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PHASE I 

SCREENING SITE INVESTIGATION 

FOR THE 

UNION CARBIDE CORP. 

NCD 003216462 

Submitted to: 

State of North Carolina 
Department of Environment, Health, and Natural Resources 

Division of Solid Waste Management 
Raleigh, North Carolina 27611-7687 

Prepared by: 

Greenhorne & O'Kara, Inc. 

July, 1990 
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UNION CARBIDE CORPORATION. INC. REFERENCE LIST 
SITE #NCD 003216462 

1. Field Notes, Greenhorne & O'Hara, inc., Mr. Hunter Loftin, site 
investigation, May 25, 1990. 

2. Print Out. Randolf County, North Carolina Tax Assessor's Office. 

3. Potential Hazardous Vaste Site Preliminary Assessment and field notes, 
December 1984: Joseph H. Deakins and 0. V. Strickland. 

4. City of Asheboro, North Carolina; Permit to Discharge Vastewater Under 
·the Industrial Pretreatment Program, July 1, 1987. 

5. Letter and attachment to 0. V. Strickland, Head, Solid and Vaste 
Management Branch, from G. B. McClanahan, Plant Manager, Union Carbide 
Corporation, Asheboro, N.C., October 6, 1982. 

6. Letter and attachments to G. B. McClanahan, Union Carbide Corporation 
from 0. V. Strickland, Head, Solid and Hazardous Vaste Management 
Branch, Raleigh, NC, September 19, 1983. 

7. Letter and attachments to G. B. McClanahan, Union Carbide Corporation 
from 0. V. Strickland, Head, Solid and Hazardous Vaste Management 
Branch, Raleigh, NC, October 13, 1982. 

a. Letter and attachments to G. B. McClanahan, Union Carbide Corporation 
from o. V. Strickland, Head, Solid and Hazardous Vaste Management 
Branch, Raleigh, NC, September 19, 1983. 

9. Letter and attachment to o. V. Strickland, Head, Solid and Vaste 
Management Branch, from G. B. McClanahan, Plant Manager, Union Carbide 
Corporation, Asheboro, N.C., October 6, 1982. 

10. EPA General Information Form OMB No. 158-R0175 and EPA Hazardous Vaste 
Permit Application OMB No. 158-S80004. Signed by P. J. Kennedy, Vice 
President, Union Carbide Corporation. 

11. Pollution Incident Report #3155 by V. Douglas Dixon, Division of 
Environmental Management in response to Report of Spill by Union 
Carbide Corporation, January 8, 1986. · 

12. Letter and attachments by G. B. McClanahan, Plant Manager, Union 
Carbide Corporation to V. Douglas Dixon, Division of Environmental 
Management, Raleigh, NC, January 3, 1986. 

13. Letter and Permit by Brenda J. Smith, Supervisor, Division of 
Environmental Management to Daria A. Sena, Union Carbide Corporation, 
Asheboro, NC, March 5, 1986. 
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14. Letter Report by Dave A. Horna, Branch Manager, Soil and Material 
Engineers, Inc. to Buster Hill, Eveready Battery Company, Asheboro, NC, 
November 18, 1986. 

15. Letter by M. Steven Mauney, Vater Quality Supervisor, Division of 
Environmental Management to T. Vayne Hodges, Quality Control Manager, 
Eveready Battery Company, Asheboro, NC, March 16, 1982. 

16. Letter by T. Vayne Hodges, Eveready Battery Company, to M. Steven 
Mauney, Vater Quality Supervisor, Vinston-Salem, NC, ·April 8, 1987. 

17. Letter by M. Steven Mauney, Vater Quality Supervisor, Division of 
Environmental Management to T. Vayne Hodges, Quality Control Manager, 
Eveready Battery Company, Asheboro, NC, April 10, 1987. 

18. Letter by V. E. Banker, Eveready Battery Company, to Steve Mooney 
(Mauney), Division of Environmental Management, Vinston-Salem, NC, 
February 3, 1987. 

19. Letter by M. Steven Mauney, Vater Quality Section to V. E. Banker, 
Eveready Battery Company, Asheboro, NC, February 9, 1987. 

20. Letter and attachments by Daria A. Sena, Eveready Battery Company, to 
Hugh V. Jernigan, Air Quality Section, Vinston-Salem, NC, July 31, 
1987. 

21. Letter and Permit by R. Paul Vilms, North Carolina Environmental 
Management Commission, to G. B. McClanahan, Eveready Battery Company, 
Asheboro, NC, October 23, 1987. 

22. Report. Contaminant Migration Study Underground Storage Tank, Eveready 
Battery Company, Asheboro, NC, by Soil and Material Engineers, Inc., 
August 14, 1986. 

23. Air Quality Action Request by Hugh V. Jernigan, August 21, 1987. 

24. Letter and attach~ents by o. V. Strickland, Head, Solid and Hazardous 
Vaste Management Branch to Vincent Godette, Union Carbide Corporation: 
July 8, 1982. 

25. Bain, G. L. and Thomas, J. D., Geology and Groundwater in the Durham 
Area. ·North Carolina. North Carolina Department of Vater Resources, 
Groundwater Bulletin Number 7, May 1966. 

26. Memo to file from JAB, Greenhorne & O'Hara, Inc., telephone 
conversation with Randy Macon, City of Asheboro, June 21, 1990. 

27. Printout. Vater supply locations near Asheboro-, North Carolina 
Division of Environmental Management, May 1990. 

28. Memo to file from Cairole Bernstein, Greenhorne & O'Hara, Inc., 
telephone conversation with Don Bostick, City of Asheboro, NC, June 27, 
1990. 
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29. Memo to file from Cairole Bernstein, 
telephone conversation with Ernie P. 
Engineer, North Carolina, June 27, 1990. 

Greenhorne & O'Hara, Inc., 
Cain, Vater Supply Regional 

30. North Carolina Administrative Code Section 15A NCAC 23.0100-Procedures 
for Assignment of Vater Quality Standards and 15A NCAC 2B.0200 
Classification and Vater Quality Standards Applicable to Surface Vaters 
of North Carolina, December 14, 1989. 

31. North Carolina Administrative Code Section 15A NCAC 2B.0309 
Classification and Vater Quality Standards assigned to the Vaters of 
the Yadken-Pee Dee River Basin. 

32. Memo to file from Cairole Bernstein, Greenhorne & O'Hara, Inc., 
.telephone conversation with Dumont Bunker, City of Asheboro, NC, June 
27, 1990. 

33. North Carolina Soil Conservation Service excerpt Georgeville Series, 
January 1979. 

34. Asheboro-Randolf Chamber of Commerce Market Data. Randolf County, 1990. 

35. Memo to file, Greenhorne & 0 'Mara, Inc. , North Carolina Superfund 
Sites, Property Ownership History with Attachments. 

36. Figure 5 Climatic Atlas of the United States, u.s. Department of 
Commerce, National Climatic Center, Asheville, NC, 1979. 

37. IBID. Figure 4. 

38. IBID. Figure 8. 

39. Figure 2, Appendix A. 

40. Figure 3, Appendix B. 

41. Figure 4, Appendix A. 

42. Memo to Superfund Branch Staff from Pat DeRosa·, Critical Habitats of 
Federally Listed Endangered Species in North Carolina·with Attachments, 
May 18, 1989. 

43. Figure 1, Appendix A. 

44. The Merck Index, 11th Edition, edited by s. Budavari et alo Merck & 
Company, Inc., Rahway, NJ. 1989. 

45. Hawley's Condensed Chemical Dictionary, 11th Edition, revised by Sax, 
N. I. and Lewis, R. N. Sr. Van Nostrand Reinhold Company, New York, 
NY. 1987. 

46. Callahan et. al. Vater-Related Environmental Fate of 129 Priority 
Pollutants. U.S. Environmental Protection Agency, Office of Vater 
Planning and Standards, Vashington, DC. EPA-440/4-79-0Zb. 1979. 
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47. Sax, N. I. and Lewis, R. N., Sr. Dangerous Properties of Industrial 
Materials, 7th ed. Van Nostrand Reinhold Company. 1989. 

48. Hine, J. and Mookerjee, P. K. J. Organic Chemistry 40:292-8. 1975. 

49. IRIS. Integrated Risk Information System. National Library of 
Medicine Database. Retrieved May 29, 1990, June 18 or June 25, 1990. 

50. Toxicological Profile for Selected PCBs, u. s. Public Health Service 
and U.S. Environmental Protection Agency, November 1987. 

51. Memo to File from Larry Ramsey and Hunter Loftin, Greenhorne & O'Hara, 
Inc., telephone conversation with Dario Sena, Eveready Battery Company, 
Asheboro, NC. July 5, 1990. 
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State of North Carolina 

I 

;' . IJ}"' 
; . : · · I 

Department of Natural Resources and Community Development 
Winston-Salem Regional Office 

Reference 19 

James G. Martin, Governor S. Thomas Rhodes, Secretary 

DIVISION OF ENVIRONMENTAL MANAGEMENT 
Februay 9, 1987 

Mr. w. E. Banker 
Eveready Battery co. 
P.o. Box 849 
Asheboro, North Carolina 27204 

Dear Mr. Hodge: 

Subject: Eveready Battery 
Pretreatment Unit 
Start-Up, Randolph 
County 

This letter is to acknowledge your correspondence below as 
received 2-6-87. 

Thank you for the notification dated 2-3-87 that the 
pretreatment unit has been installed. An inspection of the 
facility has not been arranged but if our schedule allows us 
to visit,,you will be notified in advance. 

If you.have any questions on the status of this project 
please call Ms. Sherri Vaden or me. 

cc: WSRO 
Central Files,:
Melvin Allen 
Doug Finan 

Sincerely, 

/7-,~ -;:;,7 
M. Steven Mauney 
Water Quality Section 

8025 Nonh Point Boulevard, Suire 100, Winston-Salem, NC. 27106-3295 • Telephone 919-761·2351 

An Equal Opponunity Affirmative Action Employer 
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EVEREACY BATTERY COMPANY, INC. 
P.0.80X849 
ASHEBORO, NC 27204-0849 

July 31, 1987 

North Carolina Department of Natural 
Resources and Community Development 
Air Quality Section 
Suite 100, 8025 North Pt. Blvd. 
~inston-Salem, North Carolina 27106 

ATTN: Mr. Hugh W. Jernigan 

Gentlemen: 

RECEIVED 
N.C. o~pt. NRCD 

1\ll~ 6 \981 
·• I . - .. t····,· Man<lgernent 

, cnv,rcn'""'en a Off" e ·- R"'g IC 
\'vinstor.·Saler.1 ~ · ------------

Reference 20 

Attached are triplicate copies for new permit applications to install and/or 
ooerate air pollution abatement facilities and/or emission sources at Eveready 
Battery Company, Inc., Plant No. 1, Asheboro, North Carolina. 

These new applications are being submitted for the following: 

(1) Installation and operation of the Dust Filtering System 
for our moisturizing room. 

(2) Operation of our existing uncontrolled emission sources 
such as (a) Zinc Casting Tank Repair Bench; (b) Zinc Can 
Extrusions; (c) Zinc Casting Furnaces. 

(3) Operation of our existing controlled emission sources 
as follows: (a) Zinc Dressing; (b) Zinc Calot Lubrication; 
(c) Electrolyte Paste Manufacture. 

(4) Permit renewal for our existing Dust Collector/Paper 
Scrap Cyclone Collector Permit No. 5035R2. 

If there are questions, please call me at (919) 672-3500. 

DAS :jh 

Attachments 

cc: G. B. McClanahan 
G. W. Beck/T. R. Voyles 
A. M. Nash/J. T. Houser 
P. R. Brown 
R. G. Behr 

Very truly yours, 

~-/·. {<-_ c:-.. -:::-::::-::;: ... ./ ~. '· .~--
Daria A. Sena 
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Nonh Cuolina Department of Nllur;al Rnourns and Community Dt"Ytlopment 

Environmental r.bnaaement Commission 

AJR PERMIT APPLICATION• 

GENERAL INFORMATION 

A 
page 1 of 1 

INSTRUCTIONS ON BA·CK 

lo construct and operate Air Emission Sour~s and Control Devices in accordance with N.C. Gen~nl S tuut.cs Chapter 143, Article 21. 

PLEASE TYPE OR PRINT. ATTACH APPROPRIATE EMISSION SOURCE AND CONTROL DEVICE FORMS FOR EACH SOURCE 
STED IN ITEM 6 BELOW. 

Facility Name (Company, Establishment, Town, Etc.): Date FOR OEM USE ONLY 
Eveready Battery Company, Inc., Plant I DATE RECEIVED: 

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

I Site Location (St./Rd./Hwy.): City Zip Code County RECEIV:::O 
800 Albemarle Road Asheboro 27203 Randolph N.C. Di~t. ;:-:~:D 

Latitude Longitude SIC Code 
39° - 50' 74° - 49' 36 

Mailing Address (P. 0. Box/St./Rd./Hwy.): 
P. 0. Box 849 

City 
Asheboro 

State 
N. C. 

Zip Code 
27204-0849 

Applicant Technacal Contact: Title 
Dario A. Sena Environmental Coordinator 

Phone with Area Code 
672-3524 

A''" ,, v:_, \) 1913 r 

J 
Environmentnl Ma~agement 
Wir;stcn·Salem Reg. Office 

P RMI I IQOIVIB~"-·· 
DATE ISSUED: 

1
-Description of operation conoucted at above facility: 

Manufacture of primary dry cell battery 

I List each EMISSION SOURCE and CONTROL DEVICE for which application is made. Assign an I D NUMBER to each emission source 
· Jnd control device which uniquely identifies that source. Attach appropriate emission source and control device forms for each. 

I EMISSION SOURCE . ID NO. CONTROL DEVICE ' \ ..,;-;_. ID NO. 

Paper Moisturizing Room RPC 368317 Filter - ~. ·;.,; RPC 368346 

I Zinc Casting Tank Repair Bench _____ ..:..:N.:::.o:.:..ne:::._ ____________ _ 
Zinc Can Extrusion See a ttac . .:.:h.::.e.:::.d ___ --.:..!N.:::.o:.:..ne:::._ __ -:-:--:--~-:--- _____ _ 
Zinc Calot Lubrication RPC 368244/242 Filter - \ \t.:JD~,..,. 

I . - \ ..;;.D '-Zlnc Dressing - RPC 368219 Filter ...; .:;; 
Zinc Casting Furnaces RPC 368251 None 

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

RPC 368332 
RPC 368219 

Electrolyte Paste Mfg. Filter 3oo ~-;. 

11--------------------------------- --------------------------------------- -------
RPC 359691 

I USE SEPARATE SHEET(S) IF NEEDED 

. Ma"'imum facility operation: 16 Hours/Day 5 Days/Week 
•r' 

. Name an';! address of engineering firm that prepared application or plans: 

Eveready Battery Co., Inc., Engineering Dept., Asheboro Plant No. 
:~.-· . "' . ~-

.• ... 

I. St"nJture of respon~allle-person or company official.:. &" ·~ 
" -:1 " .. ) ·~ "' Date )- ..... 7 . -~··/·j /,....?.? ~·?< {.3-vL<•.,__-~·--- - --

-S.-:!!-ne-r~.s~~~J-m~e~(T~Y~P~E~O~R~P-R~IN~T~)~~~~~==----~T~it~le----------~P~h=o=Mwi~~aC~ . -··· 
... ) 

G. B. r.tcCla.nahan Nunager Plant (919) 672-3501 .;.c •• .. ".;.,.,!.·.I •. ·. 

--~----ORM AQ·22 

I 



I 
I 
l. Stack or En 

I 
Height Abo 

I 
Volumetric 
(ACFM) 

1000 

I Is sca.ffoldi 
(X) No ( 

21. Indicate m 

l2. ( ) Opa.cil 

Atta.ch or 
BACK OF 

I 
I 
I 
I 
I 
I 
I 
I 
I 
123. Comm1 

I 
I 

I 
J 

GENERAL DATA.FOR PROCESSES OR FUEL BURNING SOURCES. 

NOTE: DO NOT USE THIS FORM FOR INCINERATORS, USE FORM "F". 

PLEASE TYPE OR PRINT. ATTACH TO THE GENERAL INFORMATION FORM "A". IF APPLICABLE, ATTACH AIR P< 
CONTROL DEVICE FORM "C". USE SEPARATE FORM FOR EACH SOURCE. 

1. Emission Source ~nd ID NO. (FROM GENERAL INFORMATION FORM "A", ITEM 6): 

Electrolyte Paste Manufacture 
2. Description of Process or Fuel Burn ins Source lncludins Air Conuol Device: 

.... .Me.r:G.Yri_c~]orjde js added jn the manufacture of the electrnl,>•te paste Mercr 

__ -~~l .. o_ride is weighed and any dust generated passes through a Torit filter befor 

discharge to the atmosphere. 
3. Permit Applic~tion is m~de for (CHECK ONE ONLY): 

( ) New Source (X) Existins Source ( ) Modific:.uion- Ust Penn it No.-----

Commence Construction 0.11te , 19 Operation Date July 

~. ,\1o~ximum Source Operation: --'---Hours/Day _ __..s._oaysfWeek 

5. Air Conumin~nts Maximum Actual Emissions Emission 
Emrtted: Before Control After Conuol Estima.te · Conuol 

(lb/hr) (lb/hr) Method• Device•• 

P .lrticulucs .......•... -···- ·---
Sulfur Dioxide ........ --
Nitrogen Dioxide ....... 
CJrbon Monoxide ...... -·· 
Hydroc.1rbons (VOC) .... -··· 
Lc.td. ·~fif8llrd~ ..... --
Other ( c r1 ) . _No _Da.ta 0 ! 1 Torit Baa Filter 
Other( ) . 

4 REFER TO BACK OF GENERAL INFORMATION FORM "A" FOR EMISSION ESTIMATION CODE 
•• .. HT ACH AIR CONTROL DEVICE FORM "C" 

b. Tvp.: of Source: 
CHECK ONE 
( Xl A GENERAL PROCESS -Source not covered by Band C below. (Complete items 7, 8, 18 through 22) 

' 1 ~ 

49 

c. 
Effi, 

I 

( B GENERAL PROCESS WITH IN·PROCESS FUEL- Source where producu of combustion contact materia.Js hea 
(Complete items 7, 8, 9, 13, 14, 18 through 22) 

C FUEL BURNING SOURCE (boilers, etc.)- Source where producu of combustion a.re for the primuy purpo 
ducins heat or power by indirect helt transfer. (Complete items 9th 

i. Process Opera.tion: ( ) Continuous ( X) Ba.tch- Nonna.l Ba.tch Time ___.1 .... 5~~.-___ No. Batches per D1y ---'3..._ __ 

8. Process N.1me Paste Manufacture Ma.x.Re 
.\1arerials Enterins Process•: Input Ra.tes (lb/hr) Permit 
(Include ln·process Solid Fuels) Design Actual Rates· 

A. Zinc Chloride Solution, Ammonium Chloride 750 150 
8. Flour. Starch9 Mercuric Chloride & Water 

c. 
0. __ 

E. 
F. -·--·- -· ---

,. 

.. 
G. ___ ··-----. .. 

TOTAL WErGHT ENTERING PROCESS 

•Do NOT LIST ANY VOLATILE HYDROCARBONS, USE HYDROCARBON EMISSION SOURCES FORM "E" 
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DATA FOR PROCESSES OR FUEL BURNING SOURcEs- continued B 
page 2 of 3 

Type of Fuel Burning Source: Not App 1 i cab 1 e 
( ) Industrial Boiler ( ) lnstitutional/R~identia.l Boiler ( ) Electric Utility Boiler ( ) Process Bumer(s) 

(' ) Other------------------- Make and Model No.------------

Type of Solid Fuel Burning Equipment Used: 
( ) Hand Fired · ( ) 
( ) Spreader Stoker ( ) 
( ) Un,derfeed Stoker ( ) 
( ) Other (specifiy) 

Is collected flyash reinjected? ( ) NO 

Not Applicable 
Overfeed Stoker 
Traveling Grate 
Shaking Grate 

( ) Pulverized 
( ) Wet Bed 
( ) Dry Bed 

YES Percent Reinjected _______ ;;<o 

Combustion Air: Percent Excess Air _____ __.% Natural ( ) Induced 

Specify method and schedule of tube cleaning: Not Applicable 
( ) Lancing ( ) Tube Blowing ( ) Other--------Schedule ________ ____.;,_ 

Boiler Horsepower R.Hing Boiler Steam Flow (lb/hr) ______ Nu.;O~.t.tlc-.!A:l.IP4P.L..luiu.c'"'aubul..s;e:._ ___ _ 

Fuel Burning Source Heat Input: .\1aximum Average ______ Million BTU/hr 

Fuel Data: Primary Fuel Type(s) (specify) ---------------------------
Sta~Jby Fuel Type(s) (specify) ___ _.!.!N~o~t....!A:!.Ip:!..lp~l~i~c:.!:a~b..!..l.:::.e ______________ _ 

FUEL TYPE I FUEL USAGE Max.% Max.% 
I ,\1ax. Design Max. Actual Annual Sulfur Ash BTU Value 

(gJijhrJ (gal/hr) (gal/yr) (BTU/cal) 
=6 F11el Oil ·----------·--· 

Jgal/hrJ (gal/hr) (gal/yr) (BTU/cal) 

=5 Fuel Oil -----
I (gal/hrl I (ul/hr) (gal{yr) (BTU/cal) 

=~Fuel Oil . 
------~-

I (lb/hr) (lb/hr) ( ton/yr) (BTU/Ib) 
I 

Coal · +-. -·- -··----
; ib/hr dry I (lb/hr dry) (ton/yr dry) (BTU{lb) 

WooJ ______ 8.000 

Other I 
If a combination of fuels is used, specify the maximum BTU/hr heat input for each: Not App 11 cab 1 e 
Fuc:l Oil Coal Wood------- Other----------

Tout maximum heat input in million BTU/hr of all indirect fired fuel burning sources within property boundaries excluding that 
indicated above: 

Fuel Oil-------- Coal-------- Wood------- Other----------

Total No. of indirect fired fuel burning sources within property boundaries: 

F!lel Oil Coal Wood------- Other........:.,;....---..,....,..,------, ·' ... 
Are there any fugitive emissions (storage piles, product handling, haul roads, etc.)? No (X) Yes ( .).·· If yes, please describe· in 
comments below, the type, size, estimated emissions and control measures. 

Describe any liquid or solid wastes generated and method of disposal: 

___ D!Jst collected from filter is recycled back into the process. ·.· ..... . ~·'." ,,'; ' 
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DATA FOR PROCESSES OR FUEL BURNING SOURCES- continued .B 
Stack or Emission Point Oau: 

Height Above Ground (ft.) 

44 
Volumetric Flow Rate 
(ACFM) 

1000 

Inside Area (sq. ft.) 

0.79 
Velocity (ft./sec.) 

21 

Is scaffolding available for source testing? 
(X) No ( ) Yes 

Gu Temperature (Deg. F) 

Ambient 
Are wnpling ports available? 
(X)No ()Yes 

page 3 of 3 

Direction of Exit 
(up, down or horizonuJ) 

Up 
·Js rain cap or other obstruction over 
suck? ( )No (X)Yes,(specify) 

Rain Cap 
Stack 10 No. __ D_-_5 ___ _ Sources with a common 
stack will have the same suck number. 

21. Indicate monitoring and recording instruments installed on stack: 

I 
I 
I 
I 
I 
I 
I 
I 
I 

( ) Opacity Monitor ( ) S02 Monitor ( ) NOx Monitor ) Other----------------

2. Attach or sketch a flow diagram of the process or fuel burning source. Include air control device(s). (SEE INSTRUCTIONS ON 
BACK OF THIS PAGE): 

F\l. ... 't"6.li:EO A., e. 
lo A_TI"10'5-P~E2£ 

;._ ~ 
..... ·. 

P •. ".\' 

.. . .. -· . .. 

.\ . 

. : .. ~ '. 

123. Comments: 

----

I 
... · ..... '. .. •·' 

I 



I 
I AIR POLLUTION CONTROL DEVICE · c 

page I of 3 

I LEASE TYPE OR PRINT. ATTACH TO GENERAL INFORMATION FORM "A". SUPPLY DESIGN DATA, SPECIFICATIONS, AND 
VAILABLE ENGINEERING DRAWINGS. 

I 

II 

'Air Control Device and ID No. (FROM GENERAL INFORMATION FORM "A", ITEM 6) 

Filter RPC 359691 
If there are several devices in series, list each unit in series starting at the emission source. Not Applicable 

(1) .. (2) ·--- ··--·-··------·- (3) ------- TOTAL UNITS ---

Indicate Emission Source and ID No. that Control Device(s) is installed on: 

Paste Room Wei hin Platform 
~- NJrrative Description of Control Device(s): 

__ Qust_ gen~_r_gte.d . ..f_rom .. .129-S..t.!L.!Ilill!.!.fa.rtl!r:_e_.Ra.so!-'se....,s~t!.l.lhr..o.ugh a Tori t bag fi l..tfr before 
... 9i_s~h~r-~~ _to_ !~~-~t~osphere_:___2~_fi lter has 30 cot ten sateen bags. Average 1 i fe 
_ o~ ~.?-~-~ . i ~- _s_ years. ______ ·---·-- ___ _ 

Manufacturer 

Tor it 
Model Name 

Torit 
Model Number 

123-5H 
5. Estimated Cost of C1.1ntrol Device Period of Time Control Device is Estimated to be Adequate: 

s__ 5,o_qp _________ _ 15 Years . 

Permit Applic.1tion is made for (CHECK ONE ONLY): 
( ) New Source (X) Existing Source ( ) Modification - Last Permit No. -------

Commence Construction Date·--

7. Emission Parameters: 
Pollutant{s) Controlled 

Emission Rate Before Control (lb/hr) = 
Emission Rate After Control (lb/hr) = 
Removal Efficiency Percent(%) = 

-----· 19 ___ 

PART. 
( ) 

NO" 
( ) 

Operation Date --------------• 19 __ 

co 
( ) 

voc 
( ) 

LEAD OTHER OTHER 
( )Mercuric Ch 1 ori de 

No Data 
0 ---

99.0 

Particle Size Distribution of Particulates Entering Control Device(% Micron): ll _____ ._-___ -_o_., _______ ··_-_-___ ,_-1_o ____________ 1_o_-2_s ____________ 2s_._so ______ ::::~_s_o_-1_oo ______ :::~_-_o_v_e_r_, __ oo 
8. Go~s Conditions at Control Device: lNLET INTERMEDIATE LOCATIONS 

Flow Rate (ACFM) = 1000 
OUTLET 

1000 

I 
19. 
I 

Temperature (Deg. F) = __8m.b..ie.n.:t.. 
Velocity {ft./sec.) = No Data 
Pressure Drop (in. H20) = -o:r8--
.\1oisture (%) = No a ta 

Ambient 
21 

No Data 

Describe Ultimate Disposal of Collected Materials: 
. _C_plJ~~~~ji_g,!JSt is recycled back into the process. 

. ·- ---- .... ----. --------------------------------------------------------
--------~-----------------------------------------------------------------------1'0. 

I 

I 

Stack or Emission Point Data: 

Ground (ft.) (sq. ft.) 
Direction of Exit 
(up, down, or horizontal) 

Are there obstructions over the s~c~?~;::--.~ · 
( ) No (X) Yes, (specify) :[.':\' -- · 

Height Above [Inside Area 

44 ___ .. ... ___ • 7 . .i/.9 _____________ ~u:!¥-~----'-----'------JLl.lo!.-l..U..~Ljol...-----·--·--~....;_---
rs scaffolding ava1lable for sources testing? 
(X) ~o ( ) Yes 

Comments: 

Are sampling ports available? 
(X) No ( ) Yes 

. . . 
...... ·-- .· . 

. .. ... ·-- ··-·· - ... --- ---------------------------------------':·-,-"-=---------
. ~ ~~~., .. , ~ .-. :: ~ ': (\·, ~~·· ~ ~ 



ELECTROLYTE PASTE MANUFACTURE 
MERCURIC CHLORIDE DUST COLLECTOR I 

I SUPPLEMENTAL DATA FOR AIR CONTROL DEVICES c 
( 

page 2 of 3 
12 ••• "CYCLONE" MECHANICAL SEPARATORS) ••• Not Applicable 

- ·ency (%) Volumetric Flow Pressure Drop (in. H20) B~ffles or Louvers (specify) Position in Series 
Rue (ACFM) #. of Units 

-:In~ Dimensions (inches) Cyclone Body Di~meter I (inches) 
Cyclone Body Height (ft.) Cyclone Cone Height (ft.) 

Inlet Outlet 

.YlP'>Y JNo. of Noul" Liquid Used (specify) Flow Rate (GPM) Makeup Rate (GPM) % Recircul.ued 
; ~o ( ) Yes 
---~-- ·--·---
~~ocess flow di~gram must be .uuched If cyclone is routed to ~nother cyclone or other equipment, show sketch of entire system. 

, CYCLO'I! ?;!GIHM · T 

CH!Cl( APPROPRIATE OUTlET CCt11IGU!l.lTION !!LCW SKETCH OTHU 

0 •PP 1 ca N t A bl e 
Efficiency (%) Volumetric Flow 

J Rate (ACFM) 

•• 
No. of Cones 

COtiFIGIJAATIOH 

OH CI.AGUl1 

Below 

oucr 

• "MULTICYCLONE" ••• 

Pressure Drop (ln. H-zO) 

Louvers Inlet Dimension of Individual I oudet Oim•nsion of lndividu~ 
1~o(~s 

1~ 

E :icncy \f-0) 

I 
Cyclone (inches) 

Volumetric Flow 
Rate (ACFM) 

99.0 1000 
:---~---'---

TYPE OF FILTER 
(, Fabric Filter (BAGHOUSE) 
( ) PJcked Bed ( ) Mat Filter 
(.Panel Filter 
(IIOmer _____________ __ 

Cyclone (inches) 

••• "FILTRATION" (BAGHOUSE) ••• 

Filter Surface 
Area (sq. ft.) 

300 

Air·to-Filter Area Ratio 
(ft./min.) 

3.33 
FILTER MATERIAL 

( ) Fiberglass ( ) Nylon 
( ) Nomex ( ) Teflon 
( ) Wool ( ) D~cron 
( ) Cotton ( ) Orion 

{X) Other Cotten Sa teen 

1 of CompartmentS 

30 . 

Time Between Cleaning 
(mins./hr.) 

Weekly PH 

Inlet Temperature 

(Deg. F)A b. t m 1en 

IBOOY 
I HEIGHT 

ICON! 
I HEI~T 

Position in Series 
.... of Units ,.,. 

Individual Cyclone Inlet Temper~ture 
Diameter (inches) (Deg. F) 

Pressure Drop (in. H-zO) 

0.70 
BAG CLEANING 

C<) Mechanical ( } Sonic 
( ) Reverse Flow ( ) Air Pulse 
( ) Simple Bag ( ) Ringed Baa 

Collapse Coll~pse 

( } Other--------

Position in Series 
* NA of ______ Units 

I. 
'I 

••• "AFTERBURNER" (FUME INCINERATOR) ••• Not Applicable 
pe of Afterburner: Efficiency(%) Volumeuic Flow Position in Series 
( ) Direct Flame Rate (CFM) # of Units 

) Cltalytic 
) Omer 

I ximum Burner Rating Combustion Chamber Retention Time Fuel Type 
Ilion BTU !hr) Temp.(Oeg. F) (sec.) Ugge -

mbustion Chamber Dimensions (ft.): .Length ________ Diameter 



I 
I 
I 

GENERAL DATA ~OR PROCESSES OR FUEL BURNING'SOURCES 

.NOTE: DO NOT USE THIS FORM FOR INCINERATORS, USE FORM "F" . 

B 
pige I of 3 

. EASE TYPE OR PRINT. ATTACH TO THE GENERAL INFORMATION FORM "A". IF APPLICABLE, ATTACH AIR POLLUTION 
> OL DEVICE FORM "C". USE SEPARATE FORM FOR EACH SOURCE. . 

E ssion Source ind ID NO. (FROM GENERAL INFORMATION FORM "A", ITEM 6): 

Zinc Calot Lubrication 3 Lubricators RPC 368244 368242 
riprion of Process or Fuel BurninJ SoCJrce lndudlnt Air Controf Dnic:e: 

___ Zinc Calots (_pellet) are tumbled with graphite and silicone or Antilowa. 

-~·-··-- . 

Permit Applicition is mide fot (CHECK ONE ONLY): 
( New Source ( ~ ExistiniSoCJrce ( ) Modifiation- Ust Pennit No.-----

C mence Construction Due , 19__ Operation Dite March 

.\1iximum Source Operition: 16 Houn/DiY 5 DiysfWeek 

ConumininU M.uimum Actual Emiuions. Emission 
E tted: Before Conuof After Controf Estimate Controf 

(lb/hr) (lb/hr) Method• Device•• 

Pliculues ........... __ 
S ur Dioxide ........ _ 
Nitrogen Dioxide ..•.•.. 
~on Monoxide . . . . . . __ 

rourbons (VOC) •... 
L ••.....•....••• 
Other(Zinc Particles n n1 .00001 Torit Baa Filter 

er ( Grapn1te ) . 
1EFER TO BACK OF GENERAL INFORMATION FORM "A" FOR EMISSION ESTIMATION CODE 
--ATTACH AIR CONTROL DEVICE FORM "C" 

CKONE . 

,19_]]_ 

49 Weekl/Yeu 

Controf 
Efficiencv" 

99.9_ 

I of Source: 

( .) A GENERAL PROCESS- Source not covered by Band C below. (Complete items 7, 8, 18 through :Z:Z) 

B GENERAL PROCESS WITH IN-PROCESS FUEL- Source where producu of combustion conuct materials heated. 
(Complete items 7, 8, 9, 13, 14,18 through 22) 

FUEL BURNING SOURCE (boilen, etc.)- Source where products of combustion ue·for the primary purpose of pro
ducint heat or power by indirect heit cransfer. (Complete items 9 throulh 22) 

P .ess Operation: ( ) Continuous ( X) ~Cd'l - Norma! B~Cd'l Time _ _.3~,:.~0:,__ __ No. Batches per D~y __ 4..;.;:0::.-_ 

I"' N•m• Cal at Lubri~atar 
, erials Entering Process•: Input Rates (lb/hr) 
( ·lude ln-pr~ss Solid Fuels) OesiJn Actu31 

l 
Zinc Graohite. lubricant for 3 Lubricators - 3000 

(. 

