o 0.1 

r o 0.1 

I 2.0E-C4 I 0 0.04 
2.0E-C2 r o 0.1 
5.7E.05 n 

5.7E~ I 

2.0E-C3 r 0 0.1 

100-51~ 

10Q.44-7 
744G-11·7 

1~1 

117-111·7 
80-C$.7 

744().42-1 

703747-2 
10'-M-1 

101-5$.3 

21~ 

1888-1144 

188~ 

108-89.() 

71-:le-3 

1Cs..eo-2 

2425-Ce-1 
133-CS-2 

ISOUS-2 

10048-C4-4 

107-20-0 
79-11-11 

• 

!Benzidine 
Benzoic acid 
Benzobichloride 
t1enzy1 a1cono1 
Benzyl chloride 
Beryllium and compounds 
~~cnn 
Blphimthrin (Talstar) 
1,1-Biphenyl 
~~s~~-a.'!oroetnyl)etn_er 
Bls(2-chlorolsopropyl)ether 
Bis(chloromethyf)ether 

2 

t:IIS~~~~oro-1-me~~Ul~l)~er 
Bls(2-ethylhexyQphthalate (DEHP) 
BlsphenoiA 

1 ~oron 
Boron trifluoride 
Bromobenzene 

1 tlromoc1cn10romemane 
Bromofom1 (bibromomethane) 
Bromomethane (Methyl bromide) 
14-tlromopnenyl pneny1 etner 
Bromophos 
Bromoxynil 
11:1romoxynu octanoate 
1,3-Butadiene 
1-Butanol 
ltl'!_ty~ate 
n-Butylbenzene 
sec-Butylbenzene 
ltert·tl~tylce~ene 
Butyl benzyl phthalate 
Butyfphthalyl butyfglycolate 
l~acoc_yuc aCJc 
Cadmium and compounds 
"CAL-Modified PRG" (PEA,1994) 

1 1,apro•actam 
Captafol 
Captan · 
~aroary1. 
Carbazole 
Carbofuran 
L8rhnO <liSUIIIc1a 
c~~n t~~Ciii~rfde 
Carbosulfan 
~aroox1n 

Chloramben 
Chloranll 
'-'morcane 
Chlorimuron-ethyl 
Chlorine 
1,n1onne OIOXIOe 
Chloroacetafdehyde 
Chforoacetic acid 

2.1E-03 co 1.1E-02 ca 2.9E-05 co 2.9E-04 co 
1.0E+05 mox 1.0E+05 ... 1.5E+04 no 1.5E+05 no 
3.7E-02 co 1.9E-01 ca 5.2E-04 co 5.2E-03 ea 
1.11t:+U4 no 1.Ut:+U:> ... 1_.1t:+UJ no 1.~~;:+u4 no 
8.9E-01 co 2.3E+OO •• 4.0E-02 co 6.6E-02 co 
1.5E+02 nc 2.2E+03 coM S.OE-04 co• 7.3E+01 no 

I ::~~:g~ :: ;:~E:~4 :: 5:~E~; : ;:~~:g~ : 
3.5E+02 nt 3.5E+02 nt 1.8E+02 no 3.0E+02 no 

~-~E~~ : ~:fe~~~ : ~:~E~~ : ~:~E~~ : 
1.9E-04 co 4.4E-04 •• 3.1E-05 co 5.2E-05 .. 
:.!.~~~~ .. ~~-~~+ou •• ~-~~-u1 .. 

4 
~-··a!'.!:e+--u0n·0 .. 

3.5E+01 co• 1.8E+02 co 4.8E-01 co .. 
3.1E+03 nc 4.4E+04 nc 1.8E+02 nc 1.8E+03 nc 

1 ;J,::>t:.+UJ no f ,tjt:,+U4 no ~-1 ~+u I nc .l,.lt:."'UJ no 
7.3E-01 nc 

no 1.0E+01 no 2.8E+01 no 9.2E+01 
1.ut:.+uu co :.!.4t:+uu 
6.2E+01 co• 3.1 E+02 
3.9E+OO no 1.3E+01 

::. ;:~e~~~ ::. 
no 5.2E+OO no 

2.0E+01 no 

~:;e~~~ ::. 
8.7E+OO no 

3.1E+02 no 4.4E+03 no 1.8E+01 no 1.8E+02 no 
1.2E+03 nc 1.8E+04 no 7.3E+01 no 7.3E+02 no 

~-~'E~; : ~-~e~; : ~-~e~~ : ~-~e~~ : 
6.1 E+03 nc 8.8E+04 no 3.7E+02 no 3.6E+03 nc 

I t~~:g~ :: ~::~:~ : ~:;~:g~ : ~:~~:g~ : 
1.1E+02 nc 2.2E+02 ut 3.7E+01 nc 6.1E+01 no 
l.;lt:+U:.! no ;l,llt:+U:.! ut J.tt:+U1 no ti.1t:+U1 no 
1.2E+04 no 1.0E+05 ... 7.3E+02 no 7.3E+03 nc 
6.1E+04 no 1.0E+05 "'"" 3.7E+03 nc 3.6E+04 no 

~:;~:g~ : ~:~E:~~ :: ~--~e~~~ : 1:~E:~1 :: 
9.0E+OO 
;l,1t:.+U4 nc 1.Ut:+UO nu 1.tlt:+UJ no 1.11t: .. U4 nc 
5.7E+01 coM 2.9E+02 .. M 7.8E-01 coM 7.8E+00 coM 
1.4E+02 co• 7.0E+02 •• 1.9E+OO co 1.9E+01 .. 
ti.~~+03 no 1:!.~~+~~ no ~-ll_i;:+U;t no 3.6~+UJ no 
2.4E+01 co 1.2E+02 co 3.4E-01 ca 3.4E+OO ca 
3.1E+02 no 4.4E+03 no 1.8E+01 nc 1.8E+02 no 

~~:~~~g; :.. ~-~~~~t : ~:;'E~~t :. ~:~E~; :. 
6.1 E+02 nc 8.8E+03 no 3.7E+01 nc 3.6E+02 no 

I ~:~E:~~ : ;:~E:~ : ;:~E:~1 : ;:~E:~~ : 
1.2E+OO ca 6.1E+OO •• 1.7E-02 co 1.7E-01 .. 
1.t>t:.+UU eo• 1.1t:+1Jl co• 1.11t:-ll<! co• 1.l:lt:-111 co• 
1.2E+03 nc 1.8E+04 no 7.3E+01 nc 7.3E+02 no 

2.1E-01 no 
..:.1c-u nc 

1.2E+02 no 1.8E+03 no 7.3E+OO no 7.3E+01 no 

• 11101100 

4.0E+02 2.0E+01 

6.3E+01 3.0E+OO 

4.Ut:.•U4 

~:~E~~ ~:~E~~ 
2.0E-01 1.0E-02 

1.7E+01 9.0E-01 

9.3E+02 8.1E+02 

S.OE+OO 4.0E-01 

6.0E-01 3.0E-02 

l.llt:+Ul :J.Ut:-111 



S.J. Smuc:kor 3 11101100 

1.8E.OS r UE.OS I 1 1532-27-4 2-Chloroacetopnenone 3.3E-02 no 1.1t:_-01 .. 3.1t:.-02 "" t).2t:.-02 110 

4.0E-03 I 4.0E-03 r o 0.1 100-47-1 4-Chloroanlllne 2.4E+02 no 3.5E+03 no 1.5E+01 "" 1.5E+02 .. 7.0E-01 3.0E-02 
2.0E~ I 1.1E~ • 1 11)1.0(1.7 Chlorobenzene 1.5E+02 no 5.4E+02 .. 6.2E+01 no 1.1E+02 nc 1.0E+OO 7.0E-02 

2.7E.Q1 h 2.0E~ I. 2.7E.QI h 2.0E.a:l r 0 0.1 510.1H ,Chlorobenzilate T.BE+OO- co 11.1 t:+UU "" ;.!,t)t:.-U;.! .. ;.!.:lt:.·U1 .. 
2.0E.Q1 h 2.0E.Q1 • r o 0.1 74-11-3 p-Chlorobenzolc add 1.2E+04 ,. 1.0E+05 mox 7.3E+02 no 7.3E+03 nc 
2.0E~ h 2.0E~ r o 0.1 oe.ss.a 4-Chlorobenzotriftuorlde 1.2E+03 no 1.8E+04 no 7.3E+01 nc 7.3E+02 no 
2.0E.a:l h 2.0E.Q3 h 1 128-09-1 12-Chloro-1 ,3-butadiene 13.6E+OO nc 1.;.!t:.+U1 nc f.~t:.+UU . nc ~."it:+U! nc 
4.0E.()1 h 4.0E.Q1 r 1 109-e9-3 1-Chlorobutane 4.8E+02 HI 4.BE+02 HI 1.5E+03 no 2.4E+03 nc 
1 . .CE+01 r 1.4E+01 I 1 7HI-3 1-Chloro-1,1-difluoroethane (HCFC-142b) 3.4E+02 sot 3.4E+02 HI 5.2E+04 nc 8.7E+04 nc 
1.4E+01 r 1.4E+01 I 1 75-4H 1'-'nloroomuorornetnane ~+U;.! HI ~·~~+~~ HI t), !~+~~ : ~:~E:~ no 

2.8E-03 • 4.0E.()1 • 2.0E-03 r 2.DE+OO I 1 75.()0-3 Chloroethane 3.0E+OO co 6.5E+OO "" 2.3E+OO .. 
1 110.75-1 2-Chloroethyt vinyl ether 

8.1E.Q3 I 1.0E.()2 I 11.1E~ I I.IE.QS • 1 11-ew ~,;n1orotorm 2.41:.01 co- :..~t:_-u1 .. - tl,"'t:-u" co- l.t)t:•U1 .. - ti.Ut:·U1 ~.ut:-u" 

UE~ h 1.3E-03 h 1.8E~ • 1 74-07-3 Chloromethane 1.2E+OO .. 2.7E+OO co 1.1E+OO co 1.5E+OO .. 
5.8E.Q1 h 5.8E.Q1 r 0 0.1 95-111-2 4-Chloro-2-methytaniline 8.4E-01 .. 4.3E+OO .. 1.2E-02 .. 1.2E-01 .. 
UE.Q1 h 4.5E.Q1 r 0 0.1 315S-8).3 4-Chloro-2-metnylanlllne-hydrochToride 1.1E+OO co t),"it:+uu .. 1.:11:-\J;.! .. 1.:11:-IJ_l_ .. 

I.OE~ I II.OE~ r 1 81-68-7 beta-Chloronaphthalene · 3.9E+03 no 2.7E+04 no 2.9E+02 nc 4.9E+02 no 
2.5E.Q2 h 2.5E~ r r 1 88-73-3 o-Chloronitrobenzene 8.1E+OO .. 2.3E+01 .. 2.7E-01 .. 4.5E-01 .. 
UE~ h 1.8E~ r r 1 100.()().5 1 p-<;nloromtrooenzene 1,1 !:+01 co ~·"t:TUl .. 

t:~E~~ 
.. ;:~E;~~ 

.. 
5.0E.Q3 I S.OE-03 r 1 8$47-l 2-Chlorophenol 6.3E+01 no 2.4E+02 no .. no 4.0E+OO 2.0E-01 
2.9E~ r 2.9~ h 1 75-211-8 2-Chloropropane 1.7E+02 .. 5.9E+02 •• 1.0E+02 no 1.7E+02 nc 

1.1E.Q2 h UE~ I I.IE.a:l r 1.5E~ · r o 0.1 1897-45-4 1 Chlorotnalonlf [4.4f0+01 ... ~~~ .. ~~ ... ~-]!'·01_ ... t1-!~ .. ~~ ... 
2.0E~ I 2.0E~ r 1 95-411-8 o-Chlorotoluene 1.6E+02 nc 5.7E+02 nc 7.3E+01 "" 1.2E+02 nc 
2.0E.Q1 I 2.0E.Q1 r o 0.1 101-21-3 Chlorpropham 1.2E+04 no 1.0E+05 "'"" 7.3E+02 nc 7.3E+03 nc 
3.0E.Q3 I 3.0E.()3 r o 0.1 2921-81-2 _~,;morpyntos l.t!t:+u:t no ~-~~+~~ no ~ ·~t:+~l nc ~:~E:~~ nc 
1.0E.Q2 h 1.0E-02 r o 0.1 SSIIS-13-0 Chlorpyrlfos-methyt 6.1E+02 no 8.8E+03 no 3.7E+01 no nc 
5.0E~ I S.OE~ r 0 0.1 114802-72-3 Chlorsulfuron 3.1E+03 no 4.4E+04 nc 1.BE+02 .. 1.8E+03 nc 
I.OE.Q4 h I.OE.Q4 r 0 0.1 ~ , ~,;ntortn1opnos 4.St:+u1 nc ~ ·~t:+u" no "·llt:+~u nc "-llt:.+Ul no 

4.2E+01 I 0 Total Chromium (1 :6 ratio Cr VI:Cr Ill) 2.1E+02 co 4.5E+02 co 1.6E-04 .. 3.BE+01 2.0E+OO 
1.5E•OO I 110135-83-1 Chromium Ill 1.0E+05 rna 1.0E+05 ,.. O.OE+OO 5.5E+04 nc 
3.0E.Q3 I 2.9E+02 I 0 1154o-2H ,cnrom1um \/! ; 3.01::+01 co- b.4t:+U1 co ;.!.~t:-\Jt) .. 1.1t:+~~ .. 3.tu:.+u1 2.Ut:+OO 

"CAL-Modified PRG" (PEA, 1994) 2.0E-01 1.6E-01 
e.OE.QZ • 7440-48-4 Cobalt 4.7E+03 nc 1.0E+05 mox 2.2E+03 nc 

2.2E+OO I 0 5007-45-2 ~,;oKe uven t:ITliSSions .),lC.-\J.) .. 
3.7E~ h 0 744o-so-a Copper and compounds 2.9E+03 nc 7.6E+04 nc 1.4E+03 .. 

1.CIE+OO h 1.VE+OO r 1 123-73-9 Crotonaldehyde 5.3E-03 .. 1.1E-02 co 3.5E-03 co 5.9E-03 .. 
1.0E.QI I 1.1E.Q1 I 1 91-12-1 l,;urnene vsopropyloenzene) 1.61:+0;.! no =>-"t:+U" nc "',Ut:+U" nc t>.t>t:+U" nc 

I.~E.Q1 h 2.0E-03 h 5.4E.Q1 r 2.0E-03 r o 0.1 2172S-45-2 Cyanazlne S.BE-01 .. 2.9E+OO ca B.OE-03 co B.OE-02 .. 
2.0E~ I 11.8£.()4 I 1 74-90-1 Cyanide and compounds 1.1E+01 .. 3.5E+01 .. 3.1E+OO .. 6.2E+OO .. 
4.0E.Q2 I 4.0E.Q2 r 1 48().111-5 _cyanogen 1.3E+02 nc "'.~t:+U" nc 1-~~+u;,: .. ;.!.'it:+~~ .. 
I.OE~ I I.OE~ r 1 soe.el-3 ~~~ogen bromide 2.9E+02 nc 9.7E+02 nc 3.3E+02 nc 5.5E+02 nc 
5.0E~ I 5.0E~ r 1 50&-77-4 anogen chloride 1.6E+02 .. 5.4E+02 .. 1.BE+02 .. 3.0E+02 .. 
5.7E+OO r 5.7E•OO • 1 11o-52·7 ICyclohexane 'f:'li:+"UZ" HI ~·~~+~~ HI 2.~~+~4 .. ~-::>~+~ .. 
S.OE•OO I 5.0E•OO r o 0.1 108-04-1 Cydohexanone 1.0E+05 ..X 1.0E+05 ..,. 1.BE+04 nc 1.8E+05 .. 
2.0E.()1 I 2.0E.()1 r 0 0.1 108-81-1 Cydohexylamlne 1.2E+04 .. 1.0E+05 mox 7.3E+02 ... 7.3E+03 .. 
5.0E.Q3 I 5.0E.Q3 r o 0.1 eaoes-es-a 1'-'YOaJotnnnl N~rate 1 ~.1 t:+o;,: .. "·~t:+u" : ~:~E:~~ nc 

~:~~=~~ 
.. 

1.0E~ I 1.0E.Q2 r o a. I 52315-07-1 Cypermethrfn 6.1 E+02 nc 8.8E+03 .. .. 
7.SE-03 I 7.5E.o3 r o 0.1 ee21S-27-I Cyromazlne 4.6E+02 .. 8.6E+03 nc 2.7E+01 .. 2.7E+02 .. 
I.OE~ I 1.0E~ r 0 0.1 1e<l1-32·1 IUactnal 16.1 t:+02 nc (1-tlt:+u;s nc "· f t:TUl .. -l.tlt:+u" .. 
3.0E~ I 3.0E~ r o 0.1 75-811-0 Dalapon 1.BE+03 nc 2.8E+04 no 1.1 E+02 nc 1.1E+03 nc 
2.5E~ I 2.SE~ r 0 0.1 39515-41-1 Danitol 1.5E+03 .. 2.2E+04 no 9.1E+01 .. 9.1E+02 .. 

2.~E.Q1 I 2.~E.Q1 r 0 0.03 72-U-1 ~~~~ 12.4t:+oo .. l.tt:+01 co 4tlt:·U" co "-t1t:.-\J1 .. 1.tlt:+U1 a.ut:-U1 
UE.01 I 3.~E-01 r 0 0.03 72~5-8 1.7E+OO co 1.2E+01 "" 2.0E-02 co 2.0E-01 .. 5.4E+01 3.0E+OO 
3.4E.Q1 I 5.0E.Q4 I 3.4E.Q1 I 5.0E.Q4 r a 0.03 SG-211-3 DDT 1.7E+OO co" 1.2E+01 ... 2.0E-02 ... 2.0E-01 ca• 3.2E+01 2.0E+OO 

• • • 
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UE-01 h I.DE-05 I 1.1E.01 r 
. 2.0£.01 I 

O.OE-02 h 

1.0E-05 I 
3.0E+OO I 
I.OE-03 I 
2.5E-04 I 
1.3£-02 I 
O.OE-02 I 

I.OE-02 I 
2.0£-02 I 
e.OE-02 I 
1.0£-02 I 

3.5£.03 I 1.0£.01 I 3.5£-03 I 
UE-01 I 

I.OE+DI h 

3.0£.02 I 

1.0£.01 I 

2.0E-03 I 

UE-01 I 4.0£-02 I 
2.0£+00 h 

:S.OE•OO I 

3.0E+01 I 
1.0£-03 I 

3.0£-03 I 

4.0£-04 I 
4.0E-04 I 
t.OE..Ot I 

5.0£-05 I 
1.3E-02 I 

3.1E+OO I 

5.0£+01 I 

3.0£-02 I 

4.5£+00 I I.OE-04 I UE+OO · I 

0.1E+OO I 1.3£-05 I 1.1£+00 I 
2.0£.03 I 

UE•oo I I.DE-04 I UE+OO I 
UE-02 I 3.0£-04 n 7.1E-02 I 
UE+DO I UE+OO I 
UE+OO I 1.1E+OO I 

UE+OO h 3.0£-04 I UE+OO r 
UE+OO I UE+OO I 

7.0E-03 I 
1.2E•03 I UE+03 . I 
UE-02 I 1.0E-03 I 1.4E-02 I 

3.DE-04 I 
1.1E.01 I 30£-03 I 1.1E.C1 r 

3.0E+OO I 

3.0E•OO n 
3.0E+OO n 

2.9E-OI , 

O.OE-02 h 

3.3E-02 I 
S.OE-02 I 

3.0E-03 I 
4.0E-02 h 

1.7£+01 I 
1.7E+01 n 
1.7!+01 n 

1.0£-05 

3.0E+OO 
I.OE-03 

2.5E-04 

UE-02 

I.OE-02 

2.0£-02 

O.DE-02 

1.0£-02 

1.0E.01 

2.0£-03 

2.0E+OO 

:S.OE+OO 

UE+OO 

1.0£-03 

UE-02 

4.0£-04 

2.9E-04 

1.0£.01 

S.OE-05 

1.3E-02 

I.OE-04 

UE-05 

2.0£-03 

3.0£-04 

2.0£.05 

1.0£.03 

3.0£-04 

1DE-03 

2.0E-OI 

5.7E-02 

UE-02 
I.OE-02 

5.7£.03 

2.9£-04 

4.0£-02 

, 0 0.1 . ~S-7 

, 1 eD-~7 

, 1 97-e3-2 

r 0 0.1 
, 0 0.1 
r o 0.1 

r o 0.1 
, 0 0.1 

0 0.1 

' 0 0.1 
I 0 0.1 
, 0 0.1 

r D 0.1 
, 0 0.1 

0 0.1 

r o 0.1 

0 0.1 
r o 0.1 

r o 0.1 

h 1 
r 1 

0 0.1 

h 0 0.1 
0 0.1 

0 0.1 

I 0 D.l 
h 0 0.1 

r o o.t 
r 0 0.1 
r 0 0.1 

I 0 0.1 

r 0 0.1 
r o 0.1 

r o 0.1 
I 0 0.1 

0 0.04 

0 0.04 

I 0 0.04 
0 0.04 

h 0 0.1 

0 0.1 
I 0 0.1 

r o 0.1 
r o 0.1 
I 0 0.1 

I 1 
r o 0.1 

' 0 0.1 

I 
I 

0 0.1 

0.1 
0.1 

I 0 0.1 

22224-82-e 

2184-174 
11!084-4H 

1071-tW 
e98()I.40.,2 

79277·27-3 

77-47-4 

10401-74-3 

11·12·1 

11~ 

11235-044 

2101-41.0 

7547.01.0 

7753-01-4 
123-31-8 

• 6 

11:tny1ene tn1ourea (I: I UJ 
Ethyl ether 
Ethyl methaaylate 
=tr1Y~ p-mll?pneny1 ~neny1pnospnorouuoa16 
Ethylphthalyl ethyl glycolate 
Express 
enam1pnos 

Fluometuron · 
Flouride 
t-luonaone 
Flurprimidol 
Autolanil 
:1uvauna1e 
Folpet 
Fomesafen 
1r-onoros 
Formaldehyde 
Formic Acid 
1t-ose~':~ 
Freon 113 
Furan 
1r-urazouaone 
Furfural 
Furium 
lt-urmecyCiox 
Glufosinate-ammonlum 
Glycklaldehyde 
~~·ypnosate 
Haloxyfop-methyl 
Harmony 
t1eptacn1or 
Heptachlor epoxide 
Hexabromobenzene 
!'!exao:u?ro~nzene 
Hexachlorobutadlene 
HCH(alpha) 
""'"! ~oetaJ 
HCH (gamma) Undane 
HCH-technlcal 
Hexacnlorocr.Ciopenta~~ene 
Hexachlorodibenzo-p-dioxin mixture (HxCDD) 
Hexachloroethane 
C!exacmoropnene 
Hexahydro-1,3,5-trinltro-1,3,5-triazlne 
1,6-Hexamethylene diisocyanate 
n~nexane 

Hexazlnone 
HMX 

1 nyaraztne, nyarazme suJtate 
Hydrazlne, monomethyl 
Hydrazlne, dimethyl 
C!ycrogen cmonce 
Hydrogen sulfide 
p-Hydroquinone 

14·~~+()() eo- <::.<::1:+0~ ea- b. li:·U<:: ca- 6.1.!?-01 .. -
1.8E+03 1101 1.8E+03 '"' 7.3E+02 no 1.2E+03 no 
1.4E+02 aat 1.4E+02 1101 3.3E+02 no 5.5E+02 no 

1 ~ .. ~~:t,1 .:: ;:~e:~~ .:. 1:1~:o4 : 1:~~:t,1 ::: 
4.9E+02 no 7.0E+03 no 2.9E+01 nc 2.9E+02 .,. 

