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398 Organic Chemical Biodegradation in Soil 

TABLE 9.16 Organic Chemicals Identified In Various Petroleum Hydrocarbons• 

acenaphthalenes 
acenaphthenes 
acetic acid 
adamantane 
alkanes 
aniline 
anthracene 

Chemical 

bt ... i. 4 , •• ;t~.t >-~ 
b ..f'i .. tw"'-,....,. 1,2-benzofluorene 

1:7& ~"' <> benzoic acid 

~~,.. 'Cf> c. f'J r v.(.. berizothiophenes 

® 
bicyclic sesquiterpanes 

...r 'ff p ... J~ '1 bicyclo-[3 .2.1) octane 

? 

cis-bicyclo-[3 .3 .0)-octane 
biphenyl 
1,3-butadiene 
n-butane 
1-butanethiol 
2-butanethiol 
butanoic acid 
trans-2-butene 
1-butene 
cis-2-butene 
trans-2-butene 
t-butyl alcohol 
n-butylbenzene 
sec-butylbenzene 
t -butyl benzene 
sec-butylcyclohexane 
t-butylcyclohexane. 
d 1-2-sec-butyl-4,5-d imethylpyridine 
butylthiophane 

carbazole 
m-cresol 
o-cresol 
p-cresol 
cycloalkanes 
cyclobutane 
cycloheptane 
cyclohexane 
cyclohexanecarboxylic acid 
cyclohexanethiol 
cyclohexene 
cyclopentane 

Sourceb 

fo 
fo 
co 
co 
fo 
fo 
fo 

co, fo, g, hog, ug 
co 
fo 
fo 
co 
co 
co 
co, fo, k 
g 
co, g, hog, ug 
co 
co 
co 
g, hog 
g 

·g 
g 
g 
co, g 

co, g 

co, g 
g 
g 
co 
co 

co 
co 
co 
co 
fo 
co 
co, g 
co, g, hog 
co 
co 
g 
co, g 
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Organic Chemical Biodegradation in Soil 399 

TABLE 9.16 Organic ·chemicals Identified in Various Petroleum Hydrocarbons• (cont.) 

cyclopentaneacetic acid 
cyclopentanecarboxylic acid 
cyclopentanethiol 
cyclopentene 
3-cyclopentylpyridine 
4-cyclopentylpyridine 
m-cymene 
o-cymene 
p-cymene 

trans-decahydronaphthalene 
n-decane · 
decanoic acid 
1-decene 
cis-2-decene 
trans-2-decene 

0 i(:t.e..\ decylthiophane 

" C. 'I~""" t,;~c. d iasteranes -r I ,2-dibromoethane 
1 ,2-dichloroethane 
1 ,2-diethylbenzene 
1,3-diethylbenzene 
1,4-diethylbenzene 
diethylphenol 
2,6-dimethylanthracene 
2,7-dimethylanthracene 
2,3-dimethylbenzo-[h]-quinoline 
2,4-dimethylbenzo-(h]-quinoline 
2,2-dimethylbutane 
2,3-dimethylbutane 
2,3-dimethyl-1-butene 
2,3-dimethyl-2-butene 
3 ,3-dimethyl-1-butene 
2,3-dimethyl-2-butenedioic acid 
1,3-dimethyl-S-t-butylbenzene . 
2,4-dimethy1-8-sec-butylquinoline 
1,1-dimethylcyclohexane 
cis-1,2-dimethylcyclohexane 
cis-1,3-dimethylcyclohexane 
cis-1,4-dimethy1cyclohexane 
trans-1,2-dimethylcyclohexane 
trans-1,3-dimethylcyclohexane 
trans-1,4-dimethylcyclohexane 
1,1-dimethylcyclopentane 
cis-1,2-di~ethylcyclopentane 
trans-1,2-dimethylcyclopentane 
cis-1,3-dimethylcyclopentane 
trans-1,3-dimethylcyclopentane 

co 
co 
co 
g 
co 
co 
fo, g 
fo, g 

. fo, g · 

co 
co, g, k 
fo 
g 
g 
g 

co 
co 
g 
g 
co, fo, g 
g 
co, g 
co 
co 
co 
co 
co 
co, g, hog 
co, g, hog, ug 
g 
g 
g 
co 
g 
co 
co, g 
co, g, hog 
co, hog 
co, hog 
co, g, hog 
co, hog 
co, hog 

·co, g, hog 
co, g 
co, g 
co, g, hog, ug 
co, g, hog, ug 

.·. _~ ..... 

i 
t 
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TAilLE 9.16 Organic Chemicals ldentiricd in Various Petroleum Hydrocarbons" (cont.) 

2,2-dimethylcyclopentanccarboxylic acid 
--,. 2,3-dimethylcyclopentylacetic acid 

/ dimethylcyclopropane 
\,8-dimethyldibenzothiophenc 
2,3-dimethyl-4-8-dielhylquinolinc 
1,2-dimethyl-3-ethylbcnzene 
1,2-d imethy 1-4-cthylbenzcne 
1,3-dimethy1-2-elhylbenzcne 
1,3-dimethy1-4-ethylbenzene 
1,3-dimethy1-5-ethy1bcnzene 
1,4-dimethy 1-2-ethylbenzene 
2,2-dimethyl-3-ethylpentane 
2,4-dimethyl-3-ethylpentane 
2,3-dimethyl-4-ethy1-8-n-propylquinoline 
2,3-dimethyl-8-elhylquinoline 
2,4-dimethyl-8-ethylquinoline 
2,3-dimethyl-4-ethylthiophene 
2 ,4-d imethyl-3 -ethyl! h io phene 
3,4-dimethyl-2-ethylthiophene 
2,2-dimethylheptanc 
2,3-dimethylheptane 
2,4-dimethylheptane 
2,5-dimethylheptane 
2,6-dimethylheptane 
3,3-dimethylheptane 
3,4-dimethylheptane 
3,5-dimethylheptane 
2,2-dimethylhexane 
2,3-dimethylhexane 
2,4-dimcthylhexane 
2,5-dimethylhexane 
3 ,3-d imethylhexane 
3,4-dimethylhexane 
2,2-dimethyl-trans-3-hexene 
2,3-dimelhyl-1-hexene 
2,3-dimethyl-2-hexene 
2,3-dimelhyl-tran.~-3-hexcne 

2,5-dimcthyl-trans-3-hexene 
1,2-dimelhyl-4-hydroxybenzene 
1,3-dimethyl-5-hydroxybenzene 
2,4-dimethyl-1-hydroxybenzenc 
1,1-d imethylindan 
1,6-d imethylindan 
1,2-dimethyl-3-isopropylbenzene 
2,3-dimethyl-6-isopropylpyridine 
dimethylmaleic anhydride 
1,2-dimcthylnaphlhalene 
1,3-dimethylnaphthalene 

co 
co 
g 

co 
co 
co, g, k 
co, fo, g, k 
co, g, k 
co, g, k 
CO, fo, g, k 
co, g 
g 
g 
co 
co 
co 
co 
co 
co 
g, hog 
CO, g 
g 
g 
co, g 
g 

g 
g 

CO, g, hog 
CO, g, hog 
CO, g, hog 
co, g, hog 
co, g 
co, g, hog 
g 
g 
g 
g 

g 
fo 
fo 
fo 
g 
g 

g 
co 
co 
co, fo, k 
ro 

·····: 
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TABLE 9.16 Organic Chemicals Identified in Various Petroleum Hydrocarbons• (cont.) TAB 

n-dotriacontane co 

n-eicosane co, fo 

ll 
eicosanoic acid co 
ethane co 
ethanethiol co 

l ethanol fo 
ethylbenzene co, fo, g, hog, ug 

I~ 
2-ethyl-1-butene g 
ethylcyclohexane co, g 
ethylcyclopentane co, g, hog 

II 
3-ethylcyclopentene g 
3-ethylheptane g 
4-ethylheptane g 

l 3-ethylhexane co, g 
2-ethyl-1-hexene g 

I· 3-ethyl-3-hexene g 
1-ethyl-3-isopropylbenzene g 
1-ethyl-4-isopropylbenzene g 
1-ethyl-4-methylbenzene fo 

•• 1-ethylnaphthalene ·ro 
2-ethylnaphthalene fo 
4-ethyloctane g 
3-ethylpentane co, g, hog 

If·: 3-ethylpentanoic acid co 
2-ethyl-1-pentene g 
3-Cthyl-1-pentene g 

•I 
3-ethyl-2-pentene g 
1-ethyl-2-n-propylbenzene g 
1-ethyl-3-n-propylbenzene g 
ethylstyrene g 
2-ethylthiacyclopentane co 

1: "'0 -n ... ~f"4 .. -fl.e. ... (.. > formic acid co 

• e~~,,i 

II n-heneicosane CO, fo 
n-hentriacontane co 
heptacosane co, fo 

·I 
n-heptadecane co, fo 
n-heptane co, g, hog 
heptanoic acid co, 
1-heptene g 
cis-2-heptene g 

\ 
cis-3-heptene g 

I trans-2-heptene g 
trans-3-heptene g 
heptylthiophane co 
hexacosane CO, fo 
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TABLE 9.16 Organic Chemicals Identified in Various Petroleum Hydrocarbons• (cont.) 

·.· r 

n-hexadecane 
hexadecanoic acid 
hexadecylthiophane 
n-hexane 
2-hexanethiol 
3-hexanethiol 
n-hexanoic acid 
1-hexene 
cis-2-hexene 
cis-3-hexene 
trans-2-hexene 
trans-3-hexene 
hexylthiophane 
hopanes 

indan 
l indans 
l indanol .. 
~- "' 0 ,~J .... o ~ndene 
i "'-l u1. b.t(Acflsobutane 
,i 1 1 

isobutylbenzene 

i.~ ff' isobutylcyclohexane 
,e/."_ isobutylcyclopentane 
( 1'"'/~'1 isooctylthiophane 
£ isopentylbenzene 
~. isoprenoids 
( isopropyl alcohol 

isopropylbenzene 
isopropylcyclohexane 
isopropylcyclopentane 
isoquinoline 
2-isopropylphenol 

methane 
methanethiol 
methanol 
8-methyl-1,2-benzofluorene 
methylbicyclo-[2.2.1)-heptane 
3-methylbiphenyl 
2-methyl-1,3-butadiene 
2-methylbutane 
3-methylbutanoic acid 
2-methyl-1-butanethiol 
2-methyl-2-butanethio1 
3 -methyl-1-butanethiol 
3-methyl-2-butanethiol 
2-methyl-1-butene 
2-methyl-2-butene 

co, fo, k 
co 
co 
co, g, hog, ug 
co 
co 
co 
g, hog 
g 

g 
g 
g 
co 
co 

co, g 
fo 
fo 
g 
co, g 
co, g 
g 

g 

co 
g 

co 
g 
co, fo, g 
g 
co, g 
fo 
fo 

co 
co 
fo 
co 
co 
co 
g 
co, g 
co 
co 
co 
co 
co 
g 
g 



I ,_ Organic Chemical Biodegradation in Soil 405 

(cont.) TARLE 9.16 Organic Chemicals Identified in Various Petroleum Hydrocarbons• (cont.) 

1-
2-methyl-t ra ns-3-hexene g 

3-methy\-1-hexene g 

I ., 

3-methyl-cis-2-hexene g 

3-methyl-trans-2-he:~:ene g 

3-methyl-cis-3-hexene g 

~~ 3-methyl-trans-3-hexene g 

I 
t· 4-methyl-1-hexene g 

4-methyl-cis-2-hexene g 

4-methyl-trans-2-hexene g 

~ 
' 

I i 
f 

f I 

5-methyl-1-hexene g 

5-methy1-cis-2-hexene g 

1-methyl-2-isopropy\bem.ene co, g 

1-methyl-3-isopropy1benzene co, g 

I -methyl-4-isopropylbenzene co, g 

1-methy\-cis-4-isopropylcyclohe.xane g 

1-methyl-trans-4-isopropylcyclohexane g 

1-methylindan co, g, k 

2-methylindan co, g. k 

I 
4-methylindan co, g, k 

5-methy1indan g 

1-methylnaphthalene co, fa, k 

2-methy1naphthalene co, fo, g, k 

•• I 

methy1naphthalenes fa 

2-methylnonane co, g 

3-mcthylnonane co, g 

4-methylnonane co, g 

5-methylnonane co, g 

2-methyl-l:nonene g 

2-methyloctane CO, g, Ug 

3-methyloctane co, g, ug 

I 
4-methyloctane co, g, ug 

2-methyl-1-octene g 

2-methyl-2-octene . g ' 
2-methylpentane co, g, hog, ug 

I 
3-methylpentane co, g, hog, ug 

2-methylpentanoic acid co 

3-methylpentanoic acid co 

4-methylpentanoic acid co 

I 
2-methyl-2-pentanethiol co 

2-methyl-3-pentanethiol co 

3-methyl-3-pentanethiol co 

4-methyl-2-pentanethiol co 

I 
2-methyl-1-pentene g,ug 

2-methy\-2-pentene g, ug 

3-methy1-1-pentene g 

3-methyl-2-pentene g 

I 
cis-3-methyl-2-pentene g 

trans-3-methyl-2-pentene g 

I 
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TABLE 9.16 Organic Chemicals Identified in Various Petroleum Hydrocarbons• (cont.) 

4-methyl-1-pentene 
4-methyl-cis-2-pentene 
4-methyl-trans-2-pentene 
2-methylpropane 
2-methyl-1-propanethiol 
2-methyl-2-propanethiol 
2-methylpropanoic acid 
2-methylpropene 
1-methyl-2-n-propylbenzene 
1-methy1-3-n-propy1benzene 
1-methy1-4-n -propyl benzene 
1-methy1pyrene 
3-methylpyridine 
2-methy1quinoline 
2-methylstyrene 
2-methyl-1,2,3 ,4-tetrahydronaphthalene 
5-methyl-1,2,3 ,4-tetrahydronaphtha1ene 
6-methy1-1,2,3 ,4-tetrahydronaphthalene 
1-methyltetralin 
2-methyltetralin 
4-methy1-2-thia[0.3.3)-bicyclononane 
3 -methyl-2-thia [0 .3 .3]-bicyclooctane 
methyl-8-thia[3 .2 .1)-bicyclooctane 
3-methyl-2-thiabutane 
2-methylthiacyclopentane 
3-methylthiacyclopentane 
4-methylthiacyclopentane 
2-methyl-3-thiahexane 
4-methyl-3-thiahexane 
2-methyl-3-thiapentane 

· 2-methylthiophene 
3-methyllhiophene 

naphthalene 
naphthalenes 
2-naphthol 
n-nonacosane 
n-nonadecane 
n-nonane 
nonanoic acid 
nonanol 
1-nonene 
non hopanes 
nonylthiophane 

n-octacosane 
n-octadecane 
octadecanoic acid 

g 

g 
g 
g, hog 
co 
co 
co 
g 
co, g, k. 
g 

co, g, k 
co 
co 
co 
g 

co 
co 
co 
k 
k 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 

co, fo, g, k 
fo 
co 
co 
co, fo 
co, fo, g, k 
co, fo 
g 
g 

co 
co 

co 
co, fo 
co 

TABLE 9.16 ( 

octadecyl 
n-octane 
n-octano: 
2-octanet 
octanoic 
1-octene . 
cis-2-octc 
trans-2-o 
trans-4-o 
octylthio: 

pentaCOSI 

it-pentad< 
1,4-penta 
pentamet 
n-pentane 
!-pentane 
2-pentam 
3-pentam 
pentanoit 
1-pentenc 
cis-2-pent 
trans-2-p< 
n-pentylb 
n-pentylc: 
n-pentylc: 
pentylthic 
perylene 
phenanth 
phenol 
polynaph· 
porphyrir 
propane 
!-propane 
2-propanc 
propanoi< 
n·propylb 
propy1cyc 
n-propylc 
4-n-propy 
quinoline 

steranes 
n-tetracos 
n-tetradec 
tetradecar. 
tetradecyll 
1,2,3 ,4-tet 
5 ,6, 7 ,S-tet 
tetralin 



I 
'ocarbons• (cont.) 

) 