0. 

I 
G. - . 

TOTAL WEIGHT ENTERING PROCESS ,lor LIST ANY VOLATILE HYDROCARBONS, USE HYDROCARBON EMISSION SOURCES FORM "E" 

I 

M.u. Requested 
Permit Input 
Rues {lb/hr) 

c;nno. 
.... - ~ .-. - . , . . . . .· .. 

:··· 

.. 

·· ... . -
-.. -. . -.- ... .. ~... . . -...... -! I • 



I 
I 
I· 

I 

DATA FOR PROCESSES OR FUEL BURNING SOURCES- continued B 
p~ge 2 of 3 

Type of Fuel Burning Source: Not App 1 i cab 1 e 
( ) Industrial Boiler ( ) Institutional/Residential Boiler ( ) Electric Utility Boiler ( ) Process Burner{s) 

( ) Other------------------- M~ke md Model No.------------

Type of Solid Fuel Burning Equipment Used: 
( ) Hand Fired ( ) 
( ) Spreader Stoker ( ) 
( ) Underfeed Stoker ( ) 
( ) Other (specifiy) 

Not Applicable 
Overfeed Stoker 
Traveling Grate 
Sh~king Grate 

( ) Pulverized 
( ) Wet Bed 
( } Dry Bed 

Is collected flyash reinjected? ( ) NO ( ) YES Percent Reinjected _______ :;'tl 

Combustion Air: Percent Excess Air _____ _;% ( ) Natural ( ) 

Specify method and schedule of tube cleaning: 

Induced Not Applicable 

( ) Lancing ( ) Tube Blowing ( ) Other ________ Schedule---------

Boiler Horsepower Rating-------- Boiler Steam Flow (lbjhr)· ___ _JN~o~t~A:u,O!!oOwl...!i~c:..!::!a:..!::!b:..!.l..=e ______ _ 

Fuel Burning Source Heat Input: 
Not App 11 cab I e 

Maximum Million BTU/hr Average ------Milllon BTU/hr 

14. Fuel Data: Primary Fuel Type(s) (specify) --------------------------

I 
I 

16. 

I 

Standby Fuel Type(s) (specify) __ __:.N.:..:o:..:t:_.:..:A.r::.P.c:..P 1.:...1.:....:. C:.:a~b:....:.l-=e ______________ _ 

FUEL TYPE FUEL USAGE Max.% Max.% 
Max. Design Max. Actual Annual Sulfur Ash BTU Value 

(gal/hr) (gal/hr) (pJJyr) (BTU/gal) 
=6 Fuel Oil 

lsal/hr) (gal/hr) (sal/yr) (BTU/111) 
=5 Fuel Oil 

(ga.l/hr) (gal/hr) (la.l/yr) (BTU/Ial) 

=4 Fuel Oil 
(lb/hr) (lb/hr) (tonfyr) (BTU/Ib) 

Coal 
{lb/hr dry) (lb/hr dry) (tonfyr dry) (BTU/Ib) 

Wood 8.000 

Other 

If a combination of fuels is used, specify the maximum BTU/hr heat input for each: Not App 1 i cab 1 e 
Fuel Oil Coal Wood------- Other----------

Total maximum he~t input in million BTU/hr of all indirect fired fuel burning sources within property boundaries excluding that 
indicatedabove: Not Applicable 
Fuel Oil Coal Wood Other----------

Total No. of indirect fired fuel burning sources within property boundaries: Not Applicable . . . '.•. 

Fuel Oil Coal Wood------- Other-.:-:... ___ __;,-~ __ .....:.-...:·;___ 

18. Are there any fugitive emissions (storage piles, product handling, haul roads, etc.)? No (X) Yes ( ) 
comments below, the type, size, estim~ted emissions md control measures. 

If yes, please describe in 

. : -. 
19. Describe any liquid or solid wastes generated and method of disposal: 

Zinc particles and graphite_collected in bags are disposed in =c~unti-landfill. 

I 
... 

• :·". ··.,..... ... .... • • .: 't .. •• 

I 



I 
I 
I. 
I 
I 
I 

DATA FOR PROCESSES OR FUEL BURNING SOURCES- continued 8 
Suck or Emission Point Oau: 

Height Above Ground (ft.) Inside Area (sq. ft.) 

53 1 .8 
Volumetric Flow Rate Velocity (ft./sec.) 
(ACFM) 

3000 27.7 

Is scaffolding available for source testing? 
(X) No ( ) Yes 

Gas Tempenture (Deg. F) 

70 - 80 
Are sampling ports available? 
()No (x)Yes 

page 3 of 3 

Direction of Exit . 
(up, down or horiz.onul) 

Up 
Is rain ap or other obstruction over 
suck? ( X) No ( ) Yes, (specify) 

Suck 10 No. ___ D_-_1 ____ - Sources with a common 
suck will have the same suck number. 

21. Indicate monitoring and recording instrumenu installed on stack: 
( ) Opacity Monitor ( ) S02 Monitor ( ) NOx Monitor ) Other _____ ~_lo_n_e _________ _ 

2. Attach or sketch a flow diagnm of the process or fuel burning source. Include air control device(s). (SEE INSTRUCTIONS ON 
BACK OF THIS PAGE): 

1-
I 
I 
I 
I 
I 
I 
I 
I 

I 

Comments: 

~~~-·no:~Z-eo A., <L 

"'f o A.'T ""'\ 0 S"f'l.\ E ~ £.. 

r------~~0~1~ 

hL."'T'"I!! 

/~ -=:~ -~- ..! _:: .. ~. ~~·. 
i•',' '~·... ··.• ... 

,.·, ... J , •... ,_ : 
'!.,',J"; . :· : • .. .. : 

I: 'o: ,..., 

.. ,~.~-. 
··.'-· 

... · ... ~ ... 

·- t :- " . - . 



I 
I AIR POLLUTION CONTROL DEVICE c 

page l of 3 

EASE TYPE OR PRINT. A TI ACH TO GENERAL INFORMATION FORM "A". SUPPLY DESIGN DATA, SPECIFICATIONS, AND 
'AILABLE ENGINEERING DRAWINGS. . 

Air Control Device and ID No. (FROM GENERAL INFORMATION FORM "A",ITEM 6) 

Torit Bag Filter RPC 368332 
If there are several devices in series, list each unit in series starting at the emission source. I {1) _ __ _ _ _ . (2) _____________ (3) ___ _ 

Not Applicable 

TOTAL UNITS-----

I 

r· 

Narrative Description of Control Device(s): 

Zi_IJ_C_ Pa.r_ti clgsLGraphite from ca 1 ot l_ubri ~;;a tors are passed through bag t:_il ter befo~ 
_9-~~~~~r:Qin_g_ ~~-~h-~~~mosphere. Filter has 6 cellulose po_l...;;y'-e_s_t_e_r_b_a-=g:.-s_. ______ _ 

Manufacturer 

Torit 
Model Name 

Torit 
Model Number 

TO 1150 
Estimated Cost of Control Device Period of Time Control Device is Estimated to be Adequate: 

5,000 $ _____ --------- ------ 15 Years 

Permit Application is made for (CHECK ONE ONLY): 
( ) New Source (X) Existing Source ( ) Modification- Last Permit No.----------

Commence Construction Date ------· 19 __ Operation Date--------· 19 __ 

Emission Parameters: 
Pollutant(s) Controlled 

Emission Rate Before Control (lb/hr) = 
Emission Rate After Control (lb/hr) = 
Removal Efficiency Percent(%) = 

PART. 
( ) 

NOx 
( ) 

co 
( ) 

voc 
( ) 

Particle Size Distribution of Particulates Entering Control Device(% Micron): No Oa ta 

LEAD 
( ) 

OTHER 
Zinc 
.01 

OOOOJ 
99.9 

OTHER 
Graphite 

No Data 
No Data 
No Data 

I . ----- 0-1 ------1·10 10-25 25·50 

8-. ----------------------Gas Conditions at Control Device: INLET INTERMEDIATE LOCATIONS 3oUT~ET 
___ 50-100 ___ Over 100 

Flow Rate (ACFM) = 3000 :000 

I Temperature (Deg. F) = 19 - 80 z9 - 80 
Velocity (ft./sec.) = _1__._7___ 2 • 7 
Pressure Drop (in. H20) = No Data No Data 

I 
10. 

I 
I 

Moisture(%) = No Data No Oa ta 

Describe Ultimate DispoQJ of Collected Materials: 
_]:_i_!IE__pa!:_ticl~s and graphite collected are disposed in the county landfill with trash. 

-----------------------------------------------
Suck or Emission Point Data: 

Direction of Exit 
Ground (ft.) · (sq. ft.) (up, down, or horizontal) 

Are there obstructions over the stack? 
()ONo· C)Yes (specify) ----~· · .. ·:·-:-,. ' . ·,'• .... . . } , ...... 

:·· \. ··~-- .·>. 

Height Above [Inside Area 

I 53 1.8 Up 
...... ------ ---~---~------~-----~-----------~-~---------------

Is scaffolding .available for sources testing? 
(X)No()Yes 

Are sampling ports available? 
( ) No (X) Yes 

:·:. --. 
·. 

--------------------------------------~----------------------------------~-----111. Comments: 

....... 

I 



I 
I 

ZINC CALOT LUBRICATOR DUST COLLECTOR 

SUPPLEMENTAL DATA FOR AIR CONTROL DEVICES c 
2 f3 Not Applicable 

page 0 

2. ••• "CYCLONE" (MECHANICAL SEPARATORS) ••• 

f ICiency (%) Volumetric Flow Pressure Drop (in. H20) Baffles or Louvers (specify) Position in Series 
Rate (ACFM) #. of Unlu 

~~ne Dimensions (inches) Cyclone Body Diameter Cyclone Body Height (ft.) Cyclone Cone Height (ft.) 
Inlet Outlet (inches) 

-~~pray No. of Nozzles Liquid Used (specify) Flow Rate (GPM) Makeup Rate (GPM) I % Recirculated 
) No ( ) Yes 
-----·-- ·--· 
.ess tlow diagram must be atuched If cyclone is routed to another cyclone or other equipment, show sketch of entire system. 

• CYClO~I! QIJGIHP1 • T 

CH!CI( .lPPROPIUAT[ O:JTLET CCIIFIGU~.lTIOH B!LCW SK!TCN OTHER 
COIIF I GI.:RA TI OH 

OH ou~JJ1 oucr 
Below I BOOT 

I HEIGHT 

ICCHt 
l HEI~T 

Not Applicable ••• "MULTICVCLONE" • •• 

·f~ency (%) Volumetric Flow No. of Cones Pressure Drop (ln. H20) Position in Series 
Rate (ACFM) .. of Units -.r 

' -- -
.olers Inlet Dimension of lndividu~ Outlet Dimension of lndividu~ Individual Cyclone Inlet Temperature 

o( ) Yes Cyclone (inches) Cyclone (inches) Diameter (inches) (Deg. F) 
I 

' ••• "FILTRATION" (BAGHOUSE) ••• 

icncy (%) Volumetric Flow Filter Surface Air-to-Filter Area Ratio Pressure Drop (in. H20) 
Rate (ACFM) Area (sq. ft.) (ft./min.) 

99.9 3000 1150 2.61 3 - ~ ~PEOFFILTER 
~ ~abri~ 

1

Filt~r (BAGHOUSE) 

I Jcked Bed ( ) Mat Filter 
anel Filter mer ________________ _ 

FILTER MATERIAL 
( ) Fiberglass ( ) Nylon 
( ) Nomex ( ) Teflon 
( ) Wool ( ) Dacron 
( ) Cotton ( ) Orion 

BAG CLEANING 
( ) Mechanical ( ) Sonic 
( ) Reverse Flow (X) Air Pulse 
( ) Simple Bag ( ) Ringed Baa 

Collapse Collapse 

00 Other Cellulose Polyester ( ) Other--------

4 of Compartments Time Between Cleaning Inlet Temperawre Position in Series 
(mins./hr.) (Deg. F) ... NA of Uniu 

6 Continuous 80 
.,. 

.) ••• "AFTERBURNER" (FUME INCINERATOR) ••• Not Applicable 
:"ype of Afterburner: I Efficioncy (%) Volumeuic Flow Position in Series 

- l Oirm Flam• Rate (CFM) # of UniU 
) Catalytic 
) Other 

limum Burner Rating Combustion Chamber Retention Time Fuel Type 
lion BTU1hr) Temp. (Deg. F) (sec.) Usage 

. -

tbustion Chamber Dimensions (ft.)~ .Length _____________ Diameter 



I 
I 
I 

GENERAL DATA.FOR PROCESSES OR FUEL BURNING SOURCES 8 
.NOTE: DO NOT USE THIS FORM FOR INCINERATORS, USE FORM "F'•. 

page l of 3 

'LEASE TYPE OR PRINT. ATTACH TO THE GENERAL INFORMATION FORM "A ... IF A1Pt.ICABLE, ATTACH AIR POLLUTION 
ROL DEVICE FORM "C". USE SEPARATE FORM FOR EACH SOURCE. · 

ission Source and ID NO. (FROM GENERAL INFORMATION FORM "A",ITEM 6): 
Zinc Dressing (2 Dressing Stations) RPC 368219 

· scription of Process or Fuel Burnin1 Source lndudinl Air Control Device: 
__ MoJ.len zinc ~lloy is "dressed" with zinc chloride. The "dross" (Approx. 60 - 70% zinc 

l
_oxid~ is put in 55-gal. drum under a hood. Air passes through a filter before 

__ discharging to the atmosphere . 
. Permit Application is made for (CHECK ONE ONLY): 

) New Source (X) Existin1 Sourc:e ( ) Modification- l.ut Permit No.-----
mmence Construction Date , 19-- Opentlon Date March ,19..11_ 

. Muimum Source Operation: 3 Houn/Day _ _,S,__Days{Wec« 49 Week3/Yeu 

1r Conuminanu Maximum Actual Emissions Emission 
itted: Before Control After Control Estirnat8 Control Control 

(lb/hr) {lb/hr) Method• Deotlce .. Efficiency" 

lrtic:ula.tes. . . . • . . .• . . . ___ 
lfur Dtoxtde •...•... 

Nitrogen Dioxide •••.... 
~rbon Monoxide • • . • . . __ 

ydrocarbons (VOC). . • . --
e~d ••.....•..•••.• 

Other ( Zinc Oxide ) . 0.05 .11000_5 1 Torit Baa Filt~ 99.9 
ther ( ) . 

I-REFER TO BACK OF GENERAL INFORMATION FORM "A" FOR EMISSION ESTIMATION CODE 
··ATTACHAIRCONTROLDEVICEFORM"C" Approx. 751# dust generated in 3 mos. for approx. 3 hrs./day 

>lype of Source: 
HECK ONE 

. (X) A GENERAL PROCESS- Source not covered by Band C below. (Complete items 7, 8, 18 through 22) I) B GENERAL PROCESS WITH IN·PROCESS FUEL- Source where produc:u of combustion c:onuc:t materials heated. 
(Complete items 7, 8, 9, 13, 14, 18 through 22) 

( ) C FUEL BURNING SOURCE (boilen, etc:.)- Source where produc:u of combustion ue for the prinwy purpose of pro-

1 
· duc:ing heat or power by indirect heu tnnsfer. (Complete items 9 through 22) 

rocess Operation: ( ) Continuous (X ) Batch - Normal Batch Time 60 ml n I No. Batches per Day _ _.._ __ _ 

~o«ss Nome Dross i ng Max. Requested 
uerials Entering Process•: Input Rates (lb/hr) Permit Input 
nclude ln-pr~ SoUd Fuels) Desi111 Ac:tllal Rates (lb/hr) 

J: ]1nc/Z_1nc Q_x1_de (2 Dross1ng Stat1ons) JUU 500 

.. .. -c. 
: 

'10. , .. :_"\ :. 

,.::..• .. ,.. -
E. 

·'~··: ... , . 
F. . 

G. 
, .. -; . " ~ ~ ', . -- ~ ... ,_. · .. ' . 

TOTAL WEIGHT ENTERING PROCESS \r-; ., 
'I o lo NOT LIST ANY VOLATILE HYDROCARBONS, USE HYDROCARBON EMISSION SOURCES FO~,'·Ii,•\L!. ,, ... ...... \ .. ' 

I 



I 
I 

DATA FOR PROCESSES OR FUEL BURNING SOURCES- continued B 
page 2 of] 

Type of Fuel Burning SOurce: Not App 1 i cab 1 e 
( ) lndustri~ Boiler ( ) lnstitutioml/Rcsidenti~ Boiler ( ) Electric Utility Boiler ( ) Process Bumer(s) 

( ) Other Make and Model No.-----------

0. Type of Solid Fuel Burning Equipment Used: pp 1 ca 
Overfeed Stoker 
Traveling Grate 
Shaking Grate 

e 

I 
( ) Hand Fired { ) 
( ) Spreader Stoker ( ) 
( ) Underfeed Stoker ( ) 
( ) Other (specifiy) 

( ) Pulverized 
( ) Wet Bed 
( ) Dry Bed 

Is collected flyash reinjected? ( ) NO ( ) YES Percent Reinjected ______ ___::% 

Combustion Air: Percent Excess Air ______ % ( ) Natural ( ) 

Specify method and schedule of tube cleaning: 

Induced 
Not Applicable 

( ) Lancing ( ) Tube Blowing ) Other ________ Schedule---------

12. Boiler Horsepower Rating -------- Boiler Steam Flow (lb/hr) __ ___:.N;_:o_t_A..!..p..!..p_l_i_c_a_b_l e ______ _ 

Average ______ Million BTU/hr 

14. Fuel Data: Primary Fuel Type(s) (specify) ___ _:N..:...:o:...:t~A;.~:p.~:.P..:..l..:..i c.:..;a::..:b:....l:...:e=----------------

I 
I 
I 
I 
I 

1 

18. 

119.· 
I 
I 

Standby Fuel Type(s) (specify) -------------------------

FUEL TYPE FUEL USAGE Max.% Max.% 
Max. Design Max. Actual Annu~ Sulfur Ash BTU Value 

(gal/hr) (gal/hr) (gaJ/vr) (BTU fill) 
:6 Fuel Oil 

(gal/hr) {g.tl/hr) (gal/yr) (BTU/111) 

=5 Fuel Oil 
(gal/hr) (gal/hr) (ga.l/yr) (BTU/111) 

:4 Fuel Oil -
(lb/hr) (lb/hr) (ton/yr) (BTU/Ib) 

Coal 
(lb/hr dry) (lb/hr dry) (ton/yr dry) (BTU/Ib) 

Wood 8.000 

Other 
. Not-A If a comb1nat1on of fuels IS used, specafy the maxamum BTU/hr heat tnput for each. PP 11cille 

Fuel Oil Co~ Wood------- Other----------

Total maximum heat input in million BTU/hr of all indirect fired fuel burning sources within propeny boundaries excluding that 
indicatedabove: Not Applicable 
Fuel Oil ______ _ Coal ______ _ Wood------- Other ___ _..;.,_..;.. ____ _ 

Tour No. of indirect fired fuel burning sources within property boundaries: Not App 1 i cab 1 e 
Fuel Oil Coal Wood------- Other----------

Arc there any fugitive emissions (storage piles, product handling, haul roads, etc.)? No (X) Yes(-_) If yes, please desaibe in 
comments below, the type, size, estimated emissions and control measures. • 

Describe any liquid or solid wutes generated and method of disposal: 
None. Dust collected is included in the dross which is sold for reclaiming. 



I 
I 
I. 
I 
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DATA FOR PROCESSES OR FUEL BURNING SOURCES -continued B 
Stack or Emission Point D~u: 

Height Above Ground (ft.) 

41 

Volumetric Flow Rate 
(ACFM) 

1000 

Inside Aru (sq. ft.) 

0.79 

Velocity (ft./sec.) 

21 

Is scaffolding available for source testing? 
( X) No ( ) Yes 

Gu Temperawre (Deg. F) 

300 

Are smtpling pons ~nilable? 
( ) No (X) Yes 

Direction of Exit 
(up, down or horizontal) 

Up 

page 3 of 3 

Is r~in ap or other obstruction over 
suck? (X) No ( ) Yes, (specify) 

Stack 10 No. D-8 - Sources with a common 
stack will h~ve the ~me suck number. 

21. Indicate monitoring and recording instruments installed on stack: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
ln. 
I 
I 

( ) Opacity Monitor ( ) 502 Monitor ( ) NOx Monitor ) Other _____ N_o_n_e _________ _ 

Attach or sketch a flow· diagram of the process or fuel burning source. Include air control device(s). (SEE INSTRUCTIONS ON 
BACK OF THIS PAGE): 

Comments: 

h1..:\S:~O b._,tl_ 
rlo ~ e ~.,-HOSPtiE~ 



I 
I AIR POLLUTION CONTROL DEVICE ; c 

page I of 3 

EASE TYPE OR PRINT. ATTACH TO GENERAL INFORMATION FORM "A". SUPPLY DESIGN DATA, SPECIFICATIONS, AND 
AILABLE ENGINEERING DRAWINGS. 

1. Air Control Device and ID No. (FROM GENERAL INFORMATION FORM "A", ITEM 6) 

Torit Ba Filter RPC 368219 
If there are several devices in series, list each unit in series starting at the emission source. Not Applicable I (1) _ _ (2) ______________ (3) __ _ TOTAL UNITS-----

Narrative Description of Control Device(s): 
~-~-~~-f.!.! te_!: __ ~~~£Otten sateen b'!_~i ch have an average bag 1 ife of 5 ·years. 

I 
~~~~~E'~ ~~~-e_d _ ~ !_t: pas?es throu...._g_h_t_h_e_f_i_;_l_t_e_r_;b;;_;a"""g'--s_. _________________ _ 

··----· -----.---------------
Manufacturer 

Torit 
Model Name 

Tor it 
Model Number 

84 
Estimated Cost of Control Device 

s_ --~ .• _QpQ_ ____ ·---- --

Permit Application is made for (CHECK ONE ONLY): 

Period of Time Conuol Device is Estimated to be Adequate: 
__ _:1:..:5:__. Years 

( ) New Source (X) Existing Source ( ) Modification -Last Permit No.----------

Commence Construction Date 

Emission Parameters: 
Pollutant(s) Controlled 

Emission Rate Before Control (lb/hr) = 
Emission Rate After Control (lb/hr) = 
Removal Efficiency Percent(%) ·-

------· 19 __ 

PART. 
( ) 

NO)( 
( ) 

Operation Date--------· 19 __ 

co 
( ) 

voc 
( ) 

LEAD OTHER OTHER 
( ) Zinc Oxide=----

0.05 
0.00005 

99.9 --

Particle Size Distribution of Particulates Entering Control Device(% Micron): No Oa ta 
· .. ---·- 0-1 -·----1·10 10·25 25·50 ___ 50-100 ___ over 100 

Gas Conditions at Control Device: INLET INTERMEDIATE LOCATIONS 
Flow Rate (ACFM) = 
Temperature (Deg. F) = 
Velocity (ft./sec.) = I sao 

_ __2l_ 

OUTLET 

300 

1.78 Pressure Drop (in. H20) = 
Moisture(%) = 

9. Describe Ultimate Disposal of Collected Materials: 

Nil N1 I 

__ D_u~! _ _frQ_m th~ filter is put back into the dross container for selling to reclaimer. 

1:_·-_--=-··--=----~~~~~~~~~~~~~~~~~~~~~~~~::~~-= 
1 0. Stack or Emission Point Data: 

I Height Above llnside Area 
Ground (ft.) (sq. ft.) 

. '- -~1 ··---- ----=·~7.::...9 __ ____:. __ ____::U:.~:JP---.-____ ..~....-____ ---:.:·-' ·-------

1 Is scaffolding available for sources testing? Are sampling ports available? ·. r 

(X)No ()Yes ()No (X) Yes 

Direction of Exit 
{up, down, or horizontal) 

Are there obstrucdons ov;r,the. suck?. 
0<) No ( ) Yes, (s~~irYf -

·--~. . 

---------------------~---------------~~------------111. Comment~: _____ _ 

I 



I ZINC DROSS DUST COLLECTOR 

I SUPPLEMENTAL DATA FOR AIR CONTROL DEVICES c 
2. 

.f ncy (%) Volumetric Flow 
Rate (ACFM) 

... "CYCLONE" (MECHANICAL SEPARATORS) ••• 

Pressure Drop (in. H20) Baffles or Louvers (specify) 

Not Applicable 
page 2 of 3 

Position in Series 

--- of ----- Unlu 

------~-----------+-----------;-------------------~------------·------Cyclone Body Diameter Cyclone Body Height (ft.) :y ne Dimensions (inches) 
Outlet (inches) 

Liquid Used (specify) 

Cyclone Cone Height (ft.) 

Flow Rate (GPM) Makeup Rate (GPM) I % Recirculated 

------· --- ·---------'---·------.1-------·--'----------'-------
\ locess flow diagram must be attached If cyclone is routed to another cyclone or other equipment, show sketch of entire system. 

CYClO~l! O;!G:I!H ,.. T 

CH!CX. .lFFROFQU.TE OUTLET CCtiFIGUli.lTIOH B!l.CW ~KETCH OTHE~ 

I~ 
.~ 

Not Applicable 

COllflGURATIOH 

OH OUGSUJ1 

Below 

oucr 

••• "MULTICYCLONE" .. ;. 

I BOOT 

I HEIGHT 

ICOHt 
I HEIGHT 

:fficiency (%) I Volumetric Flow No. of Cones Pressure Drop (ln. H20) Position in Series _I_ l Rate (ACFM) # of Units 

- -
.ouvers 'Inlet Dimension of Individual Outlet Dimension of Individual 

~·o ( ) Yes Cyclone (inches) Cyclone (inches) 

. I 

.t. ••• "FILTRATION" (BAGHOUSE) ••• 

- icncy (%) Volumetric Flow Filter Surface Air-to-Filter Area Ratio 
Rate (ACFM) Area (sq. ft.) (ft./min.) 

99.9 1000 150 6.67 

I TYPE OF FILTER 
X .1bric Filter (BAGHOUSE) 

) P.1cked Bed ( ) Mat Filter 

FILTER MATERIAL 
( ) Fiberglass ( ) Nylon 
( ) Nomex ( ) Teflon 

l£anel Filter 
~mer _____________ _ ( ) Wool ( ) Dacron 

( ) Cotton ( ) Orton 

(X) Other Cotten Sateen 

'llofCompartments . Time Between Cleaning 
(mins./hr.) 

Inlet Temperawre 
(Deg. F) 

400 30 . Weekly Pr~ 

Individual Cyclone Inlet Temperature 
Diameter (inches) (Deg. F) 

Pressure Drop (in. H20l 

1.78 
BAG CLEANING 

(X) Mechanical ( ) Sonic 
( ) Reverse Flow ( ) Air Pulse 
( ) Simple Bag ( ) Ringed Baa 

Collapse Collapse 

( ) Other--------

Position in Series 
# NA of _______ Uniu 

I •u "AFTERBURNER" (FUME INCINERATOR) ••• Not Applicable 
f pe of Afterburner: Efficiency(%) Volumetric Flow Position in Series -. ,"· .. 

( l Direct Flame Rate (CFM) . -. ... of . ' UniU .,. I ) Cltalytic .. -
) Other -

.... 

•: 

\limum Burner Rating Combustion Chamber Retention Time Fuel Type 
,r·-~ 

, lion BTUjhr) , Temp. (Deg. F) (sec.) 
. r"': . - ·····" . 

Usage \~. : '! 

\I"'-. . . 
' - -

bustion Chamber Dimensions (ft.): ----- .Length ________ Diameter 
.· 
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GENERAL DATA·FOR PROCESSES OR FUEL BURNING SOURCES 8 
page I of 3 

.NOTE: DO NOT USE THIS FORM FOR INCINERATORS, USE FORM "F". 

l ASE TYPE OR PRINT. ATTACH TO THE GENERAL INFORMATION FORM "A". IF APPLICABLE, ATTACH AIR POLLUTION 
NTROL DEVICE FORM "C". USE SEPARATE FORM FOR EACH SOURCE. · 

1. Emission Source and ID NO. (FROM GENERAL INFORMATION FORM "A", ITEM 6): 

Zinc Castin Furnaces 3 Furnaces RPC 368251 
Description of Process Of Fuel Burnina Source lndudina Air Conuot Device: 
___ Zi_nc Slab is_melted and alloyed with 0.2% (by wt.) lead and 0.07% (by weight) cadmium. 

1··--Al_loyjng is at approximately 900°F in induction furnace. 

3. Permit Application is made for (CHECK ONE ONLY): 

I ( ) New Source ()() Exist ina Source ( ) Modifiation - Ust Penn it No. -----
Commence ConstNction Due , 19- Operttlon Date March '19 .77 

M.vcimum Source Operation: 16 Houn/Day 5 Days/Week 49 Weeks/Yeu 

Air Conuminanu Maximum Actual Emissions Emission 
Emitted: BefMe Controt After Conuot Estinute Control Control 

IParticulues •...•..••.. 

(lb/hr) (lb/hr) Method• DeY ice•• Efficiency"' 

Sulfur Dioxide ••••...• 

1 
Nitrogen Dioxide .•...•. 
Clrbon Monoxide • . • . . • __ 
Hydrocarbons (V~) •••• 
Lead. ~91JlP9~P. ~- .... No Data N_o _Data None N_A 
Other (Zinc Oxide ) . .0004 NA 1 None NA 
Other t:aam1 urn l:ome):ls. No Data Nil 2 None NA 

J I 
•REFER TO BACK OF GENERAL INFORMATION FORM "A" FOR EMISSION ESTIMATION CODE 

1
.-. ATTACH AIR CONTROL DEVICE FORM "C" 

Type of Source: 
CHECK ONE 

I 
( X) A GENERAL PROCESS -Source not covered by Band C below. (Complete items 7, 8, 18 throuah 22) 

( ) B GENERAL PROCESS WITH IN·PROCESS FUEL- Source where products of combustion conuct materials heated. 
(Complete items 7, 8, 9, 13, 14, 18 throuah 22) · 

( ) C FUEL BURNING SOURCE (boilen, etc.)- Source where products of combustion ue for the prinwy purpose of pro-
ducina heat or power by indirect heat tnnsfer. (Complete items 9 throuah 22) 

7. Process Operation: ( ) Continuous (X) B~tch- Nonna.l Batch Time 30 Mi ns • No. Batches per Day 240 

Process Name Zinc Alloxing Max. Requested 
,\1aterials Enterina Process•: Input Rates (lb/hr) Permit Input 
(Include ln.prouss Solid Fuels) Design Actual Rates (lb/hr) 

I A. 
Z1 nc, Caci_m1 um & Lead for 3 furnaces 4500 9_QO_Q_ 

B. 7 ... ·;---.... _ 
c. : ... I,·, '• 

I D. i .- .. ~,,· .. •.',-· . .. 
. ..... . 

E. 
. ...... 
. 

F. ... . . . . 

I 
,c • . •. ·.· 

G. . .. . . I . . .. . -.. ,. -TOTAL WEIGHT ENTERING PROCESS ·-~: .. .-. .. ' . -. 
•oo NOT LIST ANY VOLA TILE HYDROCARBONS, USE HYDROCARBON EMlSSlON SOURCES FORM·'.'E" ·.- '· .. , ... 

II ·--
""' ~ • , ', '". : .. "=' -; •• r 

~ . . ... . . ~ .... 
. ·- -··· 

. 



I 
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I 

DATA FOR PROCESSES OR FUEL BURNING SOURCES- continued B 
Stack or Emission Point Data: 

Height Above Ground (ft.) 

52 
Volumetric Flow Rate 
(ACFM) 

4000 

Inside Area (sq. ft.) 

l.IJ 
Velocity (ft./sec.) 

37 

Is scaffolding available for source testing? 
(X ) No ( ) Yes 

Gas Temper3ture (Deg. F) 

200 
Are sampling poru available? 
( ) No (X) Yes 

page 3 of 3 

Direction of Exit 
(up, down or horizontal) 

Up 
Is rain cap or other obstruction over 
stack? (X) No ( ) Yes, (specify) 

Stack 10 No. _F_-_1_6_/;_F_-_17 ___ - Sources with a common 
stack will have the same stack number. 

21. Indicate monitoring and recording instruments installed on stack: 

22. 

I 
I 
I 

~-I 

I 
I 
I 
I 
I 

( ) Opacity Monitor ( ) 502 Monitor ( ) NOx Monitor ) Other ------~;_lo_n_e~--------

Attach or sketch a flow diagram of the process or fuel burning source. Include air control device(s). (SEE INSTRUCTIONS ON 
BACK OF THIS PAGE): 

UNfl '-"l"'ei'Z.~o /::.... 1e. 
lA SC:.\..1 "'Z.Go E.0 ---r::D 
~E:. ~"'t"'~OS?t-IE~E.., 

11-23-.-C-o_m_m_e-nt_s_: ___________________________________________________________________________ _ 

------·---------------------------------------------------------------------
I 
I 
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GENERAL DATA. .FOR PROCESSES OR FUEL BURNING SOURCES 8 
NOTE: DO NOT USE THIS FORM FOR INCINERATORS, USE FORM "F". 

page I of 3 

ASE TYPE OR PRINT. ATTACH TO THE GENERAL INFORMATION FORM "A". IF APPLICABLE, ATTACH AIR POLLUTION 
TROL DEVICE FORM "C ... USE SEPARATE FORM FOR EACH SOURCE. 

mission Source and 10 NO.lFROM GENERAL INFORMATION FORM "A", ITEM 6): 
Zinc Can Extrusion {14 Extruders} RPC 

2 ucription of Process or Fuel Burnin1 Source lndudinl Air Control Device: 
l:j_n_c __ Q.Ei.l~tlts_j_calots) are fed into the extruder pynch and Cans are J. _eJ<~r:-~qed bUhe impact of the punch. 