~:~E:~~ : ~:~e:~ : :.~~~~; : ::~E:~~ : 
3.7E+03 nc 5.3E+04 nc 2.2E+03 nc 
14·~~+ua no f .ut:+U4 nc :.:.t~t:+u;.: no ":·:~+u.s nc 
1.2E+03 no 1.8E+04 no 7.3E+01 no 7.3E+02 no 
3.7E+03 no 5.3E+04 nc 2.2E+02 nc 2.2E+03 nc 

~:~E:~~ ;:. ~:~e:~~ : t~e:~~ : ~:~e:~~ : 
2.6E+OO co 1.3E+01 co 3.5E-02 co 3.5E-01 co 
l.<!l:+u;.: no l.tlt:+u.s no t • .sr:_+uu no f.Jt:+Ul nc 
9.2E+03 no 1.0E+OS no 1.5E-01 co S.SE+03 nc 
1.0E+OS ,... 1.0E+OS ... 7.3E+03 no 7.3E+04 no 

~:~e:~~ :: 5:~e:~~ :: ~:~E:04 : 5:~e:~~ : 
2.5E+OO no 8.5E+OO no 3.7E+OO no 6.1E+OO no 

l.a_t:-ul nc b.O_t:..Ul nc _:l.tl_t:-ll.S no l,tl_t:-u.: co 
1.8E+02 nc 2.6E+03 nc 5.2E+01 no 1.1E+02 no 
9.7E-03 eo 4.9E-02 ca 1.3E-04 co 1.3E-03 co 
!·~~+U~ co ti.<!I:+Ul co <!.<!t:..Ul co <::.<!t:+UU co 
2.4E+01 no 3.5E+02 no 1.5E+OO no 1.5E+01 nc 
2.4E+01 no 3.5E+02 no 1.0E+OO no 1.5E+01 no 

[1).1~+()~ no 8.8~+~ no 3.~~+()2 nc "·'?=+03 no 
3.1E+OO no 4.4E+01 no 1.8E-01 no 1.8E+OO nc 
7.9E+02 nc 1.1E+04 no 4.7E+01 nc 4.7E+02 no 

~:~E~~ ;:. ~~e~~ :~ ~:~e~ ;:. ~:~~~~ ::. 
1.2E+02 no 1.8E+03 no 7.3E+OO no 7.3E+01 no 

1 ;·~e:t,~ :- ~:~E:~~ ~: ;:6e~~ :. ;:6e~~ ::. 
9.0E-02 co 5.9E-01 oo 1.1E-03 co 1.1E-02 co 

13.:.:1:-ul .. '11:+uu .. o;~,tl:-u.s .. 3.tt:-u.: .. 
4.4E-01 co• 2.9E+OO eo 5.2E-03 co 5.2E-02 co 
3.2E-01 co 2.1E+OO co 3.6E-03 co 3.7E-02 co 

~-~~~g~ : ~-~~~ : ~:~~~~ : ~--~~~~ : 
3.5E+01 .. - 1.8E+02 .. - 4.8E-01 oo- 4.8E+OO .. -

~::~:~~ :. ~~~:~~ : ~:~'E~~ : ~:~'E~; : 
1.7E-01 no 2.5E+OO no 1.0E-02 nc 1.0E-01 nc 
l.li:+UL sat 1.11:+UL 111 :.:.1 t:+u;.: nc ~.~t:+u.: no 
2.0E+03 nc 2.9E+04 no 1.2E+02 nc 1.2E+03 no 
3.1 E+03 nc 4.4E+04 no 1.8E+02 no 1.8E+03 no 

~:~~:g~ : g:2~~1 : ~:~E~4 : 2:2E~2 : 
1.6E-01 .. 8.2E-01 Cl 4.0E-04 .. 2.2E-02 Cl 

t~e:~~ ·: 1.1E+02 ... 
2.4E+03 no 3.5E+04 nc 1.5E+02 no 1.5E+03 nc 

~:~E:~g 
S.OE-04 
3.UI:-ll.S 
9.0E-03 
3.0E-03 
4.Ut:+U2 

S.OE-01 

• 

tgE:g~ 
3.0E-05 

5:~e~: 
1.0E-04 
:.:.ui:+Ul 

2.0E-02 



S.J.Smuc:l<er 7 11<111100 

1.3E-o2 I 1.3E-o2 r o 0.1 ~ mazam t~~:g~ .. ~:~~:: .:. ::~~:g~ nc 4.7~+02 nc 
2.5£.01 I 2.5E.01 r o 0.1 11335-37·7 lmazaquin nc no 9.1E+03 no 
4.0E-o2 I 4.0E-o2 r o 0.1 3Q34.11-7 lprodione 2.4E+03 nc 3.5E+04 nc 1.5E+02 no 1.5E+03 nc 
3.0E.01 • 0 743WW ron .:.~~+u<t nc 1-IJ~+u;, "'"" ~:~~::; nc 
S.OE.01 I S.OE.01 r 1 71-83-1 lsobutanol 1.3E+04 no 4.0E+04 aot 1.1E+03 .. .. 

I.SE.OC I 2.0E.01 I I.SE.OC r 2.0E.01 r o 0.1 78-51-1 lsophorone 5.1E+02 ... 2.6E+03 ... 7.1E+OO .. 7.1E+01 .. S.OE-01 3.0E·02 
1.5E-o2 I ue-oz r o 0.1 ~ sopropaun tl,;tt:+U;t no 

~:~~~ nc ::l.::lt:+U1 no ::I.Ot:+U~ nc 
1.0E.01 I 1.1E.o1 r o 0.1 1132-6-U Isopropyl methyl phosphonic acid 6.1E+03 .. nc 4.0E+02 no 3.6E+03 no 
5.0E-o2 I S.DE-oz r 0 0.1 12S58-5().7 lsoxaben 3.1E+03 nc 4.4E+04 .. 1.8E+02 nc 1.8E+03 no 

1.8E•01 • 1.8E+01 r 0 0.1 143-50-0 
1
t<.epone 

-~:~€~~ .. l.'lt:.Ul .. 3.!_t:.U4 .. 
i:~i~~ ca 

2.0E-03 I 2.0E-03 r o 0.1 77501-n-4 Lactofen no 1.8E+03 no 7.3E+OO .. nc 
PRGI Buod on EPA Models QEUBK 11194 and TRW 19!1e) 7439-92·1 Lead 4.0E+02 nc 7.5E+02 nc 

1.0E.07 I 0 0.1 71-00-'Z ~!'aa_(:etraetnyiJ 1.~E~~~ 
nc 

1:;E~~ 
.. ~-t>~-u~ nc 

2.0E.o3 I 2.0E.o3 r o 0.1 3~ Llnuron .. no 7.3E+OO no 7.3E+01 no 
2.0E-o2 X 0 7431-93-2 Lithium 1.6E+03 no 4.1E+04 nc 7.3E+02 nc 
2.0E.01 I 2.0E.01 r 0 0.1 1305S-QU .. one ax 

~:~~::; 
no ~:~~:: ": ~:;~:~~ no ~-~t:+U~ nc 

2.0E-o2 I 2.0E-o2 r o 0.1 121·75-e Malathion no no 7.3E+02 nc 
1.0E.01 I 1.0E.01 r 0 0.1 106-31-6 Maleic anhydride 6.1E+03 no 8.8E+04 no 3.7E+02 no 3.6E+03 no 
ii.DE.01 I 5.DE.01 r 1 123-3~1 ;MaleiC nyo_razJoe 1.tt:+U~ no L"'t:+U~ 101 ~-~~~~~ 

no ;j,Ut:_+U;j no 
2.0E.o5 h 2.0E.OS r o 0.1 1og..77-3 Malononitrile 1.2E+OO no 1.8E+01 no no 7.3E-01 no 
S.OE-oz h S.OE.OZ r 0 0.1 801S.01·7 Mancozeb 1.8E+03 nc 2.6E+04 nc 1.1E+02 no 1.1E+03 no 

I.DE.OZ 0 5.DE.03 I e.oe-oz r S.OE-03 r o 0.1 12427~ I ManeD II:I·!~+UU ... "'·!~+Ul .. 
~:~~~~ 

.. ~:~~:g~ .. 
2.4E-o2 I 1.4E.OS I o 743~ Manganese and compounds 1.8E+03 nc 3.2E+04 no no nc 
I.OE.OS h I.OE.OS r 0 0.1 150.10.7 Mephosfolan 5.5E+OO no 7.9E+01 nc 3.3E-01 no 3.3E+OO no 
S.OE.OZ I s.oe-oz r o 0.1 24307-21-4 l~!'p1quat ~:7~:~~ : ~:;~:~~ no 

~-;~~t 
no 

~:~~:~~ 
nc 

2.1E-o2 • 1.0E.01 • 2.0E-o2 r I.OE-01 r o 0.1 14g..sl).4 2-Mercaptobenzo!hiazole . .. .. .. 
3.0E.OC I 0 7417-94-7 Mercury and compounds 2.3E+01 no 6.1E+02 no 1.1E+01 nc 

I.IE.OS I 743g..jj7-6 ~ercury ~e1eme~ta1J ;j,1t:.Ul. no 
1.0E.OC I 0 0.1 229G7-02-6 Mercury (methyl) 6.1E+OO no 8.8E+01 no 3.6E+OO .. 
3.0E.OS I S.OE.OS r o 0.1 150-6G-8 Merphos 1.8E+OO no 2.6E+01 no 1.1E-01 nc 1.1E+OO .. 
S.OE.OS I 3.0E.OS r o 0.1 7a..u Merpnos OXIOe l.~~+UU no ~-~~+U~ nc 

~:~E.~2· 
no 

~:~~:~~ 
.. 

I.OE-02 I I.OE.O:Z r o u 57137·11-1 Metalaxyl 3.7E+03 no 5.3E+04 no nc no 
1.0E.OC I 2.0E.OC h 1 121-811-7 Methacrylonltrile 2.1E+OO no 8.8E+OO no 7.3E-01 no 1.0E+OO no 
UE.OS I S.DE.OS r o 0.1 10215-02-6 1~e1ll8m1~opnos ~~:~~:~ : ~:~~:~~ .:. ;:;E~; no 1.1:1t:+uu no 
S.OE.OI I 5.0E.01 r o 0.1 17-M-1 Methanol no 1.8E+04 no 
1.0E.03 I 1.0E.o3 r o 0.1 150-37-e Methidathlon 6.1E+01 no 8.8E+02 •• 3.7E+OO nc 3.6E+01 no 
2.5E-o2 I 2.5E-o2 r 1 11752-77-6 

~~:~lor 14.4t:+U1 no l.Ot:+U~ nc 1:1, !t:+Ul no t~~:g~ 
,. 

I.OE.OS I I.OE.o3 r 0 0.1 72~U 3.1E+02 no 4.4E+03 no 1.SE+01 .. ... 1.6E+02 8.0E+OO 
1.DE.o3 h 5.7E.o3 I 0 0.1 101-M-4 2-Methoxyethanol 6.1E+01 .. 8.BE+02 •• 2.1E+01 no 3.6E+01 nc 
2.DE.o3 h 2.0E.o3 r D 0.1 110-4W :t-Metnoxyetnanot acetate 

t~e:~~ 
.. .!.·~~+~~~ no ':':'=.+uu no t;~:~~ no 

c.ee-oz h 4.1E.o2 r 0 0.1 11-61-2 2-Methoxy-5-nitroanillne .. 5.4E+01 co 1.5E-01 .. .. 
t.OE•OO h t.OE•OO r 1 71-20-0 Methyl acetate 2.2E+04 .. 9.6E+04 .. 3.7E+03 no 8.1E+03 .. 
S.OE.OZ h S.OE-oz r 1 111-3~ ~etnY.I acry_~~lte ~~~:~~ nc L~t:+IJ;.: no 1.1_'=.+~~ no l.Ot:_+U;t no 

2.4E.01 h 2.4E.01 r 0 0.1 ~ 2-Methylaniline (a-toluidine) . co 1.0E+01 .. 2.8E-02 .. 2.8E-01 .. 
1.BE.01 h 1.BE.01 r 0 0.1 8311-21-6 2-Methylaniline hydrochloride 2.7E+OO .. 1.4E+01 ca 3.7E-02 .. 3.7E-01 .. 

t.OE•OO X t.OE•CO r o 0.1 7~22-1 ~~~~Y.I C!u_orocaroo_nate ~~:~~!~~ no ~:~~:~~ ':" ~:~~:~~ : ~:~~:~ .. 
5.0E'D4 I S.OE.OC r o 0.1 14-74-8 2-MethyJ..4.c:hlorophenoxyacetic acid no no 
1.0E-o2 I 1.0E-o2 r o 0.1 14-81-6 4-(2-Methyl-4-chlorophenoxy) butyric acid 6.1E+02 no 8.8E+03 •• 3.7E+01 "" 3.6E+02 no 
1.0E.o3 I 1.0E.o3 r 0 0.1 ~~ ~~~~-~etllY~-"T·cruoropnenoxyJ prop1omc ae~a_ ~~:~~:~~ nc O.l:lt:+U;t no ;j,ft:+UU nc ;j,~~+U~ nc 
1.DE.03 I 1.0E.o3 r 0 0.1 11414-77-6 2·(2-Methyl-1,4-chlorophenoxy) propionic acid no 8.8E+02 no 3.7E+OO nc 3.6E+01 no 
I.IE.OI r I.IE.01 h 1 101-17-2 Methylcyclohexane 2.6E+03 .. B.8E+03 110 3.1E+03 .. 5.2E+03 nc 

2.5E.01 h 2.5E.01 r D 0.1 101-77-8 l"'•"':-fllletnyleneo1soenzeneam1ne l.tlt:+uu .. ~:~.~:~t:+uu .. ~~-t:-u~ co ~~~"'Jl .. 
UE.OI h 7.0E.OC h 1.3E.01 h 7.0E.OC r a 0.1 101·14-1 4,4'-Methylene bis(2-chtoroaniline) 3.7E+OO c:o• 1.9E+01 .,.. 5.2E-02 .,.. 5.2E-01 ... 
4.BE-o2 I UE.OZ r 0 0.1 101-61·1 4,4'-Methylene bis(N,N'-dimethyl)aniline 1.1E+01 .. 5.4E+01 Cl 1.5E-01 .. 1.5E+OO .. 

• • • 
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1.7E.()3 I 4.0E.()3 I 1.7E.()3 r 4.0E.()3 r o ~1'-1 IAcep~ate 5.6~+01 ca" 2.~~+02 ca• 7.~~-01 ca• 7.7E+OO ... 
7.7E.()3 I 2.1E.()3 I 1 75-07.() Acetaldehyde 1.1E+01 ca" 2.3E+01 c:a" B.7E-01 w 1.7E+OO ca 

2.0E-02 I 2.0E-02 r o 0.1 ~1 Acetochlor 1.2E+03 nc 1.BE+04 ne 7.3E+01 nc 7.3E+02 .. 
1.0E.()1 I 1.0E.()1 r 1 87-G4-1 .Acetone l.ot:+U;j nc o . .:t:+U;j no ;j.ft:+u.: no ti.!~+u.: .. t.ot:+ut !i.Ut:-Ql 
I.OE-Il4 h I.OE-Il4 r o 0.1 75-U-S Acetone cyanohydrin 4.9E+01 nc 7.0E+02 no 2.9E+OO no 2.9E+01 no 
e.OE.()3 X 1.7E.()2 I 1 75-0U Acetonitrile 2.7E+02 .. 1.7E+03 nc 6.2E+01 no 7.9E+01 nc 
1.0E.()1 I o.7E.()8 X 1 98-M-2 IAcetopnenone 14.\II:;.•Ul no l.ot:+UU nc .:.~~-1_!~ nc ::~~:g~ nc 

1.1E.()1 • 1.3E-02 I 1.1E.()1 r UE-02 r o 0.1 ~ Acifluorfen 4.4E+OO ca 2.2E+01 ca 6.1 E-02 c:a ca 
2.0E-02 h 5.7E.()8 I 1 107.()2 .. Acrolein 1.0E-01 .. 3.4E-01 no 2.1E-02 no 4.2E-02 .. 

•. eE+OO I 2.0E-Il4 I 4.1SE+OO I 2.0E-Il4 r o 0.1 7e.oo-1 ':'cry1am1ae 
2:~E~~ 

ca f:;~;~1 .:. -I:~E~o c:a 
UE~ 

ca 
S.OE.()1 I 2.11E-Il4 I 0 0.1 7e-10.7 Acrylic acid no no nc 

5.4£.()1 I 1.0E.()3 h 2.CE.()1 I 5.7E-Il4 I 1 107-13-1 Acrylonitrile 2.1E-01 ... 5.1E-01 c:a• 2.BE-02 c:a• 3.9E-02 ... 
1.1E.()2 h 1.0E-02 I I.OE-02 r 1.0E-02 r o 0.1 158~ AlaCiliOf ~:~~:~~ : t~~:~; .:. ~ .. ;~~~ ca ~:;e~~ 

ca 
1.SE.()1 I UE.()1 r o 0.1 1~ Alar no no 
1.0E.()3 I 1.0E.()3 r 0 0.1 11~ Aldicarb 6.1E+01 no B.BE+02 nc 3.7E+OO nc 3.BE+01 .. 
1.0E.C3 I 1.0E.C3 r o 0.1 1848-811-4 AIOicarD SUIIOne o.tt~+ut nc o.ot:+u.: no ;j.ft:+uu nc ;j.ot:_+ut ne 

1.7E+01 I 3.0E.()5 I 1.7E+Ot I s.oe.os r 0 o.t ~ Aldrin 2.9E-02 c:a• 1.5E-01 c:a 3.9E-04 c:a 4.0E-03 ca S.OE-01 2.0E-02 
2.SE.C1 I 2.SE.C1 r 0 0.1 SSI$.&4.3 Ally 1.5E+04 no 1.0E+05 INX 9.1 E+02 no 9.1E+03 .. 
S.OE.()3 I 5.0E-03 r o 0.1 107-1U ~~~! a1cano1 1 J. !t:+u.: no 4.4t:+UJ no l.~~+U! no 1:~e:~~ nc 
5.0E-02 X 2.9E-Il4 I 0 0.1 107.()5.1 Allyl chloride 3.0E+03 na 4.3E+04 no 1.0E+OO no "" 1.0E•OO n 1.CE.()3 n o 742e.90-5 Aluminum 7.6E+04 .. 1.0E+05 ,_ 5.1E+OO no 3.6E+04 no 
4.0E-Il4 I 0 208Se-73-l l~umtnum pnospntae lt~~:g~ : ~:~~:g~ no 

1:~e:~1 
no 

3.0E-Il4 I S.OE-Il4 r o 0.1 87~ Amdro no 1.1E+OO nc nc 
9.0E.()3 I I.OE.()l r 0 0.1 134-12 .. Ametryn 5.5E+02 no 7.9E+03 nc 3.3E+01 no 3.3E+02 nc 
7.0E.()2 h 7.0E-02 ' 0 u 591-27-15 m-~1nopneno1 ~:~e:~~ : 1:~e~~ : ~~~~~ : t~~~f 

nc 
2.0E.()5 h 2.0E.OS ' 0 0.1 ~~ 4-Aminopyrldine ... 
2.5E.()3 I 2.5E.()3 r 0 0.1 3301U1-1 Amitraz 1.5E+02 nc 2.2E+03 no 9.1E+OO no 9.1E+01 no 

2.9E-02 I 71111C-41-7 IAmmonta t,-ut:+u.: no 
2.0E.()1 I 0 0.1 7773-QS.O Ammonium sulfamate 1.2E+04 no 1.0E+05 ...,. 7.3E+03 .. 

5.7E.()3 I 7.0E.()3 n 5.7E.()3 ' 2.DE-Il4 I 0 0.1 82-63-3 Aniline B.5E+01 ca" 4.3E+02 ... 1.0E+OO no 1.2E+01 ... 
4.0E-Il4 I 0 7<4(1.38.0 IAlll!mony ana_campounas ~~:~e:~1 : ~:~e:~~ nc 

1:~~~1 
nc :..ut:+uu ;,.ut:-ut 

5.0E-Il4 h 0 131~ Antimony pentoxide .. nc 
1.0E.()4 h 0 2830(1.7~ Antimony potassium tartrate 7.0E+01 nc 1.BE+03 nc 3.3E+01 nc 
4.0E-Il4 h 0 133H1_. Antimony tetrOJuae 

~:1~~1 
no !i • .:t:+u.: nc 

t~e~1 •• 
4.0E.()4 h 5.7E-05 I 0 130U4-4 Antimony trioxide no· B.2E+02 .. 2.1E-01 no .. 
1.3E-02 I 1.3E-02 r o 0.1 7411S-2~ Apollo 7.9E+02 IIC 1.1E+04 .. 4.7E+01 no 4.7E+02 no 

2.5E-02 I S.OE-02 h 2.5E-02 I 5.0E.()2 r o 0.1 1CO.SH _Ararrute -~:~e:~1 : ~:~e:~~ 
.. Llt:...Yl c:a «:.tt:1"UU c:a 

3.0E-Il4 I 0 0.03 7<411-38-2 Arsenic (noncancer endpoint) IIC 

UE•OO I 3.0E-Il4 I 1.5E+01 I 0 0.03 74COo38-2 Arsenic (cancer endpoint) 3.9E-01 c:a• 2.7E+OO .. 4.5E-04 c:a 4.5E-02 .. 2.9E+01 1.0E+OO 
ue.os I 0 nM-<2-1 .Arsine lsee arsemc ror cancer enopolnt) :>.:.!t:-u.: .. 

D.OE.()l I D.OE-03 r 0.1 7e578-12 .. Assure 5.5E+02 .. 7.9E+03 .. 3.3E+01 no 3.3E+02 nc 
5.0E.()2 I 5.0E-02 r o 0.1 3337-71-1 Asulam 3.1E+03 .. 4.4E+04 .. 1.8E+02 .. 1.BE+03 nc 

2.2E.C1 h l.SE-02 h 2.2E.()1 r UE-02 r o 0.1 11i112 .. 24-8 l~traztne 1~-2~+00 co ~:~~:g~ c:a f:~~;~~ c:a 
t~e~~ 

co 
4.0E-Il4 I 4.0E-Il4 r o 0.1 71751-41-2 Avermectin 81 2.4E+01 .. IIC .. nc 

1.1E.01 I 1.1E.()1 I 0 0.1 103-33-3 Azobenzene 4.4E+OO .. 2.2E+01 .. 6.2E-02 c:a 6.1E-01 co 
7.0E.()2 I 1.4E-Il4 h 0 7C4().3e-3 ~~anum ana campounas ~~::e:~~ .. 

~:~E=~~ -: f:te~~ : ~:~e:~~ .. t.ot:+u~ o • .:t:+Ul 
4.0E-03 I 4.0E.()3 r o 0.1 114-28-1 Baygon nc .. 
l.OE-02 I 3.0E-02 r o 0.1 43121-43-3 Bayieton 1.BE+03 nc 2.6E+04 nc 1.1E+02 nc 1.1E+03 .. 
2.5E-02 I 2.SE-02 r 0 0.1 ea3S&-37-a 1~8~!010 ~:~e:~ : t~e:~ .::. ;:~~=~~ nc l:l.tt:;+u.: nc 
3.0E.()1 I 3.0E.()1 r 0 0.1 1801-40.1 Benefin no 1.1E+04 .. 
5.0E-02 I 5.0E-02 r o 0.1 17~ Benomyl 3.1E+03 nc 4.4E+04 •• 1.BE+02 no 1.BE+03 .. 
l.OE-02 I l.OE-02 r o 0.1 25057-88-0 11:1emazon l.Ot:+U;j nc .:.ot:+U4 nc l.tt:.+u.: nc t.tt:+u;, .. 
1.0E.()1 I 1.0E.()1 r 0 0.1 100o52·7 Benzaldehyde 6.1E+03 nc B.BE+04 na 3.7E+02 .. 3.6E+03 nc 

S.SE-02 I l.OE-03 n 2.7E-02 I 1.7£.()3 n 1 71-43-2 Benzene 6.5E-01 c:a• 1.5E+OO co• 2.5E-01 co• 3.5E-01 ... 3.0E-02 2.0E-03 

• • • 



• S . .I.Smucbr 

I.IE.Q2 h 

8.SE+Q1 I 

2.4£.()2 h 

4.5E.01 I 

5.7E.C3 

1.1E-o2 I 
I.OE.CI I 

UE-o2 h 
1.0£-CI I 

2.1E.C1 I 
4.4E.Q1 X 

1.2E.C3 I 

1.4E-e2 h 

7.5E.C1 h 

UE-01 h 
1.2£+00 h 

I.OE-o2 I 

4.0£-05 I 

8.0E-o4 h 

4.QE.Q3 n 

I.OE-o2 I 

2.0E-o2 I 
5.7£-05 r 

6.7E.C6 r 
1.0E.C1 I 
3.0E-o2 I 

8.0E-o2 I 
I.OE-o4 n 
:S.OE..Q2 n 

3.0E.Q2 n 

2.0E.c1 I 
I.OE.C1 h 

3.0E-o2 n 
I.DE-Cl I 
I.DE.OZ h 

2.0E-D2 I 
3.DE-1!1 I 
e.OE-Cl I 

1.0E-e2 I 
1.1E-Cl r 
3.0E-e2 I 

3.0E.C3 I 
5.0E-o4 I 

3.DE-e2 h 

5.DE.OS I 
5.7E.03 r 
2.0£+00 h 

1.1E-e2 h 
I.DE.C1 I 

I.OE-01 I 

I.OE-o2 I 

2.0E-C2 I 
1.1E+Ot r 
2.0E-e2 n 

e.oe-e2 1 

2.DE-e2 I 
2.0£>04 I 

5.7E.CS r 
2.0E-Cl I 

e.IE-o2 r 

8.4E-ol r 
2.4E.C3 h 

7.7E.C1 I 

22E.Q2 n 

4.5E~1 r 

5.7£-Cl 

1.1E-ol I 
UE.Ct I 

UE.Q2 r 
1.4E-e2 I 

2.9£-CI r 
4.4E.C1 r 

I.IE+OI I 

1.2£-Cl , 

4.7£+03 r 

1.4E-ol r 

7.5E.C1 t 

5.1E.C1 r 
1.2E+OO r 

I.OE-o2 

4.DE.o5 

8.0E-o4 
4.0£-1!1 
I.DE-o2 

2.0E.Q2 

5.7E.OS 

6.7E.C6 
I.DE-C1 
3.0£.()2 

$.7E.Q2 

I.OE-o4 
2.3E.C1 

3.0£.()2 

5.7E.Q2 

1.4E.C1 

1.4E-03 
I.OE-Cl 
I.OE.Q2 

2.0E-e2 
3.DE-1!1 
I.OE.Cl 

1.0E-e2 
1.1£-Cl 
5.7£-Cl 

UE.CO 

S.DE-05 
5.7£.03 

2.0E•OO 
1.1E-e2 
8.0E.C1 

I.OE41 

I.CE-e2 

I.OE-C2 
2.DE.Q2 
2.0E-o4 

1.7E-Oa 
2.0£-Cl 

r o 0.1 

r 0 0.1 
0 0.1 

, 0 0.1 

r I 
r o 0.1 

r 1 
I 1 

h 1 

r a 0.1 
r 0 0.1 

h 1 

r I 
I I 

0 0.1 

r 0.1 

h 1 

h 1 

n 1 

r 1 
r 1 

r 1 

r 0 0.1 
t 0 0.1 

r o 0.06 

I I 
I 1 

r D 0.1 

I 0 0.1 
0 0.1 

h 1 

r o 0.1 
h D 0.1 
, 0 0.1 

r o 0.1 
r o 0.1 

r o 0.1 
0 0.1 

r 0 0.1 

, 0 0.1 

I I 
, 0.1 

r o 0.1 
r o 0.1 
r 0 0.1 

0 0.1 
X 1 
r o 0.1 

0 0.1 

0 0.1 
0 0.1 

12~8-1 

llltr12.a 

IS-60-1 

541-73-1 
1~7 

75-71-8 
7$.34.3 

107.()5.2 

75-35-4 
151-511-2 

77-73-8 
110-S7-1 
112-34-$ 

111~ 

017-IU 
103-23-1 

35307-3U 
75-37-8 
2esn-12-C 

1111-10-4 
124-4().3 
121-tlll-7 

95-ea.1 

214-..c 
1111-83-7 

• 

I DecabromodiphenYfetller 
De me ton 
Diallate 

101az1non 
Dibenzofuran 
1,4-Dibromobenzene 

4 

Uloromocmorome!llane 
1,2-Dibromo-:H:hloropropane 
"CAL-Modified PRG" (PEA, 1994) 