I g. k 

l,g, k 

0 

I 
:o 

co 
co 

l eo 
co 
co 

~~~ 
co, fo, g, k 

I ~~ 
co 
co, fo 
co, fo, g, k 

I co, fo 
g . 

I 

g 
co 

co 
co, fo 
co 

le 
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TABLE 9.16 Organic Chemicals Identified in Various Petroleum Hydrocarbons• (cont.) 

co 
octadecylthiophane co, fo, g, hog, k 

n-octane co 

n-octanoic acid co 

2-octanethiol fo 

octanoic acid g 

1-octene g 

cis-2-octene g 

trans-2-octene g 

trans-4-octene co 
octylthiophene co, fo 

pentacosane co, fo, k 

n-pentadecane g 

1,4-pentadiene 
pentamethylbenzene 

g 
co, fo, g, hog, ug 

n-pentane 
1-pentanethiol 

co 

2-pentanethiol 

co 

3-pentanethiol 

co 

pentanoic acid 

co 

1-pentene 

g, hog, ug 

cis-2-pentene 

g, hog, ug 
g, hog, ug 

trans-2-pentene g 

n-pentylbenzene 
n-pentylcyclohexane 

g 

n-pentylcyc\opentane 
g 
co 

pentylthiophane 
perylene 

co 

tPenanthten_;_, 

fa 

phenol 

co, fo 

polynaphthenes 

fo 

porphyrins 

co 

propane 

co, g, hog t 

1-propanethiol 
co 
co 

~·-;.. __ 

2-propanethiol 
propanoic acid 

co 

n-propylbenzene 

co, g 
g. 

propylcyclohexane 
n-propylcyc\opentane 

co, g 

4-n-propylheptane 

g 
fo 

quinoline co 

steranes 
n-tetracosane 

co, fo 
co, fo, k 

n-tetradecane co 

tetradecanoic acid co . ~ 

tetradecylthiophane 
1,2,3 ,4-tetrahydronaphthalene 

co, g 

S ,6,7 ,8-tetrahydroquino\ine 
co 
g, k 

tetra lin 
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TABLE 9.16 Organic Chemicals Identified in Various Petroleum Hydrocarbons• (cont.) 

tetra tins 
1,3 ,5,7 ·tetramethylanthracene 
1,3,6, 7-tetramethylanthracene 
2,3,6,7-tetramethylanthracene 
1,2,3 ,4-tetramethylbenzene 
1,2,3,5-tetramethylbenzene 
1,2,4,5-tetramethylbenzene 
2,2,3,3-tetramethylbutane 
1,1,3,3-tetramethylcyclopentane 
l,l-ds-2-cis-3-tetramethylcyclopentane 
1,1-cis-2-trans-3-tetramethylcyclopentane 
1,1-cis-2-trans-4-tetramethylcyclopen tane 
1,1-cis-3 -trans-4-tetramethylcyclopentane 
l-eis-2-t ra ns-3 -cis-4-tetrameth y lcyclopenta ne 
i -trans-2-cis-3 -tra ns-4-tetra methy lcyclopen tane 
1-trans-2-trans-3-cis-4-tetramethylcyclopentane 
2,2,3,3-tetramethylhexane 
2,6,10,14-tetramethylhexadecane 
I ,4,5,7-tetramethylnaphthalene 
2,3 ,6, 7 -tetramethylnaphthalene 
2,6, 10, 14-tetramethylpentadecane 
2,2,3,4-tetramethylpentane 
2,2,4,4-tetramethylpentane 
2,3,4,8-tetramethylquinoline 
2,3,4,5-tetramethylthiophene 
thiaadamantane 
6-thia[0.3.4]bicyclononane 
9-thia[3 .3 .l]bicyclononane 
2-thia[2.2.2)bicyclooctane 
2-thia[3.3.0)bicyclooctane 

· cis-3-thia[3.3.0)bicyclooctane 
2-thia[3 .2.1 )bicyclooctane 
3·thia[3.2: l]bicyclooctane 
6-thia[J .2.1 )bicyclooctane 
8-thia[3 .2.1]bicyclooctane 
2-thiabutane 
thiacyclohexane 
thiacyclopentane 
5-thiadecane 
3-thiaheptane 
2-thiahexane 
3-thiahexane 
cis-1-thiahydrindane 
trans-1-thiahydrindane 
thianaphthene 
5-thianonane 
3-thiaoctane 
2-thiapentane 

fo 
co 
co 
co 
co, g, k 
co, fo, g, k 
co, fo, g, k 
co 
co 
co 
co 
co, g 

co 
co 
co 
co 
g 
fo 
co 
co 
fo 
g 

co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 

TABL 

3-
2-
7-
6· 
tt 
tc 
n 
n 
ll 

n 
tJ 

2 

I 
2 
2 

c 
t 
:. 

I 
I 
I 
I 
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TABLE 9.16 Organic Chemicals Identified in Various Petroleum Hydrocarbons• (cont.) 

3·thiapentane 
2·thiapropane 
7 -thiatridecane 
6-thiaundecane 
thiophene 
toluene 
n-triacontane 
n-tricosane 
tricyclic terpanes 
n-tridecane 
triethylphenol 
2,3,6-trimethylanthracene 
1,2,3-trimethylbenzene 
1,2,4-trimethy1benzene 
1,3,5-trimethylbenzene 
2,2,3-trimethylbutane 
2,3 ,3-trimethyl-1-butene 
1,1,2-trimethylcyclohexane 
1,1,3-trimethylcyclohexane 
1,1,4-trimethylcyclohexane 
1-cis-2-trans-3-trimethylcyclohexane 
1-trans-2-cis-3-trimethylcyclohexane 
1-trans-2-cis-4-trimethy1cyclohexane 
1-trans-2-trans-4-trimethylcyclohexane 
1-cis-3-cis-5-trimethylcyclohexane 
1-cis-3-trans-5-trimethylcyclohexane 
cis-2,2,6-trimethylcyclohexanecarboxylic acid 
trans-2,2,6-trimethylcyclohexanecarboxylic acid 
2-(2,2,6-trimethylcyclohexy1)-4,6-dimethylpyridine 
1,1,2-trimethylcyclopen tane 
1,1,3-trimethylcyclopentane 
1-cis-2-cis-3-trimethylcyclopentane 
1-cis-2-cis-4-trimethylcyclopentane 
1-cis-2-trans~3-trimethylcyclopentane 
1-cis-2-trans-4-trimethylcyclopen tane 
1-trans-2-cis-3-trimethylcyclopentane 
1-trans-2-cis-4-trimethylcyclopentane 
1,1,2-trimethylcyclopentanecarboxylic acid 
1,2,2-trimethylcyclopentane-1,3-dicarboxylic acid 
3,3 ,4-trimethy1cyclopentylacetic acid 
2,6,10-trimethyldodecane 
1,2,3-trimethyl-4-ethylbenzene 
I ,2,3-trimethyl-5-ethylbenzene 
1,2,4-trimethyl-3-ethylbenzene 
!,2,4-trimethyl-5-ethy1benzene 
1,2,5-trimethy1-3-ethylbenzene 
1,3 ,5-trimethyl-2-ethylbenzene 
2,3 ,8-trimethy1-4-ethy1quinoline 

co 
co 
co 
co 
co 
co, fo, g, hog, ug 
co 
co, fo 
co 
co, fo, k 

co 
co 
co, g, k 
co, g, k, ug 
co, g, k 
co, g, hog 
g 
g 
co, g 
g 
g 
g 
co, g 
co, g 
g 
g 
co 
co 
co 
co, g 
co, g 
co, g 
co, g 
co, g 
co, g 
co, g 
co, g 

co 
co 
co 
fo 
g 
g 
g 
g 
g 
g 

co 
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TABLE 9.16 Organic Chemicals Identified in Various Petroleum Hydrocarbons• (cont.) 

213 ,4-trimethyl-8-ethylquinolin.e 
2,3,4-trimethyl-5-ethylthiophene 
2,2,4-trimethylheptane 
2,2,5-trimethylheptane 
2,2,5-trimethylheptane 

2,2,6-trimethylheptane 
2,4,4-trimethylheptane 
2,4,5-trimethylheptane 
2,5,5-trimethylheptane 
3,3 ,4-trimethylheptane 
3,3,5-trimethylheptane 
3 ,4,4-trimethylheptane 
3 ,4,5-trimethylheptane 
2,2,3-trimethylhexane 
2,2,4-trimethylhexane 
2,2,5-trimethylhexane 
2,3 ,3-trimethylhexane 
2,3 ,5-trimethylhexane 
2,4,4-trimethylhexane 
3,4,4-trimethyl-2-hexene 
2,3,4-trimethyl-8-isopropylquinoline 
I ,2,5-trimethylnaphthalene 
1,2,6-trimethylnaphthalene 
1,2, 7-trimethylnaphthalene 
1,2,8-trimethylnaphthalene 
1,3 ,5-trimethylnaphthalene 
1,3 ,7 -trimethylnaphthalene 
1,3,8-trimethylnaphthalene 
1,6, 7-trimethylnaphthalene 
2,3,6-trimethylnaphthalene 
2,2,3-trimethylpentane 
2,2,4-trimethylpentane 
2,2,5-trimethylpentane 
2,3,3-trimethylpentane 
2,3 ,4-trimethylpentane 
2,3,6-trimethylphenol 
2,4,6-trimethylphenol 
2 ,4,4-trimethyl-1-pentene 
2,4,4-trimethyl-2-pentene 
1,2,8-trimethylphenanthrene 

co 
co 
g 
g 

g 

g 
g 
g 
g 
g 
g. 
g 
g 
g 
CO, g 
co, g 

g 

co, g 
g 
g 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
g, hog, ug 
co, g, hog, ug 
g, hog, ug 

· co, g, hog, ug 
co, g, hog, ug 
fo 
fo 
g 
g 
co 

) 

TABLE 9.16 

2,3,4-trh 
2,3,4-trir 
2,3,5-trir 
2,3,8-trir 
2,4,8-trin 
2,3,5-trin · 
2,3,4-trin 
triterpanc 

n-undecru 
undecylth 

vinyl-2-etl 

m-xylene 
a-xylene 
p-xylene 
1,2,3-xyleJ 
1,2,4-xyler 
1,3 ,4-xyler 
1,3 ,5-xyler 

a- compile 
b - abbrevi 
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TABLE 9.16 Organic Chemicals Identified in Various Petroleum Hydrocarbons• (cont.) 

2,3,4-trimethyl-8-n-propylquinoline 
2,3 ,4-trimethylpyridine 
2,3,5-trimethylpyridine 
2,3 ,8-trimethylquinoline 
2,4,8-trimethylquinoline 
2,3,5-trimethylthiacyclopentane 
2,3,4-trimethylthiophene 
triterpanes 

n-undecane 
undecylthiophane 

vinyl-2-ethylhexylether 

m-xylene 
o-xylene 
p-xylene 
1,2,3-xylenol 
1,2,4-xylenol 
1,3 ,4-xy!enol 
1,3,5-xylenol 

co 
co 
co 
co 
co 
co 
co 
co 

co, fo, g, k 
co 

g 

co, fo, g, hog, ug 
co, fo, g, hog, ug 
co, fo, g, hog, ug 
co 
co 
co 
co 

a -compiled from information in references 104, lOS, 106, 107, & 108. 
b - abbreviations: co = crude oil 

fo = fuel oil 
g = gasoline 
hog = high octane gasoline 
k = kerosene 
ug = unleaded gasoline 
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TABLE 9.21 Organic Chemicals Identified as Components of Coal Tar. 

acenaphthene 
1-acenaphthol 

~ acenaphthylene 
acephenanthrene 
acephenanthrylene 
acetaldehyde 
acetic acid 
acetone 
acetonitrile 
acetophenone 
acridine 
adipate esters· 
aliphatic esters > C- 9 
alkanes >C-6 
alkyl acenaphthols 
alkyl acridines 
alkyl alcohols > C- 6 
1-aminonaphthalene 
2-aminonaphthalene 
aminotetralin 
aminotoluene 
aniline 
anisoles 
anthanthrene 
anthracene 
9,10-anthraquinone 
aza-acenaphthylene 
azabenzofluorene 
1-azacarbazole 
1-azafluoranthene 
7-azafluoranthene 
4-azafluorene 
7-azaindole 
4-azapyrene 
azulene 

benz(e)acephenanthrylene 
benz(a)acridine 
benz(c)acridine 
benzanilide 
benz(a)anthracene 
benzathrone 
benzene 
benzidine 
benzin dole 
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TABLE 9.21 Organic Chemicals Identified as Components of Coal Tar. (cont.) 

benzo(a)carbazole 
IIH-benzo(a)carbazole 
benzo(b)carbazole 
5H-benzo(b)carbazole 
7H-benzo(c)carbazole 
4H-benzo(def)carbazole 
benzo(b)chrysene 
benzo(b)fluoranthene 
benzo(ghi)fluoranthene 
benzo(j)fluoranthene 
benzo(k)fluorantheny 
benzo(a)fluorene 
IIH-benzo(a)fluorene 
benzo(b)fluorene 
II H-benzo(b)fluorene 
benzo(c)fluorene 
7H-benzo(c)fluorene 
benzofluoreneamine 
2,3-benzofuran 
7-benio(b)furanol 
benzoic acid 
benzo(a)naphthacene 
benzo(b)naphtho(2,1-d)furan 
benzo(b)naphtho(2,3-d)furan 
benzo(b)naphtho(l,2-d)thiophene 
benzo(b )naphtho(2,1-d)thiophene 
benzo(b)naphtho(2,3-d)thiophene 
benzonitrile 
benzo(a)pentacene 
benzo(rst)pentaphene 
benzo(ghi)perylene 
benzo(c)phenanthrene 
benzo(c)picene 
benzo(a)pyrene 
benzo(e)pyrene 
2,3-benzopyridine 
3,4-benzopyridine 
benzo(Oquinoline 
benzo(h)quinoline 
benzo(b)thiophene 
benzo(k)xanthene 
bicyclohexyl 
2,2'-binaphthalene 
2,2'-binaphthyl 
biphenyl 
3-(biphenyi)-4H-4-pyranone 
1,2-butadiene 

Tl 
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TABLE 9.21 Organic Chemicals Identified as Components of Coal Tar. (cont.) 

1,3-butadiene 
butane 
butanoic acid 
2-butanone 
!-butene 
2-butene 
t-butylhydroquinone 
3-n-butylphenol 
4-n-butylphenol 
4-sec-butylphenol 
1-butyne 
2-butyne 

'carbon disulfide 
carbazole 
9H-carbazole 
chrysene 
coronene 
m-cresol 
o-cresol 
p-cresol 
cyano-11H-benzo(b)lluorene 
cyanolluorene 
1-cyanonaphthalene 
2-cyanonaphthalene 
2-cyanotoluene 
3-cyanotoluene 
4-cyantoluene 
4H-cyclopenteno(d,e,0phenanthrene 
1,3 -cyclohexadiene 
cyclohexane J 

cyclohexene 
cyclopentadiene 
cyclopentane 
4H-cyclopenta(d,e,0phenanthrene 
cyclopentene 

n-decane 
dibenz(ac)anthracene 
dibenz(ah)anthracene 
dibenz(aj)anthracene 
dibenzo(b,deOchrysene 
13H-dibenzo(a,h)lluorene 
dibenzo(b,d)furan 
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TABLE 9.21 Organic Chemicals Identified as Components of Coal Tar. (cont.) 

1,4-dimethylcyclohexane 
l,l-dimethylcyclopentane 
4,6-dimethyldibenzo{b,d}furan 
4,6-dimethyldibenzo{b,d)thiophene 
2,3-dimethyl-6-ethylpryidine 
dimethyl-4-indanol 
4,5-dimethylindene 
4,6-dimethylindene 
4, 7 -dimethylindene 
5,6-dimethylindene 
5, 7 -dimethylindene 
6, 7 -dimethylindene 
1,3-dimethylisoquinoline 
1,2-dimethylriaphthalene 
1,3-dimethylnaphthalene 
1,4-dimethylnaphthalene 
1,5-dimethylnaphthalene 
1,6-dimethylnaphthalene 
1,7-dimethylnaphthalene 
2,3-dimethylnaphthalene 
2,6-dimethylnaphthalene 
2,7-dimethylnaphthalene 
3 ,6-dimethylphenanthrene 
2,3-dimethylphenol 
2,4-dimethylphenol 
2,5-dimethylphenol 
2,6-dimethylphenol 
3,4-dimethylphenol 
3,5-dimethylphenol 
4,11-dimethylpicene 
2, 7 -dimethylpyiene 
2,3-dimethylpyridine 
2,4-dimethylpyridine 
2,5-dimethylpyridine 
2,6-dimethylpyridine 
3,4-dimethylpyridine 
3 ,5-dimethylpyridine 
2,3-dimethylquinoline 
2,4-dimethylquino!ine 
2,6-dimethylquinoline 
2,7-dimethylquinoline 
2,8-dimethylquinoline 
4,6-dimethylquinoline 
4, 7 -dimethylquinoline 
5,8-dimethylquinoline 
6,8-dimethylquinoline 
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TABLE 9.21 Organic Chemicals Identified as Components of Coal Tar. (cont.) 

dimethylsulfide 
2,5-dimethylthiophene 
3,5-dimethylxanthene 
dinaphthofuran 
dinaphtho(2,1-b:l ',2'-d)thiophene 

eicosane 
ethanethiol 
ethanol 
ethylbenzene 
ethylene glycol 
ethylisocyanide 
2-ethylnaphthalene 
3-ethylpentane 
2-ethylphenol 
3-ethylphenol 
4-ethylphenol 
2-ethylpyridine. 
3-ethylpyridine 
4-ethylpyridine 
2-ethyltoluene 
3-ethyltoluene 
4-ethyltoluene 

fluoranthene 
fluorene 
9H-fluorene 
9H-lluorene-2-carbonitrile 
2-11uorenol 
heptadecane 
n-heptane 
1-heptene 
hexadecane 
hexadecanoic acid 
hexamethylbiphenyl 
n-hexane 
l·hexene 
J-hexyne 
2-hexyne 
3-hexyne 
hydroxyanthracene 
hydroxybenzofluorene 
2-hydroxybenzoic acid 
J-hydroxybenloic acid 

TABLE 9.: 
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TABLE 9.21 Organic Chemicals Identified as Components of Coal Tar; (cont.) 

4-hydroxybenzoic acid 
2-hydroxybiphenyl 
9-hydroxy-4-methytnuorene 
5-hydroxy-1-methyl-3-isopropylbenzene 
2-hydroxy-7-methylquinoline 
2-hydroxyphenanthrene 
4-hydroxyphenanthrene 
2-hydroxypropanoic acid 
4-hydroxythionaphthene 
6-hydroxythionaphthene 

in dan 
indano(2,1-a)indan 
4-indanol 
5-indanol 
indene 
indenofluoranthene 
indenole 
indeno(1,2,3-cd)pyrene 
11 H-indeno(1,2-b)quinoline 
indole 
6H-indolo(2,3-b)quinoline 
2-isopropylphenol 
3-isopropylphenol 
4-isopropylphenol 
isoquinoline 

methanethiol 
4-methoxybenzophenone 
methylacenaphthene 
methylacenaphthylene 
methylacenaphthol 
methylacetylene 
2-methylacridine 
m"ethylaminoacenaphthylene 
2-methylaniline 
3-methylaniline 
4-methylaniline 
1-methylanthracene 
2-methylanthracene 
9-methylanthracene 
methylbenzindole 
1-methylbenzo(a)anthracene 
6-methylbenzo(a)anthracene 
9-methylbenzo(a)anthracene 
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TABLE 9.21 Organic Chemicals Identiried as Components of Coal Tar. (cont.) 

2-methyl-1-phenylpropane 
2-methyl-4-propylphenol 
1-methylpyrene 
2-methylpyrene 
4-methylpyrene 
2-methylpyridine 
3-methylpyridine 
4-methylpryidine 
2-methylquinoline 
3-methylquinoline 
4-methylquinoline 
5-methylquinoline 
6-methylquinoline 
7-methylquinoline 
8-methylquinoline 
2-methyltetrahydrothiophene 

. 2-methylthionaphthene 
2-methylthiophene 
3-methylthiophene 
methyltriphenylene 
1-methyl-2-vinylbenzene 
1-methyl-4-vinylbenzene 

naphthacene 
naphthalene 
naphtho(1,2-b )chrysene 
2' ,I': 1,2-naphthofluorene 
naphtho(l,2-b)furan 
naphtho(2,1-b)furan 
naphthoindole 
!-naphthol 
2-naphthol 
naphtho(l,2-a)pyrene 
naphthopyrrole 
naphtho(l,2-b)thiophene 
naphtho(2,1-b)thiophene 
naphtho(2,3-b)thiophene 
naphtho(2,1,8,7-klmn)xanthene 
o-(2~naphthyl)-phenol 

nonadecane 
nonane 

TAl 
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TABLE 9.21 Organic Chemicals Identified as Components of Coal Tar. (cont.) 

octadecane 
octadecanoic acid 
cis-9-octadecenoic acid 
octahydroanthracene 
n·octane 
5-oxo-4,5-dihydro-4-azapyrene 

pentacene 
1,3-pentadiene 
n-pentane 
pentanoic acid 
pentaphene 
1-pentene 
2-pentene 
1-pentyne 
2-pentyne 
perylene 
phenanthrene 
phenanthridine 
SH-phenanthridin-6-one 
phenanthrobenzpyrene 
phenanthro(4,5-bcd)thiophene 
phenol 
1-phenylbenzanthrone 
2-phenylbutane 
1-phenylnaphthalene 
2-phenylnaphthalene 
2-phenylphenanthrene 
1-phenylpropane 
2-phenylpropane 
1 ~phenyl-1-propanone 
2-phenylpyridine 
4-phenylpyridine 
phthalate esters 
phthalic esters 
phytane : 
picene 
pristane 
propadiene , 
propanoic acid 
propionamide 
2-n-propylphenol 
3-n-propylphenol 
4-n-propylphenol 
pyrene I 

431 
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TARLE 9.21 Organic Chemicals Identified as Components of Coal Tar. (cont.) 

pyridine 
2-pyridinecarboxylic acid 
pyrrole 
pyrrolo(def)phenanthrene 

quinoline 

styrene 

tetradecane 
1,2,3,4-tetrahydroacridine 
1,2,3 ,4-tetrahydrofluoranthene 
1,2,3,4-tetrahydronaphtha1ene 
1,2,3 ,4-tetrahydroquinoline 
1,2,3,4-tetramethylbenzene 
1,2,3,5-tetramethylbenzene 
1,2,4,5-tetramethylbenzene 
tetramethylbiphenyl 
I, 2, 3, 5-tetramethylcyclohexane 
2,3,6,7-tetramethylnaphthalene 
2,3,5,6-tetramethylpheno1 
2,3,4,5-tetramethylpyridine 
2,3,4,6-tetramethylpyridine 
2,3,5,6-tetramethylpyridine 
thiophene 
thiophenol 
thiopheno(def)phenanthrene 
toluene 
~ylamine 
1,2,3-trihydroxybenzene 
1,2,4-trihydroxynaphthalene 
1 ,4,5-trihydroxynaphthalene 
1,2,3-trihydroxypropane 
1,2,3-trimethylbenzene · 
1,2,4-trimethylbenzene 
1,3,5-trimethylbenzene 
1,2,3-trimethylcyclohexane 
1,2,4-trimethylcyclohexane 
1,3 ,5-trimethylcyclohexane 
1-trans-2-cis-trimethylcyclopentane 
1,3, 7 -trimethylnaphthalene 
1,6, 7-trimethylnaphthalene 
2,3,6-trimethylnaphthalene 
2,2,4-trimethylpentane 

TAB 
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TABLE 9.21 Organic Chemicals Identified as Components of Coal Tar. (cont.) 

1,2,8-trimethylphenanthrene 
2,3,4-trimethylphenol 
2,3,5-trimethylphenol 
2,4,5-trimethylphenol 
2,4,6-trimethylphenol 
3,4,5-trimethylphenol 
2,3,4-trimethylpyridine 
2,3,5-trimethylpyridine 
2,3,6-trimethylpyridine 
2,4,5-trimethylpyridine 
2,4,6-trimethylpyridine 
3,4,5-trimethylpyridine 
2,4,6-trimethylquinoline 
2,4,8-trimethylquinoline 
2,6,8-trimethylqui~oline 
trimethylthiophenes 
triphenylene 

xanthene 
9H-xanthene 
m-xylene 
o-xylene 
p-xylene 
xylene! 

Compiled from data in references 138, 139, 140, 141, & 142. 

TABLE 9.22 Concentrations of Metals in Municipal Sludges. 

Metal Concentration (mc/k!I) 
Range Mean No. Samples 

AI 300 - 110,000 24,435 397 
Ag 0.13 - 150 11.4 234 
As 0.007 - 109 10.7 272 
B <I- 1400 105 266 
Ba 2.25 - 2797 619 41 
Be <I - 23 1.5 226 
Cd 0.04 - 1200 57 404 
Co <I • 250 20 396 
Cr 0.36 • 15,167 596 406 
Cu O.Q3 • 13,380 998 406 
Fe 52 • 116,000 23,838 402 
Hg 0.006 • 1690 IS 274 
Mn 0.6 • 3800 519 398 
Mo . 6.0 • 3700 60 225 
Ni 0.18 - 1300 138 405 
Pb 2.1 - 7627 596 406 
Sb <I - 1303 18 270 
Se 0.07 - 390 12 44 
Sn 25.4 - 492 205 17 
Tl 0.13 - 89 26 4 
Zn 4.4 - 24,000 2,243 406 
pH 3.1 - 13.0 7.05 355 

Compiled from data from References 143, 144, and 145. 
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ARNDT-EISTERT SYNTHESIS 96 

fuming sulfuric acid at low temperature fol
lowed by separation from the 1,6-isomer. 

Use: Dye intermediate. " 

Arndt-Eistert synthesis.' Procedure for convert
ing an acid to its next higher homolog. 

"Amel" [Hoechst Celanese). TM for an acetate 
fiber made from cellulose triacetate. It has a 
higher melting point, and is less soluble than cel-
lulose acetate. · · 

See acetate fiber, cellulose triacetate. 

aromatic. (arene). A major group of unsatu
"""'fiiied" c clic h drocarbons containin one or 

more rm s t 1 1e enzene, w 1c as a 6-
carbon ring contammg t ree ou e on s. e 
vast. numller of compounds of this important 
group, derived chiefly from petroleum and coal 
tar, are rather highly reactive and chemically 
versatile. The name is due to the strong and not 
unpleasant odor characteristic of most sub
stances of this nature. Certain 5-membered cy
clic compounds such as the furan group (hetero
cyclic) are analogous ·to aromatic compounds. 

Note: The term "aromatic" is often used in the 
perfume and fragrance industries to describe es
sential oils which are not aromatic in the chemi
cal sense. 

aromatlcity. A stable electron shell configura
tion in organic molecules, especially those re-
lated to benzene. · 

See resonance, orbital theory. 

aromatization. See hydroforming. 

"Arosurf TAtOO" [Sheret), (distearyldimethy-
lammonium chloride). CAS: 107-64-2. TM · 
for powder cationic-quaternary fabric softener. 

Use: For retail powdered detergent-softener, in
dustrial laundry and pap-softening formulas, 
and cosmetic formulations. 

arrack. An oriental distilled liquor which is ob
tained from palm or rice juice. 

arrest point. The temperature at which a system 
of more than one component being heated or 
cooled absorbs or yields heat without changing 
temperature. 

Arrhenius,Svante. (1859-1927). A native of 
Sweden, he won the Nobel prize in chemistry in 
1903. He is best known for his fundamental in
vestigations on electrolytic dissociation of com
pounds in water and other solvents, and for his 
basic equation stating the increase in the rate of 
a chemical reaction with rise in temperature: 

· .. 
in which k is the specific reaction velocity, Tis' 
absolute temperature, A is a constant 
ferred to as the energy of activation of the 
tion, andR is the gas-law constant. · · ·'· 

arrowroot. (maranta)~ Th.e starch which 
tained from the roots of the maranta 
which has many uses, including food 
ents, cosmetics, glues, and starches. · 

arsacetin.' (sodium acetylars~riilaie; 
acetyl aminophenylarsonate). 
CH3CONHC6H~AsO(OH)ONa. 

Properties: White, crystalline powder; 
tasteless; free of arsenous or arsenic acid; 
tions will admit of thorough sterilization. 
ble in cold water, but more so in warm water.' 

Use: Medicine (antisyphilitic). · · 

arsanilic acid. (atoxylic acid; 
nearsonic acid; p-aminophenylarsonic acid) .. 
C6H~·C6H8AsN03. 

Properties: White, crystalline powder; practically 
odorless; soluble in hot water; slightly soluble in 
cold water, alcohol, and acetic acid; insoluble iri ' . 
acetone, benzene, chloroform, and ether .. Mp",.: 
232C. : . 

Derivation: By condensing aniline with arsenic' , 
acid, removing the excess of aniline by steam ·, 
distillation in alkaline solution, and setting the · .. 
acid free using hydrochloric acid. 

Hazard: A poison. Yields flammable vapors on 
heating above melting point. 

Use: Arsanilates, manufacture of arsenical me- · 
dicinal compounds such as arsphenamine, veter- · 
inary medicine, grasshopper bait. 

arsenic:. As. CAS: 7440-38-2. A nonmetallic 
element of atomic number 33, group Va of peri- · · 
odic table, aw 74.9216, valences of2,3,5; no sta-. 
ble isotopes. 

Properties: Silver-gray, brittle, crystalline solid 
that darkens in moist air. Allotropic forms: ·· 
black, amorphous solid (P-arsenic); ·yellow, 
crystalline solid, d 5.72 (commercial product 
ranges from 5.6 to 5.9), mp 814C (36 atm), sub-:· 
limes at 613C (1 atm), Mohs hardness 3.5, insol- . · 
uble in water and in caustic and nonoxidizing ·· .·,:"p••-• 
acids. Attacked by hydrochloric acid in presence 
of oxidant. Reacts with nitric acid. Low thermal 
conductivity; a semiconductor. 

Derivation: Flue dust of copper and lead smelters 
from which it is obtained as white arsenic (arse
nic trioxide) in varying degrees of purity. This is 
reduced with charcoal. The commercial grade is 
not made in the U.S. 

Grade: Technical, crude (90-95% ), refined 
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. bony! ·compounds containing an asymmetric 
center. The diastereorrier which is formed by ap
proach of the reagent from the Jess hindered side 
of the carbonyl group predominates in the prod
uct. The a~substituents are schematically repre
sented asS (small), M (medium), and L (large). 

crazing. Development of ·minute cracks in the 
surface of a material, such as ceramic glaze, var
nish, paint;· etc., often as a result of exposure to 
sunlight or weathering. . 

cream of tartar. See potassium bitartrate. 

creatine. (N-methyl-N-gtianylglycine; (a-meth-
ylguanido )acetic acid). . 
HN:C(NH2)N(CH3)CH2COOH. A nitroge
nous acid widely distributed in the muscular tis
sue of the body. 

Properties: <!!tonohydrate) Prisms from water, 
anhydrous at"\OOC, decomposes 303C, slightly 
soluble in water, insoluble in ether. · 

Source: Commercially isolated from meat ex
tracts. 

Grade: Technical, CP. 
Use: Biochemical research. 

creatinine. C4H7Np. The anhydride of cre
atine, a metabolic waste product. 

Properties: Colorless to yellow liquid; d 1.092 
(25C); mp S.SC; bp 220C; slightly soluble in· 
water, alcohol, benzene, chloroform, ether, ace
tic acid. 

Creighton process. Electrochemical reduction of 
sugars, e.g., reduction of glucose, xylose, and 
galactose to sorbitol, xylitol, and dulcitol. 

creosote, coal-tar. (creosote oil; liquid pitch oil; 
tar oil). -

Properties: Yellowish to dark-green-brown, oily 
liquid; clear at 38C or higher; naphthenic odor; 
frequently contains substantial amounts of 
naphthalene and anthracene; d!st1Umg range 
i00-400C; flash p 165F (74C) (CC). Soluble in 
alcohol, benzene, and toluene; immiscible with 
water. Autoign temperature 637F (335C), d 
1.06-1.10. 

Derivation: Fractional distillation of coal tar. 
Method of purification: Rectification. 
Grade: Technical, crude, refined. 
Hazard: Toxic by inhalation of fumes, skin and 
eye irritant. Use may be restricted. 

Use: Wood reservative ties, tele hone oles, 
manne p1hngs, etc.), disinfectants, 
b10c1de. 

p-cresidine. See 5-methyl-o-anisidine. 

"Cres1an" [American Cyanamid]. TM for an 
acrylic fiber. 1· 

cresol. (methylphenol; 
cresylic acid). CAS: 1319-77"3. 
CH3C6H40H. ' A mixture of isomers 
from coal tar or petroleum; •· :, , 

Properties: Colorless, yellowish, or pinkish 
uid; phenolic odor;· d 1.030-1.047; wt/gal_8. 
8.68 Jb; flash p approximately 180F (82C); · 
11-35C; bp 191:-203C;,Soluble in alcohol; 
col, dilute alkalies, and water. ;r· 

Derivation: Coal tar (from coke and gas. 
also from toluene by sulfonation or oxJJoauo·n 

Grade: Various, depending on phenol 
other properties. NF grade contains not::.:_· .·.:-c::·' 1' 11'~' 
than 50Jo phenol. · 

· Hazard: Irritant, corrosive to skin and "'u"u''~ _,_,,., 
membranes, absorbed via skin. TL v: 5 ppm' 
air. · · _,•:! 

Use: Disinfectant, phenolic resins, tricresyl'. . 
phate, ore flotation, textile scouring ' 
ganic intermediate, manufacture of 
hyde, . coumarin, and herbicides, 
synthetic food flavors (para isomer only). ···:--. •· 

See also cresylic acids. 

m-cresol. (m-cresylic acid; 3-methylphenol). 
CAS: 108-39-4. CH3C6H40H. . 

Properties: Colorless to yellowish liquid, 
like odor. Soluble in alcohol ether, and 
form; soluble in water. D 1.034, mp 
203C, wt/gal 8.66 lb, flash p 187F 
toign temperature 1038F (558C). 

Derivation: By fractional distillation of 
cresol (from coal tar), also synthetically. 

Method of purification: Rectification. 
Grade: Technical (95-98%). 
See cresol. 

o-cresol. (o-cresylic acid; 2-methylphenol):' 
CAS: 95-48-7. CH3C6H40H. . . 

Properties: White crys~als, phenol-like 
uble in alcohol, ether, chloroform, 
water; d 1.047; mp 30.9C; flash p 178F; 
autoign temperature Ill OF (598C); bp, · 
wt/gal 8.68Jb. . 

Derivation: (1) By fractional distillation o 
cresol from coal tar. (2) Interaction ofm~:~m~~~~'!IF 
and phenol. 

Method of purification: Crystals. . . 
Grade: According to fp: 25, 29, 30, 30.5C, 
See cresol. · 

p-creso1. (p-cresylic acid; 4-methylphenol). 
CAS: 106-44-5. CH3C6H40H. 
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POLYMER, SYNDIOTACTIC 938 

rather than the random and varying arrange
ment that characterizes an amorphous polymer. 
Achievement of this specific steric (three-dimen
sional) struCture (also called tacticity) requires 
use of special catalysts such as those developed 
by Ziegler and Natta about 1950. Such polymers 
are wholly or partially crystalline. Synthetic nat
ural rubber, ciS'-polyisoprene, is an example of a 
stereospecific polymer made possible by this 
means. There are five types of stereospecific (or 
stereoregular) structures: cis, trans, isotactic, 
syndiotactic, and tritactic. 

See also catalyst, stereospecific. 

polymer, syndiotaclic. See syndiotactic polymer. 

polymer, synthetic. See polymer: 

polymer, water-soluble. Any substance of high 
molecular weight that swells or dissolves in 
water at normal temperature. These fall into 
several groups, including natural, semisynthetic, 
and synthetic products. Their common property 
of water solubility makes them valuable for a 
wide variety of applications as thickeners, adhe· 
sives, coatings, food additives, textile sizing, etc. 

See specific entries. 
(I) Natural. This type is principally comprised 

of gums, which are complex carbohydrates of 
the sugar group. They occur as exudations of 
hardened sap on the bark of various tropical 
species of trees. All are strongly hydrophilic. Ex
amples are arabic, tragacanth, karaya. 

(2) SemiSynthetic. This group (sometimes 
called water-soluble resins) includes such chemi
cally treated natural polymers as car· 
boxymethylcellulose, methylcellulose, and other 
cellulose ethers, as well as various kinds of mod-
ified starches (ethers and acetates). · 

(3) Synthetic. The principal members of this 
class are polyvinyl alcohol, ethylene oxide poly
mers, polyvinylpyrrolidone, polyethyleneimine. 

polymethacrylate resin. See acrylic resin; methyl 
methacrylate. 

polymethylbenzene. See durene and pseudo
cumene, the two members of this group with 
some commercial production and use. 

polymethylenepolyphenylisocyanate. A poly· 
mer of diphenylmethane-4,4' -diisocyanate. 

polymethylene wax. See wax, polymethylene: 

poly-4-methylpentene-1. 
Properties: High resistance to all chemicals ex
cept carbon tetrachloride and cyclohexane, ex
cellent heat resistance, high clarity and light 
transmittance. Temperature limit 170C, d 0.83. 

Use: Laboratory ware (beakers, graduates, etc.), 

electronic and hospital equipment; food 
ing, especially types subject to high 
such as trays for TV dinners, etc.; light 
tors. · 

poly(methyl vinyl ether). See ·polyvinyl. 
ether. 

polymorphism; Seeallotropy. </~:i: ' 
. :: :~ VJ·-~ . 

polymyxin. CAS: 1406-11-7. -Generic term~'for 
a series of antibiotic substances produced 
strains of Bacillus polymyxa. Various · 
ins are differentiated by the letters A 
and E. All are active against certain l!r:•m-n•·i>:..: .. :, '-'-"'"~' 
tive bacteria. Polymyxin B is most 

Properties: All are basic oolvr>en:tidles. 
water; the. are 
and methanol, insoluble in ether, 
rinated solvents, and hydrocarbons. Pe:rm:i .. ihle.'i 
food additives. 

Use: Medicine (antibiotic), beer production. 

"Poly-N" (Monsanto]. (ammonium 
phate) CAS: 68333-79-9. TM for 
used as a phosphorus-based catalyst in 
as well as latex-based products. 

Use: In fire-retardant intumescent paints, 
tics, and polymers. · 

polyol. A polyhydric alcohol, i.e., one rnru~•n- •. 
ing three or more hydroxyl 
having three hydroxyl groups 
are glycerols, those with more than 
called sugar alcohols, with general 
CH20H(CHOH).CH20H, where n may 
2 to 5. These react with aldehydes and 
form acetals and ketals. 

See also alcohol, glycerol. 

polyolefin. A class or group name for 
plastic polymers derived from 
among the more important 
polypropylene, polybutenes, ooiiYISOPI 
their co-polymers. Many are produced in, 
form of fibers. This group comprises the largest._, 
tonnage of all thermoplastics produced. · 

polyorganosilicate graft polymer. An 
clay to which a monomer or an active 
has been chemically bonded, often by 
ionizing radiation. An· example is the bonding .. 
styrene to a polysilicate containing vinyl rad•· 
cals, resulting in the growth of polystyrc;ne , ... , .. ,.,, : .. ·.c 
chains from the· surface of the silicate. Such, 
complexes are stable to organic solvents. TheY '''"~.,<:<.,,:,""''"'•· 
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Acedapsone 

4 ',4,. ·Sutjonylbis{ac~tanllid~]; bis .. 
ione; 4,4'-diacetyldiaminodiphenyl 
modiphenyl sulfone; N.N'-diacetyl
ulfone; DADDS; diacetyldapsone; 

556; Hansolar; Rodilone. C1!H16-
C 57.82%, H 4.85%, N 8.43%>, 0 

:: Fromm, Wittmann, Ber. 41, 2270 
'. Am. Chern. Soc. 61, 2763 (1939); 
Chern. 12, 357 (1969). Properties: 

. 206, 630 (1965) .. 

i89-92•. uv max (methanol): 256, 
()). Soly in water: 0.003 mg/ml; in 
•% castor oil: 0.026 mg/ml. 
.~.ariat; antibacterial Oeprostatic). 

• N-{4·{(4-Aminophmyl)sulfonyl]· 
lfanllylphenylglycine; p-amino-p'· 
!iphenyl sulfone; 4-carboxymethyl
vlsutrone; diaminodiphenylsulfone
;,o4S; mol wt 306.35. C 54.89%, H 
89%, S 10.47%. Prepn: Jackson, J. 
~0 (1948); Swiss pats. 254,803 and 
:o Cilag Ltd.); Rawlins, U.S. pat. 
,e, Davis). 

-SO r-\_ NHCH COOH 

·~ 2 

,J in methanol, dil sodium hydroxide, 

2Na04S, Sulfon·Cilag. Ingredient of 

.,H23N30 5S, Be~rtrofene. Glittering 
decamp). Prepn: Martin, Habicht, 
56 to Cilag Ltd.). 
~robial. 

oerazine. 1,2,3,6· Tetrahydro-1,3-di
. 7-acetic acid pi]Hra:in~ salt; acepi
~phylline-7-acetate; 7-theophylline
tlt; piperazine theophylline ethanoate; 

el~ E~~~9'!JJ!.inJi f.~'&~y~t~4-~~~ 
'· Bull. Soc. Chlm. France 1949, 769. 

H 

() 
II 
H 

·..~tonic. diuretic, smooth muscle re-

D·Glucaric acid 1,4:6,J·dilactone di-
1-o-glucaro-1.4:6,3-dilactone; 2.5-di
naro·1.4:6.3·dilactone; Aceglaton; 
ool wt 258.19. C 46.52%, H 3.90%, 0 
-ucture: Hirasaka. Umemoto, Chern. 
, 965), C.A. 63, 3024h (1965); lshidate 
,956('67) (to Tokyo Biochem. Res. 
m (1968). Pharmacological studies: 
armacol. 15, 88 (1965), C.A. 63, 5.961g 
·•· Med. Gaz. 8(8), IS (1971). 

o-c-----, 
. I . I 
·r-OCOCHJ o 

r-r" I I HC----'--'· 
· o I 
I HT-OCOCHJ 

. l___C=O 
White, odorless and tasteless crystalline powder. mp 185-

186• (llirasaka) from 2:1 ethanol-ethyl acetate; 192" (dec) 
(Japan. Med. Gaz.). Sol in dimethylformamide, sparingly sol 
in acetone. slightly sol in dioxane. methanol and ethanol. 
Practically insol in water. LD50 in mice, rats: > 20, > 10 
g/kg orally; >20, > 10 g/kg s.c.; 5.80-6.35, 6.10-6.15 g/kg 
i.p. 

ntERAP CAT: Antineoplastic (to inhibit relapse after sur
gery for carcinoma of bladder). 

20, Aceglutamlde. N'-Autyi·L·glutamine; a-N-ace
tyl-L-glutamine; Acutil-S. C,H12N 10 4; mol wt 188.18 .. C 
44.68%, H 6.43%, N 14.88%, 0 34.01%. Prepn: P. Karrer 
et a/., Helv. Chim. Acta 9, 301 (1926); Brit. pat. 792,576 
(1958 to Merck & Co.), C.A. 53, 2109a (19S9); I. J. Masch
ler, N. Lichtenstein, Biochim. Biophys. Acta 57, 252 (1962). 
Stability study: G. Sekules, G. Guadagnini, Farmaco Ed. 
Prot. 21, 22 (1966). NMR study: W. Voeller et aL, Z Na
turforsch. B26, 213 (1971). Fermentation study: T. Nakan
ishi, J. Ferment. Techno/. 56, 513 (1978). Prepn of the alu
minum complex: T. Kagawa eta/., Ger. pat. 2,127,176 cor

. resp to U.S. pat. 3,787,466 (1911, 1974 both to Kyowa). 
Effect on exptl chronic gastric ulcer: H. Tanaka et aL, Oyo 
Yakurl1, 1035 (1913), C.A. 81, 33283v (1974). Physico

chemical properties: E. Hayakawa et al, Yakugaku Zasshl 
97, 731 (1977), C.A. 87, 141198 (1977). 

·=r:~~:2CONH2 

Cryst from ethanol, mp 191•. ·[a]/:' -12.5" ( c = 2.9 in 
water). 

Aluminum complex, C35H 59AI3N 100u• pentakis (N2·ocetyl· 
L·glutaminato)tetralrydroxytrialuminum, aceglutamide alu
minum, KIY·IIO, Glumal. White powder, mp 221• (dec). 
Sol in water; practically insol in methanol, ethanol, acetone. 
LD50 in male mice, rats {g/kg): 14.3, > 14.5 orally; 5.0, 4.2 
i.p.; 0.46, 0.40 i.v., T. Kagawa et al .. U.S. pat. 3,787,466, 

THERAP CAT: Free acid as psychostimulant; aluminum 
complex as anti-ulcerative. 

21. Atemetacln, 1·(4-Chloroben:oyi)·S-m.rhoxy-2· 
m.thyi-1H-Indole-J-acetic acid carboxym<thyl ~ter; [[1-(4-
chlorobenzoyl)-S-methoxy-2-methylindol-3-yl]acetoxy]
acetic acid; TV 1322; Rantudil. C21H 11CIN06; mol wt 

.425.91. C 59.22%, H 6.637o. Cl 8.32%, N 3.29%, 0 22.54%. 
Deriv of indomethacin, q. v. Prepn: K. H. Doltze eta/., Ger. 
pat. 2,234,651 corresp to U.S. pat. 3,910,952 (1972, 1975 
both to Troponwerke). Series of articles on chemistry, ana
lysis, pharmacodynamics, toxicology and clinical trials: 
Arzneimittei-Forsch. 30, 1313-1468 (1980). 

Very fine pale yellow cryst from petr ether, mp 150-153•. 
LD50 in mice, rats: 55.5, 24.2 mg/kg orally (males); 18.42, 
30.1 mg/kg orally (females); 34.1, 38.1 mg/kg i.v. (males); 
5 1.1, 28.3 mg/kg i.v. (females), H. Jacobi, H.-D. Dell, Arz
neimiml- Forsch. 30, 1398 (1980). 

TIIERAP CAT: Anti-inflammatory. 

22. Atenaghthene. 1,2-Dihydroocenap/rthylene; peri
ethylcncnaphdu(ene; I.A-ethylenenaphthalene. C1111 10~ mol 

Consult the cross index before using this sectio11. 

' I 

Acesulfan 

wt 154.21.· C 93.46%, H 6.54%. Occurs in coal tar. lsoln: 
Ges. f. Teerverwertung, Cer. pat. :Z17,lid; Chern. Zentr. m 
1914, II, S91. In petroleum residues: Orloff et aL, C.A. 31, IF 
2800' (1937). By passmg ethylene and benzene or naphtha- S 
lene though a red hot tube: Berthelot, Bull. Soc. Chim. [2]7, an 
274; 8, 226, 245 (1867). By heating tetrahydroacenaphthene 
with sulfur to 180": Braun eta/., Ber. 55, 1694 (1922). From 
acenaphthenone or acenaphthenequinone by high pressure 
hydrogenation in decalin with nickel at 180-240": Braun, 
Bayer, Ber. 59, 921, 923 (1926). From acenaphthenone 
oxime: Morgan, Stanley, J. Soc. Chern. Ind. (London) 44, 
494T (1925). 

Orthorhombic bipyramidal needles from alcohol. d 1.189. 
mp 9s•. bp 279". uv spectrum: Seshan, Proc. Indian Acad. 
ScL AJ, 148 (1936). Factors influencing the uv spectrum: 
Jones, J. Am. Chern. Soc. 61, 2127 (1945). lnsol in water. 
One gram dissolves in 31 ml alcohol, S6 ml methanol, 25 ml 
propanol, 2.5 ml chlorofonn, S ml benzene or toluene. 3.2 g 
are sol in 100 ml glacial acetic acid. Forms water-sol, cryst 
complexes with desoxycholic acid, containing two molecules 
of the bile acid as a rule. The complexes crystallize when 
concentrated solns of the proper amount of the components 
in alcohol or dioxane are allowed to cool slowly . 

USE: Dye intermediate; manuf plastics; insecticide; fungi-
cide. · 

23. Atenocoumarol. 4-llydroxy-3-{l-(4-nitrophenyi)
J-oxobutyl}-211·1·ben%opyran·2-one; 3· (o.•acttonyl·p-nitro
benzyl)·4·hydroxycoumarin; 3-(a·p-nitrophenyl-{3-acetyl
ethyl)-4-hydroxycoumarin; acenocoumarin; nicoumalone; 
G-23350; Sinthrome; Sintrom. C,9H 15N06; mol wt·353.32. 
C 64.~87o, H 4.28%, N 3.96%, 0 27.177o. Prepn: Stoll, 
Utvan, U.S. pat. 2,648,682 (1953 to Geigy). Pharmacology: 
Jindal, Shah, Arzneimittei-Forsch. 16, 878 (1966). 

Crystals, mp 196-19~. Almost insol in water or organic 
solvents. Forms water•SOI salt with alkalies. LD50 in mice: 
114.7 mg/kg i.p. 

THERAP CAT: Anticoagulant. 

24, Aceperone. N-[{1·{4· C4-Fiuaroph•nyl)·4-orobut
yl]·4-phenyl·4-piperidinyl]methyl]acetamid•; N-{{1·[3-(p· 
fluorobentoyl)propy1]·4-phonyl·4·pip.ridyl]methyl]aut
amide; 1-(p-fluorophenyl)-4-(4-phenyl-4-acetamidometh· 
ylpiperidino)-1-butanone; 1·[1'·(4-fluorobenzoyl)propyl]-4-
acetamidomethyl-4-phenylpiperidine; N-[1-[3-(p-fluoro
benzoyl)propyl]-4·phenylpiperidin-4·ylmethyl]acetamide; 
4'-fluoro-4-(4-acetamidomethyl-4·phenylpiperido)butyro
phenone; acetabutone; acetobuton; R 3248. C,4H 29FN20,; 
mol wt 396.51. C 72.70"/o, H 7.377o. F 4.79%, N 7.07%, 0 
8.08%. Prepd by reacting ,.-chloro-4-fluorobutyrophenone 
with 4-acetamidomethyt-4-phenylpiperidine: Janssen, Delg. 
pat. 606,849 (1961), C.A. 56, 12862c (1962). Crystal struc
ture' N. Van Opdenbosch et al., Acta Crystallogr. 33B, 171 
(1977). 

Crystals, mp 97-1 00". 
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Anthracene 704 

: ~; .· 

, Brilliant prisms from chloroform+ methanol, mp 232•. 
Sol in chloroform, dil HCI. Sparingly sol in methanol. 

698. p-Anol. 4-(1-Propmyf)phenol; p-propenylpheno/; 
4-hydroxy-1-propenylbenzene. C,H100; mol wt 134.17. C 
SO.S6%, H 7.SI%, 0 11.93'7 •. Prepn from anethole; Stoer
mer, Kahler!, Ber. 34, 1812 (1901); from 4-propenylphenyl
magnesium bromide; Quelet, Bull. Chim. Soc. [4) 45, 268 
(1929). 

.. Leaflets from boiling water. Weak odor of cloves, resem
bling that of eugenol. Spicy, pungent taste. mp 93-94", 
bp,60 .2SO' (dec); bp14 138-140'. Slightly sol in hot water. 
Freely sot in dimethylformamide, other organic solvents. 
Sol in aq solos of KOH and NaOH. 
. :USE:-. Intermediate in the synthesis of estrogens. 

.': 699. Anot, 3-Amino-2-metf•yl-5-nitrobenzam/de; 3-
·amino-5-nitro-o-to/uamide. C,H9N30,: mol wt 19S.18. C 
49.23'7o. H 4.6S%, N 21.S3%, 0 24.S9'7o. Major metabolite 
of chickens on a zoalene diet. Jsoln procedure: Thiegs et aL. 
J. Agr. Food Chern. 9, 20 I (1961). 

. Golden-yellow crystals, mp 198.S-199S. Slightly sol in 
Water Oess than 1 %). 

700, Anserine. N-fJ-A/any/.3-methyl-L-histidine; a-CP
aminopropionylamino)-fJ-(1-methyi-S-imidazolyl)propionic 

. . acid; 3-methyi-N,a-CP-alanyi)-L-histidine. C10H 16N4~; 
mol wt 240.26. C 49.99%, H 6.71%, N 23.32%, 0 19.98'7o. 
First found in muscles of geese, later in many more animals, 
bUt' not in man, beef. horse, or dog. lsoln: Ackermann, Z 
PhysioL Chern. 183, I (1929); Wolff, Wilson, J. Biol Chern. 

· .109, ,S6S (193S). Synthesis: Behrens, du Vigneaud, J. Bioi. 
Chern. 120, Sl7 (1937);.Rinderknecht et al, J. Org. Chern. 
29, 1968 (1964). Review: M. Guggenheim, Die blogenen 

·Amine (Karger, Basel-New York, 4th ed., 19SI) pp 439-
446, S02. 

)[~\-~~~ 
]', ~ .. - ·~...:~ .j' . -·· . ··. -· . . 

;·~·,~;.·::' -1-, ~::_Foini, needles from dil ale, dec 240-242". [a)/: + 12.3" 
/' :.;.',~S~o;;)) .. pK1 2.64; pK,·7.04; pK1 9.49. The d~ed materi;>l 
·.··~ ·':·.\~,very hygroscopic .... Freely soluble in water. Shghtly sol m 
··>'~· ~methanol, even less in ethanol. 
~ '· :' -; .. {·.~-~IiNitrate, ·c10H16N 40 3.HN03,_ "'needles fro~ dit methanol, 

. ,; .. ·, 'E.!'. ~2fi:228~. . . . . . ... 

,.,·, :.. · 701 •. Antazollne. 4,5-Dihydro-N-phenyl-N-(pheny/
·::' ·.: merhyl)-lll•lmldazole-2-methanam/ne; 2-(N•btnzy/anilino-

, : · :;:. :methy/)~2-lmidazo/ine; phenazoline; 2-(N-phenyl-N-benzyl
·.1:~ ··:.- B!J1inomethyJ)i~idazoline; imidamine; SS 12·M; Antistine; 

. ':,·-.": .!Ab~~stin; :Histostab; 1Antastan;. Antasten; Antihistal; A2a
. :0.'·.;:-;-Ione:'Beil.'a-hist. c11Hj0N3; mol wt 26S.3S. c 76.94%, H 

. :·., .· .:\·!.22'7., N IS.84%. Prepd by the condensation of benzylanil-

.. , '·-' :. '.tne .with 2-(chloromethyl)imidazoline: Miescher, Klarer, 
"i, · :>·' "!JS. "pai.· 2,449,241 (1948 to Ciba). . .• : ,. 

· ;:;~I~f~;[t,c• :,Cor~~~:: 
· '4:ci).51als>'mp t2<i-t22". 
-i.r",Y~~·ochloride, C11H20CiN3, Fena:olina, llista:lne. Bitter 

crystals producing temporary numbness of the tongue. mp 
237-241'. uv max; 242 nm (E!!, 49S 10 SIS); min 222 nm. 
One gram dissolves in 40 ml water, in 2S ml ale. Practically 
insot in ether, benzene, chloroform. pH (1% aq soln); 6.3. 

Phosphate, C11H19N 3.H3P04• crystals. Ditter taste. mp 
194-198'. Sol in water. Sparingly sol in methanol. Prac
tically insol in benzene, ether. pH (2'% aq soln): 4.5. 

THERAP CAT: Antihistaminic. 
THERAP CAT (VET): Antihistaminic. 

702. Antheridiol. 3,22,23- Trihydroxy-7-oxostlgmasta-
5,24(28)-dien-29-oic acid -.-lactone; 3fJ,22,23-trihydroxy-
24-(carboxymethylene)cholest-S-en-7 -one 23,24-lactone; 
Hormone A. C,H410 5; mol wt 470.66. C 74.01%, H 8.99'7 •• 
0 17.00'7o. The first specific functioning sex hormone to be 
identified in the plant kingdom. A diffusible substance se
creted by the female mycelium of the filamentous water 
molds Achlya bi.sexua/is and A. ambi.sexuali.s. which induces 
the growth or antheridial hyphae in the male plant, thereby 
initiating sexual reproduction in the species. Isoln and pre
liminary chemical data: Raper, Haagen-Smit, J. Biol Chem. 
143, 311 (1942). lsoln or crystalline material: McMorris,· 
Barksdale, Nature 215, 320 (1967). Structure: Arsenault et 
al, J. Am. Chem. Soc. 90, S63S (1968). Synthesis: Edwards 
et a/., ibid: 91, 1248 (1969); Fried, Edwards, U.S. pat. 
3,547,911 (1970 to Syntex). Stereochemical proposal: 
Green et al, Tetrahedron 27, 1199 (1971). ·Absolute stereo
chemistry and alternate syntheses: Edwards et al. Tetrahe
dron Letters 1972, 791: :r. C. McMorris et al, ibid. 2673; 
eidem. J. Org. Chern. 39, 669 (1974). Reviews: Barksdale, 
An11. N.Y. Acad. ScL 144,313-319 (1967); idem, Science166, 
831-837 (1969); T.C. McMorris, Lipids 13, 716-722 0978). 

no 

Colorless crystals from methanol, mp 2S0-2SS". uv max 
(ethanol); 220 nm (< 17,000). Sol in hot methanol. Slightly 
sol in chloroform; very slightly sol in water. Has extremely 
high specific biological activity even at cone of 2 X to-• 
mg/ml (McMorris, Barksdale, /oc. cit). 

USE; Control and regulation of plant fertility; Fried, 
Edwards, loc. ciL 

703. Anthiolimlne. 2,2',2"·[Stibllidynttris(thio)]rris
butan~dioic acid lr~:calithium salt; in~rcaptosuccinic acid 
antimonale(lll) htxalithlum salt; mercaptosuccinic acid 
S-antimony derivative lithium salt; lithium antimoniothio
malate; lithium antimony thiomalate; Anthiomaline. C1_,_H9 -

Li,01,S3Sb; mol wt 604.78. C 23.83'7o, H !.SO%, U 6.88'7o, 0 
31.75%, S IS.91%. Sb 20.13'7•. Prepn: Delepine, Gaillot, 
US. pat. 2,060,181 (1937 to Rh6ne-Poulenc). 

Enneahydrate. hygroscopic powder. Very· soluble in wa
ter; very slightly sol in alcohol, ether . 

THERAP CAT: Anthelmintic . 

104 Anthracene C14H 10: mol wt 178.22. C 94.34,. .. H 
S.66}o. Obtained from coal tar: Dumas, Laurent, Ann. !5, 10 
(1833); Laurent, Ann. 34, 187 (1840); Anderson, An11. 122, 
294 (1862); J. Chem. Soc. 15, 44 (1862); Auerbach, Das 
.Anthracen und seine Derivate (Braunschweig, 1880); Perkin. 
J. Soc. Arts 27, S12 (1879); Lunge, Caal Tar and Ammonia 
(1916); Bamett, Anthracene and Anthraquinone (London, 
1921); Nanson, Textile Calorist48, 60S, 678, 1SI (1926); 49, 
19, 246, SS1, S93 (1927); Houben, Fischer, Das Anthracen 
und die Anthrachinone (Leipzig, 1929); Borrmann, Der .Teer 
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705 Anthragallol 

(Leipzig, 1940); Schumann, Kokereiteer (Stuttgart, 1940). 
Extensive patent literature on purification. Prepn of very 
pure anthracene from synthetic anthraquinone: Clar, Ber. 
72, 1645 (1939). Review: E. Clar, Polycyclic Jlydrocarbons2 
vols. (Academic Press, New York, 1964). 

MonocJiOic plates from ale. Sublimes. WheO pure, color .. 
less with violet fluoresence; when impure (due to tetracene, 
naphthacene), yellow with green fluorescence. Strongly 
triboluminescent and triboelectric.· df 1.25. mp 218" .. bp760 
342". Absorption spectrum: Clar, Ber. 65, 506 (1932). Less 
soluble than the isomeric phenanthrene. InSol in water; one 
gram dissolves in 67 ml abs alcohol, 70 ml methanol, 62 ml 
benzene, 85 ml chloroform, 200 ml ether, 31 ml carbon di· 
sulfide, 86 ml carbon tetrachloride, 125 ml toluene. Anthra
cene darkens in sunlight. According to Downs, U.S. 'pat. 
1,303,639 (1919), when solns of crude anthracene in coal tar 
naphtha are exposed to ultraviolet irradiation, the anthra
cene is precipitated as dianthracene (para-anthracene} which 
is reconverted to anthracene by sublimation. 

Forms molecular addn products with nitro· compounds. 
Picric acid complex. mp 139"'; sym·trinitrobenzene complex, 
mp t64•; trinitrotoluene complex. mp t6r. . 

USE: Important source of dyestuffs (manuf anthraquinone, 
alizarin dyes). 

705. Anthragallol. 1,2,3-Trihydroxy-9,10-anthracerre
dione: 1,2,3-trihydroxyanthraquinone; anthragaiJic acid; 
anthracene brown. c .. H,o,: mol WI 256.20. c 65.63%, II 
3.t5%, 0 31.22%. From gallic acid and benzoic acid with 
sulfuric acid at 125" or from phthalic anhydride and pyro
gallol with sulfuric acid at I 60": Seuberlich, Ber. 10, 39 
(1877). Other methods: Kubota, Perkin, J. Chem. Sac. 127, 
1889 (1925); Perkin, Story, ibid. 1929, 1399; Cross, Perkin, 
ibid. 1930, 292. 

~OR 
~OR 

. 0 

Brown crystals, mp 3t2·313". Sublimes 290". Absorption· 
spectrum: Meyer, Fischer, Ber. 46,85 (1913). Slightly sol in 
water, chloroform; sol in alcohol. ether, glacial acetic acid. 
Its soln in coned H.z504 is reddish-brown. Greenish-brown 
soln in ammonia water changes to blue on heating. Forms 
salts with Na, K, Ba, n, Pb, La, Ce, Nd, Co. 

Trimethyl ether, C17H 140 5• yellow needles from benzene 
+ petr ether, mp ]68•. lnsol in water solns of alkalies. 

706. Anthralin. 1,8-Dihydroxy-9(1011)-anthrac.none; 
1,8-dihydroxyanthrone; dithranol; Anthra-Derm; Antra
derm; DatidroJ; Cignolin; Cigthranol; Dithrocream; Psora
drate; Psoriacide. C 14H 100 3; mol wt 226.22. C 74.33%, H 
4.45%, 0 21.22%. Prepd from chrysazin by reduction with 
hydrogen and nickel catalyst at high pressure: Zahn, Koch, 
Ber. 7IB, 172 (1938). Revised structure: II. M. Avdovich, 
G. A. Neville, Can. J. Spectrosc. 25, I 10 (1980); F. R. 
Ahmed, Acta Crystal/ogr. D36, 3184 (I 980). 

Lemon yellow leaflets or needles from Jigroin, mp 176 .. 
1St•. Practically insol in water. Freely sol i11 chloroform. 
Sol in acetone. benzene. pyridine, oils. Slightly sol in alco
hol, ether, glacial acetic acid. Sol in dil NaOII with yellow 

color and green fluorescence. Underc ~~~h~:e~~~~~~=·~.;o},!~~f 
alkaline solns tum red and Jose their fl 

Triacetate. C10H 160 6• 1,8,9-antm•actnttrtol !ri,~t.•:rti,.;:;;;;, 
1,8.9-triac~toxyanthrac~,e, Exolan. 

THERAP CAT: Anti psoriatic. 
THERAP CAT !VET): Antifungal. 

5.43%, 13.33%, From Sll'"tp.~on•Y<•es.~fi•iii.~,)~ 
var thermotolerans. NRRL 3143: Leimgruber et 
Chem. Soc 87, 5791 (196$); Berger eta/., U.S. 
(I 968 to Hoffmann-La Roche). Also produced ov· "''"'"''"'"" 
myCes spadicogriseus: N. Komatsu et a/., J. "~'."0'?'·•"'-''•~:><t'.'i?i 
(1980). Structure: Leimgruber el aL, J. Am. 
5793 (I 965). Synthesis: eidem, Ibid. 90, 
Batcho, Leimgruber, U.S. pat. 3,524,849 (I 970 
mann-La Roche). Activity studies: Horwitz~, 
Antimicrob. Ag. Chemother. 1968, 21. 
Hurley eta/., J. Am. Chem. Soc. 97, 4372 
Kohn in Antfbiolicsvol. 3, J. W. Corcoran, F. E. 
(Springer-Verlag. New York, 1975) pp 3-1 I.· · 

OH H OH 

H3C~, ~ u 
I U> 

::::...e s 
4 N 

0 

Yellow prisms from acetone + water. dec 
max (acetonitrile): 235, 333 nm (< I 8.200, 31.800): 
+930" (DMF). 

Methyl ether hydrate, C 17H 19N>04.H10, pale yellow,-,,_,.,.,,_,,n•ro; .. 
dies from methanol + water. dec above 12o-. 

TIIERAP CAT: Antineoplastic . 

708. Anthranol. 9-Anthracenol: 
anthracene. C14H 100; mol wt 194.22. 
0 8.24%. Prepd by dissolving anthrone in 5 to 
NaOH soln, cooling to -S and pouring in M'"'·~·'''"·' 
H 1S04: Meyer. Ann. 379, 56 (191 1). Also prepared 
anthraquinone. · 

Needles from glacial acetic acid, plates from dil 
Orthorhombic, mp 120" (if bath is healed to I JO"). 
120", mp I 52" (if bath is cold at start). Absorption '"'"'''rori.!l"\:~r,l 
(of acetate): Barnell et al., J. Chem. Sac. 1928, 
most solvents with blue fluorescence. The 
stable when kept dry. In solution it 
anthrone. Rccrystallizations of anthranol may to a 
pure compound. . .. 

Acetate, C 16Hu01• crystals from petr ether, mp 134·.~ 
Benzoate, C11H 140 1• crystals from pyridine + alcohol. 

17~17~ . 
Methyl ether, C 15H 110, crystals from alcohol, m p 
Ethyl ether, c;,H140, crystals from methanol, mp 
USE: In the manuf of dyes. 

709. Anthraquinone. 9,10-·A,rthraccenediinne; 
thraquinone; 9,10-dioxoanthracene; Morkit. 
wt 208.20. C 80.76'7o, H 3.87%, 0 15.37%. 
trially from phthalic anydride and benzene in the presence 
aluminum chloride by a Friedei·Crahs reaction: 
Ind. Eng. Chem. 18, 1327 (1926). From anthracene 
vanadium pentoxide. sodium chlorate. glacial acetic 
sulfuric acids: Org. Syn. coli. vol. II, SS4 (1943). CcJ>nY•cni··='i'"''l 
ent lab procedure: L. F. Fieser, Organic Experiments 
& Co., Boston, I 964) pp I 95-200. Reviews: de Barry, 
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1055 Benzalkonium Chloride 

CliO 

6 
Strongly refractive liquid, becoming yellowish on keeping; 

characteristic odor of volatile oil of almond; burning aro
matic taste. Oxidizes in air to benzoic acid; volatile with 
steam. d 1' 1.050; 1.043 at 25". bp 179". Solidif - 56.5". 
Flash pt 62". nJ:' 1.5456. Sol in 350 parts water; miscible 
with alcohol, ether, oils. It reduces ammoniacal AgN03, but 
not Fehling's soln. Keep lightly closed and protected from 
light LD50 orally in· rats, guinea pigs: 1300, 1000 mg/kg, P. 
M. Jenner eta/., Food Cosmet ToxicoL 2, 327 (1964); . ·· 

Note; Benialdehyde FFC designates a grade or benzalde
hyde free from chlorine. 

USE: Manufacture of dyes. perfumery. cinnamic and 
mandelic adds, as solvent; in flavors. Caution: Narcotic in 
high concns. May cause contact dermatitis. 

Crystals; mp· 260-261". . . 
· Sodium salt, C 14H 10NNa04, BPAS, white powder. 

Calcium salt. (:,jH10CaN10 1, calcium, 
pa.f, 'Bentacyl, B-Paracipan. Thei-apas. 
powder or crystals. Iso-Benzacyl is a 
salt and isoniazid. q. v. . ... 

TIIERAP CAT:. Antibacterial (tuberculostatic) .. 

1058, Benzanilide. N-Phen;ylbenzamide; N--be:nz<>Ytani~ 
line. C,,H11NO; mol wt 197.23. C 79716'7o, H 
7.10'7o, 0 8.11'7o. · C6H 5CONHC6H 5• Prepd by the·---·-~"" ' 
of aniline with benzoic acid: HUbner, Ann. 208, 
N'ageti, B"u11. Soc. Chim. (3]11, 892 (1894); Webb, 
70 6 (1927); coli. TO!. I (2nd ed., 1941) p 82. · . · 

Leaflets from ale. d 1.315. mp 163", Sublimes. 

phenyl)meth 
ktton·~:- 2-et 
(j-hydroxy. 

. Vasoc; Ven 
:5.30%,-o 1 
3,012,042 ( 

·: Pharmacal< 
22, 

1055, Benzalkonium Chloride.· Zephiran Chloride; 
Zephirot; BTC; Roccal; Denirol; Enuclen; Gennitol; Drapo· 
Jcnc; Drapolex; Ce<:iuartyl; Paralkan; Germinal; Rodalon; 
Osvan. A mixture or alkyldimethylbenzylammonium chlo
rides of th·e ·general formula in which R represents a mixtur~ 
of the a.lkyls from C.H11 to C11H37• , 

without decompn. bp10 117-119". Absorption .,....,, . .,-,~,,,.,,,: 
Crymble, J. Chern. Soc. 99, 459 (1911). Insoluble ;.f!f!i:\'~;:::J::::·~{, 
One gram dissolves in 60 ml ale, 7 ml boiling ale. 

White or 'yellowish-white, amorphous powder or gelati
nous pieces. Aromatic odor, very bitter taste. Very sol in 
water, alcohol, acetone; slightly sol in benzene. Almost 
insol in ether. The aq soln is slightly alkaline to litmus and 
foams strongly when shaken. LD50 orally in rats: 400 
mg/kg, L. M. Cummins, E. T. Kimura, ToxicoL Appl. Phar
macaL 20, 89 (1971). 

Incompatible with anionic detergents, such as soap, and 
with nitrates. A white precipitate is formed in a I :3000 aq 
soln of benzalkonium chloride when nitrates are present in 
concns greater than the equiv. of 0.5% ammonium nitrate. 

Dibromide, Callusolve. Adduct of benzalkonium chloride 
with bromine which is insol in water and non-ionized. 

USE: Cationic surface active agent and germicide. 
THERAP CAT: Topical anti-Infective. 
THERAP CAT (VET): Antiseptic for skin preoperatively or for 

wounds, burns, etc. Udder wash. 

1056, Benzamide. Benzoylamide. C,H1NO; mol wt 
121.13. c 69.41%. H 5.82%, N 11.56%, o 13.21%. c,n,
CONH1. Prepd from benzoyl chloride and ammonium 
carbonate. Lab prepn: Gattermann-Wicland, Praxis des 
organischen Chemikers(de Gruyter, Berlin, 40th ed., 1961) p 
119. Alternate procedure using coned ammonia solo: A. I. 
Vogel, Practical Organic Chemistry(Longmans, London, 3rd 
ed., 1959) p 797. 

Crystals. d' 1.341. mp 130". bp 288". One gram dis
solves in 74 ml water. more sol in boiling water. in 6 ml ale, 
3.3 ml pyridine. Sol in hot benzene, slightly in ether; sol in 
ammonia with formation of a small quantity of benzonitrilc. 

N-chloro deriv, mp 116·. Sol in water; insol in alcohol or 
benzene. 

1057, 4·Benzamidosalicylic Acid, 4-(Benzoylamino)-2-
hydroxybenzoic acid; N-bcnzoyl-p-aminosaticylic acid; ben· 
zoylpas. C 14111t!'l04; mol wt25_7.25. C 65.36%, H 4.31%, N 
5.45%, 0 24.8~'1•. Prepn: Dram et aL, J. Chem. Soc. 1949, 
1498; Brit. pal. 676,363 (1952to Wander). Prepn of sodium 
and calcium salts: Suddaby, Sumpter, Brit, pal. 711,163 
(1954 to Herst). 

sol in ether. 
USE: Manu! dyes and perfumes. 

cene. C11H 12; 

in coal tar: Cook et aL, J. Chem. Sac. 1933, 
from naphthalene and phthalic anhydride: 
2209 (1886). From o-toluylnaphthalene: 
62, 1827 (1929). From phenanthrene and 
dride: Haworth, Mavin, J. Chern. Soc. 1933,-1012: 
E. Clar, Polycyclic Hydrocarbons (Academic Press;· 
York, 1964) 2 vols. 

1060, Benzanthrone. 711-Benz[de]anthracm·1-one. 
H 100; mol wt 230.25. C 88.67'7., H 4.38'7c, 0 
by heating a reduction product of 
Iurie acid and glycerol: Macleod, Allen, Org. 
(1934); cf U.S. pat. 1,626,391 (1927). · 

·o;o'-' I"..., I I 
"' .<: 

0 

Pale yellow needles from alcohol or xyiene. 
Absorption spectrum: Clar, Ber. 65, 846 (1932). 
at 20" = 0.52 g in 100 g glacial acetic acid; 1.61 g · 
benzene; 2.05 g in 100 g chlorobenzene. Solution in. 
is orange with green fluorescence. 

1061, Benzarone, C2·Ethyl-J-be.<:o.furun·r/)('4-J~]41 

Page 150 Consult the eros.• index before using this stction: 

. c~mpr~ 
•and in t 

· .;cation b 
~1._~:Sc:htove: 
;, ;·;(1961). 
:;,!;,,:Praxis, 

~::ii~~:~~~!~~ 
[ ... lndustr; 
: . (\Yil_ey-

· .. · Rmcw 
,.,1/sm OJ 

. ·3-65; ~ 
U9sl). 

·of Ch, 
York, 



I 

~s"s 

I 
p 151-152". 
1ater; sot in 

I
I 
ystn 1s 

' rmina-

vl·l·[(hydr-

·~inium ·t ammo-
·! ethyl-

ylben· 
; 11H"CIN,. 
.'~., N7.17%, 
:3

1
6 (1956 

·,lthanol· 

• 3,6,9,· 
onaethylene
ate; p-butyl-
;11 ester; 
1 entus-
~ 85%, N 
I 8 (1955 

nost organic 

lllenzene. 
. 13.59%. 
fonate with 
Je soln to a 

!J s, Lon-l
b prepn: 

I 

Benzo[ e ]pyrene 1107 

Liquid, odor of volatile oil of almond. bp7fY 190.7", bp19!1 
123.s", bp10 69.2', b~ 28.2'. fp. -12.75". d 1! 1.010. n0 
1.5289. Fue pt, 167"1'·. Slightly sol in cold water; sol to the 
extent of 1% in water at tocr; miscible with common organic 
solvents. LD s.c. in mice: 180 mg/kg. 

USE: Solvent. 

1101. Benzophenone. Diphmylmethanone; diphenyl ke· 
tone; benzoylbenzene. (!13H 100; mol wt 182.21. C 85.69%, 
H 5.53%, 0 8.78%. C6H 5COC6H 5• Prepd by the Friedel· 
Crafts ketone synthesis from benzene and benzoyl chloride 
in the presence of A1CI 3: Marvel. Sperry. Org. Syn. coli. vol." 
I (Wiley, New York, 2nd ed., 1941) p 95. By decarboxyla· 
tion of o-benzoylbenzoic acid in the presence of copper cata· 
lyst: L. F. Fieser, Organic Experiments(D. C. Heath & Co .. 
Boston,-1964) pp 201-203. . 

Stable form (there are two other labile forms), orthorhom· 
bic bisphenoidal prisms from alcohol or ether. Geranium
like odor. dJ1 1.1108. dl' 1.0869. niJ·' 1.5975. Absorption 
spectrum: Purvis. McCieland, J. Chem. Soc. 101, 1516 
(1912). mp 48.5'. bp,60 305.4'; bp400 276.8'; bp100 249.8'; 
bp, .. 224.4'; bp.., 208.2'; bp .. 195.7"; bp,. 175.8'; bpJO 157.6'; 
bp5 141.7"; bp1_. 108.2'. Insoluble in water. One gram dis
solves in 7.5 ml alcohol, 6 ml ether; sol in chloroform. 
. Oxime, C13H 11NO, for prepn see Org. Syn. 10, 10. Crys

tals from Jigroin, mp 143-144·. Freely sol in ether, acetone. 
. USE: Fixative for heavy perfumes, such as geranium, 

new-mown hay, especially when used in soaps. In the 
manuf of antihistamines. hypnotics, insecticides. 

1102. Benzophenone-6. Bis(l·hydroxy-4-m.thoxyphen· 
yl)methanont; 2,2 '·dihydroxy-4,4 '-dimttlloxybenzophenone; 
Uvinul D49. C 15H 140 5: mol wt 274.26. C 65.69%, H 5.15%, 
0 29. I 6%. Preparation: Grover et a/., J. Chem. Soc. 1955, 
3982; Hardy, Forster, U.S. pat. 2,773,903 (1956 to Am. 
Cyanamid); Dayan, Roberts: Hahn, Stanley, U.S. pats. 
2,853,522 and 2,853,523 (both 1958 to Gen. Aniline); Hos
ler, Storfer, U.S. pat. 2,928,878 (1960 to Am. Cyanamid). 

HO OH 

CH o .r-\. c-o~ OCH J~a 3 
- 0 -

. , 
:·:crystals, rnp 139·140". uv mu: 284, 340 nm (log ( 4.12, 

. .. . ~,12) .. 
. ·~-·;:~·-· .-;. .. USE: As ultraviolet light absorber, esp in paints, plastics. 

:.:"' . .! · 0' 1103. llenzoplnacol. 1,1,2,2·Tetraphenyl·1,2·ethanediol; 
: ~.:T berizpinacone; tetraphenylethylene glycol. c,,H,oi mol WI 
. , , · 366.44. C 85.22%, H 6.05%, 0 8.73%. \C6H 5J1C(OH)

. .''; :;~, C(OH)(C6H 5) 2• Prepd by photochemical reduction of ben

. ·.:: .• ~ ':zophenone: Bachmann, Org. Syn. coli. vol. II, 71 (1943): L. 
·.•. •'')·F. Fieser, Organic Experiments(D. C. Heath & Co., Boston, 
, .::"'';1964) p 203. By the action of phenylmagnesium bromide on 
·.' .: .:·: beitzil: Acree, Ber. 37, 2761 (1904). 
.:;'•:-. --~~-· .. ::·Monoclinic Prisms, may contain 1 mol c,H, when crys
- ·-·: ·.~· .;. tallized from benzene. mp 19T (open capillary, rapid heat-
-~ . .';' : ing); mp 222' (copper block). On heating to mp it dec to 
;-''!;·; 'benzophenone and benzohydrol. Soluble in 11.5 parts boil· 
·.,

1
:.: :~in!'glacia1 acetic acid; in 26 parts boiling benzene; in 39 

~ ': ~; J' parts boiling 95% alcohol. Freely sol in ether, carbon bisul
:.~ .._·;,··: •.fide,·chloroform.· 
I , .. _. !o - ,' .f.< ~'1, • ' 

:;_;.;r:;),:;i1104. Benzopurpurine 4D. J,J'·[(J,J'-Dimerhy/[1,1'· 
... • ;:, · b•phenyl]·4,4'·diyl)bis(azo)}bls{4·amlno·l·naphthaltnesu1-
,':': t;: ~;'/o.n~c acid] disodium salt; CJ. Direct Rrd 2; disodium o-toli
'· · · >.;· .: dioediazobis(l-naphthylamine-4·sulfonate); azamin 48; C. I. 
'-~-:·:<· ;2~5~; cotton red 4B; eclipse red; fast scarlet. C 34H 16N,Na2-
,-,.,~•.:,0.S,; mol wt 724.74. C 56.35%, H 3.62%. N 11.60%, Na 
i.'i ,:·.:":.~~.34%, 0 13.2S%, S 8.8S~o. Prepd from diazotized o-tolidine 
~.··_;·~~:~:;·,an~· sodium· 4-amino-l·naphthalenesulfonate: ·Ger. pat. 
• ·-~;.':._35,615 (1885 to A. G. fiir Anilinfabrikation Berlin), FrdL 1, 

'• 473; F. ] .. Welcher, Organic Analytical Reagents vol. 4 (Van 
: Nostrand Co., New York, I 948) pp 338-339; Colour Index 

.' ·~.:. i-~ol.-4 (3rd ed:, 1971) p 4189. See also II. J. Conn's Bio/ogl· 
'·.'·,- '·., ·; cal•Stains (Williams &' Wilkins, llaltimore, 1969) pp 114· 

·:·7·~:.<:·;~;~~~i~'f ~·. 

M·-·b-0·-·~ 
~ .yv 

so
3

Na so3Na 

Drown powder. Soluble in water, sodium hydroxide. sul
furic acid. ethanol, acetone. Ce11osolve; practically insot in 
other organic solvents. 

USE: For dyeing primarily cotton and viscose rayon: Col
our Index vol. 2 (3rd ed., 1971) p 2101. As an analytical 
reagent in detection of AI, Mg. Hg, Ag, U; as a biological 
stain; as pH indicator, violet 1.2 to red 4.0. 

1105. 1,2·Benzopyran. 211·1-Benzopyran; a·5:6·benzo
pyran; 1,2·chromene; 3-c:hromene. C,H10; mol wt I 32.15. 
C 81.79%, H 6.10%, 0 12.11%. Prepn from cis-o-hydroxy
cinnamyl alcohol: Chatterjea, J. Indian Chem. Soc. 36, 76 
(1959), CA. 54, 519b (1960); from phenyl propargyl ether in 
diethylphenylamine: lwai, Ide. Chem Pharm. Bull. 11, 1042 
(1963); Iwai, !wade, Japan. pat. 22,587('63) (to Sankyo), 
CA. 60, 290le (1964). Earlier prepns: Maitte, Ann. Chim. 
(Paris) 9, 431 (19S4); Norman!, Maitte, Compt. Rend. 234, 
1787 (1952). . . 

co . ' 
Liquid; bp102 132', bp15 92-92.5', bpi' 91', bp0 77". d" 

1.0993. n!,' 1.5869; nit 1.5923 (Maine, oc. elL); also report· 
ed as 1.5837 (Japan. pal. see above). · 

1106. Benzo[a]pyrene. 3.4·Benzpyrene. C 20H 12; mol wt 
2S2.30. C 95.21%, H 4. 19%. Formerly called 1,2-bentpy
rene. Oc-curs in coni tar~ lsoln by fractionation: Cook et al .. 
J. Chem. Soc. J9JJ, 395; by adsorption and fluorimetric 
determination: Hieger, Am. J. Cancer 29, 705 (1937); Win
terstein et al .• Z Physiol. Chem. 230, ISS, 169 (1934); Natur
wlss. 22, 237 (1934). Synthesis from pyrene and succinic 
anhydride: Cook, Hewett, J. Chern. Soc. 1933, 398; Fieser, 
Fieser, J. Am. Chern. Soc. 57, 782 (1935); Winterstein et aL • 
Ber. 68, 1079 (1935); Fieser et a/., J. Am Chem. Soc. 57, 
1509 (1935). Review: Clar, Polycyclic Hydrocarbons (Aca· 
demic Press, New York, 1964), 2 vols. Review of carcino
genicity studies: /ARC Monographs3, 91-136 (1973). lnhi· 
bition of the mutagenicity of the ultimate carcinogenic 
metabolite of benzo[a)pyrene by ellagic acid: A. W. Wood et 
a/., Proc. NaL A cad. ScL USA 19,5513 (1982). Study of the 
reaction between this metabolite (benzo[a}pyrene· 7,8-dio/ 
9,10-epoxid<) and ellagic acid: J. M. Sayer et aL, J. Am . 
Chem. Soc. 104, 5562 (1982). 

Yellowish plates, needles from benzene + methanol, mp 
179-179.3'. Crystals may be monoclinic or orthorhombic. 
bp10 3 10·312'. Absorption spectrum: Mayneord, Roe.· Proc . 
Ray. Soc. London A152, 299 (1935). Violet fluorescence of 
dil benzene solns: Hieger, toe. elL Soluble in benzene, tolu
ene. xylene; sparingly sol in ale. methanol; practically insol 
in water. 

Note: ~n li~ted as a carcino en b 
the EPA: Second Annual Report on 
43, Dec. 1981) pp 55-57. . 

1107. Benzo[e]pyrene. 1,2-Benzpyrene; 4,5-benzpyrene. 
C 20H 11; mol wt 252.30. C 95.21%, H 4.79%. Constituent of 
coal tar. !solo: Cook eta/., J. Chem. Soc. 1933, 396. Syn· 
thesis: Cook, Hewett, ibid. 398; Clar, Ber. 16, 609 (1943); 
Buchta, Kroger, Ann. 705, I 90 (1967). NMR spectra: 
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1p 17-21". [a]fi- 14.

01
, . 

sr-·21". [a]fl 

methylbicyclo[3.1.1]h 
>;.mol wt 150.22. e~ 
s~nt of the essential 
a extracted from C: 
I photochemical r 

Chrysophanic Acid 2243 

NHz 

: .Leaflets from ale, mp 210-21 1'. Slightly sol in alcohol, 
benzene, ethyl acetate . 

as such or in the form of a glucoside in buds of Populusspp., · 
Salicaceae. Use of tectochrysin as diuretic:· Perrault, U.S. 
pat. 3,155,579 (1964 to Laroche Navarron). 

2238. Chrysocolla. CuSi03.2H20-copper silicate. 

'· · urst, Whitham ~ 
n. Chern. Soc. 89, 332 · 
. ·a-etters 1971, 3571

8 

•g 153 (1957); Dian~ 
-·•··~···-- ... usE: In biochemical research to produce leukopenia. 

2239. Chrysoidine. 4-(Phenylazo)-1,3-bmzenediamine 
monohydrochloride; 4-phenylazo-m-phenylenediamine hy
drochloride; 2.4-diaminoazobenzene hydrochloride; chrysoi
dine orange; chrysoidine Y; C.I. 11270; C.I. Basic Orange 2. 
C 12H 13CIN4; mol wt 248.71. C 57.95%, H 5.27%, Cl 14.26%, 
N 22.53%. Prepn: Hofmann, Ber. 10, 213 (1877); Maxi
moff, U.S. pat. 2,053,095 (1935 to Azodal Co.); Colour 
lndexvol. 4 (3rd ed., 1971) p 4019. 

3 93. Chemistry· 
9 . . 

I 
I 
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al290 nm (E 12of 

•o er; purified ara
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le 

, ·. 2235. Chrysene. 1,2-Denzphenanthrene. C
18

H
12

; mol wt 
228.28. C 94.70%, H 5.30%. Occurs in coal tar. Is formed 
during distillation of coal, in very small amount during dis
tillation or pyrolysis of many fats and oils. Jsoln from coal 

:tar: Liebermann, Ann. 158, 299, 307 (1871). Purification by 
. ': chromatography: Winterstein, Schon, Z Physiol. Chem. 
'' 230, 146 (1934); Winterstein et aL, ibid. 158. Synthesis by 

J· heating H 2 and acetylene to 800': Meyer, Ber. 45, 1633 
' (1912). From cholesterol on heating with palladium char

.. ;: coal or activated charcoal: Schmid, Zentner, Monatsh. 49, 
. > 96 (1928). ... 

Orthorhombic bipyramidal plates from benzene. di0 

1.274. mp 254". Sublimes easily in vacuo. bp 448'. Strong 
fluorescence under ultraviolet light. Absorption spectrum: 
Marchlewski, Moroz, Bull. Soc. Chim. France [4] 33, 1406 
(1923). Slightly sol in ale, ether, carbon bisulfide, glacial 
acetic acid. At 25' one gram dissolves in 1300 ml abs ale, 
480 ml toluene. About 5% is sol in toluene at 100'. Moder-

. ately sol in boiling benzene. Insol in water. Chrysene is 
: generally only slightly sol in cold organic solvents, but fairly 
· sol in these solvents when hot, including glacial acetic acid. 

2236. Chrysergonic Acid. C32H300 14; mol wt 638.59. C 
60.19%, H 4.74%, 0 35.08%. Yellow pigment from ergot. 
Diastereoisomer of secalonic acids, q. v. For isoln and struc
ture see secalonic acids. 

Pale yellow needles from chloroform, mp 268-270'; pale 
yellow plates from glacial acetic acid, mp 250-257'. [aJll' 
- 3' - + 34' (c = 1. I I in pyridine). uv max (glacial acetic 
acid): 335 nm (log E 4.57). One part sol in 1000 parts boil
ing chloroform; in 800~1000 parts boiling glacial acetic acid. 

2237. Chrysin. · 5,7-Dihydroxy-2-phenyl-4/l-1-bem:.opy
ran-4-one; 5,7-dihydroxyjlavone; chrysidenon 1438. c~~
H,p.; mol wt 254.23. C 70.86%, H 3.96%, 0 25.17~o. 
From heartwood of Pinus monticola Doug!., P. excelsa Wall., 
and P. aristata Engdm., Pinaceae: Linstedt, Acta Chem. 
Scand. 3, 1147, 1375 (1949); 4, 55.(1950); from bark of Doli
chandrone falcata Seem., Bisnomiaceae: Kincl, Naturwiss. 
42, 646 (1955). Synthesis: Seka, Prosche, Monatsh. 69, 284 
(1936); Hutchins, Wheeler, J. Chem. Soc. 1939, 91; Teoule et 
aL, Bull. Soc. Chim. France 1961, 546. 

ao#o I·= 
I I 

;:,... . 

HO 0 

Light .yellow prisms from methanol, mp 285'. uv max: 
270, 329 nm (logE 4.40, 3.90). Practically insol in water; sol 
in alkali hydroxide solns; slightly sol in alcohol, chloroform, 
ether. 
· Diacetoxychrysin, C19H 140 6, crystals from ·ethanol, mp 

194-195". . . 
. Me.thylchrysin, C16H 1204," tectochrysin. Yellow needles, 
mp 163". Sol in alcohol, benzene, chloroform. It is present 

Reddish-brown cryst powder, mp 118-118.5'. Solubility 
at 15': water 5.5%; abs ethanol 4.75%; cellosolve 6.0%; 
anhydr ethylene glycol 9.5%; xylene 0.005%; slightly sol in 
acetone; practically insol in benzene. Gives yellow soln in 
coned H 2S04, orange soln in dil H 2S04 and in HNOj. 

Free base, C12H 12N 4, C.1. Sol•·ent Orange 3. 
USE: Dyeing silk and cotton. 

2240. Chrysoidine Hydrochloride Citrate. 4-Phenylazo
m-phenylenediamine hydrochloride citrate; 2,4-diaminciazo
benzene hydrochloride citrate; Azoangin; Azohel. C

18
H

21
-

ClN.07; mol wt 440.84. C12H 12N4.HCI.C6H
8
0 7 .. Prepn: 

Ger. pat. 562,392 (1933 to Chem.-pharm. Fabrik Hubold & 
Bartsch). 

Sol in alcohol, water; soly in water: up to 4%. 
TIIERAP CAT: Antiseptic. 

2241. Chrysoidine Thiocyanate; Chrysoidine monothio
cyanate; 4-phenylazo-m-phenylenediamine thiocyanate; 2.4-
diaminoazobenzenemonothiocyanate; Azorho?an. C

13
H

13
-

N5S; mol wt 271.34. C12H 12N 4.HSCN. Prepn: Ger. pat. 
643,343 (1938 to Chem.-pharm. Fabrik Hubold & Bartsch). 
Properties: Riedel, Arch. Exp. Path. Pharmakol. 194, 190; 
195, 75 (1940). 

Dark red elongated needles from ale, mp 178'. Soly in 
water 1:1500 at 25'. Freely sol in methanol, ethanol, ace
tone; sparingly sol in chloroform; practically insol in benz
ene, petr ether; sol in warm olive oil, glycerol. 

THERAP CAT: Antiseptic. 

2242. Chrysolite. (Mg,Fe)2Si04-iron magnesium sili
cate. 

2243. Chrysophanlc Acid. 1,8-Dihydroxy-3-methyl-
9,10-anthracenedione; 1,8-dihydroxy-3-methylanthraqui" 
none; 3-methylchrysazin; chrysophanol. Cj5H 10

0
4

; mol wt 
254.23. C 70.86%, H 3.96%, 0 25.17%. Occurs in the free 
state and as glucoside in cascara sagrada, senna and various 
species of Rumex and Rheum (rhubarb). Isoln from rhu
barb root: Tutin, Clewer, J. Chem. Soc. 99, 946 (1911); Sies
ta, Bartoli, Farmaco Ed. Prat. 12, 517 (1957); Carelli, Giuli
ano, ibid. 184; from Penicillium islandicum Sopp.: Howard, 
Raistrick, Biochem. J. 46, 49 (1950); from. Chaetonium affine 
Corda: Arkley eta/., Croat. Chem. Acta29, 141 (1957), C.A. 
53, 1287h (1959). Synthesis: Eder, Widmer, Helv. "Chim. 
Acta 5, 3 (1922); 6, 419 (1923); Ayyangar eta/., J. ScL Ind. 
Rei. (India) 20D, 493 (1961). Total synthesis: M. E. Jung, 
J. A. Lowe, Chern. Commun. 1978, 95. 

Hexagonal or monoclinic crystals from alcohol or benz-· 
ene, mp 196". · Sublimes. · Absorption max: 226, 256, 278, 
288, 436 nm (£ X 10-3 41, 28, 14, 14, 11.8). Practically 
insol in water; slightly sol in cold, freely in boiling.alc; sol .in 
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1,2:5,6 -Dibenzanthracene 2978 

... - if alcohols or water are present. Copper powder causes ac
~.:;,;_· tive decompn with the evolution of nitrogen and the forma
"'·,··• tion of insol white flakes of polymethylene (CHI),. Solid 
_/; · calcium chloride or boiling -stones have the same e feet. This 

· phenomenon appears to occur always during the action of 
diazomethane on solid substances. 

usE: Powerful methylating agent for acidic compds such 
. as carboxylic acids, phenols, enols. For syntheses with di

azomethane see the reviews by Smith, Chem. Revs. 23, 193 
--· (1938); Eistert, Z Angew. Chem. 54, 99, 124 (1941) translat· 

· ed by Spangler in Newer Methods of Preparative Organic 
Chemistry (New York, 1948) p 513; J. S. Pizey, Synthetic 
Reagents vol. 2 (John Wiley, New York, 1974) pp 65-142. 
Caution: Explosive (use safety screen), insidious poison (a 
well-ventilated hood is absolutely necessary), avoid vapor. 
Strong irritant. Does not cause discernible reaction at the 

. time of contact, but later, even in minute amounts, produces 
: an-inflammatory reaction. Hypersensitivity results which 
· makes it impossible to work with diazomethane without at

., tacks of asthma and associated symptoms. 

.. 2973. 6-Diazo-5-oxo·L-norleucine. DON. C6H9N30 ; 
mol wt 171.16. C 42.10%, H 5.30%, N 24.55%, 0 28.05~. 
N1CHCOCH1CH1CH(NH1)COOH. Antitumor antibiotic 

._, produced by an unidentified species of Streptomyces from 
.. ';Peruvian soil: Dion et aL, J. Am. Chem. Soc. 78, 3075 
·,:. (1956); Ehrlich et al., Antibiot. & Chemother. 6, 487 (1956). 
. Several methods of synthesis: De Wald, Moore, ibid. 80, 

3941 (1958); eidem, U.S. pat. 2,965,634 (1960 to Parke, 
·;: :::·· Davis). Review:· Pittillo, Hunt, Antibiotics vol 1, D. Gott~ 
:·'(_,'';;Jieb;· P. D. Shaw,_ Eds. (Springer-Verlag, New York, 1967) 
.',...:;, 'pp.481-493. . 
'/':, '-~~Pate yellow crystals from dil ethanol, dec 145-155". [alb' 
=·-:;?: ~+21" (c = 5.4). uv max (phosphate buffer): 244, 275·nm 
c · ., (El! 376, 683). Freely sol in water. The pH of aq solns 

: should be maintained between 4.5 and 6.5. Also sol in aq 
· .:_:·solns of methanol, ethanol, acetone. Sparingly sol in abso-

'· lute ales. . '• >< T!lERAP CAT: Antineoplastic. 
,. ;,·•.,... . 
~-:';-; <.:>· 2974. 5-Diazouracil. 5·Diazo·2,4(111,3ll)-pyrimidinedi· 
~·---?,,';· oni: DU; 2,4-dioxo-5-diazopyrimidine; 5-diazo-2,4-dioxo-

. >.'pyrimidine. C4H 1N 40 1; mol wt 138.09. C 34.79%, H 1.46%, 
·;_,,·N 40.58%, 0 23.17%. Prepd by diazotization of 5-amino

ui-acil: Johnson et al., Ber. 64, 2629 (1931). Revised struc-
. Thurber, Townsend, J. Heterocycl. Chem. 9, 629 

Has significant activity against gram-positive and 
:· grarn-Iteg;atilve bacteria in vivo: Hunt, Pittillo, AppL Micro

(1968). 

_: ? ~. ; 

--~i:>~~·crysta!s, conflagrates at 198'. The stout prisms obtained 
.·.;~::/;'.!~om ice water should be white, not yellow or red. Sensitive 
};.~:·_::.' t_o light, temp and air. Best stored in evacuated, refrigerated 
';. >~:. ampuls.- . Acid reactions. IR spectrum: Band at 4;57 ,.. 
. . "'. . . alcoholates, also a red monohydrate, C4H 4N 40 3• 

a potassium salt, KC4H 3N 40 3, is obtained which 
sol in water with neutral reaction. . 
cancer research. 

· Diazoxide. 7·Chloro-3-methyl-2H-1,2,4·benzo-
o,.,·,_:; J!ht17diazi'ne 1-dioxide: 3 -methyl· 7 -chloro-1,2,4-benzothia

SRG 95213; Eudemine Injeetion; Pro
H,roe:rstat: · Hypertonalum; Mutabase; Proglycem. 

mol wt 230.70. C "41.65%, H 3.06%, C1 
15%, 0 13.87%, S 13.90%. Prepn: Rubin et 

SCience 133, 2067 (1961); Topliss et al., U.S. pat. 2,986,
. (1961 to Schering); Raffa. Monzani, Farmaco Ed. Sci. 
' 244 (1962). Crystal and molecular structure: G. Ban
~M. Nicolini, J. Cryst. Mol. Struct. 7, 229 (1978). 

Crystals from dil ale, mp 330-331". uv. max (methanol): 
268 nm (e 11,300). Sol in alcohol and alkaline solns. lnsol 
in water. 

THERAP CAT: Antihypertensive. 

2976. Dibekacin. 0-3-Amino-3-deoxy·a·D-glucopyran· 
osyl- ( 1 - 6)· 0-[2, 6-diamino- 2,3,4,6-tetradeoxy·a·D·erythro· 
hexopyranosyl-(1- 4)}-2-deoxy·D•slreptamine: DKB; 3',4'
dideoxykanamycin B; debecacin; Orbicin. C 11H 37N 50 1; 
mol wt 451.54. C 47.88%, H 8.26%, N 15.51%, 0 28.35%. 
Antibiotic showing activity against kanamycin-resistant 
bacteria. Prepn: Umezawa et al., J. Antibiot. 24, 485 (1971); 
eidem, BulL Chem. Soc. Japan 45, 3624 (1972); Umezawa et 
al., Ger. pat. 2,135,191 (1972 to Microbiochem. Res. 
Found.). Improved synthesis: T. Yoneta et aL, Bull. Chern. 
Soc. Japan 52, · 1131 (1979). . Metabolic studies: Shimizu, 
Japan. J. Antibiot. 26, 522 (1973). Toxicology: Koeda et aL, 
ibid. 221. 

~:~ 
H~ 

H OH 

Q
~2N:2H 
H H H 

H 0 

H H2N 

H 

(a]fl' +132" (c = 0.65). LD50 i.v. in mice, rats: 63-72 
mg/kg, 140-177 mg/kg. 

Sulfate, Deblkacyl, Panimycin, white or yellowish-white 
powder. Slightly bitter taste. Sol in water. Practically insol 
in ethanol, acetone, other org solvents. 

THERAP CAT: Antibacterial. 

2977. Dibenzalacetone. 1,5-Diphenyl-1,4-pentadien·3· 
one: dibenzylidene acetone; distyryl ketone. C 17H 140; mol 
wt 234.28. C 87.15%, H 6.02%, 0 6.83%. C6H 5CH=CH
COCH=CHC6H5. Prepn from benzaldehyde + acetone: 

· Conrad, Dolliver, Org. Syn. 12, 22 (1939); Haslam, U.S. pat. 
2,719,863 (1955 to duPont); ToUr et aL, Acta-Chim. Acad. 
Sci. Hung. 19, 83 (1959). Prepn of geometrical isomers: 
Dinwiddie et al., J. Org. Chem. 27, 327 (1962). 

trans- trans-Form, crystals from hot ethyl acetate, mp 
110-111". uv max: 330 nm (£ 34,300). Practically insol in 
water; slightly sol in ale, ether; sol in acetone, chloroform. 

cis-trans-Form, light yellow needles from ethanol.-mp 60". 
uv max 295 mh (£ 20,000). · 

cis-cis-Form, · yellow oil, bPo.ol 130". uv max: 287 nm 
(£ 11.000). ' 

USE: In sun protection preparations. 

2978. 1,2:5,6·Dibenzanthracene. Dibenz[a,h anthracene. 
CzlH14: mol wf . . . o, • 1 o. rom met yl 
dinaphthyl ketone: Clar, ·Ber. 62, 350, 1378·(1929); Fieser, 
Dietz, ibid. 1827; Bachmann; J. Org. Chern. 1, 347 (1937). 
Separation. by chromatography: Winterstein, Schon, Z 
PhysloL Chern. 230, 146 (1934). Review:. E. Clar, Polycyclic 
Hydrocarbons, 2 vols; (Academic Press, New York; 1964). 
Review of carcinogenicity studies: IARC· Monographs 3, 
178-196 (1973). ;> • • 
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2979 Dibenzepin 

' Plates, leaflets from acetic acid. Crystals may be mono
clinic or ·orthorhombic. Sublimes. mp 266". · Absorption 
spectrum: Mayneord, Roe, Proc. Roy. Soc. London A152, 
299 (1935). Sol in petr ether, benzene, toluene, xylene, oils, 
other organic solvents; slightly sol in alcohol and ether; insol 
in water. 

.Note: This substance has been listed as a carcinogen by 
the EPA: Second Annual Report on Carcinogens (NTP Si-
43, Dec. 1981) pp 101-102. 

2979. Dibenzepin. 10-[Z·(Dimethylamino)ethyl]-5,10-
dihydro-5-methyl-llll-dibem:.o[b,e][l,4]diazepin-11-one; 
5-methyl-1 0)3-dimethylaminoethyl-1 0,11-dihydro-11-oxo
dibenzo[b,e)[l,4]diazepine; HF 1927. C

18
H 21N

3
0; mol wt 

295.37. C 73.19%, H 7.17%, N 14.23%,0 5.42%. Prepn: F. 
Hunziker et al., Arzneimittel-Forsch. 13, 324 (1963); Brit. 
pat. 961,106 corresp to J. Schmutz, F. Hunziker, U.S. pats. 
3,312,689 and 3,419,547 (1964, 1967, 1968 all to Wander). 
Metabolism: H. Lehner et al., Arzneirnittel-Forsch. 17, 185 
(1967). Comprehensive description: A. Egli, W. R. Michae
lis in Analytical Profiles of Drug Substancesvol. 9, K. Florey, 
Ed. (Academic Press, New York, 1980) pp 181-206. 

mp 116-117". bp0_01 185". 
Hydrochloride, C 18HzzClN30, Neodalit, No1•eril. Cryst, 

mp 238". uv max (0.1 N HCI): 204, 220 nm (log E 4.530, 
4.458). pKa 8.25. Sol in water, alcohol, chloroform. LD50 orally in mice: 215 mg/kg, F. Hunziker eta/., foe. cit. 

THERAP CAT: Antidepressant. 

2980. Dibenzoylmethane. 1,3-Diphenyl-1,3-propanedi
one; phenyl-a-hydroxystyryl ketone; w·benzoylacetophen
one; phenyl phenacyl ketone; 'l'-hydroxychalkone.' C

15
H

12
0 2; mol wt 224.25. C 80.34%, H 5.39%, 0 14.27%. C6H

5
CO

CH2COC6H5. Prepd by the action of sodium methylate on 
benzylideneacetophenone dibromide: Allen et al., Org. Syn. 
coli. vol. I (2nd ed., 1941) p 205. 

Orthorhombic plates, tablets from petr ether, mp 80". 
bp18 219-221". 100 parts ale dissolve 4.43 parts at 19". Sol 
in ether, chloroform, aq NaOH. Equilibrium mixtures in 
methanol, alcohol, and glacial acetic acid contain 96-98% of 
the enol form. · 

Monoxime, C15H 13N02• prepd by adding 4 mots hydrox
ylamine to I mol dibenzoylmethane in alcohol. Prisms from 
ether, mp 165". Sparingly sol in cold alcohol. 

2981. 2,3:6,7-Dibenzphenanthrene. Pentaphet~e; diben
zo[ b,h]phenanthrene; p,p• -dibenzphenanthrene; naphtho-
2',3'-1.2-anthracene. C21H 14; mol wt '278.33. C 94.93%, H 
5.07%. Prepn by pyrolysis· of 1,2- or 1.4-di-o-toluylben
zene: Clar et a/., Ber. 62, 947 (1924); Clar, John, Ber. 64, 
986 (1931); Winterstein, SchOn, Z Physiol. Chern. 230, 146 
(1934); from phthalic anhydride + o-tolylmagnesium bro
mide: Clar, Stewart, J. Chern. Soc. 1951, 3215; from 2-benz
oylbenzoic acid: Marsili, Isola, Tetrahedron Letters 1965, 
3023; Franck, Zander, Ber. 99, 396 (1966). 

. Yellowish-green needles or leafleis. i~orr 
Absorption max (ale): 423.5, 412, 399, 3 
314.5, 302, 289.5, 257.5, 245 nm." Sol in 
sparingly sol in alcohol, ether. Solns exl 
cence in daylight. . 

Dipicrate, C21Hw2C6H3N 30 7, orange ne 

2982. Dibenzylamine. N-(Phenylmeth: 
amine; C 14H 15N; mol wt 197.27. ·C 85.; 
.7.10%. C6H5CH2NHCH2C6H 5. Prepd by 1 
holic ammonia on benzyl chloride: Mason, 
1312 (1893). 

Oil; ammoniacal "odor. bp 300.-. with 
Practically insol in water; sol in alcohol o: 

USE: Detection of cobalt, cyanate and ir 

2983. Dibenzyl Chlorophosphonate. 1' 
acid diphenylmethyl ester; benzyl phosphon 
zylchlorophosphate; DBPCl; dibenzylpho 
C14H 14CI03P; mol wt 296.69. C 56.67 
11.95%, 0 16.18%, P 10.44%. Prepd b: 
chloride to dibenzyl phosphite at 17-19" 
Atherton et al., J. Chern. Soc. 1948, 1106; b 
to dibenzyl phosphite in CCI, at below-0": 
U.S. pat. 2,490,573 (1949 to Hoffmann-La 

Thick oil, dec on standing or distillation. 
reaction with ammonia or amines to forin ; 
benzyl aminophosphonates. 

USE: In solns with inert solvents such as 
bon tetrachloride, benzene and ether for the 
of nucleosides and amino acids. 

2984, Dibenzyl Disulfide. Bis(phenylt 
benzyl disulfide; a-(benzyldithio)toluene; c' 
disulfide. C 14H 14S2; mol wt 246.37. C 68. 
26.03%. C6H5CH2SSCH2C6H 5. Prepd b) 
benzyl chloride with sodium disulfide or pc 
sma, Rec. Trav. Chirn. 20, 137 (1901); Mora 
pat. 2,113,092 (1938); Wojcik, U.S. pat. ; 

Leaflets from alcohol, mp 71-72". Ano> 
mp 69-70". Dec > 270". Practically insol 
ether, benzene, hot methanol, hot ethanol. 

USE: Antioxidant in rubber compoundi 
petr fractions, additive to silicone oils. Tl 
increased by the presence of benzyl alcohol 

2985. N,N' -Dibenzylethylenediamine. 
methyl)-1,2-ethanediam/ne; 1.2-bis(benz 
ODED. C 16H20N2; mol wt 240.34. C 79.' 
11.66%. Prepd from N,N'-dibenzenesulfOJ 
ylethylenediamine by heating with coned H 
at 170-180": Bleier, Ber. · 32, 1829 (189S 
chloride and benzylamine: Frost et al, J. 
71, 3842 (1949); by reduction of N.N'-dil 
enediamine: Ger. pat. 98,031 (1898 to ~ 
Zentr. 1898, II, 743; Van Alphen, Rec. Tt 
(1935); Lob, ibid. 55, 859 (1936); Szabo < 
Chemother. 1, 499 (1951); Rebenstorf, U.~ 
(1956 to Upjohn). 
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4052 Fluocortin Butyl 

. Crystals from methanol. .. mp 308-311". [a)0 + 83" (chlo-
roform). uv max:. 237 nm.(log e 4.18)., ,· . . · . 
. , ~ERAP cAT: ~?ti-inflamma~~ry; glucocorticoid. · · 

4052. Fluocortln ·Butyl; 6- Fluoro-'11-hydroxy- i6- ineth
yl-3,20-dioxopngna-·1;4-dien-21-oic • acid 'butyl ester; butyl 
6a-fl uoro-11P-hydroxy~ 16a-methyl-3,20"dioxopregna-1.4-
dien-21-oate;· SH K 203;-Vaspit. <;6Hj5F05; mol wt 446.57. 
C 69.93%, H:7.90%, F 4.25%, 0 17.91%. The butyl ester 
deriv of fluocortolone'-21-acid, a metabolite of fluocortolone 
(q:v:) in hlirrians. ·Prepil:'.' H. Laurent' et al., Ger; pats. 
2,150,268, 2,150,270 corresp to· U.S.' pat. 3,824,260 (1973, 
1973, '1974, all to Schering AG); H;':Laurent et al, 'Angew. 
Chern.' 87, 70 · (1975). · Description of this· new corticoid 
structure type, the pregnan-21-oic esters, their activity and 
methods for synthesis: H. Laurent et a/., J. Steroid Biochem. 
6, 185 (1975).·· Series of articles on synthesis, pharmacology 
and clinical trials: :'Arzneimittel-Forsch. 27, 2185-2246 
(1977). 

Crystals from acetone/hexane, mp 195.1". [aU;' + 136" 
(c = 0.5 in chloroform}. uv max (methanol): 242 nm (e 
16,800). Soluble in chloroform, ethanol; poorly sol in ethyl 
ether; insol in water. LD50 in mice, rats: > 4 g/kg orally 
and s.c., P. GUnzel et a/., Arzneimittel-Forsch. 27, 2217 
(1977). 

THERAP CAT: Anti-inflammatory. 

4053. Fluocortolone. 6-Fluoro-11,21-dihydroxy-16-
methylpregna-1,4-d,iene-3,20-dione; 6a-fluoro-16a-methyl-
1-dehydrocorticosterone; 6a-fluoro-16a-methyl-<1 1•4-preg
nadiene·IIP,21-diol-3,20-dione; Ultralan oral. CJ.lH29!"~; 
mol wt 376.47. C 70.19%, H 7.76%, F 5.05%, 0 17.007o. 
Prepn: Belg. pat. 614,196 corresp to Kieslich · et a/., U.S. 
pat. 3,232,839 (1962, 1966 to Schering A.G.); Domenico et 
a/., Arzneimittei-Forsch. 15, 46 (1965); Kieslich eta/., Ann. 
726, 168 (1969). Pharmacology: Domenico et a/., foe. cit: 
Gillich et al., Int. Z Klin. PharmakoL Ther. Taxicol. 1, 197 
(1968); Von Schoening et a/., Klin. Wochenschr. 48, 1448 
(1970). Metabolism: Gerhards et al .. Acta EndocrinoL (Co
penhagen) 68, 98 (1971). Clinical studies: Breuer et a/., 
Arzneimz'ttel-Forsch. 15, 50 (1965). 

: 
F 

Crystals, mp 188-190.5". Soly (mg/1): 295 in water (37"}; 
120 in ethanol (20"); 440 in toluene (20"). [a]lJI + 100" (di
oxane). uv max (methanol): 242 nm (e 16,300). 

21-Acetate, C24H 31F05, crystals, mp 237-239". · uv max 
(methanol): 240 nm (e 15,860). 

21-Hexanoate, C28H39F05, fluocortolone 21-caproate, Sll 
770, Ficoid, Ultra/anum. Crystals, mp 242-245". [a]!Jl 
+98.5" (dioxane). uv max (methanol}: 242 nm (e 16,200). 
Soly (mg/1): 7.8 in water (37"); 450 in ethanol (20"); 440 in 
toluene (20"). 

21-Pivalate, C11H 37F05, jluocortolone trimethylacetate. 

Crystals, mp 187". Almost insol in watet. Sol in chloro- >: · 
form, methanol. Slightly sol in ether. · · · . ;:•· 

THERAP CAT: Glucocorticoid. ,. ·· :;; · · 
. . .. , . • . . . .• ·. . . .... ·"-t t >:::,:~·:··.-" 

4054, Fluometurori.. N,N-Dimethy/-N'-[3-(ti-ifl,oro-.,·<"· .· 
methyl)phen:yl]urea; 1,1-"dimethyl-3-(a,a,a-t~if/uoro-m-tol~(~·. · 
yl )urea; N-(3 -trifluoromethylphenyl}- N' ,N' ~dimethyhu'ea1 ~; • .: ::. ·.; 
Ciba 2059; Cotoran; Cottonex; Lanex. C19H 11f'3N 10i"rit!)J';.: .. ·:\ 
wt 232.21.. C 51.72%, H 4.77%. F 24.557'o,.N)2.06%,,Q\ .. ,;:.• 
6.89%. Made by .the reaction of dimethylamine on 3-trinu'ii:~ '.':(-. 
romethylphenyl .isocyanate: Abel, ·Chern. &' ·1nd. '(UJ11di/n} .. : \:: ·· . 
1957, 1106 .. Herbicidal preparations: Martin, Aebi,. U.S.;;_:-:·: 
pat. 3,134,66.5 (1964 to Ciba). ' · · · ·•· · · " 

o-NHCON(C1!3 l 2 

CF3 

Crystals, mp 163-164.5". Soly in water at 25": 80 ppJ,; 
sol in acetone, ethanol, isopropanol, DMF and other organic: .. 
solvents. LD,!O orally in male rats: 89 mg/kg, RTECSV?..V. 
II, R. J. Lew1s, R. L. Tatken, Eds. (1979) p 680. , .. ,6; · 

USE: Herbicide. . '', ·.' · 
·:u,.' 

4055. Fluonilid®. N- (3,5-Dichlorophenyl)-N'- (4-fluo;. ,._, 
rophenyl)th iou rea; 3,5-dichloro-4 '·fluoroth iocarbanilide:•:, 
C13H 9CI1FN1S; mol wt 315.21. C 49.53%, H 2.88%, CJ .. 
22.50%, F 6.03%, N 8.89%, S 10.17%. Prepd from u·•·•uc>ru•·. 
phenyl isothiocyanate and 3,5-dichloroaniline or 
dichlorophenyl isothiocyanate and p-fluoroaniline: 
pat. 613,154 (1962 to Madan), CA. 58, 474f (1963). 

Crystals from ethanol, mp 148". 
isopropyl myristate. 

THERAP CAT: Antifungal. 

4056. Fluorene. o-Biphenylenemethanc; diph•enJfle.Jo~~ 
methane; 2,21-methylenebiphenyl. C 13H 10; mol wt 1 
C 93.94%, H 6.06%. Occurs in coal tar (about 1.6%) . .' 

· Kruber, Ber. 70, 1556 (1937). Also found in . ·' 
Weiss, Downs, Ind. Eng. Chem. 15, 1022 (I "'·'""'········•· .. ··•·a:,· 
acetylene and hydrogen in red-hot tube: Meyer, 
1609 (1912); Meyer, Taeger, Ber. 53, 1261 (1921). 
charcoal by boiling with fuming HN03: Dimroth, "''" .. ,u,.·, 
vins, Ann. 399, 120 (1913). From 2,2'-dibrcomcxliJphc:n~ll; ~ 
methane on boiling with hydrazine hydrate in nr<,;elne<::-ot 
Pd: Busch, Weber, J. Prakt. Chern. [2] 146, 47 (I 
Reactions: Rieveschl Jr., Ray, Chem. Rev. 23, 287 (I 

Dazzling white leaflets or flakes from ale. d 1.202.·· 
limes easily in high vacuum. mp 116-11 7". bp 295" .• 
sorption spectrum: Mayneord, Roe, Proc. Roy. S~ , •• , 
A158, 634 (1937). Freely sol in glacial acetic aCJd; sol:!~ 
carbon disulfide, ether, benzene, hot alcohol. ·:Soly 'JA~-c.· .. ·--·'"·"···· 
Mortimer, J. Am. Chern. Soc. 45, 633 (1923). · ., •· '1 

.., .,"' ... >,. .••. -.· 

orene for 
derer, ·B< 

··Needle 
niore sol 

·Hydro< 
water:· 
··USE:' I 

cadmium 

4058. 
amide;·2 
mol WI 2 
Synthesis 
[Suppl] 2 
Wils'on e 
Haley et, 
648 (197~ 

Crystal 
nm. Ins< 
''~Note: · 
the EPA: 
43,'Dec. 
~ ·. 
<'4059.) 
(3'1/Hsc 
2(311),1'-J 
H 100 4; m 
Non-fluo• 
amines.to 
aL.·Scien. 
Am. Chet 
388 (197t 
M. Weige' 
629 (both 
Ca.! uses: < 

· Stein,·PeJ 
New YorJ 
,223-227 ( 

mp 154 
25900, 39 
~USE: A1 

Compound with 1,3,5-trinitrobenzene, 
N 30 6, golden yellow plates, mp 105" (also ,j<.,;:.,r~,~ ... ~'"'··:~,.· •. /·r.·•:-r.-"•·,:· none; res 
Np6, mp 105'). . 45350:1; I 

Compound with picryl chloride, ~- 72.28%, I 
orange crystals, mp 70". · .. :anhydride 

Compound with picric acid, C19H 13N30 7• · Clrem. 10· 
prisms (unstable), dec 80-82". · · ·· 60, 124 ( · 

.205, 864 
4057, 2,7-Fluorenediamine. 2,~-l)!~m!r!~~~-·o~~~t1~:J1~·~:/i~~~~iE)'.~.~. -1033, 103' 

HuN2; mol wt 196.24. C 79.56%. H 6.16%.
7
-. ·. ,-.1971) P 4-

Prepd by nitrating fluorene and reducing the 2 ..... 
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•I ifl alco. 
.t,·nro 
t ride, 

tddiction. 

itlhtm. 
;; I wt 
) 02%, 
·ukSSSR 
>60). . 

I 
I 

-95'. 

I in 
1 ether, 

alec-
il' 1)-· .• :. ' 'i h- .· 
l 0• _· 

;s N:: 
Chern.· 

116,382 

e~re e n-
r: '· ' , .~s ,_ 

I. 

1-

Phenatine 7080 

·mol wt 178.22. C 94.34%, 

~~~~~~:~~~:~~;~~~~~;~:~· Occurs in coal "tar. ~ Fittig, Ber. 5, 933 (1872); Glaser, ibid. 
(from contaminating carbazole and an

Ber. 65, 852 (1932). Formation from tolu-
9-methylfluorene or stilbene by passage 
tube: Graebe, Ber. 1, 48 (1874); Ann. 167, 

Ber. 37, 4145 (1904). Also from coumarone and 
, Spilker, Ber. 23, 85 (1890). Pschorr syn-

>-•c~:•·,,.,.,,.., o-nitrobenzaldehyde and phenylacetic acid: Ber. 
(1896). From diphenylethylene: Cook, Hewett, J. 