3. Permit Application is made for lCHECK ONE ONLY): 
) New Source (X) Existina Source { ) Modifiation - Ust Permit No. -----

March ommc:nce Construction Due ,19 __ Operation Due 

~- M .. ximum Source Operation: ___ Hours/Day ---Davs/Week 

ir Conuminanu \1uimum Acw~ Emissions Emission 
:nitted: Before Control After Control Estimate Control 

(lb/hr) (lb/hr) Method• Device•• 

larticul.ucs ..•........ -·· .. 
0
. __ 

ulfur Dioxide ••...... __ NA I None 
Nitrogen Dioxide ..•.... ---

IC.1rbon Monoxide •..... -.. 
Hydrocarbons (VOC) •... ·- .. -
Lc.td •••....•••••... --
Other l ) . ---· : 
Other ( ) . I ·REFER TO BACK OF GENERAL INFORMATION FORM "A" FOR EMISSION ESTIMATION CODE 
••ATTACH AIR CONTROL DEVICE FORM "C" 

I Typ.: of Source: 
CHECK ONE 
~~) A GENERAL PROCESS -Source not covered by Band C below. (Complete items 7, 8, 18 through 22) 

'19]2__ 

___ Weeks/Yur 

Control 
Efficiency% 

NA 

I() B GENERAL PROCESS WITH IN-PROCESS FUEL- Sourc:e where producu of t.ombustion conuct materials heated. 
(Complete items 7, 8, 9, 13, 14, 18 through 22) 

( ) C FUEL BURNING SOURCE (boilen, etc.)- Source where producu of combustion are for the primary purpose of pro-

1 
duc:ins heat or power by indirect heat transfer. (Complete items 9 through 22) 

Process Operation: {X) Continuous { ) Batch - Normal Batch Time No. Batches per Day -----

I 
I 
I 

Process Name Zinc ~an E~trusion 
.\1.1terials Entering Process•: 
(Include ln:process Sotid Fuels) 

A. Lubricated Zinc Ca 1 ots oer 
B. 
c. 
D., 
E. 
F. -·--·-·- ---

Input Rates (lb/hr) 
Design Acwal 

Extruder 3000 

. 
G, ____ ·--··-

TOTAL WEIGHT ENTERING PROCESS 

I.DO NOT LIST ANY VOLATILE HYDROCARBONS, USE HYDROCARBON EMISSION SOURCES FORM "E" 

I 

Mu. Requested 
Permit Input 
Rues (lb/hr) 

5000 

I 



I 
I 

I 
I 

DATA FOR PROCESSES OR FUEL BURNING SOURCES -continued B 
Suck or Emission Point 03U: 

Height Above Ground (ft.) 

53 
Volumetric Flow R3te 
(ACFM) 

7500 

Inside Are3 (sq. ft.) 

1 .8 
Velocity (ft./sec.) 

69.4 

Gu Tempentllre (Deg. F) 

70 - 80 
Are wnplina ports anilable? 
( ) No (X) Yes 
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Direction of Exit 
(up, down or horizontal) 

UP 
Is r3in cap or other obstruction over 
suck? ( X) No ( ) Yes, (specify) 

Is scaffolding av3ilable for source testing? Suck 10 No. F-11 /F-13/F-14 - Sources with a common JI _____ <X_l~N_o ___ <_l_Y_e_s __________________________ ~_su_c_k_w __ ill_h_a_v_e_th_e_wn ___ e_su __ ck--nu_m __ be_r_. ____________________ _ 

21. Indicate monitoring and recording instruments insulled on suck: 

I 
( ) Opacity Monitor ( ) S02 Monitor ( ) NOx Monitor ) Other _____ N_o_n_e _______________ _ 

. -::22:-.--:-A-tt-ac-:-h-or--:-sk-e-tc-:-h-a-·-=fl-ow-d:-:-i3_g_ram __ o-:-f ~th_e_p_r_o-ces-s-or-:-fu-e:-1 :-b-um~in_g_so_u-rc:e--. ~~-n~cl-u"':'de~a.i:-r-c-on-t-rol-:-d_,e-vi:-ce~(:-s ):-. -:-(S~E~E=--:-IN:-S~T~R~u-=-c-T-10:-N-S __ O_N 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BACK OF THIS PAGE): 

23. Comments: 

'1A~ec·r -o, ~I-\ "-UiE. 

-lo b..-r"" o ~ 'P\.\ E:'£...E... 

' .. I •• •• : •• .• 
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GENERAL DATA FOR PROCESSES OR FUEL BURNING SOURCES B 
NOTE: DO NOT USE THIS FORM FOR INCINERATORS, USE FORM "F". 

p~ge I of 3 

~SE TYPE OR PRINT. ATTACH TO THE GENERAL INFORMATION FORM "A".IF APPLICABLE, ATTACH AIR POLLUTION 
T·ROL DEVICE FORM "C". USE SEPARATE FORM FOR EACH SOURCE. 

1. Emiuion Source ~nd ID NO. (FROM GENERAL INFORMATION FORM "A", ITEM 6): 

~ Zinc Casting Tank Repair Bench 
-· escrapuon of Process or Fuel Burnina Source lncludtnl Air Conuol Oevace: 

--~~-1-~~'!.~'!_nc a_lloy dispensing tanks are repaired by replacing liners. Any dust 
Jl __ g~~~!~ted is pulled into the hood to the atmosphere • 

• Permit Applic~tion is m~de for (CHECK ONE ONLY): I( ) New Source (X) Existina Source ( ) Modifiacion - Ust Penn it No. ------
Commence Construction O.ue , 19 Operation D.ate Aprjl '19_8L 

M~ximum Source Operuion: Houn/Diy D~vs/Week Weeks/Yeu 

. Air Conumin~nu M.uimum AcwaJ Emissions Emission 
Ernitted: Before Control After Conuol Estimate Conuol 

IParticul~tcs ........... 
(lb/hr) (lb/hr) Method• Device•• 

. 
-··- ·-----

Sulfur Dioxide ...•...• __ I ~urogen Dioxide ..•.... 
CJrbon Monoxide ...... -.. 
Hydroc~rbons (VOC) .... ·-·· ·-
Lc.1d .....••........ 

=]iQ_nata Other ( Zinc Oxide). ! N~ None 
Other ( ) . I 

·REFER TO BACK OF GENERAL INFORMATION FORM "A" FOR EMISSION ESTIMATION CODE 
I··ATTACH AIR CONTROL DEVICE FORM "C" 

Type uf Source: 
·CHECK ONE 

Conuol 
Efficiency" 

NA 

I 
( ~) -~ GENERAL PROCESS -Source not covered by 8 and C below. {Complete items 7, 8, 18 through 22) 

( ) B GENERAL PROCESS WITH IN-PROCESS FUEL- Source where producu of combustion conuct materials heated. 
(Complete items 7, 8, 9, 13, 14, 18 throuah 22) 

( ) C FUEL BURNING SOURCE (boilen, etc.)- Source where producu of combustion ue for the primary purpose of pro-
ducins heat or power by indirect heat tr1nsfer. (Complete items 9 through 22) 

7. Process Operuion: ( ) Continuous ( X) Batch- Normal Batch Time 2 Hrs · No. Batches per Day 1 every 2 weeks 

. Process N~me Tank ReQair Mix. Requested 
.\1.ueri~ls Enterins Process•: Input Rates (lb/hr) Permit Input 
(Include ln:Process Solid Fuels) Design Actual R~tes (lb/hr) 

I A. Zinc Oxides No·oata 
B. -~~-·-·. 

1-:._:~,~) ·.I l. •· '.J .· ·., c. •J ...... 

I 
....... ..... 

D. .. •,· . . .. ·vov •.. E. .. -
F. -· ... -·--·-·-·· . • l . 
G, ___ ,r·. .. ., . ; 

·---·-
~ ... " . . t ~ .. · .... 

I 
.I 

TOTAL WEIGHT ENTERING PROCESS -.r-· ... ...... . : ·' "'. :, r ~. • 

·oo NOT LIST ANY VOLATILE HYDROCARBONS, USE HYDROCARBON EMISSION SOURCES FORMf"~ •·'· I '·~ /' _.)... . , ... ~:-
-· .... :.£E.!_~J;.'.;..~, 



I 

DATA FOR PROCESSES OR FUEL BURNING SOURCES- continued B 
page 3 of 3 

I 
Suck or Emission Point Dua: 

. Height Above Ground (ft.) 

45 

Inside Area (sq. ft.) 

1.0 

Gu Temperature (Deg. F) Direction of Exit 
(up, down or horizontal) 

Ambient U_Q 

I 
Volumetric Flow Rate 
(ACFM} 

1600 

Velocity (ft./sec.) 

27 

Are sampling ports availmle? 
( ) No (X) Yes 

Is rain ap or other obsuuction over 
suck? ( ) No (X ) Yes, (specify) 

Rain Cap 

I Is scaffolding available for source testing? Suck 10 No. _...;;D'---'1....;.1 _____ - Sources with a common 
( ~ No ( ) Yes suck will have the same suck number. 

·-:-:---~------1...--------
21. Indicate monitoring ~d recording instrumenu installed on stack: I ( ) Opacity Monitor ( ) 502 Monitor ( ) NOx Monitor ( ) Other __ ....:N~o::..:n~e=-------------

22. Attach or sketch a flow diagram of the process or fuel burning source. Include a.ir control device{s). (SEE INSTRUCTIONS ON 
BACK OF THIS PAGE): 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

D 

23. Comments: 

'1),e.~~-r'1J,SGI-IA.U:!. 
--f"o kMo<;1""etu:... 
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GE~ERAL DATA FOR PROCESSES OR FUEL BURNING SOURCES 8 
page 1 of 3 

:-lOTE: DO NOT USE THIS FORM FOR INCINERATORS, USE FORM "F". 

EASE TYPE OR PRINT. ATTACH TO THE GENERAL INFORMATION FORM "A". IF APPLICABLE, ATTACH AIR POLLUTION 
ONTROL DEVICE FORM "C". USE SEPARATE FORM FOR EACH SOURCE. 

1. Emission Source and 10 NO. (FROM GENERAL INFORMATION FORM "A", ITEM 6): II Paper Moisturizing Room · RPC 368317 
-· Descnpt10n of Process or Fuel Burn1ng Source Including Air Control Dev1ce: 

Mer.c.U.t:'.Q.!..I.S __ c_h~oride coated paper is moisturized in a humidity room. A fan is run for I 8. ~~ ~u.~e_s_..E..':.!ore the operator goes inside the room. The fan exhaust goes through a 

carbon filter before exhausting into the atmosphere. The operator stays inside the room 
for 5.- 7 minutes. 

I. Permit Application is made for (CHECK ONE ONLY): 
(X) New Source ( ) Existing Source ( ) Modification - Last Permit No.-----

Commence Construction Date , 19 Operation Date August 19 87 
' 

. ,\l.1ximum Source Operation: 2 Hours/Day 5 DaysjWeek 49 Weeks/Year 

. Air Contaminants Maximum Actual Emissions Emission 
Emitted: Before Control After Control Estimate Control 

I (lb/hr) (lb/hr) Method* Device•• 

Particulates ........... 
-~··u----

Sulfur Dioxide ........ --

I N1trogen Dioxide ....... 
CJrbon Monoxide ...... --· 
Hydrocarbons (VOC) .... -. -· 
Lead ... ~nrcarsgs ... -·· 

I Other ( Orl ) . .00008 .00001 1 caroon 1-1 Iter 

Other ( ) . 

"REFER TO BACK OF GENERAL INFORMATION FORM "A" FOR EMISSION ESTIMATION CODE I ~·ATTACH AIR CONTROL DEVICE FORM "C" 

. Type of Source: 
CHECK ONE 

Control 
Efficiency% 

~u 

I
. (X) A GENERAL PROCESS- Source not covered by Band C below. (Complete items 7, 8, 18 through 22) 

( ) B GENERAL PROCESS WITH IN-PROCESS FUEL- Source where products of combustion contact materials heated. 
(Complete items 7, 8, 9, 13, 14, 18 through 22) 

C FUEL BURNI:-lG SOURCE (boilers, etc.) - Source where products of combustion are for the primary purpose of pro· 
ducing heat or power by indirect heat transfer. (Complete items 9 through 22) 

7. Process Operation: ( j Continuous (X) Batch- Normal Batch Time 45 Min· No. Batches per Day __ 3 __ _ 

. Process Name Paper 11oi sturi zing Max. Requested 
;\1Jterials Entering Proce~s·: Input Rates (lb/hr) Permit Input 
(Include In-process Solid Fuels) Design Actual Rates (lb/hr) 

I A ... Mercury Coated Paper Liner 30 50 
B. 
c. -·-·- - --· 

I D.----·- ,.,._. 
E. .. ''\ ~ .... 

. ---. ·-------· ... 
F. ,_. -. 

··- -· . . -- ·-·---------

I 
'"'· . 

G. - -·-·. --- ·--. -- ·- -
TOTAL WEIGHT ENTERING PROCESS 

•DO NOT LIST ANY VOLATILE HYDROCARBONS, USE HYDROCARBON EMISSION SOURCES FORM "E" I ·· ... 

I 



I 
I DATA FOR PROCESSES OR FUEL BURNING SOURCES -continued B 

page 2 of 3 

1
9. ·Type of Fuel Burning Source: Not App 1 i cab 1 e 

( ) Industrial Boiler ( ) Institutional/Residential Boiler ( ) Electric Utility Boiler 

( ) Other------------------- M;ake illtd Model No.------------

( ) Process Bumer(s) 

Type of Solid Fuel Burning Equipment Used: 
( ) Hand Fired ( ) 
( ) Spreader Stoker ( ) 

Not App li cab 1 e 
Overfeed Stoker 
Traveling Gr;ate 

( i Pulverized 

( ) Underfeed Stoker ( ) 
( ) Other (specifiy) I 

Shaking Gr;ate 
( ) Wet Bed 
( ) Dry Bed 

11. Is collected tlyash reinjected? ( ) NO ( ) YES Percent Reinjected _______ 0./V 

I Combustion Air: Percent Excess Air ------'0 o 

Specify method and schedule of tube cleaning: 

Natural ( ) Induced Not Applicable 

I 
I 
I 
I 
I 

15. 

( ) Lancing ( ) Tube Blowing ( ) Other _________ Schedule----------

Boiler Horsepower Rating Boiler Steam Flow (lb/hr) ___ N_o_t_a...:p...:p_l_i_c_a_b_l_e ______ _ 

Fuel Burning Source Heat Input: Maximum Not Million BTU/hr 
Appl1cable 

Average ______ Million BTU/hr 

Fuel Data: Primary Fuel Type(s) (specify) --------------------------
Standby Fuel Type(s) (specify) __ _;N:.:..o=-t:.....:..A:.r:P..~::P...:..l:.:..i .::..ca::..:b=-l:...:e~--------------

FUEL TYPE FUEL USAGE Max.% Max.% 
Max. Design Max. Actual Annual Sulfur Ash BTU Value 

(gJI/hr) (gal/hr) (gal/yr) (BTU/gal) 
=6 Fuel Oil -

I 
(gal/hr) (gal/hr) (gal/yr) (BTU/aal) 

=5 f=:1el Oil 

~,, (gal/hr) (Jial/yr) (BTU/gal) 

=:.~Fuel~- ri 
(lb/hr) {ton/yr) (BTU/Ib) 

Co.ll , ·--· 

I 
(lb/hr dry) (lb/hr dry) (ton/yr dry) (BTU/Ib) 

Wood 8.000 

Other i 
If a combination of fuels is used, specify the maximum BTUjhr heat input for each: Not App 1 i cab 1 e 

116. Total maximum heat input in million BTU/hr of all indirect fired fuel burning sources within property boundaries excluding that 
indicated above: Not App 1 i cab 1 e 

Fuel Oil Coal Wood-------- Other----------

I Fuel Oil Coal Wood Other----------

-------~--:---:--:---=-=----17. Total No. of indirect fired fuel burning sources within property boundaries: Not App 1 i cab 1 e 

I 
FuelOil Coal Wood _______ Other _________ _ 

-18-.--A-re_t_h-er_e_a_n_y_f-ug-i-ti-ve_e_m_i-ss-io_n_s_(_st-o-ra_g_e -p-ile-s-, p_r_o_d-uc_t_h_a_n-dl-in-g-, -h-au-1-ro_a_d-s,-e-t-c.~) ?-N-o-:(~X-=-)-Y-es-(-:--:)~-.,f~y-es-, -p-:-Je_as_e_d-es-c-ri-be-in 

comments below, the type, size, estimated emissions and control measures. 

Describe any liquid or solid wastes generated and method of disposal: 
Waste carbon filter media contaminated with mercurous chloride dust. Disposal on 

----· 

I 
.. JPA -~pproved 1 andfi 11. 

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

1 



I 
I 

J 
DATA FOR PROCESSES OR FUEL BURNING SOURCES- continued B 

Stack or Emission Point Dau: 

I 
Height Above Ground {ft.) 

44 

Volumetric Flow Rate 
(ACFM) 

500 

Inside Area (sq. ft.) 

0.2 

Velocity (ft./sec.) 

45 I 
I Is scaffolding available for source testing? 

( X) No ( ) Yes 

Gu Temperature (Des. F) 

70 - 80 

Are samplin1 pons available? 
(X)No ()Yes 

page 3 of 3 

Direction of Exit 
(up, down or horizonul) 

Horizontal 
Is rain cap or other obstruction over 
stack? ( ) No (X ) Yes, (specify) 

Stack ID No. --=D:...-....:1....::0;__ ____ - Sources with a common 
stack will have the same stack number. 

21. Indicate monitoring and recording instruments installed on stack: 

( ) Opacity Monitor ( ) 502 Monitor ( ) NOx Monitor ) Other ___ ...;..N;..;;o...;..n-=e'------------

22. Attach or sketch a flow-diagram of the process or fuel bumins source. Include a.ir control device(s). (SEE INSTRUCTIONS ON 
BACK OF THIS PAGE): 

1-
I 
I 
I 
I 
I 
I 
I 
I 
I 

23. Comments: 

I 
I 

hl.1"EUO A,~"\o 
~E. A-rHOSot'I-\E.U:... 

.,.-:: \::. ' .": 

..J .... 

, - . ,_, ...... 
• ·-.~ # 

.. "'-:-:" 
...... 



I Moisturizing Room 

I AIR POLLUTION CONTROL DEVIc-E c 
page I of 3 

LEASE TYPE OR PRINT. ATTACH TO GENERAL INFORMATION FORM "A". SUPPLY DESIGN DATA, SPECIFICATIONS, AND 
AVAILABLE ENGINEERING DRAWINGS. 

I 

I 
I 

Air Control Device and ID No. (FROM GENERAL INFORMATION FORM "A", ITEM 6) 

Carbon Filter RPC 368346 

If there are several devices in series, list each unit in series starting at the emission source. NA 

( 1) . . (2) .•• ·- .. -· ·-··---·--- (3) --- TOTAL UNITS-----

Indicate Em•ssion Source and ID No. th.u Control Device(s) is installed on: 

4. N.mative Description of Control Device(s): 
__ ?.' x_2_~--~-t. Jw.2.:-P~D~l type filter-:._J!!.~ __ first panel is a pleated paper pre

_..fi)~_er:- ~!r_i~~-~_e_m_q~~s_2_artic~lates._ The second panel has 60 lbs. carbon which 

_!1_~_11_.~~-~oy~- ~-~ me_TC~!:,l vapor_. _____ ------------------------
Manufacturer 

Endustra 

5. Estimated Cost of Cllntrol Device 

s_ _1 '5_0_Q_ --. ---- ·-

6. Permit Application is made for (CHECK ONE ONLY): 

Model Name 

Exhaust Filter 

Model Number 

2RI-Ol-lll-196-093 

I 
Period of Time Control Device is Estimued to be Adequate: · 

-----'1=2 Years 

(X) New Source ( ) Existing Source ( ) ,\1odification - Lut Permit No. ------------

Commence Construction Date-------- , 19-- Operation Date _ __._A..,u~g,_.u .... s._.t,__ __ , 19...81__ 

7. Emission Parameters: 
Pollutant(s) Controlled 

Emission Rate Before Control (lb/hr) = 
Emission Rate After Control (lb/hr) 
Removal Efficiency Percent(%) 

= 
= 

PART. 
( ) 

NO)( 
( ) 

P Jrticlc Size Distribution of Particulates Entering Control Device(% Micron): 

co 
( ) 

.. 0-1 . ____ 1-10 10-25 25-50 

voc 
( ) 

LEAD OTHER OTHER 
( ) Mere. Chl on ..... · d.....,e __ 

No information 
___ 50-100 

.00008 

.00001 --
90 

___ Over 100 

1
8. Gas Conditions at Control Device: INLET OUTLET 

Flow Rate (ACFM) = 500 500 
Temperature (Deg. F) = 70 - 80 70 - 80 
Velocity (ft./sec.) = _.A[___ No Data 

INTERMEDIATE LOCATIONS 

Pressure Drop (in. H20) = No Data No Data 

~-------\-1o_i_st-ur_e_(_%_l _________ = ______ N_o __ o_a_t_a ____________________________________ N_o __ o_a_t_a __ __ 

9. 

I 

I 

I 

Describe Ultim.ue Disposal of Collected Materials: 

_ .Me.rcur~-1:0Jl.taminated filter media will be put in DOT approved 55-gal. drums 

__ an~~Ls_EE_S_!!~ in an EPA ~:..c:P:..~:P.:...r.=..ov.:....:e:..:d:.........:..l=an:.:..:d:....:f.....:i..:.l..:..l.:.... ------------------

Stack or Emission Point Data: 
Height Above [Inside Area :Jirection of Exit Are there obstructions over the suck? 
Ground (ft.) (sq. ft.) (up, down, or horizonul) ( ) No (X) Yes, (specify) 

44 0.2 Horizontal Rain Cap . . . . - ---. - _::....:.._::.__ ___ ____:_:_~:....:....:..;...:,::..:...--------'------.:......----------
Is scaffolding available for sources testing? 
(X) No ( ) Yes 

Comments: 

Are sampling portS available? 

( J No ( ) Yes Not re uired 

.. ------- .... ·-----------------------------------



I 
I 

PAPER MOISTURIZING ROOM 

SUPPLEMENTAL DATA FOR AIR CONTROL DEVICES c 
••• "CYCLONE" (MECHANICAL SEPARATORS) ... 

page 2 of 3 
2. 

fficiency (%) Volumetric Flow Pressure Drop (in. H20) B~ffles or Louven (specify) ' Position in Series 
R~te (ACFM) #. of Unlu 

~~ne Dimensions (inches) Cyclone Body Diameter Cydone Body Height (ft.) Cyclone Cone Height (ft.) 
Inlet Outlet (inches) 

:lpr~y No. of Nozzles Liquid Used (specify) Flow Rate (GPM) M~keup R~te (GPM) % Recirculued 
) No ( ) Yes 

---- ·------
·Fess flow di~grmt must be atuched If cyclone is routed to another cyclone or other equipment, show sketch of entire system. 

CYClO'I! O!JGO U1 T 

CH!CX APPROPRIATE O~.l.ET CCti'IGUll..lTION IS!LCW SKETCH OTHER 

1,6 
COU11IGURA TIOH 

OH OUGUM Dt.;CT 

I~ 

I 
3. 

Volumetric Flow 
Rate (ACFM) 

Below 

••• "MULTICYCLONE" ••• 

No. of Cones I Pressure Drop (ln. H20) 

IBOOY 

I HEIGHT 

ICOHt 
I HEIGMT 

I Position in Series 
1 :: of ________ units 

I 
---·----~------------~------~--- -----------------4---------------T---------------

l
ers Inlet Dimension of lndividu~l 

. o ( ) Yes I Cyclone (inches) 
Outlet Dimension of lndividu~ 
Cyclone (inches) 

iency (o/o) Volumetric Flow 
Rate (ACFM) 

99 500 
~PEOFFILTER 
,.F.1bri~ 

1

Filter (BAGHOUSE) 

IPJcked Bed ( ) Mat Filter 
: Panel Filter Oilier ________________ _ 

•** "FILTRATION" (BAGHOUSE) ••• 

Filter Surface Air·to-Filter Area Ratio 
Area (sq. ft.) (ft./min.) 

4 125 
FILTER MATERIAL 

( ) Fiberglass ( ) Nylon 
( ) Nomex ( ) Teflon 
( ) Wool ( ) Dacron 
( ) Cotton ( ) Orion 

lndividu~ Cyclone 
Diameter (inches) 

Pressure Drop (in. H20) 

,~ .. 

Inlet Temper~ture 
(Deg. F) 

BAG CLEANING 
!Xl Mechani~ ( ) Sonic 
( ) Reverse Flow ( ) Air Pulse 
( ) Simple Bag ( ) Ringed Baa 

Collapse Collapse 

( ) Other Pleated Paper/Carbon ( ) Other--------

of Compartments Time Between Cle.tning Inlet Temperawre Position in Series 
(mins./hr.) (Deg. F) oJ. NA of Units 

1 Once/year 70-80 
... 

I u• "AFTERBURNER" (FUME INCINERATOR) ••• 

:ype of Afterburner: Efficiency(%) Volumetric Flow Position in Series I ) Direct Flame Rate (CFM) . # of Units 
) C..ualytic 

( ) Oilier. 

lximum Burner Rating Combustion Chamber Retention Time Fuel Type 
. Ilion BTU:hr) Temp. (Deg. F) (sec.) Usage 

-
lmbustion Chamber Dimensions (ft.): ------ .Length ___________ Diameter 



I 
I AREA DIAGRAM D 

page I of 1 

ow all surroundinJ buildinp and rOidl wi1hin 1500 feet of the equipment eootered by dds ~ppllation. Atudt a slte d~ Identify• 
1 uch emission sourc:e IOC3don(s), pr~ bouncWies ll1d buUdlnt (suucture) dimensions (helaf'lt, width, and lentd't). 

I 
[!] aJ C!J C!l [IJ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

INSTRUCTIONS 

·11. Indicate location and type of buildlnt by the use of small 
numbered ~ircles with the decription below. 

12. Show roads as lines representint the road edaes. Indicate 
street names and hi&hway nwnben. 

' 3. Show wooded or deared area by approximate boundary I lines and the words "woods", "cleared", "cornfield", etc:. 

I 
I 

CD 

, 

CODE DESCRIPTION 

(1) - C~UR.CI-l 
(2) -- R E'SI 0£\o.lCt!.S 

(3) - ~000 S~tt.VIC.&:~ 
(4) -- SERV•c:c Ce"'TERS (SAcau.,L-.uwor:'\' 1 ~) 
(S) - APPJt.R.Cl.. Mf:'ca. 
(6) -- F\.uM.I'-'Gt Suf>P\.. .... ~ .. ~~---::;'-

....,... ...... r • '· •• 

(7) - ~oe.\..2- Ho~e. '"01~~evrU- -· 
(8) 
(9) 

(10) 

Enmple: 
(1) Church 
(2) Residence 

.. :. 
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EVEREADY BATTERY COMPANY, INC. 
P.0.80X849 

.. -- --·----..... 

C~\S\£AN'\- +J c- . \ "\ 
_ ____./ ASHEBORO, NC 27204-0849 

North Carolina Department of Natural 
Resources and Community Development 
Air Quality Section 
Suite 100, 8025 North Pt. Blvd. 
Winston-Salem, North Carolina 27106 

ATTN: Mr. Hugh W. Jernigan 

Gentlemen: 

--·- ..... ---

August 21, 1987 
~------------------1 

RECEIVED 
N.C. D~pt. NRCD 

AliG ::-3 1987 

J::m/:i::-::o;::-:~~,i i ·:~·;::-::-?ment 1 

Wir:stcn·Sr:~c:;: :::::. Ctfi:c i 
__ M _______ • 

Attached is the additional information which you and Mr. Clayton requested 
on our Air Permit Application dated July 31, 1987. 