11,;,:-U1Dromoemane 
Dibutyl phthalate 
Dicamba 
t1,2·01Chlorobenzene 
1 ,3-0ichlorobenzene 
1,4-Dichlorobenzene 
l~orooenzlalne 
4,4'-Dichlorobenzophenone 
1,4-Dichloro-2-butene 
1 Ulehlorooltluoromelhane 
1, 1-Dlchloroethane 
"CAL-Modified PRG" 

11 ,2-DiCI\Ioroeth!me 1EDC} 
1,1-Dichloroethylene 
1,2-Dlchloroethylene (cis) 
1 ,;.:-Uicnloroetnylene ttrans) 
2,4-Dichlorophenol 
4-(2,4-Dichlorophenoxy)butyric Acid (2,4-DB) 
2,4-[)iehlorophenoxyaceucACid (2,4-D) 
1 ,2-Dichloropropane 
1,3-Dichloropropene 
2,3-Uiehloropropanol 
Dichlorvos 
Dlcofol 
Oicycfopentadlene 
Dieldrin 
Diethylene glycol, monobutyl ether 
,u1etny1ene glycol, monoethyl emer 
Diethylformamide 
Dl(2-ethylhexyl)adipate 

1 
Dlelhy! pnthalate 
Diethylstilbestrol 
Difenzoquat (Avenge) 
IDi!IUDenzuron 
1,1-Difluoroethane 
Dllsononyl phthalate 
1 unsopropyl methylphosphonate 
Dimethipln' 
Dimethoate 
j3,3'·0imethoxybenZIOine 
Dimethyl amine 
N-N-Dimethylaniline 
12,+01memy1anmne 
2,4-Dlmethylanifine hydrochloride 
3,3'-Dimethylbenzldine 

6.1E+02 ,. 8.8~+03 no 3.71:_+01 no 3.6~+02 nc 
2.4E+OO no 3.5E+01 no 1.5E-01 no 1.5E+OO no 
8.0E+OO co 4.0E+01 .,. 1.1E-01 co 1.1E+OO "' 

[5.5E+01 no l.l:it;+u;,: nc ;;~.;;~~:;+uu no "·"t:+U1 no 
2.9E+02 no 5.1E+03 no 1.5E+01 .,. 2.4E+01 no 
6.1E+02 no 8.8E+03 nc 3.7E+01 nc 3.6E+02 no 

f.~+~'! co ~{!;:+UU co tl.f:l~-1:1~ co 1.3t:-o1 co 
4.5E-01 .,.- 4.0E+OO ..- 2.1E-01 .,. 4.8E-02 .,.-
G.OE-02 9.6E-04 4.7E-03 
ti.tu:~~ co 'l.o_:.~..: co• ~-!E~~ co• ! ·?~-U4 "' 
6.1E+03 nc 8.8E+04 no 3.7E+02 no 3.6E+03 nc 

nc 2.6E+04 no 1.1E+02 rrc 1.1E+03 "" 
13.7E+u..: ut "-'t:+u;,: ut ;t.1t:+u;,: no "·'t:+u;,: no 
1.3E+01 no 5.2E+01 nc 3.3E+OO nc 5.5E+OO no 
3.4E+OO co 8.1E+OO ca 3.1E-01 co S.OE-01 "' 
~·~:~~ co o.o~+~:~u .. 1.o~-u_2_ co ~.ot:-o1 .,. 
1.8E+03 no 2.6E+04 no 1.1E+02 no 1.1E+03 oc 
7.9E-03 .. 1.8E-02 co 7.2E-04 co 1.2E-03 eo 

1
9.4E+Ul no ;;!.1t:+u;,: no ;,:.1t:+u;,: no ;;~,t~t:+u;,: no 
5.9E+02 nc 2.1 E+03 no 5.2E+02 nc 8.1 E+02 ne 
3.3E+OO ca 7.1E+OO co 1.2E+OO co 2.0E+OO co 
13.~t:-o1 co• ~.6t:·U~ c:o• /.4t:·f:l~ co• 1.2t:-o1 co• 
5.4E-02 .. 1.2E-01 •• 3.8E-02 co 4.6E-02 co 
4.3E+01 nc 1.5E+02 no 3.7E+01 .,. 6.1E+01 "" 

1 ti.Jt:+ll! no .0:.1 t:.,.IJ" nc I ·'-'t:+U1 nc 1 .2~+02 nc 
1.8E+02 nc z:sE+03 no 1.1E+01 nc 1.1E+02 oc 
4.9E+02 no 7.0E+03 no 2.9E+01 .,. 2.9E+02 no 

16.9E+u;,: no !:~t:_+U4 nc ;:1./t:+U~ 110 J.tit:+U;,: no 
3.5E-01 co• 7 .7E-01 ..- 9.9E-02 co• 1.6E-01 co• 
7.0E-01 "' 1.6E+OO •• 4.8E-01 co 4.0E-01 "' 
l.!lt:+u~ nc ;,:,ot:+u;, nc l-lt:+U1 nc 1.1 t:+u;,: nc 
1.7E+OO co• 8.5E+OO co• 2.3E-02 co• 2.3E-01 co• 
1.1 E+OO co 5.6E+OO co 1.5E-02 co 1.5E-01 co 
5:'1t:-o1 nc Ult.+UU nc 2.1t.·U1 nc 4.2t:-Q1 nc 
3.0E·02 co 1.5E-01 co 4.2E-04 co 4.2E-03 co 
3.5E+02 no 5.0E+03 nc 2.1 E+01 no 2.1 E+02 nc 

1.Ut:+IJ~ - 1.Ut:+U~ ,_ l_.;,t:+U.) no 1-'-'t::+U'I nc 
6.7E+02 nc 9.7E+03 nc 4.0E+01 no 4.0E+02 nc 
4.1 E+02 co 2.1 E+03 •• 5.6E+OO co 5.6E+01 co 
4.9E+U'I nc 1.Ut:+U~ max ;.(.l:lt:+U;;! nc ;,:.~:~t:+U4 nc 
1.0E-04 co 5.2E-04 co 1.4E-06 co 1.4E-05 co 
4.9E+03 nc 7.0E+04 no 2.9E+02 nc 2.9E+03 ne 
T.2E+OJ nc 1.6t:+U4 nc ~-~~+~1 nc {-~~+02 nc 

4.2E+04 no 6.9E+04 nc 
1.2E+03 nc 1.8E+04 nc 7.3E+01 nc 7.3E+02 nc 

14.St:+O~ nc 1 .ut:+U4 nc ~-t~t:+u;,: nc ~-l:lt:+U.) nc 
1.2E+03 no 1.8E+04 no 7.3E+01 nc 7.3E+02 no 
1.2E+01 nc 1.8E+02 nc 7.3E-01 nc 7.3E+OO nc 

13.5E-i-U1 co Ult:+u;,: co 4.1:11:-ll_! co 4.tlt:+UU co 
6.7E-02 nc 2.5E-01 nc 2.1E-02 nc 3.5E-02 nc 
1.2E+02 nc 1.8E+03 nc 7.3E+OO nc 7.3E+01 nc 

16:~t:-o1 .. "-~~+uu .. ~:~.1:1~-1!~ .. ~:~.u~-o2 .. 
8.4E-01 co 4.3E+OO co 1.2E-02 co 1.2E-01 co 
5.3E-02 co 2.7E-01 co 7.3E-04 co 7.3E-03 co 

4.Ut:-o1 

2.3E+03 

1./t:+U1 

2.0E+OO 
f.Ut:·UJ 

2.3E+01 

:z.ut:-o:z 
G.OE-02 
4.0E-01 

3.0E-02 
4.0E-03 

4.0E-03 

• 

2.7E+02 

ti.Ut:·U1 

1.0E-01 
J.Ut:-04 

1.0E+OO 

l.Ut:-oJ 
3.0E-03 
2.0E-02 

1.0E-03 
2.0E-04 

2.0E-04 



S.J. Srnuckar 

2.6E+OO X 

3.TE•01 X 

I.BE-G1 I 

1.1E-02 I 
I.SE+OS h 

I.OE-GI I 

l.eE+OO h 

I. IE+OO h 
1.3E+OO h 

I.IE-G3 I 

4.1£-02 h 

2.1£-(13 • 

1.0E+OO h 

• 

1.0E-G1 h 

1.0E.03 n 
2.0E-02 I 
I.OE-04 I 

1.0E-G3 I 
1.0£+01 X 

1.0E-G1 I 
2.0E-G3 I 
4.0E-04 h 
1.0E-04 I 

4.0E-04 h 

2.0E-G3 I 

2.0E-G3 I 
1.0£-(13 h 

1.0E-G3 I 
2.0E-02 h 

3.0E-02 I 
2.SE-02 I 
3.0E.o4 n 

I.OE-G3 n 
2.2E-G3 I 

4.0E-G5 I 
1.0E-02 I 
2.0E-G3 I 
4.0E-G3 I 
2.0£-(11 • 
I.OE-G3 I 

2.0E-02 I 
3.0E-04 I 

e.BE-01 r 

1.1£-02 r 
UE+OS h 

7.7E-GI I 

a.eE+OO r 
1.1E+OO r 
1.3E+OO r 

t,OE-03 

2.0E-02 
I.OE-04 

1.0E-G3 
1.0E+01 
1.0E-G1 

2.0E-G3 
4.0E-04 
1.0E-04 

4.0E-04 
2.0E-G3 

2.0E-G3 

1.0E-G3 
1.0E-G3 

2.0E-02 

3.0E-02 
2.SE-02 
3.CE-04 

I.OE-G3 
2.2£-(13 

4.0E-G5 
1.0E-02 
2.DE-G3 

4.0E-G3 

1.0£-(13 

2.0E-02 
SOE-04 

2.0E-G3 h 4.2£.()3 I 2.1£-04 

5.7E-G3 r 
2.5£-02 I 
5.0E-G3 I 

5.0£-04 I 
4.0E.()1 h 
3.0E.()I h 

I.OE.01 I 
4.BE-02 · r 

5.7E-G3 
2.5£.()2 
5.0E.()3 

S.OE-04 
5.7£-02 
3.0E.()1 

t.OE-G1 

1.0E-G1 I 2.9E.()1 

4.0E..C1 n 2.9E.Q3 r 2.8E+OO 

3.0E-01 ~ 3.0E-GI 
2.0E-02 h 2.0E-02 

2.0E+OO I 2.0E+OO 

5.0E.CJ1 t 3.7E+OO 
3.5£.()1 h 

0 0.1 

0 0.1 
I 0 0.1 

r o 0.1 

r o 0.1 
r 0 0.1 

r o 0.1 

r 0 0.1 
r o 0.1 

r o 0.1 
r 0 0.1 
r o 0.1 

r o 0.1 

' 0 0.1 
0 0.1 

r o 0.1 

' 0 0.1 
r o 0.1 

r o 0.1 
0 0.1 
0 0.03 

r o 0.1 
r o 0.1 
r 0.1 

0 0.1 
, 0 0.1 
r 0 0.1 

0 0.1 
0 0.1 
0 0.1 

r o 0.1 
r o 0.1 
r o 0.1 

r o 0.1 

r o 0.1 

r 0 0.1 

' 0 0.1 
I 1 
I 0 0.1 
r o 0.1 
r o 0.1 

r o 0.1 
I 0 0.1 
r o 0.1 

r 1 

I 1 

I 1 
r o o.t 
r o o.t 
r 0 0.1 

I 0 0.1 
1 

100-211-4 
51-2~ 

25321-IU 

857-61·7 
122-30-4 
74-31-7 

122-61-7 
127-63-t 
~7 

1137-37·7 
2102-48-2 
11071-88-e 

2439-10-3 

74211-11-6 
IIS-29-7 

141-71-6 
140-61-6 
10().41-4 

7S-00-3 
109-78-4 
107·1S-3 

107·21·1 
111-7~ 

7S.21-I 

1 1,1-Dimethy~~~razme 
1 ,2-Dlmethylhydrazlne 
N,N-Dimethylfonnamlde 

1 Dimethyrpnenethylamlne 
2,4-Dimethylphenol 
2,6-Dimethylphenol 
1;s,4-u1memy1phenor 
Dimethyl phthalate 
Dimethyl terephthalate 
4,6-Uinatro:"O-CYCionexyl pnenol 
1 ,2-Dinltrobenzene 
1 ,3-Dinitrobenzene 
1,4-Dmltrooenzene 
2,4-Dinitrophenol 
Dlnitrotoluene mixture 

5 

2,4-Dinatrotoluene ~see 1J1natroto1uene maxture) 
2,6-Dinitrotoluene (see Dinitrotoluene mixture) 
Dlnoseb 
1aa-~ay1 pnmalate 
1 ,4-Dioxane 
Dioxin (2,3,7,8-TCDD) 

1U1pnenam1a 
Diphenylamine 
N,N-Diphenyl-1 ,4 benzenedlamlne (DPPD) 
1 ,2-IJiphenylnyarazme 
Diphenyl sulfone 
Dlquat 
Ulrect ClaCK 38 
Direct blue 6 
Direct brown 95 
; UISUIIOton 
1 ,4-Dithiane 
Diuron 
uoa1ne 
Dysprosium 
Endosulfan 
t:naomau 
Endrin 
Eplchlorohydrln 
1 ,2-t::poxybUtane 
EPTC ($-Ethyl dlpropylthlocarbamate) 
Ethephon (2-chloroethyl phosphonic acid) 
iEtllion 
2-Ethoxyethanol 
2-Ethoxyethanol acetate 
t:tnyl acetate 
Ethyl aaylate 
Ethylbenzene 
1 t:myl cn1onae 
Ethylene cyanohydrin 
Ethylene diamlne 
1 t:my1ene g~co1 
Ethylene glycol, monobutyl ether 
Ethylene oxide 

• 

1.9E-01 ca ll.:>t:-ul ca 1.111:-u;s ca 2.6E-Q2 ca 
1.3E-Q2 ca 6.7E-Q2 ca 1.6E-Q4 ca 1.6E-Q3 ca 
6.1 E+03 no 6.6E+04 no 3.1 E+01 no 3.6E+03 nc 

iQ.fE+OT nc tl.tlt:+U:t: no ;$.ft:+UU no ;$.tit:,+U1 nc 
1.2E+03 no 1.6E+04 no 7.3E+01 no 7.3E+02 no 
3.7E+01 nc 5.3E+02 nc 2.2E+OO no 2.2E+01 no 

[!>.fE"+Ul nc tl.~~+!!~ no ;s,~~+UU no .S.tit:+Ul no 
1.0E+05 .,... 1.0E+05 .... 3.7E+04 no 3.6E+05 nc 
6.1 E+03 nc 6.6E+04 no 3.7E+02 ' no 3.6E+03 no 

i~~:g~ :: ~:~e:~~ :: t~e:~~ :: 1:~e:~~ :: 
6.1 E+OO nc 6.6E+01 nc 3.7E-01 no 3.6E+OO no 

I ~:~~:g~ :: t~e~~ :: ;:~e:~~ :: ;:~e:~~ :: 
7.2E-Q1 ca 3.6E+OO ca 9.9E-Q3 ca 9.9E-02 ca 

~:~~:g~ :: ~:~e:~~ :: ~:~e:~~ :: ~:~e:~~ :: 
6.1E+01 no 6.6E+02 ,. 3.7E+OO no 3.6E+01 no 

~ nc l.Ut:+~ At f • .St:+U) nc (,;;St:+U:t: nc 
4.4E+01 ca 2.2E+02 ca 6.1 E-Q1 ca 6.1 E+OO ca 
3.9E-06 ca 2.7E-05 ca 4.5E-Q6 ca 4.5E-Q7 ca 

~:~~:g~ :: ~~e:~ :: ~:~e:~~ :: ~:~~:~~ :: 
1.6E+01 no 2.6E+02 no 1.1 E+OO nc 1.1 E+01 nc 

6.1E.01 ca _,.,t:,+uu .. tl.t~-u.s .. tl.4~-u" .. 
5.5E+02 no 7.9E+03 no 3.3E+01 no 3.3E+02 nc 
1.3E+02 no 1.9E+03 no B.OE+OO no 6.0E+01 no 

~ : ~:~~:g~ : ~:;~:: : ~:;~:g~ : 
5.2E-Q2 ca 2.7E-Q1 •• 7.2E-Q4 .. 7.2E-03 ca 

2.4t:+OO no .s.::>t:,+Ul no !._:l~·Ul no !·~t:,+uu no 
6.1E+02 no 6.8E+03 no 3.rE+01 nc 3:6E+02 nc 
1.2E+02 no 1.BE+03 nc 7.3E+OO no 7.3E+01 no 

jZ4E+UT no a.:>t:+ua no 1.:>t:+U1 no 1_.~~+U:t: no 
1.6E+04. no 1.0E+05 .... 7.3E+03 no 
3.7E+02 nc. 5.3E+03 no 2.2E+01 no 2.2E+02 no 

1.2t:+ua nc ~·ot:, .. u<; no f .~t:,+':'! no t .~t:. .. ':'' no 
1.6E+01 nc 2.6E+02 no 1.1E+OO nc 1.1E+01 nc 
7.6E+OO nc 2.6E+01 nc 1.0E+OO no 2.0E+OO nc 
3.5E+02 nc ::>.u~+u;:s no ,,, ~+Ul no ,,, t:,+u" nc 
1.5E+03 no 2.2E+04 nc 9.1E+01 nc e:1E+02 no 
3.1 E+02 no 4.4E+03 nc 1.BE+01 nc 1.6E+02 nc 
"3.1 E+01 no 4.41:+1!~ no l.tlt:+UU no 1.1lt:+U1 no 
2.4E+04 nc 1.0E+05 .,... 2.1E+02 nc 1.5E+04 no 
1.6E+04 nc 1.0E+05 .... ·1.1E+03 no 1.1E+04 nc 

T.SE+U4 no a.~t:_+U4 aat a.;;_t:_+Ua no :>.:>t:+ua no 
2.1E-01 ca 4.5E-01 ca 1.4E-01 ca 2.3E-01 ca 
2.3E+02 aat 2.3E+02 aat 1.1 E+03 no 1.3E+03 nc 

f3:UE"+UU ca b.~~+!!~ ca ~·~~+!!~ ca 4.~t:,+':'':' ca 
1.6E+04 no 1.0E+05 ,... 1.1E+03 no 1.1E+04 nc 
1.2E+03 no 1.6E+04 no 7.3E+01 nc 7.3E+02 no 

ll.Ut:+U:> mox !·':'t:.+':'~ ... l.~t:,+':'.s no ·~t:,+':''t nc 
3.1E+04 no 1.0E+05 ... 1.4E+04 no 1.6E+04 no 
1.4E-01 ca 3.6E-01 ca 1.9E-02 ca 2.4E-02 ca 

9.0E+OO 

3.0E-01 
B.OE-Q4 
ti.Ut:-u4 
7.0E-o4 

1.0E+04 

1.6E+01 

1.0E+OO 

1.3E+01 

4.0E-01 

1.0E-Q2 
4.oE-os 
4.Ut:-u:> 
3.0E-Q5 

1.Ut:+04 

9.0E-01 

5.0E-02 

7.0E-01 

• 
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I.OE-02 h 

UE.Q3 I S.OE-02 I UE.Q3 I 
UE-04 r 
I.OE.QI I 

1.1E•OO h 1.1£•00 r 

3.3E.Q2 h 

UE.Q3 

I.OE-02 h 

S.7E-04 t 
1.4E+OO I 

2.SE.Q4 I 
5.0E-C2 I 
I.OE-C2 I 
5.0E.Q3 h 

2.0E-C2 n 
S.OE.Q3 h 

7.0E-02 h 

3.3E-C2 r 

UE.Q3 

HE.QI 

2.3E-C2 
5.7E-04 
2.DE.Q1 

2.SE.Q4 
5.DE-C2 
5.DE-C2 
S.OE.Q3 
2.0E-02 
1.1E-C2 
7.0E-02 
S.IE.Q1 

r I 
h I 
I 0 0.1 
I I 

0 0.1 
h 1 

n o 0.1 

I I 
0 0.1 

• 8 

~= ~~:~::~: ~~:;;;~: i ::~~:g~ : ~~~:g~ : ~:~~:g~ : ~:~~:g~ : 
101-es.a 4,4'-Methylene diphenyl dfisocyanate 1.0E+01 na 1.5E+02 na 6.2E-01 nc 6.2E+OO na 
78-83-3 Metnyl etnyl Ketone 11-~t:.+U;j nc Lllt:.+U'I nc l.Ut:._+U.) nc u;t:.+U;j nc 
11().34.4 Methyl hydrazlne 4.4E-01 ea 2.2E+OO c:o 6.1 E-03 ea 6.1 E-02 ea 
108-IG-1 Methyl isobutyl ketone 7.9E+02 nc 2.9E+03 na 8.3E+01 nc 1.6E+02 na 

74-9).1 ~ei!'Y! Mercaptan 1 ;j,~~+f:!! na ~-~~+U;t nc :.:.~~+UU no ~ l~+Ul no 
SD-1!2.-1! Methyl methaaylate 2.2E+03 no 2.7E+03 sat 7.3E+02 nc 1.4E+03 no 
K-11-t 2-Methyl-5-nitroanillne 1.5E+01 ea 7.5E+01 •• 2.0E-01 co 2.0E+OO ea 

; : ~: ~a:o ,~~~~~It~':" ~:~e:~~ :: ~:~e:~~ : :.~E'~2 : ~:~e:~~ : 
r o 0.1 108-3'-4 3-Methylphenol 3.1E+03 no 4.4E+04 na 1.8E+02 no 1.BE+03 no 

; : ~: ~~ ·~~~~g:;:,nlcacid ~:~e:~~ ;: ~:~e:~~ ;: ~:~e:~~ : ge:~~ ;: 
h 1 2501).15-4 Methyl styrene (mixture) 1.3E+02 no 5.6E+02 na 4.2E+01 nc 6.0E+01 na 

r 1 ee.ew jMetny! ~~ene,lalp~J;, • tl.!lt:.+U:-1 nt tl.!lt:.+U:-1 oat <l.bt:.+u:.~ nc 4.~t:.+U;t no 
1 1 1~~ Methyltertbutyl ether (MTBE) 3.1 E+03 nc 2.0E+01 nc1co 

1 "CAL-Modified PRG" 1.7E+01 ea 3.7E+01 •• 3.7E+OO ea 6.2E+OO •• 

~::: : ~::: : : ::: ::~~ ~~::~~~ (UUBI) 1 ;:~e:~~ : ~:~e:~4 rr:: ~:~e:~1 : ~:~e:~~ : 