·Soc. 1933, 1098. Diene synthesis from 1-vinylnaph
lhi.te..1e-,afltO·maleic anhydride: Cohen, Warren, ibid. 1937, 

:'From o-phenylbenzoic acid: Schonberg, Warren, 
& Ind. (London) 58, 199 (1939). By irradiation of 

Mallory et al., J. Am. Chem. Soc. 84, 4361 (1962). 
SY1nUaes:1s by double succinoylation of benzene: Rahman et 

.Chern. 28, 3571 (1963). Structure: Trotter> Acta 
605 (1963). 

!1 •• 

~~~p~~~!~:~~·P~!Iates from alcohol. d
25 

1.179; mp 100'; bp 
-~ in high vacuum. Absorption spectrum: 

·,_utar,·:.u>rnoaotuo, Ber. 65, 1412 (1932); Mayneord, Roe, Proc. 
London A 152, 317 (1935). Practically insol in 
in organic solvents, especially in aromatic hydro· 
One gram dissolves in 60 ml cold, 10 ml boiling 

25 mi. abs alcohol, 2.4 ml toluene or carbon 
2 ml benzene, 1 ml carbon disulfide, 3.3 ml 

,';{faftir.~·liti~;;~;~,;~S~o;l,ubie in glacial acetic acid. Solns exhibit a 
:; . Foims molecular compds with picric 

chloride; dinitrobenzene and similar nitro com
LD50 orally in mice: 700 mg/kg, Toxic Substances 

E. Christensen, Ed. (1973) p 708. 
' Can cause photosensitization of skin. 

7076. Phenanthrenequinone. 9,10-Phenanthrenedione; 
9,10-phenanthraquinone. C14H10 1; mol wt 208.20. C 

'80.76%, H 3.87%, 0 15.37%. Prepn by oxidation of phenan-
, Curtis et al., U.S. pat. 2,956,065 (1960 to U.S. 

Binder, Koch, Ger. pat. 1,166,176 (1964). 

ur.ano>e-r.-rl crysts. mp 206-207'. bp about 360'. d 1.405. 
Practically insol in water; sol in benzene, ether, 

acetic acid, hot ale. With coned. H 2S04 gives a dark 
,color. 

.... ::·~, . 7077. o-Phenanthroline. 1,10-Phenanthroline;4,5-phen-
;:·/.~; •. ~i!tthrolhte ... C 11H 1N 2; mol wt 180.20. C 79.98%, H 4.48%, N 

;:'; ;~:;.>15~5.5%.· Made. by heating a-phenylenediamine with glycer
;:t:.;:• ... qJ;-,:nitrobenzene and coned H 2S04, or in the same manner 
>:·~-.-::·;.from .8-aminoquinoline. Prepn: Madeja, J. Prakt. Chem; 
;. '/ "::.:17;!104 (1962). Crystal and molecular structure: S. Nishi
.'· .•. ~. _g~i;:et_,al., Acta ·Crystallogr. B34, 875 (1978). Review of 

. -••. ·analytical uses: Vydra, Kopanica, Chemist-Analyst 52, 

:;;;~;g~:U%3) . 
.' '· ..... : .·: l ~;-

:, ;:;~~.{;~~:.::;;;?~·~~ . 

Monohydrate, white, cryst powder. mp 93-94'; anhydr, 
' 117". Soluble in about 300 parts water, 70 parts benzene; sol 
in alcohol, acetone. 

USE: Forms a complex compound with ferrous ions which 
is used under the name of" Ferroin" as an indicator in oxida· 
tion reduction systems, e.g .. titration of ferrous salts. Also 
used in determination of nickel; ruthenium, silver and other 
metals. 

7078. Phenarsazine Chloride. 10-Chloro-5,10-dihydro
phenarsazine; 5-aza-10-arsenaanthracene chloride; 10-chlo
ro-5, 1 0-dihydroarsacridine; di phenylaminechlorarsine; 
phenazarsine chloride; adamsite; DM. C11HtA-sCIN; mol wt 
277.57. C 51.92%, H 3.27%, As 26.99%. Cl 12.77%, N 
5.05%. Prepd by heating diphenylamine with arsenic tri
chloride: Ger. pat. 281,049 (1914 to I. G. Farben.); Wie· 
land, Reinheimer, Ann. 423, 12 (1921); Lewis, Hamilton, J. 
Am. Chern. Soc. 43, 2222 (1921); Burton, Gibson, J. Chem. 
Soc. 1926, 450. · 

Canary-yellow crystals from carbon tetrachloride. Poi
sonous. Dimorphous. The stable form occurs as ortho· 
rhombic crystals; d 1.65; mp 195"; bp 410' (decompn). Sub· 

.limes readily. Vapor press. at 20' = 2 X to-ll mm; volatil· 
ity 0.02 mg/cu m; heat of volatilization 54.8 cal; spec heat 
0.268 cal. Practically insol in water. Slightly sol in benzene, 
xylene, carbon tetrachloride. Corrodes iron, bronze, brass. 
[The metastable form melts at 186' if monoclinic, and at 182" 
if triclinic.] 

USE: As war gas. dispersed in air in the form of minute 
particles. For riots in combination with tear gas (chloro
acetophenone). In the formulation of wood-treating solns, 
against marine borers and similar pests. Caution: Irritating 
to skin and respiratory tract. Causes profuse watery nasal 
discharge; severe pain in nose, sinuses, chest: sneezing, 
coughing, nausea. vomiting, marked depression, weakness. 
Sensory disturbances may occur later. 

7079. Phenarsone Sulfoxylate. [(5-Arsono-2~hydro:ry
phenyl)amino]methanesulfinic acid disodium salt; 4-hydr; 
oxy-N-(sulfinomethyl)·m-arsanilic acid disodium salt; Ald
arsone. C,H1AsNNa20 6S; mol wt 355.10. C 23.67%, H 
2.27%, As 21.10%, N 3.95%. Na 12.95%, 0 27.03%, S 9.03%. 
Prepn: Raiziss, Kremens, U.S. pat. 2,074,757 (1937 to 
Abbott). 

Amorphous,. white powder. Sol in water, dil acids, alkali 
and alkali carbonates; slightly sol in methanol; practically 
insol in ether; chloroform, ethanol. pH of 5% aq soln: 7.0-
7.5. . 

THERAP CAT: Anti-amebic. 

7080. · Phenatine. N- ( 1-Methyl-2-phenylethyl)-3-pyri
dinecarboxamide; N- (a-methylphenethyl)nicotinamide; nico~ 
tinic acid P-phenylisopropylamide; nicotinoyl-P-phenyliso
propylamine; fenatin; perviton. C15H16N~O; mol wt 240.29. 
C 74.97%, H 6.71%, N 11.66%, 0 6.66%. 'Synthesis from 
nicotinoyl chloride· and C 6H 5CH2CH(CH3)NH1: Arbuzov et 
al., Sb. Statei Obshch. Khim., Akad. Nauk· SSSR 1; 714 
(1953), CA .. 49, 1072 (1955). Pharmacology: · Arbuzov, 
Farmakol. Toksikol. 31, 373 (1968). Analysis: P. P.· Suprun, 
Farm .. Zh. (Kiev)30, 49 (1975); 0. N. Shcherbina·et.al., ibid. 
1979, 49 .. 
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I 2. Hydrology of the 
ICape Fear River 
.. Estuarine System 

l4t -
, . , Together, the lower Cape Fear and Northeast Cape 

1,.' ear Rivers comprise what we will term the Cape Fear 
.iver estuarine system. (See pl. I.) Actually, the North

. east Cape Fear River basin (drainage area-l, 740 mi 2) is 
subbasin of the Cape Fear River basin (total drainage 
ea-9 140 mi2 and the Northeast Ca e Fear River es
ary may be thought of as a branch of the Cape Fear 

River estuary. Nevertheless, for ease of analysis the 

l ortheast Cape Fear River estuary will be discussed sepa
ttely. 

The Cape Fear River and the Northeast Cape Fear 

l
iver estuaries are the only major estuaries in North 
arolina having a relatively free and direct access to the 

. ~ean, which results in significant tides and tide-affected 
'.flow within them. In the Cape Fear River estuary, tides 

l tend up to Lock I, about 65 miles upstream from the 
outh near Southport. As shown in plate I, the mouth is 

.at' a river cross section extending from Fort Caswell east 
· the western tip of Smith Island. Tide effects in the( 

ortheast Cape Fear River estuary extend about 48 miles f 
rom its mouth at Wilmington, w 1c m tum 1s ocated i 

out 28 miles u stream from the mouth of the Cape fear I 
ver estuary. -' 

. ajfhe lower reaches of the Cape Fear River and 
NoWJst Cape Fear R1ver estuanes are subJect to saltwa-

1. intrusion. sometimes rendering the water unsuitable for 
me uses. Plate I shows the approximate extent of salt- l 

·water intrusion in both estuaries, that is, the furthest up- l 
earn advance of water containin 200 mg/L of chloride 
. r known and the furthest upstream advance that has a~ 

;:.:::d•:::::t;:, :::t:q:::~a::. •:::ed:o~: :: 
,,ks of the two estuanes in recent years, and a number 
~f1industries use the water from them as process water and 
:l·c_harge industrial wastewater into them. · 
• > The Cape Fear River and Northeast Cape Fear River 
e.~.tuaries are important navigable waters, and navigation Fnels are ma;nta;ned to various depths by the U.S. 

y Corps of Engineers. The channel dimensions main
.,,_led for navigation will be discussed in more detail in 

fgii.owing sections of this report. 

I~ ::The summaries of the hydrology of the Cape Fear 
er. and Northeast Cape Fear River estuaries are based. 

o~_S'<:fata and other infonriation from various sources, 

[ 

... arily the Geological Survey. Plate I shows the loca
of key' flow and water-quality stations operated in the 

. • Fear River basin by the Geological Survey. These . ,._.,·. 

1->': 

1': 
*~~-... ,--;.- '--~--"~· 

stations include the Cape Fear River at Phoenix (sta. 
02 107570), where the Geological Survey generated re
cords of volumes of water flowing upstream and down
stream during each tidal phase for the period April I 966 
through March ·1969. Data from these stations are pub
lished annually in the U.S. Geological Survey water-data 
report series for North Carolina. Wilder and Slack (197Ia· 
and 1971 b) summarized data on chemical quality of 
streams in North Carolina from I 943 through I 967. Wil
der and Hubbard (1968) reported on saltwater encroach
ment in the Cape Fear River estuary; Hubbard and 
Stamper ( 1972) reported on the movement and dispersion 
of soluble pollutants in the Northeast Cape Fear River es
tuary; the U.S. Army Corps of Engineers (1976) discussed 
sedimentation and related aspects of hydrology in the 
lower Cape Fear River estuary. These and other sources 
of information are acknowledged in the text where appro
priate. 

THE CAPE FEAR RIVER ESTUARY 

The Haw and Deep Rivers, two major tributaries of 
the Cape Fear River, originate in the Piedmont Province 
and flow southeast, joining at Moncure, to form the Cape 
Fear River (pl. 1). From Moncure, the Cape Fear River 
flows southeast through the Coastal Plain to its' mouth 
near Southport. The Cape Fear River drains a larger part 
of North Carolina than any other river; the drainage area . 
at the mouth is 9, 140 mi2

, all of which is in North 
Carolina. Of this, the Deep River accounts for 1,422 mi2 

and the Haw River accounts for 1,705 mi2 • Other major 
tributaries include the Black River (I ,563 mi2) and the 
Northeast Cape Fear River (I ,740 mi2). 

Prior to the construction of Lock I about 37 miles 
upstream from Wilmington, river stage was affected by 
ocean tides possibly as far as 50 to 75 miles upstream 
from Wilmington. The construction of Lock I eliminated 
the effect of ocean tides. above this point and this Jock, 
therefore, marks the upstream limit of tide effect at the 
present time. The total length of the estuary from its 
mouth to Lock I is about 65 miles. 

The lower part of the estuary, beginning about three / 
miles below Wilmington, averages about a mile in width , 
and contains numerous scattered islands and a few tidal 
flats. It resembles an elongated bay only a few feet deep 
except along the ship channel which has been dredged and 

1

. 

maintained in this reach to depths of 32-40 feet and 
wi,dths of 300-500 feet. By comparison, the channel 
above Wilmington is narrow, with depths ranging from 20 j 
to 60 feet. Tidal currents in the upper reach, particularly 

. near the lower end are strong and velocities may exceed 
3 fUs . 
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Flow 

\: 

Flow in the Cape Fear River estuary is st~ongly tide
~ffected. Except during periods of high freshwater inflow, 
regular reversals of flow occur with each tide. During 

/ periods of higher-than-average freshwater mtlow, outflow 
'l at some or all locations in the estuary may be high enough 

to overwhelm incoming flood tides, resulting in periods 

I 
when no 'flow reversal occurs. Because the freshwater in

. flow is such an important component of flow in the es-

1 
tuary, it will be discussed at length before further consid

L ering tide-affected flow. 

Freshwater Inflow 

The average discharge at the mouth of the Cape 
Fear River estuary is about 11,000 fets. Because of the 
difficulty of accurately measuring flows in the estuary 
portion of the river, values for discharges were arrived at 
by summation of flows for gaged areas within the basin 
and estimates of flows for ungaged areas. 

The major part of the freshwater inflow is measured 
at the stream-gaging stations shown on plate 1. The sta
tions closest to the estuary gage the runoff from 6,660 mi2 

or 73 percent of the total 9, 140 mi2 of drainage area above 
the mouth of the estuary. The three stations of greatest im
portance are the most downstream ·stations on the Cape 
Fear, Black, and Northeast Cape Fear Rivers. The runoff 
from 6,500 mi2 of the Piedmont and the inner part of the 

. Coastal Plain is measured at the three stations listed 
below: 

Number Name 
02105769 Cape Fear River at Lock I near 

Kelly 
02106500 Black River near Tomahawk 
02108000 Northeast Cape Fear River near 

Chinquapin 

Drainage area 
5,220 mi2 

These stations will be referred to as Lock I, Tomahawk, 
and Chinquapin, individually, and collectively as index 
gages. 

The largest ungaged areas are in the lower part of 
the Coastal Plain, the area adjacent to the estuary itself. 
Most of the runoff from the total area of 2,640 mi2 below 
the index stations is \Jngaged. However, a relationship be
tween the runoff from this ungaged area and the combined 
runoff at the Tomahawk and Chinquapin stations was es
tablished by obtaining periodic base flow measurements at 
sites in the ungaged areas and relating these on a per 
square mile basis to concurrent discharges at Tomahawk 
and Chinquapin (fig. 2.1). These two stations were used 
in. the relation because they drain only areas in the Coastal 
Plain. The net outflow from the estuary is the sum of dis-
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charges for the. three index stations plus that contribute< 
by the ungaged area, which can be estimated from figur. 
2.1. ' 

Because steady-flow conditions rarely occu 
throughout the Cape Fear River basin, lag-time correction 
must be applied to streamflow records at the various gage 
in order to arrive at an estimate of freshwater outflm 
from the estuary at a given time. Lag times, compute. 
from theories of wave celerity and rounded to the neare~ 
whole day, are 2 days from· Tomahawk to the mouth o 
the Black River and 3 days from Chinquapin to the mout 
of the Northeast Cape Fear River. 

Combining all flow components, the following em 
pirical equation was developed for estimating freshwatc 
outflow (Q,) from the estuary, 

where 

Q, (2.1 

Q, total outflow from the estuary, 
Q 1 discharge at Lock I at day ofQ,, 
Q2 discharge at Tomahawk two days prior t« 

Q,, 
Q3 = discharge at Chinquapin three days prior t« 

Q,, and 
Q4 runoff obtained from figure 2.1 using 

Q2 + QJ . 

Equation 2.1. was used to calculate average 7-day ou 
flows. The 7-day period was chosen because it was Ion 
enough to dampen the effects of minor, localized vari; 
tions in the pattern of basin runoff and short enough to l 
a sensitive parameter for relating inflow to the position • 
the saltwater front. 

Insofar as water supply, sewage dilution, and sail 
water encroachment in the Cape Fear River are conceme( 
the most critical flow periods are usually those. of sm 
tained low flow. Figure 2.2 shows the average recurrenc 
interval, in years, at which various average 7-day min 
mum flows may be expected to occur. These values wer 
generated by combining estimated annual 7-day minimUJ 
flows for the various flow components of equation 2.1. 
is interesting to note that if releases from the B. Everc 
Jordan Reservoir (pl. I) are controlled according to th 
current operating schedule, then the minimum flow of tr 
Cape Fear River at Lillington is expected to be no le 
than 600 ft3/s. Based on this,' the minimum discharge 
the mouth, near Southport, might be about 800 ft3/s, con 
pared with an estimated 300 ft3/s without the reservoir f1 
the 7-day, 100-year minimum net discharge near Soutl 
port. 
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RUNOFF F~OM UNGAGED AREA,. IN CUBIC FEET PER SECOND 

I Figure 2.1. Concurrent discharge relation for estimating runoff from the ungaged drainage area between the index stations 
. and the mouth of the Cape Fear River estuary. (Modified from Wilder and Hubbard, 1968.) 

tide-affected Fl.:lw 

· .. -Flow of the Cape Fear River estuary is strongly in-

l uenced by ocean tides. The U.S. Geological Survey op
raied a tidal discharge gaging station near Phoenix (sta. 

:;02107570) from April 1966 through March 1969. (See 
Jlig. 2.3.) The purpose of this station was to develop infor
.ation on tide-affected flows for the estuary which could 
_-;,p"fove useful, for example, in better understanding the 
:lr. ,ovement and disper~ion · characteristics of water sub-

ances discharged to the river or in better understanding 
., -~:mechanics of sedilnent transport and deposition. Voi
)Imes of water flowing upstream and downstream on each 

l~al phase were published in the annual data reports of 
~-:u.s. Geological Survey. Calibration measurements 

·::'X-~~ made over full or nearly full tidal cycles on three oc-

f-· .~~ons-May I 1-12, 1966, March 8, 1967, and .July 27, 
~~7. ~ 

·; i,:. · Partial results of the March 8, 1967, series of mea
_-s~rements are shown in figure 2.4: This series of measure-

l~~ts- was made under fairly typical tide-affected flow 
. )~ditions and provided, with other information, a means 
:'!to~;calculate the mm1mum freshwater inflow required to 

1 .. '¥.xent flow reversals in the vicinity of Phoenix. 
i=~:.:.c Figure 2.4 shows that the maximum measured dis-

1'-:,r~ge_ on March 8, 1967, was .15,400 ft3/s downstream at 
~QO, hours on ebb tide, By conrrast, the moximum di<-·;4. . 

charge on flood tide was 6,690 ft3/s upstream at 1915 
hours. The average flow over the tidal cycle was 6,240 
ft3/s downstream at the Phoenix gage. This value appears 
reasonable compared with the estimated freshwater flow at 
Phoenix for March 8 of about 6,500 ft3/s. From this infor
mation, it appears that little or no upstream flow should 
occur near Phoenix whenever the freshwater inflow ex
ceeds about 13,000 ft3/s. Downstream from Phoenix, the 
tidal component of flow would be larger and a corres
pondingly larger freshwater inflow would be reqired to 
prevent flow reversal. Upstream, the tidal component 
would be less and the freshwater inflow required to pre
vent reversal would be less also. . 

Two other facts from figure 2.4 are worth noting. 
First, times of high and low tides do not. occur simultane

, ously with times of high and low slack water. Rather, 
. slack water occurs from one-half to one-and-a-half hours 
· later than high and low tides. Second, the .duration of 

downstream flow is about 8 hours; the duration of up
stream flow is less than 4 hours. These durations are more 
and less than the expected 6.21 hour duration of a tidal 
phase unaffected by freshwater inflow. As freshwater in-

. flow increases, the duration of downstream flow also in-
creases. 

Figure 2.5 shows typical variations of velocity with 
depth in the Cape Fear River. This particular profile was 
taken at the Atlantic Coast Line Railroad Bridge at 
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........ Figure 2.3. Cape Fear River estuary upstream from Wilmington, SOUTHERN WOOD PIEDMONT CO. ; 
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(:_'::,.:,_~I~nts, Heating of the estuary water from power-plant op~ 

1·~:-~~-a~ions and industrial-cooling operations may be a signifi~ 
:<_~a..n~ problem along some reaches. If not for contamina

.;_,"=i;!io!J, the water, where fresh, would be suitable for most 

~~ustrial, domestk, and agricultural uses. 
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11: 
Superimposed on difficulties in freshwater use due 

to contamination are difficulties due to saltwater intrusion:-1 
which may at times affect water quality as far as 20 mi!eJ 
upstream from Wilmington. Details of saltwater intrusion 
in the estuary are given later. 
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Figure 2.4. Stage and discharge of the Cape Fear River estuary near Phoenix on March 8,1967. 

3, 

FEET PER SECOND 

Sediment 

The Geological Survey has made suspended-sedi
ment determinations from monthly· samples collected at 
Lock 1 near Kelly (station number 02105769 on pl. 1) 
since January 1973. The average suspended-sediment load 
there is about 920 tons/day or 336,000 tons/year. Particle
size analyses (Simmons, 1976) show that over 90 percent 
of this material is of silt or clay size (.062 rom or less). 
The fate of this sediment has not been completely studied, 
but it is known that some is deposited in the estuary. The 
U.S. Army Corps of Engineers estimates that, .. in order to 
maintain navigation facilities at the Military Ocean Termi
·nal at Sunny Point (MOTSU), about 18 miles downstream 
from Wilmington, 2,238,000 cubic yards, or about 3.5 
million tons, of sediment must be removed annually at a 
cost of $2,169,000 (U.S. Army Corps of Engineers, 
1976, p. 4). This gives some idea of the economic impact 
of sedimentation in the estuary. 

Note, from the above discussion, that the amount of 
material removed from the estuary through dredging far 
exceeds the amount entering by way of Lock l. Addi
tional fluvial sediment entering the estuary from the . 
Northeast Cape Fear River and other subbasins probably 
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does not exceed 35,000 tons/year. Therefore, the primary 
source of the new shoaling in the Sunny Point area could 
not be new fluvial sediment, but must be derived from 
within the estuarine reach or elsewhere-from slumping 
along the channel, from shore erosion, from old spoil 
areas, or possibly from sediment derived from the ocean. 

miles upstream from Market Street, Wilmington, on June . 
5, 1962 .. The top-to-bottom differences are very marked. 

(
The surface concentration of 150 mg/L of chloride is equi- · 
valent to less than one percent seawater while the bottom 

1 concentration of 3,000 mg/L or greater is at least 16 per- , 
\_cent that of seawater. ·· 

The salinity of the estuary is in a state of constant;·_ 

Salinity 

\

flux. Saline water moves in and out of the Cape Fear es-·\J 
.~ tuary re~ularly in response to tidal action,. fre_shwater in<( 

flow, wmds, and a number of other, less stgmficant, fac- · Variations in Time and Space 

The Cape Fear River may be classified under some 
flow conditions as a partially mixed estuary. That is, tur
bulence is sufficient to prevent formation of a distinct salt

( water wedge or tongue, yet there remains a definite salin
; ity gradient with depth. This is illustrated in figure 2.6, 
-which shows typical longitudinal variations in chloride 

concentrations of the Cape Fear River at a high slack 
( water on November 1, 1967. The gradient is accounted 
\ for by the density differences between freshwater and salt
i water. The less dense freshwater tends to flow on top 'of 
\_!he heavier saltwater. These density differences are also 

responsible for upstream density currents which may occur 
along the channel bottom. These have been observed at 
and near the Military Ocean Terminal at Sunny Point 

-where a predominant upstream or flood flow exists at 
times in the lower portions of- the river water column 
(U.S. Army Corps of Engineers, 1976, p. 2) . 

A different view indicative of salinity stratification 
is shown in figure 2. 7, which is a cross section showing 
chloride concentrations of the Cape Fear River estuary 1.5 

I-
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w 
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::: 
:r 
I-
CL 
w 
0 

40 

EXPLANATION 

1-----+-=-- 3000- Chloride concenlrations in 
milligrams per liler. 
Vertical scale greatly 
exaggerated 

:_tors. However, it has been found, at least for the part of:.:. 
the estuary above Wilmington, that the relative positions ·.i· 
of the various lines of equal chloride concentration are ..... 
fairly constant. In other words, if we know the river mile:':, 
position of 300 mg/L of chloride, then the position of 200 ;,'• 
or 1,000 or 3,000 mg/L of chloride may be predicted with>,~ 
a fair degree of accuracy, provided that the locations are· _1 

somewhere above Wilmington. This relation is shown in-;· 
figure 2.8. The values given are fo~ the channel bottom at 
high slack 'water. Values at the surface would be some- . 
what less. 1 · 

The maximum upstream movement of saltwater in 
the Cape Fear River estuary probably occurred during the 
passage of Hurricane Hazel on October 15, 1954. The eye_ 
of the hurricane moved inland near the South Carolina ' 
border and proceeded in a northerly direction along a path . 
that crossed the upper end of the estuary. The coun- .. : 
terclockwise circulation of winds around the hurricane eye·:: 
produced strong winds from the southeast which raised ~ 
tides to the highest level ever recorded at Wilmington. , 
The high tide measured at the National Ocean Survey's : 

MILES UPSTREAM FROM MARKET STREET, WILMINGTON 
· ... -, 

Figure 2.6. longitudinal variations in chloride concentrations of the Cape Fear River estuary at high-slack water, Novembe~:~ 
1,1967. (From Wilder and Hubbard, 1968.) (Refer to fig. 2.3 for locations.) :: 
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! ~" · stant, probabilities may be determined with reasonable ac-

1 · : curacy. For example, using figure 2.11 and assuming that 
:-: the maximum tide will be 4.0 feet above mean low water 

1 .· '. :during the period of annual minimum flow, it may be that 

1
··: ... ncroachment to a point 10 miles above Wilmington will 

;;cur when the 7-day average outflow is about 820 ft3/s, 

I 
:~: and we estimate from figure 2.2 that such a flow condition 
·>.will recur on an average of 3.8 years. 

~ 
; , It is apparent, from figure 2.11 that saltwater en
· .. : croachment will not be a problem as far upstream as 15 

>.• miles above Wilmington, near the mouth of the Black 

1.· ."River, without the simultaneous occurrence of both an ex
~eptionally high tide and an exceptionally low inflow. I Another important factor that will affect the extreme 

I
. annual position of the saltwater front is the B. Everett Jor
'. dan Reservoir. The operating scheme for this reservoir 

provides for a minimum flow of 600 ft3/s in the Cape Fear I . . 'River at Lillington. This reservoir release, plus the mini-

~ 
: · mum inflow that may be expected to occur about once in 
:: joo years, on average, between Lillington and the mouth, 

' .·;~:;~- will produce about 800 ft3/s of outflow from the estuary. 

N 

I
·.·.··This augmented flow sho1 
... 'maximum extent of saltwatel SOUTHERN WOOD PIEDMONT CO. 
. , ,. ·· WILMINGTON, NC 

NCD 058 517 467 

:~;:':;fHE NORTHEAST CAPE FEAR 
• >};jiiVER ESTUARY . 

·;y,:~; 

/i , The Northeast Cape Fear River (see pl. I and fig. 
''· 'l~2: 12) originates in Wayne County, flows south through 
:;:~-o:puplin, Pender, and New Hanover Counties, and at Wil

~ <(j~.'lllington flows into the Cape Fear River, which empties 
f: ;·/·•_;inJo the ocean about 30 miles south of Wilmington. The 
· ·~-,:;:,.total area drained is I, 740 mi2 • The entire basin lies with
h /{)i,0;)he Coastal Plain and stream gradients average less than 
g ::::i/,9.~~.-half foot pe~ mile. The two largest tributaries_ are 
: :i;</.:J~~ckfish Creek and Holly Shelter Creek. Much of the 
{ (~r(J:llain stem of the Northeast Cape Fear River and most of 
l ,{\n~\ tributaries a~e typical black-water, swamp-drainage 
f ·;:)~~r.~ams, with imperceptible flows, sand-detritus bottoms, 
} ~~ ~;~~~ low turbidity. Tide effects in the Northeast Cape Fear 
~ ,:~L}\~r~·er extend upstream almost 50 miles from the mouth, 
~ :'·::::.:~\t,oJiiear Holly Shelter Creek. Thus, the river may be con
·~~g~:: .. s.iq~~ed an estuary in that 50-mile reach. Many of the 
~ ;'?,}:~~utaries entering the Northeast Cape Fear River in its 
~ W~-~~~~i~~ai,reach are also affected by tides. 
j ~<:/:,-X:<. The lower 2.5 miles of the Northeast Cape Fear 
i f\~B.~x~r_ estuary has been dredged and a navigation channel 
, · :::/)i~t '._f~et deep and 300 feet wide is maintained. Upstream 
~ \S'f[j,~g~;this, to a point 48 miles above the mouth, the river 
~ ,:·i~'.'f~_s· cleared to a depth of 6 feet in 1896; upstream from 

i
' -';:_:~tJt~~;- to 56 miles above the mouth, the river was cleared 

;•::;~;~9;a.depth of 3 feet. 

-

•,· ~>.'::-:_r,' 
·.~ ' .. 

~ . j': 
... ~ ~ • t"o.< 

~t~~l~,J 

- EXPLANATrON 

02108500 
A Slreom-goging station 

'f' Wafer quolrly station 

5 10 MILES 

0 5 10 15 KM 

Figure 2.12. Northeast Cape Fear River estuary. 

Several industries use the Northeast Cape Fear River 
and its tributaries both as a source of process water and 
as a conveyor of industrial wastes. The upper reaches of 
the Northeast !Cape Fear River are used for recreation, 
primarily boating and fishing. 

Freshwater Inflow 

The average net outflow of the Northeast Cape Fear 
River estuary is about 2,120 ft3/s. 'or greater interest than 
average flow, however, are low flows, because pollution 

Hrdrology of the Cape Fear River Estuarine System 31 

'' 
' 



I 
!I 

•. 
I 
I 

I 
I 
I 
I 
le 
I 

and saltwater intrusion problems are greatest during low 
flows. In the Northeast Cape Fear River, an attempt toes
timate low flows at the mouth by simple extrapolation of 
the measured low flow at Chinquapin, based on drainage
area ratios, will lead to erroneously high results. This is 
because, during low-flow periods, the upper part of the 
basin contributes a proportionately higher percentag~ of 
flow than does the lower part of the basin. For this 
reason, a relation was developed by Hubbard and Stamper 
(1972, p. E21) relating the low flow at Chinquapin to the 
flow at the mouth. The relationship, shown in figure 2.13, 
provides a reliable approximation of total freshwater flow 
out of the Northeast Cape Fear River only during stable 
low-flow recessions, when flow at Chinquapin is Jessthan 
360 ft3/s. Therefore, the relationship should not be ex
tended beyond the limits shown. 
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FLOW AT CHINQUAPIN • IN CUBIC FEET PER SECONO 

Figure 2.13. Relation between flow measured at Northeast 
Cape Fear River at Chinquapin and net outflow from the 
Northeast Cape Fear River estuary at the mouth. (Adapted 
from Hubbard and Stamper, 1972.) 

Another important aspect of low flows is frequency 
of recurrence. Figure 2.14 shows low-flow frequency 
curves of net outflow from Hubbard and Stamper (1972). 
These curves may be used to estimate the frequency of re
currence of various annual minimum consecutive-day av
erage outflows. For example, a minimum annual ?-con
secutive-day average inflow of about 15 ft3/s or less is ex
pected to have an average recurrence interval of about 10 
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years. The flow relations presented in this section of th 
report can be used, as discussed later, to develop relation 
showing the frequency of recurrence of saltwater intrusior 
in the Northeast Cape Fear River estuary. 

Tide-affected Flow 

Tide ranges in the Northeast Cape Fear River es 
tuary vary considerably depending on distance upstrean 
from the mouth at Wilmington. At the General Electri< 
plant, 6.4 miles upstream from the mouth, mean tide 
range is about 3.4 feet; near Castle Hayne, 23 miles up 
stream from the mouth, they average about 1.7 feet; near 
the mouth of Holly Shelter Creek, 50 miles upstream fron 
the mouth, there are no lunar tides. 

Flow due to tides is the dominant flow componen 
in the lower reaches of the Northeast Cape Fear estuary 
Strong flow reversals occur near the mouth with each tida 
cycle. Here, river velocities duJ to tides average about 1-
1.5 ft/s, and seldom exceed 2 ft/s. Although no specific 
information is available on velocities due to tides in th\ 
upper reaches of the Northeast Cape Fear River estuary 
they would become insignificant near river mile 50. 

The average freshwater inflow to the estuary h 
about 2,100 ft3/s. At this rate, average velocities near tht 
mouth due to freshwater inflow alone are only about o.m 
ft/s, or 5 to 8 percent of the average velocities attributablf 
to tides. 

The U.S. Geological Survey made a continuow 
measurement of tide-affected discharge during one com 
plete tidal cycle, 6.4 miles upstream from the mouth o 
the Northeast Cape Fear estuary, on October 23, 1969 
The results of the measurement are shown in figure 2.15 
The maximum discharge measured on October 23 wa! 
22,250 ft3/s. This occurred during flood tide at 193( 
hours. The maximum discharge measured on ebb tide wa~ 
18,080 ft3/s at 1400 hours. These values are much larger 
than the estimated 420 ft3/s of freshwater inflow for tha 
day. During ebb tide, a total of 315 million cubic feet o~ 
water flowed past the measuring section. Of this amount 
only about 11 million cubic feet could be accounted for b) 
fres~water inflow to the estuary. This represents about : 
percent of the total flow volume. 

Obviously, tides are the dominant short-term flov 
component near the mouth of the Northeast Cape Fea 
River estuary. A freshwater inflow of about 23,000 ft3/s 
almost 11 times the average, would have been required t< 
prevent flow reversals during the October 23 measure 
ments, and flows as large or larger than 23,000 fe/s occu· 
only about 0.02 percent of the time. Further upstream, tht 
influence of tides on flow is less and becomes negligibh 
about 50 miles upstream. 

As in the case of the Cape Fear River estuary, time~ 
of high and low tides in the Northeast Cape Fear River es 
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figure 2.14. 

172.) 
low-flow frequency curves for the Northeast Cape Fear River estuary. (Adapted from Hubbard and Stamper, 

I 
I, ry do not coincide with times of slack water, as shown 

tgure 2.15. During the October 23 measurement, slack 
;~~'~"~}~!" occurred more than an hour after high and low 
. s. 
: ;· _Detailed vertical velocity v:ofiles are not available 
• __ :the Northeast Cape Fear Rtver estuary. However, 
~~se~ on some velocity observations made during the Oc
,(·-~·-_23 measurement, profiles would be similar to those 
,<~-~!":ed during measurements of the Cape Fear River es
~#Y; ·shown earlier in figure 2.5. 
:~-·\;During October 1969, a study of the movement and 
. ~(!rsion of dye in the Northeast Cape Fear River estuary 
)Y~~-~_made by the U.S. Geological Survey. -The results of 
•r•dy are contained in the 1972 report by Hubbru-d 

: • .. ," ~·' 

,, <·' 

1':-· . -
;,• 

;~.:~r:· 

and Stamper. Figure 2.16, taken from that report, shows 
average flushing times for a solute injected into the es
tuary about 6.5 miles upstream from the ·mouth. When a 
solute (or pollutant) is injected as a slug, it travels up
stream and downstream with flood and ebb flows. As it 
does so, it spreads out and becomes diluted, forming a 
cloud of the solute. In addition to the upstream-down
stream movement of the cloud due to tidal flows, there is 
a n~t downstream movement of the cloud due to freshwa
ter inflow. This cloud has a center of mass and it is the 
flushing time of the center of mass to which figure 2.16 
refers. For example, referring to figure 2.16, if the out
flow is 200 ft3/s, it would take 30 days for the center of 
mass to reach the mouth from 6.5 miles upstream. At this 
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OUTFLOW, IN CUBIC FEET PER SECOND 

ligure 2.16. Average flushing time for a solute injected into 
the Northeast Cape Fear River estuary about 6.5 miles up-

l tream from the mouth. (From Hubbard and Stamper, 
972.) . 

I. "me, one-half of the solute would already have passed the 
_ outh and one-half would not yet have reached the 

mouth. The results of this analysis can be extended up-
. ·stream and downstream for different injection points by 

I sing cross-sectional areas and average freshwater in
, <aThen, mean velocities for a given reach may be de
-~ewed by the equation: 

I 
·I 

I here: 

I v 

Q 

,I_ A 

V= 
Q (2.2) 
A 

mean velocity, in feet per second 
I through the subreach 

freshwater inflow, in cubic feet per 
second 

area, in square feet 
,. ~., " 

~Di~iding the length of each subreach by the mean vel-

lit_i~s gives net traveltimes, which are based on freshwa
. Inflow, disregarding tidal effects. 
·;~v: , Hubbard and Stamper (1972) also give maximum 
-~-. :centration buildups at various river cross sections due 
. various constant injection rates of a solute 6.5 miles up
~~t;e~ from the mouth. They found that the dye cloud dis
.i!.~d upstream and downstream several miles from the 
~~~-~ion point but that maximum solute concentration 
•. ~}~up was only 0.3 miles below the injection point. It 
~_s;~if~cult to extrapolate 'their results upstream or down-

1'--'. --

stream for other injection points in the Northeast Cape 
Fear River estuary, but maximum concentration buildups 
would be expected near the injection points. 

Water Quality 

Summaries of the chemical quality of water at three 
key sites in the Northeast Cape ·Fear River basin are given 
in table 2.2, including observed ranges and average values 
of major chemical constituents. Iron concentrations some
times exceed the 0.3 mg/L concentration limits recom
mended by the U.S. Environmental Protection Agency 
(1976) [1977] for public water supplies. The same is true 
for color, which often exceeds the upper limit of 75 color 
units recommended by the Environmental Protection 
Agency (1976) [I 977]. The color of the Northeast Cape 
Fear River is derived primarily from decaying vegetation 
and the leaching of humic acids in swamp areas. 

Sediment 

The sediment-carrying capacity of the Northeast 
Cape Fear River and its tributaries is low due to low 
stream gradients. Most of the sediment that is carried is 
of clay or silt size (less than 0.062 mm). Based on flow 
and sediment measurements made at Northeast Cape. Fear 
River at Chinquapin and Rockfish Creek near Wallace, 
the average annual sediment inflow to the estuary is prob-

, ably no more than about 15,000 tons (20,000 cubic 
: yards). This amount is less than one-third of the estimated 
· 66,000 cubic yards of sediment that the U.S. Army Corps 
· of Engineers removes on an average annual basis from the 
', Northeast Cape Fear River estuary to maintain navigation. 

Obviously, the amount of sediment from upstream 
· sources is not enough to account for the amount of 
maintenance dredging that is done in the estuary, The 

:question then arises, what is the source of the sediment 
that forms- shoals in the navigation channel and harbor fa
cilities in the Northeast Cape Fear River estuary? This 

·question can be answered only speculatively because little 
work has been done to determine the exact sources. Prob-

1 

ably only a part of the estimated 20,000 cubic yards of 
:sediment that is carried into the estuary by freshwater in-
flow actually settles in the estuarine zone. Likely, a large 

·proportion of it is carried out into the Cape Fear River es
tuary. However, sediment that is deposited from upstream 
; sources would tend to settle in the deeper dredged areas. 
. , A second possibility is that some shoaling materials 
.may be transported upstream from the Cape Fear River. 
,This could occur whenever the Northeast Cape Fear es
tuary is in a partially mixed or stratified state. Then, net 
upstream flow might prevail near the bottom. The mini-

Hydrology of the Cape Fear River Estuarine System 35 

, . 
. !·' 

i;. 



I 
l um mixing ratio needed to produce partially mixed con

lions is about 0.5. (Refer to discussion on estuarine 
types in the section on "Generai Hydrology.") Based on 

l
czrements of tide-affected flow in the estuary' the wum freshwater inflow needed to produce partially 
ixeu conditions (and, hence net upstream velocities near 

the channel bottom) would be about 6,500 ft3/s. Although 

l shwater inflows of this magnitude or greater occur less 
an 5 percent of the time, it is possible that significant 

upstream migration of shoaling materials occurs due to 

I
·' is phenomenon. 

The third and possibly the major source of shoaling 
materials is within the estuarine reach itself. These 
sources could include materials eroded from the shores, 

tterials resuspended from the channel bottom and moved 
tidal action to the shoaling areas, and slumping of ma

terials adjacent to the navigation channel. 

llinity 

liations in Time and Space 

With respect to salinity, the Northeast Cape Fear 
River estuary may be classified as a well mixed estuary, 

I most of the time, at least. This has been verified by 
era! specific conductance surveys, one of which is 

summarized in figure 2.17. This figure shows lines of 
wal specific conductance along a channel profile of the . 
~~heast Cape Fear River estuary, based on data col
lect~ November 9, 1966. There was very little differ-

l
l'!/1 that day between surface and bottom specific con
ances in most of the reach portrayed here. The mixing 

... -X was estimated to be about 0.06 for that day, which 
is very close to the arbitrary upper limit of 0.05 for a well 
nJied estuary. Although no extensive specific conduc
t.e data were collected within any cross section on that 
day, it is not likely that. any significant specific conduc
t~e differences existed

1

'within cross sections. 

WATER 

' I 
~ ~ 
~ ~ 
~ <:;:) 

l't)' ~ ... - ....... 

Historically, the maximum observed upstream intru
sion of saline water into the Northeast Cape Fear estuary 
occurred during Hurricane Hazel on October 15, 1954, 
when chloride concentrations reached I ,450 mg/L at Cas
tle Hayne. Based on this and information in figure 2.18 
(discussed later), the saltwater front could have been 2 or 
3 miles upstream from Castle Hayne on that date. 

The very extreme saltwater encroachment which 
took place due to Hurricane Hazel was in addition to the 
extreme encroachment which had already taken place due 
to record low river flows immediately preceding the hur-

-ricane. At Chinquapin, for example, the discharge aver
aged only 5.3 ft3/s on October 10-11, 1954, the all-time 
low for the 37-year period of record. On October 9 and 
10, 1954, chloride concentrations were already about 500 
mg/L at Castle Hayne, the greatest salinity intrusion of re
cord, up to that time. The recurrence interval of two such 
rare events occurring in succession is not known, but it 
may be reckoned in centuries. 

The maximum seaward movement of the saltwater 
front occurs during times of high freshwater inflow, usu
ally in the spring. At such times, the front may be dis
placed out of the Northeast Cape Fear River estuary al
together, leaving the estuary completely fresh for a short 
period. 

It is not economically feasible on a routine basis to 
survey the entire river to locate the saltwater front. How
ever, based on previous salinity surveys, a type curve has 
been developed for the Northeast Cape Feitr River estuary 
which may be used to estimate the specific conductance at 
any point in the estuary, if the specific conductance is 
known at only one point (fig. 2. 18). As an example of the 
use of this type curve, suppose that the specific conduc
tance near the channel bottom at a high slack water is 
6,000 J.t.mhos at Cowpen Landing, 11.2 miles upstream 
from the U.S. Highway 17 bridge in Wilmington, (U.S. 
Highway 17 bridge is about 0.85 miles upstream from _the 
mouth of the estuary) and we want to know the location 
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gm17. Longitudinal variations in specific conductance of the Northeast Cape Fear River estuary on November 9, 1966 . 
.. revariable and should not be inferred from the sketch. 
·-·,,. ,'1: Hydrology oftho C•pe Fw '''" "'""'"' '""m 37 

l :: 

.:.: 
., 

_., 



·:1-
;r:l~';~i~[ 

.·.,-

:;; .. _:·~·, A 

... -. · .. 

:·.~a~:::_·;./Yf~~ 
. . ·_.,. N 
:I 

... 

·\ 1::;~·.:_ .•. ~ ... ; · ... -· ... ' 
·."'.~- ' .. 
·-

"'!. --~-
: ~-.. . . 

I 
'I\, 

· .. 

1- . 
··:.:. .. I. 

·I· 
. ·o 

. • ...iii.: . 

• • 

B R U N 

.l 

I sJond 

.. 
1AJOR ESTUARIES AND SOUNDS OF NORTH CAROLINA 

I 

.. i·· -· ,.,.,.. •• ; -

G 

--··--
l:l. 02053200 

02053200 

" 

v 

\ Q 
I ~ 

\o 0 

s ' . --------_-\ __________ _ 

' 

p ,. 

I C 0 
r.t t. 

\ Hatter ..--os _____ ---..1 

. ' c~~ 

EXPLANATION 

Physiographic boundary 

Basin boundary 

.. · coke ~ Hal/eros Halferas 

~"'~ '"''' 
· /7 Ocracoke 
l/ Inlet 

W!Jolebone 
Inlet ~ 
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front ( 200 mg/ L chloride) having a 50-percent chance 
of· being equaled or exceeded in any year 

Maximum upstream intrusion ;(where known) of saltwater 
front (See text for details) 
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STATION 
NlMlER 

02107~595 
0210754GIO 
021 0754E.25 
0210755122 
02107Se.ooo 

02107SGIIO 
021075e.l35 
021075e.l44 
02107SGI4G 
02107SGI48 

0210756150 
021075E-2SO 
02107SE.270 
02107SE.280 
02107 SE-230 

BLACK 

ST A Tl ON NA/'E 

DRY 8 AT MTH I'll COSTIN 
MOORES C AT SR 120'3 NR COSTIN 
WHITE OAK 8 HEADWATERS l'fl REB KEE 
WHITE OAK 8 AT MTH NR COSTIN 
MOORES C 1\11 ATKINSON 

BUXTON 8 AT MTH NR ATKINSON 
MILL B AT MTH AT YAMACRAW 
MOORES C AT SR 1125 AT YAMACRAW 
MOORES C AT CURRIE 
MOORES C AT MTH AT THE BOOOLIGH 

BLACK R NR STILL BUFF 
BLACK R l'fl HJOPER HII.L 
LYON SWP CAN AT SR 1104 1\11 STILL BLUFF 
BUCKLE SWP C NR STILL BLI.FF 
LYON C AT MTH 1\R STILL BLUFF 

RJ:VER CONTINUED 

DRAINAGE SITE 
AREA TYPE LA T 

(SQ Mil 

2.54 
22.4 
9.14 

19.5 
52.7 

6.41 
6.01 

74.2 
84.2 
92.8 

1509. 
ISIS. 

20.5 
11.8 
41.2 

20 343E-44 
20 343545 
20 343610 
20 343521 
02 343324 

20 343206 
20 343017 
20 343017 
20 342736 
20 342538 

20 342318 
20 342204 
20 342341 
20 342248 
20 342221 

LONG 

780709 
780724 
78103G 
780728 
780725 

780633 
780802 
7B0800 
780644 
780615 

780520 
780420 
780942 
780724 
780E.23 

QUAD NAME 

ATKINSON 
ATKINSON 
ATKINSON 
ATK IN".o!JN 
ATKINSON 

ATKINSON 
ATKINSON 
ATKINSON 
ACME 
ACME 

ACME 
ACME 
ACME 
ACME 
ACME 

LOWER CAPE FEAR RIVER 

021075€-f.SO BAY 8 NR HOO'FR HILL 
0210757000 CAPE FEAR R NR PHOFNJX 
0210757020 CAtFISH c NR CEDAR HILL 
0210757055 INOI AN C AT PHOE"NIX 
0210757075 li\OIAN C AT MTH NR CEDAR CREEK 

0210757200 CAPE FEAR R AT ROYSTER 
0210757405 tAAtWMC B AT M1H At NAVASSA 

021075!1100 
0210758475 
0210758€00 
0210758675 
02107SSG92 

0210758£.95 
OCI07587?5 
02107SR745 
0<!10758855 
0210758>'!77 

0210758885 
02107€.0000 
02107£.0400 
02107EOR35 
02107E.084S 

02107€.0905 
CJa107003E-5 
02107€·1000 
0210761200 
OC!107G120S 

0210761210 
0210761230 
0210761250 
0~107E.COOO 
02107E.2S54 

0210767200 
02107£.7245 
02107E.73CS 
02107£-8290 
02107GF:l00 

0210768325 
0210770344 
0210770354 
021 07703€-2 
0210770372 

021077037E. 
0210770388 
02107703'3?. 
0210770400 
0210770412 

0210770418 
0210772380 
0210772397 
0210772400 
0210777550 

02107775'\R 
0210777905 
0210778600 
0210778650 
0<'!10778665 

0<'!10778675 
02107787i'S 
Ch':!J07i874S 
0210778774 
0210778810 

NORTHEAST 

NE.C.APE FEAR R AT MT ll..IVE 
NE CAPE FFAR R TRIR AT MTH NR MT OLIVE 
NE CAP F. FEAR R NR MT C't. I VE 
NE CAPE FEAR R TR 18 AT OAM NR MT OLIVE 
HORSEPEN B AT MTH NR HOPEWF'Ll 

LEWIS B AT NC 55 I'll WILLIAMS 
NE CAPE FFAR R AT NC 403 AT WILLIAMS 
RATTI.f'SNAI<E B AT MTH NR BROCK CHAPFL 
POLLY RUN C AT f'R 1!'>26 AT JCV'IES CHAPEL 
Pt:U Y RUN C AT MTH NR GARI'ERS CHAPEL 

JUMPING· RUN R AT ffi 1754 NR WILLIAMS 
NE CAPE FEAR R NR SEVE.N SPRINGS 
NE C:APF FEAR R NR GARNERS CHAPEL 
MIRE fl AT SR 1501 NR HERRINGS X RDS 
CABIN B AT MTH NR PRICFTOWN 

BliCK MARSH 8 AT SR 1754 AT GRAOYS 
POLEY B AT MTH NR OUTLAWS BRIDGE 
BUCK MARSH fl AT OUTLAWS BRIDGE 
NE CAPE FFAfl R NR KORNEGAY 
BEAVERDAM B AT l"R 1501 NR HERRINGS X ROS 

GRFAT B AT NC 111 NR J0NFS CHAPEL. 
GRl'AT B AT MTH 1\11 ALBl'RTR1N 
NE CAPE' Fl'AR R AT SR 1519 NR KORNEGAY 
MATHEWS C NR PINK HILL 
CAMP B AT SR 1501 NR KORNEGAY 

NE CAPE' FEAR R AT Kffii'E:GAY 
81JlN COAT C AT SR 1554 1\11 KORNEGAY 
BURN COAT C AT NC 11 AT KOOM'GAY 
PANTHER C AT SR 1704 NR LEON 
PANTHE'R C AT MTH NR LEON 

NE CAPE FEAR R AB GOSHEN SloJP AT LEON 
GOSHEN SWP AT NC SO NR SUTTOI'JTCW'>I 
RAILER B AT MTH NR SUTTONTClWN 
lONG B AT MTH NR SUTTONTCW\1 
YOUNGS fiWP HEAOWATE'RS NR GIOOENSVILLE 

YOL!'IGS SWP TR I B AT MTH NR G I OOENSV I LLE 
YIJUNCS SWP AT MTH NR CAL YPE<O 
GOS\-FN SWP TRI8 AB SR 1302 AT MTH NR CALYP50 
GOSHEN SWP NR CAL VPSO 
GOSHEN SWP TRIB AT MTH NR CALYPSO 

MILL B AT MTH NR CALYPSO 
PANTHER fl AT NC 50 AT FAISON 
PANTHER B AT MTH NR CAL YPf'O 
COSHE'N SWP AT F A1 SC'N 
REFOY 8 AT" DAM AT FAISON 

REEDY R AT Nc 403 AT FAISON 
REEDY B AT-MTH NR FAISON 
GOSHF..N SWP NR FAISON 
DICKS B 0.1 Ml AB NC 403 NR CALYPSO 
WHITFOAK·e AT SR 1318 NR-"CALVPSO 

WHITEOAK 8 AT MTH NR BFAIJTANCUS 
COW HOLE B AT MTH NR BFAliTANCLIS 
BFAR MARSH's AT OAM NR CALYPSO 
BEAR MARSH B AT SR 1357 AT BEAUTANCUS 
GOSHEN SWP SL RFAR MARSH R AT BEAIJTANCUS 

2.02 
7036. 
~2 

5.71 
9.34 

7054. 
~9 

CAPF. FEAR 

77 

3.91 
3.38 

to.s 
2.08 
4.80 

10.4 
25.1 

5.72 
4.28 
9.25 

2.62 
48.7 
55.0 
4.72 
6.58 

14.5 
4.92 

21.9 
85.8 

3.01 

7.4e. 
10.5 

104. 
8.13 
1.92 

120. 
5.47 

10.2 
6.78 

13.2 

146. 
8.10 
4.€-4 
2.82 
3.98. 

2.10 
8.88 
3.<'!5 

3e..8 
2.34 

a. 73 
3.7<'! 
6.06 

50.9 
1.55 

2.e.s 
3.30 

58.6 
1.08 
3.14 

5.06 
~.87 
3.<'!2 
(..10 

72.6 

20 341 951'1 780253 ACME 
11 341'350 780140 ACME 
20 341730 780027 ACME 
20 341804 780158 ACME 
20 341702 780022 ACME 

II 341615 780000 ACME 
20 34154€· 775'324 CASTLE HAYNE <DMl 

RIVER 

02 351110 
20 351136 
20 351128 
20 351139 
20 351152 

20 351112 
20 351041 
20 351013 
20 350818 
20 35095G 

20 351049 
01 351020 
20 350854 
20 350752 
20 351013 

20 35100€· 
20 350842 
02 350836 
20 350740 
20 350€-4€-

20 350717 
20 3SOE.23 
20 350e.C>2 
03 350549 
20 3504<'!9 

02 350310 
20 350412 
20 _3503?.7 
20 350133 
20 350200 

20 350114 
20 351132 
20 351152 
20 351112 
20 350'326 

20 350926 
20 351041 
20 351019 
20 351010 
20 351005 

20 350905 
20 350723 
20 350817 
02 350805 
20 350611' 

20 350659 
20 350754 
20 350722 
20 350754 
20 350853 

20 350710 
20 350642 
20 350809 
20 3506:17 
20 350€'15 

780300 
780140 
780105 
780021 
775926 

775903 
775852 
775843 
775626 
775721 

775€-22 
775556 
775350 
775220 
775228 

7752<'!1 
775141 
775147 
775126 
775152 

774930 
775008 
774959 
774910 
775044 

775017 
774718 
774921 
774736 
775040 

775047 
781330 
781304 
781022 
781140 

78113'3 
780952 
780846 
780833 
7808i'O 

780741 
780909 
780726 
780722 
780805 

780737 
780707 
780537 
780518 
780501 

780449 
780357 
780236 
780313 
780320 

MT OLIVE 
MT OLIVE 
MT Dl.IVE 
MT OLIVE 
SEVEN SPRINGS 

SEVEN SPRINGS 
SEVEN SPRINGS 
SEVEN SPRINGS 
SEVEN SPRINGS 
SEVEN SPRINGS 

SEVEN SPRINGS 
SEVEN SPRINGS 
SEVEN SPRINGS 
SEVEN SPR I NGS 
SEVEN SPRINGS 

SEVEN SPRINGS 
SEVEN SPR INCS 
SEVEN SPRINGS 
SEVEN SPRINGS 
SEVEN SPRINGS 

SEVEN SPRINGS 
SEVEN SPRINGS 
SEVEN SPRir..'CS 
SEllEN SPRINGS 
SEVEN SPRINGS 

SEVEN SPRINGS 
SEVEN SPRJI.IGS 
SEVEN SPRINGS 
SEVEN SPRINGS 
SEVEN SPRINGS 

SEVEN SPRINGS 
DOOBERSV ILLE 
DOOBERSV1LLE 
OOBBERSVILLE 
OOBBERSVILU' 

DOIJBERSVILLE 
OOBBERS\1 I LLF. 
OOBBERSVILl.E 
OOBBERSV!LLE 
OOBBERSVJLLE 

OOBBERSV!LLE 
FAISON 
MT OLIVE 
MT OLIVE 
FAISON 

FAISON 
MT CLIVE 
WAf! SAW NORTH 
MT CLIVE 
MT CLIVE 

WARSAW NORTH 
WARSAW NORTH 
MT ll..IVE 
W.:.RSAW NORTH 
WARSAI<J NORTH 

141 
141 
141 
141 
141 

141 
141 
141 
141 
141 

141 
141 
141 
141 
141 

019 
019 
129 
019 
019 

019 
01') 

191 
191 
191 
191 
191 

191 
191 
0€·1 
061 
061 

191 
191 
191 
061 
191 

191 
061 
061 
061 
061 

061 
061 
061 
061 
061 

061 
061 
061 
061 
061 

061 
IG3 
te.3 
163 
1E.3 

IG3 
06! 
061 
061 
061 

061 
061 
061 
061 
061 

061 
061 
061 
OGI 
OGI 

061 
061 
061 
061 
OGI 



w 
!I 
' NClRTHE:AST CAPE FFAR RIVER CONTINUED I ,. STATICt-l ORAlNAGE SITE cciuNTy 

1\U'lBER STATION NAME AR<.A TYPE LAT LONG QUAD NAME CODE 
(SQ Mil 

II 
I~ ! 0210850355 MILL C AT SR 1111 Nil NEWTC'NS X ROS 11.8 20 344305 78070'3 ATK!N'".oOI'I 163 

!Itt 0210850365 DOCTORS C TR!B AT MTH NR WALLACE 4.'31 20 344325 7B0630 ATKINSON OE-1 
0210851000 OOCTOOS C NR WALLACE 53.6 02 344330 780318 ATKINSON .061 
0210B51800 ROCKFISH C ElL OOCTClRS C NR WAI.LACE I31. 20 344350 7BOI20 ATKINSON 061 
021 OBSZ'300 ROCKFISH C AT WALLACE 135. 20 344334 780018 ATKINSON 061 

. I o.:i!I0852'310 CROOKFD R~ AT MTH AT PENDF.RLEA 5.38 20 344013 780237 ATKINSON 141 

::1 021 0852'320 SILLS C AT SR 1001 NR PF.NDERL.EA 18.3 20 344114 780051 ATKINSON .141 
0210RS2'33S SILLS C AT MTH NR Wll.LARD 20.5 20 344307 775'346 RURCAW 141 
0210BS2'350 SAWYER C AT MTH AT WILLARD 3.4'3 20 344300 775'337 BURGAW 141 
0210853€.00 ROCKFISH C AB L ROCKFISH C NR TIN CITY 162. D2 344310 775830 BLRGAW 061 

I 
0210854300 L ROCKFISH C AT TIN CITY 7.04 20 .344425 775855 BLRGAW 061 
0210854800 L ROCKFISH C AT WALLACE 7.83 01 344402 775803 BURGAW 0€.1 

I 
0210855220 L ROCKFISH C AT MTH NR WAU.ACF. 10.2 20 344311 775B2'3 BLRGAW :l61 
0210856300 ROCKFISH C AT MTH NR WALLACE 177. 20 344310 775520 BURGAW 06i 
0210856365 WASH!NGTCt-l C AT MTH NR WILLARD 4.38 20 344056 775614 BURGAW 141 

0210856375 LEWIS C AT MTH NR WATHA 9.13 20 343'332 775427 BURGAW 161 

I 0210856400 NE CAPE FEAR R NR WATHA B86. 02 343850 775220 BURGAW 141 
0210856450 NE CAPE FEAR R TRIB AT MTH NR SHFLTE'R NECK 2. 56 20 343820 775303 BURGAW 141 

I 
021085e.£,()() NE CAPE FEAR R NR RURGAW 918. 20 343555 775235 BURGAW 14I 
0210857050 MOORES C AT NC 53 NR MAPLE HILL 11.7 20 344053 774108 MAPLE HILL ·14f 

0210857065 HOLLY SHELTFR C AT NC SO NR MAPLE HILL 27.1 20 343'325 774122 MAPLE HILL 141 
021085BOOO HOLLY SHELTER C NR MAPI E HILL 33.6 02 343820 774402 MAPLE HILL 141 

I 0210858125 BACK f'l,Jf> AT SR 1001 NR CATHERINE LAKE 14.9 20 345005 773811 R!CHLAMlS 133 
0210B5813S BACK 5WP TR!B AT MTH NR CATHERHIF LAKE 6.11 20 344'311 774008 R!CHLAMJS 133 

I 02108SBI42 BACK SWP TRIB AT MTH NR FOUNTAIN 3.'35 20 344B21 774028 R!CHLAMlS 061 

I 0210858154 NINE MILE C TR!EI AT SR 1207 NR JACKSON\IILLE 7. 71 20 344543 7740<n RICHLANDS 061 
0210858163 NINE MILE' C AT SR 1826 NR CYPRFSS CREEl< 18~9 20 344546 774153 RICHLANDS O'iol 
0210RSB177 RACK SWP AT SR 1828 NR CYPRESS CREEK e.o.'3 20 344528 774232 RICHLANDS 061 

I 0210BSB183 CYPRESS C AT MTH AT CYPRESS CRE'EK 12.0 20 34450€. 774312 R!CHL.ANOS 061 

I 0210BSB1'0'2 ANGO.A C TRIB NR MAPLE HILL .23.4 20 344134 774418 MAPLE HILL 141 

I 0210BSB500 ANGCJ..A C NR MAPLE HILL SS.B 02 343'315 774402 MAPLE HILL 141 
0210858515 .J\.J'IIPER SWP TRIB AT MTH NR HOLLY RIDGE B.70 20 343343 773556 MAPLE HILL I33 
0210858520 .J\.J'IIPER SWP TR IB AT MTH NR FOLK STONE 6.B7 20 343341 77361B MAPLE HILL 133 
02108SBS35 JLNIPER SWP AT MTH NR HOLLY Rir>GE 30.9 20 343356 773652 MAPLE HILL 133 
0210B58SSS SANDY Rll'l SWP AT SR I lOS AT PAOGETT 6.e.s 20 344024 773522 MAPLE HILL 133 

I. 0210858600 SAI'OY R~ SWP NR PAOGETT 18.4 20 343805 773647 MAPLE HILL 133 
02108SBS25 SANOY R~ SWP NR MAPLE HILL 22.S 20 343731 774003 MAPLE HILL 141 
0210858646 SHEL.TF.R f'l,Jf> C AT MTH NR MAPLE HILL 61.4 20 343446 773'324 MAPLE HILL 14\ 
021 OB58GS·3 SHAKFN C NR MAPLE HILL 121. 20 343455 774131 MAPLE HILL 141 
0210858720 SHAKEN C AT MTH AT ~F.N 133. 20 343702 774601 BURGAW 141 

021 OB5a-300 HOLLY SI-El.TER C NR WHITF STOCKING 231. 20 343700 774610 BURGAW 141 

~. 
0210858'3€.3 MILL PONO AT NC 53 NR WHITE STOCKING 13.2 20 34372'3 774724 BURGAW 141 
0210858'375 CAME B AT MTH NR WHITE STOCKING 3. 74 20 343628 774'338 BURGAW 141 
021085'0'200 HOLLY SHEL TF.R C NR AURGAW 257. 20 343520 774'300 Bllf'GAW I41 
021085'32€.5 NE CAPE FE'.AR P TRIB AT MTH AT WHITE STOCKING 8.17 20 343506 774846 BURGAW 141 

021085'3305 NE CAPE FFAR R TR !B AT MTH NR WALKERS 57.2 20 343308 774847 BURG AI< 14I 
021085'3800 BURGAW C AT BL.RGAW 3.07 02 343310 775520 B1JRCMI. 141 
0210860100 BURGAW C AT US 117 NR BURGAW 8.5e. 11 343350 775530 BURGAw I4I 

I 0210860400 BURGAW C NR BURGAW 17.7 11 '343400 775340 BURGAW 141 
0210B60550 B1RGAW C AT SR 141I AT WALKERS 24.8 11 343227 775113 BURGAW 141 

0210860565 BLRGAW C AT MTH NR WALKERS 28.3 20 343224 774951 BURGAW 141 

I 
0210860610 CYPRESS C AT MTH NR WALI<ERS STORE 7. 3'3 20 343047 775031 BURGAW 141 
0210860BOO LILLINGTON C AT SR I 520 NR ST HELENA 6.91 11 343027 774857 BURGAW 141 

I 
021086085.5 LILLINGTCt-l C AT MTH NR ROCKY POINT 8.B7 20 342'350 77502'3 MOORETCW>l CDMl I41 
0210861045 PIKE C AT SR 1411 NR TWIN OAK 4.47 20 342747 775233 ROCKY POINT IOMl 141 

0210861065 PIKE C AT MTH NR ROCKY POINT 10.4 20 342802 775030 MCXJRETOWN (OM! I41 
0210B61200 NE CAPE FEAR R NR ROCKY POINT 1326. 02 342535 775003 MOORETOWN COM! 141 

I 
0210861225 TRLM'ETER SWP AT MTH NR MOORETOWN 16.3 20 342622 774636 MOORETCW>l COM! 141 
0210B61235 CATSKIN C AT MTH NR MOC'RETOWN 25.2 20 342654 774802 MOORETl:W-1 (OM! 141 