Very truly yours, 

~~~ 
~io A. Sena· 

DAS:jh 

Attachments 

----. ...... _ ,......_ ·-- ··-. ~- -~ .. 

-- '·-, .... / ,! .... ~-
' - ~- . - •: . . . _,-' 

.... -· ,.. 
.· . 

. · .. -~ 

._- ... 
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REFERENCE 21 
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~~~Reference 21 

October 23, 1987 

Mr. G. B. McClanahan 
Eveready Battery Company, Inc. 
Post Office Box 849 
Asheboro, North Carolina 27204-0849 

Dear Mr. McClanahan: 

Subject: Air Permit No. 5035R3 
( Eveready Battery-Company.,_ ... , 
--- Inc. ___:) 

~neboro·~--Nortn CarolTna--
Randolph County 

In accordance with your application received August 6, 1987, we are 
forwarding herewith Permit No. 5035R3 to Eveready Battery Company, Inc., 
Asheboro, North Carolina for the construction and operation of air 
pollution abatement facilities and emission sources. 

If any parts, requirements, or limitations contained in this permit 
are unacceptable to you, you have the right to request an adjudicatory 
hearing within thirty (30) days following receipt of this permit, 
identifying the specific issues to be contended. This request must be 
in the form of a written petition, conforming to Chapter 150B of the 
North Carolina General Statutes, and filed with the Office of 
Administrative Hearings, Post Office Drawer 11666, Raleigh, North 
Carolina 27604. Unless such demand is made, this permit shall be final 
and binding. 

Enc 1 osures ~ 
cc: Mr. Larry Coble 
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NORTH CAROLINA ENVIRONMENTAL MANAGEMENT COMMISSION 

DEPARTMENT OF NATURAL RESOURCES AND COMMUNITY DEVELOPMENT 

A I R P E R M I T 

To Construct and Operate, and For the Discharge of Air 
Contaminants Into the Atmosphere 

In accordance with the provisions of Article 218 of Chapter 143, 
General Statutes of North Carolina as amended, and other applicable 
Laws, Rules and Regulations, 

operation of: 

PERMISSION IS HEREBY GRANTED TO 

Eveready Battery Company, Inc. 
Plant No. 1 

Asheboro, North Carolina 

FOR THE 

a. one zinc casting tank repair operation, 

b. fourteen zinc can extrusion units, 

c. two zine dressing stations, and 

air cleaning devices and appurtenances consisting of: 

d. one bagfilter (3405 square feet of filter area, ID No. 1) 
installed on dry cell battery cathode mixing operations, 

e. one bagfilter (3392 square feet of filter area, ID No. 2) 
installed on dry cell battery cathode mixing operations, 

f. one simple cyclone _(120 inches in diameter) installed on a 
scrap paper collection system, 

g. one bagfilter (4 square feet of filter area) and one carbon 
filter (60 pounds of carbon) installed in series on a paper 
moisturizing operation, 

h. one bagfilter (1150 square feet of filter area) installed on 
three zinc calot (pellet) lubricating units, 

.-•;.."7\;~ .. 
4•, '· : . I' • c ' #!'r. ·' • . 

i. one bagfilter (150 square feet of filter area) install~~t.;.:b•n "two ... 1 ·J~ .. zinc drossing stations using zinc chloride flux, and &._. ·1'~_.,.,,.. · .. · 
j. one bagfilter (300 square feet of filter area) instal~~d eri·th.e . i.c.(:;.· -

electrolyte paste manufacturing process, \~ .. l"f.(,:;·l.;,.:;:.:·~,.: ~:-~ 
~.-J -'•..,1/.';,- • . 

, ... ,_) I • .• ,. 

··~ . :···.--', .. n , ... 
··:~~~-



I 
I 
I 
I 
I 
I 
I 
I\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Permit No. 5035R3 
page 2 

to remove particulate and visible emissions, and for the discharge of 
the treated air and vent gases into the outdoor atmosphere at its 
facility located at 800 Albemarle Road, Asheboro, North Carolina, 
Rando 1 ph County, 

in accordance with the application received August 6, 1987, and. in 
conformity with the plans, specifications, and other supporting data, 
all of which are filed with the Department of Natural Resources and 
Community Development and are incorporated as part of this Permit. 

This permit supersedes Permit No. 5035R2. This Permit shall be 
effective from October 23, 1987, until October 1, 1992, is 
nontransferable to future owners and operators, and shall be subject to 
the following specified conditions and limitations: 

1. The Permittee shall comply with applicable Environmental 
Management Regulations, including 15 NCAC 2D .0515, .0521, 
.0535, and .0537. 

2. Reports on the operation and maintenance of the facility shall 
be submitted by the Permittee to the Division of Environmental 
Management at such intervals and in s·uch form and detail as 
may be required by the Division. Information required in such 
reports may include, but is not limited to, process weight 
rates, firing rates, hours of operation, and preventive 
maintenance schedules. 

3. As required by 15 NCAC 2D .0535, when particulate or visible 
emissions exceed Environmental Management Regulations for more 
than four hours the Regional Supervisor, Winston-Salem Region, 
{919)761-2351, of the Division of Environmental Management 
shall be notified as promptly as possible but in no case later 
than 24 hours of becoming aware of the occurrence. Such notice 
shall specify the facility name and location, the nature and 
cause of the excess emissions, the time when first observed, · 
the expected duration, and the estimated rate of emissions. 
This reporting requirement does not allow the operation of the 
facility in excess of Environmental Management Regulations. 

4. The Division of Environmental Management shall be notified in 
writing prior to the relocation of the facility, process, or 
air cleaning equipment. 

5. This Permit does not relieve the Permittee of the 
responsibility of complying with any Federal, State, or local 
requirements governing the handling, disposal, or incineration 
of hazardous wastes, including the Resource Conservation and 
Recovery Act (RCRA) administered by the North Car .. ~1faf.T;?'~·, 
Department of Human Resources. .fJl0'"' .,.1. -."~c:~'\. 

,.~\..: 4' ,.~ ~'~ 
\; ,''1"1 ,_ .... 

C\J ("~,·vv lfle... ':.: 
~ .~r:;,. 1 c 
o.Z"J ,..I '•' I , "',.. .,.. .... 
~· , llt l•t·· '· ·~ 
~ • v; i'··r ..... 
'• • .) • / 

0 
•r,:; 

\1,;~· ... ":-•• 

··r:. ~IJ?ft 01 ">).\ ~:·~·' 
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Permit No. 5035R3 
page 3 

6. Any change in the information submitted in the application 
regarding facility emissions or changes in the quantity or 
quality of materials processed that will result in new or 
increased emissions must be reported to the Division of 
Environmental Management. If appropriate, modi fi cations to 
the permit may then be made by the Division of Environmental 
Management to reflect any necessary changes in the permit 
conditions. In no case are any new or increased emissions 
allowed that will cause violation of the emission limitations 
specified herein. 

7. The Permittee at least ninety (90) days prior to the 
expiration of this Permit shall request its extension by 
letter. The letter should include the permit number and a 
description of modifications, if any, that have been made. 

8. This Permit is subject to revocation or modification upon a 
determination that information contained in the application or 
presented in support thereof is incorrect, conditions under 
which this Permit was granted have changed, or violations 
of conditions contained in this Permit have occurred. The 
facility shall be properly operated and maintained at all 
times in such a manner to effect an overall reduction in air 
pollution. 

9. A violation of any term or condition of this Permit shall 
subject the Permittee to enforcement procedures contained in 
North Carolina General Statutes 143-215.114, including 
assessment of civil penalties. 

Permit issued this the-23rd day of 

NAGEMENT COMMISSION 

Commission 

Air Permit No. 5035R3 
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.I Air Permit Review 

Applicant 

DISTRIBUTION: Permits 
Region ----
Central-=-F, .... , l_e_s_ 

I Eveready Battery Co., Plant No. 1 

Applicant Contact Phone 

Site Location 
Asheboro 

Applicability 

County 
Randolph 

I 
R.B. Deza (919)672-4543 

Permit No. Reviewer: 

NSPS NESHAPS TAX CERT Other ______ _ 

Date 
10/6/87 

I 
5035R3 Jerry Clayton 

Recommendations and 
Comments: ···-"""' IJ Issue P/N 5035R3 

I 1. 

I a. 

b. 

I c. 

d. 

Application is made for: 

Emission Source 

Paper Moisturizing 
Room 

Zince Casting Tank 
Repair Bench 

Zince Can Extrusion 
14 units 

Zinc Calot Lubrication 
3 units 

ID No. Control Device ID No. 

RPC 368317 Filter - 4 ft2, 60 lb/carbon filter RPC 36834 

None 

see attached None 

I 
. I 

e. Zinc Dressing 2 stations 

RPC 368244/242 

RPC 368219 

Filter - 1150 ft2 

Filter - 150 ft2 
None 

RPC 36833 

RPC 36821 

RPC 35969 
f. Zinc Casting Furnaces 
g. Electrolyte Paste Mfg • Filter - 300 ft2 RPC 368251 

2. Emissions Calculations and Regulation Applicability Analysis is attached. 

II 3. New Source Performance Standards (NSPS) and National Emission Standards for Hazardous Air 
Pollutants (NESHAP) do not apply. All applicable DEM air regulations should be met 
Recommend issuance of the air permit. Regional Office concurs. Ref: Hugh Jernigan, 
10/6/87. I 

I 
I 
I 
I 

4. 

/la 

Prevention of Significant Deterioration (PSD) does not apply because this is a minor sour 
with no major source increases. The baseline date has not been triggered: therefore, 
increments are not affected. 
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RECEIVED 
N.C. Dept. NRCO 

AUG 21 1986 

Division of 
Environmental Management 
Winston·Salem Reg. Office 

CCNTAMINAN'f M!GRA'I'ION ~TUDY 

UNDERGROUND STORAGE 'l'ANK 

EVEREADY BA1"!'ERY !'~OMPAN" 

ASHEBORO, NOR'rH CAROLHU~ 

S&ME l'ROJEC'J.' llO. 1381-86-oOHA 

SOIL & MATERIAL ENGINEERS. INC. 

Reference 22 

• 
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SOIL & MATERIAL ENGINEERS, INC. ENGINEERING-TESTING-INSPECTION 

135-C Montlieu Avenue, Box 18169, Greensboro, NC 27419, Phone (919) 855-7547 

August 14, 1986 

Eveready Battery Company 
P.O. Box 849 
Asheboro, North Carolina 27203 

Attention: 

Reference: 

-. 

Gentlemen: 

Mr. Buster Hill 

Report 
Contaminant Migration Study 
Underground Storage Tank 
Eveready Battery Company 
Asheboro, North Carolina 
S&ME Project No. 1381-86-008A 

Soil & Material Engineers, Inc. (S&ME) has completed the soil and groundwater testing 

and evaluation as outlined in S&ME's proposal of April 30, 1986. This report presents 

data and conclusions relative to soil contamination, groundwater quality, as well as 

estimated groundwater flow direction and flow rate. Prior to this report, S&ME 

prepared a report on behalf of Black ~ Veatch which presented results of the test 

borings and monitor wells completed in March, 1986. 

BACKGROUND 

The presumed source of subsurface contamination was a storage tank which contained 

gasoline, diesel fuel, a degreaser solvent or some combination of those materials. The 

tank has been removed and the excavation backfilled. Eveready Battery Company 

records do indicate that the tank integrity was questionable in that it would not hold 

pressure during testing. Upon excavation, holes were noted and a chemical smell was 

evident. Some soil discoloration was observed. 

A soil sample was obtained from the tank excavation ana analyzed for volatile 

organics, acid-neutral extractables and base-neutral extractables. This analysis 

detected significant quantities of several volatiles including 1,1-dichloroethane, 1,1,1-

trichloroethane and toluene. There were no acid-extractable compounds quantified 

RALEIGH, GREENSBORO, ASHEVILLE. WILMINGTON. FAYETTEVILLE, CHARLOTTE. NC 

SPARTANBURG, COLUMBIA. CHARLESTON. MYRTLE BEACH. GREENVILLE. SC 
ATLANTA, ALB \NY, ST. MARYS, GA-TRI·CITIES. T':-CINCINNATI, OH-DEERFIELO e· -\CH, ORLANDO. TAMPA. FL 
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Eveready Battery Company 
August 14, 1986 
Page 2 

and only naphthalene was quantified among the base-neutral extractables. The semi

quantitative scan of both acid- and base-neutral extractables identified the possible 

presence of several other compounds. 

In December 1985, five test borings and one monitor well were drilled by others. A 

total of 19 soil samples from these test borings were analyzed for 1,1-dichloroethane 

and benzene. The absence of these constituents in all but one sample may, however, 

be attributable to the two-month holding time {unrefrigerated) between sampling and 

analysis:· The single well installed on December 6, 1985 (currently identified as W-2) 

was sampled on December 20 and again on February 20, 1986. On both occasions the 

samples were analyzed for a selected group of six volatiles. Of these analyses only 

1,1-dichloroethane was detected at levels of 265 and 50 ppb, respectively, for the two 

dates. 

In March, 1986 S&:ME drilled two additional monitoring wells and five additional test 

borings. A total of 48 jar samples and two steel tube samples were collected. The jar 

samples were stored under refrigeration at the Black &: Veatch laboratory until May 

29, 1986. At that time, five samples were selected for testing and 15 samples were 

transported to Eveready Battery for long-term storage. The remaining 28 samples 

were discarded. As of the time work on the project was suspended in April, no· 

groundwater sampling or well permeability testing had been performed. During 

drilling and soil sampling of these wells and borings, chemical odors were noted in 

several samples taken from locations near the former tank excavation. No odors were 

detected in any samples from the three boring/well holes located at distances of 

approximately 50 to 160 feet from the excavation. Further, no floating product was 

detected in either of the two S&ME installed wells. 

HYDROGEOLOGIC CONDITIONS 

As evidenced by the two wells and five soil test borings drilled by S&:ME in March, the 

general subsurface conditions consist of fill overlying residuum. The fill was noted to 

consist of soft to very stiff clayey and/or sandy silts with variable amounts of rock 

fragments and organic debris. The fill was encountered to depths ranging from 5 to 
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13 feet below the present pavement surface. The residuum which underlies the fill in 

each boring is made up of those soils formed from the in-situ weathering of bedrock 

and includes some bedrock described on the Test boring Records as "partially 

weathered rock". The residual soils generally consisted of soft to hard clayey silt 

grading to stiff to hard sandy silt with rock fragments. The hard soils often exhibited 

the fissile structure of the metavolcanic slates from which they were derived. i\1ore 

detailed descriptions of the materials encountered at each drilling location are 

presented on the "Test Boring Records" which have been reproduced in this report. .. 

The locations and ground surface elevations at each of the seven S&ME borings and 

wells and Well W-2 (drilled by others) were measured by a registered land surveyor. 

The locations are indicated on the enclosed Drwg. 008A-1. The elevations were based 

on a temporary bench mark (a sanitary sewer manhole cover in Brady Avenue) 

identified as elevation 838.24 feet. 

Each of the five test borings (B-101 through B-105) had caved some time after the 

completion of drilling in March. Thus, reliable groundwater levels could not be 

obtained. We, therefore, removed some of the caved material by hand-auger and 

installed temporary standpipes in Borings B-104 and B-105. Boring B-103 was judged 

to provide an accurate reading without a standpipe while Boring B-101 and B-102 were 

abandoned. A final set of groundwater level measurements was made on June 24, 

1986. These data are presented as follows: 

Location 

W-1 
W-2 
W-3 

B-103 
B-104 
B-105 

Groundwater Depth 
(feet) 

13.2 
7.0 
7.5 
13.3 
14.0 
14.1 

Groundwater Elevation 
(feet) 

822.6 
818.0 
814.9 
822.8 
822.0. 
817.4 

Based on these data, groundwater contours (lines of equal potential) were estimated. 

!_I These contours are presented in conjunction with groundwater elevations at the 

il 
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boring/well locations on Drwg. OOSA-1. In the vicinity of the former storage tank site, 

the implied groundwater flow direction is to the northwest. The estimated gradient is 

0.07. 

In addition to the groundwater level measurements presented above, S&ME performed 

rising head permeability (hydraulic conductivity) tests in each of the three monitor 

wells. The following hydraulic conductivities were computed: 

•. 

Well No. 

W-1 
W-2 
W-3 

Hydraulic Conductivity (ft/day) 

0.004 
0.028 
0.005 

Based on these hydraulic conductivities, a gradient of 0.07, and an assumed soil 

porosity of 0.3, we compute the groundwater particle velocity to be in the range of 

0.34 to 2.4 feet per year. 

LABORATORY ANALYSES 

Groundwater samples from each of the three monitor wells as well as five test boring 

soil samples were analyzed for volatile organics, ethylene dibromide (EDB), and lead. 

In addition one background soil sample was analyzed for total lead. The results of 

these analyses are presented in Table I. 

The groundwater data indicates that Wells W-2 and W-3 are relatively free of 

contaminants. The EDB that was identified in W-2 in the May 29, 1986 sampling was 

not confirmed by testing of samples obtained on June 24, 1986. Conversely, Well W-1, 

which is located nearest the fo_rmer tank excavation, identified significant 

concentrations of benzene, toluene _and xylene but no other volatiles. Based on the 

estimated range in groundwater flow velocity, we would not expect contaminants to 
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have reached either Well W-2 or W-3 as yet. Given the location of Well W-1 within 

the Eveready Battery property, it does not appear that this contamination will 

threaten any offsite water body in the near future, if ever. 

A review of the soil analyses indicates the results to be quite variable with a number 

of volatiles identified. Among the most significant constituents were chloroform (less 

than 1.0 to 171 ug/kg), 1,4-dichlorobenzene (284 ug/kg), 1,1-dichloroethane (less than 

1.0 to 68.4 ug/kg), 1,1,2,2-tetrachloroethane (49.7 ug/kg), 1,1,1-trichloroethane (less 

than 1.0 to 67.9 ug/kg), and 1,1,2-trichloroethane (less than 1.0 to 48.7 ug/kg). 

Benzene, toluene and xylene, which had been detected in the groundwate~ from Well 

W-1, were not found in any of the soil samples. Thus, while the contaminant levels in 

the soil may be judged significant, it does not appear that this soil contamination has 

contributed to any degradation of site groundwater. 

If you have any questions concerning information presented in this report, please 

contact us. 

DAH/vl 

Enclosures 

Very truly yours, 

SOIL & MATERIAL ENGINEERS, INC. 

<R&~ 
Dane A. Horn a, P .E. 
Branch Manager 

SOIL & MATERIAL ENGINEERS, INC. 

• 
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KEY TO 
TEST BORING RECORDS 

ABBREVIATIONS 

Soil/GroWldwater 

Alluv. 
Res. 
PWR 
Mica. 
c 
M 
F 
Sli 
w/ 
v. 
g/w 

-. 

Drilling 

TOB 
TOO 

NOTES 

Alluvium 
Residuum 
Partially Weathered Rock 
Micaceous 
Coarse 
Medium 
'Fine 
Slightly 
With 
Very 
Groundwater 

Termination of boring 
Termination of drilling 

SYMBOLS 

I 

TOB/TOO Groundwater 
Level 

24-Hour Groundwater 
Level 

Undisturbed Sample 

1. Boring and sampling satisfy ASTM 0-1586. Core DriJJing satisfies D-2113. 

2. "Blows per six inches" (N-value) re.fers to the number of impacts required of a 
140-lb. hammer falling 30 inches to drive a 1.4-inch inner diameter split-spoon 
sampler six inches. Three consecutive six-inch "drives" are executed at each 
sampling depth, except when material requiring .50 or more blows per six inche·s 
(e.g., .50/3") is encountered. In this case, the sampling at that particular depth is 
terminated in the drive where the ".50+" material occurs. 

3. "Penetration" (blows per foot) is a numerical quantity calculated at each 
sampling depth by summing the last two six-inch blows. In the case of a partial 
drive (e.g • .50/3"), a value of 100 is assumed. A graphical representation of 
penetration values is plotted to the left of "blows per six inches" on the Test 
Boring Records. 

4. Recovery (REC), is a term used to describe the retrieved quantities of both soil 
and rock samples. \\'hen associated with soil sampling, it is the retrieved length, 
in inches, of the split-spoon sample. The maximum is 18 inches. With respect to 
rock coring, recovery is the ratio of the retrieved length of rock core to the 
length of the core run times 100% • 

.5. The Rock Quality Designation (RQD) is the ratio of the cumulative length of 
those core segments 4 inches or longer to the total length of the core run times 
10096. When calculating RQD, mechanical fractures caused by drilling and/or 
core retrieval are discounted. 



'DEPTH 
<FT.) 

~EST BOR.l: NG RECORD 

DESCRIPTION ELEVATION PENETRATION 
<FT .• > <BLOWS/FT.> 

BLOWS PER REC. 
SIX IN. <IN.> 

' • • • • • • • 
I 
I 

• 
I 
I 
I 
I 
J 
I 
I 

0 .10 20 30 50 
o.o 
0.6 

3.0 

8.0 

9.5 

~sphalt & Crusher Run I -
: •· 

r 6-7-8 18 

Sand/ 
-

Stiff Tan & Grey Fine 
Silt-Fill;Trace Odor 8-5-6 18 

< Stiff to Med. Stiff Red t.c 3-2-3 18 
~~ellow to Tan ~ Grey Sli. ;) -

Fine Sandy Clayey Silt; f-
Trace Odor . 3-4-5 18 

Stiff Tan & Blue-Grey Sli. 
0 7-20-21 18 

Fine Sandy Clayey Silt w/ 
Organics;Trace Odor • 13-18-23 18 v 

17.8 
Hard Tan & Blue-Grey Sli. ' 9-14-13 18 

[\,~ine Sandy Silt-Res.; Tra~7 
1--

to Moderate Odor ~50/5" 5 

PWR sampled as Tan & Brown ~50/5" 4 

Sli. Fine Sandy Silt w/ 
Rock Fragments. Soil Seam 

I 
•so/4" 4 

from approx. 25.0-28.0 . 
' Sli. Odor to 23.5 then None 

K 8-14-19 18 

[\ 
.20-47-50/2" .. 14 

33.5 
Boring Terminated 

Auger Bored from 28.5 to 
33.5 w/ no samples taken 

REFER TO ATTACHED SHEET FOR E~PLANATIONS AND SYMBOLS 

JOB NUMBER 
BORING NUMBER 
DATE 

PAGE 1 OF 1 

1381-86-008 
W-1 
3-4-86 

SOXL 8c MATERXAL 

ENGXNEERB 9 XNC. 

--.. 

--· -



.DEPTH 

~EST BORXNG RECORD 

DESCRIPTION 
• <FT.) 

o.o 

• 0.6 ~Asphalt & Crusher Run I 

t 
M. Stiff to Soft Orange & 
Grey Sli. Clayey Silt w/ 
Wood Debris at Bottom of 

7.0 

• 8.0 
9.0 

"-Strata-Fill 
/ 

Stiff Orange ~ Grey Sli. 

I 

• 
~Clayey Silt w/ Trace of 

Organics & Rock Fragmentsh 
Poss. Fill/Poss. Res. 

\Stiff Orange & Yellow 
\Clay~y .Silt-Res. f 

' 
Hard Grey & Tan to Tan ~ 
Brown Sli. Clayey Silt w/ 
PWR Lenses & Clayey Seams 

fl 

• 25.0 
Boring Terminated 

• No Hydrocarbon Odor 
Detected in Boring 

' ' 

• 
J 
j 

I 

ELEVATION PENETRATION 
<FT.> <9LOWS/FT.) 

BLOWS PER REC • 
SIX IN. <IN.> 

0 ·10 20 :so 50 

-
• 3-2-3 18 

I 2-1-1 18 
"-...._ 

) - 2-1-18 10 
!--
1--

S-6-8 18 

'~ 

" 
S-7-23 18 

"" ttl-23-35 18 

K 10-22-19 18 

.24-50/5" 11 

K 19-24-19 18 

.36-50/611 12 

rl 
t 
I 

REFER TO ATTACHED SHEET FOR EXPLANATIONS AND SYMBOLS 

JOB NUMBER 
BORING NUMBER 
DATE 

PAGE 1 OF 1 

1381-86-008 
W-3 
3-5-86 

SOJ:L- 8c MATERXAL 

ENG:I:NEERS 9 XNC-

-

-· -. 



IIDEPTH 
CFT.) 

.TEST 

DESCRIPTION 

BORJ:NG RECORD 

ELEVATION PENETRATION BLOWS PER REC. 

II 
0.0 . 
0.6 f'\Asphalt ~ Crusher Run II 

II 
II 8.0 

1112.0 

II 
1119.0 

19.4 

II 
II 
II 
II 
II 
II 
II 
II 

V./ Stiff ~ Stiff Orange ~ 
Black FSli. C-F Sandy Silt 
~ Red Sli. Clayey Silt-Fill 
Soft zone,5.5' - 6.5';No 

~Odor in stratum /~ 

'--------------------------' 
Stiff Tan ~ Grey Sli. M-F 
Sandy Silt w/ Clayey Seams-

1\Res.; Trace Odor /'r--
Hard Tan Sli. M-F Sandy 
Silt-w/ Clayey Seams~ Rock 
Fragments; Trace Odor 

1

\. PWR sampled as Tan 
Sandy Silt w/ Rock 
ments; No Odor 

Boring Terminated 

Sli. M7 Frag-

UD REC = 1007.(12' - 13') 

Boring Caved@ 14.2',24 Hr. 

CFT.) CSLOWS/FT.) SIX IN. CIN.> 

0 ·10 20 30 so 

v- 5-9-7 18 

• 13-5-3 18 

( 1-2-1 18 

~~ 4-5-8 18 

.19-25-32 18 

~22-29-50/5" 17 

REFER TO ATTACHED SHEET FOR EXPLANATIONS AND SYMBOLS 

IIJoB NUMBER 
BORING NUMBER 

~~DATE 
PAGE 1 OF 1 

1381-86-008 
B-101 
3-6-86 

SOJ:L Sc MATERJ:AL 

ENG:J:NEERS, XNC-



TEST BORING.RECORD 

I DEPTH 
<FT.) 

DESCRIPTION ELEVATION PENETRATION 
<FT.> tBLOWS/FT.) 

BLOWS PER REC. 
SIX IN. <IN.) 

I 
I 
fl 
I 
I 
I 
I 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0 . 10 20 30 50 
o.o : 

Gravel/Soil Bac:kfill in 
Tank Exc:avati on; Moderate 
Odor 

11.0 
Hard Tan ~ Blue-Grey Sli. ~ 13-14-16 18 
Fine Sandy Silt-Res.; 
Moderate to No Odor from 
11.o·- 2o.o· .. 

\ 12-12-22 18 

16-16-21 18 

i\ 
22.5 ,20-24-30 18 

Boring Terminated 

No Groundwater Enc:ountered 
at TOB 

REFER TO ATTACHED SHEET FOR EXPLANATIONS AND SYMBOLS 

JOB NUMBER 
BORING NUMBER 
DATE 

PAGE 1 OF 1 

1381-86-008 
B-102 
3-10-86 

SOJ:L 8c MATERIAL 

ENGl:NEE:RB, XNC::-
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.TEST BORING RECORD 

DEPTH DESCRIPTION ELEVATION PENETRATION BLOWS PER REC. 
<FT.> <FT.) <BLOWS/FT.> SIX IN. <IN.> 

0 10 20 30 50 
0.0 
0.6 ~Asphalt & Crusher Run I - I v 8-6-8 18 

Stiff Grey & Red and Red-
Orange Sli. M-F Sandy - ~ 6-4-5 18 
Clayey Silt w/ Rock Frag-
ments-Res.; No Odor 

9.5 
Soft, Saturated Zone of 

12.5 

16.5 

Red,Grey,& Tan Sli. Clayey 0 0-0-2 18 
~Silt HI Rock Fragments-

I 
1--

Poss. Fill/Poss. Res.; 
~ .... Moderate to Strong Odor 6-9-21 18 

"'f'-- ~29-50/5" 
,'\:ard Tan Silt HI Rock Frag" 

11 

ments; Moderate Odor 

PWR Sampled as Tan ••• (same 50/4" 3 as previous); Moderate to 
Trace Odor 

~50/1" 1 

·• 

31.1 ~50/2" 2 
Auger Refusal 

UD REC=lOO'Y.<9• - 11.) 

REFER TO ATTACHED SHEET FOR EXPLANATIONS AND SYMBOLS 

JOB NUMBER 
BORING NUMBER 
DATE 

PAGE 1 OF 1 

1381-86-008 
B-103 
3-6-86 

SOXL &: MATERXAL 

ENGl:NEERS, J:NC. 
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. TEST BOR X NG R .. EC::ORD 

DEPTH 
<FT.> 

DESCRIPTION 

o.o ; 
1.2 ~Asphalt & Crusher Run 

6.0 

13.0 

M. Stiff Grey, Brown, & 
Orange Clayey Silt-Fill 

Stiff Grey & Tan Sli. 
Clayey Sli. M-F Sandy Silt 
w/ Organic Debris-Fill 

Hard to V. Hard Green-Grey 
to Blue-Grey & Tan Silt
Res~ 

ELEVATION ·.PENETRATION 
CFT.) CBLOWS/FT.> 

0 10 20 30 so 

• L 

\ 

BLOWS PER 
SIX IN. 

4-2-3 

2-2-8 

12-16-21 

REC. 
<IN.; 

18 i 

18 

18 

20.0 r---------------------------+--4------~----+---~~~·24-44-48 18 
-Boring Terminated 
-No Hydrocarbon Odor 

Detected in Boring 
-Boring Caved at 15.5.,24 

Hrs. 

REFER TO ATTACHED SHEET FOR EXPLANATIONS AND SYMBOLS 

JOB NUMBER 
BORING NUMBER 
DATE 

PAGE 1 OF 1 

1381-86-908 
B-104 
3-10-86 

SOJ:L Be MATERJ:AL 

ENGl:NEERB 9 l:NC::. 



I DEPTH 
<FT.) 

·TEST 

DESCRIPTION 

BORXNG RECORD 

ELEVATION PENETRATION 
<FT.) <BLOWS/FT.) 

BLOWS PER 
SIX IN. 

REC. 
(IN.> 

I 
I 
I 
I 
I 
I 
I 
fl 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0 10 20 30 so 
0.0 

Stiff Orange-Brown & Grey 
C-F Sandy Clayey Silt w/ 
Roc:k Fragments-Fill I 

5.0 
4 2-3-6 18 

Stiff Orange-Tan Clayey 

7.5 "'\..Silt-Res. 
/ 
1-

Hard Grey-Orange & Tan 0 10-13-18 18 
Sli. M-F Sandy ·Si 1 t. ~ 

\ 
.13-19-34 18 

-. --

20.0 
.20-24-27 18 

-Boring Terminated 
-No Groundwater Encountered 
at TOB 

-No Hydrocarbon Odor 
Detected in Boring 

.. 

REFER TO ATTACHED SHEET FOR EXPLANATIONS AND SYMBOLS 

JOB NUMBER 
BORING NUMBER 
DATE 

PAGE 1 OF 1 

1381-86-008 
B-105 
3-11-86 

SOJ:L 8c MATERJ:AL 

ENGJ:NEERS 9 J:NC. 
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··ICATION 

I SdiL 

W-1 W-1 Bl02 Bl03 Bl03 BKGD. 

;186 
12 ft. 17 ft. 19 ft. 12 ft. 21 ft. 1 ft. 

3/4/86 . 3/4/86 3/10/86 3/6/86 3/6/86 6/24/86 

I UNITS 
ug/kg <1.0 <1.0 <1.0 <1.0 <:::1.0 
ug/kg <:::1.0 <1.0 <::1.0 ~1.0 <1.0 

I ug/kg <:1.0 <1.0 .C:.1.0 <1.0 ~1.0 -. 
ug/kg <:.1.0 < 1.0 < 1.0 <1.0 < 1.0 
ug/kg 27.5 <1.0 < 1.0 "'1.0 <1.0 

I ug/kg <1.0 <1.0 ~1.0 <t.O <:.1.0 
ug/kg <:::1.0 ~1.0 <1.0 "'1.0 ( 1.0 
ug/kg <1.0 <1.0 <1.0 <1.0. <1.0 

:I ug/kg 171 59.0 4.7 <1.0 14.0 
ug/kg < 1.0 ~1.0 < 1.0 <1.0 < 1.0 
ug/kg <1.0 ~ 1.0 <1.0 <1.0 < 1.0 
ug/kg <1.0 ~ 1.0 <1.0 <1.0 <1.0 

:I ug/kg <:::1.0 <1.0 <1.0 <t.O <'1.0 
ug/kg "1.0 <1.0 <1.0 <1.0 284 . ug/kg ~1.0 <1.0 "'1.0 .c( 1.0 < 1.0 

:I ug/kg 68.4 2.1 ~1.0 <1.0 2.5 
ug/kg "'1.0 < 1.0 <1.0 <1.0 < 1.0 
ug/kg 5.0 < 1.0 < 1.0 C(1.0 <1.0 - ug/kg < 1.0 < 1.0 <::: 1.0 (1.0 < 1.0 

:I ug/kg 8.4 < 1.0 .(1.0 < 1.0 < 1.0 
ug/kg "1.0 < 1.0 .:::1.0 <1.0 < 1.0 - ug/kg < 1.0 < 1.0 <1.0 < 1.0 <. 1.0 

I ug/kg 30.4 <1.0 4(1.0 < 1.0 < 1.0 
ug/kg <::: 1.0 <1.0 < 1.0 < 1.0 49.7 - ug/kg <::: 1.0 12.9 <1.0 < 1.0 < 1.0 

I ug/kg "'1.0 <1.o <'1.0 < 1.0 < 1.0 
ug/kg 5.4 67.9 <1.0 . 5.4 42.3 
ug/kg "' 1.0 41.2 (1.0 <. 1.0 48.7 
ug/kg 5.1 2.4 <1.0 ..( 1.0 2.3 

I ug/kg <::: 1.0 <1.0 <1.0 < 1.0 < 1.0 
ug/kg ~ 1.0 <:1.0 <1.0 < 1.0 < 1.0 
ug/kg <1.0 <.1.0 < 1.0 <. 1.0 < 1.0 

Ito mg/kg 4.96 6.22 7.47 9.22 15.5 12.8 
ug/kg <1.0 <1.0 <1.0 <1.0 < 1.0 

I 
I 
I 
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SAMPLE ID 

WATER 

I Sample 
I. D.: W-1 W-2 W-3 W-1 
Sample 

I 
Date: 5/29/86 5/29/86 5/29/86 6/24/86 

UNITS 
ug/L 72.2 <1.0 ~ 1.0 

I ug/L <1.0 <1.0 <1.0 
ug/L <1.0 <1.0 ~1.0 
ug/L <1.0 <1.0 ~1.0 

I ug/L <.1.0 <1.0 <1.0 
ug/L <1.0 <1.0 < 1.0 
ug/L <1.0 (1.0 ~1.0 

I 
ug/L <1.0 '( 1.0 <1.0 
ug/L <1.0 <1.0 <1.0 
ug/L <1.0 < 1.0 <1.0 
ug/L <1.0 <1.0 <1.0 

I ug/L <1.0 <1.0 <1.0 
ug/L <1.0 <1.0 <1.0 
ug/L <'1.0 <1.0 <1.0 

I ug/L <1.0 < 1.0 <1.0 
ug/L < 1.0 <' 1.0 <1.0 
ug/L <.1.0 <1.0 <1.0 

I 
ug/L <.1.0 < 1.0 <1.0 
ug/L <1.0 <1.0 <1.0 
ug/L 4( 1.0 <1.0 <1.0 
ug/L <1.0 <1.0 <1.0 

I ug/L <1.0 <1.0 (1.0 
ug/L <1.0 <1.0 <1.0 

ane ug/L <.1.0 <1.0 <1.0 

I ug/L <1.0 <1.0 <1.0 
ug/L 42.6 <1.0 <1.0 
ug/L <1.0 <1.0 <1.0 

I 
ug/L <1.0 <1.0 (1.0 
ug/L <'1.0 <.1.0 <1.0 
ug/L -<1.0 <1.0 <. 1.0 
ug/L <1.0 <1.0 < 1.0 

I ug/L 1300 <1.0 <t.O 

mg/L 0.021 0.001 0.020 

I ug/L 48.9 3.08 < 0.010 < 0.010 

I 
I 
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I NORTH CAROLINA DIVISION OF ENVIRONMENTAL MANAGEMENT A Reference 23 

Air Quality Action Request· 

~~~--------------------------------------~----~----------~~----------~~-r.7Jo~m_p_u,.t~e-r--~~--Name Location Reg/Co. /Prem. No. 

Plt. 1 

Daria Sena, Plant En ineer 
ype Action: CI EE ~ SR 

Air Program Status 03 

Action Requested By: 
l-ISR 

Asheboro, Randol 

PC VE 

Address/Phone 

4/76/10111 
Telephone 

PI Other ----------------
Class ___ B~- Chg. ___ _ 

Rec'd Date 

IILast Insp. Date 

Permit tl 5035R2 

Action Date 7/24/87 

Issued· 6/30/86 Expires 10/1/87 

Next Insp. Date 7/1/91 

Stip. II Met Y/N __ _ 

IRecommendatiors·: Signature Date 

Hu h W. Jerni an 8 21 87 
IDist: Yellow 

SOURCES: A. 

(Central File) -Blue (Region) -White (Opt.) Specify'~-·----------

Bagfilter (ID ~o.l) (3405 sq. ft. filter area) installed on dry cell 
cathode mixing operations I 

I 
I 
I 
I 
I 
I 

B. A bagfilter (ID No. 2) (3392 sq. ft. filter area) installed on dry cell 
cathode mixing operations 

C. A simple cyclone 120 inch diameter installed on a scrap paper collection 
system 

D. A paper moisturizing room with a carbon bed adsorption filter installed 
on the exhaust (to be constructed at a later date) 

E. h zinc casting tank repair bench exhaust 

F. 14 zinc can extrusion machines 

G. 3 zinc calot lubricators with an associated bagfilter 

H. A zinc dressing operation with associated bagfilter 

I. 3 zinc casting furnaces ~ .. i <:?-~ 
,··~ '") {1 •• , • 

paste weighting operation with an ass!~q1:~~d ~.f~fil?~~ .. J. An electrolyte 

1
/ The faci~ity is a dry cell battery 

inspected since 1972 and has maintained 
the site on 7/24/87 as follows: 

;"':::. hv'( \ .~t~ 'V'~ 
manufacturer. The sourc~·~)1as beeP\,.~tfeate~.!r 
compliance. Conducted a~'~n d~rl~'i~~i~ of ,.- \JV'~~ _,, 

\~ ~, -
I 
I· 
I 

A. 

B. 

Bagfilter I.D. No. 1 
material nuxing, raw 
and a bag compactor. 

·c. ~~ ··" 
is utilized for hooded dust collecd:~Q. .sY's~ems .. ~~-.Ary 
material weighing, bobbin cleaners, er~~pqa~~~ers 

This bagfilter was observed with no visib e emissions. 

Bagfilter I.D. No. 2 is utilized for hooded dust collection systems for raw 
material weighing, dry material mixing, raw material storage, and dry material 
bag opening operations. This bagfilter was observed in operation with no visible 
emissions. _ OVER -



I 
I 
I 

c. A cyclone is utilized to collect scrap paper from various paper cutting processes 
at the site. This was not in operation at the time of the visit, but previously 
evaluated to be in compliance. Collected scrap paper is compacted upon collection 
for disposal. 

The three above-described sources have been the only identifiable sources previously 
noted and permitted at the site. All other operations listed below are not currently 

I. permitted, but have a permit application on file, pending review. None of these sources 
~.;ere observed in operation at the time of the visit. 

I 
·I 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

D. 

E. 

F. 

G. 

H. 