• 11101100 

2.0E-02 1.0E-03 

1.5E+01 B.OE-01 

UE•DO x 2.0E-ll4 1 UE•OO . r 2.0E-ll4 r o 0.1 2385-8$.5 Mlrex 2.7E-01 ea• 1.4E+OO c:o 3.7E-03 ea 3.7E-02 co 
~~~~~2.~o=e.o3~~~~~~--~2.~o=e-ll~3--~r~o~o~.l--~~~~~2-e~7~4~~~M~cou~ln~a~ta---------------------------+T,,.~,~~+~u,~no~lr .• ~!l)lt:.~·+~~u~~-no~~~~.~~t:.·+~uu~,.~~~-~ .•• ~~t:.<+~ul~.l~no~------------------~' 

s.oe.o3 h o 743~7 Molybdenum 3.9E+02 nc 1.0E+04 no 1.BE+02 na 
1.0E-ll1 h 1.0E-lll h o 0.1 10s~ Monochloramlne 6.1E+03 no 8.8E+04 na 3.7E+02 nc 3.6E+03 no 

2.0E.Q3 I 2.0E.Q3 r 0 0.1 30Go78-6 jNBieQ !·~~+~~ no !·~~+U;j no I ,;jt:.+UU no ~-~~+Ul no 
1.0E-ll1 1 1.0E-ll1 r o 0.1 15299-K-7 Napropamlde 6.1E+03 nc 8.8E+04 nc 3.7E+02 nc 3.6E+03 no 
2.oe-02 1 o 744G-02-ll Nickel (soluble salts) 1.6E+03 nc 4.1E+04 nc 7.3E+02 no 

1.5E.03 x 

1.4E.Q1 I 
1.7E•OO I 

TtjO W.lot" PRO BINd onlnlanl NOAEI. (-IR!SJ 
1.0E.QI x 

Tap Wlter PRG Based on Infant NOAEL (IH IRIS) 

S.TE.QS r 

UE+OO ~ 

1.4E-C2 n 

S.OE-04 I 
7.0E-C2 h 

I.OE.QI I 
I.OE.Q3 n 

8.4E+OO h 
1.CE-C2 r 

8.4E+OO r 5.7E.Q3 r UE•OO h 

5.'1E•OO I S.e:E•OO I 
2.1E+OO I 2.1E+OO r 
1.5E•02 I 1.SE•02 I 

5.1£+01 I 
4.8E.Q3 I 
fDE•DO I 
2..2£•01 I 
2.1E+OO I 

1.DE-C2 h 

I.OE-02 h 

1.0E-C2 h 
4.0E.Q2 I 

4.iE•01 I 
4.8E.o3 r 
7.0E•OO r 
2.2E+DI t 

2 IE+OO I 

1.5E.Q3 

S.TE.QS 
5.TE-ll4 
7.DE-02 

1.0E.QI 
I.OE.Q3 
5.TE.Q3 

1.0E-C2 
1.0E-02 
1.0E-C2 
4.0E-C2 

0 
0 

r o 0.1 

h 0 0.1 
h 1 

r o 0.1 
0 0.1 
0 0.1 

r o 0.1 
r o 0.1 
I 1 

0 0.1 
0 0.1 
0 0.1 
0 0.1 
0 0.1 
0 0.1 
0 0.1 

r I 

r 1 

r I 
r 0 0.1 

. ~;~~-~~:~~~u: ll"'t:.A,lllll"'J l.ot:.+u:o~ 

1203S.T2·2 Nickel subsulfide 
1828-1!2-4 1 !'!!trapynn 
t4N7-6U Nitrate 
10102-43-CI Nitric Oxide 
147&7-es.G Nltnte 
sa-74-4 2-Nitroanmne 
;~ Nitrobenzene 
17·20-4 N!tro~urantotn 
6N7-ll Nitrofurazone 
55-1!3-0 Nitroglycerin 
65e-sa.7 

1

NIIf0guam:une 
10G-02·7 4-Nitrophenol 
7'-45-0 2-Nitropropane 
824o1W N·NitroSOOI-":_~~!amme 
11111-54-7 N-Nitrosodiethanolamine 
ss.1u N-Nitrosodiethylamlne 
e2·7U l~"!"!=~!memy!am1ne 
115-30-e N-Nltrosodiphenylamlne 
e21.ec.7 N-Nitroso dl-n-propylamlne 
•oses.au 1 !""!"llfOSD-N-mf':U1Y•emytamtne 
830.eS-2 N-Nitrosopyrrolidine . 
K-DS-1 m-Nitrotoluene 
5a.72·2 Qo!"ltrOtOIUene 
~ p-Nltrotoluene 
27314-1).2 Norffurazon 

jli . ..:c+u1 

7.BE+03 

3.5E+OO 
2.0E+01 

~.~~:g; 
3.5E+01 

"-~~'"':l~ 
1.7E-01 
3.2E-03 

1 s.~~-1!_3 
9.9E+01 
6.9E.{)2 

1 ~:~e~1 
3.7E+02 

1 ;:7e:~~ 
2.4E+03 

B.OE-03 ea 
1.1E+04 •• 4.0E-03 ea 

no l.~c+u.o no ::>.::>c+uu 
no ~:~e:~J : 

no 1.0E+05 nu 3.6E+03 no 

no S.OE+01 
no 1.1E+02 
no D.~c::+U"' 
ea 1.6E+OO 
ea 1.8E+02 

l.Ut:.+U;j nc 
no 2.1E-01 no 2.1E+OO no 
no 2.1E+OO no 3.4E+OO no 

no '~:ti_'=.+U:-1 no '~·~'=.+u.o no 
c:o 7.2E-04 ea 4.5E-02 eo 
co 4.8E-01 ea 4.8E+OO co 

;: ~:~~:~1 : ~:~~:~~ ;: 
, 7.2E-04 co 1.2E-03 co 

: ~:~~~~ : ~:~e~~ : ~:~~~~ : 
ea 1.6E-02 •• 4.5E-05 ea 4.5E-04 ea 

: 5.-~E'~~~ : r:~~~ : t'.~e~1 : 
ea 3.5E-01 •• 9.6E-04 co 9.6E-03 ea 

: t'.~E'~~ : ~:~e~; : ~:~e~~ : 
no 1.0E+03 AI 3.7E+01 no 6.1 E+01 no 

: ~:~e:~~ : ;:7E=~~ : ~:~e=~~ : 
no 3.5E+04 no 1.5E+02 no 1.5E+03 no 

1.3E+02 

1.0E-01 

1.0E+OO 
S.OE-05 

7.0E+OO 

7.0E-03 

6.0E-02 
2.0E-06 
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7.0Eo04 I 7.0Eo04 r o 0.1 85508-11-8 l~u:>t_ar t~~:~~ : ~:~~:g~ : ~:~~:~~ no 2.6~+01 no 
3.0E.Q3 I :S.OE-03 r o 0.1 3:1538-52.0 Octabromodiphenyl ether .. 1.1E+02 nc 
2.0E.Q3 h 2.0E.Q3 r o 0.1 152-111-8 OctamethYJpyrophosphoramide 1.2E+02 no 1.8E+03 .. 7.3E+OO no 7.3E+01 no 
5.DE-02 I 5.DE-02 r o 0.1 18044-U-3 l~ryzann ~:~~:~~ : :::~:~ nc 

~:~~:~~ nc l.ts;+u;j .. 
S.OE-03 I 5.0E.Q3 r o 0.1 1110e8o3Q.8 Oxadiazon no .. 1.8E+02 ... 
2.5E-02 I 2.5E-02 r o 0.1 23135-22.0 Oxamyl 1.5E+03 · nc 2.2E+04 nc 9.1E+01 .. 9.1E+02 .. 
:S.DE-03 I 3.0E.Q3 r o 0.1 •2874-0H 1 :'JCY;luonen 7:~~:~~ : t~~:~: no ~:7~:~~ .. 1.1;+u;.: nc 
1.3E-02 I UE-02 r o a.1 U73H:Z.O Paclobutrazol .. . no 4.7E+02 no 
UE-03 I •. 5E.Q3 r a a.1 .fl8$.14-7 Paraquat 2.7E+02 •• 4.0E+03 nc 1.6E+01 .. 1.6E+02 .. 
I.DE-03 h I.DE-03 r D 0.1 58-38-2 arau-uon 1 ;j,/ t:+u;.: no :>.;j;+u;j no ;.:,;.:t:,+Ul .. ;.:.~~~~ no 
5.0E-02 h S.OE-02 r o 0.1 1114-714 Pebulate 3.1 E+03 ,. 4.4E+04 nc 1.8E+02 no 1.8E+03 .. 
•. OE-02 I •. OE-02 r o 0.1 •a<a7 .. 2-1 Pendimethalln 2.4E+03 ne 3.5E+04 nc 1.5E+02 no 1.5E+03 .. 

2.3E.02 h 2.3E-02 r 0 0.1 874<-3 l"'entacromo·o-cflloro cyaonexane 
~:~~:~~ co l.~~+u.: " ;:;E;~~ : ~:;~:~~ " 2.0E.03 I 2.0E-03 r o 0.1 32534-11 .. Pentabromodiphenyl ether ne 1.8E+03 nc •• 

1.0Eo04 I I.OE.Q4 r o 0.1 1508-U-5 Pentachlorobenzene 4.9E+01 .. 7.0E+02 .. 2.9E+OO no 2.9E+01 nc -
2.SE.01 h 3.0E.Q3 I HE-01 r 3.DE.03 r o 0.1 SUB-S entacn1oron1trooenzene l.l:ft::+uu oa• tl.o;+uu oa ;.:.cc.-u;.: co .:.ct:.-ul co 
1.2E.01 I 3.0E-02 I 1.2E.01 r 3.0E-02 r a 0.25 57.ae.5 Pentachlorophenol 3.0E+OO co 1.1E+01 " 5.6E-02 co 5.6E-01 .. 3.0E-02 1.0E-03 

5.0Eo04 X 7801~ Perchlorate · 3.9E+01 ne 1.0E+03 ne 1.8E+01 .. 
5.0E-02 I 5.DE-02 r 0.1 528<5-63-1 ll"'ermetnnn ,;j.lt:.+U;j ne 4.4t:+U4 ne l.~~+u.: "' ~:1~:~~ no 
2.5E.01 I 2.5E.01 r 0.1 13884-SS.. Phenmedipham 1.5E+04 no 1.0E+05 "'"" 9.1 E+02 "' no 
I.OE-01 I I.OE-01 r 0.1 108-95-2 Phenol 3.7E+04 nc 1.0E+05 ..,. 2.2E+03 no 2.2E+04 nc 1.0E+02 S.OE+OO 
2.0E.03 n 2.DE-03 r 0.1 112-84-2 [1-'n~nom1az1ne ~:~~:~~ : ~:~~:~~ : ~:~~:~~ .. 

~:~~:~~ no 
I.OE-03 I I.OE-03 r 0.1 108-C5..2 m-Phenylenedlamlne no no 
1.9E.01 h 1.9E.01 r 0.1 101-Sa-3 p-Phenylenedlamlne 1.2E+04 nc 1.0E+05 '""' 6.9E+02 nc 6.9E+03 nc 
I.OE-05 I S.OE-05 r 0.1 152-38-< 'n_eny1mercunc acetate 1;·~ruu ... '·~r~~ nc .:.l:ft:-ul .. .:.l:ft:+uu .. 

UE-03 h UE-03 r 0.1 90-'13-7 2-Phenylphenol • +02 .. 1. + co 3.5E+OO co 3.5E+01 co 
2.0Eo04 h 2.0Eo04 r 0.1 298-024 Phorate 1.2E+01 ... 1.8E+02 nc 7.3E-01 .. 7.3E+OO ... 
2.0E-02 I 2.0E-02 r 0.1 732-11-8 t"'nosm~t ~·~~+U3 no !·tlt:.+U4 no ~.;~~~ no 

~:~~:~~ no 
3.0Eo04 h I.IE-05 I 0.1 71503-514 Phosphine 1.BE+01 no 2.6E+02 .. .. .. 

2.9E.03 I 7814-384 Phosphoric acid 1.0E+01 ... 
2.0E.OS I 0 7723-14-0 -n_ospnorus \wnneJ l.c;+uu nc 4.l;+u! nc /,;jl:.-ul nc 
1.0E+OO h 1.0E+OO r 0 0.1 10041.0 p-Phthalic acid 6.1E+04 no 1.0E+OS ..,. 3.7E+03 no 3.6E+04 no 
2.0E+OO I UE-02 h 0 0.1 15-'1<-1 Phthalic anhydride 1.0E+OS ..,. 1.0E+OS ..,. 1.2E+02 nc 7.3E+04 no 
7.0E-02 I 7.0E-02 r o 0.1 1918-02-1 lt"lctoram 14·~~+U3 nc . b • .:t:+U4 nc ;.:,~~+\!~ nc ~·':'!::+':'~ nc 
1.0E-02 I 1.0E-02 r 0 0.1 23505-'11·1 Pirimlphos-methyl 6.1E+02 no 8.BE+03 no 3.7E+01 nc 3.6E+02 no 

UIE+OO h 7.05-0S h t.DE+OO r 7.0E-OI r o 0.1 Polybrominated biphenyls S.SE-02 co" 2.BE-01 ... 7.6E-04 ... 7.6E-03 ea• 

2.0E+OO I 2.0E•OO I 0 0.14 13311-3<h1 1~-'~~C::Ionnatea c•pnenyls lt"l.;t:!SJ 1 3.'~E;:,~ 
co .ut:.+uu co "·'ti::-<J~ oa · ~·"t::·u.: oa 

T.OE-02 I 7.0E.OS I 7.DE-02 I 7.0E.OS r o 0.14 12174-114 Aroclor101B no 2.9E+01 oa" 9.6E-02 co" 9.6E-01 co" 
2.0E+OO I 2.DE•OO I 0 0.14 11104-284 Aroclor 1221 2.2E-01 .. 1.0E+OO Cl 3.4E-03 .. 3.4E-02 co 
:Z.CE+OO I 2.0E+OO I· 0 0.1. 111·1·18-5 

=~~~~~~ ~~~~~ 
ca t~~:~~ : ~::~~~ : ~::~~~ co 

2.0E•OO I 2.0E+OO I 0 0.14 Sl<e9-21.a .. co 
2.0E+OO I 2.DE+OO I 0 0.14 12172·~ Aroclor1248 2.2E-01 .. 1.0E+OO Cl 3.4E-03 .. 3.4E-02 ca 
2.0E+OO I 2.0E-05 I 2.0E+OO I 2.0E.OS r o 0.14 11097-1 J'J'OCIOrl;.o::>'l ;.:,;.:t:.-ul .. - l.Ut:.+uu co• 3.4t:.-u;j co• 3.4~..()~ ... 
2.0E+OO I 2.0E+OO I 0 0.14 1109S-12-5 Aroclor1260 2.2E-01 co 1.0E+OO oa 3.4E-03 oa 3.4E-02 .. 

0.13 Polynuclear aromatic hydrocarbons (PAHs) 
D.DE-02 I I.OE-02 r 1 13-32-i Acenapntnene 3.~~+u~ nc .>.tit::+~ nc "·"=+':'~ : t8~:~~ no 

~:~~=~ ~:~e:~~ 3.0E.01 I :S.OE-01 r 1 120-12·7 Anthracene 2.2E+04 no 1.0E+OS ..,. 1.1E+03 no 
7.3E.01 n :S.1E.01 • 0 0.13 58-55-3 Benz[a]anthracene 6.2E-01 .. 2.9E+OO Cl 2.2E-02 " 9.2E-02 .. 2.0E+OO B.OE-02 
7.3E.01 n 3.1E.01 n 0 0.13 2fl5.3.2 t:!enz~~~J~uoranl!lene 

I: .. ~E;:,~ : 2.~~~~ ca 
~~~~~ " ~:~~=~~ 

co ~:~~:~~ ~:~E.~~ UE-02 n :S.1E-02 • 0 0.13 207-011-8 Benzo[k]fluoranthene 
~ 

ca .. .. 
"CAL·Modified PRG" (PEA,1994) 6.1E-01 

7.3E+OO I 3.1E+OO n 0 0.13 IS0-32-8 oenz~l~!pyrene I c • .:t:.-u.: co .:.IIC-ul " .: . .:c-u;j co 
~:~~~~ 

co ts.ut:+uu 4.Ut:.-ul 
"CAL-Modified PRG" (PEA,1994) 

7.3E.Q3 n :S.1E.Q3 • 0 0.13 211-01 .. Chrysene 6.2E+01 " 2.9E+02 Cl 2.2E+OO ca 9.2E+OO co 1.6E+02 B.OE+OO 

• • • 
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''I,;AL•MOOllied PK<.;" (1-'t:A, 1994) 6.1t:+uu 
7.3E•OO • 3.1E+OO • 0 0.13 5~71).3 Dibenz[ah)anthracene 6.2E-02 co 2.9E-01 •• 2.2E-03 co 9.2E-03 co 2.0E+OO B.OE-02 

~.OE-02 I ~.OE-02 r o 0.13 :IOtl-4~ Fluoranthene 2.3E+03 .. 3.0E+04 no 1.5E+02 no 1.5E+03 no 4.3E+03 2.1E+02 
~.oe-02 I 4.0E-02 r 1 ea.~ -Fluorene 12-bt:.+u;:l no ;:s,;:st:.+U4 no 1.e>t:.+U<: no .:.4t:.+U<: no o.b~+u.: 

~-~e~~ UE.el • 3.1E.(ll " 0 0.13 183-SH lndeno[1 ,2,3-cd)pyrene 6.2E-01 ca 2.9E+OO .. 2.2E-02 co 9.2E-02 co 1.4E+01 
2.0E-02 I l.eE.ec I I 01-21).3 Naphthalene 5.6E+01 no 1.9E+02 no 3.1E+OO no 6.2E+OO no 8.4E+01 4.0E+OO 
3.0E-D2 I 3.0E-D2 r I 12~ ~Pyrena ZJC+u;:s .. 'l-":!='I'U't : ~-~~:~ 

no 1_.~t:_+U2 •• 4.:.<t:+u;:s 2.1t:+U2 
t.SE.(ll I t.oe.e3 I I.SE.(ll r t.OE.OS r o 0.1 enc7-eH Prochloraz 3.2E+OO co 1.6E+01 co 4.5E-01 .. 

e.oe.e3 h B.OE.OS r o 0.1 283tf.3S.Il Profluralin 3.7E+02 no 5.3E+03 .. 2.2E+01 no 2.2E+02 no 
1.5E-02 I 1.5E-D2 r o 0.1 1810.1J..O wrometon 111 . .:t:+w: no ~:5e:~; : ~:~e:~~ no :>.~~+u.<: no 
4.0E.OS 4.0E.os r o 0.1 72a7·1H Prometryn 2.4E+02 .. nc 1.5E+02 •• 
7.5E.e2 7.5E-02 r 0 0.1 :mse.sa.s Pronamide 4.6E+03 .. 6.6E+04 .. 2.7E+02 nc 2.7E+03 .. 
1.3E-D2 1.3E-D2 r o 0.1 1t1a.1S..7 lf'ropacnlor ,7.9E+u.<: .. 1.1t:.+U4 no 4-~~+Ul nc 4.tt:.+U.<: no 
5.0E.e3 I.OE.e3 r o 0.1 70f.H.I Propanil 3.1E+02 no 4.4E+03 no 1.8E+01 no 1.8E+02 no 
2.0E-02 2.0E-02 r o 0.1 231:Z.35-4 Propargite 1.2E+03 no 1.8E+04 no 7.3E+01 no 7.3E+02 no 

2.0E.eJ 2.0E.e3 r o 0.1 107-111-7 ropargy1 a1cono1 1.2t:+u.<: no ~:~e:~ 
no 

~:~e:~~ no !_-3~+Ul no 
2.0E.e2 2.0E.e2 r o 0.1 1~1).2 Propazlne 1.2E+03 .. .. no 7.3E+02 .. 
2.0E-02 2.0E-D2 r o 0.1 122 .. 2-8 Propham 1.2E+03 .. 1.6E+04 no 7.3E+01 .. 7.3E+02 .. 
1.3E-D2 1.3E-D2 r o 0.1 80207-111).1 Prop1conazo1e , 17.9~+u.: no !·1 t:.+U4 no 4.~~+U1 rc 4.tt:+U2 no 
t.OE.el I.IE.(ll I I tH2-I lsopropylbenzene (Cumene) 1.6E+02 no 5.2E+02 no 4.0E+02 no 6.6E+02 no 
I.OE.e2 1.0E.e2 r I 103-1$.1 n-Propylbenzene 1.4E+02 no 2.4E+02 Nl 3.7E+01 .. 6.1E+01 no 

2.0E+01 2.0£+01 r o 0.1 57-65-4 ropy1ene g~CO! l.Ut:+u:l ,_ l.U=+u~ nu ~-;:s~+IJ'l .. ~:~~:: nc 
7.0E.el 7.0E.(ll r 0 0.1 111-35-:l Propylene glycol, rnonoelhyl ether 4.3E+04 no 1.0E+OS .,.. 2.6E+03 no no 
7.0E.(ll 5.7E.el I 0 0.1 107-88-2 Propylene glycol, monomethyl ether 4.3E+04 no 1.0E+05 mn. 2.1 E+03 no 2.6E+04 .. 

2.4E.(ll I UE.eJ r I.JE-D2 I a.ee.es I I 75-60-8 Propylene oXIde 1.9E+uu co• !1,1 ~+uu co• e> . .:t:.-ul· .. ..._ .: • .<:t:.Ul co 
2.5E.(ll I 2.5E-Itl r o 0.1 e1335-n.s Pursuit 1.5E+04 no 1.0E+OS ... 9.1E+02 no 9:1E+03 nc 
2.5E.e2 I 2.5E.e2 r o 0.1 511530-51-1 Pydrin 1.5E+03 no 2.2E+04 .. 9.1E+01 .. 9.1E+02........,... 
1.0E.e3 I 1.0E.eJ r 0 0.1 11~1 Jna1ne i5=1t:.+U1 nc a.c=+~~~ nc "·~=+IJIJ no ~·1;;~+01 nc -
5.0E.ec I 5.0E.(l4 r o 0.1 135nGU Quinaw,hos 3.1E+01 no 4.4E+02 no 1.8E+OO no 1.8E+01 no 

1.2E•01 h 1.2E.OI r 0 0.1 ti.ZZ-1 Quinome 4.1E-02 .. 2.1E-01 •• 5.6E-04 .. 5.6E-03 co 
l 

I.IE.(ll I J.OE-Dl I I.IE.(ll r l.OE.(ll r D 0.1 121-12 .. Kux (~ye~omteJ 14.4t:+uu co• ;at:+Ul .. b.lt:.U-' co ;·~E-u1 Cl 

3.DE-D2 I 3.0E-02 r o 0.1 10453-10-1 Resmethrin 1.6E+03 nc 2.6E+04 no 1.1E+02 .. • +03 .. 
S.OE-02 h S.OE-02 r 0 0.1 2tt-84-3 Ronnel 3.1E+03 no 4.4E+04 .. 1.8E+02 no 1.8E+03 no 
4.0E.eJ I 4.0E-Dl r o 0.1 ~7~ Rotenone I Z'4E+~~ nc ;;j-~_t::+~;:s .. ~:~~:~~ 

.. 1.:>t:.+U<: no 
2.5E-D2 I 2.5E-02 r o 0.1 75557-es.e Savey 1.5E+03 nc 2.2E+04 no .. 9.1E+02 nc 
S.OE-Dl I 0 0.1 ne~ Selenious Acid 3.1E+02 no 4.4E+03 •• 1.8E+02 .. 
5.0E.eJ I 0 nn_.ll-2 ~e1emum ;:s.!Ot:.+l)~ no 

~:~e:~ 
no t:~:g~ no :),uc.+OU 3.0t:.·U1 

S.OE.eJ h 0 0.1 831).1~ Selenourea 3.1E+02 no no no 
a.oe-02 I 8.0E-D2 r o 0.1 74051-11).2 Sethoxydim S.SE+03 .. 7.9E+04 .. 3.3E+02 .. 3.3E+03 nc 
5.0E.e3 I 0 7441).22-4 ~uver ana compounds 3.9E+u;.: no i~~:~~ 

no 
~~E:~t •• ;:1.4t:.+Ul _ .:.ut:.+uu 

1.2E.el h S.OE.OS I 1.2E-DI r 2.0E.eJ r o 0.1 122-S4-II Simazlne 4.1E+OO ... Cl S.BE-02 Cl Cl 

4.0E.(lJ I 25821-22-1 Sodium azide 
2.7E-DI h J.OE-02 I 2.7E.el r 3.0E-02 r o 0.1 141-15-6 Sod1um diethyldithiocaroamate 1.8~+uu Cl 9.1t:.+UU .. 2.~~..()~ Cl g~~~ .. 

2.0E-D5 I 2.DE-D5 r 0 0.1 52-74-1 Sodium fluoroacetate 1.2E+OO .. 1.6E+01 no 7.3E-02 no no 
I.OE.eJ h 1.0E.(l3 r o 0.1 13711-28-1 Sodium metavanadate 6.1E+01 .. 8.8E+02 .. 3.7E+OO nc 3.6E+01 nc 
e.OE-DI I 0 7441).24-1 ::>tronuum, staDia 4.tt:+~ .. 

~:~e:~2 .: nc ;:~e:~; .. 
J.OE.(l4 I 3.0E.(l4 r 0 0.1 57-24-8 Strychnine 1.BE+01 no 1.1E+OO .. 
20E.(ll I 2.tE.(ll I I 101).42-5 Styrene 1.7E+03 ... 1.7E+03 Nl 1.1E+03 no 1.6E+03 .. 4.0E+OO 2.0E-01 
I.OE.(l3 " I.OE.e3 r 11).07-8 11, 1'~unony1Dis {4-Chlorobenzene) 17.BE+or nc .:.ut:.+u;:s nc ;:i,it:.+UU no ;:i,bt:.+Ul .. 
2.5E-D2 I 2.5E-02 r o 0.1 18871-111-0 Systhane 1.5E+03 no 2.2E+04 nc 9.1E+01 no 9.1E+02 .. 

USE+OS h 1.5E•OS h 0 0.03 1741-01-8 2,3,7,8-TCDD (dioxin) 3.9E-06 Cl 2.7E-05 .. 4.5E-06 Cl 4.5E-07 Cl 

7.0E.e2 I l.OE-02 r o 0.1 :MOI4-11-I [!ebuthJuron j4.;lt:.+u., nc o.~=+u" no ~-IJ=+u.<: .. "-~~+(}3 nc 
2.0E.e2 h 2.0E-02 r o 0.1 3383-- Temephos 1.2E+03 no 1.6E+04 no 7.3E+01 no 7.3E+02 .. 
1.3E-D2 I I.JE-02 r D 0.1 5002-61-2 Tertlacll 7.9E+02 .. 1.1E+04 nc 4.7E+01 nc 4.7E+02 .. 
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:Z.5E-Il5 h :Z.5E-Il5 r o 0.1 13071-7114 llell)U!OS T.SC+oo nc 2.2~+01 .. 9.]1:.02 nc 9.1t;;·U1 no 

1.0E-Il3 I 1.0£.()3 r o 0.1 888-150-ll Terbutryn 6.1E+01 no 8.8E+02 no 3.7E+OO ,. 3.6E+01 no 
3.0E-04 I 3.0E-04 r o 0.1 1$.94-3 1,2,4,5-Tetrachlorobenzene 1.8E+01 nc 2.6E+02 .. 1.1E+OO .. 1.1E+01 no 

:z.ee-oz I 3.0E.Q2 I :z.ee-oz I 3.0E-D2 r 1 83().20-11 , 1, 1, 1,2-T etracnloroetnane ,3.0E+OO eo t .u~+uu •• ~~~-1!~ eo 4.;;t::-u1 •• 
:Z.OE-Il1 I S.OE.Q2 n :Z.OE-Il1 I S.OE.Q2 r 1 7&-34-$ 1,1,2,2· Tetrachloroethane 3.8E·01 eo 9.0E-Q1 ca 3.3E-o2 .. 5.5E-o2 .. 3.0E-03 2.0E.04 
5.2E-D2 n 1.0E.()Z I :Z.OE-Il3 n 1.1E-Il1 • 1 127-11-4 Tetrachloroethylene (PCE) 5.7E+OO eo• 1.9E+01 ... 3.3E+OO eo 1.1E+OO .. 6.0E-Q2 3.0E-03 

"C,li;L-N!odifieaPRG" (PEA, 1~ 
1.8E+03 2.6E+04 

3.~_!:~~ 
3.0E.OZ I 3.0E.Q2 r o 0.1 58-90-2 2,3,4,6-Tetrachlorophenol .. nc 1.1E+02 .. 1.1E+03 nc 

2.0E+01 h :Z.OE+01 r 0 0.1 52111-25-1 p,a,a,a-Tetrachlorotoluene 2.4E-02 eo 1.2E-Q1 •• 3.4E-o4 .. 3.4E-03 .. 
:z.•e-oz h 3.0E.OZ I :Z.CE.Q2 r :I.OE.Q2 r o 0.1 Q61·1t~ 1 etracmorov1npnos :.!.Ut::+Ul ... 