I 
0210861250 MERRICKS C HEADWATERS NR MOORETOWN S.BO 20 342655 774B03 MOORETl:W-1 COM! 141 

0210861300 MERRICKS C NR ROCKY POINT 31.2 20 342646 774813 MCXJRETl:W-1 ((JM) 141 
0210861325 MERRICKS C AT MTH NR ROCKY POINT 35.2 20 342418 774754 I'DDRETCW>l IOMl 141 
0210861700 HARR!SONS C NR HAMPSTFAO 14.0 20 342343 774619 MOORETCW>l ((lot) I41 
0210861754 HARRISCt-15 C AT MTH NR MOORETOWN 54.7 20 342409 774841 MOORETCIW'l CCJoll 141 
0210861765 ISLANJ C TRJB AT MTH NR POOTER 3.4B 20 342106 774B27 · SCOTTS HILL ((lot) 12'3 

I 0210861776 ISLMO C TRIB AT MTH NR SCOTTS HILL 4.57 20 342128 774B41 SCOTTS HILL (CJoll !'41 
0210861779 ISLANJ C AT SR 1002. NR SCOTTS HILL 18.1 20 342201 774BS5 SCOTTS HILL (CJoll I41 
0210861785 ISLANJ C AT MTH NR MOORETCW>l 20.1 20 342317 77492I MOORETCW>l (DMI 1>+1 
0210861800 STURGEON C NR CASTLE HAYNE 1.97 20 342123 775154 SCOTTS HILL ICJoll I2'3 
0210B61B45 STURGECt-l C AT MTH NR CASTLE HAYNE 2.78 20 342214 775227 SCOTTS HILL (CJoll 12'3 

I 
0210861'300 NE CAPE FEAR R NR CASTLE HAYNE I426. 20 il42151 775353 CASTLE HAYNE ICJoll 12'3 
0210861950 PRINCE GEMGE C 6.3 Ml AB SA iJts t-A CASTLE HAYNE ~6 20 342015 775206 SCOTTS HILL (CJoll I2'3. 
Q210862000 PRINCE C:EORGE C NR CASTLE HAYNE 4.20 02 342019 775222 SCOTTS HILL (CJoll I2'3 
02I0862025 PRINCE GEOOGE C TRIB AT MTH NR CASTLE HAVNE 2.BS 20 342019 775247 CASTLE HAYNE (CJoll 129 
0210862050 PRINCE GEOOGE C AT NC I 32 NR CASTLE HAYNE 8.I9 20 342019 773338 CASTLE HAYNE IOMl I2'3 

i 0210862200 PRINCE GEOOGE C NR WRIGHTSilOOO 10.3 20 342040 775410 CASTLE HAVNE (CJM) 12'3 

I 
0210B62235 PRINCE GEORGE C TRIB AT MTH AT CASTLE HAVNE 2.76 20 342110 775601 CASTLE HAYNE COM; 12'3 
0210862248 PRINCE CEOOGE C AT MTH NR CASTLE HAYNE 17.1 20 342150 775701 CASTLE, HAYNE COM 129 
0210B63000 TURKEY C NR CASTLE RA'f!'E . IO.S 03 342347 775448 ROCKY POINT COM! i41 
0210863025 TURKEY C AT MTH NR CASTLE HAYNE IS.4 20 342249 77572'3 ROCKY POINT tr-n I41 

i 
0210863115 HORSE BRANCH C AT SR 1336 NR BURGAW 5.88 20 343711 7759I7 BLRGAW 14I 
0210863125 HORSE BRANCH C AT SR 1332 NR BURGAW 20.1 20 343411 775B52 BLRGAW 141 

I 
0210863150 HORSE BRANCH C AT NC 53 NR BURGAW 33.6 20 343230 780005 ATKINSON 141 
0210863195 BEE B AT SR I 335 NR PEI'LlERLEA 5.06 20 343621 7B0234 ATIIINSON 1~1 
0210B63300 CYPRSSS C NR WARDS-CORNER 19.3 20 343240 7BCi209 ATKINSON 141 

i 

le 
I 

I 

I 79 
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NORTHEAST CAPE FEAR RXV~q CONTJ:NU~D 

STAn ON 
t-LM!F.R STATION NAME 

0210863315 CYPRESS C AT MTH I'll WARDS CCJli\ER 
0210863320 LONC C AT 5R 1120 NR I'W..PASS CCJli'ER 
0210863350 BIG B AT MTH I'll LONC CREEl< 
0210863400 LONC C AT LONG CREEK 
0210863525 RIZZO C ,AT MTH I'll HIGHSMITH 

0210863535 MILL ·c AT MTH AT HIGHSMITH 
0210863545 KELLYS C AT MTH NR LITTLE KELLY 
0210863554 RILEYS C TRI8 AT MTH I'll LITTLE KELLY 
0210863€-00 RILEYS C NR LONG CREEK 
0210863625 CLFFCJlOS B AT MTH NR LONG CREEK 

0210863650 RILEYS C AT MTH AT LONG CREEK 
0210863675 MORGANS C AT MTH I'll ROCKY POINT 
0210863685 LONG C AT MTH NR ROCKY POINT 
0210863700 I'£ CAPE FEAR R I'll CASTLE HAYNE 
oatose.373S FISHING C AT FilA NR WRIGHTSBORo 

0210863800 NE CAPE FEAR R NR WRIGHTSBCJlO 
0210863845 NESS C HEAOWAlERS At LJRIGHTSBooo 
0210863855 NESS C AT MTH NR lolliCHTSBCJlO 
0210863875 NE CAPE FEAR R TRIB HEADWATERS AT WRIGHTSBORO 
0210863885 NE CAPE FEAR R TRIB AT MTH NR WRIGHTSBORO 

0210863'350 SMITH C HEAOWATFRS AT BOI\NIE 
0210863'355 SMITH C TRIB AT 5R 1322 AT BOI\NIE 
0210863958 SMITH C TRIB AT MTH AT BONNIE 
02108€-'!000 SMITH C NR M!.J1RAYSVILLE 
0210864050 SMITH C NR WILMINGTON 

0210864100 SMITH C TRI8 NO 2 NR 8AYMEAOF 
021086-4155 SMITH C TRIB AT MTH f'.A ~ICHTf'-80RO 
02108E-'t200 SMITH C AB AIRPORT AT WILMINGTON 
0210864500 SPRING 8 NR MURRAYSVILLE 
0210864E-00 SPRING F.l NR WILMINGTON 

0210864750 SMITH C TRIB AT MTH NR SAYI'EAOE 
0210864775 SMITH C TRIB AT MTH AT WILMINGTON 
0210864800 SMITH C AT 23 ST AT WILMINGTa-1 
0210865605 B~NT MILL C HEADWATERS AT WILMINGTON 
0210866050 B~NT MILL C AT MARKET ST AT WJLMINGTa-1 

02108€.6300 B~NT MILL C AT MTH NR WR IGHTSSCJlO 
0210868300 SMITH C AB MTH AT WILMINGTa-1 
02108E;9230 NE CAPE FFAR 6 AT LJS 117 AT Wll MII'K;TRN 

LOWER CAPF 

0210873000 CRE'FNFJA_ 0 LAKE Nil ET AT Wit M!NtJION 
0210873635 STURGEON C HEADWATERS NR ELIAH 
0210873640 STLJRCEC't< C AT SR 1437 NR ELIAH 
0210873645 ST~CFON C AS MILL C 1'11 FASY HILL 
0210873650 MILL C AT LELAND 

0210873655 MILL C AS snRGEON C NR FASY HILL 
0210873€-E.O STURGEON C AT MTH NR CLAIRMONT 
0210873(~ JACkEYE {. AB PINEY B NR LANVALE 
0210873663 P INFY B AT MTH 1'11 LANVALF 
02108736€·6 JACKEYE C AT NC 133 NR CLARENDON 

0210874500 CAPE' FEAR R AT BRLNSWICK RIVFR 
0210874550 MALLORY c AT NC 133 NR CLAIRMONT 
0210874575 L MALLCJlY C AT NC 133 NR CLAIRMCl>IT 
0210874580 MALLORY C AT MTH NR CLAIRMONT 
0210874800 BARNARD§ C NR MvRH_E GROVE 

0210874825 BARNARr>S C TRIB NR MYRTLE' GROVE 
0210874850 BARNAROS C. AT 5R 1100 NR WILMINGTa-1 
0210875750 TOWN C HEADWATF.RS NR ACME 
0210875755 TOWN C · TRIB NR ACME 
0210875765 TOWN C NR BATARORA 

0210875770 ~KEY B HEACWATERS NR BARTARORA 
0210875780 ~KEY R AT MTH NR PINEY GROVE 
021087EOOO TOWN C NR BOLIVIA 
0210876135 LEWIS S~IP TRIB NR PINEY GROVF 
0210876150 LEWIS SWP AT PINEY GROVE 

021087£.700 TOMPKJN El NR ~llNNABa-1 
0210876725 LEWIS SWP TRIB AT RASCl>ITIM'I 
0210876735 LEWIS B HEAOWATF.RS NR RABLNTOWN 
0210!176750 LEWIS B AT MTH NR RABONTO.JN 
0210876765 LEWIS. SWP AT MTH NR BOLIVIA 

0210877050 TOWN C NR HENRYTCJWN 
0210877100 RUSSFLLf' C 1'11 E!U.IVIA 
02108771 SO RUSSElLS C AT MTH NR BOLIVIA 
0210877210 TOWN C NR BOLIVIA 
0210877400 SELL SWP HEACWATERS AT ~JEW HOPE' 

0210877450 CHERRY TREE SWP AT MTH NR NEW HOPE 
0210877455 BELL SWP NR NEW HOPE 
0210877900 BELL SWP NR BOLIVIA 
0210877'305 BELL SWP AS MILL C NR MILL CREEK 
0210877'308 MILL C TRIB NR MILl CREEK 

0210877910 MILL C HEADWATERS NR MILL CRI'EK 
0210877915 SWAIN B TRIE! NR BOLIVIA 
0210877'320 SWAIN ll TR 18 NR MILL CRI'FK 
0210877'325 SWAIN ll AT MTH NR MILL CREEK 
0210877'950 HICKMAN B AT ,.ITH AT MILL. CREFK 

80 

DRAINAGE 
AREA 

<SG Mil 

21.8 
60.5 
3.58 

85.3 
9.04 

3.58 
7.50 
4.11 

'27.€-
1.87 

34.0 
6.48 

144. 
1.29, 

0.28 

1620. 
-r:96 

3.49 
1.38 
2.00 

4.61 
2.96 
3.23 
8.94 
9.34 

3.E.6 
3.43 

17.2 
1.52 
2.87 

o.se. 
0.84 

24.2 
3.28 
S.E-2 

6.98 
.33.1 

W2... 

FEAR 

..J...Z.l 
2.68 
5.44 
9.11 
4.32 

6.33 
~ 

3.22 
1.53 

~ 

.!m:2.... 
4. 75 
1.88 
8.88 
~ 

I.E-8 
E-.77 
3.23 
2.97 
8.98 

3.42 
7.58 

19.4 
3. 70 
8.47 

1.91 
1. 73 
5.22 
7.36 

22.3 

45.7 
2.69 
3.0'3 

51.3 
1.77 

2.64 
8.08 

11.5 
14.0 
1.16 

5.12 
1.2'3 
1.17 
4.64 
0.82 

SITE 
TYPE LAT 

20 343158 
20 343112 
20 342802 
20 342620 
20 342825 

20 342824 
20 342804 
20 34272!1 
20 342634 
20 34262'3 

20 342521 
20 342256 
20 342243 
20 342018 
20 342011 

20 341910 
20 341757 
20 341710 
20 341656 
20 341656 

20 341723 
20 341739 
20 341723 
02 341638 
20 341619 

o2 341610 
20 341554 
20 341545 
02 341520 
11 341533 

20 341531 
20 341526 
20 341530 
20 341343 
20 341414 

LONG 

780142 
780140 
780228 
780134 
775826 

775827 
775810 
775816 
775941 
780005 

780133 
775800 
77581£. 
775939 
775927 

775720 
775535 
775714 
775E-OO 
775700 

775138 
775147 
775139 
775207 
775223 

775210 
775316 
775317 
775220 
775347 

775425 
7754S6 
775511 
775422 
775518 

OlJAO NAI'E 

i5:.~ ,~, ;j~i~l;i ·.· 
ROCKY 'POINT 'CD'! I · ·-: ·141'-'. 
ROCKY POINT <OM> · .. 141· ..• 
ROCKY POINT <OM I '-:·;·~h41 : .. 
ROCKY POINT· <OM>' • ' .• ,·~141' · 
ACI'E , .. _,- ··:<·::·:14t·Y 7 .. ·.·····-•·>·.·· 
ACfl£ : r;-. ."_~;~·~·;.i·~~x 
ROCKY POINT (D'Il "': 141;. 
ROCKY POINT CD'! I · .;,\141 > · ... 
CASTLE HAYNE '(OMl'--'~':129) '':' 
CASTLE· HAYNF. (D'!)' .. ,~'>:t29'1 ··:·. ·' .. 

-~---~::>.:;~' . 
CASTLE HAYNE 
CASTLE HAYNE 
CASTLE HAY!'£ 
CASTLE HAYNE 
CASTLE HAY!'£ 

SCOTTS HILL 
SCOTTS HILL 
SCOTTS HILL 
SCOTTS HILL 
SCOTTS HILL 

(CJ'I'I) .... ~-?.12Cl~) -~ . 

l~~: i:.tl~L:{. · 
(D'!l 
(0'1) 
(0'1) • ; 

(0'1) """ 
(D'!l 

:129;. 