The company is planning to install a moisturizing room for paper used in the 
battery manufacturing operation by the fall of 1987 •. The purpose of this room 
is to raise the moisture content of the paper to make it more plyable for use 
in the process. Upon initial discussions it was felt the exhaust from this 
room did not require a permit. In discussions with Mr. Sena it was revealed 
the exhaust will have a carbon bed filter. Mr. Sena proposed the carbon filter 
due to the fact that the paper is treated with mercurous chloride during the 
paper manufacturing before being shipped to Everready Battery. While in the 
moisturizing room there is a potential for mercurous chloride emissions. The 
addition of the carbon filter would reduce the projected maximum emissions of 
0.00008 lb/hr to 0.00001 lb/hr and would comply with any future proposed toxic 
pollutant regulations. Therefore, it was agreed to apply for a permit for the 
system. 

A hood is utilized to exhaust air from a. repair bench where zinc dispensings 
are repaired. This is infrequently used and was not in operation. Emissions 
from this process are negligible. 

There are 14 zinc can extrusion machines where zinc pellets are fed into an 
extruder punch and formed into cans. Each of the machines are enclosed for 
noise control and are vented atmospherically. Emissions from these operations 
are negligible. 

Zinc pellets are lubricated with graphite and silicone in these lubrication 
machines. These machines vent to a small Torit bagfilter located inside the 
plant which vents atmospherically. The collector is adequate control for the 
small amount of generated zinc and graphite emissions. 

During the melting of zinc alloy in the melting furnaces, the molten material is 
"dressed" or treated with zinc chloride to remove the zinc oxide from the molten 
metal. The material is removed from the furnaces and placed in two 55 gallon 
drums. The drums are hooded and air is transferred to a small Torit bagfilter 
located inside the plant and exhausting to the atmosphere. 

I. Three eleEtric induction furnaces are utilized to melt zinc alloys in the pellet 
forming process. The emiDsions from this process should be negligible. 

J. J.n ·.operation in which electrolyte paste is manufactured, the weighing of dry 
merc~ric·chloride, starch, and flour to the electrolyte solution. This operation 
is hooded and exhausts to a small Torit bagfilter located inside the plant, 
exhausting atmospherically. Emissions.from this operation are negligible. 

All sources at the site are evaluated to be in compliance with air quality emission 
regulations. Previous inspections at the site have indicated compliance and have not 
determined sources E, F, G, H, I, and J to require permits. A permit application for all 
sources has been submitted and it is felt that a notice of noncompliance is not necessary 
for unpermitted sources at this time. 
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DIVISION OF HEALTH SERVICES 
P.o·. Box 2091 
Raleigh, N.C. 27602-2091 

Mr. Vincent Godette 
Union Carbide Corporation 
P.O. Box 849 
Asheboro, NC 27203 

Dear Mr. Godette: 

Ronald H. levine, M.D., M.P.H. 
STATE HEALTH DIRECTOR 

July 8, 1982 

On June 22, 1982 Mr. Steve Phibbs of the Solid and Hazardous 
Waste Management Branch conducted a RCRA inspection of your facility. 
You were found to be in compliance with the standards. 

This office wishes to thank you for your cooperation and please 
do not hesitate to contact us if we may be of future assistance. 

OWS:nlc 

Sincer.el:t.t&," . . ~ 

{aJ 7 ~ J!il .. 7~ ./ <C: 
. : . ,1 // 

W. StrlL~Ian~ead 
Solid & Hazardous Waste Management Branch 
Environmental Health Section 

cc: Mr. Steve Phibbs 

.. ....__ ___ _ ---------------
Jc;rn.,., 0 ll~,;lll, ~:; S•:: o:, r .'.'o,JI r·:-- '·' D t.\ F' H 

STATE or tJORTH CAROLINA OEP,RTM~~·H OF HUM/\H RESOiJ~(E5 . . 
r.nvFP.riO:l S~C!1fl:." t 
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• 
RCRA Inspection Report 

1) Facility Information 
Union Carbide Corporation 
800 Albermarle Road 
Asheboro, NC 27203 
Randolph County 
E.P.A. ID# NCD003216462 

2) Facility Contact 
Vincent Godette 

3) Survey Participants 
·Vincent Godette, Union Carbide 
Ken Brown, Union Carbide 
Derrio Sena, Union Carbide 

• • 

Steve Phibbs, District Sanitarian, Division of Health Services 

4) Date of Inspect:ion 
June 22, 1982 

5) Applicable Regulations 
40 CFR Part 262 and Part 265 

6) Scope of Survey 
RCRA interim status inspection was conducted by the North Carolina Solid 
and Hazardous Waste Management Branch. The scope of the survey covered 
record review and site survey. Applicable regulations covered those in 
40 CFR Part 262, Generator Standards and Part.265, General Facility 
Standards; chemical, physical and biological treatment. 

7) Facility Description 
Union Carbide manufactures dry cell (paste) batteries used for residential 
and commerical purposes. Waste oils are generated from the lubricating 
and cleaning of facility equipment. The oils are transported to Holston 
Oil Company in Waynesville, NC, where they are reprocessed and used as 
fuel oil. Personnel at Union Carbide has been notified to thoroughly 
analyze the waste oils to insure that it does not meet the hazardous 
waste regulations. 

Union Carbide has a wastewater pre-treatment system (filtration) used to 
remove suspended solids prior to discharge to the Asheboro wastewater 
treatment system. The wastes are genereated from the clean up of the 
production equipment and all other plant areas. The wastewater goes 
through a grease settling tank, then to a holding tank, then through a 
sand filtration unit and finally ti1rough a charcoal filter. The filter 
media in these tanks is removed and recharged ever six (6) months. This 
material will be analyzed each time prior to disposition because of the 
fluctuating mercury concentrations. Disposal location will depend on 
meeting the extraction procedure toxicity test and other relative RCRA 
standards. 

8) Site Deficiencies 
None 
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INSP.ON FORH FOR INTERIM STATUS .S.ARDS FOR 
OWNER/OPERATOR OF HAZARDOUS WASTE MANAGEMENT 

FACILITIES 
i 

I 
I 
I 
I 
·,I· 

·. 

Applicable (NA). 

1. GENERAL 

2. GENERAL FACILITY STANDARDS 

3. PREPAREDNESS AND PREVENTION 

4. CONTINGENCY PLAN AND EMERGENCY PROCEDURES 

c 
v 

I 
I 
I 
I 
I 

5. MANIFEST SYSTEM, RECORDKEEPING, AND REPORTING ~ 

6. GROUND-WATER MONITORING 

7. CLOSURE AND POST -CLOS.URE 

8. FINANCIAL REQUIREMENTS 

9. USE AND MANAGEMENT OF CONTAINERS 

I 10. TANKS . 

I 11. SURFACE 1MPOUNDMENTS 

12. WASTE PILES 

II 13. LAND TREATMENT 

I 
I 

14. LANDFILLS 

15. INCINERATORS 

16. THERMAL TREATMENT . 

17. CHEMICAL, PHYSICAL:· AND BIOLOGICAL TREATMENT 

II 18. UNDERGROUND INJECTION 

NC 

I ~ wd~ ~~· tntL.. YES 

I 
aza:d (} • · ( ) 

DHS Form 3010 (7-81) 
SOL rn , HJ',7 AQnnuc:: 1.11\CTt' 

or Not 

NJ\ Vio1ation(s) 

NO 
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GEOGRAPHY 

Area and Population 

The area covered by this report totals 2,605 square miles. 
According to the 1960 Bureau of the Census report, the Durham 
area has a population of 269,741, or about 103 per square mile. 
There are 15 cities and towns having a population of more than 
1,000 each. Of these, Asheboro, Chapel Hill, and Durham have 
a population in excess of 10,000. The city of Durham is by far 
the largest with a population of 79,398. With the exception of 
the Durham-Chapel Hill, and Asheboro-Randleman areas, the 
report area is almost exclusively rural. 

Economic Dcvelo}lment 

According to the 1960 Census, 62 percent of the Durham area 
is classed as farmland. 

The agricultural products include tobacco, corn·, hay, dairy 
products, livestock, and poultry. 'l'obacco is the chief cash crop 
and is the major source of income for many farm families. The 
broiler industry is an important source of farm income in 
Chatham County. 

Manufacturing is important in the Durham area. Many peo
ple who operate smait farms arc employed on a full or part-time 
basis by industry. Indu:;ll'ics indllllc lhe manufacture of cigar
ettes, furniture, tcxti"lcs, lumber, briclt, and tile; the production 
of crushed stone; ami poultry processing. 

Mineral resources of economic importance include shale, clay, 
stone, pyrophyllite, and coal (Broadhurst, 1955). Copper, gold, 
leud, zinc, quartz, iron ore, and ltyanite also are present in the 
Durham area. Triassic shale and clny used in the manufacture 
o( brick and tile, and slone, which is crus\lcd for road metal 
and general construction purposes, are the area's most valuable 
mineral resources. Argillite from the argillite-graywacke unit 
(pl. 2) meets the rigid requirements for primary highway con
struction. The argillite, where it is well sheared and jointed, 
has proved to be an economic source of crushed stone, owing 
to its ease of excavation and crushing. Where the argillite has 
a well-developed bedding plane cleavage and is not deformed, it 
is a potential source of building stone. 

Pyrophyllilc is mined only al Hillsboro in Orange County. 

Coal is interbedded with the T1·iassic 1·ocks in southern Chat
ham County in economic quantities (Reinemund, 1955), but' it 
is not being mh1ed at the present time. Copper deposits occur 
in Person County, and in Chatham Col;lnty near Harpers Cross 
Roads, but they are not economically important under present 
market conditions. 

Climate 

Comparison of U. S. Weather Bureau records at five stations 
for the 30-year period 1931-60 reveals that the Durham area 
has a normal annual temperature of 60.1 o F. Records of pre
cipitation for the same period show that the normal annual 
precipitation at nine stations ranges from a maximum of 45.14 
in. at Moncure in Chatham County to a minimum of 42.65 in. 
at Durham in Durham County. The normal monthly precipita
tion and temperature at the Chapel Hill station are plotted on 
figure 2. · 

Physiography and Drainage 

The Durham area is within the Piedmont physiographic 
province. According to Fenneman (1938), the Piedmont is an 
uplifted peneplain in various stages of dissection, having a gen
eral slope from the mountains toward the Coastal Plain. In the 
southern part of Durham County and in the eastern part of 
Chatham County (pl. 2) the Piedmont upland is 

1 

interrupted 
by a distinct lowland developed on weak Triassic rocks. 

Topographic coverage is available for approximately one
tenth of the report area. Where coverage is not available, relief 
is estimated to rarely exceed 300 feet and to average about 50 
feet per mile. An exception is in the vicinity of the Uwharrie 
Mountains in Randolph County, where relief commonly is in 
excess of 400 feet per mile. The Piedmont upland slopes from 
850 feet in northwestern Randolph County to 180 feet in south
eastern Chatham County, and from 700 feet in northeastern 
Orange County to 250 feet in eastern Durham County. 

Surface water, derived from direct runoff and ground-water 
discharge, is drained by four major stream systems-the Pee 
Dee, the Cape Fear, the Neuse, and the Roanoke Rivers (fig. 3). 
Randolph County is drained by the Uwharrie River, which 
empties into the Pee Dee River, and by the Deep River, which 
empties into the Cape Fear River. The Deep River, which 

7 
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Figure 2. Normal monthly temperature a1ul precipitation at Chapel Hill 
in Orange County Cor the period of record, 1931·60. 

8 

- .. - -- .. - -- --forms most of the southern border of Chatham County, joina 
with the Haw River near Moncure to become the Cape Fear 
River. The remainder of Chatham County is drained by the 
Rocky, Haw, and New Hope Rivers, which also are part of the 
Cape Fear system. Most of Durham and Orange Counties are 
drained eastward into the Neuse by the Eno and Little Rivers. 

. The Flat River, also a tributary of the Neuse, flows through 
southern Person and northeastern Durham County. In northern 
and western Person County the Hyco River flows northeastward 
across the Virginia line into the Roanoke River. 

The Deep, Rocky, Haw, Eno, and Little Rivers flow trans
verse to the northeastward-trending structural elements and 
are therefore antecedent or superposed. The Uwhar~ie, New 
Hope, and Hyco Rivers are flanked by more resistant rocks and 
reflect structural control. Most minor tributaries and short 
reaches of the major streams show local adjustment to struc
ture. The en echelon reaches and rectangular offsets exhibited 
by the Deep River in south-central Chatham County and in the 
southeast corner of Randolph County are caused by faulting. 

9 
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Figure 3. Distribution of major streams and drainage systems in the 
Durham area. 

10 

- .. -- ----SlraUgrapny -.. 
The area described in this report is geologically complex. 

Most of the area is included within the so-called Carolina slate 
belt, which actually consists of slightly metamorphosed volcanic 
and sedimentary rocks that are tightly to openly folded, faulted, 
and intruded by igneous plutons. The volcanic rocks are felsic 
to mafic in composition. The plutonic igneous rocks range from 
granite to gabbro. Mien gneiss and schist, and hornblende gneiss, 
which appear to be older than the slate belt rocks, crop out in 
northwestern Person County, eastern Durham County, and 
southeastern Chatham County .. Rocks of Triassic age arc ex
posed in a grabenlike structure in the eastern part of the Dur
ham area. 

Owing to the complex geology, short field season,' and large 
size of the area, geologic mapping was done on a reconnaissance 
basis. The map units are broad and generalized and their con
tacts are located approximately. 

The volcanic and sedimentary l'ocl(s in the Durham area have 
a recognizable stratigraphic order which has permitted divi
sion of these rocks into lithostratigraphic marr units. Relation
ships between the map units used in this report and those used 

· in Moore County and in the Denton and Albemarle quadrangles 
are shown in figure 4. The map units are described below in 
order of decreasing. age. 

Mica Gneiss and Schist Unit 

This unit is exposed in northwest Person County and in the 
extreme southeast tip of Chatham County south of Corinth (pl. 
2). The mica gneiss usually is a mica-quartz-feldspar gneiss, 
which when unweathered is a dark-colored rock having bends 
of biotite mica alternating with bands of quartz and feldspar. 
The schist is a light-colored foliated rock composed of seriCite, 
biotite, muscovite mica, and lenses of quartz and feldspar. 

The mica gneiss and schist unit is deeply weathered and is 
mantled by light- to dark-red saprolite. Only a few outcrops of 
unweathered rock were seen; thus, this unit may contain other 
rock types. 

In the northwest corner of Person County, the gneiss and 

11 
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w ... schist crops out in a belt trending about N. 45° E. toward the 
)C 

If) z North Carolina-Virginia line. A di:~tinctive outcrop of mica ~ If) ::> 
0 w ... gneiss is exposed in a creekbed on the Person-Caswell County 

~ z z !l! 
LL. 1- 4 C) J: 

line, just south of the Virginia line. LL. 0: 0 
;:) z C) ~ Cll 

Another outcrop area, which probably i11 similar to the mica 1- ;:) I ... 0 ~ ~0 .. a w :z· > z zzrn 
.J:: gneiss and schist described above, was mapped in western Per-Wc(!l! 0 z 

~ 1- ;:) ~ ;:) _. w t: ii: 4 
Ill z son County. No well-preserved outcrops were found, but it 0 _. w 0 4 _. _. ::e z C) z ::e lL. a: c( weathers much more like the mica gneiss and schist unit than C) 0 0 .... a: X 0 

the hornblende gneiss that surrounds it. Mica gneiss and schist 4 2 
Ill 

,!~( 

also was mapped in the southeastern tip of Chatham County ~ ~ ... 
southeast of the Jonesboro fault. Here, too, the unit is deeply z 

1-::l 0 .::: 
weathered. One unweathered exposure of biotite-quartz-feldspar z .. 

::l z ,.Q 

ct .. gneiss occurs south of Corinth near the Cape Fear hydroelectric w 0 .. 
1- w .. plant. :J )C _. 1- 1\.. 'iii 0 0 

The attitude of the mica gneiss and schist unit could not be ~ 4 > z .. 
C) ~ < ::l -s 

determined, but these rocks crop out northwest of the south-c a: ~ ... ... ... < w • 0: 0 
eastwm·d-dipping homblende gneiss. If these two units are con-;; 

C) 2 .... • ... 
formable, then the mica gneiss and schist unit lies stratigraph-3: .. 

..c en ... 
jcally below the hornblende gneiss and is the .older of the two . ,., 

= .iJ !!!. 
0 On this basis the mica gneiss and schist unit has been placed ..J ... 

!:: :;: l!).!! 
1- .. 

below the hornblende gneiss on figure 4 and plate 2 . z c z -; "g Cl) 1- ;:) z .. l: .. ::l z ::l .. 
~~ 0 0 w a: 1\., 0 ... w 1- w 0 Hornblende Gneiss Unit 5"[ 0 :J ~ 'd ;t w z .. ... _. 

0 H • u. - 5 4 =~ This unit is confined to northwestern Person County, between 
z.:: ::l.rJ _. 

0 .. = om ... = a: _. ... -1- .. 4 0 .. - the mica gneiss and schist unit in the northwest and the granite Z.! > ce .... w-
t!lu and volcanic rocks in the southeast. The hornblende gneis!! 0~ 

I 
~ generally is a black hornblende-plagioclase gneiss interbedded IJ.. I 

IJ.. I .. with pink to light-gray quartz-feldspar gneiss and white feld-;:) ... 
'N 1- I ~ 

spathic quartzite. On weathering it forms a relatively thin dark-0 1111 II) 
LL. I ~ !Z! 0 c;; LL. I brown sticky soil. Injected pegmatites are generally present. .: w E _. 
;:) I w 1- 1\., 

In west-central Person County, pegmatite and amphibolite dikes • 1- 1/) 
I c w LL. 

8 < 0 I compose most of hornblende gneiss unit. _. z I .. 1/) 4 
The combination of distinctive bedding and interbedded .! 

c 0 IJ.. 

quartzite indicates a sedimentary origin for the hornblende-ii: LL. - < ;:) 

gneiss unit. Intrusion of diorite and gabbro into older rock ::e 1-

(either conformably or otherwise), as postulated by some geol-
ogists to explain the source of hornblende, is considered un-
likely, at least in Person County. No crosscutting relationships 
were observed, and the likelihood of silled intrusives remaining 
sill-like is questionable. Furthermore, quartzite and extrusive 

13 
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lava are geologically possible but unlilcely associates. Horn
blende is a possible metamorphic product of impure dolomite 
or calcareous sediments, as has been suggested by Kesler (1944) 
and by Parker (1952) for similar rocks in North Carolina. 
Certainly the carbonate-quartzite assemblage is more tenable, 
and their association is well established geologically. 

Bedding-plane stril<cs and dips indicate that the hornblende 
gneiss forms the southeast nan){ of an anticline trending about 
N. 55° E. Dips in the hornblende gneiss unit increase from 
10° to 30° at its contact with the mica gneiss and schist unit 
on the mn-thwest to a maximum of 65° to 80° at its contact with 
the granitic and volcanic rocks to the southeast. One reversal 
of dip was noted in wc.st-central Person County near the Person
Caswell County line. Seveml hil{h-angle faults and associated 
drug folds :n·e present. The outcrop pattern of the hornblende 
~neiss unit is ::~hown in ligurc 5. 

The Hg"C of the homhlcndc ~nei~~ unit is not !mown. J t is 
similar to Keith's Roan Gneiss, of former usage, (Mundorff, 
1948, p. 7), which has been la.beled Precambrian in age. 

Metavolcanic Unit 

1'he metavolcanic \mit, predominantly pyroclastics deposited 
in " subael"inl environment, is interbedded with flows, argilla
ceous tun·, and grnywacke. As mapped, this unit is the strati
graphic interval between the overlying argillite graywacke 
unit and the underl~ing gneiss and schist of Person, Chatham, 
and Durham Counties. 

The textural varieties of tuff present in the metavolcanic unit 
are highly diverse. Some representative lithologies are crystal 
lithic tuff, vitric lithic tulf, welded flow tuff, lapilli tuff, and 
coarse breccia or agglomerate. Nearly all possible textural gra
dations between any two typical tuffs are present in the Dur
ham m·ea. In addition, there is a series of rocks which are 
diOicult to classify as luffs in the absence of lithic fragments, 
or as flows in the absence or flow banding. Many rocks formally 
classed as rhyolite flows are suspected to be welde4. flow tuffs. 

Flows are interbedded with and are subordinate in amount 
to the tuffs of the volcanic-sedimentary unit. They are widely 
distributed both stl·atigTaJlhicnlly and arenlly. Three general 
varieties of flows are present. One rhyolitic variety has porphy-
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Figure 5. Outcrop of hornblende gneiss unit near McGchees Mill Person 
County. Attitude of ,eddlng is nbout N. so• E. 40! SE.' 

roblasts of euhedral feldspar and some beta quartz set in a dark 
to light-gray aphanitic groundmass. This rhyolitic type is quite 
dense and "glassy." It has a white weathering "rind" and usu
ally shows swirl banding on the weathered surface. A second ' 
rhyolitic variety shows distinct laminar flow banding. It is 
dense and "glassy," shows an occasional feldspar lath, and 
many samples contain bombs and lapilli around which the flow 
lines are bent. The third is a heavy basaltic variety that is . 
dark-green to nearly black when unweathered. Many samples 
contain amygdules filled with either quartz or calcite and epi
dote. 

Argillaceous tuffs and graywackes are interbedded with the 
flows and tuffs. They weather much deeper than the more re
sistant tuffs and flows with which they are interbedded; conse
quently, they easily go unnoticed. Although exposures were 
found in only a few deep road cuts, it is estimated that gray-
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wacke and argillaceous tuff may compose as much as SO per
~ent of the metavolcanic unit. One possible mudllow occurs 
~nst of Silk Hope in Chatham County. It contains one boulder 
which is about 21j~ feet in diometcr (fig. 6). 

Hocks similat· to the .fel~_ic lower volcanic unit of Conley 
(1962b) and its equivalent in Moore County are exposed in iso
lated areas in the Durham area. Strike and dip information 
and distribution of the overlying argillite-graywacke unit sug
gest that these areas are anticlinal. The largest of these areas 
is in central and so.uth-central Randolph County. The felsic 
volcanic rocks are in contact with argillite from southwestern 
Randolph County to the vicinity of Asheboro (pl. 2). From 
Asheboro the contact swings northward to form a narrow neck 
between Cedar Falls and Randleman. From Cedar Falls the 
contact extends southeastward to a point about 2 miles north-

. west of Erect, then eastward approximately 3 miles, and then 
muthwe:;tward to the Jtandolph-Moore County line. 

The felsic tufTs and flows m·e recognizable not only by their 
tnartz and feldsp~r content .and white weathering rinds, but 
.llso by their pink and cream-colored soils that are similar in 
.=olor to those developed on granite and quartz monzonite. 

The area outlined above is not composed entirely of felsic 
tufTs and flows. Minpl' amount~ of mafic tuff, recognized by the 
lark-red or dun-colored snih; and the presence of gmywacl<e and 
argillaceou~ beds, arc interbedded with the felsic rocks. This 
area of felsic volcanics is also intruded by gabbro sills and, 
probably, is unconformably overlain by patches of rocks equiva
lent to the upper volcanic unit mapped by Conley (1962b) in the 
Albemarle quadrangle. 

The corner of a roughly triangular area of sheared felsic 
tuff is exposed at Bennett in southwestern Chatham County 
where it is in fault contact with mafic tuff. From Bennett the 
area extends northward about 2 miles, then eastward approx
imately 4 miles. 

Felsic crystal tufTs and flows are found in a northeast-trend
ing elliptical area east and southeast of Hillsbot:o in Orange 
County. Unweathered exposures can be seen on the U. S. Route 
70 bypass from the junction of U. S. Routes 70 and 70A north
westward to the Eno River. Excellent outcrops of unweathered 
rock arc exposed to N. C. Route 86 about 4 miles south of Hills-
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Figure 6. Large float block of volcanic breccia or mudflow of the mctnol- · 
canic unit near Silk Hope, Chatham County, Boulder in upper 
right. corner Is 2Yz to 3 feet In diameter • 

boro. A very narrow belt of felsic tuffs and flows crops out 
along county road 1942, southwest of University Lake (south~ 
west of Chnpcl Hill) toward the WUNC transmitt~r site. Other 
isolated patches of felsic rock are located in the extreme south
weste'rn tip of Orange County. The area included between 
Orange Grove, Dodsons Crossroads and Teer is believed to be • 
underlain by rocks which could be classed as felsic volcanics. 

A large area of felsic tuffs an4 flows is exposed in Durham 
County in a northeast-trending belt adjacent to the Triassic 
basin. The outcrop belt is about 3 miles wide and 8 miles long. 
Its northwest contact roughly conforms to a line drawn from 
the point where U. S. Route 70 crosses the Durham-Orange 
County line northeastward to Bahama. The area north of Man
gum Store and east of the granodiorite body in northwest 
Durham County is most likely an extension of this belt.· 

Felsic crystal and crystal lithic tuff and flows are confined to 
the southeast corner of Person County. They are in contact with. 
granodiorite on the southeast and extend westward to within 
a mile of Mt. Tirzah and northward to within 2 or 3 miles of 
Peeds Store. 
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The remainder of the outcrop area of the metavolcanic unit, 

not known to be underlain by felsic rocks, consists largely of 
more mafic rocks which are andesitic to basaltic in composition. 
Conley (1962a) divided the mafic sequence in Moore County 
into two units: an anclcsitic luff and a mafic tuff. He state:l that 
the mafic tuffs " ... in general arc andesitic in composition, but 
contain some material that might be classified as basalt." They 
are grayish green to greenish black when unweathered, and 
they weather to darlt, dun-colored soils similar in color to soils 
usually developed on gabbro. The andesitic tuffs are massive to 
finely laminated, some shade of purple or lavender (owing to 
interstitial hematite) when unweathered, sometimes sheared 
and phyllitic, and mantled with wine- or maroon-colored soils 
that are typical of diorite. The andesitic tuffs in the Durham 
aren, ns in Moore County, become less massive and more argil
laceous toward the top of the section. 

In some places, andesitic tuff grades upward into .laminated 
argillite, indicating that at least the uppermost section. of t~e 
andesitic tuff is a facies of the argillite-graywacke umt. This 
probably explains the conspicuous absence of andesitic tuff 
in western Randolph County. 

The largest exposure of andesitic tuff occupies about 60 square 
miles of central Chatham County. Weathered an(}esitic tuff is 
well exposed on U. 'S. Route 64 between PittsbQro and Siler 
City. Additional expbsures in Chatham County ar? .along N. C. 
Route 87 north of Pittsboro and at Bynum. Andes1bc tuff crops 
out in isolated to fairly continuous exposures along a line that 
begins at a point south of Hillsboro and then trends northeast
ward to Quail Roost. From Quail Roost the line of exposures 
trends nearly due north to Mt. Tirzah, and thence northeast
ward to an isolated exposure southeast of Denny Store. Ande
sitic tuff is exposed also in the vicinity of Caldwell in Orange 
County and northward across the Person-Orange County line. 

Mafic tuff that weathers to a dun-colored soil is widely dis
tributed throughout the Durham area. It seems to be interbe~
ded with the more typical andesitic variety as well as the felsic 
tuff and the overlying argillite. Most of the area, sout~ of 
Piitsboro toward Moncure and southwest of Pittsboro toward 
Goldston in Chatham County is underlain by rock that could 
be classed as mafic luff. The southwestern corner ?f Chatha~ 
County south of Bennett and Harpers Crossroads IS underlam 
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with mafic tuff that in places is bedded and argillaceous. Ma~~ ~~i 
tuff is exposed in a narrow belt about 15 miles long that begins 
at a point north of the Siler City water-treatment plant and 
extends northeastward to the Alamance County line. Additional 
outcrop~ arc present in the vicinity of Bucl<hom in Orange 
County and in the vicinity of Peeds Store in Person County. . 

There are several localities in the Durham area in which the 
rocks of the metavolcanic unit are so deeply weathered, or are 
in areas with such low relief, or both, that outcrops are either 
scarce or nonexistent. Most of these localities are on the north
west side of the metavolcanic unit, where granite and grano
diorite intrusions are most prominent. Where outcr~ps occur, 
the rocks are either badly sheared, schistose, or phyllitic. These 
rocks probably are similar to the greenstone schist unit mapped 
by Mundorff (1948) in the Greensboro area. 

Rocks of the metavolcanic unit have been folded into north
east-southwest folds that are more tightly compressed in the 

. southeastern part of the area than in the northwest. Axial 
plane cleavage dips steeply northwestward, except in Person 
County and northern Orange County, where the dip is vertical 
or steeply southeastward. Rocks 'of this unit show little shearing 
effect in hand specimens, but under higher magnifications an 
incipient lineation usually can be detected. Quartz dikes are 
almost universal in extent and range in width f.rom a few milli
meters to 3 or 4 feet. These quartz-filled fractures probably 
are the primary storage spaces for most ground water in the 
metavolcanic unit.· Insufficient data were gathered· to learn to 
what extent faulting has determined the present distribution 
and attitude of the different rocks of the metavolcanic unit. The 
occasional inability to trace individual rock types along the 
strike from one road to another, the presence of quartz and 
diabase dikes, and the rectangular and en echelon offsets of 
drainage indicate that fnulting is extensive. 

The age of the metavolcanic unit is not known. Emmons 
(1856) classP.d these rocks as Precambrian. The Hyco Quartz 
Porphyry and Goshen Schist of Laney (1917) are included 
within the metavolcanic unit in Person County. Laney gave 
these two formations an age of Ordovician ( ?) , principally on 
the basis of their similarity to known Ordovician volcanics in 
the Arvonia and Quantico synclines. The metavolcanic unit of 
this report is given a tentative age of Ordovician (?). 
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:ure 7. Outcrop of graywaclce conglom~rate of the argillite-graywacke 
unit ncar Timherlalce, l'erson County. Largest cobbles are about 
2 inches in diameter. 

Argil1ite-Grnywacke Unit 

The metavolcanic tmie is overlain in the Durham area by a 
1uence, predominantly sadimentary, consisting of argillite, 
aywacke, conglomerate, und tuff in order of predominance. 
tis sequence is present in the argillite-graywacke unit 
roughout the Durham area, except in western Itandolph Coon-
where graywacke and conglomerate may be present but were 

.t found. The thick argillite section in western Randolph is 
e "varved" argillite (fig. 4) of Stromquist and Conley (1959). 
1e argillite-graywacke unit of this report includes this argil
e and is at least partially equivalent to the slate unit mnpped 

Conley (1962a) in Moore County. 
Graywacke conglomerate (fig. 7) usually is present at the 
se of the argilJite-graywacl<e unit in the rest of the Durham 
ea. It crops out in a belt that ranges in width from -10 to 20 
iles and extends from southwestern Chatham County to north
stern'most Person County-a distance of 85 miles. Although 
nglomerate was not found in western Randolph County, Con
.r (1962b) reports conglomerate at the base of the argillite 

- ---------
unit south and along the .strike in the Albemarle quadrangle. .. 
Conglomerates are interbedded with the graywacke sandstones 
and usually possess a graywacke matrix, although some con
glomerates having a tuffaceous matrix have been seen. Pebbles 
of acid volcanics, feldspathic quartzites, quartz-hornblende 
gneisses, and jasper ( ?) are among the lithologies found in the 
graywacke conglomerate. Individual pebbles are well to sub
rounded and range from pea-size to cobbles larger than soft
balls. Sphericity and sorting are poor. 

Graywacke conglomerate grades upward into graywacke 
sandstone by successively thicker interbeds of sandstone. Gray
wacke sandstone attains its best development in the Person 
County outcrop area, where it is massive and shows pronounced 
graded bedding. Crossbedding occurs in a few thin beds asso
ciated with argillite. Individual beds range in thickness from a 
quarter of an inch to several feet. Where fresh the graywacke 
sandstone is a massive, dark-gray to greenish-gray rock that 
breaks with a conchoidal fracture. Pyrite cubes are present in 
most exposures. The more massive graywacke weathers into 
structureless bright maroon and vermilion saprolite containing 
spheroidal residual boulders. The graywacke sandstone is inter
bedded with and grades upward into argillite or slate. 

The sl.ate and argillite ~re easily distinguished f~om other 
rocks by their finely laminated character. The laminae or beds 
range in thickness from 0.1 mm to 5.0 mm and are graded. 
Graded bedding can be seen in the thicker beds. According to 
Conley (1962b), graded bedding is easily observed in thiri sec
tion consisting "of a bottom silt layer which· grades upwar(i to • 
a clay layer." He found that. the sUt layer was composed of 
"angular quartz grains with some feldspar fragments, and relic 
outlines of ferromagnesian minerals now completely changed 
to chlorite" and that the "clay layers are altered to sericite." 
The argillite and slate originated as shales which were prob
ably composed of land waste derived from metamorphic and 
volcanic terranes, and airborne volcanic dust. 

Slate having well-defined axial-plane cleavage is confined to 
the southern part of Chatham County, the southeastern part of 
Orange County, .and the axial region of the Person County out
crop area-that is, where dynamic metamorphism was greatest. 
ArgHiite generally has excellent bedding-plane cleavage and an 
incipient axial-plane cleavage. Porphyroblasts of biotite-~eri-
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cite-chlorite, which according to Stromquist (Stromquist and 
Conley, 1959) have retrogressed from chloritoid, are developed 
'across bedding planes in the at•gillite of western Randolph 
County. Thin limestone beds are interbedded with the argillite 
in this area and cnn be observed in the Superior Stone quarry 
at Asheboro. · 

At•gillite and slate saprolites arc various shades of ocherous 
red and yellow. Weathering depths are quite variable. Argillite 
in parts of western Randolph County is weathered deep enough 
to permit construction of large-diameter bored wells to depths 
greater than 100 feet, whereas in most of the Durham area 
casing depths average much less. 