~:~e:~~ : f:~e::,1 ca ;,:.ot:+uu eo 
- 5.0E-04 I 5.0E-04 r 0 0.1 30eii-2C-5 Tetraethyldithlopyrophosphate 3.1E+01 nc no 1.8E+01 nc 

7.8E-Il3 n :Z.1E-Il1 • UE-Il3 • UE.Q2 • 0 0.1 1011-9114 T etrahydrofuran 6.4E+01 .. 3.2E+02 .. 9.9E-o1 eo B.BE+OO eo 

e.DE-Il5 I 0 7«11-111-0 1Tnamum ana compounas 15.2E+OIJ .. 1.3t::+U;t .. ~.4t::+uu no 

1.0E.OZ I 1.0E.Q2 r o 0.1 202CII-77.e Thlobencarb 6.1E+02 .. 8.8E+03 no 3.7E+01 nc 3.6E+02 no 

1.0E-Il1 • 1.0E-Il1 r o 0.1 NIA niiOCVimate 6.1E+03 .. 1.0E+OS .,., 3.7E+02 nc 3.6E+03 nc 
3.DE-04 h 30E-04 r 0 0.1 3DUMS·1&-4 IThiOfanox 'J.8E+OT nc :t.t;t::+U:t nc 1-~t:+uu nc ~-~~+U! nc 
e.OE-Il2_1 e OE-Il2_ r_ o_ 0.1_235&1-05.e_ Thlophanate-methyl 4.9E+03- no-7.0E+04- nc-2.9E+02- ... -2.9E+03- no· 
S.OE.03 I 5.0E-Il3 r o 0.1 137-28-e Thlram 3.1E+02 nc 4.4E+03 no 1.BE+01 nc 1.8E+02 nc 

S.OE.01 h 0 I In (morgamc, see triDUtyllln OXIde lOr orgamc uny 'f.7'C+U4 no :'_·1:'":+1:'::> max 
nc ~:~e:~ 

no 

:Z.0£.01 I 1.1E-Il1. h 1 1011-SS-3 Toluene 5.2E+02 ut 5.2E+02 101 4.0E+02 no 1.2E+01 G.OE-01 
3.2E+OO h 3.2E+OO r 0 0.1 95-80-7 Toluene-2,4-dlamine 1.5E-01 .. 7.7E-o1 eo 2.1E-03 eo 2.1E-02 .. 

S.DE.01 h S.DE-Il1 r o 0.1 8$-7o.6 1 o1uene-2,:>-<l1am1ne 3.7E+04 "" 1-Ut:+uo max ;,t.4:!t::+U3 nc :t.4:!t::+U4 no 
:Z.OE-Q1 h 2.0E-Il1 r o 0.1 ~o-6 Toluene-2,6-dlamlne 1.2E+04 .. 1.0E+OS mu 7.3E+02 nc 7.3E+03 nc 

UE-Ill I UE-Il1 r 0 0.1 1011-<11-0 p-Toluidlne 2.6E+OO eo 1.3E+01 eo 3.5E-Q2 eo 3.5E-01 eo 

t.tE+OO I t.tE+OO I 0 0.1 8001-3~ ,Toxaphene 14.41:.01 eo :.!.Lt:+UU eo t;.~E-~~ eo t;.1t::·U4:! eo 3.11:+01 2.Ut::+OO 
7.5E-D3 I 7.SE-D3 r 0 0.1 SSMI-3-8 Tralomethrin 4.6E+02 no 6.6E+03 .. 2.7E+01 no 2.7E+02 nc 

1.3E.Q2 I 1.3E-Il2 r o 0.1 2303-17~ Trlanate 7.9E+02 nc 1.1E+04 no 4.7E+01 .. 4.7E+02 nc 
1.0E.Q2 I 1.0E-D2 r 0 0.1 112097-50-6 Tnasu_truron l>.fE+u:t no tl.~~+~~ nc a.~~+u1 : t~~:g~ no 
5.0E-Il3 I 5.0E-Il3 r 0 0.1 815-M-3 1 ,2,4-Tribromobenzene 3.1E+02 no 4.4E+03 nc 1.8E+01 no 
3.0E-04 I 0 0.1 ~ Tributyltin oxide (TBTO) 1.BE+01 no 2.6E+02 no 1.1E+01 nc 

3.CE.02 h 3.CE.Q2 r 0 0.1 1534-8~ :2,4,6-1 ncn1oroan111ne 1.4t::+01 eo ~:~e:~~ 
.. 

~~e~~ 
eo ;,:.ut:+uu .. 

:Z.DE-Il2 h 2.DE-Il2 r 0 0.1 ~ 2,4,6-Trlchloroanlline hydrochloride 1.7E+01 eo .. eo 2.3E+OO eo 
1.DE.Q2 I S.7E.Q2 h 1 120-82-1 1,2,4-Trlchlorobenzene 6.5E+02 .. 3.0E+03 101 2.1E+02 no 1.9E+02 .. S.OE+OO 3.0E-01 
:Z.OE.Q2 • 2.DE.01 n 1 71-55-e 11, r;l-! riellroroethane fD.3E+W nc 1.4t::+ua 101 1-':!_~+ua no ~:"!.~+~~ .. 2.0~+00 ~:g~:g~ 5.7E-Il2 I 4.0E.03 I 5.8E-Il2 I •. OE-Il3 r 1 711-Do-6 1,1,2-Trichloroethane 8.4E-01 eo• 1.9E+OO eo• 1.2E-01 ca 2.0E-01 eo 2.0E-02 

1.1E-Il2 n e.DE-Il3 X e.oe-ll3 • 8.0E-Il3 r 1 711-01-e Trichloroethylene (TCE) 2.8E+OO ...- 6.1 E+OO eo• 1.1E+OO ... 1.6E+OO ... 6.0E.02 3.0E-03 
3.0E-D1 I :Z.OE.01 h 1 75-ell-< 1 ncn1orouuorometf\ane ~+u;,: nc ~lit:+li., sat ~-~t:+':'~ no 1-.)t:+Uol nc 
1.0E.01 I 1.0E-Il1 r o 0.1 85-115-4 2,4,5-Trichlorophenol 6.1E+03 no 8.8E+04 no 3.7E+02 no 3.6E+03 •• 2.7E+02 1.4E+01 

1.1E-Il2 I 1.1E.Q2 I 0 0.1 81!-011-2 2,4,6-Trlchlorophenol 4.4E+01 eo 2.2E+02 •• 6.2E-01 eo 6.1E+OO .. 2.0E-01 S.OE-03 
1.0E.Q2 I 1.0E.Q2 r 0 0.1 113-711-5 :.!,4,5-1 ncmoropnenoxyaceuc Aclll t;.1 t::+O:l no ~-Ot:+ua no ~-I t:+U1 no a.t>t:+U;£ no 

8.0E.()3 I e.DE-Il3 r 0 0.1 113-72-1 2-(2,4,5-Trichlorophenoxy) propionic acid 4.9E+02 nc 7.0E+03 "" 2.9E+01 no 2.9E+02 nc 
S.DE.03 I SOE-Il3 r 1 5811-77-e 1,1,2-Trlchloropropane 1.5E+01 .. 5.1E+01 no 1.BE+01 .. 3.0E+01 .. 

7.0E+OO h e.oe-os I 7.0E+OO r 5.0E-Il3 r 1 86-11-4 f1,2,3-.!_nellloropropane 1.41:·03 eo a.1t::-ua .. 1:1.~_!:~ eo 1.t;t::-ua eo 
5.0E-Il3 h S.OE-Il3 r 1 86-111-5 1,2,3-Trlchloropropene 1.2E+01 .. 3.9E+01 no 1.8E+01 no 3.0E+01 no 
3.0E+01 I e.ee•oo h 1 711-13-1 1,1,2-Trlchloro-1,2,2-trifluoroethane 5.6E+03 aat 5.6E+03 101 3.1E+04 nc 5.9E+04 nc 

• 3.0E-o3 I 3.0E-o3 r 0 0.1 5813a-OI!-2 l!r!dlphane ll.BE+W no 4:!.'::'~+ua no 1,!~+~! no ~:~e:g~ •• 
2.DE.03 r 2.0£.()3 I 1 121-44-e Triethylamine 2.3E+01 no 8.8E+01 nc 7.3E+OO no no 

7.7E-Il3 I 7.SE-o3 I 7.7E-Il3 r 7.5E-D3 r o 0.1 1582-0H Trifluralin 6.3E+01 eo• 3.2E+02 ... 8.7E-01 eo• 8.7E+OO ... 
, .• E-04 r UE-04 • 0.1 552-30-7 fTnmelliticAfinyanae (TMANJ' 1!1.5E+uu .. 1-~~+~~ no 0.!~~~ : 1:2e:~1 S.OE-1)2 • 1.7E-Il3 • 1 DS.eU 1,2,4-Trlmethylbenzene 5.2E+01 nc 1.7E+02 no 6.2E+OO no 
5.0E.()2 • 1.7E.03 • 1 1011-87-e 1,3,5-Trimethylbenzene 2.1E+01 .. 7.0E+01 .. 6.2E+OO .. 1.2E+01 .. 

3.7E.Q2 h 3.7E.Q2 r 0 0.1 512~1 11 nmel!lYI pnosphate 1.3t::+Ul eo O,~=+U1 .. 
;.-;E~~2 

eo ~:~E:~~ 
eo 

3.0£.()2 I 3.0£.()2 r o 0.1 89-35-4 1,3,5-Trinitrobenzene 1.8E+03 nc 2.6E+04 no .. •• 
1.0£.()2 h 1.0E.Q2 r 0 0.1 4711-<5-e Trinltrophenylmethylnitramine 6.1E+02 .. 8.8E+03 .. 3.7E+01 nc 3.6E+02 .. 

• • • 
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1.0E-41 1.0£-41 0.1 
UE-«1 3.0E-41 UE-«1 3.0E-41 0.1 11$.116.8 

2.0E.Q4 
7.0E-43 0 6.0E+03 3.0E+02 
I.OE-43 I.OE-43 r o 0.1 

2.5E-42 2.5E-42 r o 0.1 
I.OE+OO ft 5.7E-«Z I I 1CJ8.05.4 1.7E+02 B.OE+OO 

1.1E-41 8.6E.Q4 1.1£-41 UE.Q4 I I 51lJ.eG-2 

1.5E•OO 3.0E-43 3.1£-42 2.8£-42 75-41-4 

7.5£-41 3.0£-43 1.6£-42 2.8£-42 7541-4 
3.0E.Q4 3.0E.Q4 r o 0.1 81-lll~ 1.1E+OO .. 
2.0E+OO 2.0E-41 X I 0.1 1~7 7.3E+02 nc 
3.0E-41 7440-l~U + + + 
3.0E.Q4 0 1314-84-7 2.3E+01 .. B.1E+02 .. 1.1E+01 .. 
S.OE-42 S.OE-42 r o 0.1 12122-G7·7 3.1E+03 nc 4.4E+04 .. 1.BE+02 no 1.BE+03 .. 

• • • 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Ill 

841 Chestnut Building 
Philadelphia, Pennsylvania 19107 

SUBJECT: · Risk-Based Concentration Table DATE: 4/13/2000 

FROM: Jennifer Hubbard, Toxicologist 
Superfund Technical Support Section (3HS41) 

TO: RBC Table Users 

Attached is the EPA Region lli Risk-Based Concentration (RBC) Table, which we 
prepare and post periodically for all interested parties. 

IMPORTANT NOTES: To make the RBC Table more accessible and to minimize paper 
usage, it is now primarily available through the Internet. The address is 
http://www.epa.gov/reg3hwmd/risk/riskmenu.htm. The Table is available in both Lotus 
and Excel as "self-extracting" files. These files should be downloaded and then processed 
with your computer's "run" function. The files can then be viewed in Lotus or Excel. 
If you have·technical questions about the toxicological or risk assessment aspects of the 
RBCs, please contact Jennifer Hubbard at 215-814-3328 or · 
hubbardJennifer@epamail.epa.gov. Other questions can be addressed to Vanessa Sizer or 
Terri Fields at 215-814-3041. You can also consult the Frequently Asked Questions, below. 

CONTENTS, USES, AND LIMITATIONS OF THE RBC TABLE 

The RBC Table contains Reference Doses (RIDs) and Cancer Slope Factors (CSFs) for 
400-500 chemicals. These toxicity factors have been combined with "standard'~ exposure 
scenarios to calculate RBCs-chemical concentrations corresponding to fixed levels of risk (i.e., a 
Hazard Quotient (HQ) of 1, or lifetime cancer risk of 1 E-6, whichever occurs at a lower 
concentration) in water, air, fish tissue, and soil. 

The Region III toxicologists use RBCs to screen sites not yet on the NPL, respond rapidly 
to citizen inquiries, and spot-check formal baseline risk assessments. The primary use ofRBCs is 
for chemical screening during baseline risk assessment (see EPA Regional Guidance EP N903/R.
.93-001, "Selecting Exposure Routes and Contaminants of Concern by Risk-Based Screening"). 
The exposure equations come from EPA's Risk Assessment Guidance for Superfund (RAGS), 
while the exposure factors are those recommended in RAGS or supplemental guidance from the 

Celebrating 25 Years of Environmental Progress 
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Superfund program. The attached technical background document provides specific equations 
and assumptions. Simply put, RBCs are like risk assessments run in reverse. For a single 
contaminant in a single medium, under standard default exposure assumptions, the RBC 
corresponds to the target risk or hazard quotient. 

. RBCs also have several important limitations. Specifically excluded from consideration 
are (1) transfers from soil to air, 2) cumulative risk from multiple contaminants or media, and (3) 
dermal risk. Additionally, the risks for inhalation of vapors from water are based on a very 
simple model, whereas detailed risk assessments may use more detailed showering models. 
Also, the toxicity information in the Table has been assembled by hand and (despite extensive 
checking and years of use) may contain errors. It's advisable to cross-check before relying on 
any.R:fDs or CSFs in the Table. If you note any errors, please let us know. 

It is important to note that this Table uses inhalation RIDs and CSFs rather than RfCs 
(Reference Concentrations) and inhalation unit cancer risks. This is because the latter factors 
incorporate exposure assumptions and therefore can only be used for one exposure scenario. 
Because risk assessors need to evaluate risks for many types of scenarios, the factors have been 
converted to the more traditional RIDs and CSFs. Unless otherwise indicated in the toxicity
factor source, the assumption is that RfCs and unit risks should be adjusted by a 70-kilogram 

. body weight and a 20 m3/day inhalation rate to generate the RIDs and CSFs. 

Many users want to know if the RBCs can be used as valid no-action levels or cleanup 
levels, especially for soils. The answer is a bit complex. First, it is important to realize that the 
RBC Table does not constitute regulation or guidance. and should not be viewed as a substitute 
for a site-specific risk assessment. For sites where: 

1. A single medium is contaminated; 

2. A single contaminant contributes nearly all the health risk; 

3. Volatilization, dermal contact, and other pathways not included in the RBCs are 
not expected to be significant; 

4. The exposure scenarios and assumptions used in the RBC table are appropriate 
for the site; 

5. The fixed risk levels used in the RBC table are appropriate for the site; and 

6. Risk to ecological r~ceptors is not expected to be significant; 

the RBCs would probably be protective as no-action levels or cleanup goals. However, to the 
extent that a site deviates from this description, as most do, the RBCs would not necessarily be 
appropriate. 
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To summarize. the Table should generally not be used to set cleanup or no-action levels at 
CERCLA sites or RCRA Corrective Action sites. to substitute for EPA guidance for preparing: 
baseline risk assessments. or to determine if a waste is hazardous under RCRA. 

SPECIAL NOTES 

The RBC Table was originally developed by Roy L. Smith, Ph.D., for use by risk 
assessors in the Region III Superfund program. Dr. Smith is no longer with Region III, and the 
Table continues to evolve. Y QU may notice some modifications of formatting and conventions 
used in the Table. · · 

• 

• 

• 

• 

• 

For instance, besides formatting, the following changes are noteworthy: 

As usual, updated toxicity factors have been used wherever available. However, because 
IRIS and provisional values are updated more frequently than the RBC Table, RBC Table 
users are ultimately responsible for obtaining the most up-to-date values. The RBC Table 
is provided as a convenience, but toxicity factors are compiled from the original sources 
and it is those.original sources that should serve as the definitive reference. 

Certain outdated and withdraWn numbers have been removed from the Table . 

Changes to the table have been marked with asterisks (**). Changes may involve a 
corrected CAS number or a correction in the VOC status, or they may reflect changes of 
RIDs and CSFs on IRIS. 

RBCs are no longer rounded to IE6 ppm. For certain low-toxicity chemicals, the RBCs 
exceed possible concentrations at the target risks. In such cases, Dr. Smith rounded these 
numbers to the highest possible concentration, or 1E6 ppm. The rounding has been 
discontinued so that Table users can adjust the RBCs to a different target risk whenever 
necessary. For example, when screening chemicals at a target HQ ofO.l, noncarcinogenic 
RBCs may simply be divided by 10. Such scaling is not possible when RBCs are 
rounded. 

This Table was originally compiled to assist Superfund risk assessors in screening 
hazardous waste sites. The large number of chemicals made the Table unwieldy and 
difficult to keep current. Many of the chemicals did not typically (or even occasionally) 
appear at Superfund sites. Starting with the April 1998 version of the Table, the 600+ 
chemicals were reduced to some 400-500 chemicals by eliminating many ofthose atypical 
chemicals. Through time, the Table may continue to grow or decrease in size. Comments 
on this issue are appreciated. During the last eighteen months, only one request was 
received for restoration of a chemical: NuS tar has been restored to the Table. (A list of 
the deleted chemicals is attached.) 
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. • At Region III Superfund sites, noncancer RBCs are typically adjusted downward to 
correspond to a target HQ of 0.1 rather than 1. {This is done to ensure that chemicals with 
additive effects are not prematurely eliminated during screening.) However, some 
chemicals have RBCs at HQs of 0.1 that are lower than their RBCs at IE-6 cancer risk. In 
other words, the screening RBC would change from carcinogenic to noncarcinogenic. A 

· new feature ofthis Table is that these chemicals are now flagged with a "!" symbol. 
Therefore, assessors screening with adjusted RBCs will be alerted to this situation. 

• Earlier versions of this Table included a substitution of inhalation toxicity factors for oral 
factors whenever oral factors were unavailable (this applied only to groundwater and air, 
but not soil or fish). This practice has been discontinued in order to minimize the 
uncertainty associated with such a conversion. The discontinuation of this practice does 
not significantly decrease the number of available RBCs. 

• The criterion for "VOC status" is in accordance with RAGS Part B: chemicals with 
Henry's Law constants greater than 1E-5 and molecular weight less than 200 are now· 
marked as VOCs. This increases consistency with the national guidance and with other 
EPA regions that use risk-based screening numbers. 

• Earlier versions of this Table included soil screening levels (SSLs), when those values 
were available in draft form. Since the finalization of the SSL Guidance, risk assessors are 
urged to conSult the final SSL Guidance directly. However, for generic use in Region III, 
the table now contains soil-to-groundwater SSLs in accordance with the new guidance. 
For more information, see the Region Ill memo on SSLs, or consult the national SSL 
guidance directly (Soil Screening Guidance: User's Guide, Aprill996, Publication 9355.4-
23; and Soil Screening Guidance: Technical Background Document, May 1996; 
EP A/540/R-95/128). 

FREQUENTLY ASKED QUESTIONS 

To help you better understand the RBC Table, here are answers to our most often-asked 
questions: · 

1. How can the age-adjusted inhalation factor (11.66) be less than the inhalation rate for 

2. 

either a child (12) or an adult (20)? · 

Age-adjusted factors are not intake rates, but rather partial calculations which have 
' different units from intake rates. (Therefore, they are not directly comparable.) The fact 
that these partial calculations have values similar to intake rates is really coincidental, an 
artifact of the similar magnitude ofyears of exposure and time-averaged body weight. 

For manganese, IRIS shows an oral RfD of0.14 mg/kg/day, but the RBC Table uses 2E-2 
mg/kg/day. Why? 

• 

• 

• 



• 

• 

• 

5 
' ·.< : ~. : t '. 4 •• ~ • 

The IRIS RID includes manganese from all soUrces, including diet. The explanatory text 
in IRIS recommends using a modifying factor of3 when calculat~g risks associated with 
non-food sources, and the Table follows this recommendation. IRIS also recommends 
subtracting dietary exposure (default assumption in this case 5 mg). Thus, the IRIS RID 
has been lowered by a factor of2 x 3, or 6. The Table now reflects manganese RBCs for 
both "food" arid "non-food" (most environmental) sources. 

3. What is the source of the child's inhalation rate of 12m3/day? 

The calculation comes from basic physiology. It's a scaling of the mass-specific 20 
m3/day rate for adults from a body mass of70 kg to 15 kg, using the 2/3 power of mass, 
as follows: · 

Ircm =mass-specific child inhalation rate (m3/kg/day) 
Ire= child inhalation rate (m3/day) 

20m3/day /70 kg= 0.286 m3/kg/day (mass-specific adult inhalation rate) 

0.286 m3/kg/day x (70°·67) = (lrcm) x (15°·6) 

Ircm = 0.803 m3/kg/day 

Ire= lrcm x 15 kg= 0.803 m3/kg/day x 15 kg= 12.04 m3/day 

4. Can the oral RIDs in the RBC Table be applied to dermal exposure? 

Not directly. Oral RIDs are usually based on administered dose and therefore tacitly 
include a GI absorption factor. Thus, any use of oral RIDs in dermal risk calculations 
should involve removing this absorption factor. Consult the Risk Assessment Guidance 
for Superfund, Part A, Appendix A, for further details on how to do this. 

5. The exposure variables table in the RBC background document lists the averaging time 
for non-carcinogens as "ED*365." What does that mean? 

ED is exposure duration, in years, and * is the computer-ese symbol for multiplication. 
Multiplying ED by 365 simply converts the duration to days. In fact, the ED term is 
included in both the numerator and denominator of the RBG algorithms for non-cancer 
risk, canceling it altogether. See RAGS for more information. 

6. Why is inorganic lead not included in the RBC Table? 

EPA has no consensus RID or CSF for inorganic lead, so it is not possible to calculate 



RBCs as we have done for other chemicals. EPA considers lead to be a special case 
because of the difficulty in ide~tifying the classic ''threshold" needed to develop an RID. 

EPA therefore evaluates lead exposure by using blood-lead modeling, such as the 
Integrated Exposure-Uptake Biokinetic Model (IEUBK). The EPA Office of Solid Waste 
has also released a detailed directive on risk assessment and cleanup of residential soil 
lead. The directive recommends that soil lead levels less than 400 mg/kg are generally 
safe for residential use. Above that level, the document suggests collecting data and 
modeling blood-lead levels with the IEUBK model. For the purposes of screening, 
therefore, 400 mglkg is recommended for residential soils. For water, we suggest 15 ug/1 
(the EPA Action Level in water), and for air, the National Ambient Air Quality Standard. 

7. Where did the CSFs for carcinogenic PAHs come from? 

The P AH CSFs are all calculated relative to benzo[a]pyrene, which has an IRIS slope 
factor. The relative factors for the other P AHs can be found in "Provisional Guidance for 
Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons," Final Draft, 
ECAO-CIN-842 (March, 1993). 

8. May I please have a copy of a previous RBC Table? 

We do not distribute outdated copies of the RBC Table. Each new version of the Table 
supersedes all previous versions. 

9. Please elaborate on the meaning of the "W" source code in the Table. 

The "W" code means that a RID or CSF is currently not present on either IRIS or 
HEAST, but that it was one~ present on either IRIS or HEAST and was removed. Such 
withdrawal usually indicates that consensus on the number no longer exists among EPA 
scientists, but not that EPA believes the contaminant to be unimportant. 

Withdrawn numbers are shown in the Table because we still need to deal with these 
contaminants during the long delays before replacement numbers are ready. For the 
purpose of screening, a "W" value is similar to a provisional value in that neither value 
has achieved Agency consensus. The "W" code should serve as a clear warning that 
before making any serious decision involving that contaminant, you will need to develop 
an interim value based on current scientific understanding .. 