)~~;_: 
~12~n. · 

. '12'3.!- ·-· 
• · ... -I> ~·). • 

~~~ ~~~~>-!(:~~) 
CASTLE HAYNE (D'!l Lt129;, 
SCOTTS HILL COM I .. ··129. , 

ii~ ~E iEi 'c~-~H:}L ... 
WILMINGTON (OM I 129·, ·:. ,. 
WILMINGTON COM> "129 • · 

..• ,J 
20 341518 
20 341E-OO 
20 341506 

775538 CASTLE HAYNE CD'Il 
775640 CASTLE HAYNE <OM l 
775705 CASTLE HAYNE CD'Il 

t29• 
129. 
129'' ·;·_:· 

RIVER 

02 341240 
20 341400 
20 341425 
20 341441 
20 341524 

20 341443 
20 34143'3 
20 341206 
20 341205 
20 341157 

775644 
78030£. 
780214 
780048 
780217 

780041 
775927 
780111 
780110 
775851 

20 341037 775730 
20 341021 -·775927 
20 340'344 775907 
20 340958 775814 
20 340'331 775445 

20 341003 
20 340930 
20 341147 
20 341131 
20 341123 

20 341233 
20 341049 
02 341031 
20 340'348 
20 340'347 

20 340'348 
20 341006 
20 340827 
20 340958 
20 341028 

20 340951 
02 340848 
20 340'322 
20 340926 
20 340620 

20 340718 
20 340718 
20 340802 
20 340710 
20 340435 

20 340435 
20 340444 
20 340446 
20 340508 
20 340543 

775552 
775619 
781227 
781111 
781045 

780838 
780949 
780840 
781140 
781138 

781138 
781037 
781028 
781049 
780837 

7B0743 
780654 
780655 
780GOE· 
780'352 

780800 
78075'3 
780543 
780445 
780517 

780518 
780351 
780358 
780437 
780438 

WILMINGTa-1 COMI 
WINNABOW 
WINNABOW 
WINNABOW 
ACME 

WINNABOW 
WILMINGTON tD'Il 
WINNABOW 
Wll,r.IABOW 
WILMINGTON CD'Il 

WILMINGTON COMI 
WILMINGTC'N (OM) 
WILMINGTON CD'Il 
WILMINGTON (D'Il 
WILMINGTON <OMI 

WILMINGTa-1 <D'Il 
WILMINGTON (OMl 
LEWIS SWAMP 
LEWIS SWAMP 
LEWIS SWAMP 

LEWIS 5WAMP 
LEWIS SWAMP 
LEWIS SWAMP 
LEWIS SWAMP 
LEWIS SWAMP 

LEWIS SWAMP 
LEWIS SWAI'P 
LEWIS SWAMP 
LEWIS SWAMP 
LEWIS 5WAMP 

LEWIS SWAMP 
WI,....ABOW 
WI"""'BOW 
WI"""'BOW 
BOLIVIA 

BU.IVIA 
BOLIVIA 
WI "-f-lAB OW 
FUNSTON 
FUNSTON 

FUNSTCI'ol 
FUNS Ta-l 
FUNS Ta-l 
FUNSTa-1 
FUNSTa-1 

. :~t; 

>129' 
019. 
019' 
019' 
019 

019' 
019' 
019·. 
019 
019 

129 
'019 
'019 
019' 
129 

129 
'129 
019 
019 
019 

019 
019 
019 
019 
019 

019 
019 
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I MAP OF MEAN ANNUAL RUNOFF FOR THE 
' NORTHEASTERN, SOUTHEASTERN, AND 
Itt MID-ATLANTIC UNITED STATES, 
\ WATER YEARS 1951-80 
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By 
William R. Krug, Warren A. Gebert, David J. Graczyk, U.S. Geological Survey; 
Donald L. Stevens, Jr., Eastern Oregon State College; 
Barry P. Rochelle, Northrop Services, Inc.; 
and M. Robbins Church, U.S. Environmental Protection Agency 

I u.s. GEOLOGICAL SURVEY 
I 
I Water-Resources Investigations Report 88-4094 

I 
I Prepared in cooperation with the 

\ U.S. ENVIRONMENTAL PROTECTION AGENCY 
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I sions that the methods that used the area-weighted 
average of the . drainage area or the centroid of the 

1 drainage area produced somewhat better correlations-

1
', ~hat is, the interecept was closer to zero, the standard 
•rrors were small, and the correlation coefficients were 

. I larger. These methods have slightly greater power to 
• predict actual runoff 

I Additional statistical investigation found no significant 
differences in reliability of the runoff estimates among 

I' the areas. No significant differences existed in the errors I for stations with drainage areas of differing size. 

I· USE OF MEAN ANNUAL RUNOFF MAP 

I Mean annual runoff for a site can be estimated from 
I' the runoff map by several methods. The simplest 

I
I method of estimating the runoff is to locate the site on 

the runoff map and to identify the runoff contour 

I ~ nearest the site. This method, however, is less accurate 
than other methods. The most accurate method is to 

I draw the drainage basin on the runoff map, and use the 
runoff contours to divide the basin into bands of differ-

!· ing runoff. The area of each of the bands within the 

I drainage basin is then determined. The areas of the 
separate bands are then used to compute a weighted 

1' average runoff for the, basin. For example, if SO percent 

I
. of the basin is in an area of 18 in/yr (inches per year) of 

runoff, 30 percent in an area of 20 in/yr of runoff and 20 

1

. -ercent in an area of 22 in/yr of runoff the mean annual 

I
I: • unoff would be calculated as follows: 

0.5 x18 + 0.3 X 20 + 0.2 X 22 = 19.4 
1: 

Runoff estimated from the · map is in inches per 
year~ averaged over the entire drainage basin. Multiply 
this value by the drainage area,· in square miles, and 
divide by 13.58 to convert to mean annual discharge, in 
cubic feet per second. In the above example, assume the 
drainage area of the site is 100 mF. The mean anriual 
discharge, in cubic feet per second, would be: 

19.4 xl00/13.58 =143 

The runoff map was prepared to allow estimation of 
mean annual runoff at sites where no streamflow data · 
are available. The map represents mean annual runoff 
for areas with natural land cover. Caution should be 
used in applying the map to estimate runoff for areas 
that are not natural land areas. The runoff map should 
not be used for areas, such as large urbal( areas, where 
the land cover has been altered in ways that would 
change the amount of runoff. The runpff map is not 
applicable for lakes or bays, for coastal wetlands affected 
by tides, for streams controlled by reservoirs large enough 
to influence the total annual streamflow, or for streams 
with substantial diversions. 

Local features could cause the runoff at a particular 
site to differ substantially from the runoff indicated by 
the runoff map. The geology of the drainage basin 
might cause substantial amounts of water to enter or 
leave the basin as ground water. This could subst_an
tially increase or decrease the runoff. For example, a 
stream with a small drainage area that includes a large 
spring probably would have higher average streamflow 
than indicated by the runoff map. 

I' 
Table 5.-Descriptive statistics of errors in estimated nmoff 

. at 93 test stations I! 

I. 
I' 

I 
'· I' 

I 
I 

I 

Method 

Area-weighted 
Centroid 
GIS 
Nearest-inch 
Nearest contour 

Area-weighted 
Centroid 
GIS 
Nearest-inch 
Nearest-contour 

Mean · 
absolute 

value 

2.0 
2.2 
2.7 
2.8 
2.8 

9.0 
9.8 

12.0 
12.1 
12.2 

Mean 

Error, in Inches 

-0.35 
-.71 

-1.74 
-1.77 
-1.79 

Percent error 

-0.54 
-.71 

-6.42 
-6:20 
-6.26 

Standard 
error of 
mean 

0.30 
·.33 
.37 
.38 
.39 

1.3 
1.4 
1.6 
1.6 
1.6 

Standard 
deviation 

2.9 
3.1 
3.6 
3.7 
3.8 

12.9 
13.5 
15.9 
15.6 
15.8 
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To: 
From: 
Date: 
Re: 

MEMORANDUM 

File 
Stuart F. Parker, Jr., 
October 6, 1994 
Southern Wood Piedmont 
NCD 058 517 467 
Wetland Delineation 

Ref. 40 

Hydrogeologist /FA(f r 
Co. ,Wilmington 

SFP examined National Wetland Inventory 7-1/2 minute 
quadrangle maps (included in Figure 3) to determine the approximate 
total wetland frontage along those sections of the Cape Fear River, 
the Brunswick River and the Northeast Cape Fear River which lie 
within 15 water miles of the site. Total mapped frontages of 
CERCLA-recognized wetlands (e.g., Palustrine Emergent, Palustrine 
Forested, Palustrine Scrub-shrub, etc.) were measured along those 
various river segments and their tributaries which undergo tidal 
flow-reversal (see Ref. 8). The breakdown of frontage is estimated 
as follows: 

On-site drainage ditch 
and Greenfield Creek: 

Cape Fear River (CFR) 
from.creek to NE CFR: 

NE Cape Fear River: 

Upper Cape Fear River: 

Brunswick River: 

Downstream CFR: 

Total: 

0.45 mile 

1.0 mile 

42.8 miles 

34.4 miles 

33.7 miles 

58.2 miles 

170.6 miles 

Due to the limited potential for release of site contaminants 
to the atmosphere, wetland acreage was not evaluated within the 4-
mile target distance limit around the site. 
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Reprint from North Carolina AdminiStrative COde: 15A NCAC 28 .0311 
- Current through: February 1, 1993 
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EHNR - ENVIRONMENTAL MANAGEMENT TlSA: 02B .0300 

SECTION .0300- ASSIGNMENT OF STREAM CLASSIFICATIONS 

.0301 CLASSIFICATIONS: GENERAL 
(a) Schedule of Classifications. The classifications assigned to the waters of the State of North Carolina 

are set forth in the schedules of classifications and water quality standards assigned to the waters of the river 
basins of North Carolina, !SA NCAC 28 .0302 to .0317. These classifications are based upon the existing 
or contemplated best usage of the various streams and segments of streams in the basin, as detennined through 
studies and _evaluations and the holding of public hearings for consideration of the classifications proposed. 

(b) Stream Names. The names of the streams listed in the schedules of assigned classifications were taken 
as far as possible from United States Geological S~rvey topographic maps. Where topographic maps were 
unavailable, U.S. Corps of Engineers maps, U.S. Department of Agriculture soil maps, and North Carolina 
highway maps were used for the selection of stream names. 

(c) Classifications. The classifications assigned to the waters of North Carolina are denoted by the letters 
WS-1, WS-II, WS-III, WS-IV, WS-V, B, C, SA, ·sa, and SC in the column headed "class." A brief 
explanation of the "best usage" for which the waters in each class must be protected is given as follows: 

Fresh Waters 

Class WS-1: 

Class WS-11: 

Class WS-lll: 

Class WS-IV: 

Class WS-V: 

Class B: 
Class C: 

Tidal Salt Waters 

"Class SA: 

Class SB: 
Class SC: 

waters protected as water supplies which are in natural and undeveloped watersheds; 
point source discharges of treated wastewater are permitted pursuant to Rules .0104 
and .021 I of this Subchapter; local programs to control nonpoint source and 
storm water discharge of pollution are required; suitable for all Class C uses; 
waters protected as water supplies which are generally in predominantly undeveloped 
watersheds; point source discharges of treated wastewater are permitted pursuant to 
Rules .0104 and .021 I of this Subchapter; local programs to control nonpoint source 
and storm water discharge of pollution are required; suitable for all Class C uses; 
waters protected as . water supplies which are generally in low to moderately 
developed watersheds; point source discharges of treated wastewater are permitted 
pursuant to Rules .0104 and .0211 of this Subchapter; local programs· to control 
nonpoint source and storm water discharge of pollution are required; suitable for all 
Class C uses; 
waters protected as water supplies which are generally in moderately to highly 
developed watersheds; point source discharges of treat~ wastewater are permitted 
pursuant to Rules .0104 and .0211 of this Subchapter; local programs to control 
nonpoint SOUrce and StOfl!lWater discharge of pollution are required; suitable for all 
Class C uses; 
waters protected as water supplies which are generally upstream and draining to 
Class WS-IV waters; no categorical restrictions on watershed development or treated 
wastewater discharges are required, however, the Commission or its designee may 
apply appropriate management requirements as deemed necessary for the protection 
of downstream receiving waters (lSA NCAC 2B .0203); suitable_ for all Class C 
uses; 
primary recreation and any other usage specified by the "C" classification; 
aquatic life propagation and survival, fishing, wildlife, secondary recreation, and 
agriculture. 

sh~llfishing for market purposes and any other usage specified by the "SB" and "SC" 
classification; 
primary recreation and any other usage specified by the "SC" classification; 
aquatic life propagation an~ survival, fishing, wildlife, and secondary recreation. 

NORTH CAROLINA ADMINISTRATIVE CODE 10/22/92 i 
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EHNR - ENVIRONMENTAL MANAGEMENT TJSA: 02B .0300 

Supplemental Classifications 

Trout Waters: Suitable for natural trout propagation and maintenance of stocked trout; 
Swamp Waters: 

NSW: 
HQW: 

Waters which have low velocities and othec ·natural characteristics which are 
different from adjacent streams; 
Nutrient Sensitive Waters which require limitations on nutrient inputs; 
High Quality Waters which are waters that are rated as excellent based on biological 
and physical/chemical chara.cteristics through division monitoring or special studies, 
native and special native trout waters (and their tributaries) designated by the 
Wildlife. Resources Commission, primary nursery areas (PNA) designated by the 
Marine Fisheries Commission and other functional nursery areas designated by the 
Wildlife Resources Commission, critical habitat areas designated by the Wildlife 
Resources Commission ·or the Department of Agriculture, all water supply 
watersheds which are either classified as WS-1 or WS-Il or those for which a formal 
petition for reclassification as WS-1 or WS-11 has been received from the appropriate 
local government and accepted by the Division of Environmental Management and 
all Class SA waters. 

ORW: OutStanding Resource Waters which are unique and special waters of exceptional 
state or national recreational or ecological significance which require special 
protection to maintain existing uses. 

(d) Water Quality Standards. The water quality standards applicable to each classification assigned are 
those established in 15A NCAC 2B .0200, Classifications and Water Quality Standards Applicable to the 
Surface Waters of North Carolina, as adopted by the North Carolina Environmental Management Commission. 

(e) Index Number. 
(1) Reading the Index Number. The index number appearing in the column so designated is an 

identification number assigned to each stream or segment of a stream, indicating the specific . 
tributary progression between the main stem stream and the tributary stream. 

(2) Cross-Referencing the Index Number. The inclusion of the index number in the schedule is to 
provide an adequate cross reference between the classification schedules and an alphabetic list of 
streams. 

(f) Classification Date. The ciassification date indicates the date on which enforcement of the ·provisions 
of Section 143-215.1 of the General Statutes of North Carolina became effective with reference to the 
classification assigned to the various streams in North Carolina. 

(g) Reference. Copies of the schedules of classifications adopted and assigned to the waters of the various 
river basins may be obtained at no charge by writing to: 

Director · 
Division of Environmental Management 

Department of Environment, Health, and Natural Resources 
Post Office Box 29535 

Raleigh, North Carolina 27626-0535 
(h) Places where the schedules may be inspected: 

Division of State Librai-y 
Archives -- State Library Building 

109 E. Jones Street 
Raleigh, North Carolina. 

! 

(i) Unnamed Streams. 
(1) Any stream which is not mimed in the schedule of stream classifications carries the same 

classification as that assigned to the stream segment to which it is tributary except: 
. (A) unnamed streams specifically described in the schedule of classifications; or 

(2) 

(B) unnamed freshwaters tributary to tidal saltwaters will be classified "C"; or 
(C) . after November 1, 1986, any newly ·created areas of tidal saltwater which are connected to Class 

SA waters by approved dredging projects will be classified "SC" unless case-by-case 
reclassification proceedings are conducted. 

The following river basins have different policies for unnamed streams entering other states or for 
specific areas of the basin: 

NORTH CAROLINA ADMINISTRATIVE CODE 10122/92 ii 
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I EHNR - ENVIRONMENTAL MANAGEMENT 2B .0300 

I .0311 CAPE FEAR RIVER BASIN 

Classification 

le Name of Stream Description Class Date Index No. 

near Acme to Lock # 1 (City of Wilmington 

I 
water supply intake) 

CAPE FEAR RIVER From U. S. Corps of Engineers Lock #1 WS-IV Sw 8/3/92 18-(59) 
near Acme to a point 0.5 mile upstream of 

I 
raw water supply intake at Federal Paper 
Board Corporation (Riegelwood) 

Natmore Creek From source to Cape Fear River WS-IV Sw 8/3/92 18-60 
Salt Marsh Ditch From source to Natmore Creek WS-IV Sw 8/3/92 18-60-1 

I White Oak Canal From source to Natmore Creek · WS-IV Sw 8/3/92 18-60-2 
Weyman Creek From source to Cape Fear River WS-IV Sw 8/3/92 18-61 
Copper Smith Branch From source to Weyman Creek WS-IV Sw 8/3/92 18-61-1 

I 
Turkeypen Branch From source to Weyman Creek WS-IV Sw 8/3/92 18-61-2 
Turner Branch From source to Weyman Creek WS-IV Sw 8/3/92 18-61-3 
Beaverdam Creek From source to Weyman Creek WS-IV Sw 8/3/92• 18-61-4 
Horsepen Branch From source to Beaverdam Creek WS-IV Sw 8/3/92 18-61-4-1 

I Double Branch 
I 

From source -to Cape Fear River WS-IV Sw 8/3/92 18-62 
CAPE FEAR RIVER From a point 0.5 mile upstream of raw WS-IV Sw CA 8/3/92 18-{62.5) 

water supply intake at Federal Paper 

I Board Corporation (Riegelwood) to raw 
water supply intake at Federal Paper 
Board Corporation (Riegelwood), located 

• •. 0.6 mile upstream of Livingston Creek 
CAPE FEAR RIVER From raw water supply intake at Federal C Sw 4/1/59 18-(63) 

Paper·Board Corporation (Riegelwood) to 
upstream mouth of Toomers Creek 

I Livingston Creek (Broad- From source to Cape Fear River C Sw 3/1/77 18-64 
water Lake) 
Gapway Creek From source to Livingston Creek C Sw 4/1/59 18-64-2 

I Gapway Swamp From source to Gapway Creek C Sw 4/1/59 18-64-2-1 
Poplar Branch From source to Livingston Creek C Sw 4/1/59 18-64-3 
Scott Branch From source to Livingston Creek C Sw 4/1/59 18-64-4 

I 
McClennen Branch FrOm source to Scott Branch C Sw 4/1/59 18-64-4-1 
Terrapin Branch From source to Scott Branch C Sw 4/1/59 18-64-4-2 

Boggy Branch (Chapel From source to Livingston Creek C Sw 4/1/59 18-64-5 

Creek) 

I Johns Branch From source to Livingston Creek c sw 9/1/74 18-64-6 

Taylor Branch From source to Johns Branch C Sw 9/1/74 18-64-6-1 
Dans Creek From source to Livingston Creek C Sw 4/1/59 18-64-7 

I All connecting drainage From source to Dans Creek C Sw 9/1/74 18-64-7-1 

canals 
Mill Creek From source to Dans Creek C Sw 4/1/59 18-64-7-2 

·I 
Strauss Canal (Strauss From source to Mill Creek C Sw 4/1/59 18-64-7-2-1 

Swamp) 
Simon Branch From source to Livingston Creek C Sw 4/1/59 18-64-8 

Hall Branch From source to Livingston Creek C Sw 4/1/59 18-64-9 

·I Big Branch From source to Livingston Creek C Sw 9/1/74 18-64-10 

Bay Branch From source to Big Branch C Sw 9/1/74 18-64-10-1 

Mill• Branch From source to Big Branch C Sw 9/1/74 18-64-10-2 le 
29 

I 



I EHNR - ENVIRONMENTAL MANAGEMENT 2B .0300 

I .0311 CAPE FEAR RIVER BASlli 

t Classification 

1e Name of Stream Description Class Date. Index No. 

Cherry Tree Prong From source to Indian Creek C Sw 4/1/59 18-70-2 

I 
Mulberry Branch From source to Indian Creek C Sw 4/1/59 18-70-3 
otter Branch From source to Mulberry Branch C Sw 4/1/59 18-70-3-1 

Mill Branch From soruce to Indian Creek C Sw 4/1/59 18-70-4 
CAPE FEAR RIVER From UEstream mouth of Toomers sc 8/9/81 18-(71} 

I creek to a line across the river 
from Snows Point (through Snows 
Marsh~ to Federal Point 

I 
Cartwheel Branch From source to Cape Fear River SC Sw 4/1/59 18-72 
Toomers Creek From upstream mouth to a point 0. 8 mile WS-IV 8/3/92 18-73-(1} 

upstream of mouth 
Toomers Creek From a point 0. 8 mile upstream of mouth WS-IV CA 8/3/92 18-73-(2} 

I to mouth (City of Wilmington water supply 
intake} 

Northeast Cape Fear River From source to Muddy Creek C Sw 9/1/74 18-74-(1) 

I "Barlow Branch From source to Northeast Cape Fear River C Sw 9/1/74 18-74-2 
Lewis Branch (Williams From source to Northeast Cape Fear River C Sw 9/1/74 18-74-3 
Millpond) 

I 
Horse Pen Branch From source to Lewis Branch C Sw 9/1/74 18-74-3-1 

· Rattlesnake Branch From source to Northeast Cape Fear River C Sw 9/1/74 18-74-4 
Polly Run Creek (Deavers From source to Northeast Cape Fear River C Sw 9/1/74 18-74-5 

•• 
Pond) 
Ladds Branch (Whit- From source to Polly Run Creek C Sw 9/1/74 18-74-5-1 
field Pond). 

Wolfscrape Branch From source to Polly Ann Creek C Sw 9/1/74 18-74-5-2 

I Jumping Run Branch From source to Northeast Cape Fear River C Sw 9/1/74 18-74-6 
Juniper Branch From source to ·Jumping Run Branch C Sw 9/1/74 18-74-6-1 

Mire Branch From source to Northeast Cape Fear River C Sw 4/1/59 18-74-7 

I 
Reedy Branch From source to Mire Branch C Sw 4/1/59 18-74-7-1 

·Buck Harsh Branch From source to Northeast Cape Fear River C Sw 7/1/73 18-74-8 
Tom-Branch From source to Buck Marsh Branch C Sw 9/1/74 18-74-8-1 
Jones Branch · From source to Buck Marsh Branch C Sw 9/1/74 18-74-8-2 

I Cabin Branch From source to Buck Marsh Branch C Sw 9/1/74 18-74-8-3 
Poley Branch From source to Buck Harsh Branch C Sw 9/1/74 18-74-8-4 

Oak Branch .From source to Poley Branch C Sw, 9/1/74 18-74-8-4-1 

I. Mill Branch From source to Oak Branch C Sw 9/1/74 18-74-8-4-1-1 
Beaverdam Barnch From source to Northeast Cape Fear River C Sw 4/1/59 18-74-9 
Jumping Run From source to Northeast Cape ·Fear River C Sw 4/1/59 18-74-10 

I 
Great Branch (Hussey Pond) From source to Northeast Cape Fear River C Sw 4/1/59 18-74-11 
Beaverdam Branch (Rouse From source to Great Branch C Sw 4/1/59 18-74-11-1 
Pond) 

Horsepen Branch From source to Northeast Cape Fear River C Sw 4/1/59 18-74-12 

I Matthews Creek, - From source to Northeast Cape Fear River C Sw 4/1/59 18-74-13 
Sawyer Branch From source to Matthews Creek C Sw 4/1/59 18-74-13-1 
Juniper Branch From source to Matthews Creek C Sw 4/1/59 18-74-13-2 

I Sandy Run From source to Northeast Cape Fear River C Sw 4/1/59 18-74-14 
Camp Branch From source to Northeast Cape Fear River C sw 4/1/59 18-74-15 
Housland Branch From source to Northeast Cape Fear River C Sw 4/1/59 18-74-16 

le 35 

I 
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EHNR - ENVIRONMENTAL MANAGEMENT 2B .0300 

I .0311 CAPE FEAR RIVER BASIN 
( 

Classification 

1e Name of Stream Description Class Date Index No. 

Cypress Creek From source to Angola Creek C Sw 4/1/59 18-74-33-3-1 

I 
Back Swamp From source to Angola Creek C Sw 9/1/74 18-74-33-3-2 
Little Limestone Creek From source to Back Swamp C Sw 9/1/74 18-74-33-3-2-1 
Nine Mile Creek From source to Back Swamp C Sw 7/1/73 18-74-33-3-2-2 

I. 
Ten Mile Creek From source to Nine Mile Creek C Sw 7/1/73 18-74-33-3-2-2-1 

Bob Creek From source to Angola Creek C Sw 4/1/59 18-74-33-3-3 
Moccasin Creek From source to Angola Creek C Sw 4/1/59 18-74-33-3-4 

Shaken Creek From source to Holly Shelter Creek C Sw 4/1/59 18-74-33-4 

I· Juniper Swamp From source to Shaken Creek C Sw 4/1/59 18-74-33-4-1 
Shelter Swamp Creek From source to Shaken Creek C Sw 4/1/59 18-74-33-4-2 

Hill Pond From source to Holly Shelter Creek C Sw 4/1/59 18-74-33-5 

I 
Cams Branch From source to Holly Shelter Creek c Sw 4/1/59 18-74-33-6 

Ashes·Creek From source to Northeast Cape Fear River C Sw 4/1/59 18-74-34 
Fishing Creek From sotirce to Northeast Cape Fear River C Sw 4/1/59 18-74-35 

I· 
?eggy Island Creek From source to Northeast Cape Fear River C Sw 4/1/59 18-74-36 
Wate:mellon Run From source to Northeast Cape Fear River C Sw 4/1/59 18-74-37 
Jumping Run From source to Northeast Cape Fear River C Sw 4/1/59 18-74-38 
Burgaw Creek From source to Northeast Cape Fear River C Sw 9/1/74 18-74-39 

I Osgood Branch From-source to Burgaw Creek C Sw 9/1/74 18-74-39-1 
Cypress Creek From source to Northeast Cape Fear River c Sw 4/1/59 18-74-40 
Gregory Creek From source to Northeast Cape Fear River C Sw 4/1/59 18-74-41 

•. Lillington Creek From source to Northeast Cape Fear River C Sw 4/1/59 18-74-42 
· ·Sand Hill Creek From source to Lillington Creek c Sw 4/1/59 18-74-42-1 

· _Graveyard Creek From source to Northeast Cape Fear River C Sw . 4/1/59 18-74-43 
· Green Oak Creek From source to Northeast-Cape Fear River C Sw 4/1/59 18-74-44 

I Mcintire Creek From sotirce to Northeast Cape Fear River C Sw 4/1/59 18-74-45 
-Pike Creek From source to Northeast Cape· Fear River C Sw 4/1/59 18-74-46 
Hawkins Creek From source to Northeast Cape Fear River C Sw 4/1/59 18-74-47 

I Northeast Cape Fear River From N.C. Hwy. 210 to Prince George Creek B Sw 8/1/87 18-74-(47.5) 
Honey Creek From source to Northeast Cape Fear River C Sw 4/1/59 18-74-48 
Harrisons Creek From source to Northeast Cape Fear River C Sw 7/1/73 18-74-49 

I 
Godfrey Creek From source to Harrisons Creek C Sw 9/1/74 18-74-49-1 
Merricks Creek From source to Harrisons Creek C Sw 7/1/73 18-74-49-2 
Catskin Creek From source to Merricks Creek C Sw 9/1/74 18-74-49-2-1 

I 
Trumpeters Swamp From soruce to Catskin Creek C Sw 9/1/74 18-74-49-2-1-1 

Blossom Swamp From source to Trumpeters Swamp C Sw 9/1/74 18-74-49-2-1-1-1 
Players Creek From source to Merricks Creek C Sw 9/1/74 18-74-49-2-2 

·Island Creek From source to Northeast Cape Fear River C Sw 7/1/73 18-74-50 

I Old Creek From source to Northeast Cape Fear River C Sw 4/1/59 18-74-51 
Sturgeon Creek From source to Northeast Cape Fear. River C Sw 9/1/74 18-74-52 

Northeast Cape Fear River From Prince George Creek to mouth of C Sw 9/1/74 18-74-(52.5) 

I. 
Ness Creek 

Prince George Creek From source to Northeast Cape Fear River C Sw 7/1/73 18-74-53 
Turkey Creek ·From source to Northeast Cape Fear: River C Sw 4/1/59 18-74-54 
Long Creek From source to Northeast Cape. Fear River C Sw 7/1/73 18-74-55 

I Horse Branch_Creek From source to Long Creek C Sw 9/1/74 18-74-55-1 

Pole Branch (Penderler From source to Horse Branch Creek C Sw 9/1/74 18-74-55-1-1 

Lake) 
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I .0311 CAPE FEAR RIVER BASIN 

Classification 

1e Name of Stream Description Class Date ·Index No. 

Long Creek From source to Horse Branch Creek C Sw 9/1/74 18-74-55-1-2 

I 
Keith Branch From source.to Horse Branch Creek C Sw 9/1/74 18-74-55-1-3 

Cypress Creek From source to Long Creek C Sw 4/1/59 18-74-55-2 
Bee Branch From source to Cypress Creek C Sw 4/1/59 18-74-55-2-1 

Mill Branch From source to Long Creek C Sw 4/1/59 18-74-55-3 

I Big Branch From source to Long Creek C Sw 4/1/59 18-74-55-4 
Jumping Run Branch From source to Long Creek C Sw 4/1/59 18-74-55-5 
Mill Branch From source to Long Creek C Sw 4/1/59 18-74-55-6 

I 
Mulberry Branch From source to Long Creek C Sw 4/1/59 18-74-55-7 
Mill Run From source to Long Creek C Sw 4/1/59 18-74-55-8 
Rileys Creek From source to Long Creek C Sw 7/1/73 18-74-55-9 

I 
Rizzo Creek (Resoe Creek) From source to Rileys Creek C Sw 9/1/74 18-74-55-9-1 
Birch Creek From source to Rizzo Creek C Sw 9/1/74 18-74-55-9-1-1 

Mill Creek From source to Rileys Creek C Sw 9/1/74 18-74-55-9-2 
Kellys Creek From source to Rileys Creek C Sw 9/1/74 18-74-55-9-3 

I Guffords Branch From source to Rileys Creek C Sw 7/1/73 18-74-55-9-4 
Juniper Branch From source to Long Creek C Sw 4/1/59 18-74-55-10 
Mill Creek From source to Long Creek C Sw 4/1/59 18-74-55-11 

I 
Collins Branch From source to Mill Creek C Sw 4/1/59 18-74-55-11-1 

Morgans Creek From source to Long Creek C Sw 9/1/74 18-74-55-12 
Cowpen Branch From source to Northeast Cape Fear River C Sw 4/1/59 18-74-56 

•. Tonys Creek From source to Northeast Cape Fear River C Sw 4/1/59 18-74-57 
Lagoon Creek From source to Northeast Cape Fear River c sw 4/1/59 18-74-58 

· Fishing Creek From source to Northeast Cape Fear River c sw 9/1/74 18-74-59 
Dock Creek From source to Northeast Cape Fear River C Sw 9/1/74 18-74-60 

I ·Northeast Cape Fear River From mouth of Ness Creek to Cape Fear River SC Sw 4/1/59 18-74-(61) 
Ness Creek From source to Northeast Cape Fear River C Sw 9/1/74 18-74-62 
Smith Creek From source to Northeast Cape Fear River c Sw 9/1/74 18-74-63 

I 
Spring Branch From source to Smith ·creek C Sw 9/1/74 18-74-63-1 
Burnt Mill Creek From source to Smith Creek c Sw 3/1/77 18-74-63-2 

· Mineral Springs Branch From source to Burnt Mill Creek csw 8/1/85 18-74-63-2-1 

I 
Alligator Creek From source ~o Cape Fear River SC Sw 4/1/59 18-75 
Greenfield Creek From Greenfield Lake to Cape Fear River SC Sw 4/1/59 18-76 
Greenfield Lake Entire Lake C Sw 4/1/59 18-76-1 
Silver Stream Branch From source to Greenfield Lake, Green- C Sw 4/1/59 18-76-1-1 

I field Creek 
Clay Bottom Branch From source to Greenfield Lake, Green- C Sw 4/1/59 18-76-1-2 

field Creek 

I 
Jumping Run Branch From source to Greenfield Lake, Gr~en- C Sw 4/1/59 18-76-1-3 

field Creek 
Squash Branch From source to Greenfield Lake, Green- C Sw 4/1/59 18-76-1-4 

I 
field Creek 

Brunswick River · From source to Cape Fear River sc 8/9/81 18-77 
Sturgeon Creek From source to Burnswick River C Sw 4/1/59 18-77-1 
Mill Creek Froin source to Sturgeon Creek C Sw 4/1/59 18-77-1-1 

I Rowell Branch From source to Mill Creek c sw 4/1/59 18-77-1-1-1 
Banton Branch From source to Mill Creek C Sw 4/1/59 18-77-1-1-2 

Redmond Creek FrOm source to Brunswick River SC Sw 4/1/59 18-17-2 
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I .0311 CAPE FEAR RIVER BASDl r-
Classification 

14t Name of Stream Description Class Date Index No. 

Carolina Beach Yacht All waters beginning at a point SB 7/1/87 18-87-31.2 

I Basin on the northern side of Snows Cut 
and running directly east across 
the Intracoastal Waterway to a 

I 
point on the eastern side, thence 
following the shoreline, of the 
Carolina Beach Yacht Basin to a 
point on the south side of 

I Snows Cut, thence in a straight 
line across the cut to the point 
of beginning. 

I 
Snows Cut From Carolina Beach Yacht Basin to sc 8/9/81 18-87-31.5 

Cape Fear River 
Telfairs Creek From source to Snows Cut SC Sw 4/1/59 18-87-31.5-1 

I 
CAPE FEAR RIVER From a line across the river SA 1/1/85 18-(87. 5) 

(excluding area from Snows Point !through 
described below) Snows Marsh~ to Federal Point to 

Atlantic Ocean 

I Walden Creek ·From source to Cape Fear River sc ·sw HQW 8/1/90 18-88-1 
White Spring Creek From source to Walden Creek SC Sw HQW 8/1/90 18-88-1-1 
Nigis Creek From source to Walden Creek SC Sw HQW 8/1/90 18-88-1-2 

,,·"'\, 

Nancys Creek From source to Walden Creek SC Sw HQW 8/1/90 18-88-1-3 ., I Gum Log Branch From source to Nancys Creek SC Sw HQW 3/1/90 18-88-1-3-1 t ... ,-

e Governors Creek From source to Walden Creek SC Sw HQW 8/1/90 18-88-1-4 
Fishing Creek From source to Governors Creek SC Sw HQW 8/1/90 18-88-1-4-1 

I ·.Snows Marsh Entire Marsh sc 8/9/81 18-88-2 
Price Creek From source to Cape Fear River SC Sw 4/1/59 18-88-3 
Southport Restricted Beginning at a point on the west sc 1/1/85 18-88-3.5 

I Area bank of the Cape Fear River 1000 
yards upstream of Price Creek, 
thence in an easterly direction 

I to the eastern border of the Lower 
Cape Fear River Channel, thence 
in a southwesterly direction along 

I 
the eastern border of the Lower 
Cape Fear River ship channel to. 
channel marker # 14 (Qk Fl 14), 
thence to the northern edge of the 

I mouth of Dutchman Creek, thence along 
the western bank of the Cape Fear River 
to the Intracoastal Waterway, thence 

I 
north across the Intracoastal Waterway 
to a point on the north shore, thence 
in a northeasterly direction. along 

I 
the west bank of the Cape Fear River 
to' the point of beginning 

Shelbed Creek From Muddy Slough to Cape Fear River SA 1/1/85 18-88-4 
Middle Creek From Muddy Slough to Cape Fear River SA 1/i/85 18-88-5 

le· 
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EHNR -ENVIRONMENTAL MANAGEMENT T1SA: 028 .0100 

SUBCHAPTER ZB- SURFACE WATER STANDARDS: MONITORING 

SECTION .0100- PROCEDURES FOR ASSIGNMENT OF WATER QUALITY STANDARDS 

.0101 GENERAL PROCEDURES 
(a) ·The rules contained in Sections .0 100, .0200 and .0300 of this Subchapter which pertain to the series 

of Classifications and water quality standards shc.ll be known as the "Classifications and Water Quality 
Standards Applicable to the Surface Waters of North Carolina." 

(b) The Environmental Management Commission, prior to classifying and assigning standards of water 
quality to any waters of the state, will proceed as follows: 

(1) The ·Commission, or its designee, will determine waters to be studied for the purp~se of 
classification and assignment of water quality standards on the basis of user requests, petitions, or 
the identification of existing or attainable water uses, as defined by 15A NCAC 2B .0202, not 
presently included in the water classification. . 

(2) After appropriate studies of the identified waters to obtain the data and information required for 
determining the proper classification of the waters or segments of water are completed, the 
Commission, or its designee, will make a decision on whether to initiate proceedings to modify the 
claSsifications and water quality standards of identified waters. In the case of the Commission's 
designee deciding to initiate said proceedings, the designee will inform the Commission of the 
decision prior to scheduling a public hearing. 

(3) In the case of a petition for classification and assignment of water quality standards according to 
the requirements of General Statute l50B-20, the Director will make a preliminary recommendation 
on the appropriate classifications and water quality standards of the identified waters on the basis 
of the study findings or information included in the petition supporting the classification and 
standards changes. . · 

(4) The Commission will make a decision on whether to grant or deny a petition in accordance with 
the provisions of General Statute ISOB-20 based on the information included in the petition and the 
recommendation of the Director. The Commission may deny the petition and request that the 
Division study the appropriate classifications and water quality standards for the petitioned waters 
in accordance with Subparagraph (b)(2) of this Rule. 

(5) The Director will give due notice of such hearing or hearings in accordance with the requirements 
of General Statute 143-214.1 and G.S. !SOB, and will appoint a hearing officer(s) in consultation 
with the chairman of the Commission. 

(6) The hearing ofticer(s) will, as soon as practicable after the completion of the hearing, submit a 
complete report of the proceedings of the hearing to the Commission. The hearing officer(s) shall 
include in the report a transcript or summary of testimony presented at such public hearing, 
relevant exhibits, a summary of relevant information from the stream studies conducted by the 
technical staff of the Commission, and final recommendations as to classification of the designated 
waters and the standards of water quality and best management practices which should be applied 
to the classifications recommended. 

(7) The Commission, after due consideration of the hearing records and the final recommendations of 
the hearing officer(s), will adopt its final action with respect to the assignment of classifications, 
and any applicable standards or best management practices applicable to the waters under 
consideration. The Commission will publish such action, together with the effective date for the 
application of the provisions of General Statute 143-215.1 and 143-215.2, as amended, as a part 
of the Co~mission's official rules. 

(8) The final action of the commission with respect to the assignment of classification with its 
accompanying standards and best management practices shall contain the Commission's conclusions 
relative to the various factors given in General Statute 143-214.1 (d), and shall specifically include 
the class or classes to which such specifically designated waters in the watershed or watersheds 
shall be assigned on the basis of best usage in the interest of the public. · 

(c) Freshwater Classifications. 
(1) Class C; fresh waters protected for secondary recreation, fishing, aquatic life including propagation 

NORTH CAROLINA ADMINISTRATIVE CODE 03/03/93 Page 1 
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(2) 

(3) 

(4) 

(5) 

(6) 

{7) 

and survival. and wildlife; all freshwaters are classified to protect these uses at a minimum; 
Class B; freshwaters protected for primary recreation which includes swimming on a frequent or . 
organized basis and all Class C uses; 
Class WS-1; waters protected as water supplies which are essentially in natural and undeveloped 
watersheds; point source discharges of treated wastewater are permitted pursuant to Rules .0104 
and .0211 of this Subchapter; local programs to control nonpoint sources and storm water discharges 
of pollution are required; suitable for all Class C uses; 
Class WS-ll; waters protected as.water supplies which are generally in predominantly undeveloped 
watersheds; point source discharges _of treated wastewater are permitted pursuant to Rules .0104 
and .0211 of this Subchapter; local programs to control nonpoint sources and storm water discharges 
of pollution are required; suitable for all Class C uses; 
Class WS-III; waters protected as water supplies which are generally in low to moderately 
developed watersheds; point source discharges of treated wastewater are permitted pursuant to 
Rules .0104 a~d .0211 of this Subchapter; local programs to control nonpoint sources and 
storm water discharges of pollution are required; suitable for all Class C uses; 
Class WS-IV; 'waters protected as water supplies which are generally in moderately to highly 
developed watersheds; point source discharges of treated wastewater are permitted pursuant to 
Rules .0104 and .0211 of this Subchapter; local programs to control nonpoint sources and 
stonnwater discharges of pollution are required; suitable for all Class C uses; 
Class WS-V; waters protected as water supplies which are generally upstream of and draining to 
Class-IV waters; no categorical restrictions on watershed development or treated wastewater 
discharges are required; however, the Commission or its designee may apply appropriate 
management requirements as deemed necessary for the protection of downstream receiving waters 
(l5A NCAC 2B .0203); suitable for all Class C uses. 

(d) Tidal Salt Water Classifications. 
(l) Class SC; saltwaters protected for secondary recreation, fishing, aquatic life including propagation 

(2) 
and survival. and wildlife; all saltwaters are classified to protect these uses at a minimum; 
Class SB; saltwaters protected for primary recreation which includes swimming on a frequent or 
organized basis and all Class SC uses; 

(3) . Class SA; suitable for commercial shellfishing and all other tidal saltwater uses. 
(e) Supplemental Classifications. 

(1) Trout waters (Tr); freshwaters protected for natural trout propagation and survival of stocked trout; 
(2) Swamp waters (Sw); waters which have low velocities and other natural characteristics which are 

(3) 

(4) 

(5) 

different from adjacent streams; 
Nutrient Sensitive Waters (NSW); waters subject to growths of microscopic or macroscopic 
vegetation requiring limitations on nutrient inputs; · 
Outstanding Resource Waters (ORW); unique and special waters of exceptional state or national 
recreational or ecological significance which require special protection to maintain existing uses; 
High Quality Waters (HQW); waters which are rated as excellent based on biological and 
physical/chemical characteristics through Division monitoring or special studies, native and special 
native trout waters (and their tributaries) designated by the Wildlife Resources Commission, 
primary nursery areas (PNA) designated by the Marine Fisheries Commission and other functional 
nursery areas designated by the Wildlife Resources Commission, critical habitat areas designated 
by the Wildlife Resources Commission or the Department of Agriculture, all water supply 
watersheds which are either classified as WS-1 or WS-Il or those for which a fonnal petition for 
reclassification as WS-1 or WS-11 has been received from the appropriate local government and 
accepted by the Division of Environmental Management and all Class SA waters. 

(f) In determining the best usage of waters and assigning classifications of such waters. the Commission will 
consider 'the criteria specified in General Statute 143-214.1 (d) and all existing uses as defined by 15A NCAC 
2B .0202. In ·determining whether to revise a designated best usage for waters through a revision to the 
classifications. the Commission will follow the requirements of 40 CFR 131.10(b),(c),(d) and (g) which are 
hereby incorporated by reference including any subsequent amendments and editions. This material is 
available for inspection at_ the Department of Environment, Health, and· Natural Resources, Division of 
Enviro~mental Management, Water Quality Planning Branch, 512 North Salisbury Street, Raleigh, North 
Carolina. Copies may be obtained from the U.S. Government Printing Office, Superintendent of Documents, 

--------------~-------------------------------------------
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DESCRIPTION OF LOCATION 

el of headwall of Burnett Boulevard culvert between Front Street and 

tl• of Barnards Creek culvert under U.S. Route 421. 

u erguard on River Road bridge over Barnards Creek. 
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To determine if flood insurance is available in this community, 
contact your insurance agent, or call the National Flood Insurance 
Program, at (800) 638-6620. 

Ref. 42 

APPROXIMATE SCALE 
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REFERENCE MARKS 

DESCRIPTION OF LOCATION 

Corps of Engineers ID cap in southwest end of headwall of Greenfield Lake 

der ~-nch Drive. 

l hy rant in northeast quadrant of Robin Hood Road and East Lake Shore 
section. 

hy~t in northeast quadrant of East Lake Shore Drive intersection with 
ce o..ypress Grove Apartments. . 

C' of Engineers ID cap on powerole at the north end of south traffic 
tat oad 132 at the intersection with Shipyard Boulevard. 

Corps of Engineers ID cap on a powerpole with transformer on the south 
rslon of Mockingbird Lane and Parkwood Drive. 
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KEY TO MAP 
\ 

500-Year Flood Boundary--'---

100-Year Flood Boundary----

Zone Designations* 

100-Year Flood Boundary---

SOD-Year Flood Boundary----

Base flood Elevation Line 
With Elevation In Feet** 

---513----

Base flood Elevation in Feet 
Where Uniform Within Zone** 

(EL £)87) 

Elevation Reference Mark RM7x 

Zone D Boundary-------

River Mile •M1.5 

**Referenced to the National Geodetic Vertical Datum of 1929 

*EXPLANATION OF ZONE DESIGNATIONS 

ZONE 

A 

AD 

AH 

A1-A30 

A99 

B 

c 
D 

v 

V1-V30 

EXPLANATION 

Areas of 1 00-year flood; base flood elevations and 
flood hazard factors not determined. 

Areas of 100-year shallow flooding where depths 
are between one (1) and three {3) feet; average depths 
of inundation are shown, but no flood hazard factors 
are determined. 

Areas of 1 00-year shallow flooding where depths 
are between one (1) and three (3) feet; base flood 
elevations are shown, but no flood hazard factors 
are determined. 

Areas of 1 OD·year flood; base flood elevations and 
flood hazard factors determined. 

Areas of lOD-year flood to be protected by flood 
protection system under construction; base flood 
elevations and flood hazard factors not determined. 

Areas between limits of the 1 DD·year flood and SDO· 
year flood; or certain areas subject to 1 OD-year flood· 
lng with average depths less than one (1) foot or where 
the contributing drainage area is less than one square 
mile; or areas protected by levees from the base flood. 
(Medium shading) 

Areas of minimal flooding. {No shading) 

Areas of undetermined, but possible, flood hazards. 

Areas of 1 00-year coastal flood with velocity {wave 
action); base flood elevations and flood hazard factors 
not determined. 

Areas of 1 OO·yP.ar coastal flood with velocity (wave 
action); base flood elevations and flood hazard factors 
determined. 

NOTES TO USER 

This map is for u< .. in administering the National Flood Insurance 
Progra!T'I It does not necessarily identify all area< <ubiect to flooding. 
particularly from local drainage sources of small size, or all 
planimetric features outside Special Flood Hazard Areas. 

Certain areas not in the Special Flood Hazard Areas may be 
protected by flood control structures. 

Corporate limits shown are current as of the date of this map. The 
user should contact appropriate community officials to determine 
if corporate limits have changed subsequent to the issuance of this 
map. 

For adjoining panels, see separately printed Map Index . 

INITIAL IDENTIFICATION: 

MARCH 1. 1974 

FLOOD HAZARD BOUNDARY MAP REVISIONS: 
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To: 
From: 
Date: 
Re: 

MEMORANDUM 

File 
Stuart F. Parker, Jr., Hydrogeologist 
January 25, 1995 
Southern Wood Piedmont - Wilmington 
NCD 058 517 467 
Fisheries in the Study Area. 

·Ref. 43 

On 9/29/94, SFP telephoned Brad Hammers, Wilmington District 
Fisheries Biol~gist (919-939-1167), and \Fritz Rhode, of Marine 
Fisheries (910-395-3900) ·for fisheries inf~rmation on the Cape Fear 
and Northeast Cape Fear Rivers in New Hanover County. According to 
them, . both the Cape Fear and Northeast Cape Fear Rivers are 
recreationally and commercially fished: for human consumption. 
Species in the fisheries include american and hickory shad, 
herring, atlantic and short-nosed sturgeon, resident and seasonal 
striped bass, largemouth bass, redbreast, and flathead and blue 
catfish. Additionally, the Cape Fear River in Wilmington· is a 
nursery for blue crab, eel, and shrimp. Neither Hammers or Rhode 
had ariy specific data on fishery yields,. and Hammers did not know 
anything about Greenfield Lake or Greenfield Creek below the lake. 

SFP telephoned Lee Willis, enforcement officer for the area 
(Home: 910-313-1212) on 1/25/95 to get additional information on 

·Greenfield Creek and Greenfield Lake. Willis maintained that 
people fish both at Greenfield Lake and downstream on Greenfield 
Creek, wherever there is access to the water. 



I 
I 
141 
I 
I 
I 
I 
I 
I 
.I 
e 

I 
I 
I 
I 
I 
I 
I 
le 
I 

To: 
From: 
Date: 
Re: 

MEMORANDUM 

File 
Stuart F. Parker, Jr., 
September 28, 1994 
Southern Wood Piedmont 
NCD 058 517 467 

Hydrogeologist p*' Y 
- Wilmington 

Analysis of Greenfield Creek Contaminants. 

Ref. 44 

On 12/9 and 12/14 1992, during Phase II of ETE/Virogroup's 
Groundwater Quality Assessment at the Southern Wood Piedmont site, 
ETE collected soil and sediment samples from the buried creosote 
ditch at the site, from the existing on-site drainage ditch, and 
from Greenfield Creek, which links the drainage ditch to the Cape 
Fear River. Analytical results indicated contamination by volatile 
and semi-volatile organic compounds in several of the samples. 
Contaminants were detected in on-site soil and sediment samples ss-
4, SS-5, SS-6, and SS-7. Contaminants were also detected in 
samples SS-9, SS-10, and SS-10A, in the downstream interval of 
Greenfield Creek. Detected semi-volatile organic species common to 
both sampling areas included the following: 

Acenaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(k)fluoranthene 

Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Indeno(1,2,3-cd)pyrene 
Phenanthrene 

In. addition, benzo(b)fluoranthene was detected in downstream 
sediment samples SS-9 and SS-10. The volatiles toluene and xylene 
were detected in both areas. 

No semi-volatiles were detected in sediment samples SS-8 and 
SS-11, which are located downstream of the site but upstream of 
lower Greenfield Creek. Sediment sample ss'-1, located on Greenfield 
Creek just upstream of the confluence with the drainage ditch, 
contained low concentrations of 7 of the above compounds. In SS-9, 
SS-10,and SS-10A concentrations of all contaminants (except for 
benzo-k-fluoranthene) were more than 3 times their respective SS-1 
concentrations. Therefore, even if SS-1 is regarded as a 
contaminated background sample, the downstream contaminants still 
count as an Observed Release. 

(next page) 



I 
I 
le 
I 
I 
I 
I 
I 
I 

•• I 
I 
I 
I 
I 
I 
I 
le 
I 

Tidal fluctuations apparently affect the section of the creek 
that includes SS-1. Therefore, this sample might not represent a 
background sample, but rather, may have been contaminated from 
downstream. 

Contaminated samples SS-9, SS-10, and SS-10A were collected in 
the interval of lower Greenfield Creek that passes directly north 
of the Paktank petroleum storage terminal, located south of the 
site. The Amerada Hess Corporation facility, located adjacent to 
the north site boundary and the Cape Fear River, has investigated 
an apparent diesel spill which was detected in monitoring well 
MW-27 in the northeastern corner of the site. Citing the potential 
sources above, ETE concluded that "The distribution of various 
constituents detected in soil samples collected along Greenfield 
Creek suggested the likelihood that multiple sources exist." 

Apparently, the above interpretation assumes that each of the 
semi-volatile organic compounds detected in ~he lower Greenfield 
Creek sediments could be attributed to petroleum products as well 
as to creosote. To address this assumption, SFP reviewed available 
reference material to compare the characteristic semi-volatile 
organic constituents of the two product types. Sources included~ 
Soil Chemistry of Hazardous Materials by J. Dragun, Hazardous 
Materials Control Research Institute (Tables 9.16, 9.21), the 1983 
Merck Index, and a telecommunication with John Neal, Supervising 
Chemist, NC Environmental Sciences Section/ State Laboratory of 
Public Health, dated September 27, 1994. 

All of the 10 semi-volatile organic compounds detected in the 
Greenfield Creek sediments are identified components of creosote. 
Only 3 of the compounds, acenaphthene, anthracene, and 
phenanthrene, are listed as identified components of petroleum 
products (Ref. 34). The structures of these 3 compounds are all 
either dicyclic or simple tricyclic. By contrast, the other 7 
compounds are all either tetracyclic or pentacyclic (Ref. 36). 
According to John Neal, semi-volatiles detected in refined 
petroleum products tend to be restricted to the simpler compounds 
like naphthalene and phenanthrene. The heavier polycyclic compounds 
are generally encountered in coal tar/creosote or petroleum 
refining wastes, but are essentially eliminated from unburned 
refined fuels. The above information and discussion supports at 
least partial attribution of Greenfield Creek contaminants to the 
site. 
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To: 
From: 
Date: 
Re: 

. MEMORANDUM 

File 
Stuart F. Parker, Jr., Hydrogeologist 
December 3, 1994 ' 
Southern Wood Piedmont Co., Wilmington 
NCD 058 517 467 
Review of Natural Heritage Program Maps 
and File Information 

Ref. 45 

SFP reviewed NC Natural Heritage Program field location maps and rare species listS to 
identify rare plant and animal species within a 4-mile radius of the site and within the 3, 15-mile 
surface water pathways. 

The NHP has identified 16 rare animal species and 14 rare plant species within the study 
area. Of these, 5 animal species are listed as Endangered in NC and/or the US. Additionally, 1 
animal and 4 plant species are listed as Threatened in NC and/or the US. The species are listed 
as follows: 

Species Name: Distance from Site Status Rank 
(miles) 

(Radial) (Water) NC us NC Global 
Animals: 
Trichecus manatus 12 E E S1N 02? 

(West Indian Manatee) 
Picoides borealis 3.5 E E S2 02 

(Red-cockaded Woodpecker) 
Planorbella magnifica 0.2 7.4 E C2 Sl 01 

(Magnificent Ram's Hom (snail)) 
Anodonta couperiana 0.5 E S1 G3/G4 

(Barrel Floater (freshwater bivalve)) 
Acipensor brevirostrum 0.5 0.5 E S1 03 

(Shortnose Sturgeon) 
Alligator mississippiensis 0.3 1.4 T T S3 05 

(American alligator) 
Neotoma floridana floridana 2.1 T S1 G5T? 

(Eastern Woodrat) 
Rana capito capito 3.1 sc C2 S2 G4T? 

(Carolina Gopher Frog) 
Heterandria formosa 0.9 sc S1 G5 

(Least Killifish) . 
Problema bulenta 1.8 6.0 SR C2 Sl? G2/G3 

(Rare Skipper (butterfly) 



I 
I Species Name: Distance from Site Status Rank 

(Radial) (Dnstrm) NC us NC Global 

1e Animals (cont): 
Euphyes dukesi 0.25 0.25 SR S1 G3/G5 

I 
(Duke's skipper (butterfly)) 

Hymantopus mexicanus 1.3 SR S2B G5 
(Black-necked Stilt (bird)) 

I 
Anhinga anhinga 7.4 SR S2B/SZN G5 

(Anhinga (bird)) 
Eleotris pisonis 4.8 SR S2 G5 

I (Spiny Cheek Sleeper (fish) 
Evorthodus lyricus 4.8 SR S2 GU 

(Lyre Goby) 

I Hypsoblennius ionthus 12 SR S2 GU 
(Freckled Blenny(fish) 

; 
I 

·I Elants: 
Platanthera nivea 3.0 3.0 T S1 G5 

I 
(Snowy Orchid) 

Utricularia olivacea 3.8 T S2 G4 
(Dwarf Bladderwort) 

•• 
Lilaeopsis caroliniansis 0.1 2.4 T 3C S3 G3 

(Carolina Grasswort) 
Dionaea muscipula 3.2 C-SC 3C/PC2 S3 G3 

I (Venus flytrap) 
Peltandra sagittifolia 2.9 SR S2 G3/G4 

(Spoonflower) 

I Rhyncospora tracyi 3.8 SR S2 G4 
(Tracy's Beaksedge) 

Carex decomposita 1.1 SR 3C SH G3/G4 

I (Cypress Knee Sedge) 
Crinum americanum 1.9 1.9 c S1 G5 

I 
(Swamp-lily) 

Ptilumnium sp. 1.0 2.0 c S1 G2 
(Carolina Bishopweed) 

I 
Ptilimnium costatum 3.1 4.1 c S1 G3/G4 

(Ribbed Bishopweed) 
Lechea torreyi 10.9 c S1 G4/G5 

I (Torrey's Pinweed) 
Polygala hookeri 11.1 c S2 G3 

(Hooker's Milkwort) 

I Rhyncospora oligantha 3.0 3.0 c S2 G4 
(Feather-bristle Beaksedge) 

Litsea aestivalis 3.3 c C2 S2 G4/GS 

le (Pondspice) 

I 
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Status Codes: 

E = Endangered 
T = Threatened 
SC = Special Concern 
SR = Significantly Rare 

Rank Codes: 

E = Endangered 
T = Threatened 
C2 = Candidate 2 
3C = Candidate 3 

Sl = Critically Imperiled in NC due to extreme rarity. 
S2 =Imperiled in NC. 
S3 = Rare/Uncommon in NC. 
SH =Historical Occurrence in NC. 
S? = Unranked or Rank Uncertain. 
B = Breeding, migratory. 
N = Nonbreeding, migratory. 
Z = Not of significant concern. 

Global 

Gl = Critically Imperilled globally due to extreme rarity/ vulnerable to extinction. 
G2 = Imperilled globally due to rarity/ vulnerable to extinction. 
G3. = Very rare and local/restricted range. 
G4 = Apparently secure globally, rare in parts of range. 
G5 = Demonstrably secure globally, rare in parts of range. 
T = Subspecies or Variety 
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NATURAL HERITAGE PROGRAM LIST 
OF THE RARE ANIMALS OF NORTH CAROLINA* 

1993 Edition 

compiled by Harry E. LeGrand Jr., Zoologist 
with contributions by Stephen P. Hall, Invertebrate Zoologist 

North Carolina Natural Heritage Program 
Division of Parks and Recreation 

Department of Environment, Health, and Natural Resources 

NATURAL HERITAGE PROGRAM LIST OF THE RARE ANIMALS OF. NORTH CAROLINA • 
MAMMALS •••. 
BIRDS • • • • 
REPTILES 
AMPHIBIANS · 
FRESHWATER FISHES • 
MARINE AND ESTUARINE FISHES • • 
MOLLUSKS • • • • • • • • • • • 

FRESHWATER BIVALVES • • • • • • • 
FRESHWATER GASTROPODS • 
TERRESTRIAL GASTROPODS 
MARINE BIVALVES' • 
MARINE GASTROPODS 

ARACHNIDS • • • • • • 
CRUSTACEANS • • • • • • • • • 
MILLIPEDES • • • • • 
INSECTS • • • • • • • • • • . • • • 

MAYFLIES • • • • • 
. . . . 

CADDISFLIES • • • • • • • • • . . . . . . 
DRAGONFLIES • • • • • • • • • • • • • 
FLIES • • • • • • • • • 
SCORPIONFLIES • • • • 

· MOTHS • • • • • • • • • 
BUTTERFLIES • • • • • • 
BEETLES • • • • • 
ANTS 

ANNELIDS • • • • 

SUPPLEMENT TO THE NATURAL HERITAGE PROGRAM LIST OF THE RARE ANIMALS OF 
NORTH CAROLINA • • • • • • • • • • • • • • 

NORTH CAROLINA ~IMAL WATCH LIST • • • • • • • • • • 
MAMMALS • • • • • • • • • • • 
BIRDS • • • • • • • • • • • 
REPTILES • • • • • • • • 
AMPHIBIANS • • • • • • • • • • • • 
FRESHWATER FISHES • • • • • • • • 
MOLLUSKS -- FRESHWATER BIVALVES • • • • • • 
CRUSTACEANS • • • • • • .1 • 

INSECTS BUTTERFLIES · • • • .! • 
INSECTS BEETLES • • .! • . . .. 

POTENTIAL NEW TO NORTH CAROLINA ANIMALS • 

I 

1 
10 
11 
13 
14 
15 
17 
18 
18 
20 
20 
21 
21 
22 
22 
23 
24 
24 
24 
24 
25 
25 
25 
26 
29 
31 
31 

32 
33 
35 
35 
36 
37 
37 
38 
38 
39 
40 
41 

*This list is dynamic and is revised f~equently as further data become 
available. New species are added to the li'st, and others are dropped from the 
list for various reasons. The list will be' revised periodically, generally 
once every year or two. If you are using a: copy of this list which is more 
than a year old (check the edition date at the top of the first page), it 
might be invalid and you should request a new version. Further information on 
these species may be obtained by contacting the North Carolina Natural 
Heritage Program, Division of Parks and Recreation, Department of Environment, 
Health, and Natural Resources, P.O. Box 27687, Raleigh, NC 27611-7687 or the 
Nongame and Endangered Wildlife Program, North Carolina Wildlife Resources 
Commission, 512 North Salisbury Street, Raleigh, NC 27611. 
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~~Species are grouped by major taxa. The vertebrates are arranged by class,- beginning 
, with the most advanced phylogenetically (mammals). Within a given taxa, species are 
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listed alphabetically, by. scientific-name. The following information is presented 
for each species on the list. "Status" is a word or phrase that indicates the 
degree of protection (if any), based on rarity, of a species; "rank'! is· a numerical 
scale of the rarity of a.species, regardless of legal protection. 

Scientific Name. 

Common Name. For most groups, these names are not standardized. 

North carolina Status. Endangered, Threatened, and Special Concern species of 
Mammals, Birds, Reptiles, Amphibians, Freshwater Fishes, and Freshwater and 
Terrestrial Mollusks have legal protection status in North carolina (Wildlife 
Resources Commission). In addition-to the above categories, the Natural Heritage 
Program maintains computer and map files on Significantly Rare, Vulnerable, and 
Undetermined status species, as well as species considered Extirpated. Paper files 
only are maintained for some of the above species; these species are indicated by 
the phrase "not tracking.-" 

STATUS 
CODE 

E 

T 

sc 

STATUS 

Endangered 

Threatened 

Special 
Concern 

, DEFINITION 

"Any native or once-native species of w'ild animal whose 
continued existence as a viable component of the State's 
fauna is determined by the Wildlife Resources Commission 
to be in jeopardy or any species of wild animal 
determined to be an 'endangered species' pursuant to the 
Endangered Species Act." -(Article 25 of Chapter 113 of 
the General Statutes; 1987). • 

"Any native or once-native species of wild animal which 
is likely to become an endangered species within the 
foreseeable future throughout all or a significant 
portion of its range, or one that is designated as a 
threatened species pursuant to the Endangered Species 
Act." (Article 25 of Chapter 113 of the General 
Statutes; 1987). ' 

"Any species of wild animal n"atlve or once-native to 
North carolina which is determined by the Wildlife 
Resources Commission to require monitoring but which may 
be taken under regulations adopted under the provisions 
of this Article." _(Article 25 of Chapter 113 ·of the 
General Statutes; 1987 )'. 
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SR 

EX 

w 

* 

# 

@ 

Significantly 
Rare 

Extirpated 

Watch List 

Any species which has not been lis~ed by the N.c. 
Wildlife Resources Commission as an Endangered, 
Threatened, or Special Concern species, but which exists 
in the state in small numbers and has been determined by 
the N.c. Natural Heritage Program to need monitoring. 
(This is a N.C. Natural Heritage Program designation.) 
Significantly Rare species include "peripheral" species, 
whereby North Carolina lies at the periphery of the 
species' range (such as Purple Gallinule). The ' 
designation also includes marine and estuarine fishes 
identified as "Vulnerable" by the N.C. State Museum of 
Biological Sciences (Ross et al., 1988, Endangered, 
Threatened, and Rare Fauna of North carolina. Part II. 
A Re-evaluation of the Marine and Estuarine Fishes). 
Also included in the Significantly Rare designation are 
species formerly listed by the Natural.Heritage Program 
(1991) as "Undetermined". "Undetermined" species are 
those that are secretive or are otherwise poorly known in 
North carolina,- which the ·Natural Heritage Program 
believes are rare and should be monitored. 

A species ~hich is no longer believed to occur in the 
state. 

Any other species believed to be of conservation concern 
in the state because of scarcity, d·eclining populations, 
threats to populations, or inadequacy of information to 
assess its rarity (see Page 33 for a more complete 
discussion). 

Species is a game animal, and therefore (by law) cannot 
be listed for State protection as E, T, or sc. 

Species proposed for Endangered status, but not adopted 
by the Wildlife Resources Commission; species ·is 
protected from taking. · 

Species proposed for Special Concern status, but not 
adopted by the Wildlife Resources Commission; species is 
protected from taking. 

3 



I 
I unit.ed States Status is designated by the u.s. Fish and Wildlife Service. Federally 
. listed Endangered and Threatened species are protected under the provisions of the 

I
~Endangered Species Act of 1973, as amended through the lOOth Congress. Unless 
W otherWiSe· noted;· definitions. are taken from the the Federal Register, Vol. 56, No. 

: 225 ;· November 21, 1991 : (SO CFR Pa~t 17). · · 
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STATUS 
CODE• 

E 

T 

Cl 

C2 

Cl*, C2* 

3A 

38 

3C 

p 

STATUS. 

Endangered 

Threatened 

.candidate 1 

Candidate 2 

candidate 3A 

candidate 3B 

Candidate 3C 

Proposed 

DEFINITION 

A taxon "which 'is i~·danger of extinction throughout all 
or a significant portion of its range" (Endangered 
Species Act, Section 3). 

A taxon "which is likely to become an endangered species 
within the foreseeable future throughout all or a 
significant portion of its range" (Endangered Species 
Act, Section 3). 

"Taxa for which the [Fish and Wildlife] service has on 
file enough substantial information on biological 
vulnerability and threat(s) to support proposals to list 
them as endangered or threatened species. Proposed 
rules have not yet been issued because this action is 
precluded at present by other listing activity. (Such 
proposed rules] are anticipated, however, and the 
Service encourages other Federal agencies to give 
consideration to such taxa in environmental planning." 

"Taxa for which information now in the possession of the 
[Fish and Wildlife] Service indicates that proposing to 
list as endangered or threatened is possibly 
appropriate, but for which conclusive data on biological 
vulnerability and threat are not currently available to 
support proposed rules •••• Further biological research 
and field study usually will be necessary to ascertain 
the status of taxa in this category~ ••• The Service hopes 
that this notice will encourage necessary research on 
vulnerability, taxonomy, and/or threats for these taxa." 

Candidate taxa, but lacking known occurrences 

"Taxa for which the [Fish and Wildlife) service has 
persuasive evidence of extinction. If rediscovered, 
such taxa might acquire high priority _for listing." 

"Names that, on the basis of current taxonomic 
understanding ••• , do not represent distinct entities 
meeting the Act's definition of 'species'; it also 
includes vertebrate populations that do not meet this 
definition." ' 

"Taxa that have proven to be more abundant or widespread 
than previously believed andfor'those that are not 
subject to any identifiable threat. If further research 
or changes in habitat 1indicate a significant decline in 
any of these taxa, they may be reevaluated for possible 
inclusion in categories 1 or 2." 

' l 
Species currently proposed, as either endangered or 
threatened. Species formally proposed receive some 
protection by law. · 
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North Carolina Rank. North Carolina ranks are based on the Natural Heritage Program 
Network of measuring rarity and threat status. This system is widely used by other 
agencies and organizations, as the best available scientific and objective 
assessment of a s~ecies' rarity at the state level. 

RANK 

Sl 

S2 

S3 

S4 

S5 

SA 

SH 

SR 

sx 

su 

S? 

B 

N 

z 

NUMBER OF 
EXTANT 

POPULATIONS 

1-5 

6-20 

21-100 

100-1000 

1000+ 

1-? 

0? 

0 

1-? 

1-? 

1-? 

DESCRIPTION 

Critically imperiled in North Carolina because of extreme 
rarity or because of some factor(s) making it especially 
vulnerable to extirpation from North Carolina. . 

Imperiled in North Carolina because of rarity or because of 
some factor(s) making it very vulnerable to extirpation ·from 
North Carolina. · 

Rare or uncommon in North Carolina. 

Apparently secu~e in North carolina, with many occurrences. 

Demonstrably secure in North Carolina and essentially 
ineradicable under.present conditions. 

Accidental or casual; one to several records for North 
carolina, but .the state is outside the normal range of the 
species. 

Of historical occurrence in North Carolina, perhaps not having 
been verified in the past 20 years, and suspected to be still 
extant. 

Reported from North Carolina, but without persuasive 
documentation which would provide a basis for either accepting 
or rejecting the report. 

Apparently extirpated from North Carolina. 

Possibly in peril in North Carolina but status uncertain; need 
more information. 

Unranked, or rank uncertain. 

Rank of the breeding ·population in the state. Used for 
migratory species only. 

' 
Rank of the non..:.breeding population in .,the state. Used for 
migratory species only. 

Population is not of signlficant conserV-ation concern. For 
example, the status "SZN". indicates that the population in the 
non-breeding seasons (generally in migration or in winter) is 
transitory, without any regular locales of occurrence whereby 
the species can be protected. Where a number is listed with 
the "B" or "N" modifier, there are definable locales of 
occurrence that.can be identified for protection. 
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.. Global Rank~.- _Similar .to North carolina ,ranks, global ranks are assigned by a 

1
: 6···gon!3e._nSU:Si:of:~s(?ient_:i .. fic experts, the individual .. nat.ural heritage .progr~s, and the 

W Natural Heritage~Network. Global ranks apply to the status of a species throughout 
its range;_and are based on data on the species' status range~ide. This system is 
widely used .. by other agencies and organizations, as the best available scientific 
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and objective assessment of a species' rarity throughout its range. 

RANK NUMBER OF 
EXTANT 

· ·POPULATIONS 

Gl 1-5 

G:2 6-20 

G3- 21-100 

G4 100-1000 

GS 1000+ 

GH 0? 

GX 0 

GU 

G? 

G_Q 

T 

.DESCRIPTION 

Critically imperiled globally because of extreme rarity or 
because of some factor(s) making it especially vulnerable to 
extinction. · 

Imperiled globally because of rarity or because of some 
factor(s) making it very vulnerable to extinction throughout 
its range. 

Either very rare and local throughout its range or found 
locally (even abundantly at some of its locations) in a 
restricted range (e.g., a single physiographic region) or 
because of other factors making it vulnerable to extinction 
throughout its range. 

Apparently secure globally, though it may be quite rare in 
parts of its range, especially at the periphery. 

'Demonstrably secure globally, though it may be quite rare in 
parts of its range, especially at the periphery • 

Of historical occurrence throughout its range, i.e., formerly 
part of the established biota, with the expectation that it 
may be rediscovered. 

Believed to be extinct throughout its range (e.g., Passenger 
Pigeon) with virtually no likelihood that it will be 
rediscovered. . . 

Possibly in peril range-wide, but status uncertain; more 
information is needed. 

Unranked, or rank uncertain. 

Qu~stionable taxonomic assignment. 
\ . 

The rank of a subspecies or variety. As an example, G4Tl 
would apply to a subspecies of a species with an overall rank 
of G4, but the subspecies warranting a rank of Gl. 
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Phvsiooraohic Province. The provinces in which the animal is known to occur are 
indicated. This should not be regarded as the only province(s) of the state in 
which the species could occur; our knowledge of the fauna of North Carolina, 
especially the invertebrates, is still very imperfect. The provinces are 
abbreviated as follows: 

M Mountains 

P Piedmont 

c Coastal 
Plain 

T Tidewater 

All parts of North Carolina west of the foot of the Blue Ridge 
Escarpment. 

All parts of North Carolina east of the foot of the Blue Ridge 
Escarpment and west of the Fall Line, including outlying 
"foothill" ranges, such as the Brushy, Uwharrie,· and Sauratown 
mountains. 

All parts of North carolina east of the Fall Line (including the 
Sandhills), but excluding the portions associated with tidal water 
(ocean, sounds, barrier islands, and mainland brackish or salt 
marshes). 

That part of the state associated with tidal water, such as the 
ocean and·barrier islands, sounds, estuaries, and mainland 
brackish or salt marshes. 

7 

Habitat. The known, or the moat typical, habitats are described briefly; as with 
provinces, these should not be regarded as the only possible habitats of the species 
in the state. 
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1D lanrol Herlt- prog,... List of the lore Al>lalo of llorth Carolina 
Scientific Namt 

Province: Habitat 
Conmon Name Status Rank. 

..-All· 

Canfa rufUs . . . : Red llolf 
CM:: swaq>s, pocosfna, extensive 'forests_ 

Condylure crfstata parve ·: ·. .~ · ·' Star.:nosed Mole 
MC: II'IOflt ~~eadows, bogs, IWM'f)S 1 bottomlands 
.• !Coastal Ploln population It SC; . c _ 

IIIOUltoln populotl on not of concern] 
Fells concolor couguar 

MPC: -extensive forests, remote areas 
Glaucomya sabrfrua c:oloratus 

M: hfgh elevatfot,. forests, Nlnly spruce-fir 
Mfcrosorex (ate Sorex) 

MfcrotU. chro1:orrhfnus caro.lfnenafl ··: · 
M: --rocky erees at hfgh elevations, forests or fields 

Mustela nfvat b 
H: fields ord foresto, 010stly at high elevatlono 

Myotfa austrorfparfus . 
CP: roosta In buildings, hollow trees; fonges 

near water 
Myotfi grfsescens 

. M: roosts In caves: forages Nfn\y over open water 
Hyotlo lelbll lelblf 

M: roosts ln hollow trees (wanner JnOnths), 
In caves and mines (winter) 

Hyoth septentrional h (• H. keen II) 
HP: roosts In hollow tree• one! buildings (warmer 

tnOnths), In caves anc(11fnes (winter) 
Hyotls sodslls . 

M: roosts In hollow trees or U'der loose bark 
(warmer months), tn caves (winter) 

Neotorna florfdana heeraltorela; Neotoma florldana IMgfater 
H: rocky places In declcklous or mixed forest• 

(heemftorefe • G5T5; ma;f•ter • G5T4Q) 

Eaatem Cougar (Panther, 
- MO<>ltofn Lion) ___ - ·-

Carolina Northern Flying 
~lrret-·- ----·

>· 
Southern Rock Vole 

leeat Weasel 

Southeastern Bet 

Gray Bat 

Eastern Small-footed Bat 

Northern long-eared Bat 

Indiana Bat 

Eaatem \Joodrat 
(haemftoreta • Southern 
Appalachian 1/oodrat; 
!Mglster • Allegheny \loodrot) 

N.C. U.S. N.C. Global 

S1 G1• 

SC 3C S4 G5 

SH G4TH 

S1 G5T1 

sc ___ , cz~., sz C5T3 

SR ,:' .... sz. G5 

sc cz- ·- sz G4 

GZ 

sc cz SUB,S1N G3T? 

sc SUB,SZN G4 

E • SUB,SZN GZ 

sc cz sz G5 

:N:.:eo2lt~oma;:,;.l.fT,l o:;r-=ld~a~no!..;!f~l¥!or:;lc;:d~anor.::!li~~=.WJ.J..J~•~ce~---- Eeshrn IJoodrat __ _z__ 
C: oresu, awnn y n 11'10 at areas 

Peromyscus pollonotus 
P: sardy, follow fields near south Carolina l !no 

Plecotus roflnesqufl 
MC: roosts In old buildings, caves, ard •fnes, 

usually near water 
Plecotus townsendll virginia..,. 

M: roosts In cevea (end rarely In mines), 
espechlly In limestone areas 

Sdurus n\gtr 
CPM: open forests, mainly longleaf pfnetscrtb oak 

Sortx df spar 
H: high elevation forests with tolus or rocky slopes 

Sorex hoyt wfmernen. (• Mfcrosorex) 

Oldfield House 

Rlffnesque•t Blg·eared Bat 

VIrginia Bfg•eared Bat 

Fox ~lrrol 

Long·tolled Shrew 

Southern Pygmy Shrew 

SR 

sc 

SR• 

sc 

sc 

cz 

3C 

3C 

S1 

S3 

S1 

S3 

sz 

S27 

G5 

G4 

G5TZ 

C5 

G5 

C5T5 

-

HC: """'tone declcklous foresu; old fields and 
clearcuts tn northeastern Coastal Plain 

Sore• longlrootrl• fhherf Dismal sw- Southeastern 
Shrew 

S2 G5T1T3 
C: woodlords end brushy fields, especially 

IOhere danp, In Dlsmol sw""" vicinity 
Sorex patustrta pu"ICtulatus 

M: atreent bank.a tn DJntane forest& 
Sylvllagus oquatlcus 

H: wet woods and floodplains In southern 11101.ntefns 
Sylvllagus tronoltlonolls 

M: dense cover of montane woods and thfck:ttt 

Southem \Jeter Shrew 

Sw""P Rabbit 

New Englond Cottontail 

'Re·fntroduc:tfon, at Altfgetor Rfvtr N\IR ard Greet Smoky Moc.ntefns NP, NC 

sc C2 

SR• 

SR• C2 

S1 

SH 

S3 

G5T3 

G5 

G4 

-
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Sctentlffc Name Conmon Name Status Rank 
Province: Habitat. N.C. U.S. N.C. Global 

Tadarfds braslllenolo Brstfllan Free-tolled Bat . sc SUB,SZN C5 
C: roosts In buildings end other man-made atructures 

TrfchMhll! manatU9 Uest Jndfan Manahe 
T: warra waurs of estuaries end river mouths 

SIN G27 ..!-
Ursus amerlcanus Black Bear sR• S3 G5 

MC: extensive lnOI"'tane forests; pocosfns, swanps 

IIRDS 

Accipiter cooper!! Cooper•• Hawk 
HPC: foresu one! woodlands (for neotlng) 

sc S2B,S3N G4 

!breeding evldenca only] 
Accfpfter gentfl fl Northern Goshawk 

M: extensive, remote forests, ~n~fnly at high 
SR cz SUB,SZN G4 

elevatlono (for neatlng) 
[breedln; evidence only] 

Accipiter otrhtus Sharp·ohfmed Hawk 
HP: foreotl ard woodlands (for neotlng) 

SR SZB,S4N C5 

[breeding evfdenco only] 
Aegol Ius acadfcus · Northern Saw-whet OWl sc SZB,SZN G5 

M: spruce-fir fonsta or mfxed hardwood/ 
spruce forests (for nesting) 
!breeding aeuon only] 

Almophllo aeotlvalla Bachman'• Sporrow 
CP: open longleaf pfno forests, old fields 

sc C2 S3B,SZN G3 

[breeding 1011on only] . -
Amnodranus henslowtf Henslow'a Sparrow SR C2 S2B,S1N G4 

C: clearcut pocosfns and other datrp weedy fields 
[breed! n; Ieason onl yJ 

Anhfnga eMfnge ~ 
C! wooaea lakes or ponds, or open SWiq)S 

SR SZB,SZN C5 

(for nesting) 
[breeding evidence only] 

Aqufla chrysaetos Golden Elgte SR SXB1,S1N G4 
MC: extentfve open cOWttry; fonnerly netted on cliffs 

tregular w'nterh'IV or s\.ll'lnerhli sites] 
Boteurus lentfgfnoaus Alnerfcan Bittern· SR · S1B,S3N - G4 

CT: fresh or brackish ~nershes 
[breeding oeaoon only] 

C""""""flus prfncfpolll lvory·bllled lloodpecker sx G1 
C: swanps wtth mature t fntJer 

[not tracking; presii!IOd extfrpoted In USAJ 
Cetharus guttatus Htr111ft Thrush SR S1B,S5N G5 

M: spruc:e·flr foreota (for nesting) 
[breeding season only] 

Charadrfus melo6Js Pfplng Plover SZB,SZN G3 
1: ocean beoches and fslord·erd flats 

[breeding evidence only] 
thondestea grenmacus lark Sperrow SR S1B,SZN C5 

C: barren, sandy fields with scattered sapl fnga In 
the sardlflla region 
(breeding season only] 

Circus cyaneus Northern Harrier SR S1B,S4N G5 
T: extensive brackish mrshes (for nesting) 

[breedln; evidence only] 
Coccyzus erythropthaliUO Black·bflled CUckoo SR SZB,SZN G5 

M: decfdJout foresta, 11111fnly at higher elevations 
[breedln; season ord hob! tat onl yl 

ColUTblna passtrfne Comnon Grou-d·Dove SR S1B,S1N G5 
T: do..nes, sardy fields, marglno of ll\llrltlmo 

woods ard thfcketo 

Contopus :~:~::' season only] . Ol tve·tfded flycatcher sc S1B,SZN G5 
M: montane conifer forests (lllfnly spruce•ffr) 

wfth openfngs or dtad trees 
(breeding season onl yl 
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scientific u .... C"""""' Name Status Rani: 

F'rovlnce: Habitat N.C. U.S. N.C. Global 

coragyps atratus Black VUlture sc S3 GS 
HPC: forested arei.a for neatfng; forea tl or open 

cOU'Itry for foraging 
!not tracking) 

corvus corex Comnon Raven SR · S3 G5 
HP: cllffo for nesting; forests or fields (OIIInly 

ot high elevations) for foraging 
(breeding evidence only] 

Coturnfcopa noveboracensfa Yellow Raft · SR S2N ~ 
TC: bracldah or fresh Nrshu, wet fields 

[winter season only] ... '" 
Oendrof ca cerulea Cerulean \larbler .. SR C2 S3B,SZN G5 

HC: Nture hardwood forests; steep slopes and coves 
In II'IOU1tafna, ·natural leven In Coestal Plafn 
(breeding season only] . ·: . -~ 

Dendrolco klrtlandfl Kirtland'• 1/orbler ..•. E .· E · •. SA Gl 
PC: • [not tracking: a casual or accidental 11fgrantl •.··.· 

Dendrofca ~~agnol II ·:1 ".t ~ Magnolia 1/arbler SR S1B,SZN G5 
M: spruce-fir forests, especiallY. tn lr.,;...ture stands 

(breeding season only] 
Egreth caeru\u tl ttle Blue Heron 

T: forests or thfckttl on maritime 1~\a~s 
sc S3B,S3N G5 

(breeding altos only] 
Egretta thula Snowy Egret sc S3B,S3N G5 

T: foresu or thickets on 110rltlme Islands 
(breeding altea only] 

Egretta tricolor Tricolored Heron sc. S3B,S3N G5 
T: forHtt or thickets on Mrftlme Island• 

!breeding altos only] 
E"l'ldonox alnoi'Ull 

H: high elevation ohrub/iapllng thickets 
Alder Flycatcher SR S2B,SZN G5 

[breeding season only] 
Falco peregrlr<JS Peregrine Falcon S1B,S2N G3 

MT: cllffo (for nesting>: coastal ponds and IIUdflats 
(for foraging In winter) 
[nesting evidence: regular wintering sites] 

Hallaeetua leucocephalus Bald Eag_le ____ S1B,S2N G3 
PCT: mature forests· near- large· bocnes-of·water' 

(for nesting!; lakes ard so<nda 
[nesting altea; regular non-breeding altesl 

HfiMntOfM! mexfcaM . Black-necked Stilt .a. . ·szB G5 
1: fresh or brockhh ponds and lllp>llldnents 

!breeding olteo only] 
lctlnlo •lulnlpplens!a Mhalulppl Kite SR SIB G5 

C: mature, extenafve bottomland forettl, mainly fn 
Roanoke River flDOq>laln 
. !regular 11..m110r locations only] 

Lanius ludovfcfa,.._,. Loggerhead Shrike sc C2 S2B,S3N ~ 
CPH: fields ond pastures 

lnot tracking! 
Laterollua jamolcenslo Black Roll SR C2 S3B,S2N G47 

TCP: brackish marshes, rarely fresh rnarshea 
!breeding oeaaon only] 

Mycterfa americana llood Stork SIN G5 
T: fresh or brocklsh ponds (for forovlng) 

[regulor non-breeding of teo) 
Porus otrlcaplllua 

H: high elevation forests, Nfnly spruce-fir 
(breeding season only] 

Black-copped Chickadee sc S3 G5 

Pasaerculus sandwfchenafa Savamah Sparrow SR S1B,S5N G5 
M: graasy f hl ds and pastures 

(breeding season only] 
Pelecanus occidental fa Brown Pelf can sc · S3B,S4N G5 

T: rnarftflne hlands 
(breeding olteo only] 

- -----~~--------~---~ ---~-----~~ ------
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Scientific Name 
·Province: Habitat 

· CotilliOn Name · Status Rank 
N.C. U.S. N.C. Global 

Phalaerocorax aurl tus .. DO'ble·cruted connorent SR SIB,S5N GS 
CP: lakes wtth scattered trees for nesting · 

!breeding altea only] 
Pfcofdea borealis Red·cockaded 1/cxq,.ckor ..!...:. ..!- sz GZ 

CP: ,..ture open pine forests, •fnly In ~' : .. 
longleaf plna 
(breeding evidence only] 

Plegadla falclnellua Glosoy lbla sc SZB,SIN G5 
h forests. or thlcketa on •rfthne fa lends 

(breeding olteo only] 
Porphyruh •rtlnl co 

C: ·freshwater ponds with floating vegetation . 
Purple Golllnula SR SIB G5 

(breeding alteo only] 
Regulus aatrapa . Golden-crowned Kinglet sc S3B,S5N G5 

M: spruce·ffr forests: hardwood forests •fxed 
wl th apruco or heoalock 
!not tracking! 

Rlparlo rlparlo Bank swallow · SR SIB,SZN G5 
P: high, vertical banks for nesting 

!breeding oltu only] ·• 
Rynchopa nl ger Black Skl.,..r sc S3B,S3M C5 

T: aancl flata on Nrftf• falands 
!breeding oltes only] 

Sphyroplcua vorlua Yollow-belll ed sap.ucker SR S2B,S5N C5 
M: tnature, open hardwoods wfth acattered dead trees 

[breeding season only] 
Sterna caspfa caspian Tem SR SIB,S2N G5 

T: sand flau on 111rftlme lolands 
!breeding oltea only] 

Sterna dougal! II Roaeetl Tem SAB,SIN G3 
T: sand flats on NrltiN lolll1ds 

!breeding evidence only! 
Sterna nllotlco Gull-billed Tem S3B,SZN C5 

l: aard flato on Nrltlme Islands 
!breeding situ only] 

Thryomanea bewlckll altuo 
M: woodland borden or openlnga, hrmlancfl or 

Appelechfen Bewfck•s "ren C2 SHB,SZN G5T7 

brushy ffelda, It hfgh elevations 
[breeding season only] 

Vennlvora bachmanff B~'• "•rbler SA Gl 
P: [not tracking; accidental visitor] 

sza,"szN Vemlvora pfrus Blue-winged 1/arbler SR G5 
H: low elevation brushy fleldo and thlckeu 

[breeding season only] 
VIreo gllvus 1/arbllng VIreo· SR S2B,SZN G5 

M: groves of hardwoods along rivera and atreams 
(breeding ••••on only] 

REPTILES 

" 1 ''lj~ort~!:h'::'ift:Ml; brackish takes, ponds, 
American Alllvotor ..!.... T(S/Al" S3 - G5 

rfvers, and mrshet 
Apalone tpfnffera apfnffera Eaotem Spiny Softthell sc Sl G5T5 

H: large atrearns fn the French Broad system 
Caretta caretta Loggerhead . T S2B,S2N G3 

T: nests on beaches: forages In ocean and sCM..nds 
Chelonia mydaa Green Turtle S1B,SZN G3 

T: nests on beaches; forages fn ocean ard aCKilds 
ClOI!Ift)'S .U.lenbergll Bog Turtle Cl Sl G3. 

HP: bogs, wet pastures, wet th f cketl 

10 T(S/A) • Threeter\ed due to Sfmflarfty of Appearance 
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~~fen'\fflc Name .• 
.. t\rol Herlt- Prcgr• List of the hre Ani•lo of North Carolina 

Cannon Name Status . Rank 
Province: Habitat 

Crotalus edamenteus . 
C: pine flatwoods, uvannaa, pfne·oak serdttlls 

oermochel ys cortecea 
. T: oeeans, rarely fn sOU'Xis;_ . . - .:..--:... ..:.. ~-...... ,. 

Eretmochelys lnbrfcata 
T: oceans, very rarely tn sOU"'ds 

Heterodon sinus , . 
. C: ;oandy woods, portfculorly pfne·ook oancflflloo. 
L"""ropeltta getulo otlctfcops 

T: Nrftfme forests, thfckeu, and grasslands on 
.the outer lanka· l." 

Lepldochelya k""'ll 
T: ocean and scxnds 

Hataclemya terrapin "': . . ·.·~' 
T: salt or brackish 11arshes; estuarfet 

[not tracking) 
"fcrurus fulvlus . 

c: pfne·oak oardlfllo, sandy flatwoods, Nrftfme 
forests 

Nerodf.o sfpedon wf\lhmengelsl 
T: salt or breck.fsh 1111rshes 

Oplleodrys vernalis 
M: fields and grassy 010adows 

Ophluurus almlcus 
C: pine flatwoods, savamas, pine/oak sardltlls 

P ftuoph fa mel enol euc:us melanol eucus 
CM:. dry and sandy woods, Nfnly fn pfnetoak 

urdlflla 
Sfstrurus 111l farlus 

CP: pine flotwoods, pine/oak 11n<f1flla, other 
pine/oak. forests 

Sternotherua minor [S. m. pel tf fer] 
"' streams and rivers fn Mfnlssfppf drainage 

Eastern Dfiii!IOndback 
Rattlesnake-: 

Leatherback 

Hawkobfll 

Southern Hognose Snake· 

outer Banks Kfngsnake. 

#.tlentfc Ridley. 

Dfiii!IOndback Terrapin 

Eastern Coral Snake 

Caro\!na Salt Marsh Snake 

Smooth Green Snake 

Mfmfc Glasa Lfurd 

Northern Pine Snake 

Pigmy Rattlesnake 

loggerhead "usk Turtle 
IStrfpeneck """k Turtle) 

-----------~AMPHIBIAJIS ____ ~_ 

Anilystoma tolpofdeuo 
MP: breeds fn fhh·frea semipermanent woodland 

ponds; forages fn adjacent woodlands 
Anilys tc.na tf grf,.... 

C: breeds fn ffsh·free semipermanent ponds; forages 
fn adjacent woods, usually sandy pfnewocds 

Anefdes aeneus 
"' dalrp, shaded crevfcet of cliffs or·rock;_ 

outcrops tn deefct.Jous forests (southern mot.ntefns) 

"ole Salamender 

T f ger Salamonder 

Green salamander 

Cryptobranchua alleganfensfa Hellbender 
M: large and clear flst·flowfng streams 

Desmognathus santeetlah Santeetlah Dusky Salemarder 
M: streaal headwaters and aeepage areas; southwestern· 

II'IOU'\tafns 
[urycu jU'lllUSkl 

M: forests nee~ seeps and atre~m~ tn the 
Cheoah River syster11 

Euryceo longfcauds longfcauds 
"' 1110ht woods and fl~lafna 

Eurycea quadrfdfgftata (port) 
C: pocosfns, bey forest1, flatwoods, savamas 

Hentfdac:tyl h.n ICUtltUI 
MPC: pools, bogs, and other wetlands In hlrdwood 

forests 
Hyla andenonfi 

C: pocosfns, bay forests, boggy areas 
Necturus lewhf 

PC: rivera ard large streams fn Neuse and Tar 
drainages (endetRic to North Caroline) 

Necturus maculosus 

JU'\Il uoka Sal11111nder 

Longtofl Salamander 

Dwarf S.l emander 
(sllver·bollfed morph) 

Four-toed Salamander 

Pfne Barrens Treefrog 

Neuse River llaterdog 

"..q,uppy· 

N.C. U.S. N.C. Global 

SRI 

E.· 

SR 

• 1 SC, 

E·. 

sc 
. ,. ~ ~. 
; .... 

SRI 

sc 

sc 

sc 

sc 

SRa 

sc 

sc 

sc 

SR 

sc 

sc 

sc 

sc 

SR 

sc 

sc 

cz 

cz 

cz 

cz 

cz 

cz 

3C 

3C 

SL 

SZN 

SZN 

SJ 

, ,sz 

SZM 

. S3 

S1 

-si 
SH 

sz 

S3 

53 

S1 

sz 

sz 

S1 

SJ 

SZS3 

sz 

S2 

sz 

S3 

SJ 

S3 

Sl 

G5 

G3 

GJ 

G4G5 

G5TZQ 

G1 

G5-

G5 

G5TZ 

G5 

GJ 

G5T? 

G5 

G5 

G5 

G5 

G3G4 

G4 

GJQ 

G2Q 

G5T5 

G5T?Q 

G5 

G4 

G3 

G5 

i .I 
I 
1 
I 

!· 
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Scfentfffc Nama 

Province: Habitat 
Comnon Name Status Rank 

M: rivers and large atreltnS (french Broad 
drainage) 

Plethodon aureolus Tell leo Salamander 
M: forests fn the Unicoi "OU'ltafns 

Plethodon dorul fa Zlgug Salamander 
M: mist trees of talus slopes or rock outcrops 

fn hardwood forests 
Plethodon longfcrus , Crevice Salamander 

M: cool rock crevices or talus slopes fn Hfcko~t 
. . Gorge area (endemfc to North Carolina) 

Plethodon wehrlef "ehrle'a Salamander 
P: \4)land foreato (on a monadnock In North 

Carol fna) 
Plethodon wellerf "eller'a Salamender 

M: hfgh elevation forests fn northern 1MU'1tlfna, 
1111fnly fn apruco·ffr 

Pseodlcrla brachyphona . . MOU'\tafn Chorus Frog 
M: forests near tecrporary pools or ponds, fn 

extreme southwestern ~tlfns 

Rena f?'t;e:dt'~~ tenporary fhh·free pools; forages In Carolina Gopher Frog 
sandy woods, espechlly pfne·oak uncflflls 

Rena heckscherl River Frog 
C: · river floodplains, such at pools or borrow ph 

ponds 

FRESIIIIATER FISHES 

Acfpenser brevfrostn.n (see listing l.nd'er 
Marine and Estuarine Fishes) 

Ac:fpenser ful vescens 
M: large rivers of Temenee drainages 

Ac:fpenser oxyrhynehua (see l htfng U'lder 
Marine and Estuarine Fhhet) 

. An'blopl ftea cavffrons 
PC: streams fn Neuse and Tar systems 

Aplodfnotua gr...,..fens 
"' French Broad River 

Carp! odes ·carpio 
M: French Broad River 

carpi odes velf fer 
PC: Catawba, Pee Dee, and Cape Fear rivers 

cl fnost..,.,. fundulofdes s<bsp. 
M: L fttle Tennessee drainage 

cottus caroltnae · 
M: French Broad River system 

cyprfnella IIIOilllcha 
M: Little Temessee Rfver; formerly fn French 
. Broad draInage 

cyprfnella zanema 
PC: Catawba, Broad, cape Fear, and Lurber drainages 

£lassoma boehlkef 
C: streams and canals fn \.laccamaw drainage 

Etheostoma · acut f ceps 
M: streams fn Nolfchucky system (Toe and Cane 

rivers) 
Etheostoma coll Is 

P: streams fn the Pfednont 
Etheostoma fnscrlptun 

M: streams of Savamah drainage 
Etheostoma jessfae 

M: streams fn Mills River system 
Eth~stoma kanawhae 

M: · New drainage 
Etheostoma maculatUI (• E. sangufflutm) 

(see Etheostoma wlneratun) 

Lake Sturgeon . 

Roanoke Bass 

Fresh\llater Dn.m 

Rfver Carpsuclc.er 

Hfghffn Carpsucker 

Lfttl• Temessee River 
Rosy& I de Dace 

Banded Sculpin 

Spotf f n Chub 

Santee Chub 

Carolina Pygmy s..,flsh 

Sharphead Darter 

Carolina Darter 

TurqJOfse Darter 

Bluesfde Darter 

Kanawha Darter 

N.C. U.S. N.C. . Global 

SR 

sc 

sc 

T • 

sc 

sc 

sc 

sc 

sc 

SR* · 

sc 

sc 

sc 

SR 

sc 

sc 

sc 

SR 

-- S2 

S1 

S1 

S1 

:.,.. _sz 

SH 

_g_ sz 

Sl 

C2 SRSX 

S3 

S1 

S1 

sz 

sz 

Sl 

S1 

S3 

C2 SIS2 

3C S1 

S3 

Sl 

S1 

SJ 

G2GJQ 

G5 

G1Q 

G5 

G4 

G5 

G4T1 

G5 

GJ 

GJ 

G5 

G5 

G4G5 

G5T? 

G5 

G2 

GJ? 

GIGZ 

G3G4 

G3 

G4 

G4Q 

GZ 
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Scfenflffc Name 

Province: Habitat 
Conmon Name Status 

Etheostoma Nrhe 
C: streams of LUTber drainage, Nfnly In the 

sardtHl•; perhaps In ~jacent Pee oee drafnag·e 
Etheostoma porlonguo 

C: lake llaccamaw (endemic to North Carolina) 
ftheostoma podostemone 

P: large streM'IS In Dan River system 
Ethostoma sfmoteruw · 

H: streams of French Broad drainage (formerly) 
Etheostome vulneratun 

M: streams of Little Tenwssee system; perhaps· 
extirpated fran French Broad aystem 

Exogloss~.n taurae 
M: New drainage 

Exogloss1.11 NXfltfngua 
P: streams of Dan River systeftl 

F~lus waccamensfs -
C: large natural lakes (lakes \laccemaw and Phelps) 

(endemic to North Cerollna) 
Heterandrl' formoSo 

C: streams and lakes near \llllnington 
Hfodon tergfsus 

M: french Broad River 
Hybopsfs rnonacha (see Cyprfnella rnonacha) 

Hybopsfs rlbrffrons (see Notropfs rubescens) 

Hybopsfa zanema (see Cyprfnella zanema) 

Hybopsh, new species [Cape Fear Chlbl 
(Rierged with Cyprfnello zanema) 

Hypentel fU'I roanokense 
P: Dan drainage 

lctfollus blbalus 
HP: French Broad River: Pfectnont reservoirs 

L~tra upyptera 
CP: Tar and N~e~drafnages 

Lon-petra appendix 
M: French Broad drainage 

Lepomfs roegalotfs 
H: French Broad drainage 

Lucan! a goode! · 
C: stream fn \lilmlngton erea 

Luxflus chrysocepholus 
M: Cane River systHI 

Pinewoods Darter 

\lacc:amaw Darur ' 

Rfverweed Darter 

Ternessee SrUlnose Darter 

\louoded Darter 

Tonguetfed HI mow 

Cutllpo Hfmow 

llaccamaw Xfllflfsh 

Lt•U ~flllfls!J. 

Hooneye 

Roanoke Hog ~ucker 

Smallmouth Buffalo 

least Brook l""'rey 

American Brook LMprey 

longear Sl>lff sh 

Blueffn X Ill II Ish 

Striped Shiner 

Menldfa extensa \laccamaw Stlverside 
C: lake llaccamaw (endemic to North carolina) 

Hfcropterus coosae Redeye Bass 
M: Savamah drainage 

Moxostoma ariOII'IIll'l Blgeye J~rod: 
P: Dan drainage 

Hoxostoma carfnatU'I (U'ldescrfbed fonn) River Recflorae 
P: Pee Dee R\ver 

Hoxostome hamfl toni Rustyofcle sucker 
P: Dan drainage 

Notropls bffrenetus Bridle Shf~r 
C: stream near lower NeYse River 

Notropis chrysocephalus (see Luxtlus) 

Notropis lutfpfrnfs Yellowffn Shiner 
HP: Savai'Y\8h, Little Temessee, and Broad drainages 

(only the Savamah and Little Tennessee 
drainages are listed as SC] 

Notropls rnekfstocholas Cape Fear Sht~r 
P: Cape Fear dra(nage (encfem.(c: to Korth Carolina) 

N.C. U.S. 

sc 

T . 

sc 

sc 

'sc 

SR 

sc 

..&... 

sc 

SR 

SR 

sc 

SR* 

sc 

SR 

sc 

sc 

5C 

sc 

3C 

3B 

C2 

3C 

N.C. 

53 

51 

S2 

SH 

52 

52 

51 

51 

Sl 

51 

53 

52 

52 

51 

SH 

51 

51 

51 

51 

52 

51 

51 

SH 

53 

51 

Rank 
Global 

G3 

G1Q 

G3 

G5 

G2 

G4 

G5 

C1 

G5 

G5 

G37 

G5 

G5 

G5 

G5 

G5 

G5 

G1 

G5 

G2 

G4T1 

G2, 

G5 

G4 

G1 

I 
I 
I 
' 

I 

I ,. 

Naturlll Merit- prog.-.. List of tile aare -'nl•l• of North c.roliM 
scientific Name 

Province: Habftlt 
· COimiOM Name Status 

Notropfa rubeacena 
M; Savamah drainage 

No tuna el eYtherua 
M: French Broad dr.inage 

Noturus flaws 
M: Cana River 

Noturua furlosus 
CP: Tar end Neuse drafnagea (endemic to North 

Carolina) 
Noturus gflbertl 

P: Dan drainage 
Noturua, new apecle1 

C: Cape Fear, \lacc~m~~w, anc:ILUiber drainages 
Perc:h\1 aurantfac:a 

M: Tennessee drainagea 
Perc:tne burtonf 

"' South loo Rfv .. ; fonoerly In french Brood 
drainage 

Perc:fn11 c:aprodes 
M: Tennessee dralnagea 

Perc:fna Ncrocephela . 
M: french Broad River; probably extlrpeted 

Perc: f na oxyrhynchus 
M: New drafNge 

Perc:fna sclera 
M: French Broad drainage 

Perc:lna squamat. 
M: Tern:11et dr.lnagea 

Phtr~~cobtus teretulus 
M: ·NeW drainage 

Polyodon spothulo 
H: I French Broad River 

Semotflus lU!beo 
c: otre..,. fn the uncllfllo 

Sth:ostedfon canadensa 
M: french Broad and Hiwassee rivers 

Rosyhco Chlb 

Stonecat 

Carol Ina MadtOOI 
(Neuu populatfonl 
!Tor population] 

Orengeffn MadtOOI 

BroedUf l HadtOIII 

tangerine Darter 

Blotchsfcle Derter 

logperch 

Longhead Darter 

Sharp101e D~rter 

Dusky Darter 

OlIva Darter 

Xanawha Hfrnow 

Paddlefhh 

Soncllflls Chlb 

Sauger 

IWIIIIE Am ESTIIAIIIE FISI£$ 

Ac:f~ser brevfrostnn 
f: brackuh water of hrge riven end utuerfes: 

Shortnose Sturgeon 

spawns fn freshwater areas 
Acfpenser oxyrhynchua Atlantic: Sturgeon 

TC: coastal waters, eatuarfet, lerge rivera 
El~trfa jfaonh 

T:resh to brackhh ponds, river mouths, and 
sefnvcheek Sleeper 

estuaries 
Evorthodui 'f''CUI 

T: aha low tidal water, especially poolt In nlt ~ 
marshes 

Gobfonellua stf~tfcua Harked Goby 
T: shallow .. u or bracltbh water 

Mm!_oblemfus fon.thes freckled llerny 
T: shallow bllys, eatuarfet, Udal creeks 

Hfcrophfs brechyurua OpossiJII Pipefish 
T: wana fresh to brackish water 

Oos tethus brac:hyurus (SH Hfcrophh) 

N.C. U.S. 

sc 

sc 
SR 
E 

sc ' 

SR 

sc 

sc 

sc 

sc 

sc 

SR* 

!_ 

sc 

SR 

SR 

SR 

SR 

SR 

3C 

C2 

cz 

C2 

C2 

C2 

3C 

E 

17 
Rank 

N.C •. Global 

51 

SH G5 

51 G5 

53 G3 
52 G3T2Q 
52 G3T2Q 
S1 G2 

52 G2 

53 G3G4 

51 G2 

52 G5 

SH G3 

51 G4 

51 G5 

53 G3 

53 G3 

51 G4 

53 G3 

52 G5 

51 G3 

53 c;j 

52 G5 

52 GU 

52 G? 

S2 GU 

51 G5 
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18 Natural Neritage Progr• lht of the Rare Anf•l• of North carol ftw 
scientific Name 

Province: Habiut 
Comnon Name sutus Rank 

IIOLLUSI:S •• FRfSHIIATEII BIVALVES" 

Alasmfdonta heterodon 
PC: Tar and Neuse drainages, mainly near Fall line 

Alasmfdonta ravenel lana 
M: Temessee drainages; Little Terr'ltssee and 

Nolichucky rivers at present; formerly in 
Cane ard North Toe rivera 

AlaSIIIfdonta robusta 
P: Long Creek In Mecklenburg COUltY (endemic to 

North Carolina; now believed extinct) 
Alasmidonto lnllloto 

PC: most river systems In Ple<lnont ard 
Coastal Plain 

Alasmfdontl varlcosa 
PM: many Plednont systems and along Blue Ridge 

escarr;xnent of Catawba River systeflt 
Alasmfdonta vfrfdfs 

M: Ltttle Temessea River 
Alasmfdonta, new species? (sp. 1) 

P: upper Yadkln River syste11 (Davie COUlty) 
Anodonta c~r hna 

C: Btaden tCK.r~ty; formerly In Greenfield lalce 
Anodonto ill'!'llcato 

C: Chowan, Meherrin, and lower Roanoke rivers 
Elllptlo dllotato 

M: . Little Tervltssea and New rivers 
Elllptlo folllculoto 

C: lower Coastel Platn, mafnly fn lak.e \lac.camaw 