The argillite-graywacke unit crops out in northeastward
trending synclines nnd synclinoriums which are overturned to 
the southeast in southern Chatham County. The axial-plane re
gions of the folds generally are sheared. Well-exposed outcrops 
reveal thut urgillite in must of the Durham area is offset by 
many high-angle faults of short throw and that contorted folds 
having wave lengths of only a few feet are superimposed upon 
the larger folds. · 

Laney (1917) named the argillite in Person County the Aaron 
Slate, which he cl~ssed as Ordovician in age on the basis of its 
similarity to known Ordovician rocks in the Arvonia and Quan
tico synclines. This unit is given a tentative age of Ordovician 
( ?) in this report.' 

Tuffaceous Argillite Unit 

Argillite in southwestern Randolph County grades upward 
into massive tuffaceous argillite by an increase of thicker beds 
of tuffaceous argillite and a decre~se of laminated argillite. As 
mapped the contact is an arbitrary line drawn where the more 
massive beds of tuffaceous argillite exceed those of laminated 
argillite. It is equivalent to the felsic tuffaceous argillite unit 
of Conley (1962b). 

The tuffaceous argillite is a dark-gray massive, well-jointed 
rock which upon weathering passes through succes~ively lighter 
shades of gray to bright shades of red and yellow when com
pletely decomposed. The unweathered rock breaks into sharp 
splinters with conchoidal fracture. Pyrite generally is present 
as cubes disseminated throughout the rock. 
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The tuffaceous argillite unit is assigned an age of Ordovi
cian ( ?) because of its conformable relation to the underlying 
laminated argillite. 

Mafic Tult and Flow Unit. 

A sequence Of mafic tuffs and flows overlies the argillite
graywacke unit. The mafic tuff and flow unit is exposed in Per
son County, in the western part of Randolph County, and along 
the Randolph-Chatham County line. The strike and dip rela
tionships of· the two units· indicate· that their contact; is con
formable in Person County and along the Chatham-Randolph 
County line. The outcrop in western Randolph Couitty indi
cates that their contact is disconformable (pl. 2). However, 
the presence of interbeds of tuffaceous argillite in western 
Randolph County indicates that the mafic tuffs and flows may 
be a facies of the tultaceous argillite unit. 

The lithology and weathering characteristics of the mafic 
tuff and flow unit are strikingly similar to the upper volcanic 
unit of Conley ( 1962b), especially in Randolph County. It is 
possible that part or all of this unit is equivalent to the upper 
volcanic unit of Conley (fig. 4). 

Mafic tuffs and flows. exposed in Person County and those 
distributed along the Randolph-Chatham County line arc sim
ilar in lithology and weathering characteristics. The tuffs range 
from gray-green fine-grained, water-laid tuffs to dar.lc-gray 
coarse, massive breccias and agglomerates. Flows are massive, 
dark green, and amygdaloidal. Epidote-quartz veins are very 
distinctive of this unit. 

The mafic tuff and flow unit in western Randolph County 
differs from that in the rest of the Durham area, in that tuffa
ceous argillite, welded tuff, and lithic-crystal tuff are inter
bedded with the more basic tuffs. 

Rocks of the mafic tuff and flow unit weather to dark, dun
colored soils. Concretionlike pebbles, which cover the soil in 
some places, probably are quartz-epidote amygdales that have 
weathered out. 

In Person County andesitic tuffs und flow~ crop out in two 
linear belts along the axial region of the Virgilina synclinorium. 
Laney mapped these two outcrop belts and the sheared argillite 
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slutc !Jctwceu them as one unit, which he called the Vir
dta Greenstone. 
l'he age of the mafic. tun· and flow unit is not known. It is 
en a tentative age of Ordovician ( ?) on the basifl of its ap
·ent confot·mity in plnces to the underlying at·gillite-gray
cke unit. 

Granite and Granodiorite Unit 

lolcanic and sedimentary rocks in the Durham area have 
·n intruded and locally altered by plutonic igneous rocks 
t range in composition from granite to gabbro. Because 
atpusitions vary considet·ably from place to place and within . 
· same pluton, it is difficult to separate the different varie-
; into mappable units. l~'or c:unvenience, rocks ranging in 
nposition from gmnile to granodiorite were mapped as one 
t . 

;ranite crops· out in the northwestern part of Randolph 
mty (pl. 2), in the north-central part of Chatham County, 
the southeastern and northw~stcrn parts of Orange County, 
I in the southwestern and centml parts of Person County. 
~ grnnite plutons listed above include xenoliths of volcanic 
l<s and other igneouR varieties too small to map. The granite 
1>ink to gray, medium-gminecl to porphyritic, well jointed, 
I locally sheared. Orthoclase and plagioclase feldspar, biotite 
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·a, and quartz give the granite an equigranular texture. The 
nite weathers to pink, Jight-t·ed or cream-colored soils. 
t'he rest of the granite and granodiorite unit contains rocks 
t nrc mostly granodim·ite in composition. As in the case of 
granite, the granodiol'ite includes rocl<s of other composi

.ts. Volcanic rocks and dil<elil<e bodies of pegmatite, granite, 
dte, and amphibolite· are present. 'l'he contacts between the 
.nodiorite and the country rock are less well defined and th~ 
!ration halo wider than that of gmnite. In some places, such 
the area west of Carrboro, the granodiorite appears to have 
placed itself by assimilation of volcanic roclc. Most rock· 
'>Sed as granodiorite is well jointed and is mantled by light-
LY to dark-red saprolite. -
loth granite and granodiorite weather deep enough in some 
llities to permit construction of large-diameter bored and 
~ wells below the lowest level of lhc water table. Large 

residual boulders and unweathered rock are close to the sur· J. 
face in areas where relief is great enough that the weathered 
material has been removed by erosion. 

Diorite Unit 

Diorite occurs in plutons and dikes massive enough to map 
only in Person County. The largest outcrop of diorite is in the 
vicinity of Hurdle Mills. Another outcroP. is approximately 2 
miles south of Resters Store in southwestern Person County 
and another is in the northeastern section of the county north 
of Dixons Store. The diorite generally is fine to medium grained, 
massive, well jointe~, and not deeply weathered. Weathering 
colors range from dark brown on nearly fresh rock to dark red on 
thoroughly decomposed rock. 

Gabbro Unit 

Gabbro sills and dikes are relatively plentiful in the Durham 
area. This is especially true of western Randolph County, where 
a swarm of gabbro sills and dikes have intruded the argillite 
and the metavolcanic unit in a few places. Gabbro sills and dilces 
in this area show good conformity to regional structure. Most 
of the high peaks and ridges in western Randolph County are 
underlain by gabbro. Gabbro also occurs north of ·calvander in 
Orange County, and in Person County southeast of Moriah and 
north of Denny Store. The gabbro is medium grained to ,peg- , 
matitic, massive, and well jointed. It weathers from dark, dun
colored to dark-red shallow soils. 

The age of the various intrusions is not known. However, 
they are younger than the mafic tuff and flow unit which they 
intrude and older than the Triassic which they do not int1·ude:· 
They are classed as Mississippian ( ?) in this report. 

Triassic Unit 

In the Durham area rocks of Late Triassic age are exposed 
in a northeastward-trending structural and · topographic low
land known as the Deep River Triassic basin. This basin is 
structurally similar to several isolat~d basins located at inter
vals within the Piedmont Province from Nova Scotia to South 
Carolina. 
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I'IJe Deep Uiver lwsin extends northeastward from western 
.ore County to east-central Granville County. Along its nearly 
t-mile length, it includes parts of southern and southeastern 
ttham County, goutheastcrn Oranl{e County, and most of 
rham County. Its maximum and minimum widths are about 
and 5 miles, respectively. 
l'he rocks of Tt·iassic age are principally continental and 
1sist of maroon to reddish-gray sandstones, shales, siltstones, 
.glomerates, and fanglomerates (fig. 8). However, coal beds 

interbedded with gray to black shales and siltstones, indi
ing that during at least part of Triassic time restricted lakes 
marshland favorable to the accumulation of vegetable mat
existed and that the t·ate of sedimentation probably was 

\', 

\lthough gross lithologies are similar from outcrop to out-
1>, individual beds change rapidly in thickness laterally, and 
ithology both latemlly ancl vertically. These factors have an 
•ortant effect on the location of suitable ground-water sup
s. Wells which penetrate the coarser, better sorted sand
tes tend to yield more water than those in the relatively 
tter shales and siltstones. 
'he Triassic rocks are separated from the metamorphic and 
·ous rocl<s to the east lly the Jonesboro fault, which generally 
·'·ell defined by a northwestward-facing fault scarp. The 
tss~c rocks are bordered on the west by volcanic and igneous 
.s of the slate belt. The we::~tern contact in the Durham area 
•might locally, but more often is a sinuous line caused by the 
.inal tmP.ven surface upon which the basal Triassic rocks 
e deposited and by the notching effect of tranverse streams 
. have eroded through the thin updip edge of the Triassic. 
•!re straight, the contact possibly is controlled by a western 
ler fault such as that found by Conley (1962a) in Moore 
nty. The westem contact is offset locally by cross faults 

.1 as those mapped by Reinemund in the southern part of 
tham County. 
1 the Deep Rh·cr basin the T1·iassic rocks dip 10° to 20° to 
southeast, in contrast to those of the Dan River basin of 
th Carolina and Virginia (Mundorff, 1948) which dip to the 
hwest. Possibly, the monoclinal dip results in part from an 

ial dip and in part from contemporaneous and postdeposi
al movements along the Jonesboro fault. A few flowing wells 
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Figure 8. 
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Outcrop of light-gray sandstone in the TriasRic unit near Sen
forth, Chatham County. 

are present in the Triassic rocks of Durham and Chatham 
Counties. Water percolating downdip through the more per
meable sandstones develops sufficient artesian pressure, or head, 
to produce flo'wing wells in some localities. 

Maximum thickness of the Triassic wedge has been estimated • 
to range from 7,000 to 8,000 feet in the southern part of the 
basin to 4,000 to 5,000 feet in southeastern Chatham County . 
Prouty (1931) has estimated that in the northern part of the 
basin (Durham County area) the Triassic rocks may be as 
thick as 10,000 feet. 

In Late Triassic time the sedimentary rocks were intruded by 
dikes and sills of diabase, which have formed narrow baked 
zones along their contacts. These diabase dikes are frequently 
found in the slate belt of North Carolina. The writer was· able 
to trace one such dike in Randolph County for a distance of 7 
miles. 

Time did not permit separation of the Triassic into lithologic 
units. Reinemund divided the Triassic rocks in the vicinty of 
the Deep River coal field into the following formations, which 

27 



-----------
GROUND-WATER HYDROLOGY 

Hydrologic Cycle 

All ~round water yieldt~d to wells in lhe Dm·ham area was 
rt~e JH"cdpilalinn whit:h fdl in.l.hc form of rain or snow. The 
•tth <~nntains a vast I.Jut fixed supJIIY of watct". Through energy 
rpplietl I.Jy the sun, water eva}loratcs from the oceans, lakes, 
reams, and surface of the earth to become water vapor in the 

: mosphere. There, watet· vapot· condenses and falls as precipi
•lion. Part of the wate1· fallin~ UJlOil the land surface is dis
.uu-ged dh·ectly to streams as surface runoff, part is returned 
• the atmosphere by evaporation, and the remainder is retained 
1 the soil and rocks as ground water. Ground water ,is eventually 
ischarged to streams through springs, seeps, and wells or is 
~turned to the atmosphere by evaporation and transpiration. 
he unending circulation of water between the earth and the 
Lmosphere is called the hydt·ologic cycle. 

Occurrence and 1\fovcmc;nl of Ground Water 

Source 
Gravity and capillary action cause water derived from pre

rpitation to percolate 'downward through the soil cover until 
renches a zone uf satunttinn within which all open 'spaces are 

Jmpletely filled with wnter. Water in the zone of saturation is 
ailed gt·ound water. 'l'he upper surface of the zone of saturation 
; referred to as the water table. The zone between the water 
able and the land surface is called the zone of aeration (fig. 9). 

'l'he percentage of precipitation that becomes ground water 
iepends on several interrelated factors, such as the slope of the 
and surface, the relative ability of the soil cover to transmit 
vater, the intensity and duration of rainfall, the type and amount 
,f vegetation, and the temperature. Topographic relief in the 
>urham area averages about 50 feet per mile, but there are 
orne broad interstream areas developed on granite and volcanic 
crranes where lateral movement of surface water would be ex
oected to be slower than in the Uwharrie Mountains where local 
·elief.exceeds 300 feet per mile. Rainfall is greatest during July 
111d August and is least in October (fig. 2). The average temper
llure also is highest dm·ing July and August, so that losses 
from evaporation and transpiration probably are at their maxi-
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I Table 20. Rec:ords of Wells in Randolph County 

(Reported hardness~ H,hard; M,medlum; S,soft) 

I 
(Type of well• B bored• D dug· Dr drill~d Relative yield· g~llons per minute per foot of uncased hole ) 

' . ' ' . 
Doptll RolatiYt 

'IV oil t.atl.a o ....... To,or- TrP• Dept• Di••· Wator-•nrmr or 'Watar Tio14 , ..... Ropontd RoDiarb 
no. npbr of (ft.) ,,., 1111t1rial cuh•c ••••• ,.,., (callooo •• rd ..... 

... u (Ia.) (ft.) (ft.) ,., ,_,, 

I l J.o 1111. 'W or Troy Forrester UplL"Ul -tr- 79 8 Ma!ic tutt--- . 20 40 1.4 0.24 s 
Trinity-:.. !lat.- .. 

2 .l:-chdal.e-- Randolph CountJ -l!o-- --<!o- 92 6 Granite---- --- -- 9 s 

I L.o 1111. E or 
• Schoola--

---B- fob••n•Uon .) J. w. Ekmcb'- Drav- 25 24 -do--- 25 ll 5 s 
TrinitJ- WllJ 

&!1&1J's!s 

I 
1D t.ablt. 

4 S.J 1111. E ot J. .R. Hull-- lnoll-- --Lr- lSO 6 ----do----- so 20 1 ---- s 
Archdale-

s 2.0 1111. Jill ot Luter L. Crottl Rill··· --<!o- 150 6 ----do----- r---- )0 8 ------ K 
leYe1 Cross 

6 1.0 IIi: HE ot Vera Vic.lcory- S1o~-- --do- 65 ) Diorite-- so r--- 4 0.27 s 
level Cross-

I 
I 
I 

--
·l 

1 2.8 1111. MW ~ Tom l'.ockett.-- Flat.--- --do- llf!. 2 Ma!ic tutr--- t----- 18 7 ----- s 
Red Croa- -

8 2.5 a1; M or A.y Iork--- -~ -do- 94 6 tiranodiorite- ~-- r--- 3.5' --- s 
Libert)'···-

9 2..5' illi. HE or Enin Worlc:a1an- .-do--- --S- 1.0 24 
Tutr..:. _____ 

·1.0 24 5 --- s 
Libert;r---

10 !:.L 111. t.'W or ?., L. ;;ell-- Hill- -tr- 182 6 9ra.r.o•11ori t.- 10 35 10+ o.t'6 K 
L1bertr--

ll !led Croa-- o. c. SW.OJ1-- --<!o-- ---E- 28 24 l'.atic bitt- 28 13 s -- s 
12 0.8 -.1. Sol ot C'n&rl.aa Fidd Drav-- --tlr- ll7 6 Granodiorite-~- 12 2.5 -- s 

Bed en,.,_ 
13 ).1 111. w or J. A. WhiUey-- SloJ)I- -0- Ll 36 Marie tu!!- 0 28 4 -- s 

Bed Croa-
ll: 1.6 111. sw or B. E. Dan.- Jlat-- -Dr- 120 6 --do--- --- 30 30. -- ----- !!erorted 

len1 C,.ou- COl'J'OSi"te 1 

I 
I 

. \lith la:lt 
iron. 



I 
(Rcpo~taa na:ancss: K,n~~a; M,moaium; S,loft) 

(Type of ~ell: a,bo~cd; D dus· Dr,drllled. Kel~tlve yield: gallons per minute per foot of unca1ed hole.) . . 
o.,.tlo Relatmo 

, ... .u t.uu.a o-- T-· T~ Do,t~ Dla•· W'al~~ of 
,_ n.w rleW .. '"" .. llt...U ... ,.,., ol (fC.) ot .. ••lftial ..... ...... (nil) (pi- ....._ 

... a (lo.) (I\.) (ft.) ,..., .. ,, 

I 
lS Glenol&--- .~dell.sp._ nat --!!-- t.U 24 Mafic tu!!- 1.1& 20 6 - M ~omircn 

.reFort.ed, 
16 Trinity---- RandolFh Count7 Xnoll-- -Ilr-- 400 6 Granite--- 30 23 22 0.06 s ~~is in 

Schoou--- t.&tl• • 
17 2.1 mi. S"wi o! Johl:l C, Easter --do-- -do-- 15 3 ----.,.do---- 26 lO 7 • 14 s 

Trinity---
lli 4.C mi. S o! J. M. Kill- Hill--- --C..- 45 h6 ~.atic tu!!--- 0 36 J ----- s 

I 
Tr!.."'lity---

19 J,4 mi. So! Mary ilrunson-- Slope-- -Or-- JO 6 Granite--- 9 lS 1 0.05 s 
Trinity----

20 2.6 :ni. SZ ot J. M. Elder--- Hill- -cio- 79 6 ----do---- 5 Lo 6 .ce H 
T:1.::~1ty----

I 
21 2.e mi. s,; or Dr. Mclean a. -do-- -do-- 90 6 ---do--- lS --- II .os s 

Glenola--- Leat.'l-----
22 2,2 ld, S ot M. J. Ill.rts--- -do--- -do- 100 6 Malic tu!t--- -- )0 s --- K 

Ole nola--
23 2.5 mi. !.'W o! L, V, J.d.au-- Lov -do- 21.1. 6 Diorite--- - Lo lO ---- s 

Randltun- !lat-

I 24 2.1. mi. l: ot Wood Saith-- Slope- _a.,_ 55 211 .lzocilllte--- --- :u h ---- s 
Randleman-

25 3,0 mi. Nt o! C, W, llenley-- Hill-- -Dr-- 72. J Mafic tutt--- - -- 2S ----- s 
Ranc!leman--

26 2,1. mi. S o! v. o. !Iouth-- Xnoll-- -!!- 35 2.4 Fauic tu!!- 35 6 s ----- s 

I 
Red Cross-

27 4.0 mi •• ,. ot Curtiss i:Odson -do-- -Dr- 72 6 Gnnod1or1 te 63 6 s 0.56 s 
·L1bert7--

28 2,0 mi. W o! C.orp Iork-- Hill--- -do- 68 6 --do--- Jh 22 s .lS s Obunat1on 
Liberty--- vall; 

I 
- analysis; 

bitter 
taate 
reported, 

I 
I 
I Table 20. Records of Wells in Randolph County (Continued) 

(Reported hardness: H,hard; H,medium; S,soft) 
(Type of woll: B,bored; D,dug; Dr,dTilled. Relative yield: gallons per minute per foot of unc4sod hole.) 

I Wtll W<atloa Type 
DepU. ~.u,. o.r. ... To-· De,t~ Di••· W'aln·klrlll~ of Water n.w 71tl4 lltpert .. Rtmaru •.. n~r ., crc.l tin aatartal eui•r Jnol CrP•> (rallou hnl-... a (ln.) (!C.) (!C.) per foot) 

I 29 Liberty---- .Town o! Libert)o nat-- -Dr-- 299 10 l'o&!ic tutt- 65 20 hO 0,29 -----
.30 ---do---- "'---to---- -do-- -do-- 242 10 ---do-- 135 30 75 .72 ----.31 ---do----- ----do-- --do--- -do-- 292 8 -do--- 125 lS 7S .1.6 ----
.3~ ----do---- --do---- -do-- -do- 221 8 ---~o---- lSO 20 75 l,CO -----33 -----do---- ----do--- -do-- -co-- 6oo 6 -do---- 6oo '12 100 --- --- ~<ased vit.h 

dotted 
p1peJ 
&nUysia 
1.ntable, 

I 
31. 3.0 1111, S o! M. M. v 1c:kre7- -do-- -do-- 101 6 --d-- 18 10 10 0.12 s 

Liberty-
~ou 1r=n .35 3 ,) mi. Sii o! H. A, Faust--- Hill-- -do- 68 6 ---do--- -- --- 5 ----- s 

Liberty---
---do--__; 

reported, 
J6 Gra, s Cha;:el- .Randolph Count) --do--- -do- 223 6 J2 22 16 0,08 s Obu"ation 

Sct.oou--- vall. 

I J7 2,0 mi. w ot J. T, iout.h-- -do--- -co- 72 2 Fauic ~!- --- lh 20 ----- s 
Grays Cha;:e 

.38 Worthville-- Levan! Cotton --do-- -do-- 105 6 l'.at1c wtt- 7S 63 lS o.so ------ Ob11"at1on 
Milll--- well. 

J9 Randleman--- Common,.ealth Valley- -do-- 160 6 Felde~!- -- JO 20 ------ H 

I Lo 
Hodel)'--·-

1.7 mi. W o! Jack Ci2r.ler-- !'.ill--- -do-- ::.23 6 !'.atic tu!t--- 108 --- s 0.33 ------
Randle-- . - -

41 1.0 mi. IIW o! Randolph Count) -do-- -do- lJO 6 ----d- - - 22 --- ----
I ~ 

Sophia--- Schoou--
42 1.7 mi. SW o! c. W, Sam!tr- -do-- --B- h8 21& Sericite h8 30 J ----- s Cbu"ation 

Sop hi- achiat--- WllJ 
andysis 

4J 
1n table, o.e 1111, IIW ot Gar lane!----- --do-- -Or-- 130 2 ~.a!ic tutt-- ---- -- 1 ----- s 

I 
n1nt. Hill- Havkin.t---



Tabl~ 20. Records of Wells in Randolph County (Continued) 

(ll•ported h•rdness: ll,hard; tl,t::cdl.u:a; S ,soft) 
(Type of vell· il bored• D d:.Js· Dr drllled l:dathe yield• z2Uons per minute per foot of uncaud hole ) . . . . . 

~.til ~- Rt•a.rb l\"ell l.Matioa a-- T•-· Tr.,. .O..tk Di••· Wattr·M•tlal' ., Wo\n TltW )'loW Ro.,.ru4 - "'k1 or (fL) .... .... ., ... ,.., .. ..... (pa) c..~ loaN-
••D (1"-) (fL) (fL) ,..,_, 

. 

I 
1.4 2.0 ai. 'W o! Georce 'W, Slo;:•- -tr-- ~5 Jt Argillite--- 20 --- 25 0 • .3.3 s 

n1nt. Hill..:.. Spencer----
1.5 b. 7 111.1, li ot L. E. Hoover-- Hill--- -co-- 96 6 ----co---- 20 20 12 0.16 s 

nint. Hill-
46 7.b ai, W o! Cil.enn thomas- --do-:. -co-- 125 6 ----c!o---- 46 -- 5 0.06 s 

I 
n1nt. IW.l--

'Felsic tutt--b7 6, 7 111, Sri ot BUl:r l.ott.i.'"l- --Co- -co-- 96 6 20 --- 20 0.26 . M' LU;r ~st.e 
nint. Hill-- reported. 

46 J,C 1111. SW o! Mt. Pleasan: --co- -do-- 122 6 AnduiUc: tu! 6 --- 5 o.ol.o ---~--
n1nt Hill-- Church---- and qUliu 

49 .3,0 ai. S o! Rotert. Crot.t.:- --do-- --=-- 51 24 Arr;illi t.e and 51 .37 5 --- s 

I 
I 

nint.Hill- t.u!t-------
so 4.o a1.-sw o! Wil.l.ard W, Cox Slo;::e-- -Dr-- 91 6 ArgUli t.e--- --- so 15 ---- s 

ilandleman- ·so 51 4.0 1111. s,; o! WUliua J, Hill-- -do-- 67 2i --do---- -- 7 ---- M 
Randl.elll&ll-- H,-lton--

52 J,c 111. ·s ot Hal. Garner-- -c:o-. -do-- 150 4 ---do---- 125 -- 10. 0.40 s 
Randle~~&~~--

5.3 2. 2 aii, SE o! llll"'le:J Dnv-- -do- 70 6 Felsic crys~ ss 4 20 1.25 s .lnal:rsis 
Worthville-- Barrels on-- tutt----- in table. 

Sb 1. 9 111. SW o! Whi.tes ICnoll- -do- 100 6 Ma.ric tut!- 7 - ·.3 0.0.3 --
I 

Gra7• Cbapel. Memi-i.al. 
BapUst. 
Cblrcb-----ss 1 • .3 111. N o! E. H. Bass--- Slope- ..Co- 70 4 !!&tic Cl')"S~ -- .30 6 ---- s 

Franld.1:1vUle t.".l£t--·--
56 1.9 ·111. SE o! J. F. Pugh-- iU.ll-- -do- 61 6 Ar~:illlt.e-- 6 16 9 0,16 s 

I 
ar..,.. 
Chapel---

.51 1.0 111. U o! J, L. !orlc-- -d- -do- 57 6 Ma.tic t.utt-- 54 20 6 2,00 --- ~sis 
Whites in table. 

I 
Chapel---

56 ~.o 111. NE ot Ja:Ms Hicks-- --do-- -do- lSO 6 --do----- .30 -- s 0.04 M 
Ramseur--

I 
I 

Table 20. Records of Wells in Randolph County (Continued) 

I 
I 
I 
I 

(Reported hardness: H ,hard; ~!,medium; S ,soft) 
(Type of well: B,bored; D,dug; Dr,drilled. Relative yield: gallons per minute per foot of unc:ased hole.) 

D.,tll Rolall•• 
l\"oll Locatio• o ..... Topor• Tr,. Doptk Dl••· Wator-burf1lr or Wat•r Tit I<! 1"1•1<1 Ro)Ono4 ke•ub - rap~f or (fL) eter material cuiat .. ,. .. CCP•l !ralloroa ~.,. ... 

••D (II\.) (fL) (!L) ,., foot) 

59 2.S 1111. W o! r. r. Pugh--- Upland -tr-- 65 6 Ma!ic t.utt- --- 1.5 s --- s 
St.ale7--- !lat. 

6o Stale:y---- Randolph County Hill- -do-- eo ---- Felsic t.utt- -- .30 e --- --Schools-
61 1.2 ld.. s ot .,. • K. Lindle7- Slope- -do- 59 2 ~cilllt.e- -- -- L -- s 

62 
St.ale7-

J.e 1111. sw or w. HiD York-- Hill-- -co-- 200 4 Gru1od1or1t.e .32 .32 .3.5 0,02 s 
St&le:J--

6.3 o. 8 111. :a: ot "· c. &rle,.-- --co- -co- 1S9 6 Arp.lli t.e---- 4S .30 20 .17 s ~·is 
Raueur-- 1n table• 

61& 1,5 111. N o! w. H. Jones- Lov --do-- 65 6 felsic tut.r- 28 15 s.s .15 s 
Ramseur-- nat-

I 
65 Franlcl.illvUle Randolph Mills Vall•r- --do- 65" 6 Ma.tic tutt-- -- -- 9 --- s 
66 -----do---- Clarence Cl'.eeic -do-- --co-- ~5 6 ----do--- 40 --- 20 0.77 ------67 O.S mi. E o! Sapon& Htg. Co, Slo;:•-- -co- )CO 6 Quartz veins --- 86 .37 --- -----

Cedar Falls in ~1c 
tutt---

I 
66 0 • .3 111 • ., or Jor<Un ~inninc Vall17- --Co-- 202 6 Gabbro---- -- - 11 --- s 

Cedar Falls ~--69 Ce11tral Falls Xlo;:m.an Mills Slo;:e-- --do-- lEo 6 Felde -- -- 28 ----- ----
C%7ltal 
t.utt-

70 1.7 mi. Sot Ralph Svan--- Hill- -do-- 69 6 lleyolit.e-· - - .35 6 --- s 

I 
Central .Fill 

n 2.S a1. 'W or Joe F. Jl.ic~ -do-- -do- 1.33 6 ~cilllt.e- eo .30 12 0.2.3 s 
Central Fall 

72 .),8 ai, NW ~ Bill Bollerd- -do-- -de-- 1.38 6 --d- eo so 17 • .30 H Son:e ircn 

I 
dovnt.cn.-n nport.ed. 
qheboro--

7.3 5.3 IIi. So! Randolph Coo.mt:r Slope --do- BS 6 ---do--- -- - 8 - s 
111nt. Hu·- Schools-

7L 6.1& IIi. Sii 0 ~ radelon~- --do- ~-d- .36 6 Malic turf- " 7 .3 0.09 H 
n~nt H1l.:i . 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 

Well -
15 

76 

77 

78 

79 

80 

81 

82 

83 

61. 

85 

86 

67 

86 

'1'1"•11 ... 
89 

90 

91 

92 

9) 

91. 