If you are assessing risks at a site where a major contaminant is coded "W," consider 
working with your Region EPA risk assessor to develop a current toxicity constant. If the 
site is being studied under CERCLA, the EPA-NCEA Regional Technical Support group 
may be able to assist. 
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Can I get copies of supporting documents for interim toxicity constants which are coded 
"E" in the RBC Table? 

7 

Unfortunately, Region 3 does not have a complete set of supporting documents. The 
EPA-NCEA Superfund Technical Support Center prepares these interim toxicity 
constants in response to site-specific requests from Regional risk assessors, and sends the 
documentation only to the requestor. The RBC Tables contain only the latest interim 
values that we've either requested or have otherwise received. NCEA maintains the 
master data base of these chemicals, but will not release documentation of provisional 
values unless they are recent. Furthermore, since NCEA's Superfund Technical Support 
Center is mainly for the support of Superfund, it usually cannot develop new criteria 
unless authorized to do so for a specific Superfund project. 

If an "E" -coded contaminant is a chemical of potential concern ~t your site, we urge you 
to work with the EPA Regional risk assessor assigned to the project in order to develop or 
obtain documentation for provisional values. EPA Region 3 furnishes documents only 
when needed to support Regional risk assessments or recommendations. 

Why is there no oral RID .for mercury? How should I handle mercury? 

IRIS gives oral RIDs for mercuric chloride and for methylmercury, but not for elemental 
mercury. Therefore, the RBC Table reflects this primarY source. Consult your 
toxicologist to determine which of the available mercury numbers is suitable for the 
conditionS at your site (e.g., whether mercury is likely to be organic or inorganic.) 

Attachment 
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"DISCONTINUED" CHEMICALS 

These chemicals may still have toxicity criteria available in IRIS, HEAST, or NCEA provisional 
values. However, they are not routine chemicals and therefore will not be routinely maintained in 
the RBC Table, unless our Table users report a significant need for chemicals to be re-added. 
Some of the chemicals on this Table were deleted because supporting toxicity information has 
been withdrawn or is Unavailable. 

acephate acetone cyanohyrin 
acifluorfen acrylic acid 
ally allyl alcohol · 
aluminum phosphide amdro 
ametryn m-aminophenol 
amitraz ammonium sulfamate 
antimony potassium tartrate apollo 
aramite asulam 
avermectin B 1 barium cyanide 
bayleton benefm 
benomyl benzotrichloride 
bidrin biphenthin 
bis(2-chloro-1-methylethyl)ether 
bisphenolA boron trifluoride 
4-bromophenyl phenyl ether bromoxynil 
bromoxynil octanoate butylphthalyl butylglycolate 
cacodylic acid captafol 
cap tan carboxin 
chloramben chlorimuron-ethyl 
chloroacetaldehyde 2-chloroacetophenone 
4-chlorobenzotrifluoride 2-chloroethyl vinyl ether 
4-chloro-2-methylaniline hydrochloride 
chlorothalonil chlorpropham 
chlorsulfuron chlorthiophos 
coal tar creosote 
cyclohexlamine cyromazine 
danitol decabromodiphenyl ether 
·demeton diallate 
diethylforamide diflubenzuron 
dimethipin dimethoate 
N,N-dimethylformamide dimethyl terephthalate 
diphenamid direct black 38 
direct blue 6 direct brown 95 
dodine 1 ,2-epoxybutane 
ethephon 2-ethoxyethanol acetate 

• 

• 

• 
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ethyl acrylate EPTC 
ethylene cyanohydrin 
ethyl p-nitrophenyl phenylphosphorothioate 
ethylphthalyl ethyl glycolate express 
fluoridone flurprimidol 
flutolanil fluvalinate 
folpet fosteyl-al 
furium funnecyclox 
glufosinate-ammoni~ haloxyfop-methyl 
harmony imazalil 
imazaquin iprodione 
·isoxaben kepone 
lactofen linuron 
londax 
maleic hydrazide malononitrile 
mancozeb maneb 
merphos merphos oxide 
metalaxyl methamidophos 
methomyl 2-methoxyethanol acetate 
2-methoxyethanol 2-methoxy-5-nitroaniline 
2-methylaniline hydrochloride methyl chlorocarbonate 

• 4,4-methylene bisbenzeneamine · metribuzi:n 
molinate 2-naphthylamine 
napropamide 
nickel subsulfide ~trapyrin 
3-nitroaniline 4-nitroaniline 
nitroguanidine norflurazon 
octabromodiphenyl ether 
octamethylpyrophosphoramide paclobutrazol 
pebulate pendimethalin 
pentabromo-6-chlorocyclohexane 
pentabromodiphenyl ether phenmedipham 
phenylmercuric acetate phorate 
phosmet picloram · 
pirimiphos-methyl prochloraz 
profluralin pronamide 
propargyl alcohol propazine 
prop ham propiconazole 
propylene oxide pydrin 
quinalphos savey 
selenourea sethoxydim 
sodium fluoroacetate sodium metavanadate 
systhane tebuthiuron 

• 



temephos 
terbufos 
tetrachlorovinphos 

terbacil 
terbutryn 
tetraethyldithiopyrophosphate 

thallium selenide 
2-(thiocyanomethylthio )-benzothiazole 
thiofanox thiophanate-methyl 
thiram tralomethrin 
triallate triasulfuron 
2,4,6-trichloroaniline hydrochloride 
tridiphane . triethylamine 
trifluralin vernam 
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EPA REGION ill RISK-BASED CONCENTRATION TABLE: 
. TECHNICAL BACKGROUND INFORMATION 

originaily developed by Roy L. Smith, Ph.D., Toxicologist 
revised 4112/99 by Jennifer Hubbard, Toxicologist 

Development of Risk-Based Concentrations 

Separate carcinogenic and non-carcinogenic risk-based concentrations were calculated for each 
compound for each pathway. The concentration in the table is the lower of the two, rounded to 
two significant figures. The following terms and values were used in the calculations: 

General: 

Carcinogenic potency slope oral (risk per mglkg!d): * CPSo 

Carcinogenic potency slope inhaled (risk per mg/kg/d): * CPSi 

Reference dose oral (mglkg/d): * RfDo 

Reference dose inhaled (mglkg!d): * RfDi 

Target cancer risk: 1e-06 TR 

Target hazard quotient: 1 THQ 

Body weight, adult (kg): 70 BWa 

Body weight, age 1-6 (kg): 15 BWc 

Averaging time carcinogens (d): 25550' ATe 

Averaging tinie non-carcinogens (d): ED*365 ATn 

Inhalation, adult (m3/d): 20 IRAa 

Inhalation, child (m3/d): 12 IRAc 

Inhalation factor, age-adjusted (m3-ylkg-d): 11.66 IFAadj 

Tap water ingestion, adult (Ud): 2 IRWa 

Tap water ingestion, age 1-6 (Ud): 1 IRWc 

Tap water ingestion factor, age-adjusted (L-ylkg-d): 1.09 IFWadj 

Fish ingestion (g/d): 54 IRF 

Soil ingestion, adult (mg/d): 100 IRS a 

Soil ingestion, age 1-6 (mg!d): 200 IRSc 

Soil ingestion factor, age adjusted (mg-ylkg-d): 114.29 IFSadj 

Residential: 

Exposure frequency (d/y): 350 EFr 

Exposure duration, total (y): 30 EDtot 

Exposure duration, age 1-6 (y): 6 EDc 

Volatilization factor (Um3): 0.5 K 
Occupational: 

Exposure frequency (d/y): 250 EFo 

Exposure duration (y): 25 EDo 

Fraction of contaminated soil ingested (unitless) 0.5 FC 
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Age-adjusted factors 

Because contact rates with tap water, ambient air, and residential soil are different for children 
and adults, carcinogenic risks during the first 30 years of life were calculated using age-adjusted 
factors. These factors approximated the integrated exposure from birth until age 30 by 
combining contact rates, body weights, and exposure durations for two age groups - small 
children and adults. The age-adjusted factor for soil was obtained from RAGS IB; the others 
were developed by analogy. 

(1) Air inhalation 

IFAadj m
3
·y = EDc • IRAc 

+ 
(EDtot-EDc)· IRAa 

kg·d BWc BWa 

(2) ·Tap water ingestion 

IFWadj L·y = EDc • IRWc. (EDtot -EDc) • IRWa 
+ 

kg·d BWc BWa 

(3) Soil ingestion 

IFSadj mg·y EDc • IRSc (EDtot -EDc) • IRSa 
ki7d = + 

BWc BWa 

Residential water 

Volatilization terms were calculated only for compounds with a mark in the "VOC" column. 
Compounds having a Heruy's Law constant greater than 1 o-s and a molecular weight less than 
200 were considered volatile. The list may be incomplete, but is unlikely to include false 
positives. The equations and the volatilization factor (K, above)'were obtained from RAGS lB. 
Oral potency slopes and reference doses were used for both oral ·and inhaled exposures for 
volatile compounds lacking inhalation values. RBCs for carcinogens were based on combined 
childhood and adult exposure; for non-carcinogens RBCs were based on adult exposure. 

(4) Carcinogens 

• 

• 

• 



• 

• 

RBC 

Ambient air 

·Tif· ATe ·-:LoooH-
.1!2. = mg 

L EFr • ( [K • IFAadj • CPSi] + [IFWadj • CPSo]) 

(5) 

RBC 

Non-carcinogens 
THQ • BWa • ATn • 1000..!!2: 

~= 
L 

EFr • EDtot • 
K • IRAa 

RfDi 
+ 

mg 

IRWa 

RfDo 

3 

Oral potency slopes and references were used where inhalation values were not available. RBCs 
for carcinogens were based on combined childhood and adult exposure; for non-carcinogens 
RBCs were based on adult exposure. · 

(6) Carcinogens 
TR ·ATe· 1000~ 

RBC ~ = mg 

rn 3 EFr • IFAadj • CPSi 

(7) Non-carcinogens 
THQ • RfDi • BWa • ATn • 1000~ 

RBC ~ - mg 

m3 
. EFr • EDtot • IRAa 

Edible fish 

All RBCs were based on adult exposure. 

(8) Carcinogens 
TR • BWa ·ATe 

RBC !!!fl. = -------------
kg IRF 

EFr • EDtot • 

(9) Non-carcinogens 

lOQO.l!... 
kg 

• CPSo 

·',i 



RBC .!!!2. = THQ • RfDo · BWa • ATn 
kg 

EFr • EDtot • 
IRF 

1000.2... 
kg 

CommerciaUindustrial.soil ingestion 

RBCs were based on adult occupational exposure, including an assumption that only 50% of 
total soil ingestion is work-related. 

(1 0) Carcinogens 
TR· BWa· ATe 

RBC .!!!2. = -------------

(11) 

Residential soil ingestion 

kg 
EFo· EDo • IRSa • FC • CPSo 

Non-carcinogens 
· THQ • RfDo • BWa • ATn 

RBC .!!!2. = -~--------
kg EFo · EDo • IRSa • FC 

RBCs for carcinogenS were based on combined childhood and.adult ~xposure; RBCs for non
carcinogens were based on childhood exposure only. 

(12) Carcinogens 

RBC mg = 
kg 

TR ·ATe 

EFr • IFSadj • CPSo 
l 06 !!!2:. 

kg 

(13) Non-carcinogens 
RBC .!!!2. = THQ • RfDo • BWe • ATn 

kg 
EFr • EDe • _I_R_S_e_ 

4 

• 

• 

• 



rrHEAST 

1.50E+OO I 

2.20E~ H 

1.7E-02 I 
S.70E-Oe W 

S.70E-051 

• 

1.51E+01 I 

4.8E+OO C 
3.3E+03 N 1.2E+02 N 

• 

1.3E~ 2JSE-02 C 

2.9E+03 c 



-~!At~1I~ ... IRISrwHEAST a..lcC•~.,.._ N•....._....,_.I•RICIIH~O.,cft!C.e 

E • EPA-NCEA pro.WaNf_.,-.. 0 •ot.r Risk-based Clllleouhllole RoolonlnS&. 

'=~d b~!~d lvoc 

Tap 1:= I~ 1:~ ~~~· 
I Soli..,. 

R!Oo lcsFo - DAF1 I= Chemical CAS lmalkald 11ma/ka/d luoll mg/k(l 

BROMODICHLOROMETHANE 75274 2.00E-02 I 8.20E-021 y 1.7e-01 c 1.0E-01 C 5.1E-02 C 9.2e+01 c 1.0E+01 c 5.4E-OS 1.1E-03 C 
BROMOETHENE 593502 B.BE-04 I 1.10E-01 H y 1.1E-01 C 5.7e-02 c 5.4E-OS 1.1E-03 C 
BROMOFORM 75252 2.00E-021 7.90E-03 I 3.90E-03 I 8.5E+OO C 1.BE+OO C 4.0E-01 C 7.2E+02 C 8.1E+01 C 2.0E-01 4.1E+OO C 
BROMOMETHANE 74839 . 1AOE-031 1.40E-03 I y 8.5E+OO N S.1E+OO N 1.9E+OO N 2.9E+03 N 1.1E+02 N 2.1E-03 4.1E-02 N 
BROMOPHOS 2104983 S.OOE-03 H 1.BE+02 N 1.BE+01 N 8.BE+OO N 1.0E+04 N 3.9E+02 N 
1 3-BUTADIENE 106990 1.80E+OO H v 7.0E-03 c 3.5E-03 c 3.9E-08 7.BE-OS C 
1·BUTANOI.. 71383 1.00E-011 3.7e+03 N 3.7E+02 N 1.4E+02 N 2.0E+05 N 7.BE+03 N 7.BE-01 1.BE+01 N 
BUmBENZYLPHTHALATE 85887 2.00E-01 I 7.3E+03 N 7.3E+02 N 2.7E+02 N 4.1E+05 N 1:6E+04 N 8.4E+02 1.7e+04 N 
BUTYLATE 2008415 5.00E-02 I 1.8E+03 N 1.BE+02 N 8.8E+01 N 1.0E+05 N 3.9E+03 N 
-N·BUmBENZENE 104518 4.00E-02 e y 2.4E+02 N 1.5E+02 N 5.4E+01 N 8.2e+04 N 3.1E+03 N 
-se~UTYlBENZENE 135988 4.00E-02 E y 2.4E+02 N 1.5E+02 N 5.4E+01 N 8.2E+04 N 3.1E+03 N 
-reRT·BUTYlBENZENE 98066 4.00E-02 E v 2.4E+02 N 1.5E+02 N 5.4E+01 N 8.2E+04 N 3.1E+03 N 
CADMIUM-WATER 7440439 S.OOE-04 I 5.7e-05 E 8.30E+OO I 1.8E+01 N 9.9E-04 c 8.8E-01 N 1.0E+03 N 3.9E+01 N 1.4E+OO 2.7E+01 N 
CADMIU~OOO 7440439 1.00E-03 I 5.7e-05 E 8.30E+OO I 3.7e+01 N 9.9E-04 c UE+OON 2.0E+03 N 7.8E+01 N 2.7e+OO 5.5E+01 N 
CAPROlACTAM 105e02 S.OOE-01 I 1.8E+04 N 1.8E+03 N 8.8E+02 N 1.0E+oe N 3.9E+04 N 
CARBARYL 63252 1.00E-01 I 3.7E+03 N 3.7e+02 N UE+02N 2.0E+05 N 7.8E+03 N 1.5E+OO 3.0E+01 N 
CARBON DISULFIDE 75150 1.00E-011 2.00E-01 I y 1.0E+03 N 7.3E+02 N UE+02N 2.0E+05 N 7.8E+03 N 9.5E-01 1.9E+01 N 
CARBON TETRACHLORIDE 58235 7.00E-04 I 1.30E-01 I 5.71E-04 E 5.30E-021 v 1.6E-01 c 1.2E-01 c 2.4E-02 C UE+01 C 4.9E+OO C 1.1E-04 2.1E-03 C 
CARBOSULFAN 55285148 l.OOE-021 3.7E+02 N 3.7e+01 N 1.4E+01 N 2.0E+04 N 7.BE+02 N 
CHLORAL 75878 2.00E-031 7.3E+01 N 7.3E+OO N 2.7e+OO N 4.1E+03 N 1.8E+02 N 
CHlORANil. 118752 4.00E-01 H 1.7e-01 c 1.6E-02 c 7.9E-03 c 1.4E+01 C 1.BE+OO C 
CHLORDANE 5n4e S.OOE-04 I 3.5E-01 I 2.00E-04 I 3.5E-01 I 1.9E-01 c 1.8E-02 c 9.0E-03 c 1.8E+01 c 1.8E+OO c 4.BE-02 9.2E-01 C 
CHLORINE nB2505 1.00E-011 5.7e-05 E y 4.2E-01 N 2.1E-01 N 1.4E+(!2 N 2.0E+05 N 7.8E+03 N 
CHlORINE DIOXIDE 10049044 5.70E-051 v 4.2E-01 N 2.1E-01 N 

CHLOROACETIC ACID 79118 2.00E-03 H 7.3E+01 N 7.3E+OO N 2.7e+OO N 4.1E+03 N 1.8E+02 N 
4-CHLOROANIUNE 11)8.(78 4.00E-03 I 1.5E+02 N 1.5E+01 N 5.4E+OO N 8.2E+03 N 3.1E+02 N 4.BE-02 9.7e-01 N 
CHlORDBENZENE 108907 2.00E-02 I 1.7e-02 E v 1.1E+02 N 8.2E+01 N 2.7e+01 N 4.1E+04 N 1.BE+03 N 4.0E-02 B.OE-01 N 
CHLOROBENZllATE 510156 2.00E-02 I 2.70E-01 H 2.70E-01 H 2.5E-01 C 2.3E-02 C 1.2E-02 c 2.1E+01 C 2.4E+OO C 1.3E-03 2.7e-02 c 
P-CHlOROBENZOIC ACID 74113 2.00E-01 H 7.3E+03 N 7.3E+02 N 2.7e+02 N 4.1E+05 N 1.8E+04 N 
2-CHI..OR0.13-BUTADIENE 126998 2.00E-02 A 2.00E-03 H v 1.4E+01 N 7.3E+OO N 2.7e+01 N 4.1E+04 N 1.6E+03 N 8.0E-03 1~-01N 
1-CHlOROBUTANE 109893 4.00E-01 H y 2.4E+03 N 1.5E+03 N 5.4E+02 N 8.2E+05 N 3.1E+04 N 1.0E+OO 2.0E+01 N 
1-CHlOR0.1,1-01FlUOROETHANE 75883 1AOE+01 I y 1.0E+05 N 5.1E+04 N 7.0E+01 1.4E+03 N 
CHI..ORODIFLUOROMETHANE 75456 UOE+011 v 1.0E+05 N 5.1E+04 N 7.0E+01 1.4E+03 N 
CHlOROETHANE 75003 4.00E-01 e 2.90E-03 E 2.90E+OO I y 3.BE+OO C 2.2E+OO c 1.1E+OO C 2.0E+03 c 2.2E+02 c 9.BE-04 1.9E-02 c 
CHLOROFORM 87683 1.00E-02 I 8.10E-03 I B.BE-05 E 8.1CE-02 I y 1.5E-01 C I 7.7E-02 C I 5.2E-01 c 9.4E+02 C 1.0E+02 c I 4.5E-OS 8.9E-04 c 
CHLOROMETHANE 74873 1.30E-02 H 8.BE-02 E 3.5E-03 E v 2.1E+OO C 1.BE+OO C 2.4E-01 C 4.4E+02 C 4.9E+01 c 5.2E-04 1.0E-02 C 

4-CHLOR0.2-METHYLANIUNE 95692 5.80E-01 H 1.2E-01 C 1.1E-02 C 5.4E-03 C 9.9E+OO c 1.1E+OO C 
BETA-CHlORONAPHTHAI.ENE 91587 S.OOE-02 I y 4.9E+02 N 2.9E+02 N 1.1E+02 N 1.BE+05 N 8.3E+03 N 1.6E+OO 3.2E+01 N 
0-CHI..ORONITROBENZENE 88733 2.50E-02 H v 4.2E-01 c 2.5E-01 C 1.3E-01 C 2.3E+02 C 2.6E+01 C 

P-CHLORONITROBENZENE 100005 1.80E-02 H y S.IIE-01 C 3.5E-01 C 1.BE-01 C 3.2E+02 c 3.5E+01 C 

2-CHLOROPHENOI.. 95578 S.OOE-03 I y 3.CE+01 N 1.8E+01 N 8.8E+OO N 1.0E+04 N 3.9E+02 N 

2-CHLOROPROPANE 75296 2.90E-02 H v 2.1E+02 N 1.1E+02 N e.ee-02 1.3E+OO N 

0-CHI..OROTOLUENE 95498 2.00E-02 I y 1.2E+02 N 7.3E+01 N 2.7e+01 N 4.1E+04 N 1.BE+03 N 8.5E-02 1.3E+OO N 
CHLORPYRIFDS 2921882 3.00E-03 I 1.1E+02 N 1.1E+01 N 4.1E+OO N 8.1E+03 N 2.3E+02 N 3.2E+OO 8.3E+01 N 
CHLORPYRJFOS.METHYL 5598130 1.00E-02 H 3.7e+02 N 3.7e+01 N 1.4E+01 N 2.CE+04 N 7.BE+02 N 

.. 
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IRIS«HEAST 

2.00E.Q1 I 
1.ooE.Q1 H 
3.00E-02 E 

2.40E-02 H 
4.50E.01 I 

9.10E-021 

5.70E-051 
5.70E-05 H 

2.29E.01 I 

S.OOE-02 A 
1.40E.01 A 
UOE-03 E 

• 

3.40E.011 

9.10E-021 

N 
a.oe+02 N 
1.2E.01 C 8.9E.Q2 c 

2.7E+02 N 
UE+02N 
3.5E-02 c 

4.1E+05 N 
2.0E+05 N 
8.3E+01 C 

• 

1.5E+04 N 
7.8E+03 N 
7.0E+OO c 

2.5E-05 5.3E-04 C 
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l:wd lvoc 
Tap 

1::~ I~ I~ ~~m 
Soft lor aroundwaler mlaratlon 

R!Oo ~~Fo ~~A water DAF1 1~20 Chemical CAS lmolkald 1/mQI1<Qid 1/mQ/kQ/d uoJI mQ/ka 
1,1-DICHLOROETHENE 75354 9.00E411 B.OOE-41 I 1.75E-41 I y 4.4E-02 C 3.8E.Q2 c 5.3E4! c 9.5E+OO C 1.1E+OO C 1.8E~ 3.8E-44 c 
CIS.1,2·DICHLOROETHENE 1585a2 1.00E-02 H y 8.1E+01 N 3.7E~1 N 1.4E+01 N 2.0E+04 N 7.8E+02 N 1.7E-02 3.5E-41 N 
TRANS.1.2-DICHLOROETHENE 156e05 2.00E.Q2 I v 1.2E+02 N 7.3E~1 N 2.7E+01 N 4.1E+04 N 1.8E~N 4.1E.Q2 8.2E-41 N 
TOTAL 1,2-DICHLOROETHENE 540590 9.00E-43 H y 5.5E~1 N 3.3E~1 N 1.2E+01 N 1.8E+04 N 7.0E+02 N 1.9E.Q2 3.7E-41 N 
2,4-DICHLOROPHENOI. 120832 3.00E411 1.1E+02 N 1,1E+01 N 4.1E+OO N 8.1E~ N 2.3E+02 N B.OE-02 1.2E+OO N 
2oi-D 94757 1.00E.Q2 I 3.7E+02 N 3.7E+01 N 1.4E+01 N 2.0E+04 N 7.8E+02 N 4.5E-41 9.0E+OO N 
4-{2,4-DICHLOROPHENOXY)BUTYRIC ACID 94826 8E4!1 2.9E+02 N 2.9E~1 N 1.1E~1 N 1.8E+04 N 8.3E+02 N 
1,2·DICHLOROPROPANE 78875 e.eoe.a:z H 1.14E411 Y. 1.6E-41 c 9.2E-02 C 4.8E.Q2 c 8.4E+01 C 9.4E+OO C 1.0E-44 2.1E41 C 
2.3-DICHLOROPROPANOI. 616239 3.00E4ll 1.1E+02 N 1.1E~1 N 4.1E+OO N 6.1E~N. 2.3E+02 N 
1 ,3-DICHLOROPROPENE 542758 3.00E-44 I U!OE-41 H 5.71E4!1 · 1.30E-41 H y 7.7E-02 c 4.8E.Q2 c 1.8E.Q2 c 3.2E~1 c 3.5E+OO C I 2.7E~ 5.5E-44 C 
DICHLORVOS 82737 SE-44 I 0.291 U3E-441 2.3E-41 C 2.2E.Q2 C 1.1E.Q2 c 2.0E+01 c 2.2E+OO c 5.5E~ 1.1E4!C 
DICOFOL 115322 4.4E-41 W 1.5E.01 C UE.Q2C 7.2E41 c 1.3E~1 C 1.5E+OO C 9.3E-04 1.9E.Q2 c 
DICYCLOPENTADIENE 77736 3E.Q2 H 6.00E~A y UE-41 N 2.2E-41 N 4.1E~1 N 8.1E+04 N 2.3E~ N 
DIElDRIN 60571 5.00E~ I 1.60E~11 1.eoe+01 I 4.2E4l c 3.9E-44 c 2.0E-44 c 3.6E-41 C 4.0E.Q2 c 1.1E-04 2.2E4! C. 
DIESEL EMISSIONS UOE411 5.1E+OO N 