Elliptlo Judlthae [probably conspeclflc with 

E. roanokens f s) 
CP: Neuse River; possibly Tar River (endemfc 

Dwarf \ledgenussel 

AR>Olachlan Elktoe 

Carol Ina Elktoo 

Trhngle Floater 

Brook Floater 

Sl ippershell Mussel 

a bivalve 

Barrel Floater 

Alewife floater 

Spike 

Pod Lance 

Neuse Slabshell 

Ell lptlo 1!::C:~r!~a carolina) ___________ -;;Ye:;l"l-::cowc-:-L-::conc=e----

PC: Tar and Neuse systems, Nfnly near the fill 
Line 

Elllptlo marsuplobesa· [probably conspeclffc with 
E. lcterinal 

c: Cape Fea• River In Cllli>erlord and Bladen 
COUlt(ea (endemic to North Carolina) 

Elllptio perlatus 
C: Cape Fear River, Grelt Coharfe Creek 

Ell I ptl o roanokensla 
PC: Neuse and Tlr river syatetrS 

Elllptlo steinstansono . 
PC: Tar Rlv .. drainage, priNrlly Swift Creek 

(endemic to Worth Carolina) 
Ellfptio waccamawensf• 

C: Lake Yaccamaw ord vicinity (endemic to North 
Carolina; possibly In adJacent South Carolina) 

Elllptlo, new species? (sp. 3) . 
C: Black Rlv .. l)'ltetl (Great Coharh Creek) 

Elllptlo, new specieo? (op. 4) 
P: Deep Rive• systOII (Chath...,.Lta COUlty lfM) 

Elllptlo, new specleo? (ap. 5) 
C: lake Waccamaw (endemic to North Carolina) 

Fusconaia bameatane 
M: l Utle Ternetsee River 

Cape Fear Spike 

1 blv1lva 

Roanoke Slabshell 

Tor Splll'ji!USstl 

Y1ccamew Spike 

a bivalve 

1 blv1lve 

\laccemew Leni:e Peerl)'I'I'IJSael 

Tennessee Pfgtoe 

N.C. U.S. N.C. Global 

51 Gl 

C2 51 Gl 

EX 3A SX GH 

52 G4 

cz sz G3 

51 G4 

SR SU G1Q 

_E_ 51 G3G4 

sc SZ G5 
(G4) 

sc SZ G5 
(G3) 

sc 52 G3 

cz 51 G1Q 

C2 52 G4 
(G3) 

cz su G3Q 

SR SU G1Q 

51.. GZQ 

E E- 51 G1 

cz 51 G1 

SR SU G1Q 

SR SU G1Q 

SR cz S1S3 G1G3Q 

51 G3 

"Global ranks In parentheses are those suggested by tht N.C. Scfentfflc CCK~tefl on Freshwater and Terresrrfal 
Mollusks and are not The Nature Conservancy's assigned ranks. 

lottral Herlt- Prog,... List of the lore Ml•b of lorth carolina 19 
Scfentfffc Name Comnon Name Status Rank 

Province: Habitat N.C. U.S. N.C. Global 

Fusconafa masonl 
CP: most Atlantic drainages, In lower Pfednont 

and !..pper Couul Pllfn; also In Black River 
In lower Coastal Plafn 

L"""'llla carlou-
PC: a nurber of river ay.tems; mainly near the 

Fell Line 
L"""'llh consplcws 

P: Neuse, Flat, and upper Pee On rivers 
L"""'lllo crocato 

C: Lake \laccamaw and vfctnlty; possibly Orton 
Pond 

L"""'llh fasclola 
M: French Broad, Pigeon,· and Little Temessee 

rivers; currently known only In lilt rtver 
L"""'llh fullerkatl 

C: Lake \laccamaw and vfcfnfty (endemic to North 
Carolfna and adjacent south Carolina) 

LlfiPSfl h ochncea 
CP: a nurt>er of oystems, primarily In the Coastal 

Plain; ab.ndant In Lake Uaccamaw 
L"""'llh radhta 

CP: a nurber of river systems 
L"""'llls, new species? (sp. 1) 

P: Deep River 
Lasmf gona decorata 

P: Catawba and Pee Dee drefnegea In Union and 
Mecklenburg CDU'1tfes (endemic to thfs area and 
adJacent South Carol Ina) 

Lasm.tgona holltonfa 
M: Uatauga River; formerly fn Valley Creek fn 

Cherokee COU"'ty 
Lasml gone a\bvl r I ckJs 

CPM: Tar, Neuse, and Cape Fear systems downstlte; 
Nett and Uateuga aysternl In fi'I04Z\tafns 

Leptodea ochracea (SH L~ ll h) 

Lf gtnf a nasuu 
C: Chowan, Roanoke, and Pan~lfco systems 

Pegfas fabula 
M: Little Tennessee River; formerly In Valley 

River fn Cherokee COU'ItY 
Stropllitus lnllhtus 

P: Tar, Neuse, Cape Fear, and Pee Dee systems, 
perhapa other aystems In PI ednont 

Toxolosmo pullus 
PC: a nurber of Atlantic drainages, most runerous' 

In University leke near Chapel Mill 
Trttogonfa verrucou 

M: New River near tho Virginia border 
VIllose constrlcto 

PC: most Atlantic drainages, IMfnly fn lower 
Ple<lnont 

VI! lou delud>la 
PC: most Atlantic drainages 

Vllloaa nebuloso 
M: French Broad, Hiwassee, and lfttle Temessee 

rfvers; currently only known In the state frm 
the last river 

Vfllou vanuxemensfs 
M: French Broad and Hiwassee systems 

Vfllosa vaughanhna 
P: Pee DN systefll (endemic to North Caroltna and 

adJacent South Corollnal 

Atlantic pfgtoa 

Yellow L...,..,.sel 

• bfVIlve 

Waccamaw lMfli'IJisel 

Waccllft'IBW fatn.JCk.et 

Tidewater Mucket 

Eastern Larrprussel 

1 bivalve 

Carol Ina Heel splitter 

TennHIH Heelspl ltter 

Creen Floater 

Eastern Ponctrussel 

Lfttlo·wlng Pearl)'IIUSsel 

Sq.J~~wfoot 

Savannah L II If put 

Phtolgrlp 

Notched Rainbow 

Eastem Creebhell 

Alabama Rainbow 

MOU"Itoin Creekshtll 

Carolina Creekshell 

SR 

sc 

sc 

sc 

sc 

SR 

sc 

T •. 

E 

SR 

SR 

sc 

sc 

cz 

cz 

C2 

PE 

C2 

cz 

cz 

51 G2 

51 G4 

SU G1GZQ 

52 G1Q 
(GU) 

52 G4 

51 G1 

s2· G4 

52 G5 
(G4) 

SU G1GZQ 

51 G1 

Sl GZ 

S1 G4 
(G3) 

sz G4 
(G3) 

Sl G1 

52 G5 
(G4) 

52 G3 

Sl G4 

537 G4 

537 G3G4 

52 G3 

Sl G4 

sz G3 
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20 Kahral Heritage Progr• Lht of the l•re Aninala of llorth carolina 
Scientific Nome 

Province: Habitat 
Ccmnon Name Status Rink 

llllLUSa •• FllfSIIIMTEII GASnOPIJ)S 

Atmfcola sp. \leccamaw Snail 
C: Lake Waccamaw and adjacent Bfg Creek 

(endetalc to North Carolina) 
Cfnclmatlo sp. Waccamaw Slltsnafl 

C: Lake \laccamaw and adjacent Big Creek 
(endemic to North Corollna) 

Ferrhsfa hendersonl Blackwater Ancylfd 
CP: scattered locales fn Coastll Plain and 

Plednont, but mainly on margins of Corollna 
bay tokes (apparently endemic to North Carolina) 

Gonfobasfo Inter-to Knotty Elfafa 
M: Hiwassee River and tributaries 

e fsoma eucoamh..n Greenfield Rernshom Snail 
C: Green e a e ( 1e to Nort 

believed to ba extinct) 
Leptoxh dllatou Seep Hudalia 

M: New River In A•he C<U\ty 
Leptoxh vf rgata Smooth Hudal h 

M7: reported fr0111 Hiwassee River, possibly In error 
Plonorbella magnifico Mognfffcent RIIIIS·hom 

C: Oft&l P&'ld aKd pond on Send Hill Creek; formerly 
Greenfield Lote (endemic to North Carolina) 

llllLUSa •• TEIRESTltlAL GASnOPIJ)S 

Catfnella avera 
C: shorelfne of Lake Uaccamew 

0 focus b,.Yant I 
M: Uatauga to Madfaon tCXF~tftl 

Glyphyalinla c\ Ingman! 
M: Block M...,talns of_ Yancey Coo.nty _(endemic to 

North Corolfna) 
Glyphyolinla j<Niuskono 

H: southwestern I'ICU\tafns 
Glyphyolinfo pentadelphlo 

M: southwest em 110l11tafns 
Glyphyolfnfa vanottaf 

H: Avery, Mitchell, and Toncey C<U\tles 
Koplotremo kendefghl 

M: southwestern 110t11tlfns 
Kelicodfscus bonamlcus 

M: Nontohola Gorge vicinity (endemic to thlo oroo) 
Kelicodlacus ffllt>rlatus 

M: ettreme southwestern comer of tht state, in 
Cherobe and Grah111 CCU\tiH 

Mesodcn chflhoweenofo 
M: oouthem half of the IIIOU'Itolno 

Mesodcn clorkl 
M: southwestern IIIX.I'Itlfns 

Mesodon ctarkf nentahala 
M: Nontahola Gorge ·cendetalc to thh site) 

Mesodon ferrhaf . . . 
. M: Great Smoky MOU>Ufno and Plott Bolo..,. 

(endemic to thue rongu) 
Mesodcn jonesl..,_,. 

M: · Newfoo.nd Gap area of Groot Smoky Ma<ntalns 
Notional Port (endetalc to thlo area) 

Metodon orea tea 
M: Plott Bol1011 ....,tafna (endemic to thh oreo) 

Hesodcn slbpal\letus 
M: central mountains (Avery to Haywood cOU'1tha) 

S<boval Ari>ersnall 

Saw·tooth Dfac 

Fragl\o Glyph 

Dark Glyph 

Pfnl: Glyph 

Honey Glyph 

Blut·foated Loncetooth 

Spiral Coli 

Fringed Coil . ,.· 

oueef, Crater·-. 

Dwarf Proucl Globe 

Noonday· Globe 

Smokey Hoo.ntoln Covert 

Bfg·tooth Covert 

Ens~ raved Covert 

Vel Vet Covert 

N.C. U.S. N.C. Global 

sc 

sc 

sc 

EX 

SR 

_e_ 

sc 

E 

sc 

sc 

sc 

sc 

sc 

sc 

sc 

sc 

SC· 

S1 G? 
(G1Q) 

S1 G? ' 
CG1Q) 

S1 G? 
(Gil 

C2 S1 G? 
(G1) 

3A SX GH 

S1 G? 
(G3) 

C2 SU G? 
(G2) 

..£L S1 G1 

S1 GS 

SZ G? 
(G3) 

CZ S1 G? 
(Gil 

S2 G? 
(Gl) 

S2 G? 
(Gl) 

S2 G? 
(G2) 

S2 G? 
(G2) 

S2 G? 
(G2) 

S2 G? 
(Gl) 

,S2 G? 
(G2) 

SZ G? 
(G2) 

S1 G? 
(G2T1) 

S2 G? 
(G2) 

3C S2 G? 
(G2) 

CZ SZ G? 
(G2) 

SZ G? 
(C2) 

I 
l 
! 

.I 

latural Heritage Prosrr• Lfst of, the lare Anl•l• of North Carolina 21 
Scientific Name 

Province: Habttat 
Comnon Name Status Rank 

Hesodon wheotleyl cllngmanfcus Clingman Covert 
M:j C\ingmans Dome region of Great Smolc.y MOU"'tafns 

National Parle: (endemic to thfs area) 
Pollifero h...P,flli Slack Hantleslug 

H: high elevation forests, !Nifnly spruce-fir 
Paravltrea andrewue High MCU'Itafn S~rcofl 

M: northern half of the molntafns 
Paravftrea clappf Mfrey Ridge Supercol l 

M: high elevations In Great Smoky MCUltefns 
National Park 

Paravftrea lactHidens Ranp Cov8 S~rcofl 
M: Graha~~ Coc.nty, Possibly Cherokee COU'Ity 

(endemic to this area) 
Paravftrea lamell I dens lamellate SLp:rcofl 

M: southern half of the moll\tltns 
Paravftrn placentuta Glossy Supercofl 

M: Mitchell end Swafn ceu1tles 
Paravftrea ternarfa Sculpted ~rcotl 

M: Madison C"""ty (endemic to thfo c"""tY and 
Unicoi C01.1'1ty, Tennessee) 

Paravftrea UTtllltcarts Open St.p:rcon 
M: extreme. southwestern momtafns 

Paravftrea varfden• • Roan Supercofl 
M: Mitchell 11nd Yancey COU'Itfea (endemic to North 

Carolfna and adjacent TeMeasee) 
stenotrema depflat1111 Great Smoky Slitmouth 

M: Great Smoky M~tafns National Park 
(essenthlly endemic to this oreal 

Trlodopsfa fulcfdens Dwarf Threetooth 
P: southwestern Plednont (endemic to North 

Corollna) 
Trfodopsh aoelnerl Copo hor Threetooth 

C: &WBII'pf habitats In the extreme southeastrm 
corner of the state (endemic to North carolina) 

ventrfdens coelaxfs 8tdentate Dome 
M: northern ..,._.,ta f ns 

Zonftofdes potuloldeo Appalachian Gloss 
M: southwestern lnOU"1tafns 

Argopecten gibbus 

Panopea bftrU"'Cata 

Paramya S~ata 

Busycon canal tculatus 

suiycon car f ca 

Busycon cotitrar·t.:n 

Detracfa clarki 

Nerttfna usnea 

llllLUSI:S .•• liAR I liE II VAlVES 

., 

Atlantic Calico Scallop 

Atlantic Geocb:t .. 

Slbovate Softshell 

llllwSa ~- IIARIIIE GASTitii'IDS. · 
;·; 

. -... !,. Channeled Whelk. 

· Knobbed Whet t 

Lightning Whelk 

Clark's .H•I""""" 

ou.e ·Nerii •... , 

... 

N.C. U.S; N.C. Global 

C2 

sc 

sc 

sc 3C 

sc 

sc 

sc 

C2 

sc 

. C2 

sc 

sc 

T C2 

sc 

sc 

SR 

., -j r 

SR · 

S2 

S2 

sz 

S1 

S2 

S2 

S2 

G4 
(Gil 

G3 

G? 
(Gl) 

G? 
(Gl) 

G? 
(GIG) 

G? 
(Gl) 

GJ 

G? • 
CG2) 

S2 G? 
(Gl) 

SZ C? 

sz 

sz 

S2 

sz 

S2 

S? 

CG2l 

G? 
(G2) 

G? 
(G2) 

G2 

~ 
G? 

CG2) 

G? 

••. ! 

S? . ·_ G? 

SR .• · -·. S? .,G? 

SR S? G? 

SR. ;s? G? 

SR S? G? 
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scientific Heme Carmon Name Statuti Rank Scientific Name Comnon NIIIMI Status ·Renk 

Province: Habitat N.c. u.s. N.C. Global Province: Habitat N.C. u.s. N.C. Global 

Metalepsla flshll a noctul d moth SR su G4G5 host planu •• sedges (Corex Sefrnus) 
no location data ElfhYC~ ~~:&!. (often near tupelo), Nrahes; host plentl 

Duke's Skhlfer 2--- Sl1 G3G4 

Hetorranthla later! tlorla 1 g.-trld moth SR S1S3 G3G4 
no locatfon data ··sedges(~) 

Papefpema, new species? Southeastern Cane Borer SR su G47 Ftxaenfa favonfus Southern Halrstreak SR 51 G4Q 

no location data T: marfthne forests; host plant .... oaks, especially 
Phragmltlphllo lnterrogans a noctul d moth SR su cu tfve oak (Quercus vfrgfnfa[!J) 

no location data Ftxsenfa ontario Northern Hal rstreak SR 537 G4 

Pyreferra cerotMtfca Amolnted Sallow Moth SR su cu CT: oak·cbnfneted woods, usuallY In dry aftes; 
no loe~tfon date host plantl ..... oaks(~) 

semlothha fraseratl froser Fir Angle SR S1S3 G1G3 G taucopsyche I ygdMUS Silvery Blue SR S2S3 G5 

H: Fr .. er fir forests M: open Lpland woods, road::lankl, and borden; 
Spartfnfphaga certerae Carter's Noctuid Moth . SR C2 S2S3 G2 host plantl •• l~unes, espec:lllly Carolfna 

C: wet aavannas; host phnt •• Cahmovflfe, vetch (Vfefa car-olfnfana) 
pe-rhaps other grasses Mesperh atta\us slossonee »otted Skipper $~ $1$3 G4T3 

C: pfne/oalc aenc11flls, flatwoods, savamas; host 

IISIOCTS -- IIUTTERFUES 
plants •• gr-ass_es 

Meske's Skipper SR S1 G37 Hesperia ..-.eskef 
c: open pine woods, especially fn Sanc11Hla; host 

Ambl yscl rtes alternate Leaot florida Skipper SR S27 G3G4 plants •• grasses 
C: open pfne woods, savannas; host plantl •• Hesperia metu cobweb Skipper SR S37 G4G5 

111known, b.Jt presunabl y grasses PC: dry barren altea, such aa pine/oak sancltllla 
An'blyscfrtes reverse Reversed Roadsldo SkipPer SR S37 G4 and 1.4>l•nd woods; host plants •• mainly 

CP: swarrpt, wet woods, or pocosin borden, near broomsedge (~) 
cane; host plant ·• cane (An.rdfnerfa) Hesper f 1 sassacus Indian Skipper SR S17 G5 

Atrytone arogos arogos Arogoo SkIpper . SR C2 S1 G4T3 H: old ffelds, clearings, wood l'llrgfns, mainly at 
C: uvamas, open pfnewoodl, ancf other relatively hfgh elevations; host plants •• grasaes 

sit U"'dtsturbed grustands: hon plants .... sruses, lncbal1a augustus Brown Elfin 537 G5 

· 1111lnty broansedge (~) MPC: dry acidic areas wtth an abln:lance of erfcads, 
Atrytonopsh to .... r Lo-r skipper SR S1 GUQ such as ptne/oalc heaths; host planta •• 

CT: grassy are11; host plantl •• presl.ned to be erfcaceous shnJ::,s 
~;ruses lnclutla lrua froated Elfin SR 537 G4 

Autochton cellua . Golded·bande<l Skipper_ SR S27 .G4 MPC: open woods oncl bordera, usually In dry 
HPC: mofst woods near· atreaml"or pondsf host ____ altuatlons; hoot plenta -· l1.4>lnes C~l 

plants .... le;unes, 111tnly hog pearut and wild Indigos (Bapthla) 
(~) Lethe (see Enodh) 

Calephelh vlrgfnlensla · Llttla Metalmerk SR S37 G4 
C: savamas, flatwoods, other open pfnewoods; host Megathynus yuccae Yucca SkIpper SR S37 G4 

plant .. thlatle CC!rahn horrldu!uo) C: cUies, flatwoods, old fields, and other places 
Celutrlno ebenlna · Dusky Azuro SR S17 G4 near yucc11; host plants -- 1!&.£! species 

M: rich, moist de<:lduous foresta: host plant ·- Mftoura hessel t Hessel's Halrstreak. s~ 3C S27 G3G4 
goat's-beard (AM.!'!CUS dfofeus) C: Atlantic whlto cedar sw""""; host plant ·-

Celastrlna neglectomojor Appalachian Blue SR S17 G4 white cedar (Chamaecyparh thvoldes) If/ 1 M: rich de<:lduous foruu; hoot plant •• Nplo·lelf NeOflYITllho mitchell II fnnclscl Sl G2T17 

vlbumua CYfbum.J! acer!fol!U!I) C: boggy areas, overgrown beaver ponds, and 
Enodl a onthedon Northem Pear I y Eye SR S1S2 G5 pocosin Nr;lns with sedges In sencflllll: 

"' 1110l1t deciduous woods, eapeclally near atre81M; host plants -· aedgea (taxon endemic to North 
host plants •• grassH Carolina) 

G5 Erora latta Early Kalratreak SR S27 G4 Ol fgorfa meculata Twln·spot Skipper SR S37 
M: de<:lduous foreato, upeclally olong r"""- or CT: swarrp edges, ~nanhes, ditches, and IIVBfY'III; 

edgeo ot high elevatlona; host p!onU -- Nlnly host planu •• probably grouea 
Gl ant swallowtail S2 G5 beech (f!JJ:!!!) and hazei11Jt (~) Popll to cresphontea SR 

Erymla Nrthll• . Mottled Dusky Wing SR S37 G4 TCPH: prflnarfly coastal In r.arfthN forests or 
MPC: 1.4>lond woodo, brushy flaldo; hoot plant •• thlcketa; holt planta •• prickly ash 

New Jersey tea (Ceanotbus amerfeanus) CZanthoxvlun), hoptreo (Ptelea) 
E'4'hydryo1 phaeton Baltlmre SR ·s2s3 G4 Phyclodes batesll Tawny Crescent SR cz Sl G3G4 

M: bogs, Nrshes, wet ~neac:bls; host plants •• "' dry hlllllcfes, 1.4>land postures, at higher 
varied, but 111lnly turtlehood (~) elevations; host plants •• asters, mainly 

E'4'hyes berry! Berry• 1 SkIpper SR 51 G3G4 ~sser tm.llatus 
C: wet areas near ponds, canal1, or rershea; Phyclodes poscoensls · Northern Pearl Crescent SR su G5 

hoot plant ·- not kMWl; odul to feed on H: rocky areu (In Appalachlana), but habitat 
pickerelweed CPontederld poorly known; host plants •• asters 

S27 j.G5 E'4'hyes bl111culo Tvo·apotted Skipper SR 527 G4 Phyc I odes phoon Pheon Crescent SR 
C: Nrahu, aedgy arau noar wot woods; holt cr: open, often dry areas, 1111lnly on barrier 

plant• ·- aedgea (~) hlands; host planta •• fogfrult Cl..!m.!!l 
G4T4 E'4'hyes dlon Dlon Skipper SR 53 G4 Poanes aaronf howard( Aaron's Skipper SR S1S2 

. C: marshe1, dhches, wet savam111, boggy areas; H salt or brackish Nrshes: host plants·· grasses, 

~.:2<. fNAr.(r ~ 
' 
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Province: Habftot N.C. u.s. N.C. Global Province: Habitat N.C. u.s. N.C.· Global 

perhaps Nfnly Spertfna atternfflora 
Polftu mystic long Duh SR SR G5 

P: wet •adows, Nrshes; host phntl .... gresns 
Polygonfa hlnJI Green Conma SR S3? G5 

M: spruce, ffr, or hemlock forests, where 11fxed wfth 
hardwoods; holt planta •• varied, but ufnly · 
bfrchet, willows, and elder• 

INSECTS •• BEETlES 

Adelopsf s mftchellensh a small curfon beetle 5R $? G? 

Agathfdhn op 1 a round f..,_ but le SR S? G? 

Polygonfa progne Gray CCIIIIIII SR S1? G5 
M: rich deciduous forests; host plants •• Nfnly • 

gooseberries C!J.!!nl, but aho on wfld 
azalea (Rhododendron rudffloCU!!) 

Agl enus bruYlOUS e cylindrical bark beetle SR 57 G7 

AgOf'UI gracllentlnl e ground bulle SR 57 G? 

Pontla protodlce Checkered Illite SR S2S3 G5 
MPC: fields, brushy ereaa, wooded borden; host 

plantl -- nJStard speefes (FMfly Breufeaceee) 
Problema bulenh .Bare Skfpc .a.. -'L.. S1? G2G3 

f: fresh Eo buckhh marshes with Ull grenes; 

Ant ll fnus carol fnae a ground beetle SR S? G? 

Anillfr<Js sp 2 [frOII NC, sp 8) a ground bulle SR S? G? 

Anillf nus sp 4 [from NC, sp Dl a carebfd beetle 5R S? G? 
host plant •• southern wfld rice CZ!zonfopsh 
r!!.ll!.£!!), probably other tall grasses 

Probl- bysiUI Byuus Sk f pper SR S2? G3C4 
C: .. vamas, Nrahes, and other hfgh·qual fty 

gr11sy ueu; hast plants •• grasaea 

Anfllfr<Js sp A a ground bulle SR S? G? 

Arlanops eltfcole • ahort·wlnged mold butle 5R S? G? 

Pyrgus wyandot southern Grizzled Skipper SR C2 SH G3Q 
M: openings and edges In wooded hilltops; host 

plants •• Rosaceae, such aa wf ld etrawberry 
ll.W!!!!l 

Arlanops barbata a short·wfnged mid bulle 5R S7 G? 

Arianops coweetf a short·wfnged 010ld beetle SR $7 G? 

Satyrhn caryaevon.n Hickory Hafratreak SR Sl? G4 
M: deciduous forests; host plants •• primarily 

hickories 1-'!.!nl, but ot~er treea aho 
satyrlua edwards II Edwards• Hafrltreak SR S2? G4 

MPC: acnbby or xerf c oak woods; host phnta .... 
Nfnly oaks (~l 

Satyrfua kfngf Kina'• Hafratreak SR 53? G3C4 
MC: foresu, often ~nafst, usu.lly near aweetlelf; 

holt plant •• sweetleaf.l~l --~ ____ 
Speyerfa diane . Diona SR C2 S3 G3 

Arlanops foveal fs a short·wlnged mold butlo SR S? G? 

Arhnops gfgantea e ahort·wlnged mold beetle SR 57 G? 

Arhnops lamfnata a ahort·wfnged 110ld beetle SR $7 G? 

Arfanopt nantahalae Joarna a ahort·wfnged .,.ld beetle 5R $7 G? 

Arfanops nantahalae nantahalae o short·wlnged mold beetle SR S? G? 

MP: rich woods end adjacent edgu end openings, 
often near atre~m~; bel hved extirpated fr0111 
the lower Pfednont; host plante •• vfoleta 
l:tl.ilil 

Arlanops nodosa a short·wfnged mold beetle SR $7 G? 

Arfanops norfthe a ohort·wfnged "mold butlo SR S7 G? 

Speyerfo fdelh Regal Fritillary SR C2 SH G3 
M: wet or dry .,.adows, bogs, open hilltops; 

host plenta •• violets CX!ilil 

Arf anops perk! a short·wlnged mold bulle SR S7 G? 

Arfanops plectrops a short~wfnged .,._!d bulle SR 57 G? 

Arfanops spfnfcoll Is • short-winged 110ld beetle SR S? G? 

Artanops teyahahe a ahort·wfnged mold bulle SR S? G? 

Arfanops thorne! e short·wlnged mold bulle SR S? G? 

Arfanops Ulfcof a ahort·wlnged mold butle SR S? G? 

Clcfndela abdominal Is a tiger beetla SR su G5 

Clefndele dorsalis a tiger butle SR su G4 

Cf~fndelo leplds little Illite Tiger Beetle SR S17 G4 
l, .... ~"': "·. 

Cfclndela petruele a tiger butle SR S2? G3 

Ctenhfus ap A a ahort·wfnged mold butle SR S? G? 

Heturfus sp A Hhter Beetle SR S? G? 

lathrobfua sherman! a rove beetle SR 57 J.. G? 

Liehnanthe vulpine a scarab beetle SR S? G? 
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u more th•n • ye•r old (check the edition date at the top of the ;r.rst page), It m•y be out of d•te •nd you should cont•ct the 
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Natural Heritage Progrerri List of the Rare Plants of North Carolina 

.., 

North Carolina Status. Endangered, Threatened, and Special Concern species have legally protected status 
in North Carolina through the Plant Conservation Program. The Natural Heritage Program maintains 
computer and map files on Endangered, Threatened, Candidate, and Significantly Rare species; paper files 
are maintained on Watch List species. 1 

STATUS STATUS 
CODE 

E Endangered 

T 

sc 

c 

Threatened 

Special 
Concern 

Candidate 

DEFINITION 

"Any species or higher taxon of plant whose continued existence as 
a viable component of the State's flora is determined to be in 
jeopardy" {GS 198 106: 202.12). {Endangered species may not be 
removed from the 'wild except when a permit is obtained for 
research, propagation, or rescue which will enhance the survival of 
the species.) ! 

"Any resident spedies of plant which is likely to become an 
endangered species within the foresee'able future throughout all or a 
significant portion of its range" {GS 198 1 06:202.12). {Regulations 
are the same as for Endangered species.) 

i 

"Any species of plant in North Carolina which requires monitoring 
but which may be collected and sold under regulations adopted 
under the provisions of [the Plant Protection and Conservation Act)" 
{GS 198 1 06:202.12). {Special Concern species which are not also 
listed as Endangered or Threatenecf may be collected from the wild 
and sold under spe'cific regulations. Propagated material only of 
Special Concern species which are also listed as Endangered or 
Threatened may be traded or sold under specific regulations.) 

I 

Species which are very rare in North Carolina, generally with 1-20 
populations in the state, generally substantially reduced in numbers 
by habitat destruction {and sometimes also by direct exploitation or 
disease). These species are also either rare throughout their ranges 
(fewer than 100 populations total) or disjunct in North Carolina from 
a main range in a different part of the country or world. Also 
included are species which may have 20-50 populations in North 
Carolina, but fewer than 50 populations rangewide. These are 
species which have the preponderance of their distribution in North 
Carolina and whose fate depends largely on their conservation here. 
Also included are many species known to have once occurred in 
North Carolina but with no known extant occurrences in the state 
(historical or extirpated species); if these species are relocated in the 
state, they are likely to be listed as Endangered or Threatened. If 
present land use trEinds continJe, candidate species are likely to 
merit listing as Endangered orThreatened. 

' I 
I 



I 
I 
le 
I 
I 
I 
I 
I 
I 

•• I 
I 
I 
I 
I 
I 
I 
1e 
I 

SR 

w 
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Significantly 
Rare 

Watch List 

Proposed 

Neturel Heritege Progrem List of the Rere Plents of North Cerolina 

Species which are very rare in North Carolina, generally with 1-20 
populations in the state, generally substantially reduced in numbers 
by habitat destruction (and sometimes also by direct exploitation or 
disease). These species are generally more common somewhere else 
in their ranges, occurring in North Carolina peripherally to their main 
ranges, mostly in habitats which are unusual in North Carolina. Also 
included are some species with 20-1 00 populations in North 
Carolina, if they also have only 50-100 populations rangewide and 
are declining. ; 

Any other species believed to be rare and of conservation concern in 
the state but not warranting active monitoring at this time (see the 
Watch list section in the Supplement for a more complete 
discussion). 

A species which has been formally proposed for listing as 
Endangered, Threatened, or Special Concern, but has not yet 
completed the legally mandated listing process. 

.. 5 

United States Status is designated by the U.S. Fish and Wildlife Service. Federally listed Endangered and 
Threatened species are protected under the provisions of the Endangered Species Act of 1973, as 
amended. Unless otherwise noted, definitions are taken from the Federa/Register, Vol.· 55, No. 35, 
February 21, 1990 (50 CFR Part 17) . 

STATUS 
CODE 

E 

T 

C1 

C2 

STATUS 

Endangered 

Threatened 

Candidate 1 

Candidate 2 

DEFINITION 

A taxon "which is in danger of extinction throughout all or a 
significant portion of its range" (Endangered Species Act, Section 
3). 

A taxon "which is likely to become an endangered species within 
the foreseeable future throughout all or a significant portion of its 
range (Endangered Species Act, Section 3). 

"Taxa for which the [Fish and Wildlife) Service has on file enough 
substantial information on biological vulnerability and threat(s) to 
support proposals to list them as endangered or threatened. 
Development and publication of proposed rules on these taxa are 
anticipated; however, because of the large number of category 1 
taxa, it will take several years to clear the backlog." 

"Taxa for which there is some evidence of vulnerability, but for 
which there are not enough data to support listing proposals at 
this time .... Further biological research and field study usually will 
be necessary to ascertain the status of [these taxa) .... lt is likely 
that some category 2 candidates will not warrent listing, while 
others will be found to be in greater danger of extinction than 
some taxa in category 1." 
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Candidate 3A "Taxa for which the Fish and Wildlife Service has persuasive 
evidence of extinction. If rediscovered, such taxa might acquire 
high priority for listing." 

Candidate 38 "Names that, on the basis of current taxonomic understanding ... , 
do not represent distinct taxa .••. " 

Candidate 3C "Taxa that have proven to be more abundant or widespread than 
previously believed and/or those that are not subject to any 
identifiable threat. If further research or changes in habitat 
indicate a significant decline in any of these taxa, they may be 
reevaluated for possible inclusion in categories 1 or 2." 

Proposed "Taxa already proposed to be listed as" endangered or 
threatened. Taxa formally proposed as endangered or threatened 
receive some legal protection. Species listed as proposed 
candidates are species which are in the process of being added 
to the federal candidate list. 

Possibly Extinct Taxa with no known extant occurrences . 

North Carolina Rank. North Carolina ranks are based on The Nature Conservancy's system of measuring 
rarity and threat status. This system is now widely used by other agencies and organizations, as the best 
available scientific and objective assessment of a species' rarity at the state level . 

RANK 

51 

52 

53 

54 

55 

SA 

5H 

5R 

5X 

5U 

NUMBER OF EXTANT 
POPULATIONS 

1-5 

6-20 

21-100 

100-1000 

1000+ 

07 

0 

DESCRIPTION 

Critically imperiled in North Carolina because of extreme rarity or 
because of some factor{s) making it especially vulnerable to 
extirpation (local extinction) from the state. 

Imperiled in North Carolina because of rarity or because of some 
factor(s) making it very vulnerable to extirpation from the state. 

Rare or uncommon in North Carolina. 

Apparently secure in North Carolina, with many occurrences. 

Demonstrably secure in North Carolina. 

Accidental in state. 

Of historical oc~urrence in North Carolina, perhaps not having been 
verified in the past 20 years, and suspected to be still extant. 

Reported from North Carolina, but without persuasive . 
documentation which would provide a basis for either accepting or 
rejecting the report. I. 
Apparently extirpated from North Carolina. 

I 
Possibly in peril in North Carolina but status uncertain; need more 
information. 
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S? Unranked, or rank uncertain. 

A rank involving two numbers indicates uncertainty of rank. For instance, a 5253 rank indicates that the 
. species may be a 52 or a 53, but that existing data do not allow that determination to be made. 

7 

Global Rank. Similar to North Carolina ranks, global ranks are assigned by a consensus of scientific 
experts, the various natural heritage programs, arid The Nature Conservancy. They apply to the status of a 
species throughout its range, and are based on data on the species' status rangewide. This system is now 
widely used by other agencies and organizations, as ·the best available scientific and objective assessment 
of a species' rarity throughout its range. 

RANK 

G1 

G2 

G3 

G4 

G5 

GH 

GX 

GU 

G? 

G Q 

NUMBER OF EXTANT 
POPULATIONS 

1-5 

6-20 

21-100 

100-1000 

1000+ 

0? 

0 

DESCRIPTION 

Critically imperiled globally because of extreme rarity or because 
of some factor(s) making it especially vulnerable to extinction. 

Imperiled globally because of rarity or because of some factor(s) 
making it very vulnerable to extinction throughout its range. 

Either very rare and local throughout its range or found locally 
Ieven abundantly at some of its locations) in a restricted range 
(e.g., a single physiographic region) or because of other factors 
making it vulnerable to extinction throughout its range. 

Apparently secure globally, though it may be quite rare in parts 
of its range, especially at the periphery. 

Demonstrably secure globally, though it may be quite rare in 
parts of its range, especially at the periphery. 

Of historical occurrence throughout its range, i.e., formerly part 
of the established biota, with the expectation that it might be 
rediscovered. 

Believed to be extinct throughout its range (e.g., passenger 
pigeon) with virtually no likelihood that it will be rediscovered. 

Possibly in peril range-wide, but status uncertain; need more 
information. ; 

' 
Unranked, or rank uncertain. 

Questionable taxonomic assignment. 

T The rank of a subspecies or variety. As an example, G4T1 
would apply to a subspecies of a species with an overall rank of 
G4, but the subspeCies warranting a rank of Gl. . 

A rank involving two numbers indicates uncertainty of\rank. For instance, a G2G3 rank indicates that the 
species may be a G2 or a G3, but that existing data do not allow that determination to be made. 

Physiographic Province. The provinces in which the sbecies is known to occur are indicated. This should 
not be regarded as the only province(s) of the state in which the species could occur; our knowledge of the 
flora of North Carolina is still very imperfect. The provinces are abbreviated as follows: 
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Mountains (Blue Ridge) All parts of North Carolina west of the foot of the Blue Ridge 
Escarpment. 

Piedmont All parts of North Carolina east of the foot of the Blue Ridge 
Escarpment and west of the Fall Line, including outlying "foothill" 
ranges, such as the Brushy, Uwharrie, and Sauratown Mountains. 
This province is shallowly underlain by crystalline metamorphic,· 
igneous, or (rarely) consolidated sedimentary rocks. 

Sandhills Portions of Cumberland, Harnett, Hoke, Lee, Moore, Richmond, 
Scotland, and Montgomery counties consisting mostly of deep 
aeolian sands of the Middendorf and Pinehurst formations 
(Cretaceous to Tertiary age). The Sandhills are really part of the 
coastal plain but are here distinguished because of their distinctive 
geomorphology and vegetation. Areas somewhat resembling the 
Sandhills region but occurring in other parts of the state (such as 
Carolina bay rims and aeolian or beach ridge deposits in the outer 
Coastal Plain) are considered part of the Coastal Plain Province. 

Coastal Plain All parts of North Carolina east of the fall line, excluding the 
Sandhills, generally consisting of unconsolidated sands, silts, clays, 
and peats, though rarely shallowly underlain by consolidated coquina 
limestone ("marl"). 

Habitat. The known habitats are described; as with provinces, these should not be regarded as the only 
possible habitats of the species in the state. · 

Counties of known occurrence. · Following the description of habitats is a listing of the known counties of 
occurrence. Counties with populations documented as extant in the last ten years (1983-1993) are 
marked with an asterisk (*). If there is some question as to the validity of the county report, it is marked 
with a question mark (?). The botanical exploration of North Carolina is far from complete, and many 
additional county records will be found, generally (but not always) in proximity to counties listed. 
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Province: Habitat (Countiea of Occurrence) Common Name 

Borryrhium m•tricenifolium (not In RAB) 
MP: cove forests (Avery•, Burke•, Swain) 

Botrychlum multilidum (not In RABJ 

Oairy-luf Moonwort 

Leathery Grape fern 
M: grany ba\dtiAvery, Mitchell) 

&trychlum on1ld•ns1 
MP: cove forests, bogs (Avery, Buncombe, Burke •' Forsyth, Blunt-lobed Grape Fern 

Haywood, Jacbon, Mitchen, Yancey) 
&rrychlum slmpltx var. simplu (not In RABJ Least Moonwort 

M: open, grany situ (Haywood•, Jackson•) 
Br•chr-tytrum slpt•ntrion•l• (not in RABJ . Northern Shorthusk 
Srom~; c~;;::;rn hardwood forests (Ashe~ Avery, Transylvania) 

M: high e~evation moist woods and seeps (Ashe•' Mitchell) Fringed Sroma 

Buchn.,a :m•nc•n• (not including B. flotid6na) American Blue hearts 
MPS. glades. open forests. streembanks, probably primarily over 

mafic or calcareous rocks ~Buncombe, Cumberland, 
Ourha~ Forsyth, Henderson, Jackson, Johnston, 
Orange, Polk, Sampson, Swain Wake) 

Buckl•r• distichoph y/la • Pirate bush 
M: bluffs, dry slopes, forests On lower slopes {Buncombe• 

Bulbosty/i$ w•~;vwood' • Maeol1' • Madison•' Swain) • 

C: ope11 sites (Brunswick) Ware's Hairsedga 

Bum•li• (sea Sldaroxylon) 
Cecelia (see Arn(lg/ossum, Ruglfl"a, Syno.rma) 
Calemagrostis cainii (not Jn RAB) . Cain's Reedgrera 

M: hig~ elevation rocky summitt (Suneomba', Yancey' I 
Calamegro.rt's canad.nsis 

M: high ele.vaUon openings (AReghany, Ashe, Avery•, Haywood Canada Reedgratl 

- • MltcheR, Rutherford1, Watauge) • 
Calemagro.rtiS port•rl (not In RAS) - ____ .- -·- , . ___ _ 

M; middle elevation ridgetop forests (Ciey, Surry, Rutherford' Porter • Reedgrall 
Trlntylvanla) • 

C.lamintlta gMifgiana ( • S•tut•i• gtorglena) 
SC: nncfhilla (Anson. Pender• • Rob .. onJ 

Geo~gia Calamint 

Celamovilfa brevipifi• (see Watch Ust) 
c.Jtha pa/U$tt/s 

M: boggy sites (Ashe, Avery, Buncombe, Madison, Watauga• Marsh Marigold 
Yancey) • 

C.fptagia cata.rbiana asp. •~ricate C. c. ••rlcate) 
MP: opon, sunnr sites (Burko', Cloy' • Clovelond' • Jockson', Bluo Ridge Bindweed 

C. • tw;acon • Pork•, Rutherford', Transylvania') 
•IJtll$$lllclllot'd•s (not In NC in RABI - • 

: ,._ CP!. rich levee~, slopes, and boitornlanda (Nonhernpton• VanctY[-I•Id Hyacfnth 
..... mp.nula apetlnoid•• · · , . . ' 

M: bogs and other wet. -open ~lte; (Aiteghany• Ashe• A • Mtrsh Bellnower 
~rke', Cay, Haywood. Hender~on•,'Jackao~•,"':ry • 
Mit~hell, Transylvenla, Wilkes, Yancey• J 

c.m,-.uto mtundtro/io (notln RABJ 
c,;,d~:. high elev~~on rocky summits (Aahe•J 

:: ~ ~•metl/16 (not Including C. fl•g•Hif•ra) Mountain Binercrel8 
g elevation ettpa, shaded outcrops, tnd str .. mbanks 

:. · . (Avery• • CeldweU', Graham•, J~ekton•, Mitchen• 
C.rr!. • • .. SwJn, Wet.uga, Yanceyt ' 

;•ri~~·;::.~ • Catdarn/na angusteta ;.,. mu/tlflda) Dluactad Toothwort 
M • cow fortata, bottomfsnd't CAnton• Guilford 

· R eckfenburg. Montgomery, Randolph• Ro.;,an, ' 
; . uthe':!ordl) • 

- ... e - -·- - - - - 1 - -
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Rank 
NC Global 

51 GS 

51 GS 

51 G3! 

51 GSTS 

51 G4G5 

51 G5 

Status 
NC US 

c 

SR 

c 

c 

SR 

SR 

Scientjfio Name 

Netural Heritage Program Uet of the Rare Plants of North Caronna 13 

Common Name Status Rank 

Prov;nce: Habitat (CountJea of Occurrence) 
NC us NC Global 

Cerdtmlna douglassii 
Oouglatt't Blnarcrell SR 52 G5 

P: bonomlandt, rich lower slopet (Durham•, Grenville•, H~rnan•, 
Lee•, Northampton•, Onnge, Wake•) 

Cardeinina/ongR (not In RAB) 
Long's Binercrell SR 3C Sl GjG4Q 

C: tidal marrhet and tidal cypren·gum for .. tt (Jonu, Pender) 
Cerdamln• mlcrenthara Smaii-Anthered Binercrell 

51 G1 

P: seeps, streamside sendbers, and floodplain cfeprenlona 
· (fortyth, Stokes') 

Cardemin• rotundilolia 
Mountain Wetercrell c 51 G4 

MP: aeept, bankl of mountain brook• (A the, Mitch an, Stoku•, 
Watauga) 

CarduU$ (see Citsluml 
CaliX ••n•• 

Bronze Sedge E 51 G5 

\ 
I 
l 

SH G37 ·-·' C·· 
M: grauy balds (Avery•, Mitchell') 

Ceflx argyrentha 
Hay Sedge SR 51 G5 

C2 52 G2 

M: vnt meadOW I (Ashe) 
Ceru berr•ttH 

Barren•• Sedge 3C SH G4 

MS~ bogs, open wet areas (Harnen, Henderson) 
Ceru bi/ttnDflena 

Biltmore Sedge SR 3C 53 G3 

M: granitic domes end other cliffs and outcrops (Buncombe•, 
Haywood', Jackson•, Macon•, Polk•, Rutherford•, 

c SH G3G4 
Transylvania') 

CerubushH 
Bush's Sedge SR 51 G4 

PM: open wei areas (Ashe, Durham, Granville, Johnston, Nesh, 

C2 51 G1 

Orange, Rowan) 
Cerex buxbeurru7 

Brown Bog Sedge c 51 G5 

MP: bogs and fens (Alleghany•, Ashe', Forsyth, Henderson•, 

SR 51 GS 
Wateuga•, Yancey') 

Carax cenascens up. dlsjuncta SHvery Sedge c 51 GST47 

CS: open wet areas (Hartford', Scotland•, Tyrrell') 
Ca11x car•r•n• (not fn RAB) Carey's Sedge c 51 GS 

SR 51 G4 

SR 51 G5 

M: rich cove forests (Jackson •) 
Car11t chepmanH 

Chapmen'• Sedge c C2 52 G2G3 

C: moist bonomlandt end elopes, perhape a.ttoclated with mart 
(Bladen, Bruntw1ck, Carteret•, Columbus•, Craven•, 
Getat•, Jonas•, New Hanover, Pender•) 

C.rax chtrokean.ris 
Cherokle Sedge SR SH G4G5 

SR 51 G5 MP: floodplain• (Cherokee, PolkJ 
Cerex conoid11 

Con•shaped Sedge T S1 G4 

c . 52 G3T2T3 
M: bogs (Ashe•. Iredell) 

Catex cristat•H• 
SmaR Crested Sedge SR SH GS 

T 51 G4G5 

SR S2 .. G5 

M: grauy balds, bogt (Jackson, Swain) 

Cat.x crus-corvl 
Crowfoot Sedge SR 51 G5 

. C: twemp forlltl (Columbut, Edgecombe, M•rtfn,,PittJ 
CaraJt decomposlta . · CXPreta Knee Se<lpa ..a 3C SH G3G4 

C: bleckweter swamp forestt (New Hanover, Warren) 
Car~x daflu• (not In RAB) A Sedge c 51 GS 

M: high elevation uepy forettl (Haywood?, Jackson?) 
Carex abum•• • •· • • 1 • Bristfe-luf Sedgt SR S1 G5 

.c 51 G5 

c C2 521 G2 

M: calcareous outcropl (Madison) 
Car•x IKlfiS 

Coaatel Sedge T 51 G5 

. S: ... page bogs {Cumberland •, H•mett •. +toke •, Moore) 
Car•x hitchcock/ana (not In RAB) · " Hltchcock't Sodgt c 51 G5 

M: moist to dryiah forests over calcereout or mtfio rockt 

.c 51 G3G4 
(Jackson•) 

CoroK hormothod•• (not In RABJ A Sodgt SR 51 G4G5 

C: mar~hea (Currituck•) 
C.ax lmpraninarvie (not In RAB) Rovfno Sod go " c C2 51 G27 

P: wet for .. te (Montgomery) 
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Scientific Name Common Name Statut 

Province: Habitat (Counties of Occurrence) • NC us 

Coryd11is micrantha up. micr~ntha (not in RABJ Slender Corydellt c 
PM: thJn, cifcumneutrel toitt on rock outcropt or cliffs 

(Aieunder•, Jeckton, Madison, Swain) 
Crinum amaricenum (not In RABJ Swilmp-lily _c __ 

C: t•dal swamp loruts, Ldal marshes (Nut Hanover) 
Ctoton monanthogynus Prairie-tea Croton SR 

M: calcareout rock outcrops (Madison) 
Cyparus danlalu$ Toothed Aatsedgt c 

C: marshes (Brunswick, Currituck, Dare) 
Cyparus granitophUIJ$ (not In RAB} Granite Aatudge SR 3C 

P: granite flatrockt, other rock outcrops (Alexander, Forsyth, 
Franklin•, Wake•, Yadkin) 

Cyp~rus hough toni/ Houghton's Aalsedga c 
P: dry son (Iredell) 

Cyp•rusl•cont•l Leconte's Flelsedge SR 
C: limeslnk ponds (Brunswick, New Hanover, Onslow') 

Cyp"tn t•tragonus Fout·angted Aatndge SR 
C: meritinia torula end barrier Island grasslands (Brunswick •, 

Carteret. Dare•, New Hanover, Onslow) 
Cyprip•dium r•gin•• 

M: hebilet not known (Jackson, Macon) 
Showy Ladyslipper c 

Cystoptln$ t•nn•ssnnsis Tennessee Bladder-fern E·SC 
CM: calcareous rock outcrops (Craven', Graham, Jones•, 

Onslow') 
Cystopt1tis tenuls (not In RABl 

M: high elev.tlon rocky summits, cliff• (Mitchen•J 
Upland Sladder·fern SR 

D•libarda r•p•ns Robin Run1wey 
M: bogs end moist wood• under rhododendrons (Alleghany•, 

Ashe •, Trentylvani•'J 
Danthonle •p11is (not in RAB) 

S: seepage bogs (Cumberlanljl', Hernon•, Montgomery7, 
Bog Oatgr11s· c 

Scotland') 
Delphinium exelfatum Tell Ltrkspur E-SC C2 

MP: gratty balds, gladn, woodlands, mostly over mafic rock 
(Alleghany, Durham•, Granvin.•, Haywood, lreden. 
Jackson•, McCowen, Mecklenburg, Mitchell, Watauga•) 

D-schampsia caspltosa np. glauca I• D. c1upitosa var. g.) Tuhed Halrgrau c 
M: onv;ne barrens, high elevation outcrops of mafic rock (Clay) 

D,smodiilfT! ochrol•ucum Creamy nck·trefoif c 
P: sandy or rocky woodland openlngt toe...;e, Durham•, Orange, 

Woko) · · ,. · 
D•Jmoclium sess11itolium Sauite nck·trefoll c 

P: open woodtends (Cabarrut, M~cklenburg) 
Dicentra •ximia • Bleeding Heart SR 

MP: roct outcrops (Su_ncombe', Burke', Haywood', Mecon•, 
Mecliton•, Orange•, Rutherford•, Swain•, Weuuga, 
Y•ncey•J 

Dichenth11ium •r•ctiloRum I• hnlcurn •r•ctifoRum) Erectluf Witch Crall SR 
C: savannas (Brunswick•, New Hanover, Onslow•, Sempton•, 

Scotl•nd'J 
Dichanth•Rum sp. t ( • P.nlcum hlntii: not In RAB) Hifltt~ Panic Gran c C2 

C: CVPrllt uv•nn11 IOnslow•J 
Didiplis diendn I• P•pRs diendra) · . Water Purslane SR 

CS: sluggish streemt end ponds (Chowen, Edgecombe, Hernett. 
• Hartford, Moore, Narh, Perquiment, Wake, Warren) 

Dtarv11!1 tivuleri•l• D. SIJSUifoH• var. rlvul•ris) · · R!verbonk Buoh-honoyoutl:lo c 
M: forests (Yanceyl 

Rank 
NC Globe( 

51 GST4 

51 GS 

51 GS 

511 G4 

51 G3Q 

SH G4 

51 G41 

Sl G47 

SH G4 

51 GS 

Sl G4G5 

51 GS 

51 G31 

51 G3 

51 G5T5 

sn G2G3 

SH G3G4 

52 G4 

52 G4 

51, G1 

51 GS 

SH Gl 
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N1tursl Heritage Prognm U•t of the Rera Plentt of Nonh Carolina 
Scientific Nama Common Name Statue 

Province: Habitat (Counties of Occurrence) NC US 

Dion111 muscipul• Venus Flytrap, Meadow Clame 
CS: savannas, seepage bogs, pocosin edges (Beaufort•, Bfaden•, 

Brunswick', Carteret•, Columbus•, Cr~ven, 
Cumberland•, Duplin, Hoke', Jones, Lenoir, Moore, New 
Hanover•, Onslow•, Pamfico, Pender•, Robeson, 
Sampson•) 

Disporum meculetum . Nodding Mandarin 
M: drier cava forests and northern hardwoods forestJ, rid guides 

(Buncombe•, Clay•, Haywood', Jackson', Macon•, 
Madison•, Yancey) 

Dod•c•th.on m••di• var. m,.di• Eastern Shooting Star 
PM: rich, rocky wood1, over mafic or calcareoua rock• (Anton, 

Buncombe', David ton, Granville, Heywood •. Iredell, 
Jackson•, Macon•, Mecklenburg•, Orange, Rutherford', 
Stanly, Watauga) 

Drab• r~rnoslssim• Branching Crabe 
MP: calcareous and mafic rock outcrops (Buncombe•, Haywood•, 

Madison') 
Dreh r•ptans Creeping Crabe 

P: habitat not known (Uncoln) 
Droser• filiformls Threadleaf Sundew 

C: clay-ba10d Carolina bays, wet 11vannat, ditchu (Bladen, 
Brunswick, Columbus•. Duplin, Sampson') 

Dryopt1ris goldi•n• Golclie's Woodfern 
MCP: rich, moist wo.ods (Ashe, Buncombe', Burlc.e', Haywood •. 

Jackson•, Macon•, Mitchell, Orange) 
· Echi'n•c••l••vigat• Smooth Coneflower 

P: gtades, woodlands, and operi areet over mafic rockt (Durham•, 
Gr•nville~, Mecklenburg. Montgomery, Orenge, 
Rockingham') 

c 

SR 

SR 

c 

SR 

SR 

E·SC E 

Echin•c•• purpur,. . Purple Coneflower SR 
-· M: open woodt and clearings (Burke, Jackson, Madison•, Polk, 

Rutherford) (native occunences only) 
Echinodoru~ p•rvulu~ (not In RAB} Dwarf Burhaad, Mudbebiet C 

C: drewdown zones of clay-based Caroline bays and blsck.watar 
rivtrt (Brunswick', Robeson') 

Beoch•ris c•Rulou Gulfcoest Spikerush · SR · 
C: Interdune ponds, breckish marshes (Carteret•, Dart, Hyde', 

i'=" ~ Onslow) 
Eloochorl• olongoto (not In RAB) Rorido Spikoruah '· · C 
. C: ltmeslnk ponds (Brunswick', Onslow') 
B.acharis •quis•tolcl•s (see Watch Ust) 1

"" 

Beochan"s h•lophil• Saltmarth Spikerush T 
C: brackish and frethwater marshu lOera•, Hyde) 

B.ocharis m.tanoc•rp• (sea Watch Ust) 
BMJch•rh mont•vicl•n•i• Sand Spikerush SR 

C: maritime wet gressland (Currituck, Onslow•) 
B.ocharls robblnsH Robblne'e Splkerush C 

C: limeslnk ponde, clay-ba11d Carolina bays, peat·bum laket, 
millponds, beaver ponds, artiflclalleket (BI.den, . 
Brunswick•, Carteret•, Crtven, Cumberland', Harnett•, 
Hoke•, Moore•, New Hanover. Onslow•, Sampton•, 
Scotland') 

EIMJchWro•t•U•r. Beaked Spikerush SR 
· C: brackish mershea. timetlnk ponds1 (Beaufort.. BNnswlck, 

Camden•, Carteret. Currituck', Cere•, Hyde') 
Bymtn trechyc•u/U$ sspa trechyc•ulll$ (• Agropyron t) Slender Wheatgrasa C 

'· M: olivine barrens (ctey•) 

- -
17 

Rank 
NC Globlll 

G3 

52 G3G4 

52 GSTS 

52 G4 

SH GS 

51 GS 

52 G4 

51 G3 

'•: 

S1 G4G5 

51, G2 

51 G4G5 

51 .G57 

51 G4 

S1 GS 

52 G4GS 

S2 GS 

51 G5\li 
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Scientific Name 

Netural Heritage Progrem U1t of the Rare Pla.nta of N~h Caronna 

Province: Habitat (Counties of Occurrence) 
Common Name 

Jsoatll$ pladmontane (not In RABJ Piedmont Quillwort 
P: granite fletrockland diabese gledes (Franklin', Granville', 

Rowan•, Wake) 
/$OIIIU rip11ri11 

C: tidal freshwater marshes and swamp forests (Craven 
Currituck. Pender, Pitt, Tyrrell) ' 

lsoatu llirginlca (not In RAB) 
P: upland depression swamp forests, clayey eoils (Cuwell, 

Chatham, Mecklenburg, Rowan. Union) 
/sopyrum (see Enem/on) 

Riverbank Quillwort 

Virginia Ouiltwort 

lsotria madtololdu Small Whorled Pogonia 
MPS: forests, especlaUy with white plne (Burke •, Cumbertand. 

Harnett, Heywood', Henderson•, J•ckson•, Macon•, 
Orange7, Surry) 

Iva micror:ephala (not In NC in RAB) Small-Heeded Marsh Elder 
C: cley-bued Carolina beys (Robeson•, Scotland•) 

J•H•rso?i• di'phy/111 . Twin leaf 
M: nch cove forests, npeclany over calcareous rocks CJeckton•) 

Jug/ens cinerea {see Watch Ust) 
Juncus c .. nrtensis (not In RAB) 

M: reepege bog (Cfay•J 
Juncus gymnocerpus (see Watch Ust) 

Rough Rush 

Juncus tri~dus (• ~· t. var. monanthos) Highland Rush 
• M: h•gh elevation rocky sunvnits (Ashe•, Buncombe•, MitcheQ•) 

Jump.r~s c~mmuni$ ;o'er. dep~~u• Dwarf Juniper 
MP. h•gh elevation gremtiC: domes, low elevation rocky summitt 

(Buncombe, Gaston•, Macon•) 
Kelml• cuneate. \ White Wicky 

CS: pocos~ns (Blade~·, Cumberland•, Hoke•, Moore•, Pender~,_~·----
Richmond•, Scotland•) 

L•chnocaulon b1yrichlanum Southern Bogbunon 
C: sandhirft, send hill/pocosin ecotones (Bladen, Brvnewick •, 

Carteret•, New Hanover•, Pender) 
hthea m11rlti'ma var. vlt'ginica (not In RAB) · Maritime PinWeed 

C: bar"" dunefieldt with Hudson/a tom1nton (Dare•) 
Lech•• torrey/ 

Torre~a Pinw11d 
CS. ilhdhills, savannas {Brunswick •, Moore, Pender) 

Leptoc.hloalasclculari .. var: maritima (not In RAB) lono-ewned Spengletop 
C. fresh to brackish tidal mersh11 (Currituck•, D8ra, Hyde•, New . ·, 

· · Hanover) · 
Llatris aspe,. ! .-

M: glad~•· open w~ods, fens (A.sh.e•, Burke,.Cteveland7, 
Henderson, Jeckton, Macon, McDoweh Polk. 
Tr~nsvfv•nie) ' 

Rough Billing Star 

Llatrh ~•liM • .: Hetler'e Brazln; Star 
M. Ngt\ e1eva~ton rocky summits, clifft (Ashe•, Avery•, Burke•, 

Caldwen•, MitcheU, Wetaug••J · 
Lllltris mlcrocephela s~~~--h:~.d Blezin~attr ·. 

M: rock outcrop8, gladu, dry woodf1nd1 (mosdy over mafio 
rockdJ (Mecon_ Polk. Rutherford•) . 

Llatri6 •q~""!"<''' (• Uetrls ••rf•l; Elrte'e Blazing Star 
PSM. d11bau gl•du, open woodt especltRy ovtr mafic rocks; 

also und'hillt (Cumberland, Durham•, Grenville•, 
lletri$ turgid• Harnett, Orange, Rtctvnoncf, Stokll, Swain) 

M: dry rocky wood a (Buncombe, Burke, Mecon•, Pone., 
Ruthorfordll 

Shal.-btrren Blazing Ster 

Status 
NC US 

T 

5R 

C C2 

c 

5R 

c C2 

C2 

c 

E-SC C2 

c 3C 

SR 

_c __ . 
5R 

5R 

T-5C T 

c 

SR 

SR 

Rank 
NC Global 

51 G4 

51 G4 

51 G1G2Q 

51 G3 

51 GS 

5.1 GS 

51 G2 

51 GS 

51 GSTS 

52 G3 

51 G2G3 

51 GST4 

51 G4GS 

51 GST3 

$1 G4G5 

51 G1 

51 G3G4 

52 G4G5 

$11 G3 
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Scientific Name Common Name StatUI Rank 

Prov;nce: Habitat (Counties of Occurrence) NC us NC Global 

Ul .. opsis cerolin•nsls Caroline Grasswort _T_ 3C $3 G3 

C: freshwater marshtl, poolt, tidal mar~het (Brunswick •, 
Camden•, Currituck•, Dare•, New Hanover•, 
Pttquotank•, Perqulmans•, Washington•) 

LHium canedens• np. cenedenlt Yellow Canada Uly c 5H GST47 

M: bogs, wet meadow• (Watauga) 
Rod Canada Uly c SH GST47 Ulium nnedenu asp. editorum (not In RAB) 

MP: bogs, wet meedowt (Alleghany, Avery, Hilnderson, 
Rutherford, Stanly, Watauga) 

Uliumgr•y/ 
M: bogs, wet meadows, seept. grnsy balds, high elevation 

forests (AI1eghenv•, Ashe', Avert' 1 Bunc.ombe •, 

Groy'o Uly T-SC C2 53 G3 

Hendenon?, McDowell•, Mitchell•, Watauga•, ':'•ncey•) 
.c 51 GS /.ilium phillldBiphicum var. phil•d•/phlcum Wood Uly 

M: grassy balds, gladet (Alleghany. Ashe', Avery, Haywood, 
Mitchell. Polk, Swain, Watauga•, Yancey•) 

51 GU l.J7ium sp. 2 (not In RAB: possibly • L lridoll••) Sandhill• Bog Uly c 
S: peaty seepage bogs (Cumberland', Hernan•, Hoke•, Moore•) 

c 51 G4GS Umonll• •ustrelisl• L subulate) Awl-leaf Mudwort 
C: tidal marshes (Currituck•) 

Und.re m•ll"sslfolie ( • L mell"ss .. tolle) Southern Spicebush E 51 G2 

C: Caroline bays, upland depressions, and other wet areas 
(Bladen', Cumberland • 1 Sampson') 

E C2 52 G2 Undera subcoriecea (not In RAB) Bog Spicebush 
SP: streemhead pocosint. white cedar twamps, bogs (Anson•, 

Cumberland •, Hoke•, lee•, Montgomery•, Moore', 
Robeson', Scotland') 

5R 51 GST37 Unum 1/oridanum var. chrysoc11rpum (not in RAB} Yellow·fruited Aex 
C: pine savannas (Brunswi~k, Pender') 

Unum sulcatum var. sulcetum Gleda Aex c 5H GSTS 

P: diabase gled111 (Granv;ne) 
Llper/$/oeselil fen Orchid c 51 ', GS 

MC: seeps, bay swampt (Ashe, Avery, Dart', Jeckson, 
Rutherford, Swain', Watauga) 

51 G4 Upoc11rph• micranth• t • H•micerpha micranthe) Smell-flowered Hemicarpha SR 

C: drawdown zones of blackweter rive11, 11lt marahee 
;;· (Columbus •, Dare) 
Ust•r• australis (see Watch Ust) 

SH GS tlst•r• cord•t• Heart·letved Twayblada c 
M: habitat not. known (Avery) 

Uthospermum can•sc•ns Hoary Puccoon · : · SR S1 GS 

P: diabete glades, open woods overdiabese (Durham•, 
Granville') 

52 G4GS · Ut1111 aestiv•lis Pondsplca ..£;,._ C2 

C: hmes1nk ponds. other pool• (Bitden•, Brunswick', Caneret•;----
Cumberland', Gattt•, New Hanover, Ons1ow•, 
Sampaon•, Wayne') 

LoboP• boyklm7lnot In NC In RABI Boytdn'o Lobello c C2 51 G2 

c: clay-based CaroUnt beys, wet pine 11vanna1 (Bladen,. 
Cumberland•, Hokt•, Onslow•, Scodand•) 

5R S1 GS Lonlcen c•n•densis 'American Ay-honeVI':'~kla 
M: bogs, moist woods (Jackton•, Macon', Mitchell, Swain, 

Watauga•, Yancey) 
Lonlcer• flev• Yellow Honeyt~uckle SR 51 GSl 

MP: thin toile around rock outcrops, mainly meflc (Buncombe•, 
Burke•, Henderson•, Jackson•, McCowen•, Potk•, 
Rutherford•) 

Lophiola •ur•• ( • Lophiol• •m•rlcana) Golde" Crest E 51 G4 "-

C: very wet, mucky habltatt In plna tavannet (Brunswick •, 
Columbut, New Hanover') 
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Province: Habhtl (Countitl of Occurrence) Common Nome tro nt 

Panar quinqutfoliu~ (see Watch Ust) 
P•n•x trifoPu• ( • P. trifolium) 

MP: co...-e forests, nonhern hardWoods, other rich forests (Asht~warf Glnung 
~aid well, ;uwell, Ch•rok.ee•, Cltv•' Ourham, Grahern! 
V:.~:::~ • Jeckson, Macon, Orange, Swain, Wake•, ' 

Psnicum fl•xi11 ' 'Wiry Panic Grtu 
PM: gladu and openings over mafic rock• (Ashe Ou h 

Granvine•, orange) • r am, 

Panlcum lithophJ7um (not in RABJ 
MP: soil Islands on gra •t d FJatrock Panic Gran 

Psnicum t•n•,um ru 1 omu (Alexander?, Transyfvania) 

CS: wet ~evenn•:• undhill•eepo, r.mesink pondo (Brunswick• Southustern Penlc Greu 

H:::::!: ~~~~:!~'· Cumberl~nd', Moore, New : 
Panicum (also see Dicha~thelium) • Sampson • Scotland•) 

Pamassi11 carollni•n• 
CS: wet ~eve~nas (Bieden•, Brunswick•, Columbus• Carolina Grtu-of-Parnetsul 

Pamassia grandi~';,i• erland • • Harnett•, Hoke • ,lee, Onslo;• • Pender•) 

MCP; tens end, seeps over calcareous or mafic rocks CAlle h Large·lvd. Grau-of-Parnauus 

C
Ashe • Avery, Brunswick', Buncombe Clay' g any?, 

olumbus, H•ywood' M D • ' 
Parthenlumauriculatum (• P. !J 

1 
~~ ,.c owen•, Transylvania') 

PM " "' egfl,oilum VIr a ) 
: glades en~ openings over meflc rock~ tSurke' 0 h • Gleda Wild Quinine 

Frenkl.n' • Grenville' Gu·rt d M • ur am ' 
Orange, Perton, Rock.in • or • aco,n, Mecklenburg, 

PMthenium integrifolium var m b gham, Unlon , Warren) 
PMtheniumndlordli (see W~tc; u':'~,~~~~ ~~~Ust) __ _ 
Paspalum bllidum (see Watch UrU 
Pedlcufari$/anceol•t• 

M: bottoml•nds awem Swamp Lousewort 
H , d• PY woods (Buncombe, Cheroke8, Clay 

hn ... wrlghrl•::woo • Jackton, Macon) , 

P: rock outcr~pa, mafic or with nutrlenNich ( Wright's Cfiff-breke 
Stanly•) u:epegs Alexander•, 

Pelt•~~r• Slgi'tf11oli .. ( • P. sagitt•efofia) 
0 poco•~:j olher wet. peaty SiiU (Brunswick•, Carteret. 

Ons~~!~:·p::,:~~j Dare, Jones, New Htnover•, 

Pep/i$ (rea Dldiplisl 
Ph•c•li• r•nuncul•c•• 

PC: bottomltndo ric~ 1 · H • ower sloptt (Alamance • Chatham• 

Ph•s#Oius$inua:;•n•. L .. •, Moore•, Vance•) • • 

SC: sand~~!~und~erfend•, Harnett•, Hob•, Moore• 

Spoonflower 

Buttercup Phacena 

Stndhillo Beoo 

Ph • 0 • Scodtncf•) . • 
•gop.rerll connecr17is ( • Thelypren$ phlgD, teris) 

M. spray zone of waterhlls, rpruc•fi r Northern Beech fern 
retplge bogs (Haywood• Jr :rast!, high elevation 

· Transyfvenlt) • ec •on • Mecon•, Swain, 

Phlox subu!1 t1 
M: outcropt end glade • Mon Pink 

Buncomb • ~· •:pecltRy over mafio rockl (Ashe• 
Physalis l•nc.olet• e , ac son. Maditon, Ytnceyt , 

SC: .. ndhino !Cumbedond, Htrnett, Hokt• L · M Sondhill Ground ChertY 
Moore•, New Htnover Rl ~ ea, ontgomery, 

• 

0 

Scodand, Wayne) ' ctvnoncf • RobtJon,_ Sampson, 

Pingt~tcul• purru7• ' 
C: savanNI (Srvnswick • c • Smaft Bunarwort ' arteret ' New Henover, Pender•) 

Status Rank 
NC us NC . Globel 

SR S2 GS 

SR 51 G3GS· 

c 51 G21Q • 

SR S2 G4 

,·. 

·'··:': 

E C2 52 G2 '.•'i 

c S1 G2G3 

c S1 G31 

_c 51 GS 

E-SC S1 GS 

SR S2 G3G4 

c S2 G4 

c S2 G2G3 

c S1 GS 

SR Sl GS 

c PC2 S21 G31 

SR 52 G4 

Scientific Nama 

Natural Heritage Program Uet of tha Rara Plan~• of Nonh Caronna 
Common Nama 

Province: Hebitat (Countln of Occurrence) 

Pl•ntego cordate P: beds of email, tlete·bonomed, ptrennlalatreamt (Oavidson•t••rt..,aaf Plantain 

Plantago #plnlflor• C: wet uvannae (Bladen, Brunnvlck•, Columbut•, Pender•) Pineland Plantain 

Pleranr~.,. fl•v• ver. herbiol• (not In FCAB) . Nonhern Green Orchid 
M. bogs and molat forutl (Buncombe, City, Fortyth7, Graham, 

Haywood•. Jackson, Macon, Yancey) 
PlaranMrhobr• grandiflor• (• H•b•n•ri• psycode# var. g.) Large Purple-fringed Orchid 

: ogs, 11ep1, gratlybaldt, high elevation moist fortttt and 
banks (Avery•, Buncombe, Clay, Haywood •, McDowell, 
Watauga, Yancey) 

Pl•t•nth•r• lnt•gr• ( • Habenarlalntegre) Yellow Frin eft 0 · 
CMP: aavennll (Brunswick•, Carteret•, Cheroket7, Columbus•~ g 

11 

rchid 
Creven, Foreyth7, Handarson7, Onslow, Pamllco, Pender 
Robeson, Rowan7) ' 

White Fringeless Orchld 

Statut 
NC US 

E 3C 

E C2 

SR 3C 

SR 

T 3C 

C2 
Pl•t•nth•,.lnr•gn7abl• ( • Habanari• bleph. var ./.) 

M: bogs (Cherokee, Henderaon) 
Pl•r•n~her• nlv•• f • Hah•n•ri• nivea) Snowy Orchid ~ 

C. wet uvann11• (Beaufort, Bladen, Bruna wick •, Columbue, 
Craven , Dtrt, Hoke, New Hanover•, Pender•, Robuon) 

P/eranrher• perarno•n• (• H.benari• p#ramoan1 ) 
MP: bogs, forutt (Buncombe, Bul'kt, Caldwell, Clay, Durham•,Purple Frfngeleu Orchld 

Fortyth, G.uilford •, Haywood, Henderron, Jackson•, 
Mecon, Mitchell, Orenge •, Swein, Transyivanra•, 
Warren, Watauga, Yancey) 

Bog Blu1grasa 
~ p•ludig•n• (not In RAB) 

M: bogs (Avery•) 

M: spruce-fir forests, gretSy beida (Avery. Haywood, Handereo!wemp Bluegrlla Po•p•luslri• 

Macon, Mitchen, Polk. Swai~ Watauge, Yancey) 

Po• s•/tulnsls ( • Po•l•nguid1 ) 

M: olivine berran• cct•y'l 
Potygal• gflnd,71or• 

A B!uegra11 

Showy Milk wort 

Poly:.~; h::n:.~rs (Richmond•, Robeson, Scotland'l 

C: savanna• (Bladen, Brunswick • • Carteret•' Columbus, Craven~ooke(s Mnkwort 

Coast Joint weed PoiYS!on•H• .,.,~',;.~~nover, ~nslow, Pender•, Sampson) 

C: .. ndhills (Gatll) 
Pof(Donum glaucurrt -

C: ocean and sound beachu (Beaufort, Brun;·wi~k·~ Certeret•, Seabaach Buckwheat 

- Cere, Hyde, New Hanover, Onslow) ·. 
Polygonum hinurum • 

CS: limeslnk por\da, clay-bated Cerollne bays, drewd~wn zones ~:try Smartwee~ 
blackwater rivarbtnkl (Brune wick•, Carteret.. On•low 
Richmond•, Scotland•, • 

Ponthlav. recamos• 
• C: bltckwettr forests end owempo, esptclany over ma~ (Beaufo~l<fow-wltch. 

I s.runtwlck. Craven. Jon••·· Onslow•, Pender•) . 
Port.,.nrhUI stJpul•tus ( • GiHeni• •tipul•t•J ,. Indian Physfc 

P: foreste and ope~ woods, mainly over mafic roch (CebatNt 
. Chatham,. Dtvidton. Durham. GrenviUa•, Lae, • 

Portul•c• •m•:;;ontgomary, Moore, Orange, Peraon•, Union, Wake•) 

. P: granite ftatrocka end. diabase gfedet (CebarNa• Forsyth_ Small' a Portulaca 

FrankJin•, Grenville•, Row•n•, Weke•J • 

Por11m0geton confervold•• 
SC: beaverponds and old tn11lponds on bleckwtter creek I 

(Cumbtrlend•, Getes, MoOre. Richmond, Scotlend) 

Confarve PondweMJ 

c 3C 

C2 

SR 

c 

SR 

...£__ 

c 

c 

SR 

SR 

SR 

T 3C 

c· C2 

27 
Renk 

NC Global 

S1 G3 

51 G2 

521 G4T4 

52 GS 

S1 GS 

sx G2 

51 GS 

51 GS 

S1 G2 

S1 GS 

S1 GSI 

S1 GSI 

S2 G3 

-SH GS 

Sl G3 

Sl G4G5 

S2 G4GS 

S2 G5 

52 G3· " 
Sl GS 

' 
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28 
Scientific Name Ntturaf Htrlttge Program Uct of. the Rare Pftnte of Nonh Carolina 

Province: Habitat [Countiu of Occurrence) Common Name 

Pt•n•nth•s fQtn•nsi$ 
M: grauy bald.', high e~evatlon forestt end outcrops (AIIeghany~oen Ranletnakeroot 

Ashe , Avery 'Buncombe•, Graham•, Haywood• , 
Jackson•, McDowell, Mitchell•, Surry, Swain, ' 
Transylvania•, Yancey•) 

Pnmu$ pumlf• var. susqu•h•n•• 
MP: rocky for .. ti tOurham, Henderton) 

/'sJJoc•rr• tsu Rhynchospor•) 
hl7otum nudum (not In NC In RAB} 

C: acid 1wamp (Chowan•) 
Psor•fea fsee Orbtxilum. Ptdiom•lum) 
Pteroglon•spi$ •cri.stat• I• Eulophi• ·etri'.stata) 

Pt
.,. c:. pinel•nds (Bladen, Cumberland, Hoke• New Hanover) 
111mmum cost•tum ' 

. c:. tidal swampa or marshn (New Hanover•) 
Ptifimmum nodosum (includina Prilimnium fluviatJ1e) 
Pt'li. P: rockyrfverbedt (Chatham•, Granville• Lee) 

Susquehanna Cherry 

Whisk fern 

Spiked Medun 

Ribbed Biahopweed 

Harperena 

umnlum sp. I (not In RAB) ' 
C: t•dai freshwater marshes (Bruns 1 k• N H Carolina Bithopweed 

Pytn•nthemum torrey/ (not In RABJ . w c • ew enover~. Pender) 
PM: dry upland fores1t end woodland fi Torrey's Mountain-mint 

(AI s. over me 1c rocks 
Prrol• eHlptlta (n:t~~~Btlhe, Granville, Orange, Wilkes) 

M: moist foresta (Ashe) 
Py~ldllnth•r• b~rbul•t• ver. br•vifofl• 

S: undhillr (Cumbtrfand•, Harnett• Hok • M • 

AShinleef 

Sandhilft Pyxle-mo11 
Quercus austrlnl • • , oore J 

CP: bluff and bonomland forerta (Bladen·. Harnett, Johnston Blurt Oak 

Quercus ilicifo:;;ontgomery• • Sampson, Union, Wayne) ' 

P· dry sunvnita nc1 k Bear Oak 
• (S k : roc Y woods on Piedmont nionednockl-- -· 

Du•rcu.s prinold•~' e 'Gaston•, Stokes•, Surry•) 

PM: dry, ro~ky slopu (Buncombe, Celdwen, Clevelend, Gllton, Dwarf Chlnquepfn Oak 
Guilford. 1redeD, Jackson, Person. Polk, Rutherford . 
Stonly) , . 

Ranunculus •mbigtln$ . 

., CP: ope, wet ereea (Bertie, Orange. Perquimens) 
n•nunculu• n.b./llrl$ 

., C: poolaln bleckweter swamps (Edgeco~e Cetea•J 
n•nuncu/us lllldlt8CIIU$ ' 

C: mershes (Currituck) 
R•nunculu.s mict"enthus 

~: ri~h woods (Durham. ForsythJ 
RhiiXI. ITI.S(O$. 

C: clay-beud Cerofina beYt end limesink ponds (Breden. 
Bruntwlclc, Cumbtrl nd H k 
Scotland•) • • o e•, On•low•, Robllo,•, 

Rhel(i .. cub.-nsis .. . . 
C: nmesfnk pond' a (~~,.~ick• C • 

• Onalow•J - ,~ • erteret • New Hanover•, 

Rhodo~•ndron cumb•rl•nd~nse (not In RAB) 
M. grauy onhnsb beida (Greha M • 

Rhodod•ndron prinophy/lum I• Rh rn. eco, , Trentylvenfat 
M: high elevation forestt IAs~:::•ndron muumJ 

Rhododt~ndron ~-.,yl 

Weter·plentein Speerwort 

Yenow W•ter~crowfoot 

Ivy Buttercup 

Rock Bunercup 

Awned Meecfow·beauty 

Wtst lndi11 M.,dow.f) .. uty 

Cumberfend Arefel 

ferfy Arefe1, Erection Pink 

M: wet swampy pieces, high elt~tion rocky Pink·shen Azeltl 
foreste (Avtry• Celdwab• H '""• optnfnga, or 

: Macon• M ' • •vwood'•, Jeckson•, 
. Yenoeyt • , cOowen, Mitchen, Trenlylvenle•, Weteuge•, 

Status 
NC US 

Rank 
NC Global 

SR 3C 53 G3 

c SH GST4 

c S1 GS 

E C2 S1 G3G4! 

..!:__ S1 G3G4 

E E S1 G2 

-.£....__;, S1. G2 

c S1 G2 

c SH GS 

E 3BIPC2 S2 G4T2 

SR S1 GS 

SR S1 GS 

c SH GS 

c SH G4GS 

c S1 GS 

c SH GS 

SR SH GSl 

r· C2 S3 G3 

· Sll S1 GS 

SR 3C S1 G2Q 

Sll S1 GS 

SR 3C S3 G3 

Naturtl Heritage Progrem Ult of the Rere Plentl of North CeroDna 
Scientific Name Common Name Status 

Prov;nce: Habitat (Counties of Occurrence) NC us 

Rhus rnlch•uxil Michaux•• Su"mao E·SC 
SCP: t~ndhills. undy forests, woodl~nd. woodl;nd edge a 

(Davie', Durham, Frenk.ltn•, Hoke•, Johnston, L11 1
, 

Uncolr'l, Moore', Orange, Richmond•, Robe~on•, 
Scot! end •, Union, Wake•, Wilson) 

,RhynchO$por• alb• Northern White Beektedge 
- MCS: fens, bogr, pocosin openings, lime sink ponds (Alleghany•, 

c 

~she', Brunswick•, Craven?, Cumberftnd1, Dare?, 
Mitchell', Pender1, Tyrre/11, Watauge•) 

Rhyncho.sporl br1vl$1t• Sh"nbristled Beektedge c 
S: nvennes (Brunswick, Carteret•, Columbus•, Craven, 

Onlsow•, Pender') 
Rhynchospor• cr/n/pl$ (not In RAB) Alabama Beekndge c C2 

S: seepy banks of blackwater rivers (Hoke', Moore') 
Rhynchospore d•curr•n.s Swamp Forest Beeksedga 'c C2' 

C! swamp forests (Columbus) 
Rhynchospore div.rg1ns (not In NC In RAB} Whiteseeded Beekaedge SR 

C: wet nvannll (Columbut•, Brunswick') 
Rhynchospor• globulin$ var. pln1torum (not In RAB) Small's Beakledge SR 

C: wet savannll (Brunswick •, Columbus•, Pender') 
Rhynchospore h1rp1rl (not fn RAB} Harpe,., Beek .. dge c 

C: limesink ponds and cypress nvannas (Carteret•, Onslow') 
Rhynchospore meers (not in RAB} Southe, White Beeksedge E 

S: seepage bogs (Cumberland', Harnett•, Hoke', Moore•) 
Rhyncho.spor• odor•t• Fregrent Beekndge SR 

C: maritime wet grttslenda (Brunswick, Carteret•. Hyde•, Pender) 
Rhynchospore o1ig•nth• EuJbszt·bdllll aulsudoa ~ 

CSP: uvannas, 18epage bogs (Brunswick', Carteret•, 
Columbus•, Cumberland', Harnett•, Hoke', Moore•, 
Onslow•, Pender') 

Rhynchospofl palfida (see Watch Ust) 
Rhyncho.spore pl1i11nth• · Coartel Be aka edge c 

C: limetink ponds (Brunswick•, Carteret•, New Hanover•, 
Onslow•t 

Rhynchospor• scirpoide.s ( • Ps11ocarys .scirpoldn) Long·beek Baldsedge SR 
C: beever pond1,1imesink ponds, wet nvannet (Brunswick', 

Carteret•, Columbus, Harnett, Hoke' 1 Moore•, New 
Henov•r•, Onslow•, Ric.....nond', Scotltnd'1 Tyrrell) 

Rhynchospore .stenophyll• (see Watch UtU 
Rhynchospora thorn•/ (not In RAB) Thorne's Beekiedg~ c PC2 

C: wet nvennea (Onslow •, Pender') ' ~ .. , 
Rhynchospore tncy! l;re!ii:t:!li!•gkJedg! 

.. 
2---

C: clav-beted Cerolina baYt,limetfnk pondt (BNnswfck•, New 
Hanover•, Onslow•, Scodand') 

Robinie hl.spltl• ver. (lrtiDs (not In RABJ FrultfulloCYtt c 
M: acidic covt forests, northern hardwoods foruts, high elevetfon 

grenitlc domes (Aheghtny, Avery, Burke, Grtham, 
Macon; MeDowe\1) 

Robini• hi.spid• ver. kelsey/ ( • Robinl• kelnyl) Koltoy'o Lo<Ytt c 
M: high elevation red oak forestt, dry rocky woods (Buncombe, 

Burke, Heywood, Hender~on_ Medison, Polk, Rutherford, 
Trensytvania) 

Robini• vis co•• var. h•rtw•gil ( • Robin/• hertwlgi/J H1rtweg'1 ~cust c PC2 
M: hlgh efevatlon grenltic domt1 (Jeckeon•, Macon') 

Rubus /duu.s 11p. strlgosus ( • R.I. v11. c•n•den.s/.sJ. Red Raspberry SR 
M: high elevation lpruce-flr forests end openings (Buncombe' 1 

Heywood•, Jeckaon•, Swain', Yencey') 
Rudb•ckl• heliopsidis Sun-f1clng Coneflower E C2 

C: mofrt pine f!etwoode end woodland bard era (Htmen•, Moore) 

- -
29 

Rank 
NC Global 

S2 G2 

52 GS 

51 G3G4 

51 Gl 

SH GH 

S1 G4 

S1 G5T31 

Sl G3 

S1 G3G4 

51 G4 

52 G4 

S1 G3 

52 G4 

51 G1 

52 G4 

S1 GST2 

51 GsnJQ 

SH G3T1 

S21 GST5 

S1 G2 
.. 

' 
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34 Nttural Heritage Program Utt of the Rare Plan\.1 of North Carolina 
Scientific Name Common Name Status Rank 

Pro..nr.ce: Habitat (Counties of Occurrence) NC us NC Global 

SttUerie a/sin• Longttalk Starwort SR 51 GS 
M: .. epa (Mtditon) 

SttHeria coral {a .. Watch Ust) 
St.nanthlum robustum (not In RAB) Bog Featharballt SR 51 G1 

M: bogs end wet meedowt (Allegheny•, Ashe•, Avery•, Mecon) 
Streptopus emplulfolius · White Mandarin c 51 GS 

M: spruce·fir forests, northern hardwoods forests (Buncombe•, 
Jackson •, Macon, Mite: hen, Swain, Yancey) 

Sty/ism• equeticl ( • Bontmil equetice) Weter Dawnflower SR 51 G3G4 
C: clay-bend Carolina bays, moist undy pine Iandt (Brunswick, 

Scotland') 
Styt;sm• plclclringU var. pickerlngil ( • Bonamie p.) Pickering's Dewnflowar C2 52 G47T2 

SC: sendhlllt (Cumberland•, Hernan•, Hoke', Moore•, New 
Hanover, Richmond•, Scotland') 

Swertie (In Frenre) 
SH G3 

:, 
Synandre hispidule Synandra c 3C 

M: rich cove forests (Swain) 
Syngon•nthus flavidulus (see Watch Utt} 
Synosm• suev.al•ns ( • Cec•ll• su•v.al•ns) Sweet lndian-plentllin c PC2 SH G37 

tk bonomlanda {Buncombe, Henderson. Transytvenie) 
Texus can•d•nsls (not In RABJ Canada Yew SR 51 GS 

M: bogs, swamp forests under spruce (Ashe •, Watauga') 
Thalictrum cool•rl Cooley's Meadowrue 51 G1 

C: wet uvannas (Brunswick •, Columbus •, New Hanover, 
Onslow•. Pender') 

Thespium piitn•tifidum Mountain Thsspi~rn c 51 G3G4 
M: calcareous slopes (Haywood•, Jackson, Madison•, Swein) 

Th•lypt•ris slmul•t• (not In RAB) Bog Fern T 51 GS 
M: bogs (Alleghany• 1 Avery•) 

Th•lypteris (also see Ph•gopr•rls) -- ----·-
Th.,mopsls frax.inifoD• Ash·leaved Golden-banner c SZ1 G37 

MP: dry ridges (Buncomba, Burke', Caldwell, Henderson, 
Jackson, McDowell, Polk, Stokes, Surry, Transytvenia •, 
Yancey) 

Thtlf't'nOpsis mol/is Appelachian Golden-banner SR 527 G3G4 
PM: dry rid gee and open woodtendt (Buncombe, Burke•, 

Catawba•, Chatham. Cleveland•, Durham, Forsyth, 
Franklin. Gatton. Grenv;lle•, GuiUord, Henderson, Ired en, 
Uncoln, Rutherford•, Stokes, Surry, Trens~vanie, Wake, 
Warren') 

Tofieldit gfabr• Ceroline Asphodel c C2 53 G3 
CS: savennes, 11ndh11l seeps. motst 11ndhill/pocosin ecotonee 

(Beaufort, Bladen, Brunswick•, Carteret•, Columbue•, 
Craven, Cumberfand', Duplin, Harr•ett•, Hoke•, 
Johnston, Martin, Moore, New Henover•, Ontlow•, 
Pamtico, Pender .. , Richmond•, Robeton, Sampson, 
Scotlend•, Wilson) 

Tofitldie glutinor• ( • T. flttrnose var. glutlnon) S~cky Bog A•phodel c 51 GS 
MP: bogs, taepaget (etpeclany over mafic rockt) (Ashe', 

Caldwerl, Haywood', Henderson, J•ckson•, 
Treneytvenla•) 

To"•yochlo• p•"id• t • Glyc•ri• p•mde) Pa1t Mennagratt 511. 51 G57 
CM: bf~ckwater poolt, old 'mittponds, end smeft stream twampt 

(Avery, Columbus, CurriNclt•, Duplin, Getet) 
T,.d•se•nti• virglnl•n• Vlrglnlo Spiderwort SR 51 GS 

P: rich woode on ctrcumneutraleoUs (Ceswen, Harnett•, 
Montgomery•, Moore•, Orenge, Rockingham, Stenlyt 

Trlchom•n•• bO$thl•num Appalechlen Film.,...fem T 51 G4 
M: spray zone of waterfalls, teept over rock (Jackson• • Macon• 1 

Polk) 

- - -·- - -
Natural HtritiQI Program Utt of the Rare Pienta of North Cerolina 

Common Name 
Scientific Name 

Province: Habitat (Countlet of Occutrence) 

Owarf Fitmy-fem 
Trlchomanls ptt.nH • • 

M· moist rocks In humid gorges (Grtham, Macon , Trant'}ftvania ) 
Trlcho;tem• brechletum (not In RAB, • ls.nthus brachlatus) Glade Bluecurls 

PM: dlabell gledu, other dry calcareous or mafic o~tcrops 
(Granv\lle •, Madia on, Orange, Rockingham , Yancey) 

Dune B1uecurt1 Trichost•m• sp. t (not In R~B) 
C: dunes, openings in meritime forut end scrub ~Brunswick •, 

Carteret•, Dere•, Hyde•, New Hanover 1 
Pineland Triodla Tridens emblguus (not In NC 1n RAB) 

C: clay-balld Caronna bays (Scotland '1 
Carolina Triodia 

7tidlnl tarofinianus • 
S• sandhills and pine flatwoods (Brunswick, Cumberland • 

• Harnett•, Hoke•, Moore•, Richmond•, Scot!end') 

7rldens strlctus . Spike Trlodia 

c: pine flatwoods {Duplin, Hoke, Pender, Robeton) 
Starflower 7rilntalis borealis (not tn RAB} 

M: covet (Graham•, Haywood•) 
Carolina Clover 

Trifo/6-ms~:':~~~-:~:ndy open areat (Duplin, Naw Hanover, Onslow) .• 
Tri/liu,;, discolor ' Mottled Tnlhum 

M: rich coves In the Savannah River drainage (Jeckson •, 
Trans~venia•) 

Trilllum f/ulpn (not In RAB) Bent White Trillium 

M: rich coves (Henderson, Swain) 
Trillium pusi/Jum ver. 1 (not In RAB) Alebeme Leett Trillium 

M: rich cove forests (Clay•, Haywood) 
Carolina Least Trillium Trillium pus ilium ver. pu$/1/um 

CP· ecotones between uvannas t1nd nonriverine wet herd wood 
• forests, over marf {Halifax•, Johnston•, Nesh', Pander•, 

Wekel 
Virginieleast Trillium Trillium pusi11um ver. vlrginienum (not In RAB) 

c: mesio to awampy hardwood forest• (Camden•, Currituck•, 
Gatet') 

Prairi~ Trillium 7n11ium t~curvetum (not In RABJ 
M: rich covet (Madison•) 

Settlle-Howered Trillium Trillium usst11 (not In RAB) 
c: rich alluviallaveet and tlopet (Halifax•, Northempton') 

Sweet White Trillium Trillium simi/• (not In RAB) 
MP: rich covee {Burtte•, Haywood', Medison•, McDowell', 

Polk•, Rutherford•, Swain) 
SoftTritetum Tris.tum spic1rum . 

M: gre11y balds and/or high elevation rocky tummi_tl (Mitchell) 
Unlole (tel Chumenthlum) 

Dwarf Stinging Nettle Urtic• chamudryoidu 
· C: rich alluvlellevaes (Bertie•, Halifex•) 

Two-flowered Bladderwort Utricul•rl• gtminisc•p• (not In RAB) 
sc: seepege areas on Suffol1<. Scarp, beaver ponde (Beaufort, 

Hoke•, Moore•) 
Smell Bladderwort Utrlcul•ri• minor (not In RAB) 

M: bogs (Watauge) 
Dwarf Bf~derwort Utriculari• oHvecll 

C: hm11.nk ponclt, beaver ponds {BNntwlck•, Carteret:, Craven. 
Cumbertand. •, Hoke •, New Hanover•, Onslow , 
Pender•) 

Northllltern Bladderwort Utrlcul•ri• rtsupln•t• (not In RAB) 
C: natural lab• {blackweter) rNuhlngton) 

Hairy Blueberry Veccinlum hlrsutum 
M: ridgetop red oak forests (Cherokee', Grehem_•, Swain) 

Status 
NC us 

T 

c 

c C2 

SR 

c PC2 

c 

c 

c 

T 

c 

.E C2 

cz 

E C2 

c 

SR 

5R 

E 

SR 

c 

c 

T -
SR 

c 
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Rank 
NC Global 

51 G3 

51 G4GS 

52 G2 

51 G3G4 

52 G2G3 

5H GS 

51 GS 

SH GS 

51 G3 

SH GS 

51 G3T3 

51 G3T1 

S1 G3T2 

51 GS 

51 G4GS 

51. G3 

sx GST4TS 

51 G4GS 

51 G4GS 

SH GS 

52 G4 

51 G47 

S2 G37 
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TO: 

FROM: 

DATE: 

Superfund Section Staff 

Jeanette Stanley 
Environmental ·chemist 
NC Superfund Section 

June 20, 1994 

SUBJECT: Endangered Species 

Ref. 48 

I spoke with Steve Hall, Biologist, Natural Heritage, (919) 733-7701. We discussed 
the listing of the St. Francis' satyr butterfly on the endangered species list. The News 
& Observer article discussing this listing is attached. 

He said that the Fort Bragg area is the only known area in North Carolina for this 
butterfly, also known as the Mitchell's satyr, or Neonympha mitchellii francisci. Mr 
Hall said that the only other US location of this species is on the Michigan/Indiana 
border. 

The locations of this species in the Fort Bragg area are not shown on the maps 
provided to the public at Natural Heritage. While there is a critical habitat for this 
butterfly, it has not been officially declared a critical habitat. This is because doing 
so requires that habitats be marked on maps and released to the public. Poaching 
of endangered species has become such a problem that such measures were deemed 
necessary to protect the butterfly from extinction. 

IfNC Superfund personnel have Fort Bragg within their target distance limit, they 
should call Mr. Hall to discuss the location of this species. This is the only 
endangered species in North Carolina that has been protected by this secrecy. 

- - . . I 
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To: 

From: 

Date: 

Re: 

MEMORANDUM 

NC Superfund Section Staff 

stuart F. Parker, Jr. , ~ 9 t'"( 
Hydrogeologist 
NC Superfund Section 

April 14, 1994 

Update on Critical Habitats in NC. 

SFP telephon~d the Raleigh and Asheville offices of the US 
Fish and Wildlife Service on April 14, 1994, to determine whether 
any additions or deletions have occurred to the 4 critical habitats 
listed .in NC since Pat DeRosa's inquiry on May 18, 1989. 

Kate Looney (919-856-4520) and Nora Murdoch (714-665-1195), 
fish and wildlife biologists with the respective offices, reported 
that no changes had been made as of this date. The 4 species, 
Hudsonia montana (mountain golden heather), Hybopsis monacha 
(spotfin chub), Menidia extensa (waccamaw silverside), and Notropis 
mekistocholas (Cape Fear shiner), are listed at the·same locations 
as in May 1989. See attached material for details. 
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TO:· 

FROH: 

RE: 

--~:~~.· _v, 

Superfund Branch Staff 

Pat .DeRosa r"]) 
Critical Habitats of Federally Listed Endangered 
Species in North Carolina 

On May 18 I 1989 I I spoke by telephone with John r:::- idell, uS 
Fish and Wildlife Service, .ll.sheville, NC (704) 259-0321 to 
reques:: an up.=:atc ::r. c:::-i'.:ical habit2~s in North Cc:-:::::;a. !'.:-. 
Fridell said the Fish and Wildlife Service hcs ·been :::-eorganized 
into a western and eastern office in North Carolina. ~is~office 
now handles only western l:orth Carolina. He said the:::-E: ~eve oeen 
no c!":anges in the designatec critical habitats ice:-.:.i:ied :.n 
western North Carolina. 

: then spoke by telephone with Debby Hignogno, ~5 Fish and 
Wildlife Service, Raleigh, NC (919) 856-4520 regardin:; critical 
habitats :n eastern North Carolina. Hs. Hignogno sent the 
attac::-:ed r..aps of the 2 crit.ical habitats cesigr.at.e::: .:.n eas-ce:-n 
Forth Carolina. . Please note ·that the h'accamaw Sil·.·erside ;.s_ 
listej as threatened, not endangered. 

PD/pb/critical.hab 
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~FEAR SHINER 

Notropis mekistocholas 

Order: ·Cypriniformes 

F am i1 y: C yp r i n i d a e 

Status: Endanger~d.(Federal Register 9/25/87) 

RECEIVED· 
MAY 1 9 \989 

6/88 
SUPERFUND BRANCH . 

Range: The Cape Fear shiner is·known from four small populations in the 
Cape Fear River drainage in Randolph, Moore, Lee, Harnett, and Chathcs 
Counties, North Carolina. 

The strongest population is located around the junction of ~he ~ocky =!~~~ 
and Deep.Rjver in Chatham and Lee Counties where the fish inhabits ~ne 
Deep River from the upstream limits of the backwaters of Locksville G:m 
upstream to the Rocky River; then upstream from r.he Rocky River ro· 3e=r 
Creek, and upstream from Bear Creek to the Chatham County Road 2156 
Bridge. A few. individuals have been collected just downstream of the 
Locksville Dam, but because of the limited extent of Cape Fear shiner 
habitat at this site, it ii not beljeved thi~ is a separate population. 
Instead, it is thought these fish represent ·a small number of individuals 
that periodically drop down from the population above Locksville Dam pool. 

The second population is ·located above the Rocky River Hydroelectric Dam. 
This population was historically the best, but the area yielded only one 
specimen after extensive surveys by Pattern and· Huish ( 1985). The third 
population is found in the De~p River s~stem in Randcilph and Moore 
Counties. This population is believed to be small (Pattern and Huish 
1985, 1986). In a 1985 survey, three i ndi vi dua 1 s were found above the 
~!ighfalls Hydroelectric Reservoir; one in Fork Creek, Randolph County, aiid 
two in the Deep River, Moore County. The species was a 1 so found 
downstream of the Hi ghf a 1'1 s Dam. However, the extent of sui tab 1 e · habitat 
·in this strea~.reach ~s limited, and it is thought that these individuals 
1 ikely result from downstream movement fr"om above the reservoir where Cape 

·Fear shiner habitat is more extensive. The fourth ·.population is fo.und in 
Neal Creek, which flows into the Cape Fear River near Lillington in 
f:larnett Cou~ty. · 

Three historic populations have apparently been extirpated: one in Robeson 
Creek, Chatham County, believed lost 'Hhen Jordan Lake flooded part of the 
creek; and one each in Parkers Creek and Kenneth Creek in Harnett County, 
which disappeared for unknown reason~: Other· undiscovered populations or 
population segments have likely been lost due to reservoir construction in 
the Deep, Haw, and Cape Fear Rivers. 
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CAPE FEAR SHINER N. mekistocholas 6/88 

Description: The c·ape Fc:ar :;lline~:s Siilai 1, tcre.:; cXCc::ding 2 ir.c"ii2'~ 
in length. The fi~h's body is flushed with a pale silvery yellow, a~d· a 
black band runs along its sides (Snelson 1971) .. The fins are yellow1sh 
and somewhat pointed. The upper .lip is .black, and the lower lip be~rs ~ 
thin black bar aiong its margin. The Cape Fear shiner, unl.ike most oth~r 
membefs of the large genus Notropis, feeds extensively on plant 
material, and its digestive tract 1s modified for this diet by having an· 
elongated, convoluted intestine. 

Reasons for Current Status: The Cap~ Fear shiner may always have 
existed in low numbers~ However, ifs recent reduction in range and its 
small population size (Pattern and Huish 1985, 1986} increases the 
species• vulnerability to~ catastrophic event, such as a toxic chemical 
spill. Dam construction in the Cape Fear system has probably had the most 
serious impact on the species by inundating the species • rocky riverine 
habitat; and changes in flow regulat:ion at existing hydroelectric 
faciliti~s·could further threaten the species. 

The deterioration of water quality has likely been another factor in the 
-species• decline. The North Carolina Department of Natural Resources end 
Community Development (1983) classified water quality in the Deep River, 
Rocky River, and Bear Creek as good to fair, and referred to the Rocky 
River below Siler City as an area where their sampling indicates 
degradation. That report also stated: "Within the Cape Fear Basin, 
estimated average annual soil losses from. cropland ranged from 3 tqns per 
acre in the lower basin to 12 tons in the headwaters ... The North Carolina 
State Diviston of Soil and Water Conservation considers 5 tons of soil 
loss per acre as the m~ximum allowable. 

Potential threats to the species and its habitat could come from such 
activities as road construction, stream channel modification, changes in 
stream flows for hydroelectric power, impoundments, land use changes, 
wastewater dischirges, and other projects ~n the watershed if such · 
activities are· not planned and implemented with the surviva~ of the 
species and the protection of its habitat in mind. 

Habitat: The species is generally associated with gravel., cobtile, and 
boulder substates and has been oqserved to inhabit slow pools, riffles, 
and slow runs (Snelson 1971, Pattern and Huish 1985). In these habitats, 
the species is typically associated with.schools of other related species, 
but it is never the numerically dominant" species. Juveniles are often 
found irr slackwater, among large rock outcrops in midstream, and in 
flooded side channels and pools (Pattern and Huish 1985). 

Critical Habitat: (1) North Carolin·a, Chatham County. Approximately 
4.1 m1les of the Rocky River from North Carol ina State Highway 902 Bridge 
downstream to Chatham County Road 1010 Bridge; ( 2) .North Carolina, 

2 
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CAPE FEAR SHINER - N. mekistocholas· 6(88 

Chatham and Lee Counties. Approximately 0.5 river mile of Bear Creek, 
from Chatham County Road 2156·Bridge downstr-eam to· the Rocky River, then 
downstream in the Rocky River (approximately 4.2 river miles) to the O~~p 
River, tnen downscre=.m in the Deep Ri'te'i- (approximately,?.6 river mil~s) 
to· a point 0.3 river mile below the Moncure, North Carol1na, U.S. · 
Geological Surve·y Gaging Station; and (3) North Carolina. Randolph ~nd 
Moore Counties. Approximately 1.5 miles of Fork creek, from a. point G.l 
river mile upstream of ~andolph County Road 2873 Bridge downstream to the 
Deep River then downstream approximately 4.1 river miles of the Oeep River 
in Randolph and Moore Counti~s. ·North Carol~na, to a point 2.5 river miles 
below Moore County Road 1456 Bridge. · 

Constituent elements in.clude clean streams with gravel, cobble, and 
boulder substrates with pools, riffles, shallow runs and siacl<•Hater ar=as 
with large rack cutc:-cps and side channels and pools •,o~ith · . ..;ate: cf gee-: 
quality with relatively low silt loads. 

Feeding Habits: Plant material forms t!le primary part of ~he diet. 

Reproduction and Development: No:information is pre~ently available en 
breedlng behav1or, tecund1ty, or longevity. 

Population. Level: Total numbers are unknown, but all populations appec.r 
to be small. Surveys conducted in 1984 and 1985 yielded 101 individuals 
from the population located around the junction of the Rocky River and· 
Deep River in Chatham and Lee Counties, 1 specimen from the Rocky ·River · 
near State Highway Bridge 902 in Chatham County, and 6 specimens.fram ~he 
Deep River system in Randolph and Moore Counties. 

Management and Protection: Assuring survival of the Cape Fear shiner 
will require, at a minimum, maintaining good water quality and the nat~ral 
conditions of the remaining habitat. Providing for a higher level of 
security will necessitate determining limiting factors and reestablfshing 
additional populations into suitable waters ~ithin the historic range. 

References: 

North Carolina Department of Natural Resources and Community Development. 
1983. Status of Water Resources in the Cape Fear River Ba.sin. 135 
pp. 

Pattern, G.B., and M.T. Huish. 1985. Status survey of the Cape Fear 
shin.er (Notropis mekistocholas). U.S. Fish and Wildlife Service 
Contract No. 14-16-0009-1522. '44 pp. 

Pattern, G.B., and M.T. Huish. 1986. Supplement to the status survey of 
the Cape Fear shiner (Notropis mekistocholas). U.S. Fish and 

· Wildlife Service Contract No. 14-16-0009-1522: 11 pp. 
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CAPE FEAR SHINER - ~- mekistochola~ 6/88 

Snelson, F.F. 19n. Notropis mekistochol3.s, a ne•11 cyprinid fish 
endemic to the Cape fear River bas1 n. ·North ·Care 1 ina. Copei a 
1971:449 -462. 

..,. 

.· 

u.S. Fish and Wildlife·service. 1987. Endangered and threatened wiL~iife 
and plants; determination of endangered spe.cies status and 
designation of critical habitat for the Cape Fear shiner.· Feder~l 
Register 52(186):36034-36039. 
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NORTH CAROLINA- Critical-Habitat 

Notroois mekistocholas, "Cape Fear shiner" 

( 1) Chatham County.. Approximately 4. 1 miles of the Rocky River froii! :iorth 
Carolina State Highway 902 Bridge downstream to Chatham County Road ~010 

a ridge; 
(2) Chatham and Lee Counties. Approximately 0. 5 river oile ·of Bear 
Creek, ·from Chatham County Road 2156 Bridge downstream to the Rocky River, 
then do~stream in the Rocky River (approximately 4.2 river miles) tc the 
Deep· River, then downstream in the Deep River (approximately 2. 6 river 
miles) to a P.oint: 0. 3 river mile below the Moncure, North Carolina;. 
U.S. Geological Survey Gaging Station; and 
(3) Randolph and Moore Counties. Approxi~ately 1.5 miles of Fork C~:ek, 

·from a point O~l· river mile upstream of Randolph County Road 2873 Bri~ge 
.downstream to the Deep River then downstream approximately 4. l river ~iies 
of the Deep River in Randolph and ~oore Counties, ~orth Carolina, to a poi~c 
2.5 river_miles below H??re County Road 1456 Bridge. 

Constituent elements include clean screams with g~avel, cobble, and 
. boulder sub~trates with pools, riffles, shallow.runs and slackwater a~eas 
'tJ'ith large_ rock outcrops and side channels and pools with water of. zooa 
quality with relatively low silt: loads . 
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~~AW SIL VERSIDE 

· Menidia extensa 

Order: Mugilifor~es 

F ami 1 y: Atheri n i dae 

Status: Threatened- (Federal Register 4/8/871 · 

-RECE\VED 
MAY 1 9 \989 

7/87 
SUPERFUND BRANCH 

Ranae: Known only from Lake Waccamaw and the uppe~ Waccamaw River in 
Columbus County,· North Carolina. The sjlverside is found in the uppe~ 
Waccamaw River only during periods of high water and is not a permanen: 
resident. Lake Waccamaw (not to be confused with the town of Lake Wac::.5maw) 
is the prooerty of the State of North Carolina and is administered by ~~e 
Nor:h Carolina Department of Naturai Resources and Community Develapm~~:·s 

··-_-.·,Division 6f Parks and Recreation. 
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Oescriotion: The Waccamaw silverside, also ~nown as "s:<.ipjack" or "g:=.~s 
. m1nno_w," 1s a small (growing to about 2.5 inches), slim, almost transpcrent 

fish with a silvery stripe along each side. Its body is laterally 
compressed, the eyes are large, and the jaw is sharply anglet:i upward . 

. !.,~Reasons for Cur.rent Status: The primary threat is the deterioration of 
water qual1ty 1n Lake Waccamaw resulting from nutrient buildup. ·.~lthc-~gh 
.specific sources are currently unidentifie~, runoff and leachate from 

- surrounding development may be contributtng to the buildup. Nutrients in the 
:lake increased since 1973, and it now appears that any further increas:: could 

-tip the scales toward water quality conditions that would threaten the -
species. The existing data, as interpreted by Casterlin et al. (1986), 
indicate that phosphate concentrations and loadina rates in the lake mere 
than trfpled in the years betweeri 1973 ?nd 1981. -They further state ~~at 
"continued high rates of phosphorus input (organic pollution) will likely 
bring the lake to a hyper-eutrophic state ... by the end of the century." 
Water ·quality could also.be affect~d by habitat alteration from develooment 
and other changes in land use, both around the lake and in its watershed 
(especially Big Creek), if these activities ·are not plc3nned and implemc:nted 
with the protection of the Lake Waccamaw ecosystem in mind. 

A permit to propagate hybrid bass at several sites in the Lake Waccamaw 
·watershed has been granted by the North Carolina Wildlife Resources 

Ccmmission. Although the permit stipulates certain precautionary mecs;.;res, 
escape of non-native predators from such a project into the system COt.;'C 

upset the existing predator-prey relationships in the lake to the detriment 
of the Waccam~w silverside and other'fishes now present in the lake. 

A final factor that could threaten the Waccamaw silverside relates to jl.s 
verj short life cycle. The fish spawn when one-year~old and most die shortly 
thereafter Failure to spawn in any one year could jeopardize the species. 
Water quality problems related to nutrient loadino even on a short-term 
basis, ·could cause the extinction 8f this fish. -' 
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7/87 

·WACCAMAW SILVERSIOE M. extensa -
Habitat: Lak~ Waccamaw i-s a natural lake with an approximate surface area 
or 8,934 acres and an average depth of 7 .. 5 feet.· Although it is fed by 
acidic swamp "streams, the lake has a virtually neutral pH. This neutrc1. 
condition, unusual among North Carolina•s coastal· plain lakes, is belie•ted ;:o 
be caused by. the· buffering effect of the ca 1 careous Waccamaw Limes tone 
formation, which underlies the lake and is exposed on the north-shore. The 
Waccamaw sil~erside inhabits open water throughout the lake, where schools 
are commonly found near the surface over shallow, dark-bottomed areas. 

Critical habitat: North Carolina, Columbus County. Lake Waccamaw in its 
-ent1rety to mean high wate_r level, and Big Creek from its mouth at Lake 
Waccamaw upstream approximately 0.6 kilometers (0.4 miles) to where the creek 
is crossed by County Road 1947. 

Constituent elements include high quality clear open water, witn a·neu;:ral ~H 
and clean- sand substrate. 

Reproduction and Development: Spawning occurs from April through June, but 
reaches to peak when water temperatures are between 68 and 72F. Fully 
developed larvae form small isolated schools by early May. No parenta1 care 
of the young has been noted. The silversides reach sexual maturity by the 
following spring, spawn, and then shortly thereafter most of the adults die 
off. A few may survive a second winter. 

Population level: Estimated to be in the mill ions. 

Management _(Activities, Recommendations, Implications): The taking of 
s11vers1des for. fish bait or for scientific purposes is not considered a 
threat to the species. These activities may continue in accordance wi<:h 
State regulations. Activities which coul·d affect water and substrate quality 
by increasing siltation and/or nutrient loading, or by alterir.9 temperature 
or pH, will require monitoring and control as necessary and feasible. Some 
of the activities that could prove detrimental include indiscriminate 
logging, land use changes, stream alteration such as channelization or 
impoundment, bridge and road construction, improper pesticide/herbicide 

. application, and point and nonpoint pollution discharge. 

References: 

Casterlin, M.E., W.W. Reynolds, O.G. Lindquist, and C.G. ·Yarbrough. 1986 . 
Algal and Physicochemical Indicators of Eutrophication in a L~ke Harboring 
Endemic Species: Lake Waccamaw, North Carol ina. Journal· of ·the Elisha 
Mitchell Scientific Society 100(3).:83-103. 

Davis, J.R. and O.E. Louder·. 1969. Life History of Menid1a extensa . 
. Transactions of the American Fisheries Society 98(3):466-472. 
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NORTH CAROLINA - Critical Habitat 

Menidia ext en sa·, ''Waccama~l~rside" 

Columbus County~ Lake Waccamaw in its entirety to mean high water level, 
and Big Creek from its mouth at Lake Waccamaw upstream approximately 0.6 . . 
~ilometer (0.4 mile) to where the creek is crossed by County Road 1947. 

Constituent elements include high quality clear open water, ~ith a .neutral 
pH and clean sand substrate. 
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CritiCal Habitat 

_!:!yl::opsis rronacha, "5f0tfin chub 11 

t-~con and Swain Cou.Dties. :.ittle Te..>lnessee ·River, r.ain channel ==an 
:::he backwaters of Fontana Lake upstiea11r to the l'brt.l-t carolirU=.-<.:;eo.::-s;ia 
state line. 
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NORTH CAROLINA- Cri~i~al· Habitat 

Hudsonia montana, "r.lounr.ain gold·en heather" 

Burke County.: The area bourded by the following: on ·the west by the 
2200' con~:our; on the east by the· Linville Gorge Wilderness. Bourdary 
north from. the intersection of the 2200' contour ancf ·the Shortoff Mountain 
Trai1 to where it 1 ntersects the 3400' contour at "The Chimneys "--then 
follow the 3400' contour north until it reintersects the· Wilderness 
Bourdary--then follow.the Wilderness Boundary again northward until it 

. intersects the 3200' contour extending west from its intersection with 
.the Wilderness Bourdary until it begins to turn south--at this point the 
Boundary exterds due east until it intersects the 2200' contour. 
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Southern Wood Piedmont Compa~y:. 
Al{c:pq{~$;(, 7 t[l. 7 
:: ,··. y!:Jh_:Ur,s~ 
. : ._%- .· /?~:. 
.)~ .. -

January 22, 1992 

North Carolina DEHNR· 
Solid & Hazardous Waste 
Box 2091 

Management· 

Raleigh, NC 27602 

Attn: Mr. Doug Holyfield 

Dear Mr. Holyfield: 

.. _,:. ·, 

Rl= Cf.Nff} _:.j;?'t!. . 

~M~? 9 \¥J~ 
UAZARP'IW WMli. Si.~lON.: . 

The information enclosed consists of the follow~ng analytical 
reports from SWP, Wilmington: 

1. Landfarm Areas #1 and #2 
2. Cape Fear River Samples 
3. On Site Monitoring Wells 

I If you have any questions after your review feel·free to contact 
me at (803) 599-1082. .. 

I ~per.ely/; J ( . 

0/1l-ita · , va_rA/UJ 
' . I Sandra B. Watson · 
• Environmental Chemist . 

I 
I 
I 
I 
le 

·I 

5383bw .. 

CC: T. M. Davis 



I 

I 
James W. Andrews, Ph.D. 
Presidmt 

Janette Davis Long 
Vi~ President 

SAVANNAH LABORATORIES . 
AND ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue (31404) 
P. 0. Box 13548 • Savannah, GA 31416-0548 

(912) 354-7858 le 
I ~~~~UW![® Re:::v::: S0-03604 

01 FEB 90 
FEB 2 6 1990 

I· 
I 

Ms. Sandra Watson ENVIRONMENTAL AFFAIHS 
Southern Wood Piedmont (WI) 
P.O. Box 5477, l-85 and Sigsbee Rd. 
Spartanburg, SC 29304 

CC: Steve Blevins Project: Cape Fear River 

I 
REPORT OF RESULTS 

I LOG NO SM1PLE DESCRIPTION , LIQUID SAMPLES 

I 
03604-1 I 36 State Ports Authority ("A" I 8588) 
03604-2 I 37 Greenfield Creek ("B" I 8589) 
03604-3 I 38 SWP Old Slip ("C" I 8590) 
03604-4 I 39 US I 74 New Bridge ("D" 8591) 

:: ~~~~~~~::i~~;~:~:~~~~~~~~-~~~~~~~~~~-~~~~~~~~::-~:~~~~~~:: 
Phenol, mg/1 ND ND 

1
1 2,4-Dlmethylphenol, mg/1 ND ND 

Trichlorophenols, mg/1 ND ND 
p-Chlo?o-m-cresol, mg/1 ND ND 
Tetrachlorophenols, mg/1 ND ND 

I 2, 4-Dinitrophenol, mg/1 ··- ND ND 
Pentachlorophenol, mg/1 ND ND· 
Naphthalene, mg/1 ND ND 

I Acenaphthene, mg/1 ND ND 
Acenaphthy lene, mg/1 ND ND 
Phenanthrene, mg/1 ND ND _.

1 
·Anthracene, mgll ND ND 
Fluoranthene, mg/1 ND ND 
Chrysene, mg/1 ND ND 
Benzo(a)Anthracene, mg/1 ND ND 

I Benzo ( lJ, k) fluo ran thene, mg /1 ND ND 
Benzo(a)pyrene; mg/1 ND ND 
Indeno(l,2,3-cd)pyrene, mg/1 ND ND 

I Dibenzo{a,h)anthracene, mg/1 ND ND 
Carbazole, mg/1 ND ND 
Dilution factor 1 ·1 

I -------~----------------------· 
I 

Page 1 · 

SAMPLED BY 

Client 

----------------------
03604-3 03604-4 

---------- ----------
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND flD 

1 1 

---------- --------T-
' 



·I 
I 

James W. Andrews, Ph.D. 
President 

Janette Davis Long 
Vice-President 

SAVANNAH LABORATORIES . 
AND ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue (31404) 

~-· 
I 

P. 0. Box 13548 • Savannah, GA 31416-0548 
(912) 354-7858 