95 

96 

97 

98 

99 

100 

lOl 

102 

103 

(Type of vell• B bored· D dua· .Dr. drilled Relative yield: ·,alla~ p~r •i~te per foot of uaca1ad bola) .. -. . . . . . ----- ··--· ·- -. 

~~~a- , .. ......._ o..u. ~~a~au .. z-u.. 0... T-- T7,. Zk,dl <I( Wain TWI :rtoW ~-'" •-a " .. ' af (ft.) our ••lfttal cunr. ..... (~) (pi-
...... _ 

wtD (Ill.) (ft.) (ft.) ,.rfeot) 

7 .o 111, )IW. a! Joe Ray lllnn- l!ill.- -Dr- 66 6 Tal.sic c17ata: - --- 4 ---- s 
r~r----=- tutt---

5,5 111. liW o! Brinlc lbnt.---;- -do- -B-- .31. 24 Matic tutt- .Jb 
. 

lS s s ----Fan.r-- . 
1..8 111.1, liW a! J. M. ~ Slope- -Dr- 39 6 Matic tut.r b 9 s· o.lt. M i.lnalJ'a 1a Farmer-- breccia-- 1n table. 3.1 111.1. liW o! R, s. Terrer-- Ilrav-- -do- 125 6 ~-&tic tut.r anc --- 0 •3 ---- s ll.ovs about 1anlltr---- •r&Ulita- 3 iP,. vtm 

2.2 111. H o! R, G. Yates-- 283 6 J.rrUlit.e--- l..! 
not p::7ped. 

l!ill...,.- -do-- ----- 1.9 ------- ----- Obsenation 
f&.r.~er-:..- vell1 

ana:cysis 

S.S 111. NE a! Hovard Savyer- --cia--
ru~er---

-cia-- 100. 24 
1n \Ablo 

--do--- .--- 65 8 ---- s 
b. b 111: \i o! S, J., Love, Jr. -do-- -do-- 116 6 -do---- - 1.8 7 s !some iron 

.l..sheboro--
~po;r-ted. .l..sba:t;.aro--- COlen J.wun- -do- -do-- so 4 Malic tutt- lO 20 10 0.25 ---- ~sia 

1n tabla. 
2.0 111. E o! Herbert 51oye- -do- 85 6 C17sta:l tuft- -- 20 s ---- s 

hheboro- Sbap)!ard- and 
u,rillaceou 

Blue HUt 1.8 111. S o! l!ill.- -do- 54 
Cedar rail. Drin Inn--

tutt--
6 ~.a!ic tutt-- ~2 -- 22· l.oo 

2.0 111. Sri a! Cla ce Pritchart -do--
· .FranJclin 1'1ll 

-do- 120 6 --do--.- 116 -- .J. .at. -------
.3, 2 mi. S\i o! John H. -do-- -do- 80 6 -d 26 22 9 .18 s 

iQ:uour---- \iUlia.m.s--
1,8 111, \i o! &1Tin 1s Drive --do- -do- l.l4 b J.rcllll t.e- 110 12 10. .lt. s 

i!ulseur-- Inn--
?.ulseur-- Ramseur Furni- Slope- -do-- 58 s kcillite and - 7 5 -- ----- Obaanatioa 

ture Co.--- grayvacka- vell, 

Table 20. Records of Wells in Randolph Countr (Continued) 

(Re?orted hardness: K,bard; K,medium; S,saft) 
(Type of vcll· 8 bared· D dug· Or drilled Relative yield- gallons per minute per foot of uneased hole.) . . . . . 

Doptll Relatl•• 
Loutlaa o ...... Tooor· TJpo D<pth Di••· W ater-Marbl.c or Wator Yi•ld Jitli l!tportocl R••arkl 

npbJ ol (fL) tter ••tertal ca•inr ..... (JJ•) (roll• .. hardn .. 
woO (ln.) (fL) (IL) , •• root) 

),0 mi. S o! P~ T • .Ulen-- !!ill-- -Dr- 100 6 Matic tut!- 95 6o 10 2,00 M 
i!amseur-

3.0 111. SE o! Mrs, Allene --do-- -D..- 51 )6 Granodiarita 0 1.3 3 ------ s 
Rulseur-- Paries-----

5,0 1111. E o! 
Ra:ueur--

Earnest ~rges~ Slope- --i!-- 30 2h 
____ :;do---

30 25 1 -- s 

So!M iron 5.5 mi. SE o! I, \i, Parks- -do- -Dr- 75 6 kcllllte-- 25 -- 5 o.lO s 
Ru:seur- reported. 

2.0 mi. NE o! K. w. F"errea- --do- -do- 125 6 Katie tutt- l6 55 .3 .03 s .ln&l.7sis 
Co1er1dc•-

J, K. 
1n table •. 

2.8 111. H ot Oreene- ICnoll- -do-- 47 6 Granodior1 t.e- .37 --- 12 1.25 s Do. 
Coleridge-

Coleridge- R&ndolph Counti Hill- -do-- 185 6 J.rgillit.e-- lS 6o 22 ,1) --Schools----
2.3 111~ llol o! 

Coleridge-
Francis Byrd-- -c!o-- -do-- 7h 4 M&!ic W!-- 37 26 7 .18 s 

s.o 1111. N'oi a! Archie L, --=.o-- -do-- 75 6 i'eylli t.e---- 1.5 35 .3 .10 s !!eFOrted 
Coleridge- fu::Uey----- . to t-.aYe 

iron and 
to be 
corrosive. 

6,) 111. W o! T, E. Slll.ith--- Drav- -do-- 72 4 Crys ta:l lithic 2l 22 10 ,20 s 
Coleridge- turt-------

·1..5 111, SE a! Eve~ Sllith-- ltnoll- -do-- 126 4 l4&!ic ·tuff- 26 35 8 .o8 s 
.l..shaboro--

1..0 mi. E or E, L, SUth--- nat- -do-- 7l 4 Crysta:l tutt- 1.2 28 12 .42 s 
Aahaboro-

1..0 1111, SE at 0, B, Beason- Slope- -do-- 62 u Cry1tal. Uthi 16 22 8 .17 s Anal,rs1s 
.l..shllboro- tutt--- 1J1 t.&bla, 

3.0 111. SE or Coy J, llill-- -do- 60 !& Y.a!ic tutt- )0 17 lO .33 s 
.l..snsboro- IW:.1l. ton---

3.5 111. S o! Arthur Johnson --do-- -do-- ~0 6 C17stal tut!- 18 -- lO ,)l s 
dovntovn 
.lsheboro-



I t" 
..... 
""'" ~ 0 

.! ,, 

I 

(Typ f 11 
(Kepo~ted ha~dnell7 H,ha~d; M,aedium; S,loft) 

4u Dr d~illed Relative yield· aall 1 •lnute pe~ foot of uncased hole ) bo d • 0 ... : B, t'C ; D, a: . . on pe~ 

~ lt.olau.. 
'I'I".U w..u.. o- T-· 'J'rpe ~ Dl••· w., • ........, ., W'- TloW 7WW R..-t .. ._,. - ",..,. ., (!C.) .... ··-· tuhoe ._. (QOO) c ...... ••N-•• a (ln.) (fL) (fL) _,_, 
104 I Ashel)oro-- H, L, frye-- Hill- -Dr:.- 75 6 Crystal tuSl- 21 18 3 0.06 H B.lport.d 

·to han. 
iron and 

I 
to be 
acid. 

lOS 2.0 :1. Nli or J, '· .lUred- -do- -do- 76 4- ----do----- 6o 35 8 o.so M 3eported 
Ulah----- .con"03in 

le6 4.4 ::!. liW or Walt.r Ganter-- --do- -do-- 100 6 ---do------ ---- --- 8 --- M 
Ulah------

I 107 .3.3 Ill!. w or John J, Hill-- llrav-- -do- llO 6 1-----do--- 22 .30 2 0.02. s 
Ulah------

!Az.gilli te----108 3.S .c. !IE or James Morris-- Upland --B-- eo 24 80 40 l ---- s 
f&nr'I!!T··--- tl&t 

I 
I 
I 
I 

109 Far:oer------- Randolph Cou.-ttr Slope- -Dr-- 16o 6 ---do----- Lo .35 20 0.17 -----Schools---
ArgUllte and llO J.o u •. w or E, J, BaUer--- Knoll- -do- 90 4 ---- 6 8 -- s 

FUMr-- malic tuU-
lll 3.8 &1. swot Paul Apple-- Sloce- -do- so 6 !4bbro and ------ 3 8 -- H Water ·re-

Fa~r-- natic· tu1'1'- ported 

~Ullte---
be 11111)'. 

ll2 2.8 a!. sw or E, W, Elliot-- Hill- -do- 135 2 .35 s s o.os s So.., iron 
FarD!r---- reported w 2.4 111. so: or T, V, AUJu.n-- Slope- -do-- 99 6 ......._do--- ss 3h 25 o.S9 s 
Far~~~~~r---

!Mush.all Qliclc-m .3.7 .u. SE or lCnoll- -do- 71 6 rystal tut!- - 23 l.S ------ s Observatio 
Far~~er-----

ltrr1n Cole • ...:.... 
well. us 0.8.1:!.. s or Hill-- -do- 8.3 6 ~ryltal lithic 40 20 10 0.2.) H 

Ulah------ !Mr. Gamer---
turr-------

ll6 2,4 mi. SE or Slope- -do- 49 4 -----do---- .36 -- lS 1.10 s 
Ulah-----

117 4,) mi. SE ot Richard E, --do- -do-- 85 4 ----do--- 70 lS s 0.3) s 
Ulab---- Taylor-----

1--rystel tut!--118 6,3 c:.i. W ot Toa BI"O\In---- Hill- --B-- u 24 41 24 J ---- s Obsenat!o 
Coleridge-- well, 

n 

I 
I 
I 
I 

-Table 20. Records of Wells in Randolph County (Continued) 

(Reported hardneSS7 H,hard; M,medlum; S,aoft) 
f d h le ) 

D;dug; Dr ,drilled •. RelatlV& yteld: &•llon• pe~ minute per foot o unease 0 
(Type of veU: B,bored: 

Doplll Relathe 
ltoperl .. Reaub 

Dl••· w.t .. -Maria~ ., Watar TloW 7loW .. ,... ..... o ...... To-· TJpe De ,Ill cutar toni c, .. , c ....... w.u Locau .. 
np~f of (fL) et .. • ... rial 

(fL) (fL) per roo&) •.. nD (I ft.) 

I 
I 
I 
I 
I 
I 

l2J 17 5 0~0 ;,. 

Ray Brovn--• HW-- -Dr'"- 134 0 -Cryst.&l tu!t-
117 6,0 r.1. w or s Analysis . ---- 9 -------Coleridie-.. 

-do- 91 6 Felsic tutt-- --- ·in ta"ole 4.5 :1, ~ ot E. J.. Bean--- -do--120 
ll 8 --- s Coleridp--

nat-- -do-- 32 u·· -----do---- -J,S mi. W: ot Luther Owens-121 
34 12 ) - s. Colerid&e-- --B- 24. 24 -do--1.9 111. sw ot Mrs. Van ---122 

0.26 H Cobridie- Oldh&a 
-Dr- 42 6 --d- lS 15 7 

123 J,l c:.1; s _or H, L. .1\ualer-- Slope-
H. Li=;y ta1te JO 5 -Coleridce-

llul.'-- -do- 60 6 Hatic - reporuc!, 
124 2,7 ll:i, Si: ot .D. E, Brovn-- argUllte·-

20 30 1.5 0.09 ----Co1er1d&e- 36 6 Hatic '::l!t-
125 4..9 JC. .. SE ol L. B. Go1ns-- Slope- -do-

H 14 46 0.1 .oo Cole ridge•-
-do- 126 6 --do---

1<6 5.2 1:1. SE or Albert ·l!ro"":l·• Hill-
s Coleridge-- 6 !'~tic 5.3 --- co .72 

4.8 :.1. s or iley Hacon---- --do- -do- Be 
arilllite-1<7 . 

21 s ---- s Coler!dge-- --B-- .31 22 Felsic- tut!- 31 
H. D. Chrisco- --do-128 1.2 :.!, N or 

Hatic crys ta: JO cc o.6o s Erect---
Slope- -Dr-· 61· 6 -----

129 2,2 ~. W ot CUnton tutr- s ·Rich&rdso~ J8 .32 1 ------Erect------ --D.. 38 30 ;;dded nov 
::.3 :::!. N'rl or E. E. !Wl.~r-- Hill--1.10 . - 8 0,18 s .Erect----- 4 

c~~ JS 

16 
"i, L, Allen-- -do- -Dr- 8l 

131 4,0 111. H ot 
8 s ·Seagren-- 4 LithiC Clj -- -- --

llll.d&lli B¢is --do-- -do- 80 
1)2 2. 7. 111. H ot tutt- ' s Searrovt- Cblrcb-- c,Ya t.a1. mtt Lo 23 I& --c. c. Bol~- -do- -B-. 40 21. 
13J 2.9 111. s ol 

Ula:.-----

I ..... 
~ 

~ 

i 
; 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 

1\"oll ... 
(type of .. ..,u: 

1.31. ~·' 1111. S<i or 
Ular-------

l.3S p.5 1111. s-,; of 
i:bl\------

1.36 

1.37 

1.38 

1.39 

1.1.0 

11.1 

1.1.2 

14.3 

141. 

l..I.S 

116 

147 

p.o rJ.. s or 
l".u-tha----

1< .9 ::.1. s-~ ~r 
l'~th.a--

t>·9 ::i. ·s-~ o! 
Martha-----

,. •• ai. S o! 
Martha: •• _ 

·.1. ai. SE of 
1-!.arth.a--p.3 ai. W or 
P<~gah---

.0 Iii. W o! 
?i.sgai\--

,S :.1. E o! 
n..s,an-----

~.5 .:U. :r.; o! 
S.agrove--

.5 ;:.!. :m o! 
Seagrove---

~ar-ove----

b,4 :1. ll:: ot 
Seairove---

Table 20. Records of Wells in Randolph County (Continued) 

(lleportecl h.udneu: H,hud; M,a:~diura; S,loft) · 
!,bored: D,dus: Dr,drlllecl. Relative yield· callons ~er minute per foot of uncased hole.) 

Ervin Parks~- Slope- -Pr--

High Pines i1at-- -d.l--
Church-----

Jack L~r~ier- Knoll- -do--

Roscoe i1iller- nat- -do-

J, B, Surratt.- Slope- --L 

C, J., Lanier-· lnoll- -Pr--

rt, C, liillkan Hill-- -do--

Art.lr.1r Hill-- -do-- -c!o-

La~ Strider-- Flat-- -do

Gray Lbbert-- Slope- -do-

Gracy Auman--- Knoll- -do

Arthur Latham- nat- -do-

C, R. Richard- Knoll- -do--
son---------

J, l, Spivey-- Slope- -do-

o.,,. Dl••· waur ... am.r 
Mattrial (IL) otH 

lSS 

100 

100 

25 

170 

l'S 

129 

100 

70 

70 

12!& 

15 

1.0 

(lo.) 

6 Crystoll r::!!-

6 lielded !lev 
ttl!!-------

6 Ariillite--

L Tutr•ceous 
arr;!.llite--

LO ----~o------
I. .\rzillit.e---

6 ---do----

6 Cr;stal UJL! 

6 ---io-----

6 -----l:!o------

6 ----c!o---

6 Crystal t:J.!t-

6 ---do-----

6 -~---d~-----

~ 
cuittl 
(fL) 

17 

I.S 

60 

0 

1.0 

I.e 

70 

12 

15 

6o 

28 

1.0 

.35 

Wotn Tl.W 
s..o1 <n•> 
(fL) 

20 

30 

.35 

I. 

19 

57 

7 

.30 

20 

20 

20 

10 

L 

6 

1 

a.• 

12 

5 

7 

8 

8 

<o 

Table 20. Records of Wells in Randolph County (Continued) 

Rol.ott.o 
rt.w 

(wailea ,...,_, 

0.11 

0,07 

0.15 

s 

~ 

s 

H 

c.cc -----
o.lL s 

o.ce --------
o.oa s 

O.lL. S 

0.77 s 
o.ot s 

o.5~ M 

l,OC :. 

(Reported h3rdnesS1 H,hard; M,medium; S,soft) 
(Type of vell· 8 bored· D dug• Dr drilled Relative yield· c3llons per ~inute per foot of uncased hole.) . . ' . . 

Doptlo Relatl•o 
Woll t.>ulloa o .... Topor· TJP• o., •• Dlaoa• Wahr-bnrlac of Water Ylol• rt•W Rtporttd 

no. npbr of (IL) eter DIIC.rtaJ cuinc )l't'll (CP•l (rallona llardnus ..u (ln.) (lL) (lL) por foot) 

148 .Erect-------- Lewis Teague-·· Slope- -Pr-- 102 6 Felsic UJLr- 18 1£0 17 0.20 s 

11£9 2.0 1111. SE ot Bobert Gamer- Hill- -do-- 9S 6 -do---- 90 2S 18 .3 • .33 s 
!.rect----

a.! lSO 3,1: 1111, SE or Franlt ICiser-- Flat-- -do-- 7l s Marie 11 19 ,01 ------
Erect----- arsillite--

lSl 5,5 1111, S!. or sa. Civ:iness- lnoll- -do-- 55 6 Ha!ic turt-- - 20 " ~--- H 

Erect------
152 ).1: 1111. S o! 

i.~ct------
~- w, Culler-- Hill-- -do-- 8~ 6 Sheared 70 .37 20 1.66 s 

!elsie ~! 

1:S3 2, 7 r.i: s-~ or Evere.t.t. St.utts --do--- -do-- lll 6 ?eyllite----- 54 .31 14. .24 s 
!:-!et------ . 

lSI. 3.-l 1111, SE. or F, L, Gatlin-- Flat-- _a,._ 51£ 2L Felsic tut:-- 51£ 20 7 --- s 
Seacrove---

-Dr-- 275 6 i!n,yoU u-'---- 35 25 0,10 
155 Se&if'OVI--·· Lucks, Inc.- .Slope- --- -----
156 l.C :r~. s ::J! Bunet; i'a;yne Fl•t-- ->lo-- 10) 6 Cr.,;s t.al. b!!!- 9.3 .30 20 ~.co· s 

?i.sgah-----
157 6,2 111. s,; or Eve re ~ t Silolmoru Slope-- -do- 95 I. .lrc1111 u---- - 2S 3 --- ·----

.?Ucah---

156 5.9 1111. s or Ratio Cran!ord ICn~ll-- -do- 1.35 L --d-- - .32 J..; ---- s 
J!u-th.a---

nro:-ted; 
·~ • .;.l•t3i5 
!...-:table. 

Anclysi.s 
i."l !..'ole, 

:~;:o:-ted 
t:~ te 
co:-rosi•,oe 
~ c:o~per. 

RtlrlllkS 

-
l.ap;:-te'd 

to !lave 
!ror:. 

C!lse rva tion 
·voll, 
So~ iron 

repo:-tea, 
!:-:;ountered 

quart~ 

ve!.."1S.· 
Se::.e iron 

re;orteci; 
a.'!.a.lysis 
i."\ ~=1•. 

A:~aly!is 
!...-: ~~1~. 

l'~ported 
to be 
CO::'O,i'l'l!c 



------------- -----
1

:: . . 
..... .. • I • .. • .... 0 • o-

== .. • "' := ... - • • ••• - • .Ji • ~ • ... • .. .. ' a ...,. •• ... ... ~l , .. : ... : 'i 

l :: ~ ' ! I 
r:" ';::- P. t.:, I ~ ~ ~ "': ~ G! ~ ~ "": ~ 3~ 

: ":"~ ..... ~ ..... :1 :l!e•:• .. ll 
11- !!._,___ • ··- . 
1 ~ - I • 
• I :0: •: ·: - ·: ": • 'l ~ 'l 'l ; I 
; ~~i :.~..- ::a""· ga:aa· .. 1 
e -t-::-------_.:__:___:~ 

'" ~ ·• C 3 • o ,. o -4 11t a • : ;; ~ .. s :: · · · = !l :: ·• · :\ .~ • • • · :; a o a .: us 
-· ···- ·- ·-·- , _____ ,; . - i.~-

: .. . .. 
•·· ''""' ••o n ••o .:,il •. ~ r. .... :; = ~ .. ; .; : ... 2 ii ~ : • :.~ 

t-· :'1 • • ' 
" . . .. ::.. ~.n ...... o ........ o : 1 

~ -~ :.: .. ; . a .. • .. n .: .... ! = 0 ! :: i -~ 
:: A 8 0 0 

: ~ ~ ~ -: • :; ~ -: ~ ~ =' -: -: ~ ~ ~ = • • a :i . i) 
' ~~ .s= a ~· ........... 0 ·j" 

:1 •• ·' ·a.o~.; '!!,;.; • • 'g•o.,.;.3 
'::;.. ..4 :1. .. Ji 

~~ o;C: • •o ........ "'''~ 
~~~. ":s.::~":~· ... 'SP!'" Pl~ i 
.. ' :. 

-~ .. ;s o• -~" .:'i 1. "s~ .. ':oll:s" 'i•:: ·• 'ii=~.: Pl~ i 

:: • .. 4 -~· 
'• •• n n • .. of ~ • o ., • o • I !l 1 

- ~ , . . . n ~ " . . !i "' ·• . ..; . :1 • " :; .o ! ~ i .. 
•. 
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Reference 26 

GREEIIIORNE I. 0 'MARA, INC. • 

4101 Lake Boone Trail 
The Summit - Suite Ill 

Raleigh, NC 27607 
Phone: (919) 782-9088 

RECORD OF TELEPHONE CALL 

<-~rP"'' ~ 
DATE: ee;h'/~o TIME:~' INCOMING /~circle one) 

G&O REP: zr~ TALKED WITH: ,@JwpV flAcDN 

OF: CJ?Y oe A.rJIMO#b c..c., 16,..~ Jtll"~~~;-- I PHONE: ?/'? ~ ~·/Z.0° 
GlO JOB NUMBER I FILE REFERENCE: .So3s R#c tZ-6 Z4t~S7 

SUBJECT: <dz 1AreL JJ,-I'~Y O.ArJil .. utJJoN CJM!!;tiiD~y.s- 7) 

NOTES: - SySC::Ac y 1 ~t:t~o.\:;...£... E !'?o"""- Ptn~\:;... ~!i:\1.\c:... L Ak-\£. 

~ J']-\i '-'~\:\Mt!,\l!:, "'"E !!2...(€ ~ _,._, .. , 3~!"\o\ .,:.. \oo\'"'-JY Ct4) 

- T~\'E- ~A'N ~b~Y'LC\"J:,... \~ 'BAc:."-~'r:.'e.'<-L.AlG,.,...-~c)l 

-

**FOLLCII-UP ACTION: __________________ _ 

COPIES TO: ______________________ _ 

• 
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- - - - - ·- - - - - .. - - -
?AGE 0001 

PWPLSOC1 PWPLPOPL PWPI.TYP£ i'WPI.ACTV PWPLLAf1 PWPI.LOH1 

0276010 ASHEBORO, CitY OF '919 6256131 S 000017000 C A 0354400 07952~5 
0276114 WISTWOOD PARI 919 6292924 G 000000082 C A 0354120 0795010 , . 
0276121 HICKORY LAME KH CONK 919 U5Uil G 000000011 C ~ 0353930 . JP9.5~~... ··' 
oniin t.iRoriil T"aii"i!ii-r"Aax· · ····· · ·· · ·-----,i;-- &2·;i·u9 a .. ··o·oaiioooii-- ·- c:··-- A ···o35"3;4·5 o19ul5 --,-; .• I 
0276144 WHITE OAl KMP 919 6291319 G 000000182 C A 0353725 0794930 17 ;: .:g:~:~ ·-:~~;::.~~~;~-!2~~~~~-~~-~~- ~~~-~---·:·H------g-:~~~=-· ~ ----· -~~~-~-~-~~H · -·-- -~- ----- +- ·- -~~~+H:··· · ~P,H}}-·.. .. ... --~:-1 

:• 0276165 HIRITAGI WIST 919 6650817 G 000000040 C A 0353925 0795240 t: 
'• 027UU ROCKWOOD PARI WTR SYSTIK 919 U54515 G 000000147 C A 0353920 0794850 ·-:1 r.;.- __ .. __ ·oifnli ·cLirrs"cOiiviiuii'iiciaoiii-iiic ____ "'ii_9 ---·-u52o7 f ........ -·a .. ___ ·oooooooi'6 ___ c __ .......... A .. ·-----·a354Tjo-· ·-ai946to·-·--·--- · -- ----..,,j 
.,, 0275199 RIVER RUM 5/D 919 6650817 G 000000063 C A 0354340 0195155 :••· 
:,, 027U01 RICHLAND VILLAGE KHP 919 6254290 G 000000210 C A 0353920 07945U j::1 

"027U02' ~'fiS'Aii l:ii~U ---· .. ------ ... ·-- .. ·-~---nr .. ---nsun ..... a·-:--· -·-ooUoooiir--·-e:-- A- . --- "oH4B'il ... ··a795Ho·. ·- ........ -·:,1 
·;.•.· 027U16 BACl CRill PRIIIIDS KIETIIIG 919 U94630 G 000000130 H A 0354510 0795330 j:: 
i" ... ·-·--~~-7,-~~~-.. .!!Tt!f_I!__!!!!!!_I~SD KIITIHG CHU~~..,....,..-- ~-~.0_!1~~---- G 000000090 H ----·-· -~ ...... _,0~)3.55_p3 51 00 ·- •. 0

0
7
7
! !5_1n1 ~ ·-----· ---·,i;l 

,,. ,u2 .,..... II LS IXXOM 9h 6291677 ... G .... --000000050 H A • ~ • 
,,~ ~ 0276423 ILUI KIST IAR I Q RESTAURANT 919 6253980 G 000000225 N A 0354325 0794430 I= 
II 0276424 10011 OIL COKPAIY 919 6294641 G 000000100 N A 0354320 0794450 '"I 

1.-.- · nfl'ns 1alRDt oooaa . tn nsnoo a ooooooo5o:· ·' N A o35uoo . o79u1o 1 .. 
•.tc 0271431 CUt CIDUIIOOD IIICA :·.·.'tu· 6251971 G .000000200' II A 0354430 .0794510 . 1:; I•; : .. ~·· 0271435 CUAWA'f ruan~u .. co . .' :9U . 6251720 Q oooooous· • A 0354515 0795JCO I I 
:;•- ·r-o171'4TI"ciiiaL·o-filiiffiloliiT'iCHuacH ---·-·--ooooooo· ..... --a··----oooooiiif5o ------ ......... --------------- ------·----.Jz!j 

1:> !, 0276447 KA'rLU INC • 919 62941U G 000000030 : : :~::~:: . :~:::~: . !~) 
::; .... ·.:~~:-::.~--~~~=~~~~~-~~~~~!A·~. CHURCH _ .. -----:~:--- -:!:~:~!·· -~ :~~~-~-~~~-: ...... ; .. - ... ··~--- -~-~-~-:~:~- ... ~~=:~~~---- ..... ··---+~~ 

·,tar OUUU PIIIKDSHU IAPTIS~ CHURCH .U9 6721U7 G 000000140 N A 0354116 0795332 !,.I.} 

1~. 0271471 QO.PIL KISS lAP~ CH 919 12t329C G 000000100 N A 035C116 0795414 !§ 
'.),•,·,· 021tT'1t ___ iYlliT r!SI loUSI tlt --nrrm··--··-o·-----.nrnnorro--11-------,.---nrms oh533o i 

. 0271Ct0 HIIY 49.SHILL SIRVIC£ 919 6299857 G 000000050 N A 0354125 0795030 I. } 
~' 0276491 JONIS SKATING RINK 919 6291364 G 000000250 N A 0354150 0794700 ~~ 

:• 

... '02764'94 "AS'BEIORO"'UST ''PAKILY C'AHPGRO""·- ""ll9 --·- ·nuou· ·c .. ·- - 000000120 .. ""(;" .... A ·unno "0794'430 :•; 
0271519 CAMP MUNDO VISTA 919 1254828 G 000000285 C A 0354540 0795430 ~·' 
0271533 COLUKIIA POODS I 6 919 6293520 G 000000550. II A 0354325 0794430 
0271545 RICHLAND .. BAP:"iST CHUR.CH 919 62il:il44 G ilcioocioioii M A 0354cioo il794530 
0276549 RUSS!LL 1 S GROVE BAPTIST CHURCH 919 6291711 G 000000100 II A 0353940 0794529 
0276559 SIA liNG PJSR CAK? 919 &299843 G 000000200 II A 0354155 0795025 

[·· ...... 0271SU 4llfllR·rct.ovlt-CO'Jflt-ch-· .. ... • . 00'00000 . G - 'lliloo·o0050.. --- Tl ·;. 0 3544'08 .... cit; s'Jils 
.)r 0276561 SOUTBWISTIRN RANDOLPH SCHOOL 919 6292131 G 000000900 N A 0353800 0795300 

0276517 WilT BIND UNITID KITH CHURCH 919 6255025 G 000000344 M A 0354108 0795000 
o2tish 'iiTis·coiiliiR!-ii.\it .• iiic"· .. - H,.... &254i75 a· · ""lioooooou il. A 0354o5·a "'o795osa·· 
0271105 CARRIE PHARR DAYCARE 919 1290317 G 000000090 N A 0354025 0794910 

.... 
0271607 GLIMMS NURSERY 5 JAYCAR~ 919 6292330 G 000000010 II A 0354030 0794510 
0276609 ktbDII CORHt~ D~Y CARl 91f. 6~92359 G Ob-60006~· H A 0354025 ·~79504~ 
0271124 CARRIE PHARR DAYCARB 12 919 6297369 G 000000030 N A 0354500 0795000 
0276625 TINY TOTS DAYCARI 13 919 6292359 G. 000000108 N . A 0354010 0794955 
iu7Un WIST siDE oi.'YcARE · nt 62sin6 a ooooiioon 11 A 03St1.35 o795o25 

.... 
·· .. 
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Individual : 

Organization : 

Phone No. : 

Project : 

Subject : 

Greenhc..n1e o 'Mara, Inc • 
Reference 28 

Record of Telephone Conyersation 

~ :&:,sil~~ Date : G;.li~/'\c 

~&lO..ttYL ~~N"\ ' Ct~ .s_C As tte&::a.o . 3y : c~ 

Cft9 - G2~- 12.42.. 

\4AC?-g.EL":..c'>l k6&~ 

<;c~l~ AND !~A"t\c~ s)f SL"<L?A~t':: ~~JtR.. \N'~ 
A-ll_ 

. 
~ma?.cfl...O Di~ Cl""' CJ.r:; 

~ 

I 
I 
t· 

Items Discussed : . 
I Rl~~ u,JCP:3., -3 :v..\u::s t:5!Q...~~~ ~ 1"'1-t:I;: f1 LTt'2.A'r1~ 

.P~-;- - \s ne eg_,M.f£'-1 ::x>.;)(2.C~ ol- WA.-m12.- ~ 1'-\E: 
I 

A~U~ i ' rrt-1. 
LA~ e:. u . .:cf\c;.. \-\ou::6 ~ea..rr ~ ~ \,\... \.. 'et-J ~wD 

I 
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alternative f-CR values may be used when it is considered necessary to protect localized 
populations which may be consuming fish at a higher rate; 

(ii) Water consumption (including a correction for fish consumption): 
WQS = (RfD·DT) x Dody Weight /{WCR + (f-CRxDCF)J 
w~re: · 

\VQS = water quality standard or criteria; 
RID = reference dose; 
DT = estimated non-fish dietary intake (when available); 
fCR = fish consumption rate (assumed to be 6.5 gm/person-day); 
DCF = bioconcentration factor; 
\VCR = water consumption rate (assumed to be 2 liters per day for adults). 

To protect sensitive groups, exposure may be based on a 10 Kg child drinking one liter of 
water per day. Standards may also be based on drinking water standards based on the re
quirements of the f-ederal Safe Drinking Water Act {42 U.S.C. JOO(f)(g)-1.) For non-car· 
cinogens, specific numerical water quality standards have not been included in this Rule 
because water quality standards to protect aquatic life for all toxic substances for which 
standards have been considered are more stringent than numerical standards to protect hu
man health from non-carcinogens through consumption of fish; standards to protect human 
health from non-carcinogens through water consumption are listed under the water supply 
classification standards in Rule .0211 of this Section; the equations listed in this Subpara
graph will be used to de\•elop water quality based effiuent limitations on a case-by-case basis 
for toxic substances which are not presently included in the water quality standards. AI· 
temative FCR values may be used when it is considered necessary to protect localized po· 

. pulations which may be consuming fish at a higher rate; 
(D) For carcinogens, the concentrations of toxic substances will not result in unacceptable health 

risks and will be based on a Carcinogenic Potency Factor (CPF). An unacceptable health risk 
for cancer will be considered to be more than one case of cancer per one million people exposed 
( 104 risk level). The CPF is a measure of the cancer-causing potency of a substance estimated 
by the upper 95 percent confidence limit of the slope of a straight line calculated by the Li
nearized Multistage Model or other appropriate model according to U.S. Environmental Pro
tection Agency Guidelines (FR 51 (185): 33992-34003; and FR 45 (231 Part V): 79318-79379). 
Water quality standards or criteria for water quality based effiuent limitations are calculated us
ing the procedures given in Subparagraphs (A) and (D) of this Rule. Standards to protect hu
man health from carcinogens through water consumption are listed under the water supply 
classification standards in Rule .0211 ofthis Section: standards to protect human health from 
carcinogens through the consumption of fish (and shellfish) only are applicable to all waters as 
fu~w~ . 
(i) Derylium: 117 ng/1; 
(ii) Benzene: 71.4 ug/l; 
(iii) Carbon tetrachloride: 4.42 ugjl; 
(iv) Dioxin: 0.000014 ng/l; 
(v) llexachlorobutadiene: 49.7 ug/1; 
(vi) Polychlorinated biphenyls: 0.079 ng/1; 
(vii) Polynuclear aromatic hydrocarbons: 31.1 ngil: 
(viii) Tetrachloroethane (1,1,2,2): 10.8 ug/1; 
(ix) Trichloroethylene: 92.4 .ug/1; 
(x) Vinyl chloride: 525 ugtl; 
(xi) Aldrin: 0.136 ng/1; 
(xii) Chlordane: 0.588 ng/1; 
(xiii) DDT: 0.591 ng/1; 
(xiv) Dieldrin: 0.144 ng/1; 
(xv) Heptachlor: 0.214 ngjl. 
The values listed in (i) through (xv) in Subparagraph (B) of this Rule may be adjusted by the 
Commission or its designee on a case-by-case basis to account for site-specific or chcmical-spc· 
cific information pertaining to the assumed BCF, fCR or CPF values or other appropriate data. 

(b) Tempero1ture. The Commission may establish a water quality standard for temperature for spc
~ilic water bodies other than the standards specified in Rules .0211 and .0212 of this Section, upon a 
case-by-case determination that thermal discharges to these waters, which serve or may serve as a source 

,\'ORTil CAROUNA AD.\IIXISTR,fTIJ'E CODE 11/f.l/89 Page 9 
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and/or receptor of industrial cooling water provide for the maintenance of the designated best u~ 
throughout a reasonable portion of the water body. Such revisions of the temperature standard must 
be consistent with the provisions of Section 316(a) of the rederal Water Pollution Control Act as 
amended and will be noted in Rule .0218 of this Section. 

llistory Note: Statutory Authority G.S. /43-2/4.1; /43-2/5.3(a)( I); 
Elf. February /, 1976: 
Amended Eff October I. /989; January /, /985; 
September 9. /979. 

' . . 
. 0209 V ARIANCF..S FRO~I APPUCAULE ST A:'I:DARDS 
.0210 BEST USE CRITERIA 

History Note: Statutory Authority G.S. /43-2/4.1; 
Elf. February /, /976; 
Amended Elf. Septr.mber 9, 1979; 
Repealed Eff January I. /985 . 

. 0211 FRESH SURFACE WATER CI.ASSIFICATIO~S AND STA~DARDS 
(a) General. The water quality standards for all fresh surface waters arc the basic standards applicable 

to Class C waters. Additional and more stringent standards applicable to other specific freshwater 
classifications arc specified in Paragraphs (c) through (f) of this Rule. 