DIETHYLPHTHALATE 64682 B.OOE-41 I 2.9E+04 N 2.9E~ N 1.1E~ N 1.8E~N 8.3E+04 N 2.3E~1 4.5E+02 N 
DIETHYLENE GL YCOI.. MONOBUTYL ETHER 112345 5.70E41 H 2.1E+01 N 
DIETHYLENE GL YCOI.. MONOETIM. ETHER 111900 2.00E+OO H 7.3E+04 N 7.3E~N 2.7E~ N 4.1E~N 1.8E+05 N 
D1(2-ETHYLHEXYl.)ADIPATE 103231 e.OOE-41 I 1.20E4!1 5.8E~1 c 5.2E+OO c 2.8E+OO c 4.8E~C 5.3E+02 C 
DIETHYLSTILBESTROL 56531 4.70E~ H 1.4~C 1.3E-48 C 8.7E-47 c 1.2E4! c 1.4E-44 C 
DIFENZOOUAT (AVENGE) 43222488 B.OOE-02 I 2.9E+03 N 2.9E+02 N 1.1E+02 N 1.8E+05 N 8.3E~N 

1,1-DIFLUOROETHANE 75376 1.10E~11 y 8.0E+04 N 4.0E+04 N 

DIISOPROPYI. METHYI.PHOSPHONATE (DIMP) 1445758 8.00E.Q21 2.9E~ N 2.9E+02 N 1.1E+02 N 1.6E+05 N 8.3E~ N 
3,3'-DIMETHOXYBENZIDINE 119904 1.40E.Q2 H 4.8E+OO c 4.5E-41 C 2.3E-41 C 4.1E+02 C 4.8E~1 c 
DIMETHYl.AMINE 124403 5.70E-48 w y 4.2E-02 N 2.1E.Q2 N B.SE-06 1.7E-44 N 
2,4-DIMETHYl.ANIUNE HYDROCHLORIDE 21436964 5.80E-41 H 1.2E-41 c 1.1E.Q2 C 5.4E4! C 9.9E+OO c 1.1E+OO C 
2,4-DIMETHYlANIUNE 95881 7.50E-41 H 8.9E-02 c 8.3E41 C 4.2E41 C 7.8E+OO c 8.5E-41 C : 
N,N-DIMETHYlANIUNE 121697 2.00E4ll 7.3~1 N 7.3E+OO N 2.7E+OO N 4.1E~N 1.8E+02 N 
3,3'-DIMETHYLBENZIDINE 119937 9.20E+OO H 7.3E4l C e.ee-44 c 3.4E-44 C 6.2E-41 c 6.9E.Q2 c 
11·01METIM.HYORAZINE 57147 2.60E+OO w 3.50E+OO w 2.6E-02 c 1.8E4!C 1.2E4! c 2.2E+OO c 2.5E-41 C 
1.2-DIMETIM.HYORAZINE 540738 3.70E~1 w 3.70E~1 w 1.8E41 c 1.7E-44 C 8.5E~ c 1.5E-41 C 1.7E-02 C 
2,4-DIMETHYI.PHENOL 105679 2.00E.Q2 I 7.3E+02 N 7.3E~1 N 2.7E+01 N 4.1E+04 N 1.6E~N 3.4E-41 6.7E+OO N 
2 f!.OIMETHYI.PHENOI. 578261 e.ooe-44 1 2.2E~1 N 2.2E+OO N 8.1E-41 N 1.2E~ N 4.7E+01 N 
3,4-DIMETHYI.PHENOL 95656 1.00E4!1 3.7E+01 N 3.7E+OO N 1.4E+OO N 2.0E+03 N 7.8E~1 N 
DIMETHYI.PHTHALATE 131113 1.00E+01 w 3.7E+05 N 3.7E+04 N 1.4E+04 N 2.~N 7.8E+05 N 
1.2-DINrTROBENZENE 528290 4.00E-44 H 1.5E+01 N 1.5E+OO N 5.4E-41 N 8.2E+02 N 3.1E+01 N 
1,3-DINrTROBENZENE 99850 1.00E-44 I 3.7E+OO N 3.7E.01 N UE-41 N 2.0E+02 N 7.8E+OO N 1.8E4! 3.7E.Q2 N 
1,4-DINrTROBENZENE 100254 4.00E-44 H 1.5E~1 N 1.5E+OO N 5.4E-41 N 8.2E+02 N 3.1E~1 N 
4 6-DINrTRO.O.CVCLOHEXYL. PHENOL 131895 2.00E4ll 7.3E~1 N 7.3E+OO N 2.7E+OO N 4.1E+03 N 1.8E+02 N -

4,f!.DINrTR0.2-METHYI.PHENOL 534521 1.00E-44 E 3.1E+OO N 3.7E-41 N 1.4E-41 N 2.0E+02 N 7.8E+OO N 
2,4-DINrTROPHENOL 51265 2.00E4ll 7.3E~1 N 7.3E+OO N 2.7E+OO N 4.1E+03 N 1.8E+02 N 
DINrTROTOI.UENE MIX B.SOE-41 I 9.9E-02 c 9.2E-43 C 4.8E4! c 8.4E+OO C 9.4E-41 C 
2,4-DINrTROTOLUENE 121142 2.00E4ll 7.3E~1 N 7.3E+OO N 2.7E+OO N 4.1E+03 N 1.8E+02 N 2.9E.Q2 5.7E-41 N 
2.6-DINrTROTOLUENE 506202 1.00E4! H 3.7E~1 N 3.7E+OO N UE+OON 2.0E+03 N 7.9E+01 N 1.2E.Q2 2.5E-41 N 
DINOSEB 88857 1.00E41 I 3.7E+01 N 3.1E+OO N 1.4E+OO N 2.0E+03 N 7.8E+01 N 8.7E-43 1.1E-41 N 

• • • 
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~d loc Tap 

~ I~ 1;: I:~ 
Soli lor arounct.Natet mloration 

RfOo -~CSFo lcsR water DAFt 1:: Chemical CAS lma11cald 1hmlka/d 1hmlkald luan 
tr1al 

lmg/kg 
DIOCTYI.PHTHAL.A TE 117840 2.00E-02 H 7.3E+02 N 7.3E+01 N 2.7E+01 N 4.1E+04 N 1.8E+03 N 1.2E+05 2.4E+06 N 
1,4-DIOXANE 123911 1.10E-02 I 11.1E+OO C S.7E.01 C 2.9E.()1 c S.2E+02 C S.BE+01 C 1.3Eo03 2.8E-02 c 
DIPHENYlAMINE 122394 2.50E-02 I 9.1E+02 N 9.1E+01 N 3.4E+01 N S.1E+04 N 2.0E+03 N 1.3E+OO 2.5E+01 N 
1,2-0IPHENYI.HYDRAZINE 122567 B.OOE-01 I B.OOE-011 8.4E-02 C 7.6Eo03 c 3.9Eo03 c 7.2E+03 C B.OE-01 C 1.3E-04 2.liE-03C 
DIQUAT BS007 2.20Eo03 I 8.0E+01 N 8.0E+OO N 3.0E+OO N 4.liE+03 N 1.7E+02 N 1.7E-02 3.3E.01 N 
DISULFOTON 298044 4.00E.OS I 1.liE+OO N l.liE-01 N S.4E-02 N 8.2E+01 N 3.1E+OO N 3.2Eo03 8.4E-02 N 
1,4-DITHIANE SOS293 1.00E-021 3.7E+02 N 3.7E+01 N 1.4E+01 N 2.0E+04 N 7.BE+02 N 
DIURON 330S41 2.00Eo03 I 7.3E+01 N 7.3E+OO N 2.7E+OO N 4.1E+03 N t:ee+02 N S.BE-02 1.2E+OO N 
ENDOSUlFAN 115297 B.OOE-03 I 2.2E+02 N 2.2E+01 N 8.1E+OO N 1.2E+04 N 4.7E+02 N 9.6E.01 2.0E+01 N 
ENDRIN 72208 3.00E-041 1.1E+01 N 1.1E+OO N 4.1E.01 N 8.1E+02 N 2.3E+01 N 2.7E.01 S.4E+OO N 
"EPICHLOROHYDRIN 106898 2.00Eo03 H 9.90Eo031 2.88E-04 I 4.20Eo03 I y 2.0E+OO N 1.0E+OO N 3.2E.01 c I S.8E+02 C I B.liE+01 C I 4.2E-04 8.4Eo03 N 
ETHION SS3122 S.OOE-041 1.BE+01 N 1.BE+OO N B.eE-01 N 1.0E+03 N 3.9E+01 N 3.2E.01 8.4E+OO N 
2-ETHOXYETHANOL 11080S 4.00E-01 H S.70E-02 I 1.liE+04 N 2.1E+02 N S.4E+02 N 8.2E+05 N 3.1E+04 N 3.3E+OO 8.SE+01 N 
ETHYL ACETATE 141786 9.00E.01 I ·. y S.liE+03 N 3.3E+03 N 1.2E+03 N 1.BE+06 N 7.0E+04 N 1.7E+OO 3.lii;+01 N 
ETHYlBENZENE 100414 1.00E.011 2.90E.011 v 1.3E+03 N 1.1E+03 N UE+02N 2.0E+OS N 7.BE+03 N 1-SE-01 1.liE+01 N 
ETHYLENE DIAMINE 107153 2.00E-02 H 7.3E+02 N 7.3E+01 N 2.7E+01 N 4.1E+04 N 1.8E+03 N 
ETHYLENE GLYCOL 107211 2.00E+OO I 7.3E+04 N 7.3E+03 N 2.7E+03 N 4.1E+06 N 1.8E+05 N 1.liE+01 3.0E+02 N 
"ETHYLENE GLYCOl MONOBUTYL ETHER 111752 S.OOE-011 3.70E+OO I . 1.6E+04 N 1.4E+04 N B.BE+02 N 1.0E+06 N 3.9E+04 N 

ETHYLENE OXIDE 75218 1.00E+OO H 3.liOE.01 H y 2.3E-02 C 1.BE-02 C 3.2Eo03 c S.7E+OO C 8.4E.01 C 4.6E-06 9.SE.OS C 
ETHYLENE THIOUREA 00457 B.OOE.OS I 1.1E-01 H 8.1E-01 C I 5.7E-02 C I 2.9E-02 c I S.2E+01 C I S.BE+OO C I 
ETHYl ETHER 60297 2.00E.011 v 1.2E+03 N 7.3E+02 N 2.7E+02 N 4.1E+05 N 1.6E+04 N 4.2E.01 e.sE+OO N 
ETHYL METHACRYLATE 97832 9.00E-02 H y S.liE+02 N 3.3E+02 N 1.2E+02 N 1.6E+05 N 7.0E+03 N 1.0E+OO 2.1E+01 N 
FENAMIPHOS 22224928 2.50E-04 I 9.1E+OO N 9.1E-01 N 3.4E.01 N 5.1E+02 N 2.0E+01 N 7.6Eo03 1.8E.01 N 
FLUOMETURON 21841n 1.30E-02 I 4.7E+02 N 4.7E+01 N 1.6E+01 N 2.7E+04 N 1.0E+03 N 

FWORINE nll2414 B.OOE-02 I 2.2E+03 N 2.2E+02 N 8.1E+01 N 1.2E+05 N 4.7E+03 N -· 
FOMESAFEN n118020 1.90E.011 3.5E.01 C 3.3E-02 C 1.7E-02 C 3.0E+01 c 3.4E+OO C -.. 
FONOFOS 944229 2.00Eo031 7.3E+01 N 7.3E+OO N 2.7E+OO N 4.1E+03 N 1.6E+02 N 1.8E.01 3.5E+OO N 

FORMALDEHYDE 50000 2.00E.01 I 4.liOE-02 I 7.3E+03 N 1.4E-01 C 2.7E+02 N 4.1E+05 N 1.8E+04 N 1.5E+OO 3.0E+01 N 
FORMICACIO 84186 2.00E+OO H 7.3E+04 N 7.3E+03 N 2.7E+03 N 4.1E+08 N 1.6E+OS N 

FURAN 110009 t.OOE-031 y 8.1E+OO N 3.7E+OO N 1.4E+OO N 2.0E+03 N 7.8E+01 N 1.8Eo03 3.0E-02 N 
FURA20UDONE 87458 3.80E+OO H 1.6E-02 c 1.8E-03 c 8.3E-04 C l.liE+OO C 1.7E.01 C 

FURFURAL 98011 3.00Eo03 I 1.00E-02 A 1.1E+02 N 3.7E+01 N 4.1E+OO N 11.1E+03 N 2.3E+02 N 2.3E-!J2 4.6E.01 N 
GLYCIDALDEHYDE 785344 4.00E-041 2.90E-04 H 1.5E+01 N 1.1E+OO N 5.4E.01 N 8.2E+02 N 3.1E+01 N 

GLYPHOSATE 1071838 1.00E-01 I 3.7E+03 N 3.7E+02 N 1.4E+02 N 2.0E+05 N 7.8E+03 N 2.8E+01 S.3E+02 N 

HEPTACHLOR 78448 s.OOE-041 4.50E+OO I 4.liOE+OO I 1.liE-02 C 1.4Eo03C 7.0E-04 c 1.3E+OO C 1.4E.01 C 4.2E-02 8.4E-01 C 
HEPTACHLOR EPOXIDE 1024573 1.30E.OS I 9.10E+OO I 9.10E+OO I- 7.4Eo03 C 8.9E-04 c 3.5E-04 C 8.3E.01 C 7.0E-02 c 1.2Eo03 2.5E-02 C 

HEXABROMOBENZENE 87821 2.00Eo03 I 7.3E+01 N 7.3E+OO N 2.7E+OO N 4.1E+03 N 1.6E+02 N 

HEXACHLOROBENZENE 118741 B.OOE-041 1.80E+OO I 1.80E+OO I 4.2E-02 c 3.9Eo03C 2.0E.()3 c 3.6E+OO c 4.0E.01 c 2.6E.()3 5.2E-02 c 
HEXACHLOROBUTADIENE 87683 2.00E-04 H 7.80E-021 7.80E-02 I 8.6E.()1 c I B.OE-02 C I 4.0E-02 c I 7.3E+01 C I 8.2E+OO c I 9.2E-02 1.6E+OO c 

ALPHA-HCH 319848 8.30E+OO I 8.30E+OO I 1.1E-02 C 9.9E-04 c S.OE-04 C 9.1E.01 C 1.0E.01 C 4.liE.OS 8.9E-04C 

BETA-HCH 319857 1.80E+OO I 1.80E+OO I · 3.7E-02 C 3.liE-03C 1.6Eo03 c 3.2E+OO c 3.5E.01 C 1.6E-04 3.1Eo03 C 
GAMMA-HCH IUNDANEl 58899 3.00E-041 1.30E+OO H 5.2E-02 c 4.8Eo03 c 2.4Eo03 C 4.4E+OO C 4.9E.01 c 2.2E-04 4.3Eo03 C 

TECHNICAL HCH 808731 1.80E+OO I 1.80E+OO I 3.7E-02 C 3.liE-03 C 1.8E-03 c 3.2E+OO C 3.liE.01 C 

HEXACHLOROCYCLOPENTADIENE n474 T.OOE-03 I 2.00E.OS H 2.8E+02 N 7.3E-02 N 9.liE+OO N 1.4E+04 N 5.5E+02 N 1.0E+02 2.0E+03 N -!ifXACHLORODIBENZODIOXIN MIX 19408743 11.20E+03 I 4.li5E+031 1.1E.OSC 1.4E-06 C 5.1E-07 C 9.2E-04 c 1.0E-04 C 

., 
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HEXACHLOROETHANE e7721 1.00E-031 UOE-021 1.40E-021 4.8E+()() c I 4.5E-01 C I 2.3E-01 C I 4.1E+02 C I 4.8E+01 c I 1.6E-02 3.8E-01 c 
HEXACHLOROPHENE 70304 3.00E-04 I 1.1E+01 N 1.1E+()() N 4.1E-01 N 8.1E+02 N 2.3E+01 N 1.0E+02 2.0E+03 N 
1 ~HEXAMETHYLENE DliSOCYANATE 1!22000 2.90E-081 1.1E-02N 

HEXANE 110543 8.00E-02 H 5.71E-021 y 3.5E+02 N 2.1E+02 N 8.1E+01 N. 1.2E+05 N 4.7E+03 N 8.9E-01 1.4E+01 N 
2·HEXANONE 591786 4.00E-02 E 1.4E-03 E 1.5E+03 N 5.1E+()() N 5.4E+01 N 8.2E+04 N 3.1E+03 N 
HEXAZINONE 51235042 3.30E-021 1.2E+03 N 1.2E+02 N 4.5E+01 N 6.7E+04 N · 2.8E+03 N 
HMX 2691410 S.OOE-021 1.8E+03 N 1.8E+02 N 6.8E+01 N 1.0E+05 N 3.9E+03 N 
HYDRAZINE 302012 3.00E+()() I 1.70E+011 2.2E-02 c 3.7E-04 c 1.1E-03 C 1.9E+()() c 2.1E-01 C 
HYDROGEN CHLORIDE 7847010 5.70E-03 I 2.1E+01 N 
HYDROGEN SULFIDE 7783064 3.00E-03 I 2.85E-04 I 1.1E+02 N 1.0E+()()N 4.1E+()()N 6.1E+03 N 2.3E+02 N 
HYDROQUINONE 12331G 4.00E-02 H 1.5E+03 N 1.5E+02 N 5.4E+01 N 8.2E+04 N 3.1E+03 N 
IRON 7439898 3.00E-01 E 1.1E+04 N 1.1E+03 N 4.1E+02 N 6.1E+05 N 2.3E+04 N 
ISOBUTANOL 78631 3.00E-01 I y 1.8E+03 N 1.1E+03 N 4.1E+02 N 8.1E+05 N 2.3E+04 N 5.9E-01 1.2E+01 N 
ISOPHORONE 78591 2.00E-01 I 9.50E-04 I 7.0E+01 c 8.8E+()()C 3.3E+()() C 8.0E+03 c 6.7E+02 C 2.1E-02 4.1E-01 C 
ISOPROPALIN 33820530 1.50E-021 5.5E+02 N 5.5E+01 N 2.0E+01 N 3.1E+04 N 1.2E+03 N 
ISOPROPYL METHYL PHOSPHONIC ACID 1832548 1.00E-01 I 3.7E+03 N 3.7E+02 N 1AE+02 N 2.0E+05 N 7.8E+03 N 
TETRAETIM.I.EAO 78002 1.00E-071 3.7E-03 N 3.7E-04 N 1.4E-04 N 2.0E-01 N 7.8E-03 N 4.8E-05 9.2E-04 N 
l.!THIUM 7439932 2.00E-02 E 7.3E+02 N 7.3E+01 N 2.7E+01 N 4.1E+04 N 1.8E+03 N 
MALATHION 121755 2.00E-021 7.3E+02 N 7.3E+01 N 2.7E+01 N 4.1E+04 N 1.8E+03 N 4.0E-01 8.1E+()() N 
MAI.EJC ANHYDRIDE 108316 1.00E-011 3.7E+03 N 3.7E+02 N 1.4E+02 N 2.0E+05 N 7.8E+03 N 
MANGANESE-NONFOOD 7439985 2.00E-021 1.43E-051 7.3E+02 N 5.2E-02 N 2.7E+01 N 4.1E+04 N 1.8E+03 N 4.8E+01 9.5E+02 N 
MANGANESE-FOOD 7439985 1.40E.Q11 1.43E.Q5 I 5.1E+03 N 5.2E-02 N 1.9E+02 N 2.9E+05 N 1.1E+04 N 3.3E+02 8.7E+03 N 
MEPHOSFOLAN 950107 9.00E-05 H 3.3E+()() N 3.3E-01 N 1.2E.Q1 N 1.8E+02 N 7.0E+()()N 
MEPIOUAT CHLORIDE 24307284 3.00E-021 1.1E+03 N 1.1E+02 N 4.1E+01 N 6.1E+04 N 2.3E+03 N 
MERCURIC CHLORIDE 7487947 3.00E-04 I 1.1E+01 N 1.1E+()() N 4.1E.Q1 N 6.1E+02 N 2.3E+01 N 
MERCURY (INORGANIC) 7439978 8.60E-051 3.1E-01 N 
METHYLMERCURY 22987928 1.00E-04 I 3.7E+()() N 3.7E.Q1 N 1.4E.Q1 N 2.0E+02 N 7.8E+()() N 

METHACRYLONITRILE 125987 1.00E-04 I 2.00E-04 A y 1.0E+()() N 7.3E-01 N 1.4E.Q1 N 2.0E+02 N 7.8E+()() N 2.1E-04 4.2E-03 N 
METHANOL 87581 S.OOE-01 I 1.8E+04 N 1.8E+03 N ·8.8E+02 N 1.0E+08 N 3.9E+04 N 3.8E+()() 7.5E+01 N 
METHIDATHION 950378 1.00E-031 3.7E+01 N 3.7E+()() N 1.4E+OO N 2.0E+03 N 7.8E+01 N 
METHOXYCHLOR 72435 5.00E-03 I 1.8E+02 N 1.8E+01 N 8.8E+OO N 1.0E+04 N 3.9E+02 N 1.5E+01 3.1E+02 N 
METHYL ACETATE 79209 1.00E+OO H y 6.1E+03 N 3.7E+03 N 1.4E+03 N 2.0E+08 N 7.8E+04 N 1.2E+OO 2.5E+01 N 
METHYL ACRYLATE 96333 3.00E-02 A v 1.8E+02 N 1.1E+02 N 4.1E+01 N 8.1E+04 N 2.3E+03 N 5.0E-01 1.0E+01 N 
2-METHYLANIUNE 95534 2.40E.Q1 H 2.8E.Q1 c 2.8E-02 c 1.3E-02 c 2.4E+01 C 2.7E+OO c 2.8E-04 5.7E-03 C 
4-(2-METHY!.-4-CHLOROPHENOXY) BUTYRIC ACID 94815 1.00E-021 . 3.7E+02 N 3.7E+01 N 1.4E+01 N 2.0E+04 N 7.8E+02 N 
2-METHYL-4-CHLOROPHENOXYACETIC ACID tMCPAl 94748 S.OOE-04 I 1.8E+01 N 1.8E+OO N e.ae-01 N 1.0E+03 N 3.9E+01 N 
2-(2-METHYL-4-CHLOROPHENOXY)PROPIDNIC ACID (JI 93852 1.00E-03 I 3:7E+01 N 3.7E+OO N 1.4E+OO N 2.0E+03 N 7.8E+01 N 
METHYLCYCLOHEXANE 108872 8.60E-01 H ·! 8.3E+03 N 3.1E+03 N 
METHYLENE BROMIDE 74953 1.00E.Q2 A 8.1E+01 N 3.7E+01 N UE+01 N 2.0E+04 N 7.BE+02 N 1.5E.Q2 3.0E.Q1 N 
METHYLENE CHLORIDE 75092 II.OOE-021 7.50E-03 I 8.80E.Q1 H 1.85E-03 I y 4.1E+OO C 3.8E+OO c 4.2E-01 c 7.6E+02 c 8.5E+01 C 9.5E-04 1.1lE-02 c 
4,4'·METHYLENE BIS(2-CHLOROANIUNE) 101144 7.00E-04 H 1.30E-01 H 1.30E-01 H 5.2E-01 c . 4.BE-02C 2.4E-02 C 4.4E+01 C 4.9E+OO C 
4 4'-METHYLENE BIS(N,N'.OIMETHYL}ANIUNE 101811 4.60E-021 1.SE+OO C 1.4E.Q1 C 8.9E-02 c 1.2E+02 c 1.4E+Of C 
4,4'·METHYLENEOIPHENYL ISOCYANATE 101886 1.7E-04 I 8.2E.Q1 N 
METHYL ETHYL KETONE (2-BUTANONE) - 78933 8.00E-01 I 2.86E.Q1 I y 1.9E+03 N 1.0E+03 N 8.1E+02 N 1.2E+08 N 4.7E+04 N 4.0E-01 7.9E+OO N 

• METHYL HYDRAZINE 60344 1.10E+OO w 8.1E-02 C 5.7E-03 C 2.9E-03 c 5.2E+OO c li.BE-01 C 

• • • 



• • • -EfMsReglaiiSHL<R~1.8Sl00-1'hmiiOS,..HEAST s.AF.C•~elfecll N•~.tr** I•R8CIIttci0.1cRBC-o 

E'•EPA-NeEA.pnM~va. O•o&w RisM>ased coneentra!lons Region Ill SSLA 

l:~d lvoc 

Tap 

1::~ I~ 1:~~ I=~~ 
Son fi>r !liOUildwalor mlora!lon 

RIDo ~~Fo I~A water DAF1 1:: C'-'!cal CAS lmg/l<_g/d 1lrmil«lld 1lmall<old I Lilli lnQ/ko 
METHYL ISOBUTYl KfTONE (4-METHYI.-2-PfNTANON 108101 8.00E-02 H 2.00E-0:2 A y 1.4E+02 N 7.3E+01 N 1.1E+02 N 1.6E+OS N B.3E+03 N B.SE-02 . 1.3E+OO N 
METHYL METHACRYLATE 80626 UOE+OOI 2.00E~11 y 1.4E+03 N 7.3E+02 N 1.9E+03 N 2.9E+Oe N 1.1E+OS N 3.2E~1 B.SE+OO N 
2-METHYL.&NITROANIUNE 99558 3.30E-0:2 H 2.0E+OO c 1.9E~1 c 9.6E-0:2 c 1.7E+02 C 1.9E+01 c 
METHYL PARATHION 298000 2.50E~ I 9.1E+OO N 9.1E~N 3.4E~1 N 5.1E+02 N 2.0E+01 N 4.3E~ B.5E-0:2N 
2-METHYLPHENOL 95487 S.OOE-0:21 1.6E+03 N 1.8E+02 N B.6E+01 N 1.0E+05 N 3.9E+03 N 
3-METHYLPHENOL 108394 S.OOE-0:21 1.6E+03 N 1.6E+02 N B.BE+01 N 1.0E+OS N 3.9E+03 N 
4-METHYLPHENOL 106445 S.OOE~ H 1.6E+02 N 1.8E+01 N II.BE+OO N 1.0E+04 N .3.9E+02 N 
METHYLSTYRENE MIX 25013154 8.00E~A 1.00E-0:2 A y 5.5E+01 N 3.7E+01 N 8.1E+OO N 1.2E+04 N 'UE+02N 5.1E-02 1.0E+OO N 
AlPHA-METHVLSTYRENE 98839 7.00E-0:2 A v 4.3E+02 N 2.6E+02 N 9.5E+01 N 1.4E+OS N 5.5E+03 N 4.0E~1 7.9E+OO N 
METHYL TERT-BUTYLETHER 1834044 8..57E~11 y 8.3E+03 N 3.1E+03 N 1.4E+OO 2.8E+01 N 
METOI.ACHLOR (DUAL) 51218452 1.50E~11 5.5E+03 N 5.5E+02 N 2.0E+02 N 3.1E+OS N 1.21:+04 N 
MIREX 238585S 2.00E~ I 7.3E+OO N 7.3E~1 N 2.7E~1 N 4.1E+02 N 1.6E+01 N 
MOLYBDENUM 7439987 SE~I 1.6E+02 N 1.8E+01 N B.BE+OO N 1.0E+04 N 3.9E+02 N 
MONOCHLORAMINE 10599903 1E~ I 1.00E~1 H 3.7E+OO N 3.7E+02 N UE+02 N 2.0E+OS N 7.6E+03 N 
NALEO 300785 2E~I 7.3E+01 N 7.3E+OO N 2.7E+OO N 4.1E+03 N 1.8E+02 N 
NICKEL REFINERY OUST 8.4E~1 I 7.5E~C 

NICKEL 
.. 