~~~~uw~mt::: 
FEB 2 6 1990 

I 
I 

Ms. Sand~a Watson 
Southern Wood Piedmont (WI) 
P.O. Box 5477, I-85 and Sigsbee Rd. 
Spartanburg, SC 29304 

S0-03604 

01 FEB 90 

CC: Steve Blevins 

I 
Project: Cape Fear River 

REPORT OF RESULTS Page 2 

I LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES SAMPLED BY 

1
03604-1 I 36 State Ports Authnrlty ("A" I 8588) 
03604~2 I 37 Greenfield Creek ("B" I 8589) 
03604-3 I 38 SWP Old Slip ("C" I 8590) 

Client 

I ;~~~~ ~ ~- ~ ~ ~~~~~ ~~ ~ ~ ~ ~ ~~~~ ~~~~~~~ ~ ~~ ~-~~~~~~~~=~-~~~~~~~~=~ . ~~~~~~~~=~ -~~~~~ ~~~=~-
I Arsenic, mg/1 ND ND ND ND 

Chromium, mg/ 1 ND ND ND ND 
Copper, mg/ 1 ND ND ND ND 

.II -----------------------------

.1 

I 
I 
le 
I 



S L. SAVANNAH LABORATORIES. I & ENVIRONMENTAL SERVICES, INC. 

~~~tUW~@ 
AUG 2 7 1990 : 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

1 e ENVIRONMENTAL AFFAIRS 

I 
.I 

I 

Ms. Sandra Watson 
Southern Wood Piedmont (WI) 
P.O. Box 5477, I-85 and Sigsbee Rd. 
Spartanburg, SC 29304 

I 
I 

REPORT OF RESULTS 

LOG NO 

09218-1 
09218-2 

I 
09218-3 
09218-4 

SAMPLE DESCRIPTION , LIQUID SAMPLES 

#40 State Port Authority ("A" 8817) 
#41 Greenfield Creek ("B" 8818) 
#42 SWP Old Slip ("C" 8819) 
#43 US #74 New Bridge ("D" 8820) 

PARAMETER 

I~;;~-~~~~~~~-~;;~~-----------
09218-1 

. 'It-Chlorophenol, rng/1 

I Phenol, rng/1 
2,4-Dimethylphenol, rng/1 

I 
I 
I 
I 
I 
I 

Trichlorophenols, rng/1 
p-Chloro-rn-cresol, mg/1 
Tetrachlorophenols, rng/1 
2,4-Dinitrophenol, rng/1 
Pentachlorophenol, rng/1 
Naphthalene, mg/1 
Acenaphthene, mg/1 
Ace~apht~ylene, mg/1 
Phenanthrene, mg/1 
Anthracene, mg/1 
Fluoranthene, mg/1 
Chrysene, mg/1 
Benzo(a)Anthracene, mg/1 

· Benzo(b,k)fluoranthene, mg/1 
Benzo(a)pyrene, mg/1 
Indeno(1,2,3-cd)pyrene, mg/1 
Dibenzo(a,h)anthracene, mg/1. 
Carbazole; mg/1 
Dilution factor 

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

1 

LOG NO: S0-09218 

Received: 01 AUG .90 

CC: Steve Blevins 

Page 1 

SAMPLED BY 

Client 

09218-2 09218-3 09218-4 

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

· ND ND ND 
1 1 1 

le 
I Laboratory locations In Savannah, GA • Mobile, AL • Tallahassee, FL • Deerfield Beach, FL 

. ' . • .. 



I s L SAVANNAH LABORATORIES. ~~~&;uw~® 
AUG 2 7 1990 I & ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354·7858 • Fax (912) 352..0165 . 

ENVIRONMENTAL AFFAIRS 1e 
I 
I 
I 

Ms. Sandra Watson 
Southern Wood Piedmont (WI) 
P.O. Box 5477, I-85 and Sigsbee Rd. 
Spartanburg, SC 29304 

REPORT OF RESULTS 

I LOG NO 
-----------
09218-1 

1.09218-2 
09218-3 
09218-4 

I -----------
PARAMETER 

SAMPLE DESCRIPTION LIQUID SAMPLES 

#40 State Port Authority ("A" 8817) 
#41 Greenfield Creek ("B" 8818) 
#42 SWP Old Slip ("C" 8819) 
#43 US #74 New Bridge ("D" 8820) 

09218-1 

---------- ----------
I Arsenic, mg/1 

Chromium, mg/1 

II 41t:~~~:-~~~~---C ____________ _ 
NO 
NO 

I 
I 

----------
NO 

----------

LOG NOs S0-09218 

R~ceived: 01 AUG 90 

CC: Steve Blevins 

Page 2 

SAMPLED BY 

Client 

·09218-2 09218-3 09218-4 

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

0.046 0.011 NO 
0.052 ND NO 

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

I 
I 
I 
I 
le 
I Laboratory locations In Savannah, GA • Mobile, AL • Tallahassee, FL • Deerfield Beach, FL 

... 



.. 

I s L SAVANNAH LABORATORIES. 

~~{~V- ··.-.. ~!0 

AUG 2 7 1990 

I 
& ENVIRONMENTAL SERVICES, INC. . 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354·7858 • Fax (91~i~~~cHtMEfff,"..L AffAI~S 

le 
I 
I 
I 
I LOG NO 

Ms. Sandra Watson 
Southern Wood Piedmont (WI) 

·P.O. Box 5477, I-85 and Sigsbee Rd. 
Spartanburg, SC 29304 

REPORT OF RESULTS 

SAMPLE DESCRIPTION REPORT FOR LIQUID SAMPLES 

LOG NO: S0-09218 

Received: 01 AUG 90 

CCs Steve Blevins 

Page 3 

SAMPLED BY 

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

I 
09218-5 
09218-6 
09218-7 

Detection Limits 
Accuracy (Mean % Recovery) 
Precision (% RPD) 

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

I PARAMETER 

· KOOl (Method 8270) 

I 
2-Chloropheno1, mg/1 

· Phenol, mg{l 
-.4-Dimethylphenol, mg/1 

Trich1oropheno1s, mg/1 II p-Chloro-m-creso1, mg{l 
Tetrachloropheno1s, mg/1 
2,4-Dinitrophenol, mg/1 

I Pentachlorophenol, mg/1 
Naphthalene, mg{l 
Acenaphthene, .mg/1 

I Acenaphthylene, mg{l 
Phenanthrene, mg/1 
Anthracene, mg/1 

I 
Fluoranthene, mg{l 
Chrysene, mg{l 
Benzo(a)Anthracene, mg/1 
Benzo(b,k)fluoranthene~ mg/1 

I Benzo(a)pyrene, mg/1 
Indeno(1,2,3-cd)pyrene, mg/1 
Dibenzo(a,h)anthracene, mg/1 

I Carbazole, mg/1 
Arsenic, mg/1 
Chromium, mg/1 

09218-5 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.050 
0.050 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 

Client 

09218-6 09218-7 

87 % 
44 % 
75 % 
97 % 
74 % 
91 % 
86 % 
78 % 
65 % 
93 % 
75 % 
98 % 
87 % 

112 % 
103 % 
io2 % 
118 % 
126 % 
133 % 
136 % 
112 % 

88 % 
86 % 

5.8 % 
2.3 % 

15 % 
0 % 

9.5 % 
14 % 

8.2 % 
23 % 

6.2 % 
12 % 
15 % 

2.0 % 
0 % 

6.3 % 
4.9 % 

15 % 
19 % 
19 % 

·25 z 
27 % 
30 % 

0 % 
4.7 % 

I 
1e 
I Laboratory locarlons In Savannah, GA • Mobile, AL • Tallahassee, FL • Deerfield Beach, FL 



' 

I s. L SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

: ~102 LaRoclle Avenue • Savannah, GA 31404' (~~~fii\YJ~@ 352{)165 

JAN 1 7 1992 
LOG NO: S1-38049 

I Ms. Sandra Watson ' 

southern wood Piedmont. (WI) ENVIRONMENTAL AFFAmS 
P.O. Box 5477, I-85 and Sigsbee Rd. 

I 
I 
I 
I 

LOG NO 

38049-1 
38049-2 
38049-3 
38049-4 

Sp~rtanburg, SC 29304 

REPORT OF RESULTS 

SAMPLE DESCRIPTION , LIQUID SAMPLES 

#44 State Port (# 9151) 
#45 Greenfield Creek (# 9192) 
#46 SWP Old Slip (# 9193) 
#47 US 74 New Bridge (# 9194) 

Received: 19 DEC 91 

Project: Wilmington, NC 
Sampled By: Client 

DATE SAMPLED 

12-17-91 
12-17-91 
12-17-91 
12-17-91 

Page 1 

I PARAMETER 38049-1 38049-2 38049-3 38049-4 

K001 (Method 8270) 
II 2-Chlorophenol, mg/1 ND ND ND ND 

Phenol, mg/1 ND ND ND ND e 2,4-Dimethylphenol, mg/1 ND ND ND ND II Trichlorophenols, mg/1 ND ND ND ND 
p-Chloro-m-cresol, mg/1. ND ND ND ND 
Tetrachlorophenols, mg/1 ND ND ND ND 

I 
2,4-Dinitrophenol, mg/1 ND ND ND ND 
Pentachlorophenol, mg/1 ND ND ND ND 

Naphthalene, mg/1 · ND ND ND ND 
Acenaphthene, mg/1 ND ND ND ND 

I Acenaphthylene, mg/1 ND ND ND ND 

Phenanthrene, mg/1 ND ND ND ND 
Anthracene, mg/1 ND ND ND ND 

I 
Fluoranthene, mg/1 ND ND ND ND 
Chrysene, mg/1 ND ND ND ND 
Benzo(a)Anthracene, mg/1 ND ND ND ND 

: Benzo(b,k)fluoranthene, mg/1 ND ND ND ND 

I Benzo(a)pyrene, mg/1 ND ND ND NO 
Indeno(1,2,3-cd)pyrene, mg/1 ND ND ND ND 
Dibenzo(a,h)anthracene, mg/1· ND ND ND ND 

I Carbazole, mg/1 ND ND ND ND 
Dilution factor 1 1 1 1 

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

I 
I , 

Laboratory locations In Savannah, ·GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 

. \ 



I 9· -L SAVANNAH LABORATORIE$_ 
& ENVIRONMENTAL SERVICES, INC. 

I
I ~02 LaRoche Avenue • Savannah, GA 31404 • (912) ;~~fili\Yil§:~1-65 

u) Received: 19 DEC 91 

LOG NO: S1-38049 

Ms. Sandra Watson JAN 1 7 1992. 

I Southern Wood Piedmont (WI) 
P.O. Box 5477, I-85 and Sigsbee 
Spartanburg, SC 29304 RtNVIRONMENTAL AHAIHS 

I 
I REPORT OF RESULTS 

LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES 

I -----------
38049-1 #44 State Port (# 9151) 

I 
38049-2 
38049-3 
38049-4 

#45 Greenfield Cre_ek (# 91_92) 
#46 SWP Old Slip (# 9193) 
#47 US 74 New Bridge (# 9194) 

.PARAMETER 

II -----------------------------
Arsenic, mg/1 
Chromium, mg/1 I Copper, mg/1 • - - - --- -- -.- -- ----.--- -------- -. 

I 
.I 
I 
I 
-I 

I 
I 

38049-1 

----------
NO 

NO 

ND 

----------

38049~2 

----------
NO 

NO 

NO 

----------

Project: Wilmington, NC 
Sampled By: _Client 

Page2 

DATE SAMPLED 

12-17-91 
12-17-91 
12-17-91 
12-17-91 

38049-3 

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

----------

38049-4 

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

----------

le 
I Laboratory locations In Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



I ~ 

: r~:.:..·.;_: :~ . ~ ··;. 

\:J~t~~~~~~ 

1. 

12. 
J . 
l , 

5. 

7C? 

.003 

.002 

.C02 
• .001 
• . 001 

?C? 

.003 
.C02 
.003 
.001 

RESULTS ! N ?PM 

Haot:ha 1 ene 

o. " .001 
•. 001 

.001 

• . QOJ 
• . 001 
• .001 
• . 001 
•. CO l 
•. 001 

J. naicltes 1 ~ss ':.'lan 

11. 

~ : 
~ . 

5. 
6 . 

Desc:-i o'ti on 
R . ~. ur 1age west of town 
S.~.P. Cape F ~ar ~iver 
Stat ~ Po r 't ,l.uthority Cape Fear ~1ver 
U.S. Highway 64 br idge Cape Fear ~iver 
C1ty POT• out:fa11 Cape Fear ~1ver 
Cedar C~K down stre4m of ditch 

Phenanw'lr!'ne 

:;::o 

< 
m 
:;::o 

• . 001 
·. 001 
•. 001 
·. 001 
· .001 
• .001 
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le 
I 

Ref. 50 

PHASE II GROUNDWATER QUALITY ASSESSMENT 

WILMINGTON, NORTH CAROLINA FACILITY 

Prepared For 

Southern Wood Piedmont Company 
Spartanburg, South Carolina 

Prepared By The 

---~--' ~ ..=r_,.-~~ 
----~ .. .-... ... --=:.. ..... ""-" -.. 
--:...~ == ~ HAY1994 

==, -~_. ViroGroup Hvffft~'rnoM 
Air•Water•Soil 
TECHNOLOGY 

· ETE Division 



I 
I 
Itt 
I 
I 
I 
I 
I 
I 

LIST OF ATTACHMENTS 

A TTACIIMENTS 

A"ITACHMENT A- Well Abandonment Records 

ATTACHMENT B- Boring and Construction Logs 

Well Log Database Table 
Boring Logs 

ATTACHMENT C- Wetland Well Installation Authorization Letters 

ATTACHMENT D - Recovery Tests Summary and Graphs 

Hydraulic Conductivity and Seepage Velocity Summary Table 
Slug Test Methods and Assumptions 
Slug Test Data Plots and Calculations 

I ATTACHMENT E - Soil Sample Laboratory Summary and Results 

e 
I 

. Site-Specific Soil Sample List 
Soil Sample Summary Table 
Soil Sample Parameters Summary Tables 
Soil Sample Collection Summary Sheets 
Soil Sample Laboratory Results and Chain-of-Custody I 

I 
ATTACHMENT F- Ground Water Sample Laboratory Summary and Results 

I 
I 
I 
I 
le 
I· 

Site-Specific Ground Water Sample List 
Ground Water Sample Summary Table 
Ground Water Sample Parameters Summary Tables 
Ground Water Sample Collection Summary Sheets 
Ground Water Sample Laboratory Results and Chain-of-Custody 



.~l-.:i.ACHMENT E 

e e e --------- ----- -- ----



I C E R T IF I CAT E 0 F A.N A LYSIS 

Ill ,,,,,,, ,,,,,,,, 
I ITAGE LABORATORIES, INC. 
n 2 POMPANO ST. ·· 
:lfiljTTE, NC 28216 
( 93-1853 

I 
I 

I 

I 
le 
I 

Report To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE ID: SS-1 
LOG # :· 10782 

Received 

11-0EC-92 
Complete 

04-JAN-93 
Printed 

05-JAN-93 

Bill To 

·SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

· Sample Description 

,~~&:llWlf@ 
JAN 0 6 ·1993 . . 

Project I Lab 10 

2024 B118583 
PO Number 

530-06-501 
Sampled 

09-0EC-92 14:00 

. ENVfRONMENTAL ·AFfAii<S 
Page 1 (continued on next page) 



~TAGE LABORATORIES, INC. 

a7ysis perfo 

.~EN.AT~P-/'AN.p.:UAROM.ATIC{YPL.~Tl~~··.QRGANICS' BY GC/PID/ELCD ··sw846~802I· ·.: 
ly"sf;". ~}:)JI~TERS\:'::0':·: :,\·i\••,.Aii~l.ysis:::oate:···l6~DEC.:.gz, . ;'lnstrumeii"t:\GC/PID 'ELCD · · :, · .•. '. 

Result 
BDL 

•• sou:::.:::.::• 
BDL 

· BDL··:·· 
BDL 
BDL.:: 
BDL 

... 0~024 ·:: ... 
BDL 
sot-···. 
BDL 

. . . . ·· .. BDL::···· 
BDL 

·-:-:-:·:·:·:·:·:-:.,.::.:-:-:.;_· .:::::::::: •• :.• ·.-s [j L:/:}:.::< •. ::::;:_:: . .:::: :::.:: .·.· . : . 
BDL 

::80[.::. 
BDL · 

:::BDL::::•::;:::-::: .. 
BDL 

.-- .... :::· .. :.: ... :- : .:·. . :o .. ~·oo_·z_-~:::::::::~::::: ..... < .. -.. · 

BDL 
.-: __ ._._:_..... ·• ·:sm::::.<_: •....• 

BDL ·· ·soL·::.-._:.-: 
0.002 
o•:oo1 . 
BDL 

... BDL. 
BDL 

·• ... BDL· 

MS>SONlCATI()N•. EXTRACTION ·fOR ORGANICS ·SW846;,;3550 ·: .. 
al"ys't; s.".,\oiiLUAMs: . . .·'Analysis Date:: 11'-DEC-92 . · · ., , 

Parameter 

I TIAL WEIGHT OR VOLUME 
~AL VOLUME ·. .·· .. 

30.00 
1.0 

Result 

W'tl.+.VOLATlLLORGANICS :'(BA.S.E/NEUTRAL/ACID ·FRACTIONS) -:SW846-8270 
.alysJ: R:':''~-OBERTS :·. <<;': , i·A~~lys)s Date: 2B-:DEC-92 ··._Instrument: GC/MS svqA .. 

Prep:' GC/MSfSONICATION EXTRACTION:fOR ORGANICS SIJ846-3550 P236. 4. 0 . .. . . 

I EN,A.PHTHENE . 
THI{ACENE . · ... 

INZ(A)ANTHRACENE . 
(A) PYRENE . ~(B)FLUORANTHENE 

BENZO K FLUORANTHENE 

Parameter 
0.51 
BDL· 
1.1 
0:42 
BDL 
1.5 

Result 

ID: B118583 

.. -.::> ·-·· -:---· 

':···.Te-~t: .•64si ;:1.:·6 :._\·• 

Det. Limit ·units 
Grams 
ml 

.-.·.·· ··.·· 

< .·_.··}~~1:·~: :~~~·~':j~ 6:/: 

Det. limit Units 
0.33 mg/kg 

. 0.33 rilg/kg.::. _ _:: 
0.33 mg/kg 

· 0.33 mg/kg: . .- : 
0.33 mg/kg . 
0.33 in k :: 

I Page 2 {con~inued on next page) 



~ITAGE LABORATORIES, INC. 

Sample CoTIIllents 
~L Below Detection Limit 

lmp7e chain of custody number16791. 

l is Certificate sha77 not be reproduced, except in fu77, 
thout the written approval of the Jab. 

I 
I 
I 
I· 
I 
le 

lab Sample ID: 8118583 

Page 3 (last page) 



I C E R T I F I C A T E 0 F A N A L Y S I S 
. 

Service Location 
I ITAGE LABORATORIES, INC. 
H32 POMPANO ST. 
~TTE, NC 28216 

93-1853 

I 

I 

F 

I 
le 
·I 

Report To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE IO: SS-2 
LOG #: Hl783 

Received 

11-DEC-92 
Complete 

04-JAN-93 
Printed 

05-JAN-93 

Bi 11 To 

SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

Sample Description 

Project I Lab ID 
2024 B118584 

PO Number 

530-06-501 
· Sampled 

09-DEC-92 14:45 

Page 1 {continued on next page) 



3 point 

~~~~~I~~.~E··. .. . 
'Parameter 

BENZ(A)ANTHRACENE 

-~~ ~~~~~~Nn1ENt 
BENZO K FLUORANTHENE. 

I 

30.00 
· · LO .. 

BDL 
BDL :· 
0.54 
BDL·. 
0.75 
BDL · · 

Result 

Page 

Det. Limit Units 
0. 005 mg/k9 ....... . 

<·0~005 mg/k~(::::.::::. 
0. 005 mg/kg 

: .. : :o .·oos.: ··mg/kg:::::::::}:'·:::::: 
o.pos mg/~9 .......... . 

· 0 ~ 005 mg/k~fi:::::.: :::: 
0.001 mg/kg 

·· o ;·oo1 ::: . mg/k~f:::::::::::::::::·::::· 
0 ~091 mg/~9 ........... . 

· · 0:001 :mg/K~r;::::::::::::::·:·::::;: 

0 .. 001. mg/~9 .............. · . 
. 0 • 0 0 1 .. ·mg/ kg::::::.:::::::··:-::·:: 
0. 00~. mg/k9 ...... . 

· o. oo1. ·mg/k~n.:::::::::::::·:: 

. 0~001.: .mg/k.~t::::::.::::::·:··::: 
o. 001. mg/kg ................... . 

. 0 ~ 001 . mg/k9....... . 
. :. o ~·oo1 .. : mg/k~r::::::::·::: :·:: 

0.001 mg/kg 
:o·~ oor: . rrig/k~:r::·:::::::>::::::::: 
0~001 mg/k9 ........ . 

··: 0·~ 001·· .mg/kg:;:::::::.:>·: :·: 
0.001 mg/kg 

.. ·o; 001. ·mg/k~f::::;::_:.:::::::: 
0.001. mg/kg. 

. ... 0.001:· ing/kg:::::::·: 
0.001 mg/kg 
0. 005 trig/kg:::·::.:::.· .. 

. p. 00.1 mg/k~ .· .. 
··.· ·. 0;005·· m k :::>: : .·· 

Units 
Grams 

·ml .. _..: 

Det. Limit Units 
0.33 mg/kg .. 

· 0~33.: mg/kg::: .. 
0.33 mg/kg 
o.-33: mg/kg::::::. 
0.33 mg/~g 
0.33 m · k. ::·. 

2 (continued on next,page) 



~~TAGE LABORATORIEs,· INC. 

Sample Conrnents 

I Below Detection Limit · 

> ple chain of custody number 16791. 

I s Certificate shall not be reproduced, except in full, 
hout the written approval of the lab. 

I 
I 
I 
I 
I 
le 
llality Assurance Officer: 

Lab Sample 10: 8118584 

Page 3 (last page) 



I C E R T I F I C A T E 0 F A N A L Y S I S 

~ Service Location 
ITAGE LABORATORIES, INC. 

1132 POMPANO ST. 
JIPIIiTTE, NC 28216 

93-1853 

I 
I 

I 

I 
1e 
I 

Report To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE 10: SS-3 
LOG #: H1784 

Received 

11-DEC-92 
Complete 

04-JAN-93 
Printed 

05-JAN-93 

Bi 11 To 

SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

Sample Description · 

Project I Lab 10 
2024 Bl18585 

PO Number 
530-06-501 

Sampled 

09-DEC-92 15:15 

Page 1 (continued on next page) 



JllTAGE LABORATORIES, INC. 

10RGANI .. (BASE/NEUTRAL/ACID· . IONS) SW846 210··· 
Rrs:;:: . :::•r::.Arl"alF!S''oate:':•2a-oEc-'92 <:Instr.l.lment: Gc!Hs svoA: . : ·. 
cAtlON ExrRkrro ·:foR 'oRGANics ·s\./a4s~35so· P23s;·4 ;o · ... :, .:,< .. 

Parameter 
ENAPHTHENE 

I HRACENL· : > · 

Z (A) f\NTHHAC~~.E 
ZQ(A) PYR~NE:··.-.-:·.··.-

3ENZO(B)FLUORANTHENE 

~~~~r6~~~~~~~~~~~E:R . 
:ARBAZOLE · . 

I 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL.: 
BDL 
BDL·· 

Result 

Page . 2 



ITAGE LABORATORIE.S,. INC. 

Sample Corrments 

lDL Below Detection Limit . 

;II,.. chain pf custody number 16791. 

-~s Certificate shall not be reproduced, 
' hout the written approval of the lab. 

I 
I 
I 
I 
I 
I 
le 

except in fu71, 

.lal ity Assurance Officer: ~1.d•YYlA.AJAA ()1)6 ~YYYd<'-'r1 

Lab Sample ID: 8118585 

. Page 3 (last page} 



I C E R T I F I CAT E 0 F A.N A L Y S I S 
. lit Service Location 
I ITAGE LABORATORIES, INC. 
H32 POMPANO ST. 
~TTE, NC 28216 

93-1853 

I 

I 

I 
le 
I 

Report To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447· 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE IQ: SS-4 
LOG #: 10785 

Received 

11-0EC-92 
Complete 

04-JAN-93 
Printed 

05-JAN-93 

Bill To 

SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

Sample Description 

. Project I Lab ID 
2024 8118586 

PO Number 

530-06-501 
Sampled 

09-DEC-92 16:00 

Page 1 (continued on next page) 



IIITAGE LABORATORIES, INC. 

EUT~AL/ACID FRACTIONS) ·sWB46-8270 
,,,,,,.,::'<>,':'::,,,,,,,,,.:,:1\na · .. s. Date: ·::28-DEC-92. ·Instrument: GC/HS SVOA :· 

· · Ii:S·sWs4s::3sso P23s;4.o . ''· 

\ PHTHENE 

'IHR 
.. A. ·c· .ENE ... : ... :.:· ... ··. . ·. · . 

. ::·:-·:._._. . ._-:-:::. . . . . . .. ·:. 

Z(A)ANTHRA~ENE . 
zo·(A) PYRENL->:::\::.·· . . . . . . . .....•...•••..• 

!ENZO(B)FLUORANTHENE 

•-~~r6~~~~~~~~~~w~::R· · 
:ARBAZOLE · ::: · .. · ·. 

I 

. - .. ·: .. .. -.· ... 

. . 
.. 

0.59 
BDL·: · 
1.1 
2.o· 
BDL 
4.9 : .. 
BDL 

age 

Lab Sample ID: 8118586 

2 



IITAGE LABORATORIES,. INC. 

Sample Comnents 11 Below Detection Limit , 

i 4lf chain of custody nUmber 16791. 

I s Certificate shall not be reproduced, 
hout the written approval of the lab. 

I 
I 
I 
I 
I 
I 
le 

except in full, 

Lab Sample ID: 8118586 

Page 3 {last page) 



I C E R T I F I C A T E 0 F A H A L Y S I S 

l!l ,,,,,,, ,,,,,,,, 
I ITAGE LABORATORIES, INC. 
l 2 POMPANO ST. 
:lfiliTTE, NC 28216 
( 93-1853 

I 
I 

I 

: PER 

Report To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE ID: SS-5 
LOG #: 10786 

Parameter 

Parameter 
[ TIAL WEIGHT OR VOLUME 
::INAL\WtiGHt:::::t)it:::vckOME·: .. · . 

ENIC 

I 
le 
I 

Parameter 

Received 

11-DEC-92 
Complete 

04-JAN-93 
Printed 

05-JAN-93 

Bill To 

SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

Sample Description 

2.4 

2.14 
so·: ::··· 

Result 

Result 

Project I ·Lab ID 

2024 B118587 
PO Number 

530-06-501 
Sampled 

09-DEC-92 17:30 

Det. Limit Units 
Grams 

:fu[?:::::::·:::::·:::::::::::::::::: 

Page 1 (continued on next page} 



3. 
point MSA 

GENJ\TED_•.AND 'AROMf.\T!C':VOLATILE:'ORGANICS 'BY GC/PID.·E[CD. \SW846~8021 
A. yst: ·Pt)iiintRs::: :'::ti/:'f'/'i:{,,.·An.alysi s •.oate: 16-DEC~92 :::Instrument :':GciPio·nco ·,, : ·.' ··. :'· ,, ·. _: 

Parameter 

!ITIAL WE I G~T OR VOLUME 
- AL VOLUME . ·. · · · 

Result 
SOL 

.::: •. •·sor:::::••:::.::::• ...•... 
SOL . 

·-:·. ••sou•:••::••.> ........ :-•• :.:::::.····· 
SOL 

. SOL••>:·•.:. 
SOL 
o.-ort .. ·:· 
SOL 
SOL:::::::-·.-· 

SOL 
··sov.::.:x::::: ••.•• • ...... · ·· 
SOL 

.... .-sou::.::::.••:•<···.: ••• •.::::•::.:.·:....... ·· ·· 
SOL 

•·:: ·SOL/::·•::•:· · 
BDL 

............................... ·::•so c.·:.::::::::::•:•: •••. :.::•.::::;:::•:::\>: -·:· .· .• •.:::• .• ::. 

BDL 
•· o ~· o·o r.:••:••: •• -:••.:: · . · · · 
BOL 

··:: ·SOL• .. ::•:··:::-•·:•·::. 
SOL 

·· ··. ··soc?:•:::. •• :-•.;•.•.• · · 
0.001 

·soL•o· 
BOL 
·soc: 
SOL 
SOL· 

30.00 
1.0. 

Result · 

.... _;:< 

Oet. Limit 

. ·=·:=. . . . ·· ·:.· s~I :;;;Y_O..~J\_.T_ .• I LE'\9R~A~I~s.: (BASE/t4EUTRAL/ACID FRACTIONS) sws467B.27o · 
lyst:· R> ROBERTS : .·>: A11alysis Date·: ·16-DEC-92 Instrument: GC/HS SVOA 

1 

re.p: :GC/MS'SONiCATION ·EXtRACTION FOR ORGANICS S\.1846~3S50 P236.4.0: ·. ·.', .·.. . ' I 
----~------~------------------------r---~~~-------.----~~----~--~ ' 

I NAPHTHENE 
HRACENE . 

JENZ(A)ANTHRACENE 

~·~~ ~~~6~!NiHENE. 
JENZO K FLUORANTHENE' 

I 

Parameter 
4.4 
* 45·· . 
5.8 
3; 1 .•.. 
BOL 
3.8 

Result 

Page 

Det. Limit Units ' 
0.33 mg/k9. 
··3.3 mg/k~j:•: 
0.33 mg/kg 
CL 33 mg/k~r.>· 
0.33 mg/kg. 

· 0.33 m k .. ·::::. 
2 (continued on next page) 



~TAGE lABO!lft.TORlES, INC. 

See Note for Parameter· 
Below Detection Limit 

Slrple chain of custody number 16791. 

Sample Comments 

r~·s Certificate shall not be reproduced, except in full, 
.o1 hout the written approval of the Jab. 

I 
·I 
I 
I 
le 

lab Sample ID: 8118587 

Page 3 (last page} 



I C E R T I F I t A T E 0 F A H A l Y S I S 

Service Location 

1 ITAGE LABORATORIES, INC. 
4132 POMPANO ST. 
~TTE; NC 28216 

93-1853 

I 

I 

le 
I 

Report ·To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT . 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE W: SS-6 
LOG #: 10787 

Received 

11-DEC-92 
Complete 

04-JAN-93 
Printed 

05-JAN-93 

Bill To 

SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

Sample Description 

SW846-3050'Pl30.7.0 

ProJect I Lab ID 
2024 B118588 

PO Number 

530-06-501 
Sampled 

09-DEC-92 18:15 

Page 1 (continued on next page) 



JIITAGE LABORATORIES, INC. 

30.00 
.. ··: L·a: · 

Anal yst':';:'R;• ·Rae tins' · :·:\ •'>:=::::. •AnalYst s'' oatet:·ts-oEc::.gz =· Instrunierit: GC/HS svoA·.= · · 
.. ··:SCJN. liON'. .. . . . 0RGANICS'SIJ846-:3550 P236:4.0 · ::. .· = 

NAPHTHENE 

~~~~r~~~HR~CENE 
. ZOO\) PYRENE:·•:: .... • 

(B)FLUORANTHENE 
k) FtUbRANTHENE•:•• .. <.·:.\ 

ETHYL) ETHER 

2.9 
~ 36. 
* 7.4 r.9 .. · 
BDL 
3. 6 . 
BDL 

Result 

Page 

Lab Sample ID: 8118588 



JllTAGE LABORATORIES, INC. 