7440020 2.00E-0:2 I 7.3E+02 N 7.3E+01 N 2.7E+01 N 4.1E+04 N 1.8E+03 N 
NITRATE 14797558 1.60E+OO I 5.8E+04 N S.6E+03 N 2.2E+03 N 3.3E+Oe N 1.3E+OS N 
NITRIC OXIDE 10102439 1.00E~1 w y 8.1E+02 N 3.7E+02 N 1.4E+02 N 2.0E+OS N 7.8E+03 N 
NITRITE 14797850 1.00E~11 3.7E+OO N 3.7E+02 N 1.4E+02 N 2.0E+OS N 7.8E+03 N 
2-NITROANIUNE 88744 5.70E~ H 2.1E~1 N 
NITROBENZENE 98953 5.~1 6.00E~A y 3.5E+OO N 2.2E+OO N 8.8E~1 N 1.0E+03 N 3.9E+01 N 1.2E~ 2.3E-02 N 
NITROFURANTOIN 67209 7.00E-02 H 2.8E+03 N 2.6E+02 N 9.55+01 N 1.4E+OS N 5.8E+03 N 
NITROFURAZONE 59870 1.~+00 H 4.5E-0:2 C 4.21:~ c 2.1E~ C 3.8E+OO c 4.3E..01 C 
NITROGEN OIOXIOE 10102440 1.00E+OO w y 6.1E+03 N 3.7E+03 N 1.4E+03 N 2.0E+Oe N 7.8E+04 N -.. 
NITROGLYCERIN 55830 1.4E-0:2 E 4.8E+OO c 4.5E~1 C 2.3E~1 C 4.1E+02 C 4.6E+01 c .. 
4-NITROPHENOL 100027 B.OOE~ E 2.9E+02 N 2.9E+01 N 1.1E+01 N 1.8E+04 N B.3E+02 N B.7E-02 1.7E+OON 
2-NITROPROPANE 79469 5.70E~ I 9.40E+OO.H y 1.3E~ C 8.7E~C 3.2E~ e.ce~c 

N-NITROS0-01-N-BUTY!AMINE 924183 5.40E+OO I 5.60E+OO I y 1.9E~C 1.1E~C 5.8E~ c 1.1E+OO C 1.21:~1 c 1.4E-011 2.7E~ C 
N-NITROSOOIETHANOlAMINE 1116547 2.BOE+OO I 2.4E-0:2 C 2.2E~C 1.1E~C 2.0E+OO c 2.3E..01 C 
N-NITROSOOIETHYI.AMINE 55185 1.50E+02 I 1.50E+02 I 4.5~C 4.2E.{)5 c 2.1E~ C 3.8E-0:2 c 4.3E~ C 1.1E~ 2.3E~C 

N-NITROSOOIMETHYI.AMINE 62759 5.10E+011 5.10E+011 1.3E~C 1.2E~C 6.2E~C 1.1E~1 C 1.3E-0:2 C 2.8E~ 5.7E.OSC 
N-NITROSODIPHENYtAMINE 88308 4.90E~ I UE+01 C 1.3E+OO C ll.4E~1 C 1.21:+03 c 1.3E+02 C 3.8E-02 7.8E~1 c 
N-NITROSODIPROPYJ.AMINE 821647 7.00E+OO I s.ee~ c 8.9E~C 4.5E~ C a~c 9.1E-0:2C 2.4E-OII 4.7E~C 

N-NITROSO-N-ETHYLUREA 759739 1.40E+02 H 4.8E~C 4.55.{)5 c 2.3E.{)5 C 4.1E-0:2C 4.6E~C 
.. - .. 

N-NITROSO-N-METHYI.ETIM..AMINE 10595958 2.20E+01 I 3.0E~C 2.8E~ c 1.4E~ C 2.6E~1 c 2.9E-0:2 c .. 
N-NITROSOPYRROUDINE 930552 2.10E+OO I 2.10E+OO I . 3.2E-0:2 C 3.0E~C 1.5E~C 2.7E+OO C 3.0E..01 c 
M-NITROTOLUENE 99081 2.ooe-0:2 e y 1.2E+02 N 7.3E+01 N 2.7E+01 N 4.1E+04 N 1.8E+03 N 
O.NITROTOLUENE 88722 1.00E-0:2 H v 8.1E+01 N 3.7E+01 N 1.4E+01 N 2.0E+04 N 7.8E+02 N 
P-NITROTOLUENE 99990 1.00E-0:2 H y 6.1E+01 N 3.7E+01 N 1.4E+01 N 2.0E+04 N 7.8E+02 N 
NUSTAR 85509199 7.00E~ I 2.8E+01 N 2.6E+OO N 9.5E~ N 1.4E+03 N 5.5E+01 N 
ORVZAUN 19044883 S.OOE-0:21 1.8E+03 N 1.8E+02 N B.8E+01 N 1.0E+OS N 3.9E+03 N 
OXAOIA20N 19888309 s.ooe~ 1 1.8E+02 N 1.8E+01 N B.SE+OO N 1.0E+04 N 3.9E+02 N 
OXAMYL 23135220 2.50E-0:2 I 9.1E+02 N 9.1E+01 N 3.4E+01 N 5.1E+04 N 2.0E+03 N 1.9E~1 3.8E+OO N 
OXVFWORFEN 42874033 3.00E~ I 1.1E+02 N 1.15+01 N 4.1E+OO N 6.1E+03 N 2.3E+02 N 

... ·. 
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PAAAQJAT OICHLORICE 191042S 4.50E-03 I 1.6E+02 N 1.6E+01 N 8.1E+OO N 9.2E+03 N 3.5E+02 N 
PARATHION 5e382 6.flOE.03 H 2.2E+02 N 2.2E+01 N 8.1E+OO N 1.2E+04 N 4.7E+02 N S.OE-01 1.0E+01 N 
PENTACHLOROBENZENE ll0893S s.ooe~ 1 2.9E+01 N 2.9E+OO N 1.1E+OO N 1.6E+03 N 6.3E+01 N 1.0E+OO 2.0E+01 N 
PENTACHLORONITROBENZENE 62688 3.00E-031 2.60E.01H 2.6E.Q1 c 2.4E~C 1.2E~ C 2.2E+01 c 2.5E+OO C 4.1E-03 8.2E~C 

PENTACHLOROPHENOL 87865 3.0oe~ I 1.20E-01 I 5.6E..Q1 c 5.2E~C 2.6E~C 4.8E+01 c 5.3E+OO C 
PERMETHRIN 52645531 5.00E~ I 1.6E+03 N 1.8E+02 N 6.8E+01 N 1.0E+OS N 3.9E+03 N 1.2E+02 2.4E+03 N 
PHENOL 108952 6.00E.011 2.2E+04 N 2.2E+03 N 8.1E+02 N 1.2E+06 N 4.7E+04 N 8.7E+OO 1.3E+02 N 
M-PHENYLENEOIAMINE 108452 e.ooe-03 I 2.2E+02 N 2.2E+01 N 8.1E+OO N 1.2E+04 N '4.7E+02 N 4.9E~ 9.8E-01 N 
0-PHENYLENECIAMINE 95545 4.70E..Q2 H UE+OOC 1.3E..Q1 C 8.7E~C 1.2E+02 C 1.4E+01 C 
P-PHENYLENEOIAMINE 106503 1.90E-01 H 6.9E+03 N 6.9E+02 N 2.8E+02 N 3.9E+OS N 1.5E+04 N 
2-PHENYLPHENOL 90437 1.90E-03 H 3.5E+01 C 3.3E+OO c 1.7E+OO c 3.0E+03 c 3.4E+02 C 
PHOSPHINE 7603512 3.ooe~ 1 8.60E.Q5 I 1.1E+01 N 3.1E..Q1 N 4.1E-01 N 6.1E+02 N 2.3E+01 N 
PHOSPHORIC ACID 7664382 2.90E-03 I 1.1E+01 N 
PHOSPHORUS (WHITE} 7723140 2.00E.Q5 I 7.3E..01 N 7.3E..Q2 N 2.7E..Q2 N 4.1E+01 N 1.6E+OO N 
P-PHTHAUC ACID '100210 1.00E+OO H 3.7E+04 N 3.7E+03 N 1.4E+03 N 2.0E+06 N 7.8E+04 N 
PHTHAUC ANHYDRIDE 65449 2.00E+OO I 3.43E..Q2 H 7.3E+04 N 1.3E+02 N 2.7E+03 N 4.1E+06 N 1.6E+OS N 2.6E+01 5.2E+02 N 
POLYBROMINATEO BIPHENYLS 7.ooe..oe H 8.90E+OO H 7.5E-03 c 7.0E~C 3.5E~C 6.4E..01 C 7.2E..Q2 c I 
POLYCHLORINATED BIPHENYLS 1336363 2.00E+OO I 2.00E+OO I 3.3E..Q2 C 3.1E-03C 1.8E..Q3 c 2.9E+OO c 3.2E-01 c 2.1E..Q2 4.1E..Q1 C 
AROCLOR-1016 12874112 7.00E.Q5 I 7.00E..Q21 7.00E..Q2 I 9.8E..Q1 c I 8.9E..Q2 c I 4.5E..Q2 C I 8.2E+01 C I 5.5E+OO N 2.1E.01 4.2E+OO c 
AROCLOR-1221 11104282 2.00E+OO I 2.00E+OO I 3.3E..Q2 c 3.1E-03 C 1.8E..Q3 c 2.9E+OO c 3.2E..Q1 c 
AROCLOR-1232 11141165 2.00E+OO I 2.00E+OO I 3.3E..Q2 c 3.1E-03 C 1.8E..Q3 c 2.9E+OO c 3.2E..Q1 c 
AROCLOR-1242 53469219 2.00E+OO I 2.00E+OO I 3.3E..Q2 C 3.1E-03 C 1.8E..Q3 c 2.9E+OO c 3.2E..Q1 c 
AROCLOR-1246 12672296 2.00E+OO I 2.00E+OO I 3.3E..Q2 c 3.1E-03 C 1.8E..Q3 c 2.9E+OO c 3.2E..Q1 c 
AROCLOR-1254 11097591 2.00E.Q5 I 2.00E+OO I 2.ooe+00 1 3.3E~C 3.1E-03 C 1.6E..Q3 C 2.9E+OO c 3.2E..01 C I 5.4E..Q2 1.1E+OO C 
AROCLOR-1260 11096825 2.00E+OO I 2.00E+OO I 3.3E..Q2 C 3.1E-03 C 1.8E..Q3 c 2.9E+OO c 3.2E..Q1 C 
POL YCHLORINATEO TERPHENYLS 61788338 4.50E+OO E 1.5E..Q2 c 

•\.•\ 
1.4E-03 C 7.0E~ c 1.3E+OO C 1.4E-01 c 

POLYNUCLEAR AROMATIC HYDROCARBONS: 
ACENAPHTHENE 63329 6.00E~ I y 3.7E+02 N 2.2E+02 N 8.1E+01 N 1.2E+OS N 4.7E+03 N 5.2E+OO 1.0E+02 N 
ANTHRACENE 120127 3.00E-01 I y 1.8E+03 N 1.1E+03 N 4.1E+02 N 8.1E+OS N 2.3E+04 N 2.3E+01 4.7E+02 N 
BENztAWlTHRACENE 56553 7.30E.01 E 9.2E..Q2 c 8.8E-03 c 4.3E..Q3 C 7.8E+OO c 8.7E..Q1 c 7.3E..Q2 1.5E+OO C 
BENZO[BJFWORANTHENE 205992 7.30E.01 E 9.2E~C 8.8E-03 c 4.3E-03 C 7.8E+OO c 8.7E..Q1 c 2.3E..01 4.5E+OO C 
BENZO(KJFWORANTHENE 207059 7.30E..Q2 E 9.2E..Q1 c 8.8E..Q2 c 4.3E~ c 7.8E+01 c 8.7E+OO c 2.3E+OO 4.5E+01 C 
BENZO[A]PYRENE - 50328 7.30E+OO I 3.10E+OO E 9.2E-03 C 2.0E..Q3 c 4.3E~C 7.8E..OI C 8.7E..Q2 C 1.9E~ 3.7E..Q1 c 
CARBAZOLE ll6746 2.00E..Q2 H 3.3E+OO C 3.1E-01 C 1.8E-01 c 2.9E+02 c 3.2E+01 c 2.3E~ 4.7E..01 c 
CHRYSENE ·• 21e019 7.30E..Q3 e 9.2E+OO c 8.8E-01 c 4.3E-01 C 7.8E+02 c 8.7E+01 c 7.3E+OO 1.5E+02 C 
DIBENZTA.HlANTHRACENE 53703 7.30E+OO E 9.2E..Q3 c 8.8E..Q4 c 4.3E~ C· 7.8E..01 c 8.7E~C 7.0E~ 1.4E+OO C 
OIBENZOFURAN 132649 4.00E-03 e y 2.4E+01 N 1.5E+01 N 5.4E+OO N 8.2E+03 N 3.1E+02 N 3.8E.Q1 7.7E+OO N 
FWORANTHENE 206440 4.00E..Q2 I 1.5E+03 N 1.5E+02 N 5.4E+01 N 8.2E+04 N 3.1E+03 N 3.1E+02 8.3E+03 N 
FWORENE - - - 88737 4.00E..Q21 y 2.4E+02 N 1.5E+02 N 5.4E+01 N 8.2E+04 N 3.1E+03 N 6.8E+OO UE+02 N 
INCEN0(1,2,3-C,C]PYRENE - ··-·- 0 -- 193395 • 7.30E.Q1 E - 9.2E~C 8.6E-03 c 4.3E..Q3 C 7.8E+OO c 8.7E..01 c 11.4E.01 1.3E+01 C ... 
2-METHYLNAPHTHALENE - 91578 2.ooe..Q2 e y 1.2E+02 N 7.3E+01 N 2.7E+01 N - 4.1E+04 N 1.8E+03 N 1.1E+OO 2.2E+01 N 
NAPHTHALENE .. .. -- -----·. 91203 2.00E~I 

-
'" ;c:-.91lde.:o4 I .. ---··· -'_i' 6.5E+OO N 3.3E+OO N 2.7E+01'N 4.1E+04 N 1.8E+03 N 7.7E..Q3 1.5E.Q1 N 

. PYRENE. .. ---- -·-# ------ - .129000 ·.3.ooe~ 1 y 1.8E+02 N 1.1E+02 N 4.1E+01 N 8.1E+04 N 2.3E+03 N 3.4E+01 6.8E+02 N ··.:· - .. .. 
PROMETON. _ ........... - -- 1810180 ·""1.SOE..Q21 5.5E+02 N 5.5E+01 N 2.0E+01 N . 3.1E+04 N 1.2E+03 N • .... --- -- .. --- ----- · "72871~ ; · .. 4.00E-03 I . 

... - - - - ···-- 1.5E+02 N 1.5E+01 N 5.4E+OO N 8.2E+03 N 3.1E+02 N ~ 
. PROMET_RYN . • . . . 

• -!.• 
ooA ·- o•- .... -.... ~ ~ 

... !. 

.. -

• • • 
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lmallca 
TITANIUM 7440326 4.00E+OO E 8.60E..Q3 E 1.5E+05 N 3.1E->01 N 5.4E+03 N 8.2E+OS N 3.1E+05 N 
mANIUM DIOXIDE 13483677 4.00E+OO E 8.60E..Q3 E .1.5E-+05 N 3.1E->01 N 5.4E+03 N 8.2E+OS N 3.1E-+05 N 
TOLUENE 108883 2.00E~11 1.14E~11 y 7.5E+02 N 4.2E+02 N 2.TE+02 N 4.1E-+05 N 1.8E+04 N 4.4E~1 8.8E+OO N 
TOLUENE-2.4-0IAMINE 95807 320E+OO H 2.1E-02 C 2.0E-03C ue~ c 1.8E+OO c 2.0E~1C 

TOLUENE-2,S.OIAMINE 95705 8.00E~1 H . 2.2E+04 N 2.2E+03 N 8.1E+02 N 1.2E+08 N 4.TE+04 N •. 

TOLUENE-2,6-0IAMINE 823405 2.00E~1 H 7.3E+03 N 7.3E+02 N 2.TE+02 N 4.1E-+05 N 1.8E+04 N 
P·TOlUIDINE 106490 1.90E~1 H 3.5E~1 c 3.3E-02 c 1.7E-02 C 3.0E+01 c 3.4E+OO C 3.0E-04 S.SE-03 C 
TOXAPHENE B001352 1.1DE+OO I 1.10E+OO I 8.1E-02 C S.TE-03 C 2.9E..Q3 c 5.2E+OO c 5.1!E~1 c 3.1E-02 8.3E~ c 
1.2,4-TRIBROMOBENZENE 8!.5543 S.OOE-03 I 1.8E+02 N f.SE->01 N s.ee+OO N f.OE+04 N 3.9E+02 N 
TRIBUTYLTIN OXIDE 56359 3.00E~' 1.1E->01 N 1.1E+OO N 4.1E~1 N ll.1E+02 N 2.3E+01 N 
2.4,S. TRICHLOROANIUNE 834935 3.40E-02 H 2.oe+OO c 1.8E~1 c 9.3E-02 c 1.7E+02 C 1.9E->01 C 
1.2.4-TRICHLOROBENZENE 120821 I.OOE-02 I 5.70E-02 H .; 1.9E+02 N 2.1E+02 N UE+01 N 2.DE+04 N 7.BE+02 N 3.8E.01 7.SE+OO N 
-1,1,1·TRICHLOROETIWlE 71558 2.80E~ E ~1E y 3.2E+03 N 2.3E+03 N 3.8E+02 N S.TE+OS N 2.2E+04 N 3.0E+OO 8.0E+01 N 
!,1,2-TRICHLOROETHANE 7!IOOS 4.00E-03 I 5.70E-02 I 5.80E-02 I y 1.9E~ c 1.1E~ C 5.5E-02 C 1.0E+02 c 1.1E+Of C 3.SE-05 7.BE-04 C 
TRICHLOROETHENE 79018 8.00E..Q3 E 1.10E-02 E 8.00E..Q3 E v . f.SE+OO C 1.0E+OO C 2.9E~1 c 5.2E+02 C 5.8E+01 c I 7.7E-04 1.SE-02 C 
TRICHLOROFWOROMETIWlE 75894 3.00E~11 2.00E-01A y f.3E+03 N 7.3E+02 N 4.1E+02 N ll.1E+05 N 2.3E+04 N 1.1E+OO 2.3E+01 N 
2.4,5-TRICHLOROPHENOL 95954 f.OOE~1 I 3.7E+03 N 3.7E+02 N 1AE+02 N 2.0E+05 N 7.8E+03 N 
2,4,S.TRICHLOROPHENOL 81!062 1.10E-02' 1.00E-021 8.1E+OO C 8.3E~1 C 2.9E~1 c 5.2E+02 c 5.8E+01 c 
2.4,5-T 93785 1.00E-02 I 3.7E+02 N 3.TE+01 N 1.4E+01 N 2.DE+04 N 7.8E+02 N 9.8E-02 2.oe+00 N 
2-(2,4,5-TRICHLOROPHENOXY)PROPIONIC ACID 93721 II.OOE-031 . 2.SE+02 N 2.9E+01N 1.1E+01 N 1.6E+04 N 8.3E+02 N 1.1E+OO 2.1E+01 N 
1,1,2-TRICHLOROPROPANE 598776 S.OOE-031 v 3.0E+01 N 1.8E+01 N B.SE+OO N 1.0E+04 N 3.9E+02 N 1.2E-02 2.SE~1 N 
-1~TRICHLOROPROPANE 116184 B.OOE-03 I 2.00E+OO E 1AE..Q3 E y 5.3E-03 C 3.1E..Q3 C I.SE-03 C 2.SE+OO C 3.2E~1 C 1.BE.oe 3.8E.()5 c 
1,2,3-TRICHLOROPROPENE 116195 S.OOE-03 H y 3.0E->O'I N 1.8E->01 N B.BE+OO N 1.0E+04 N 3.9E+02 N 1.2E-02 2.5E~ N 
11.2-TRICHLOR0.1.2.2·TRIFWOROETIWlE 78131 3.00E+01 I 8.60E+OO H v; 5.9E+04 N 3.1E+04 N 4.1E+04 N 11.1E+07 N 2.3E+OS N 1.2E+02 2.3E+03 N 
\,2,4-TRIMETHYLBENZENE 95836 S.OOE-02 E 1.70E..Q3 E y 1.2E+01 N 8.2E+OO N B.BE->01 N 1.DE+05 N 3.9E+03 N 
1 ,3,5-TRIMETHYLBENZENE 108678 S.OOE-02 E 1.1oe..o:s e y 1.2E+01 N 8.2E+OO N B.BE->01 N 1.0E-+05 N 3.9E+03 N 
TRIMETHYL PHOSPHATE 512581 3.7DE-02 H 1.8E+OO c 1.TE~ C 8.5E-02 C 1.5E+02 C 1.TE+01 C 
1,3,5-TRINITROBENZENE 99354 3.00E-02 I 1.1E+03 N 1.1E+02 N 4.1E+01 N 11.1E+04 N 2.3E+03 N 
2.4,&-TRINITROTOLUENE 118987 s.ooe~ 1 3.00E-02 I 2.2E+OO C I 2.1E~1 C I 1.1E~ C I • 1.9E+02 c I 2.1E+01 C I 
URANIUM (SOLUBLE SALTS) 3.00E..Q3' 1.1E+02 N 1.1E+01 N 4.1E+OO N 8.1E+03 N 2.3E+02 N 
VANADIUM 7440622 7.00E-03 H 2.BE+02 N 2.8E+01 N 9.5E+OO N 1.4E+04 N 5.5E+02 N 2.8E+02 5.1E+03 N 
VANADIUM PENTOXIOE 1314621 B.OOE-03 I 3.3E+02 N 3.3E+01 N 1.2E->01 N 1.8E+04 N 7.0E+02 N 
VANADIUM SULFATE 111765812 2.00E-02 H 7.3E+02 N 7.3E+01 N 2.TE->01 N 4.1E+04 N 1.8E+03 N 
VINCLOZOUN 50471448 2.50E-02 I 9.1E+02 N 9.1E->01 N 3.4E->01 N 5.1E+04 N 2.DE+03 N 
VINYL ACETATE 108054 1.00E+OO H 5.71E-021 y 4.1E+02 N 2.1E+02 N UE+03 N 2.0E+08 N 7.8E+04 N 8.7E-02 1.7E+OO N 
VINYL CHLORIDE 75014 · 1.90E+OO H 3.00E~ H v 1.9E-02 c 2.1E-02 C !.TE-03 C 3.0E+OO c 3.4E~1 C 7.SE.oe !.BE~ C 
WARFARIN 81812 3.00E~ I 1.1E->01 N 1.1E+OO N 4.1E~ N 8.1E+02 N 2.3E+01 N 2..2E-02 4.4E~1 N 
M-XYLENE 108383 2.00E+OO H y 1.2E+04 N 7.3E+03 N 2.TE+03 N 4.1E+OB N 1.8E-+05 N 1.3E->01 2.5E+02 N 
C. XYLENE 95478 2.00E+OO H v 1.2E+04 N 7.3E+03 N 2.TE+03 N 4.1E+OS N 1.8E+OB N 1.1E+01 2.3E+02 N 
P-XYLENE 106423 y 
XYLENES 1330207 2.00E+OO I y 1.2E+04 N 7.3E+03 N 2.TE+03 N 4.1E+OS N 1.8E+OB N 8.5E+OO 1.7E+02 N 
ZINC 7440588 3.00E~' 1.1E+04 N 1.1E+03 N 4.1E+02 N 8.1E+OB N 2.3E+04 N 8.8E+02 1.4E+04 N 

ZINC PHOSPHIDE 1314847 3E~I 1.1E->01 N 1.1E+OO N 4.1E~1 N 8.1E+02 N 2.3E+01 N 

ZINEB - 12122677 SE-02 I 1.8E+03 N 1.8E+02 N B.BE->01 N . toe+oe N 3.9E+03 N 

• • • 