~ ~ee Note for Parameter tl See Note for Parameter 
1 Below Detection Limit· 

Sample Conments 

)lpJe chain of custody number 16791. 

r s Certificate shall not be reproduced, except in full, 
'ithout the written approval of the Jab. 

I 
I 
I 
I 
le 

Lab Sample ID: 8118588 

% Rec 
';'K:::::Re·c:::::::::::::::\:\?: 
% Rec 

.:%::::::Re·a::::::::::::::::::::::::::::: 

% Rec 
:: %:::::"Re:C::::::::::::::::·:;::;::::: 

Page 3 (last page) 



I C E R T I F I C A T E 0 F A N A L Y S I S 

Ill Service Location 
I ITAGE LABORATORIES, INC. 
\132 POMPANO ST. 
~~OTTE, NC 28216 
( ,393-1853 

I 

I 

Report To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE IQ: SS-8 
LOG #: 10789 

Received 

15-DEC-92 
Complete 

04-JAN-93 
Printed 

05-JAN-93 

Bill To 

SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

Sample Description 

Project I Lab ID 
2024 B118673 

PO Number 

530-06-506 
Sampled 

14-DEC-92 07:30 

,I\114R~Ififf!~llt:t'J~!i.~J::~r:~l:t.~!fTt'fltilf!\:',~~,,''i~~~~~i\'r.~~~41 
Parameter Result 

IPER . L__!_l_.!..;. 9::._ ______ ___.__ _ ___::::....:....:_.::_!..~~'----' 

F~~~~~;~::m;.!-~l~~,~--~:g~~:l:!:::~:~i-!!··:~~~~-~~'~;.t~f.:~:rt:or~~i,~,,~.;~.so. . ·· 
Parameter 

TIAL WEIGHT OR VOLUME 
. At::.::·wEtGHt::::::oR:··:·:votUMt•:•: •• •.· ·. 

2.06 so · .. · 

EtHc\':6FAA%'sw846:7o6o: > .. . . : :.:':.:: .· •'., •• .. , 
Ana"f_ysf:· ii;.~·J(R,\s't(A ··.: ·· . .-._,> .... ~:-:·:·Analysis Date:":.-18-DEC-92. ·:·Instrument: GFAA ·.·· · · · 

ep:'•:G.FAAi,iACIQ}biGESliOWOF:::S/S/S 'SAMPLES :.swa4s~3050 Pl30;7. o. . . . . ·.· .... ··.·.· .. ··-·· .. · .. · .. ·.·· .. ·.· ... ·· ... • .... · ··.·' .·· .. ·-·.·-· ..... ·.· .. -... ··.· .· .· . .· 

RSENIC 

I 
le 
I 

Parameter 

Page 1 (continued on next pag~) 



JIITAGE LABORATORIES, IHC. Lab Sample ID: B118673 

2.3 

GEHATED(AHo•:•AROM/\TIC ·:yoLATILE .. ORGANICS :.• BY:•GC/PID::ELCD SW846-8021 < :..:.Y:/::-.<<• .. 
.. §st;': P;·.:'riiNTERS:';:\: /'C' ·•:····Ana}ysi s :Date: ·.16~DEC-:92 .. •.lnstr:iimerit: GC/plo···ELCD · .. · .. ::=:· •... :::: :. :::· .. :}::::i:(.lest 

Result 
BDL 
BDL:••• .. 
BOL 
·sou.•••: 
BOL 
sot\······ . . . . 
BDL 
~.:.:.n·~ oo1 
BOL 

•tfot•••:.· · · 
BOL. 

····· ·. · BDL••·:: .. · 
BOL 

.......... .......... ........ ·B 0 t./:•:•:•)>.••:·:•:•::::::{.-.:::.:••:· .:·· ·· 

BOL 
••. . 80[.:\· :. . . .. 

BOL 
·. : .. : .............. · . .-.·.·.: ............... ·. • ..... :::.\· . :::•:·:·.-· .:.::::::· ?::• . : 81:)" [•:::;:::::••::.:: 

BOL 
BOL:;::::. .. 
BOL 

.sot.:::::: · .....•. 
BOL ········ ···· ··········· sov••: 
BOL 
BDL 
BDL . 
BDL.: 
BDL 
BDL. 

I e: * - Also found in the blank at 0.006 pp~~-

. Ms··sONICATIOH EXTRACTIOWFOR ORGANICS SW846-3550 
lyst: s.·'riiLLIAMS. ·. •:•, ArialysisDate:·-16-DEC-92 

Parameter 
[NITIAL WEIGHT OR VOLUME 
: AL ·VOLUME · 

30.32 
1.0. 

Result 

iEM J::.:yoLATILE ::ORGANICS .(BASE/NEUTRAL/ACID. FRACTI OHS} SWB46 -8270 

Jl/NJcj~~{~%8:IRCT:TJON ~~Y~4trto~VfJJ:~:~G~tNe/c: 1;JaE4c;:32s~o 1;;3t;;u:.eont: - 6~/MS S~?A .... 

Parameter Result 
1. O· 
BDL .. 
BOL 
BOL· 

Page 

Det. Limit 

Det. Limit 

0.33 
>o.33 

0.33 



E~TAGE LABORATORr"ES, INC. 

I_ See Note for Parameter 
Below Detection Limit 

11nple chain of custody number 17170. 

Lab Sample 10: 8118673 

Sample Comnents 

~s Certificate shall n6t be reproduced, except in full, 

"'Jhout the written approval of the lab. ------------------------J 

I 
I 
I 
I 
le 
fal,ity Assurance Officer: oktJ~h. cto0 -..TcvwYf){N\. Page 3 (last page) 



I C E R T I F.I CAT E 0 F AN A L Y S I S 

Service Location 

1 ITAGE LABORATORIES, INC. 
4132 POMPANO ST. 
C.TTE, ·Nc 28216 
( 93-1853 

I 

I 

I 
le 
.I 

Report To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 · 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE IQ: SS-10 . 
LOG #: 10791 

Received 

15-DEC-92 
Complete 

30-DEC-92 
Printed 

05-JAN-93 

Bill To 

SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

Sample Description 

Project I Lab ID 

2024 B118675 
PO Number 

530-06-506 
Sampled 

14-DEC-92 09:45 

Page 1 (continued on next page) 



30.12 
1.0 

l/ACID FRACTIONS). SW846-~270 . 
...••. ~:···z9-DEC~gz:: :· Instr.ument:· GC/MS SVOA: :·· :'·, 

'"''·'·'""~'·-·.,·:~"·~·.,·, cs sw846-35sa··pz3.6;4.o .. : · 

Parameter 

li~~~-~I~~:rE .......... . 
BENZ(A)ANTHRACENE 

. . (A) PYRENL · 

I 
FLUORANTHENE 
FLUORANTHENE·· .. · - '·· ... · .. · _-. 

: : . . ::--: :·.:.:·· -: .. ·-

BDL 
BDL ··· 
0.73 
0.-68 . 
1.8 
BDL 

Page 

I 
i 
I 
I 



ITAGE LABORATORIES~ INC. 

, 

( ~ee Note for Parameter 
10L..,Be7ow Detection Limit 

1lp1e chain of custody nu~ber 17;70. 

Sample Comments 

ra·s Certificate sha77 not be reproduced, except in fu77, 
· hout the written approval of the lab. 

I 
I 
I 
I 
I 
le 

lab SampJe ID: 8118675 

Page 3 (last page) 



I C E R T I F I C A T E 0 F A N A L Y S I S 

~ Service Location 
ITAGE LABORATORIES, INC. 

4132 POMPANO ST. 
~TTE, NC 28216 

93-1853 

I 

I 

Report To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE IO: SS-11 
LOG #: 10792 

Received 

15-DEC-92 
Complete 

30-DEC-92 
Printed 

05-JAN-93 

Bill To 

SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

Sample Descriptt"on 

iFA!\1_:;::;:A~l.P :'.DA~GE~JION OF. S/S
1
_1s :SA~PL~S. 5~846.~~05~ = · .. ·.· . .-:: · ... :· .. ·. . . . ;::>;:,:_:,=_:',., . 

. y;;t:.)I::':)CR SKA·:·.·. Ana ysis Date: .lS':DEC-92 .. :· ·-:= .. • • ·.,:· .: .• : ·· .. -: • . : .·. • ..•• =,::·-:=::=··:=·=:"" 

Parameter Result 
TIAL WEIGHT OR VOLUME ' 
At/::"\~ElGHt::::·oR ··voUJME}\::::: ~.:·::}}:::::::::::::.:: ..... . ··.:· 

Parameter Result 
\RSENIC BDL 

I 

Project I Lab 10 
2024 B118676 

PO Number 

530-06-506 
Sampled 

14-DEC-92 10:30 

le 
I Page 1 (continued on next page} 



3.point NSA 

I:~~HAr~p:.:,.~N.Q/'ARQ.MATl~tYPLATJLE oRGANics.av GC/Pm.:·Etco ,swa45~aa21·· 

alyst .. S .. \HlllAHS .,.,., .. ,,·Analysts Date.J6 DEC 92 . .· i
M~,:~ON.I,C~TI. ON ~~~~~fTION _FOR o_RG~Nl~S SW846~3550. · 

· Parameter · Result 

INITIAL WEIGHT OR VOLUME 1 30.13 
. NAL: :.VOLUME::.::: :· .. . . 1. o 

MI~.VOLATI~[:'oRGAtuc·s. (BASE/NEUTRAL/ACID FRACTIONS). SW846-8270 : . 
alyst>R~· ROBtRTS ::. : ::'0: Analysts Date: 29-DEC-92 ., Instrument: GC/HS SVOA .. 
rep:'GC/Hii'·scif.licATIO{EXTRACTTOH''f:oR ORGANICS :S\1846-3550 P236, 4; 0 

Parameter 

ACENAPHTHENE 

: II~~~~~HRACENE 
BENZO A PYRENE 

I 

BDL 
BDL 
BDL 
BDL 

Result 

Page 

Det. Limit 

Det. Limit 
0.33 
0.33 
0.33 



IIITAGE LABORATORIES, INC. 

* See Note for Parameter 
JIL Below Detection Limit 

Sample chain of custody number 17110. 

Sample Conments 

·~is Certificate shall not be reproduced, except in fu71, 
thout the written approval of the lab. 

Lab Sample ID: 8118676 

... 

Page 3 (last page) 



I C E R T I F I C A T E 0 F A N A L Y S I S 

~ Service Location 
ITAGE LABORATORIES, INC. 

4132 POMPANO ST. 
~TTE, NC 28216 

93-1853 

I 

I 

Report To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE IQ: SS-7 
LOG #: 10788 

Parameter 
TIAL WEIGHT OR VOLUME 

:::WElGHr.:·::·oRNOLUME::::: .. :. 

I 
·le 
I 

Received 

11-DEC-92 
Complete 

04-JAN-93 
Printed 

05-JAN-93 

Bi 11 To 

SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

Sample Description 

Project l Lab IO 

2024 B118589 
PO Number 

530-06-501 
Sampled 

09-DEC-92 16:30 

Page 1 (continued on next page) 



ysis perfo by 3 point MSA 

3C/M~jSONICATION'EXTRACTION FOR ORGANICS SW846-3550 
al§~H :s;':\IILLIAHSL::: :: ,:\.';':·Analysis Date: "11-DEC-92 

Parameter 
INITIAL WEIGHT OR VOLUME 
F AL\:VOLUME ..... ..· .. 

30.00 
1.0 

Result 

S lfVOLATILE ORGANICS -:(BASE/NEUTRAL/ACID FRACTIONS) SW846;:;8270 
Ana 1 yst :. R. RoBERTS · . · · .. · Analys1 s Date:: 16~DEC-92 Instrument: GC/HS SVOA 

ep))riciMs ',soN I CAT. 1ot:i .ExTRAcTioN roR oRGANics swa46-3sso PZ36A. o · 

1\CENAPHTHENE 

;J·~~~~HRACENE .... 
lENZO A PYRENE 

I 

Parameter 

** 44 
** 10 
3.2 
0.64 

Result 

Page 

Lab Sample ID: 8118589 

Det. Limit Units 
Grams 

.. · ·mL·.· .. 

··Test: osos:3.o 
..•. > 

Det. Limit Units 

3.3 mg{~g 
3.3 mg/k~f:: · 

0.33 mg/kg . 
o·.33 m . k :::: .. 

2 (continued on next page) 



~TAGE LABORATORIES, INC. 

Sample Corrments 
~~ See Note for Parameter 
· See Note for Parameter 
CJDL Belotv Detection Limit 

sllp7e chain of custody number 16791. 

Tii._s-Certificate sha77 not be reproduced, except in fu71, 
:.hout the written approval of the Jab. 

I 
I 
I 
le 

Lab Sample ID: 8118589 

Page 3 (last page) 



I C E R T I F I C A T E 0 F A N A L Y S I S 

Service location 

RITAGE LABORATORIES, INC. 
4132 POMPANO ST. 
~~~OTTE, NC 28216 

393-1853 

I 

I 

I 
le 
I 

Report To 

SANDRA WATSON 
SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

PROJECT: SWP WILMINGTON 
SAMPLE Ip: SS-9 
LOG #: 10790 

Received 

15-DEC-92 
Complete 

04-JAN-93 
Printed 

05-JAN-93 

Bi 11 To 

SOUTHERN WOOD PIEDMONT 
P.O. BOX 5447 
SPARTANBURG, SC 29304 

Sample Description 

Project I lab ID 

2024 811867.4 
PO Number 

530-06-506 
Sampled 

14-DEC-92 09:00 

Page 1 (continued on next page) 



IIITAGE LABORATORIES, INC. Lab Sample 10: 8118674 

Page 



JIITAGE lABORATORIES, INC. 

~ See Note for Parameter 
~11 See Note for Parameter 
~** See Note for Parameter gl Below Detection Limit 

S p7e chain of custody number 17110. 

Sample Comments 

Tis Certificate sha71 not ·be reproduced, except in fu77, 
v hout the written approval of the lab. 

I 
I 
,I· 
le 

... ·. 

lab Sample 10: 8118674 

Page 3 (last page) 



- -1CIIIilf1- .. e 
Co. Name: r-5Tc .:tnc Analyses Requested Report To: 

(Note special detection limits or methods) Co: E'T6 , J. A c.~ 
Project Name: SW P- W i \ a: 

w Add: 14<.J.~ J:>L\Llcti"__c..b_'-",...._~ !?~ 
Quote No.: I PO No.: 530--o~- 51)(1) 5 iLL ~ ·,( rl'i 1\o ~Dt 1\ < ~;-.\ e. ~ I .OvtrvA "'>1 ::::, <: 7c1(Y72 .-

.,:..:..uj J 
' \,. 

ENVIRONMENTAL PROGRAM: ·.S (!) s, r-~{ ~', (. r- L rt- Attn: (9-~~b'L.I~ roo e r- \.5 

I~ 
Phone: "s?C\~-~7-(/;7..,:1U 

CWA NPDES IWP SLUDGE 
V' Accelerated Turnaround Requested 

RCRA MW SW DISPOSAL . (Subject to Additional Charge) 

::: <I) -t I I SDWA CERCLNSUPERFUND OTHER ~-
... 

Result Request by: Q) 

::: c:: 
(!) "(ij 

~ 
Mo Day Yr 

Sampled by: 3 
'E .J (Date must be Accepted and Approved by Lab.) 0 

0 l) 

c. .J:J 0 

~ 
Q EMS Sample E Cll ci 

10: Date: Ttnie: 0 ... Sample Description: z _.; Remarks: Sample No. l) (!) 

SS·I ~{:'!), 14:oo ·x sw {..-JLD...~ ln'7~:2 ~.\ ~ .a. 7Jit~fY'3 

s~-z. IW:45 
. 

\ D'iJcQ-:2, '(Ju-e. +t") r<'l \y"\ S< , - ':5? gliB~ 7 
SS··.:?. lls:l5 ! I~T7~'-\ SS-C\ SS-10 ~ SS 1..- \ t 191135!, ~ 
't"""~: -~ 'l~y- lit.~ DC \ o?~-<; w l t \ b-e. ('"f) \ \ "\'" { _,\ C. ,.\ 'ift/6~{ 
SS--1.) I17:3C .1 o?~lo ~'"""~"""' \2. -1~-..9.1 Jil/05'8?-
1'0-(~ l)g:l5" 1b'7~'7 -rhc...v L-1, l l b-P -f"l"". d t:: y 111/!~~ 
:", c, -I \ ll 16'.30 l'W lD '7l:l'X \V ~I/ I\ v -I/ 4-o ~t" Y\V"t::. -\-~~ w-," c Y\ \o'""\.1'~ "Kfl ~ 

r~,.-<t . lt"'rC \z-\s--qL- rt 
:.-..~.fl ss-t~ "'"'d. s.s- \\ o.~ It:-. 
lo:;sAD ·.'1'.1 i t be! J.\. ·ho..:. eo.\ ~(h_..t?\!.-5'_% It).-! 
f:si- I t\ I ~~"~ _ctt..Ao ,u..-\~ ~< tvevtO\..\) 

T 

Sd.....-..Pl'- .evt.. ..... +. lD.~f( 
J,>!ofJ'O"''" br. (SigM'iic:d; Date /Time Received by: (Sionature) Relinquished by: (Signature) Date !Time Received by: (Signature) 

I~ 9})/Ml:/~- ~(M t.i2hoi!J />'.'::0 I ..,. 
Relinqtffhed r: (Signature) . u 1 1 Date /Time Rece1V()<: by- (Signature) Relinquished by: (Signature) Date/Time Received by: (Signature) 

/- I /1 
Aehnqu1shed by: (!:iignature) q,;;7:0a ~ rJ/£:ifor::_;_ Remarl<.s: 

Distribution: Original and yellow copies accompany ~t~~ latJ9ratory; 
Pink copy retained by client; Yellow copy retu o client. 

., . ......-



.. -
Co. Name: eYE, InL Analyses Requested Report To: 

(Note special detection limits or methods) Co: ~T~ Inr 
Project Name: SW p ~ W 1 \ 

a: 
w 

~ \\ tv ..... .. 
Add: l c..(q~ ·p \ \o./1 ~ C hurc.~ ~ 

Quote No.: ~It "1 $"""&' c; I Po No.:.:53o-o10- 5o0 ~ 
~ 

m ""' 
( 

1:> I"" ~ '- I ~\1\brll\~, SC.. 'ZC\Of72. 
)~ ;...:.uj 

~\~ 
r-." {_;\ J \o 

ENVIRONMENTAL PROGRAM: ·.5 ~ De \<:. 
Attn: (-.r~l \< urorl-"t-

.. II Phone: 'v(';~-0..~'1-(d2.J70 
CWA NPDES IWP SLUDGE -~ 

Accelerated Turnaround Requested 
RCRA MW sw DISPOSAL I~ (Subject to Additional Charge) 

:: II) 

lj I I SDWA CERCLNSUPERFUND OTHER ~;: Qj 
' Result Request by: c: 

~ 'iii Mo Day Yr 
Sampled by: ;: c 

~ 
(Date must be Accepted and Approved by Lab.) 0 

0 (.) .Jc 
a. .0 

0 ':::> EMS Sample E ~ 0 >· ID: Date: Time: 0 .... Sample Description: z V") Re·marks: Sample No. (.) (.!) 

ss-~. lo.//-4qz. '7:5C X :5wf Lo~~ \iflf6C{ ~l)\ \ ~ _2 .C,r\ c1-\ <nW\o\e.S"" -.fc I8;1B~3 
lss-q lq:w ._) · 1 or-rqo ' ' l<:t1"""n\~ ,e.-V co\\~t-..\c..c- fllfJ~ 

lss-ro 19:45' lorr1 1 "' n bJ c{l '\'2. . ii/1~(;1£. 

Iss~' ' v '\ 1Jo:3c It In fJC?.:l . y h '" I" It 
,~,~ 

lat;By~ 

' 

t 

.. i 
I 

c~'~:·=•R'(J7 
Date/Time Received by: (Signature) Relinquished by: (Signature) Date fTime Received by: (Signature) 

'~/1z/ IJ :1s- I 
Relinquiso;d~nature) D 

~~~;e;;~. 
Received by: (Signature) Relinquished by: (Signature) Date /Time· Received by: (Signature) 

F~4xp~ ~~~ I 
Relinquished by: (Signature) Date /Time Received lor Lab by: (Signature) Remarlts: 

I 
Distribution: Original and yellow copies accompany sample to laboratory; 

Pink copy retained by client: Yellow copy returned to client. . - -
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Wilmington Downtown Inset 
W<tm""P'"" Raa-oad Fourdation Inc. 

I. C01t!lt lint c-e< 
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GHA043 

--

----------
DIVISION OF~CILITY SERVICES 

CHILD DAY CARE SECTION 

----e 
PAGE 1 

OUND':_65_NEW_HANOVER MONTHL Y-ALPHABETIC-LISTING-AS-OF-1992-09-30-----------------,------
FACILITIES 

ID/ 
ABBREV 

OPERATION NAME/ 
OPERATOR NAME 

555116 A LITTLE CLASS 
IC A C A LITTLE CLASS, INC. 

555100 ADVENTURE WORLD DAY CARE CENTER 
IC A C ADVENTURE WORLD INCORPORATED 

555112 BUILDlNG BLOCKS CHILD CARE CENTER 
IC A C RHONDA GORE AND KAY LAIRD 

555074 CAROLINA PRESCHOOL 
IC A C FARMER, SUE 

5000010 -CAROLINA PRESCHOOL ON MARKET 
EMP C FARMER CYNTHIS A 

555103 CARRAWAY FAMILY DAY CARE 
IC A C CARRAWAY, ANNIE 

555119 CHILD DEVELOPMENT CENTER 
IC A C CHILD DEVELOPMENT CENTER, INC. 

5000012 CHILD DEVELOPMENT CENTER 
EMP C CHILD DEVELOPMENT CENTER, INC. 

555117 CHILD'S PLAY DAY CARE 
IC A l TOZOUR, JACQUELINE J. 

5000007 .CHILD'S PLAY DAY CARE SOUTH 
IC A L TOZOUR JACQUELINE 

555113 CLASSY BEARS,DAY CARE & PRESCHOOL 
IC A C CLASSY BEARS PRESCHOOL DAY CARE, INC. 

553972 CREATIVE WORLD II 
IC A C CREATIVE WORLD, INC. 

555084 CREATIVE WORLD II PRIMARY DAY SCHOOL 
IC A C CREATIVE WORLD, INC. 

552015 CREATIVE WORLD PRESCHOOL 
IC A C CREATIVE WORLD, INC. 

555012 CREEKWOOD NORTH DAY CARE CENTER 
IC AA C CREEKWOOD NORTH HOMEBUYER ASSOCIATION 

555081 DISCOVERY PLACE OF WILMINGTON 
IC A C CIRCLE B CORPORATION 

555082 EARLY CHILDHOOD LEARNING CENTER 
IC A C EDUCO~ INC. 

MAILING ADDRESS/ 
LOCATION ADDRESS 

106 PINE GROVE DRIVE 

4604 LONGLEAF HILLS DR. 

CITY 

~IILMINGTON 

WILMINGTON 

P. 0. BOX 26 CASTLE HAYNE 
HWY. 17, 5908 CASTLE HAYNE RD. CASTLE HAYNE 

6501 CAROLINA BEACH ROAD 
HIGH~IAY 421 S 

7409 MARKET STREET 

1930 CHURCH STREET 

608 S. COLLEGE ROAD 

608 S. COLLEGE ROAD 
4702 S. COLLEGE ROAD 

619 ALBEMARLE ROAD 
619 ALBEMARLE ROAD 

902 SHIPYARD DRIVE 
902 SHIPYARD DRIVE 

6620 WINDMill WAY 

2411 FLINT DRIVE 

2411 FLINT DRIVE 

4202 WILSHIRE BLVD. 

1210 KORNEGAY AVENUE 
1210 KORNGAY AVENUE 

3806 CHERRY AVENUE 

4102 PEACHTREE AVENUE 

WILMINGTON 
WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 
WILMINGTON 

WIMINGTON 
WILMINGTON 

IHLMINGTON 
WILMINGTON 

WILMINGTON 

WILMINGTON 

~ULMINGTON 

WILMINGTON 

WILMINGTON 
WILMINGTON 

WILMINGTON 

WILMINGTON 

ST ZIP/ 
PHONE 

NC 28405 
919/452-:3433 

NC 28409 
919/392-0868 

NC 28429 
919/675-3249 

RENEv 
POCt 

07/9 

07/9 

04/9 

NC 28409 07/9 
919/392-1560 0654003 

NC 28405 07/9 
919/686-1010 0654006 

NC 28403 08/9 
919/763-9022 0654004 

NC 28403 04/9 
919/392-6417 0652000 

NC 28403 08/9 
919/392-6417 0654006 

NC 28405 08/9 
919/791-8143 0654005 

NC 28403 06/9 
919/350-1272 0654005 

NC 28405 06/9 
919/791-7872 

N'~) 10/9 
~-5195 0654004 

N~) 10/9 
~-5195 0654004 

NC 28403 03/9 
919/791-2080 0654004 

NC 23405 05/9 
919/762-4546-0652000 

NC 28403 · , · 04/9 
919/799-0560: 

':::tl 
NC 28403 CD 06/9 
919/392-4637 ~ 

U1 
CJJ 



ATEIIW1o81P ~Ao!lli 
OUNTY: 6~N HANOVER· 

- - - D~Iot~· FA~TY -IC~ -CHILD DAY~RE SECTION 
MONTHLY ALPHABETIC~TING AS OF 1992-09-30 

FACILITIES 
- - -· - -PAc:.-16 e 

-ID/ OPERATIOWNM1E/--------~---- MAIUNG-ADDRESS/---
LOCATION ADDRESS 

CI-TY--- ST---ZIP/---RENEI..J 
ABBREV OPERATOR NAME 

552994 EPHESUS DAY CARE CENTER 
IC A C EPHESUS SEVENTH DAY ADVENTIST CHURCH 

555110 GORDON ROAD DAY CARE 
IC A C WATSON, MARILYN 

555075 GRANNY'S DAY CARE CENTER 
IC A C GRANNY'S DAY CARE CENTER, INC. 

559005 GREATER LOVE CHAPEL CHURC H OF GOD IN CHRIST 
5110 C GREATER LOVE CHAPEL CHURCH OF GOD IN CHRIST 

555111 HAPPY KIDS DAY CARE 
IC A L HUMPHREY, NORMA 

555080 HEAD START OF NEW HANOVER COUNTY 
IC A C HEAD START.OF NEW HANOVER COUNTY 

5000025 HELEN A HIGGINS MONTESSORI SCHOOL 
ROV C HIGGINS PEGGY 

555042 HOOD'S DAY CARE 
IC A C HOOD, ELLEN 

555104 ISLANDER CHILD CARE 
IC A C ISLANDER CHILD CARE, INC. 

555062 KINDER CARE 
IC A C KINDER CARE, INC. 

555056 LITTLE FRIENDS LEARNING CENTER I 
IC A C FINLEY, GALE P. AND JAMES L. 

555120 LITTLE FRIENDS LEARNING CENTER III 
IC A C LITTLE FRIENDS PRESCHOOL, INC. 

555091 LITTLE FRIENDS LEARNING CENTER III 
IC A C FINLEY, JAMES L. AND GALE P. 

555025 . LITTLE RED SCHOOLHOUSE 
IC A C LITTLE RED SCHOOLHOUSE DAY CARE, INC. 

5000009 MCCLURE PRESBYTERIAN PRESCHOOL CENTER 
IC A C MCCLURE MEMORIAL PRESBYTERIAN CHURCH, INC. 

555118 MCLEAN Is EARLy LEARNING CENT"E'R-· 
IC A C MCLEAN, MAGNOLIA H. 

1002 CASTLE STREET 

6768 GORDON ROAD 

7010 MARKET STREET 

~105 ~-~ STREET 

521 KELLY ROAD 

P. 0. BOX-3434 
507 N .~STREET 

4915 ORIOLE DRIVE 

419 RUTLEDGE DRIVE 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 
WILMINGTON 

IULMINGTON 

WILMINGTON 

PHONE POCN 

NC 28405 
919/350-0629 

NC 28405 
919/686-4405 

05/9 
06540036 

06/9 

12/9 

NC 99999 11/9 
919/763-4797 0654005 

NC 28409 
919/395-5286 

N"~J 
~-1177 

NC 28403 
919/392-7007 

NC 28412 
919/799-6266 

03/9 

01/9 

06/9 

06/9 

204 ATLANTA AVENUE CAROLINA BEACH NC 28428 04/9 
919/458-6258 0654004 

2619 NEWKIRK AVENUE WILMINGTON NC 28403 12/9 
919/799-7195 0654003 

1551 41ST ST. WILMINGTON NC 28403 06/9 
919/395-5400 0654008 

1553 41ST STREET WILMINGTON NC 28403 10/9 
4308 NEW CENTRE DRIVE WILMINGTON 9191452-4444 0654005 

1553 41ST ST. WILMINGTON NC 28403 06/9 
1553 41ST STREET WILMINGTON 919/395-5400 0654003 

ROUTE 3, BOX 279-A CASTLE HAYNE NC 28429 02/9 
2931 BLUE CLAY ROAD, SR 1318 CASTLE HAYNE 9191762-5724 0654004 

P. 0. BOX 26 CASTLE HAYNE 
HWY. 17; 5908 CASTLE HAYNE RD. CASTLE HAYNE 

617 S.~TREET WIU1NGTON 
625 S~TREET WILMINGTON 

NC 28429 06/9 
9191675-3249 0654006 

NC~J 0719 
91~-4066 0654005 

/ 

555121 MOTHER GOOSE CHILD CARE AND LEARNING CENTER, INC. 7409 MARKET STREET WILMINGTON NC 28405 05/9 
ROV C MOTHER GOOSE CHILD CARE & LRNG. CTR., INC. 919/686~1010 0654005 



TE .08/p .A04,.. 

UNTY: 65- HANOVER 
- - - DI~ON PFj'!"Y si!!Mcd1111 

-CHILD DAY ~E SECTION 
MONTHLY ALPHABETIC ~-~ ING AS OF 1992-09-30 

FACILITIES 

ID/ 
ABBREV 

55079 
C A C 

OPERATION NAME/ 
OPERATOR NAME 

MS. PAT'S INFANT CARE AND PRESCHOO 
MCCOY, PATRICIA W. 

59004 MYRTLE GROVE CHRISTIAN SCHOOL 
110 C MYRTLE GROVE CHRISTIAN SCHOOL, INC. 

55124 NANCY'S LITTLE JEWELS CHILD DEVELOPMENT CENTER 
C A C INMAN, NANCY 

55115 NOAH'S ARK DAY CARE CENTER 
C A C MASONBORO BAPTIST CHURCH 

55072 PARK AVENUE SCHOOL 
C A C YOPP INVESTMENTS, INC. 

52919 EARSON 1 S KINDERGAR 
C A L PEARSON, MARY FRAN 

55021 PRESCHOOL ENRICHMENT PROGRAM 
C AA C SOUTHEASTERN MENTAL HEALTH CENTER 

55126 PRIDE & JOY PLAYWORLD 
C A L PRID JOY PLAnJORLD·, INC. 

55077 SHAW SPEAKS DAY 
C A C CAPE FEAR AME ZION CHURCH CONFEREUCE 

55057 SOUTHEASTERN PRESCHOOL EDUCATION CENTER 
C A C SOUTHEASTERN PRESCHOOL EDUCATIONAL CTR., INC. 

55066 
C A C 

52992 
C A C 

59008 
llOC 

55045 
C A C 

SOUTHEASTERN PRESCHOOL EDUCATION CENTER 
SOUTHEASTERN PRESCHOOL ED. CTR., INC. 

ST. THOMAS PRESCHOOL 
ST. MARY CATHOLIC CHURCH - PARISH COUNCIL 

THE KING'S MEMORIAL CHRISTIAN ACADEMY 
THE KING'S MEMORIAL CHRISTIAN ACAD. BOARD OF DIREC 

TINY TOT NURSERY 
BASS, PEGGY 

55125 TOTAL CHILD CARE CENTER, INC. 
C A C TOTAL CHILD CARE CENTER, INC. 

53479 UCP DEVELOPMENTAL CENTER 
C AA C UCP OF NORTH CAROLINA, INC. 

1212 s. STREET 

800 PINER ROAD 

3504 N. KERR AVENUE 

1501 BEASELY RD. 

1306 FLORAL PARKWAY 

/----..., 
710 SOUTH ~H STREET 

2023 S. 17TH STREET 

227 DIXIE AVENUE 

718 S.~~STREET 
718 SO THIRD STREET 

207 PINE GROVE DRIVE 

207 PINE GROVE DRIVE 
3625 S. COLLEGE RD. 

109 S~TREET 
1380 N. COLLEGE ROAD 

3910 MARKET STREET 

4304 HENSON DRIVE 
HENSON DRIVE NORTHCHASE 

P. 0. BOX 5003 
2035 OLEANDER DRIVE 

59001 UNITED ADVENT CHRISTIAN CHURCH PRE. & CH. DEV. PR 4912 SOUTH COLLEGE ROAD 
110 C UNITED ADVENT CHRISTIAN CHURCH PRE. COMM. 

- -
CITY 

~liLMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 
WILMINGTON 

IHLMINGTON 

WIU1INGTON 
WIU1INGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 
WILMINGTON 

WILMINGTON 
WILMINGTON 

WILMINGTON 

- -e 
ST ZIP/ 

PHONE 
·Nc~ 

919/251-9811 

NC 28409 
919/392-2067 

NC 28405 
919/251-1108 

NC 28409 
919/395-0059 

RENEW/ 
POCNO 

10/93 
06540035 

02/93 

.05/93 

08/93 

NC 28406 12/92 
919/791-6217 06540050 

N~~ 05/93 
~-0050 06540011 

N~~ 07/93 
~6497 

NC 28403 09/93 
919/395-1055 

N~ 08/93 
~-1441 06540034 

NC 28403 01/93 
919/799-4140 06540022 

NC 28403 06/93 
919/799-4160 06540027 

N~ 05/93 
~-7764 

NC 28405 04/93 
919/799-8157 

NC 2~403 08/93 
919/762-4829 

NC 28405 08/93 
919/799-3556 06540057 

NC 28403 05/93 
919/762-7222 06520003 

NC 28412 
919/791-9564 

04/93 



DPPPI1o.B92- G.IW3 -

COUNTY:~ NEW HANOVER - - lllilvi~ oFiilllhLI ... ER~ - -
CHILD. CARE SECTION 

MONTHLY ALPHABE• LISTING AS OF 1992-09-30 
FACILITIES 

ID/ OPERATION NAME/ MAILING ADDRESS/ 
ABBREV OPERATOR NAME LOCATION ADDRESS 

6559002 WESLEY MEt10RIAL PRESCHOOL DEV. CENTER 1401 s. COLLEGE ROAD 
GSllO C WESLEY MEf10RIAL METHODIST CHURCH 

6559006 WILMINGTON CHRISTIAN ACADEMY PRESCHOOL 1401 N. COLLEGE ROAD 
GSllO C WILMINGTON CHRISTIAN ACADEMY 

6555069 WINTER PARK BAPTIST PRESCHOOL . 4700 WRIGHTSVILLE AVENUE 
LIC A C WINTER PARK BAPTIST CHURCH WEEKDAY ED. COMM. 4700 WRIGHTSVILLE AVENUE 

6554359 WINTER PARK PRESCHOOL I 4306 LAKE AVENUE 
LIC A C WINTER PARK PRESCHOOL, INC. 

6555037 WINTER.PARK PRESCHOOL II 19 LENNON DRIVE 
LIC A C WINTER PARK PRESCHOOL II, INC .. 

6555071 WINTER PARK PRH1ARY SCHOOL 4306 LAKE AVENUE 
LIC A C WINTER PARK PRESCHOOL, INC. 

6555101 YOUNG PARENTS INFANT CARE & PRESCHOOL 

~ ~~ LIC A C MCCOY, PATRICIA W. 
' I 

6555127 YWCA CENTER AT HOUSTON MOORE 1601 S. 13TH STREET 
LIC A C YWCA OF WILMINGTON, NC, INC. 

- - - - .. e 
CITY ST ZIP/ RE 

PHONE p 

mLMINGTON NC 28403 1 
919/791-4002 

WILMINGTON NC 28405 1 
919/791-4248 

WIMINGTON NC 28403 0 
WILMINGTON 919/799-2029 

WILMINGTON NC 28403 0 
919/799-4276 0651 

WILMINGTON NC 28405 0 
919/392-3430 0651 

WILMINGTON NC 28403 0 
919/395-5818 0654 

WILMINGTON NC 28403. 1 
WILMINGTON 919/251-6197 0654 

WILMINGTON NC~ 0 
919/ 1-9159 0654 

' 



------DATE 104IIV92 GHA043 

COUNTY: 65 NEW HANOVER 

ID/ 
ABBREV 

OPERATOR NAME/ 
OPERATION NAME 

6505392 BARNHILL, MARY 
REG S MARY BARNHILL DAY CARE HOME 

65000002 BLACKWELL, DOTTIE 

-------DIVISION .FACILITY SERVICES 
CHILD M CARE SECTION 

MONTHLY ALPHABETIC LISTING AS OF 1992-09-30 
HOMES 

MAILING ADDRESS/ 
LOCATION ADDRESS 

4818 W. LORD BYRON RD. 

600 CARVER COURT 
REG S DOTTIE BLACKWELL'S DAY CARE HOME 

6505400 BLANTON, PAULA S. 
REG S THE LITTLE PLAYROOM 

6505409 BOYD, ELIZABETH 
REG S ELIZABETH BOYD DAY CARE HOME 

65000013 BOYD, ELIZABETH 
TEMP S ELIZABETH BOYD DAY CARE HOME 

6505436 BROWN, KAREN 
REG S KAREN BROWN DAY CARE HOME 

6505417 BUNTING, KATHERINE 
REG S KATHERINE BUNTING'S CHID DAY CARE HOME 

6505408 BURNS, KAY G. 
REG S KAY G. BURNS DAY CARE HOME 

6505407 CANTERBURY, JOAN 
REG S CANTERBURY, JOAN 

65000016 CLARK, THERESA A. 
REG S THERESA CLARK DAY CARE HOME 

6505432 COSLEY, ELMA 
REG S ELMA COSLEY'S DAY CARE HOME 

65000019 DAVID, RUBY-J. 
REG S HOUSE OF LOVE DAY CARE 

6505333 DEVANE, ANNIE MAE 
REG S ANNIE MAE DEVANE'S DAY CARE HOME 

6505356 DUKES, MYRA ... · 
REG S LITTLE MISS MUFFIN'S 

·.;.. 

6505081 ELDER; FRANCES 
REG S FRANCES ELDER'S DAY CARE HOME 

6505339 EV~RETT, CLARA 
REG S CLARA EVERETT DAY CARE HOME 

65000008 EVERETT, ELIZABETH 
•REG S ELIZABETH EVERETT DAY CARE HOf1E 

6704 RUSHWOOD CT. 

1910 NUN ST 

1306 QUEEN STREET 

6416 SPICEWOOD ST. 

818 SOUTH lOTH ST. 
818 SOUTH lOTH STREET 

383 SHORE POINT DR. 

105 BUCCANEER RD 

801 JENNINGS DR. 

1009 KENNINGSTON STREET 

1617 N. 26TH ST. 

1904 CHURCH STREET 

4623 D GREENTREE RD. 
4623 D GREENTREE ROAD 

4110 LYNBROOK DRIVE 

2009 CREECY AVE. 

322 SOUTH 17TH STREET 

---- -
CITY 

WILMINGTON 

CASTLE HAYNE 

WILMINGTON 

1-IILMINGTON 

WILMINGTON 

WILMINGTON . 
WILMINGTON 
mLMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 
WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

e PAGE 

ST ZIP/ 
PHONE 

REN 
PO 

NC 28405 02 
919/395-4261 

NC 28429 05 
919/675-9339 

NC 28405 02 
919/395-4891 

NC 28403 06 
919/251-8223 06570 

N~ 07 
~8223 06570 

NC 28405 04 
919/799-7392 

NC~-.._ . 06 
9~516. 06570 

NC 28405 
919/686-9679 

NC 28409 
919/392-2302 

NC 28403 
919/791-0449 

05 

04 

07 

NC 27405 11 
919/791-1570 06570 

NC 28405 09 
919/763-3758 06570 

NC 28403 02 
919/343-8955 06570 

NC 28405 10 
919/799-3646 06570 

NC 28405 08 
~19/799-9443 06570 

NC 28403 03 
919/7.62-0137 06570 

NC 28403 02 
06570 



-- -·--ATE 10/~2 GHA043 -------DIVISION.O~CILITY SERVICES 
CHILD DA~CARE SECTION 

OUNTY: 65 NEW HANOVER MONTHLY ALPHABETIC LISTING AS OF 1992-09-30 
HOMES 

ID/ 
ABBREV 

OPERATOR NAME/ 
OPERATION NAME 

505368 FIELDS, KIMBELY 
EG S KIMBELY FIELDS' CHILD DAY CARE HOME 

503589 
EG S 

505425 
EG S 

505422 
EG S 

505387 
EG S 

505388 
•EG S · 

505307 
REG S 

FLOWERS, AMANDA 
AMANDA FLOWERS' CHILD DAY CARE HOME 

FRAMILLA, ROBIN 
LOVING ARMS CHILD CARE 

FREEMAN, CAROL R. 
CAROL FREEMAN'S CHILD DAY CARE HOME 

GARD, SHELIA F. 
SHELIA F. GARD'S DAY CARE HOME 

GARDNER, KOKETHA MAE 
KOKETHA MAE GARDNER'S DAY CARE HOME 

GORE, SHIRLEY 
SHIRLEY GORE'S CHILD DAY CARE HOME 

5000020 GRAY, JUANITA 
REG S JUANITA GRAY DAY CARE HOME 

65000001 GREEN, FELICIA 
REG S FELICIA GREEN DAY CARE HOME 

6505291 HAM, ROSE 
REG S ROSE HAM'S CHILD DAY CARE HOME 

6505391 HAMMONDS, DEBI 
REG S DEB! HAMMONDS' DAY CARE HOME 

6505418 HARVEY, LINDA 
REG S LINDA HARVEY'S CHILD DAY CARE HOME 

65000022 HARVEY, LINDA 
REG S LINDA HARVEY'S CHILD DAY CARE HOME 

6505223 HASAN, AQUEELAH HABEEBAH 
REG S HASAN FAMILY DAY CARE HOME 

6505405 HATCHELL, BRENDA F. 
REG S BRENDA F. HATCHELL'S DAY CARE HOME 

65000017 HENSON, LINDA J. 
REG S STEPING STONES DAY CARE HOME 

6505165 HOPKINS, IRENE 
REG S IRENE HOPKINS DAY CARE HOME 

MAILING ADDRESS/ 
LOCATION ADDRESS 

14 NEIL COURT 

2324 WRIGHTSVILLE AVE. 

1436 A HARBOUR DRIVE 

117 RAY DR. 
117 RAY DRIVE 

918 PARKWAY BOULEVARD 

11 W. GARDEN LAKE ESTATE 

213 NORMANDY DRIVE 

137 SOUTHWOLD DRIVE 

4457 HOLLY TREE ROAD 

722 PORTORS NECK ROAD 

238 YULAN DRIVE 

201 TANBRIDGE RD. 
201 TANBRIDGE ROAD 

6263 TURTLE HALL DRIVE 
6263 TURTLE HALL DRIVE 

1619 NORTH 26TH ST. 

114 DISNEY DRIVE 

1014 BROWNING DR. 

206 ROGERSVILLE RD. 

---
CITY 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 
IULMINGTON 

WILMINGTON 

IHLMINGTON 

WILMINGTON 

WILMINGTON 

IHLMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 
WILMINGTON 

WILMINGTON 
WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

HILMINGTON 

--e PAGE 16 

ST ZIP/ 
PHONE 

RENEW 
POCN 

NC 28405 02/9 
919/392-3809 0657004 

NC 28403 
919/763-0075 

NC~ 
919/350-0992 

NC 28405 
919/111-.1111 

NC 28412 
919/799-9870 

NC~ 
919/762-8995 

NC 28412 
919/791-0324 

Ol/9 

06/9 

03/9 

10/9 
0657006 

11/9 
0657005 

03/9 

NC 28409 08/9 
919/392-5854 0657007 

NC 28412 05/ 
919/392-3054 0657007 

NC 28405 
919/686-4364 

NC 28412 
919/392-1812 

NC 28405 
919/799-7079 

NC 28409 
919/799-7079 

NC 28405 
919/763-0709 

NC 28409 
919/395-4297 

NC 28405 
919/791-3021 

12/9 

01/ 

11/ 

09/ 

09/ 

05/ 

09/ 

NC 28403 04/ 
919/799-0378 065700 



---- ---------DIVISION OF-ILITY SERVICES 
--- --

TE 10/0- GHA043 
CHILD DAY CARE SECTION 

UNTY: 65 NEW HANOVER MONTHLY ALPHABETIC LISTING AS OF 1992-09-30 
HOMES 

ID/ 
ABBREV 

OPERATOR NAME/ 
OPERATION. NAME 

05308 HUNT, JONNIE. 
G S JONNIE HUNT'S DAY CARE HOME 

05403 JOHNSON, DEBBIE JOE 
G S JOHNSON, DEBBIE JOE 

05216 JUNIOUS, EARTHA M. 
G S EARTHA M. JUNIOUS' DAY CARE HOME 

05293 KEELS, PATRICIA M. 
G S KEEL'S FAMILY DAY CARE HO 

05402 KELLY, CRYSTAL WINNER 
G S TENDER LOVING CARE CHRISTIAN HOME PRESCHOOL 

05429 · KENNEDY, TAMMY E. 
G S TAMMY E. KENNEDY'S DAY CARE HOME 

05369 KING, CYNTHIA LYNN 
G S CYNTHIA LYNN KING'S DAY CARE HOME 

05383 KIRBY, ANN 
G S ANN KIRBY'S DAY CARE HOME 

05431 LIVENGOOD, DEBBIE 
G S DEBBIE LIVENGOOD'S DAY CARE HOME 

05419 MELVIN, SHIRLEY 
G S SHIRLEY MELVIN'S CHILD DAY CARE HOME 

000003 MORGAN, SUSAN D. 
G S SUSAN MORGAN DAY CARE HOME 

000023 MUSE, CARRIE 
G S MUSE FAMILY DAY CARE HOME 

05424 PARRETT, PATRICIA 
G S PATRICIA PARRETT'S DAY CARE HOME 

05426 PATTERSON, HAZEL 
G S HAZEL PATTERSON'S DAY CARE HOME 

000021 REASON, EDITH 
G S . WEE CARE 

05281 RHODES, KUANGKUM 
G S RHODES, KUANGKUM 

05220 RILEY, BERNICE 
G S BERNICE RILEY'S CHILD DAY CARE HOME 

MAILING ADDRESS/ 
LOCATION ADDRESS 

635 SPRINGTIME ROAD 

706 DOCK ST 

918 S. 14TH STREET 

1007 S. 5TH STREET 
1007 SOUTH 5TH STREET 

4825 STILLWELL RD. 

2706 DARE STREET 

921 SPRING VALLEY ROAD 

117 KENNETH COURT 

214 ROCKWELL ROAD 

1207 KORNEGAY AVE. 
1207 KORNEGAY AVENUE 

3601 BETHEL ROAD 

4625 NORWICH ROAD 

205 LOVE GRASS COURT 

506 GOVERNORS ROAD 

2323 OAKLEY ROAD 

4817 CALDER CT 

1121 ORANGE ST. 
1121 ORANGE STREET 

CITY 

IHLMINGTON 

WILMINGTON 

WILMINGTON 

IHLMINGTON 
WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

IHLMINGTON 

WILMINGTON 
WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

CASTLE HAYNE 

WILMINGTON 

IHLMINGTON 
WILMINGTON 

e PAGE 166 

ST ZIP/ 
PHONE 

RENEW 
POCNO 

NC 28405 05/93 
919/791-0827 

Nr~/ 04/94 
~9540 06570058 

N~ 05/93 
-~-1585 

N.-~) 10/94 
~-6605 06570020 

NC 28412 04/94 
919/lll-1111 

NC 28412 ll/93 
919/791-5374 

NC 28405 02/93 
919/392-1341 

NC 28405 09/93 
919/395-0394 06570066 

NC 28405 
919/452-7296 

10/93 

NC 28405 12/92 
919/762-4716 06570063 

NC 28409 05/94 
919/799-5392 06570073 

NC 28405 09/94 
919/452-5517 06570079 

NC 28405 
919/395-0661 

05/93 

NC 28405 11/93 
919/395-1352 06570069 

NC 28429 
919/763-6169 

NC 28405. 
919/791-5102 

N.-~v 
~-0035 

08/94 

03/93 

09/92 



--- ... -E 10108/- GHA043 --------DIVISION OF ~LITY SERVICES 
CHILD DAY.~E SECTION 

--
NTY: 65 NEW HANOVER 

ID/ 
BBREV 

OPERATOR NAME/ 
OPERATION NAME 

5398 SANDERS, MARY 
S MARY SANDERS DAY CARE HOME 

5430 SHINGLETON, RACHEL . 
S RACHEL SHINGLETON'S DAY CARE HOME 

5175 SKIPPER, SHARON 
S SHARON SKIPPER DAY CARE HOME 

00005 SMITH, KIM R. 
~ KIM SMITH DAY CARE HOME 

5203 SMITH, SHARRON . 
S SMITH, SHARON 

00015 SMITH, TRUDY H. 
S TRUDY SMITH'S DAY CARE HOME 

5394 TAYLOR, MARY J. 
S MARY J. TAYLOR'S DAY CARE HOME 

4376 THbMAS~ DOROTHY 
S THOMAS FAMILY DAY CARE HOME 

5415 TYNER, KAREN . 
S TYNER, KAREN 

5421 TYNER, SUSAN 

MONTHLY ALPHABETIC LISTING AS OF 1992-09-30 
HOMES 

MAILING ADDRESS/ 
LOCATION ADDRESS 

5325 DANDELION DR. 

26 STATION ROAD 

654 WINDEMERE RD 

4620 BARNARDS LANDING ROAD 

510 CLEARBROOK DR 

5407 WRIGHTSVILLE AVE. 

6727 OLD BRICK ROAD 

308 NUN STREET 

142 EL OGDEN DRIVE 

S SUSAN TYNER'S CHILD DAY CARE HOME 
112 RAINTREE COURT 
7708 SIDBURY ROAD 

5265 WALKER, SARAH J. 1611 NORTH 26TH ST. 
S SARAH J. WALKER DAY CARE HOME 

00018 WILLIAMS, PAMELA P. 5827 RENEE COURT 
S PAMELA WILLIAMS DAY CARE HOME 

5390 WILSON, KATHRYN F. 4946 WILDERNESS ROAD 
S KATHRYN F. WILSON'S DAY CARE HOME 

5248 WILSON, LINDA 419 S 18TH ST 
S LINDA WILSON DAY CARE HOME 

5359 WRIGHT, LINDA R 1803 ANN ST 
S WRIGHT, LINDA R 

5434 YATTIE, MEALING 1017 PRINCESS ST 
S MEALING, YATTIE 

5413 YOUNG, CYNTHIA 605 ROSE AVE 
S YOUNG, CYNTHIA 

-·· 

CITY 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WIU1INGTON 

WILMINGTON 

WILMINGTON 
WIU1INGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILMINGTON 

WILLINGTON 

WILMINGTON 

---4lt PAGE 167 

ST ZIP/ 
PHONE 

NC 28405 
919/395-5098 

NC 28405 
919/791-5898 

NC 28405 
919/395-1561 

NC 28412 
919/452-2945 

NC 28409 
919/395-2961 

NC 28403 
919/392-3361 

RENEW/ 
POCNO 

03/94 

ll/93 

07/94 

06/94 

06/94 

07/94 

NC 28412 02/94 
919/395-0654 06570056 

N~l 08/93 
~-8355 .06570001 

NC 28405 
919/636-9755 

NC 28405 
919/686-0016 

NC 28405 
919/763-2556 

NC 28403 
919/799-2409 

10/92 

03/93, 

04/94 

08/94 

NC 28412 11/93 
919/799-2306 06570054 

NC 28403 08/94 
919/763-4466 06570060 

NC 28403 10/92 
919/762-6124 

Nc~) 02/94 
91~8090 06570071 

NC 28403 08/92 
919/799-9514 



.. -- ··-E 10/0841t GHA043 

NTY: 65 NEW HANOVER 

ID/ 
BBREV 

OPERATOR NAME/ 
OPERATION· NA.ME 

5406 YOUNG, LYNITA P. 
S LYNITA P. YOUNG DAY CARE HOME 

5107 ZYGMUNT, CATHY 
S CATHY ZYGMUNT'S DAY CARE HOME 

- ------DIVISION OF ~ILITY SERVICES 
CHILD DAY CARE SECTION 

MONTHLY ALPHABETIC LISTING AS OF 1992-09-30 
HOMES 

MAILING ADDRESS/ 
LOCATION ADDRESS 

225 GEORGIA AVE. 

1214 SIDNEY DRIVE 

- - -
CITY 

- ---
ST ZIP/ 

PHONE 

PAGE 168 

RENEW 
POCNO 

CAROLINA BEACH NC 28428 05/94 
919/458-4627 06570061 

WILMINGTON NC 28405 06/93 
919/799-8084 06570080 
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Ji)\L\hDL\ 
state of North Carolina 
Department of Environment, 
Health and Natural Resources 
Division of Epidemiology 1: • 

James B. Hunt, Jr., Governor 
Jonathan B. Howes, Secretary 

;.:.· . ..... 

February 17, 1994 

.... ..,7 
-A~A--·---
F~t,;r~~Ref; 

DEHNR 

MEMORANDUM 

TO: Doug Holyfield, Head 
Waste Management Branch 

FROM: Luanne K. Williams, Pharm.D., Toxicologist ~'f({Ar 
Environmental Epidemiology Section 

SUBJECT: Risk Assessment Review Southern Wood Piedmont 
Wilmington, North Carolina 

I have reviewed the soil sample result~ (only) as requested and offer the 
following comments: 

1. The estimated excess lifetime cancer risk for the future construction 
worker (shown on Table 7-1) of 6 x 10-& is not acceptable. The generally 
accepted incremental lifetime cancer risk is 1 x 10-&. I disagree with 
the third finding and conclusion on page 9-1 which reads as follows: 

"The total ELCR calculated for a future site construction worker was 6 x 
10-& and is within the target risk range of 10-4 to 10-:-&. 11 

ELCR of 6 x 10-6 is not within the range of 10-4 to 10-6
, The ELCR 

of 6 x 10-& is greater than 1 x 10-6
• 

2. It is stated on page 1-:-1 that "the future use proposed by the City of . 
Wilmington and the North Carolina Ports Authority is for low intensity 
industrial use." The exposure pathways considered in this report included 
li incidental· soil ingestion, dermal (skin) contact with soil, and inhalation 
of dust on-site during future construction activities. 11 (Page 6-1) 
According to the report, it was assumed that future land use will remain 
industrial/commercial • 

. We cannot assume that future land use Jill retm.in industrial. When evaluating 
the risk from exposure to contaminants :on a particular site, ALL future ·uses of 
the property (which includes ·residentizil) must be considered in order to 
protect public health. · 

P.O. Box 27687, Rdeigh, North Ccrorina 27~ i l-7687 Telephone 919-733-3A21 
An Equal Opportunity Affirmative Action Employer ffJ% recycled/1 O't post-consumer paper 

54. 



.. . 
Mr. Doug Holyfield 
Page·2 
February 17, 1994 · 

I 
1- 3. The exposure point concentrations (shown on Table 3-1) for the following 

contaminants are 8bove what is considered acceptable for industrial and 
residential use. I have·listed the recamnended remediation levels. 
(USEPA, Region III, October -15, 1993 Risk-Based Concentration Table). I 

I 
I 
I 
I 
I 
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I 
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I 
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Contaminants 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo{b)fluoranthene 
Benzo(k)fluoranthene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 
Pentachlorophenol 
TCDD equivalents 

Remediation Levels (mg/kg) 

.87 
·.088 
.87 

8.8 
.088 
.87 

5.3 
• 0043 ug'/kg* ., 

* In a national dioxin study, EPA sampled soils from 138 rural and 221 
urban sites not associated with sources of 2,3,7,8-TCDD. Only 17 of 
the rural and urban soils had detectable levels of 2,3,7,8-TCDD at a 
concen~ration range of .0002 ug/kg - .0112 ug/kg. (Toxic Materials 
News, 1987 SUrvey finds little dioxin at control sites. Industry 
finds trace amounts in paper products and highest levels at pesticide 
plants. September 30,· p. 301). The TCDD equivalents detected of 2.27 
- 3.14 ug/kg suggests contamination introduced on the site. 

All of these contaminants have been reported to. cause cancer in animals. The 
long-term exposure to the current contaminant levels could significantly 
increase a resident or worker's risk of developing cancer. 

If you have any questions, please contact me at {919) 733-3410. 

LKW:tm 

Enclosures 
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State of North Carolina 
Department of Environment, 
Health and Natural Resources 
Division of Solid Waste Management 

James B. Hunt, Jr., Governor 
Jonathan B. Howes, Secretary 
William L. Meyer, Director 

March 17, 1994 

Mr. T.M. Davis, Manager 
Environmental Affairs 
Southern Wood Piedmont 
P.O. Box 5447 
Spartanburg, South Carolina 29304 

! 

;_:~::~·~:ct; ·;·!.;-;-.,r, .-: ·.-. 
'·····--..... __ ... 

RE: Southern Wood Piedmont - Wilmington, North Carolina 
Administrative Order on Consent - NCD05851746? 

Dear Mr. Davis: 

This office has reviewed the Risk Assessment Report for the 
Landfarm areas at the noted facility. The purpose of this rJport 
was to summarize remedial activities at the site within the 
requirements stipulated to in the 1985 Consent Agreement. This 
consent agreement was designed to close out the surficial, 
operational part of the site as well as remediating part of the 
Superfund areas by land applying contaminated soils· in an on-site 
landfarm. Southern Wood Piedmont was to continue landfarming 
activities until residual concentrations are determined not to have 
a significant impact on the public health and the environment as 
determined by the State. Consequently, this office transmitted a· 
copy- of this Risk Assessment Report to the Environmental 
Epidemiology Section for their review to determine if these 
residual levels are "Protective of Human . Health and the 
Environment" . 

A copy of Dr. Luanne Williams' report, dated February 17, 1994 is 
attached. In review of her report, she has considered that all 
future uses of the property, including residential must· be 
considered when evaluating the risk from exposure. Therefore, her 
acceptable remediation levels are considerably ·lower than the 
residual levels reported by SWP. 

In recent discussions with Dr. Williams, she indicated that if 
Southern Wood Piedmont in coordination with the City of Wilmington 

·and the N.C. Ports Authority can provide detailed information on 
the · exact ·future use of the prope:r_-ty, such as ·low · intensity 
industrial, (assumed in the report) , then alternate residual 
concentrations may be considered. The following concentrations 

P.O. Box 27687. Raleigh, North Carolina 27611-7687 Telephone 919-733-4996 FAX 919-715-3605 
An Equal Opportunity Affirmative Action Employer 50% recycled/1 0% post-consumer paper 
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Page 2. 

have been provided by Dr. Williams as being acceptable in 
Industrial Soils without cover

1
: 

Benzo(a)anthracene. 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 
Pentachlorophenol 
~CDD equivalents 

3.9 
. 39 . 

3.9 
39.0 

.39 
3.9 

24.0 
.019 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
ug/kg 

With cover, such as that provided by soils or concrete, whereby· no 
exposures are possible, existing levels in the landfarm may be 
acceptable. Otherwise, the Industrial or Residential levels apply. 
These residual levels not only apply to the landfarm area, but_ the 
wood storage areas as well (data for contaminated soils in the 
treated.and .non-treated wood storage areas ·indicate significant 
levels of contamination, and in fact much greater than the levels 
in the landfarm, i.e. TWS-10B). In addition, risk for construc
tion workers would have to be reduced to minimize exposure by 
addition~l personal protective equipment. 

In conclusion, please contact me at (919-733-2178) or Dr. Williams 
(919-733-3410) if you have any questions or comments regarding this 
review or if you would like to arrange a meeting. 

Sincerely, . . , 

/, ~~:.·4: #?,.L/:1 
R. Doug~;~oly~i~: Head 
Waste Management Branch 
Hazardous Waste Section 

attachinent: 

cc: Jerry Rhodes 
Flint Worrell 

•vPat DeRosa 
Glenn Dunn 
Dr. Luanne Williams 
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SOUTHERN WOOD PIEDMONT CO. 
· WILMINGTON, NC 

NCD 058 517 467 . 
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Site Name: Southern Wood Piedmont Wilmington 
Site Number: NCD 058 517 46 

Site Location: Wilmington, New Hanover County, N.C. 

Site Coordinates: 
34 13 01.0 
34 13 01.0 
34 12 48.0 
34 12 47.0 

77 57 08.5 
77 56 54.5 
77 56 52.0 
77 57 13.0 

Date: October 05, 1994 

Calculation Results 

Ref. 56 

Distance from Population Number of Households 
Site Location Per Ring Cumulative Per Ring Cumulative 

0 to 1/4 mile 527 527 260 260 

> 1/4 to 1/2 mile 828 1,355 447 707 

> 1/2 to 1 mile 7,206 8,561 3,445 4,152 

>1 to 2 miles 16,147 24,708 7,857 12,009 

>2 to 3 miles 12,212 36,920 5,545 17,554 

>3 to 4 miles 14,994 51,914 6,592 24,146 

Note: The populations and number of hous·eholds within specified 
target distance rings were calculated for the NC Superfund 
Section by the NC State Center for Geographic Information 
and Analysis using the 1990 US Census data. These values 
were calculated by summing the population and the number of· 
households data for each census block located within each 
target ring. For census blocks lying only partially within 
the ring, the per cent area of the block within the ring 
was multiplied by the population and household densities 
of the block. 
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To: 
From: 
Date: 
Re: 

MEMORANDUM 

File 
Stuart F. Parker, Jr., Hydrogeologist 
September 30, 1994 

ftr( 
Southern Wood Piedmont Co., Wilmington 
NCD 058 517 467 
Telecommunication with Chuck Davis, Southern Wood Piedmont Co. 

Ref. 57 

SFP telephoned Chuck Davis, Manager, Environmental Affairs, SWP (803-599-1075) 
on 9/30/94 with questions to follow up the SIP site reconnaissance; 

SFP inquired as to the areas and depths of excavation and filling at the site. 
According to Chuck Davis, excavated areas (and depths) included the drip .track and wood treating 
areas (3-5 feet deep), the adjacent treating cylinders (12-15 feet), the CCA area (as indicated by 
the arsenic testing results), the aboveground tank farm by the river (5-8 feet), the aboveground 
diesel tanks (3 feet, around their concrete slabs) and the former creosote ditch (10-12 feet). The 
creosote ditch area was 50-75 feet wide, narrowing to 15-20 feet by the plant, and this area 
contributed the most soil for treatment. The excavations were backfilled with sandy clay brought 
from a borrow pit 10-15 miles from the site, apparently supplied by a "Billy White". 
The NTA, NTB, and TWS areas were not excavated. 

SFP inquired as to the fate of the CCA area soils that were not stabilized with cement at 
the site. CD replied that soils exceeding 5 ppm arsenic EP Tox concentration were transported 
to the GSX (now Laidlaw) hazardous waste landfill in Pinewood, South Carolina. 
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. Old ATC Refinery 

Wilmington, New Hanover County, North. Carolina 
EPA ID N2 NCD986186518 

WasteLAN N2 05591 

EPA Work Assignment N214 
EPA Contract N2 68-W9-0055 

Prepared for the 

U. S. Environmental Protection Agency 
· Region IV 

Prepared by 

B&V Waste Science and Technology Corp 
BVWST Project N2 52014.100 

September 2, 1993 

Prepared by 

~LS.~frir 
Reviewed by 

~eS~ 
Ap~i/,.."'! 

1?ulwieianCi Scotti Thomas 
Site Manager .. 

Jancie S. Hatcher 
Technical Reviewer Project Manager 



I 
STATE OF 

I NORTH CAROLINA 

I• 
Department of Environment, Health, I and Natural Resources 
Division of Solid Waste Management I Superfund Section 

I 
I 
I 
I 

•• I 
I 
I 
I 
I 
I 
I 
le 
I 

WILMINGTON COAL GAS 
NCD 986 188 910 

Preliminary Assessment 

Mary Ganley 
Hydrogeologist 
December 1991 

Ref. 59 
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To: 
From: 
Date: 
Re: 

MEMORANDUM 

File 
Stuart F. Parker, Jr., Hydrogeologist 
December 20, 1994 

]Jvt1rrf 
Southern Wood Piedmont Co, Wilmington 
NCD 058 517 467 
Source Area Dimensions 

Ref. 60 

SFP utilized various methods and sources to estimate the volumes and/or surface areas of 
the various contaminant source areas designated during the SIP investigation. Methods are 
summarized below: 

1) Track & Treating Areas: The Treating Area dimensions were estimated to be 250 x 200 
ft. = 50,000 sq.ft., using Fig. 4 ofETENirogroup's Phase ill Report (Ref. 7). The Track Area 
was assumed to be about 1 acre = 43,560 sq. ft. The depth of excavation in each area was 
reported by Chuck Davis to be about 4ft (Ref. 57). Volume therefore = 93,560 sq. ft. x 4ft.=:= 
374,240 cu. ft. = 13,861 cu. yd. 

2) Buried Creosote Ditch: The ditch was reported in the PA Letter Report (Ref. 10) to 
be 5 ft. x 25 ft. x 500 ft. = 125000 sq. ft. area = 62,500 cu. ft. volume (3215 cu. yd.). 

3) Landfarm Areas: The landfarming areas were reported by Geraghty & Miller (Refs. 
12-13) to be 5 acres in area. 

4) Non-treated wood storage (NT A, NTB): Based on Geraghty & Miller's descriptions and 
illustrations (Ref. 14), the two areas measure approximately 750ft. x 750ft., and approximately 
525 x 750ft., or 956,250 sq. ft. (21.95 acres) total. The sampled depth interval is approximately 
6 in. Therefore the combined volume of the areas is 478,125 cu. ft. or 17,208 cu. yd. 

5) Treated wood storage(TWS): Based on Geraghty & Miller's descriptions and 
illustrations (Ref. 14), the area measures approximately 300 x 900ft. and was sampled to a depth 
of 1.5 ft. 
The area is therefore approximately 270,000 sq. ft. (6.2 acres), the volume is 270,000 ft. x 1.5 
ft. = 405,000 cu. ft. = 15,000 cu yd. 

6) Creosote Tank: Storage Area: This area, based on the Geraghty & Miller report, 
measures approximately 120ft. x 80ft., and was contaminated to about 1 ft. deep (Refs. 7, 9). 
The volume is therefore 21,600 cu. ft. or 800 cu. yd. 

7) Chromated Copper Arsenate (CCA)area: 93 cu.yd.ofsoils were treated at the area and 
another 98 cu. yd. were removed (Ref. 19). 