(b) All fresh surface waters (Class C). 
( 1) Dest Usage of Waters. Aquatic life propagation and maintenance (including fishing, and fish), 

wildlife, secondary recreation, agriculture and any other usage except for primary recreation or 
as a source of water supply for drinking, culinary or food processing purposes; 

(2) Conditions Related to Dest Usage. The waters will be suitable for aquatic life propagation and 
maintenance, wildlife, secondal)· recreation, and agriculture; sources of water pollution which 
preclude any of these uses on either a short-term or long-term basis will be considered to be 
violating a water quality standard; 

(3) Quality standards -applicable to all fresh surface waters: 
(A) Chlorophyll a (corrected): not greater than 40 ug/1 for lakes; reservoirs, and other slow-moving 

waters not designated as trout waters, and not greater than 15 ug/1 for lakes, reservoirs, and other 
slow-moving waters designated as trout waters (not applicable to lakes and reservoirs less than 
ten acres in surface area); the Commission or its designee may prohibit or limit any discharge 
of waste into surface waters if, in the opinion of the Director, the surface waters experience or 
the discharge would result in growths of microscopic or macroscopic vegetation such that the 
standards established pursuant to this Rule would be violated or the intended best usage of the 
waters would be impaired; · 

(n) Dissolved oxygen: not less than o.O mg/1 for trout waters; for non-trout waters, not less than 
a daily average of 5.0 mg/1 with a minimum instantaneous value of not less than 4.0 mgtl; swamp 
waters, lake coves or backwaters, and lake bottom waters may have lower values if caused by 
natural conditions; 

(C) Floating solids; settleable 5olids; !'ludge deposits: only such amount!\ attributable to sewage, 
industrial wastes or other wastes as will not make the water unsafe or unsuitable for aquatic life 
and wildlife or impair the waters for any designated uses; 

(D) Gases, total dissolved: not greater than 110 percent of saturation; 
(E) Organisms of the coliform group: fecal coliforms not to exceed a geometric mean of 200/1 OOml 

(MF count) based upon at least five consecutive samples examined during any 30 day period; 
nor exceed 400/lOOml in more than 20 percent of the samples examined during such period; vi
olations of the fecal colifonn standard arc expected during rainfall events and, in some cases, this 
violation is expected to be camcd by uncontrollable nonpoint source pollution; all coliform 
concentrations arc to be analyzed using the membrane fllter technique unless high turbidity or 
other adverse conditions necessitate the tube dilution method; in case of controversy over results, 
the MPN 5-tubc dilution technique will be used as the reference method; 

(F) Oils; deleterious substances; colored or other wastes: only such amounts as will not render the 
waters injurious to public health, secondary recreation or to aquatic life and wildlife or adversely 
affect the palatability of lish, aesthetic quality or impair the waters for any designated uses; for 

.\'OR Til CAROUNA A D.\/1.\'l.)fll.·l 1'11'1; COJ)J; 12/ f.l/89 Page /0 



I 
I 
I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EHNR- ENVIRONMENTAL JfA,VAGEMENT T/5A: 018 .0200 

the purpose of implementing this Rule, oils, deleterious substances, colored or other wastes will 
include but not be limited to substances that cause a film or sheen upon or discoloration of t~e 
surface of the water or adjoining shorelines pursuant to 40 CfR ll0.4(a)·(b); 

(G) pH: shall be normal for the waters in the area, which generally shall range between 6.0 and 
9.0 except that swamp waters may have a pi I as low as 4.3 if it is the result of natural conditions: 

(II) Phenolic compounds: only such levels as will not result in fish-flesh tainting or impairment 
of other best usage; 

(I) Radioactive substances: 
(i) Combined radium-226 and radium-228: the maximum average annual activity level (based 

on at least four samples collected quarterly) for combined radium-226 and radium-228 shall 
not exceed five picoCuries per liter; 

(ii) Alpha Emitters: the average annual gross alpha particle activity (including radium-226, but 
excluding radon and uranium) shall not exceed 15 picoCuries per liter; 

(iii) Beta Emitters: the maximum average annual activity level (based on at least four samples, 
collected quarterly) for strontium-90 shall not exceed eight picoCuries per liter; nor shall the 
average annual gross beta particle activity (excluding potassium-40 and other naturally oc

. curring radio-nuclides) exceed 50 picoCuries per liter; nor shall the maximum average annual 
activity level for tritium exceed 20,000 picoCuries per liter; 

(J) Temperature: not to exceed 2.8 degrees C (5.04 degrees F) above the natural water temper~ 
ature, and in no case to exceed 29 degrees C (84.2 degrees F) for mountain and upper piedmont 
waters and 32 degrees C (89.6 degrees F) for lower piedmont and coastal plain waters. The 
temperature for trout waters shall not be increased by more than 0.5 degrees C (0.9 degrees F) 
due to the discharge of heated liquids, but in no case to exceed 20 degrees C (68 degrees F); 

(K) Turbidity: the turbidity in the receiving water will not exceed 50 Nephelometric Turbidity 
C nits ( NTU) in streams not designated as trout waters and 10 :--lTU in streams, lakes or reser· 
voirs designated as trout waters; for lakes and reservoirs not designated as trout waters, the tur
bidity will not exceed 25 ;-..;TU; if turbidity exceeds these levels due to natural background 
conditions, the existing turbidity level cannot be increased. Compliance with this turbidity 
standard can be met when land management activities employ nest Management Practices 
(AMPs) (as defmed by Rule .0202(6) of this Section) recommended by the Designated ~onpoint 
Source Agency (as defmed by Rule .0202(12) of this Section). BMPs must be in full compliance 
with all specifications governing the proper design, installation, operation and maintenance of 
such BMPs; 

(L) Toxic substances: numerical water quality standards (maximum permissible levels) to protect 
aquatic life applicable to all fresh surface waters: 
(i) Arsenic: 50 ugjl; 
(ii) Beryllium: 6.5 .ug/1; 
(iii) Cadmium: 0.4 ug!l for trout waters and 2.0 ug/1 for non-trout waters; 
(iv) Chlorine, total residual: 17 ug/1 for trout waters fl'r); (Action Level of 17 ug1l for all w~tcrs 

not classified as trout waters (Tr); sec Paragraph (b)(4) of this Rule); 
(v) Chromium, total: 50 ugtl; 
(vi) Cyanide: 5.0 ugJl; 
(vii) Fluorides: 1.8 mg1l; 
(viii) Lead: 25 ug~l; collection of data on sources, transport and fate of lead will be required 

as part of the toxicity reduction evaluation for dischargers that are out of compliance with 
whole etlluent toxicity testing requirements and the concentration of lead in the ctllucnt is 
concomitantly determined to exceed an instream level of 3.1 ugJI from the discharge; 

(ix) MDAS (Methylene-Blue Active Substances): 0.5 mgjl; 
(x) Mercury: 0.012 ugtl; 
(xi) Nickel: 88 ug/l; 
(xii) Pesticides: 

(I) Aldrin: 0.002 UgJ!; 
(II) Chlordane: 1).004 ug/1; 
(Ill) DDT: 0.001 ug1l; 
(IV) Dcmeton: 0.1 ug/1; 
(V) Dieldrin: 0.002 U!Zil; 
(VI) Endosutran: 0.05 ug.tl; 
(VII) Endrin: 0.002 ugil; 

NORTH CAROLINA AD.l11NISTRATIJ'E CODE 12/14/89 Page II 
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(VIII) Guthion: ll.lll ugil; 
(IX) llcptachlor: 0.004 ug/1; 
(X) I .indanc: 0.0 I ug/1; 
(XI) Methoxychlor: 0.03 ug/1; 
(XII) Mircx: 0.001 ug/1; 
(XIII) Parathion: 0.013 ug/1; 
(XIV) Toxaphene: 0.0002 ug/1; 

( xiii) Polychlorinated biphenyls: 0.00 I ug/1: 
(xiv) Selenium: 5 ug/1: 
(x.v) Toluene: 11 ug•l or 0.36 ug;l in trout waters: 
(xvi) Trialkyltin compounds: O.OOR ug1l exprcs~ed as tributyltin. 

T/5A: 028 JJlOO 

(4) Action Levels for Toxic Substances: if the Action Levels for any of the substances listed in this 
Subparagraph (which arc generally not bioaccumulativc and have variable toxicity to aquatic life 
because of chemical form, solubility, stream characteristics and/or associated waste character
istics) arc determined by the waste load allocation to be exceeded in a receiving water by a dis
charge under the specified low flow criterion for toxic substances (Rule .0206 in this Section). 

•the discharger will be required to monitor the chemical and/or biological effects of the discharge; 
efforts shall be made by all dischargers to reduce or eliminate these substances from their ef
fluents. Those subst~nces for which. Action Levels· are listed in this Subparagraph may be lim
ited as appropriate in the ~PD~S permit if sufficient inforirtation exists to indicate that any of 
those sub~ta.nccs may he a significant causative factor resulting in toxicity of the effiuent; 

(A) Copper: 7 U!:! I; 
(D) Iron: 1.0 mg·l; 
(C) Sih·er: 0.06 ug!l; 
(D) Zinc: 50 ug_;t; 
(E) Chloride: 230 mg 1; 
(F) Chlorine, total residual: 17 ug,l in all waters except trout waters Cl"r): Ia ~tandard of 17 .ug/1 

exists for waters classified as trout watt!rs and is applicable as such to all dischargers to trout 
waters: sec Paragraph (b)(3)( L)(iv) of this Section!. 

(c) Class WS-1 Waters. 
(I) Dest Usage of Waters. Source of water supply for drinking, culinary, or food-processing pur

poses for those users desiring maximum protection of their water supplies, and any best usage 
specified for Class C waters; 

(2) Conditions Related to the Best L'sagc. Waters of this class arc protected water supplies within 
natural and uninhabitated or predominantly undeveloped (not urbanized) watersheds with no 
permitted point source dischargers except those existing discharges qualifying for a General 
Permit according to the requirements of !SA ~CAC 211 .0131 specifically approved by the 
Conunission at the time of classification; waters within this class must be relatively unimpactcu 
by nonpoint sources of pollution; local land usc management programs arc required to protect 
waters from nonpoint ~ourcc pollution; water!ihcds must be protected and the waters, li.>llowing 
treatment required by the Division of llcalth Services, will meet the maximum contaminant 
Jc,·cls considered s:tfc for drinking, culinary, and food-processing purposes which arc specified 
in the national drinking \\tater regulations and in the :'\orth Carolina Rules Governing Public 
Water Supplies, 1() NCAC lOD .1600; sources of water pollution which preclude any of these 
uses on either a short-tenn or long-tenn basis will be considered to be violating a water qualit) 
standard; 

(3) Quality Standards Applicable to Class \VS-1 Waters: 
(A) Nonpoint Source Pollution: only that pollution which will not ad,:crscly impact the waters 

for use as a water supply or any other designated usc; 
(D) Organisms of colifonn group: total colifurms not to exceed 50!100 ml (:\tF count) as a 

monthly geometric mean value in watcr:~heds serving as unliltcrcd water supplies; 
(C) Phenolic compounds: not greater than 1.0 ug,l (phenols) to protect water supplies from taste 
· and odor problems from chlorinated phenols; 

(D) Sewage, industrial wastes: none except those specified in Subparagraph (2) of this Paragraph; 
(E) Solids. total dissolved: not greater than 5011 mg;l; 
(F) Total hardness: not greater than 100 mgil as calcium carbonate; 
(G) Toxic and other deleterious substances: 

.\'Olll"/1 C.·IROU.YA AD.\11.\"ISTIU 1"/J"l~ COI>E 12/f.J/89 Pagr 12 
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(i) Water quality 5tandards (maximum permissible k:\'cls·) to protect human health through 
water consumption ami lish ti:-.:-.uc consumption for nun·cmci..nogcns in Class \VS- l waters: 
(l) llarium: 1.0 mg,tl; 
(ll) Chloride: 250 mgtl; 
(Ill) :V1angancsc: 50 ug/1; 
(IV) Nickel: 25 ug/1; 
(V) :"itrate nitrogen: 10.0 mg,'l; 
(VI) 2,4- D: I 00 ug/l; 
(VII) 2,4,5-TP (Silvcx): 10 ug!l; 
(VIII) Sulfates: 250 mg/1. 

(ii) Water quality standards (maximum permissible levels) to protect human health through 
water consumption and fish tissue consumption for carcinogens in Cla5s WS- l waters: 
(I) Beryllium: 6.8 ngtl; 
(II) Benzene: 1.19 ug/1; 
.(Ill) Carbon tetrachloride: 0.254 ug;l; 
(IV) Chlorinated benzenes: 488 ugil; 
(V) Dioxin: 0.000013 ng/1; 
(VI) Hexachlorobutadicne: 0.445 ugil; 
(VII) Polynuclear aromatic hydrocarbons: 2.8 ngtl; 
(VIII) Tetrachloroethane ( 1.1.2.2): 0. 172 ug: I; 
(IX) Tctr.Jchlorocthylcne: O.R ug.l: 
(X) Trichloroethylene: 3.08 ug:l; 
(XI) Vinyl Chloride: 2 ug,l; 
(XII) Aldrin: 0.127 ng/1; 
(XIII) Chlordane: 0.575 ng:l; 
(XIV) DDT: 0.588 ng/1; 
(XV) Dieldrin: 0.135 n~/1; 
(XVI) lleptachlor: 0.208 ng/1. 

(d) Class WS-11 Waters. 
(I) Oest Usage of \Vaters. Source of water supply for drinking, culinary, or food-processing pur

poses for those users desiring maximum protection for their water supplies where a WS-1 clas
sification is not attainable and any best usage specified for Class C waters; this classification may 
also be used to protect critical portions of the watershed of Class WS-III waters; 

(2) Conditions Related to Best Usage. Waters of this class are protected as water supplies which 
arc in low to moderately developed (urbanized) watersheds; only domestic wastewater discharges 
(excluding municipal dischargers required to have a pretreatment program according to lSA 
;"':CAC 21 I .090-l) and industrial non-rro~:ess discharges specifically approved by the EMC arc 
permitted in the~ watersheds; local gm·emrnents mmt ha\'e land usc management programs to 
protect these watersheds from pollution due to land dc\'elopment and other nonpoint sources; 
the waters, following treatment required by the Division of Health Services, will meet the max
imum contaminant levels cunsidcn.:d s.1fc for drinking. culinary, and food-processing purposes 
which arc specified in the national drinking water regulations and in the North Carolina Rules 
Governing Public Water Supplies, 10 :'\CAC 101> .1600; sources of water pollution which pre
clude any of these uses on either a short-term or long-term basis will be con5idered to be vio
lating a water quality standard; 

(J) Quality Standards Applicable to Class WS-11 Waters: 
(A) Industrial Wastes: none except for non-process industrial discharges specifically approved 

by the Commission; 
(13) Nonpoint Source Pollution: only that pollution which will not adversely impact the waters 

for usc as a water supply or any other designated usc; 
(C) Odor producing substances contained in sewage or other wastes: only such amounts, whether 

alone or in combination with other substances-or wastes, as will not cause taste and odor diffi
culties in water supplies which cannot he corrected by treatment. impair the palatability of fish. 
or hm·e a. deleterious ciTect upon any best usage cstahlished for waters of this class; 

(D) Phenolic compounds: not greater than l.ll ug;l (phenols) to protect water supplies from taste 
and odor problems from chlorinated phenols; 

.\"OR 1'11 CA ROU.\"A ..1 D.\ll.\'I.\IRA1'lf "E com; 12/ U/89 
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(E) Sewage: none which will have an adverse effect on human health or is not effectively treated 
to the satisfaction of the Commission and in accordance with the requirements of the Division 
of Health Services, l'orth Carolina Department of Human Resources; 

(f) Total hardness: not greater than 100 mg/1 as calcium carbonate; 
(G) Total dissolved solids: not greater than 500 mgjl; 
(II) Toxic and other deleterious substances: 

(i) Water quality standards (maximum permissible levels) to protect human health through 
water consumption and fish tissue consumption for non-carcinogens in Class \VS-11 waters: 
(I) Barium: 1.0 mg/1; 
(II) Chloride: 250 mgtl; 
(III) Manganese: 200 ug/1; 
(IV) Nickel: 25 ug/1; 
(V) Nitrate nitrogen: I 0.0 mg/1; 
(VI) 2,4-D: 100 ug:l; 
(VII) 2,4.5-TP: 10 ug/l; 
(VIII) Sulfates: 250.0 mg/1. 

(ii) Water quality standards (mmtimum permissible levels) to protect human health through 
water consumption and fish tissue consumption for carcinogens in Class \VS-11 waters: 
(I) Beryllium: 6.8 ngtl; 
(II) Benzene: I. 19 ug/1; 
(III) Carbon tetrachloride: 0.254 ug/1; 
(IV) Chlorinated benzenes: 4RR ugil: 
(V) Dioxin: 0.000013 ngtl; 
(VI) I lexachlorobutadiene: OA45 ug/1; 
(VII) Polynuclear aromatic hydrocarbons: 2.8 ng-'1; 
(VIII) Tetrachloroethane ( 1, I ,2,2): 0.172 ug/1; 
(IX) Tetrachloroethylene: 0.8 ug/1; 
(X) Trichloroethylene: 3.08 ug/1; 
(XI) Vinyl Chloride: 2 ug:1; 
(XII) Aldrin: 0.127 ng!l; 
(XIII) Chlordane: 0.575 ng 1; 
(XIV) DDT: 0.588 ng/1; 
(XV) Dieldrin: 0.135 ng/1; 
(XVI) Heptachlor: 0.208 ng/1. 

(e) Class WS-Ill Waters. 
( 1) nest Usage of Waters. Source of water supply for drinking. culinary, or food-processing pur

poses for those users where more protected sources arc not feasible and any other best usage 
specified for Class C waters; 

(2) Conditions Related to Dcst Usage. The waters, after treatment required by the Division of 
I Iealth Services, will meet the maximum contaminant le\'eb considered safe for drinking, culi
nary, or food-processing purposes which arc specified in the national drinking water regulations 
and in the North Carolina Rules Governing Public Water Supplies, 10 NCJ\C lOD .1600; 
sources of water pollution which preclude any of these uses on either a short-term or long-term 
basis will be considered to be viulating a water quality standard; 

(3) Quality Standards Applicable to Class \VS-111 Waters: . 
(i\) Odor producing substances contained in sewage, industrial wastes, or other wastes: only such 

amounts, whether alone or in combination with other substances or wastes, as will not cause 
taste and odor difficulties in water supplies which cannot be corrected by treatment, impair the 
palatability of fish, or have a deleterious effect upon any best usage established for waters of this 
class; , 

(B) Phenolic compounds: nut greater than l.ll ugtl (phenols) tu protect water supplies from taste 
and odor problems from chlorinated phenols; spccilic phenolic compounds may he bri\"en a dif
ferent limit if it is demonstrated not to cause taste and odor problems and not to be detrimental 
to other best usage; 

(C) Sewage, industrial wastes, or other wastes: none which will have an adverse effect on human 
health or which arc not effectively treated to the satisfaction of the Commission and in accord
ance with the requirements of the Di\'isiun uf llcalth Sc"·iccs, North Carolina Department of 
I Iuman Resources; any discharger nr industrial users subje~t to pretreatment standards may he 
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required upon request by the Commission to disclose all chemical constituents present or po· 
tentially present in their wastes and chemicals which could be spilled or be present in runotT from 
their facility which may have an adverse impact on downstream water supplies classified WS-HI; 
these facilities may be required to have spill and treatment failure control plans as well as per
form special monitoring for toxic substances; 

(D) Total hardness: not greater than 100 mg/1 as calcium carbonate; 
(E) Total dissolved solids: not greater than 500 mg/1; 
(f) Toxic and other deleterious substances: . 

(i) Water quality standards (maximum permissible levels) to protect human health through 
\l;ater consumption and fish tissue consumption for non-carcinogens in Class WS-HI \Vaters: 
(I) narium: 1.0 mg/1; · 
(II) Chloride: 250 mg/1; 
(Ill) Manganese: 200 ugil; 
(IV) l"ickel: 25 ugjl; 
(V) Nitrate nitrogen: 10.0 mg/1; 
(VI) 2,4-D: 100 ug/1; 
(VII) 2,4,5-TP (Silvcx): 10 ugtl; 
(VIII) Sulfates: 250.0 mg/1. 

(ii) Water quality standards (maximum permissible levels) to protect human health through 
water consumption and fish tissue consumption for carcinogens in Class WS-111 waters: 
(I) neryllium: 6.8 ng/1; 
(II) nenzenc: 1.19 ug:l: 
(Ill) Carbon tetrachloride: 0.254 ug:l; 
(IV) Chlorinated benzenes: 488 ug/1; 
(V) Dioxin: 0.000013 ngil; 
(VI) Hexachlorobutadiene: 0.445 ugjl; 
(VII) Polynuclear aromatic hydrocarbons: 2.8 ngtl; 
(VIII) Tetrachloroethane ( 1,1,2,2): 0.172 ug/1; 
(IX) Tetrachloroethylene: 0.8 ug~l; 
(X) Trichloroethylene: 3.08 ug/1; 
(XI) Vinyl Chloride: 2 ug/1; 
(X II) Aldrin: 0.127 ngjl; 
(XIII) Chlordane: 0.575 ng/1; 
(XIV) DDT: 0.588 ngJl; 
(XV) Dieldrin: 0.135 ng/1; 
(XVI) Heptachlor: 0.208 ngjl. 

(f) Class n Waters. 
(I) nest Usage of Waters. Primary recreation and any other best usage specified by the "C" clas

sification; 
(2) Conditions Related to nest Usage. The waters will meet accepted standards of water quality for 

outdoor bathing places and \\'ill be of sufficient size and depth for primary recn.:~1tion purposes. 
Sources of water poUution which preclude any of these uses on either a short-term or long-term 
basis will be considered to be violating a water quality standard; 

(3) Quality standards applicable to Class B waters: . 
(A) Sewage, industrial wastes, or other wastes: none which arc not efTecti\'cly treated to the sat

isfaction of the Commission; in determining the degree of treatment required for such waste 
when discharged into waters to be used for bathing, the Commission will con:;ider the quality 
and quantity of the sewage and wastes involved and the proximity of such discharges to waters 
in this class; discharges in the immediate \'icinity of bathing areas may not be allowed if the 
Director dctennines that the waste can not be reliably treated to ensure the protection of primary 
recreation; 

(B) Organisms of coliform group: fecal coliforms not to exceed geometric mean of 200/100 ml 
(:\If count) based on at least fi\'e consecutive sample'S examined during any 30-day period and 
not to exceed 400/100 m1 in more than 20 percent ofthe samples examined during such period. 

1/istory Sote: Statutory Auiltority G.S. 143-214.1; 143-215.3( a)( I); 
Hff. February I. 1976; . 
Amended l:lf. Octnbcr /, /989; .July /, 1988: 
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February I, 1986; lanu<Zry I. /985. 

.0212 TIDAL SALT WATER CI.ASSIFICATIO~S AND STANDARDS 
(a) General. The water quality standards for all tidal salt waters arc the basic standards applicable 

to Class SC waters. Additional and more stringent standards applicable to other specific tidal salt water 
classifications are specified in Paragraphs (c) and (d) of this Rule. 
(b) All tidal salt waters (Class SC). 
(I) Best Usage of Waters. Aquatic life propagation and maintenance (including fishing, fish and 

functionin~ PNAs), wildlife, secondary recreation, and any other usage except primary recreation 
or shcllfishiitg for market purposes; 

(2) Conditions Related to Best Usage. The waters will be suitable for aquatic life propagation and 
maintenance, wildlife, and secondary recreation; Any source of water pollution which precludes 
any of these uses, including their functioning as PNAs, on either a short-term or a long-term 
basis will be considered to be violating a water quality standard; 

(3) Quality standards applicable to all tidal salt waters: 
(A) Chlorophyll a (corrected): not greater than 40 ug/1 in sounds, estuaries, and other slow

moving waters; the Commission or its designee may prohibit or limit any discharge of waste into 
·surface waters if, in the opinion of the Director, the surface waters experience or the discharge 
would result in gr0\~w1hs of microscopic or macroscopic vegetation such that the standards es
tablished pursuant to this Rule would he violated or the intended best usage of the waters woulli 
be impaired. 

(B) Dissoh·ed oxygen: not less than 5.0 mgll, except that swamp waters. poorly flushed tidally 
influenced streams or embaymcnts, or estuarine bottom waters may have lower value~ if caused 
bv natural conditions; 

(C)· Floating solids; settleable solids; sludge deposits: only such amounts attributable to sewage, 
industrial wastes or other wastes, as will not make the waters unsafe or unsuitable for aquatic 
life and wildlife, or impair the waters for any designated uses; 

(D) Gases, total dissolved: not greater than 110 percent of saturation; 
(E) Organisms of coliform group: fecal coliforms not to exceed geometric mean of 200/100 ml 

(:\1F count) based upon at least five consecutive samples examined during any 30 day period; 
not to exceed 400/ 100 ml in more than 20 percent of the samples examined during such period: 
violations of the fecal coliform standard are expected during rainfall events and, in some cases, 
this violation is expected to be caused by uncontrollable nonpoint source pollution; aU coliform 
concentrations are to be analyzed using the MF technique unless high turbidity or other adverse 
conditions necessitate the tube dilution method; in case of controversy over results the :\I PI'\ 
5-tube dilution method will be u5ed as the referee method; · 

(f') Oils; deleterious substances; colored or other wastes: only such amounts as will not render 
the waters injurious to public health, secondary recreation or to aquatic life and wildlife or ad
versely affect the palatability of fish, aesthetic quality or impair the waters for any designated 
uses; for the purpo~c of implementing this Rule, oils, deleterious substances, colored or other 
wastes will include but not be limited to substances that cause a film or sheen upon or discol
oration of the surface of the water or adjoining shorelines pursuant to 40 CFR 110.4(a)-(b). 

(G) pll: will be nonnal for the waters in the area, which generally will range between 6.8 and 
R.5 except that swamp waters may have a pll as low as 4.3 if it is the result of natural conditions; 

(II) Phenolic compounds: only such lc,·els as will not result in fish-flesh tainting or impairment 
of other best usage; 

(1) Radioactive substances: 
(i) Combined radium-226 and radium-228: The maximum average annual activity level (based 

on at least four samples, collected quarterly) for combined radium-226, and radium-228 will 
not exceed five picoCuries per liter; 

(ii) Alpha Emitters. The average annual gross alpha particle activity (including radium-226, 
but excluding radon and uranium) will not exceed 15 picoCuries per liter; 

(iii) neta Emitters. The maximum average annual activity level (based on at least four samples, 
collected quarterly) for strontium-90 will not exceed eight picoCuries per liter; nor shall the 
average annual gross beta particle activity (excluding potassium·40 and other naturally oc
curring radio-nuclides) exceed 50 picoCurics per liter; nor will the maximum average annual 
activity level for tritium exceed 20,000 picoCuries per liter; 
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.0309 YADIIH-PEE DEE RIVER BASil 

Classification ;I Name of Stream Description Class Date Index He. 

I 
Flat Swamp Creek FrCJD source to High Rock Lake; c 7/1/73 12-123 

YaOJdn River 
Rocky Meadow Branch FrCJD source to Flat s~ Creek c 7/1/73 12-123-1 

I 
Dry Branch FrCJD source to Flat ~ Creek c 7/1/73 12-123-2 

Fourmile Branch Fra11 source to High Rock Lake, c 7/1/73 12-124 
Yadldn River 

Boss Branch Fraa source to Foumile Branch c 7/1/73 12-124-1 

I Cedar Creek FrCJD source to Yadldn River c 9/1/74 12-125 
Lick Creek Fra11 source to Tuckertovn Lake, c 9/1/74 12-126 

Yadkin River 

I 
West Branch Lick Creek FrCJD source to Lick Creek c 9/1/74 12-126-1 
East Brancb Lick Creek Fra11 source to Dentoo Water Supply WS-III 2/1/86 12-126-2-(1) 

Intake 
East Branch Lick Creek FrCJD Denton water Supply Intake to c 9/1/74 12-126-2-(2) 

I Lick Creek 
Cabin Creek FrCJD source to Tuc:kertovn Lake, c 9/1/74 12-127 

Yadldn River c 9/1/74 

~ 
Flat Creek FrCJD source to Tuc:kert01111 Lake, c 9/1/74 12-128 

YaOJdn River 
Riles Creek Fra11 source to Tuckert.ovn Lake, c 9/1/74 12-129 

Yadldn River 
Ritchies Lake Entire Lake and camect.iDg stre. c 9/1/74 12-129-1 

to Riles Creek c 9/1/74 
Curl Tail Creek Fra11 source to Riles Creek c 9/1/74 12-129-2 

Ellis Creek FrCJD source to . Tuc:kert011t1 Lake, c 9/1/74 12-130 
Yadldn River 

Garr Creek Fra11 source to Badin Lake, Yadkin c 9/1/74 12-131 
River 

I Reynolds Creek FrCJD source to Badin Lake, Yadldn c 9/1/74 12-132 
I River 
I Alls Fork FrCJD source to Badin Lake, Yadld.n c 9/1/74 12-133 

II River 
Beaverdam Creek Frcm source to Badin Lake, Yadltin c 9/1/74 12-134 

River 

I Glady Fork Fra11 source to Badin Lake, Yadtin c 9/1/74 12-135 
River 

Spring Branch Fraa scarce to Glady Fork c 9/1/74 12-135-1 

II 
tbmtain Branch FreD source to Glady Fork c 9/1/74 12-135-2 

Reeves Spring BraDcb Fra11 source to Badin Lake, Yadtin c 9/1/74 12-136 
River 

Dutch John Creek Frail source to Lake 'Hll.ery, Yadldn ws-me 2/1/86 12-137 

I River 

PEE DEE RIVER ( inc:luding Fraa Olrbar.rie ii 'n!r to Blewett Falls ws-me 2/1/86 13-(1) 
Lake Tillery and Blewett Dam 

:I Falls Lake below not'llllll 
operating levels) 

ullharrie River Fran source to Randolpb Ccunt7 t.lS-m 211/86 13-2-(0.5) 

'• 19 
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I .0309 Y!DIIH-PEE DEE RIVER BASIH 

Classification 

I Name of Stream Description Class Date Index Ho. 

I 
SR 1314 

Little Uwharrie River Frail source to Uwharrie River ws-m 2/1/86 13-2-1 
(Wbeatmore Pond) 
Brier Creek Frail scarce to Little Dwbarrie River ws-m 2/l/86 13-2-1-1 

I Pl111111er Creek Frail source to Brier Creek ws-m 2/1/86 13-2-1-1-1 
Ovbarrie River Frail RaDdolph Coanty SR 1314 to c 4/6/55 13-2-(1.5) 

Lake Tillery, Pee Dee River 

I Jackson Creek Frail source to tlvbarrie River c 4/6/55 13-2-2 
South Fork Jackson Frt111 scarce to Jack.scm Creek c 4/6/55 13-2-2-1 
Creek 

I 
caraway Creek (includiDg Frail scarce to a point 1,000 feet ws-m 2/1/86 13-2-3-(l) 
proposed Asheboro water north of N.C. Hwy. 491 (Old Famer 

·Supply Reservoir) Road) 
Little Caraway Creek Frail source to Caraway Creek ws-m 2/1/86 13-2-3-2 

I Back Creek (Back Creek Frail source to Cara1lay Creek ws-m 2/1/86 13-2-3-3 
Lake) 

Greenes Branch Frail source to Back Creek Lake, ws-m 2/1/86 13-2-3-3-1 

I 
Back Creek 

Cedar Forlt Creek Frail source to Back Creek ws-m 2/l/86 13-2-3-3-2 
Long Branch Frail source to Cedar Fork Creek ws-m 2/1/86 13-2-3-3-2-1 

caraway Creek Frail a point 1,000 feet north of c 4/6/55 13-2-3-(4) 

I N.C. Hvy 49! (Old Farmer Road) to 
Uwharrie River 

Taylors Creek Fra11 source to Caraway Creek c 9/1/74 13-2-3-5 

I Tcms Creek Frail source to Uwharrie River c 9/1/74 13-2-4 
Betty KcGees Creek Frail source to Uvbarrie River c 9/1/74 13-2-5 
Talbotts Brm!ch Frail source to Betty McGees Creek c 9/1/74 13-2-5-1 

I 
SecoDd Creek Frm source to Uvbarrle River c 9/1/74 13-2-6 
South Forlt Second Creek Frail source to Sea:ad Creek c 9/1/74 13-2-6-1 
'l'wallile Branch Fraa source to Sea:ad Creek c 9/1/74 13-2-6-2 

Twcmile Creek Fraa source to llvbarri.e River c 4/6/55 13-2-7 

I Silver Run Creek Fran source to Uwharrie Creek c 4/6/55 13-2-8 
Hannahs Creek Frail source to llvbarri.e River c 4/6/55 13-2-9 
North Prang Hannahs Creek Fraa scarce to Hannahs Creek c 4/6/55 13-2-9-1 

I 
South Prong Hannahs Creek Frm source to HanDabs Creek c 4/6/55 13-2-9-2 
Robbins Branch Frail source to HanDabs Creek c 4/6/55 13-2-9-3 

Laniers Creek Fra1 scarce to tJvbarrle River c 4/6/55 13-2-10 
Hanny Branch Fra11 source to Lani.ers Creek c 4/6/55 13-2-10-1 

I SaDd Branch Frca soarce to Lani.ers Creek c 4/6/55 13-2-10-2 
Mill Creek Frca scarce to Ovbarrie River c 4/6/55 13-2-11 

Walkers Creek fral scarce to Uvbarrie River c 4/6/55 13-2-12 

I Lakes Creek Fran source to Uwharrie River c 4./6/55 13-2-13 

Harrows Brm!cb Frm scarce to Uwharrie River c 4/6/55 13-2-14 

Crow Creek Frtll scarce to OVbarrle River c 9/1/74 13-2-15 

I 
Wallace Branch Fran source to Crow Creek c 9/1/74 13-2-15-1 

Big Creek . Fran source to Crow Creek c 9/1/74 13-2-15-2 

\lorsepen Creek Fra11 source to Uvbarrie River c 4/6/55 13-2-16 

I 20 
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Comments or Action : 
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lA-a.ft.'t ~sey . 
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.L/i9 SC+AL GA NC VA 

GECRGEVILLE SERIES 

·.:.R 

Estahi1bhed s~rlnE 
P..flv. TRG:JCM 
~/86· 

The Georgf'ville series consists of well drainea moderately penwaLle 
soils that fonr.ed in material mostly weathered .com Carolina slate or 
fine grained rocks of the Piedmont Uplands. Sio1 es are 2 to 25 perc:~llt:. 

TAXONOMIC CLASS: Clayey. kaolinitic. thermic· 1': :)ic Hapludu.;.ts. 

TYPIC.:AL PEDON: Georgevil:e silt lomn--fore!:ttl•C 
(Colors are for moist soil.; 

0--1 to 0 inches; dec~yed leaves and livn roots. 

A--0 to 4 inches; dark yellowish brown {lL·'iR 4/4) silc loana; \leak 
r:edium subangular blocky t:tructure; friable; Ir•al y fine ancl common 
medium root&; strongly acid; abrupt £ruooth bour.: nry. {3 to 9 :!.ut•hes 
thick) 

F.--4 to 6 inches; yellow:lsh urown (lOYP. 5/4) silt lcc.tn; weak 
medium subangular ·blocky structure; friable; mai;y tine and medium 
roots; strongly acid; abrupt broken boundary. .a to 5 inches 
th:fck) 

Btl--6 to 10 inches; yellowish red (5YR 5 G) silt clay loam; weak 
fine, subangular blocky structure; friable; conm: •. n fine and few lliCclham 
roottc; few distinct clay files on faces of peds: conmaon fine pores; 
ctnmgly acid; clear smooth houndary. (0 to 8 :1clu'!s thick) 

Bt2--10 to 28 incbc~; rf;:c.i (2.5YR 4/8) cle1: ; rr.ode:rate fine: 
subangular blocky structure; friable; fe.w fine ;md tllcdium roots; 
comt:lon distinct clay films on faces of pl:'cis; cot..:non fine pores; 
strongly acid; clear smooch bounaa.1.·y. (10 to 1 inches thick) 

Bt3--28 to 41 inches; red (2.5YR 4/b) claf with few fine dist:;.nct 
stronB brown (7.5YR 5/8) mottles; moderate fine and oedium subangular 
blocky structur1 .. ; friable; coliUJlOn distinct clav films on faces o.i peds; 

. :·ew fine poresi.:stro'ngly ad~Ci;. gradiull s'inooth 'i.." u'naary •. (10 to 25 
inches thickf 

Bt4--'•l tQ. 53 inches; red (2.5YR '•/b) sil y clay loam wfth few 
fine distinct yellowish brown (lOYR 5/6) ar.d £t-. fine promi~;ent 
brownish yellow (lOYR 6/8) mottles~ moderate co roe subangular blocky 
~tructure; friable; few fine roots,-common dist net clay films on fa~ea 
ot peds; fe~r fine pores; few fine ·flakes of mic : f:trongly acid; 
gradual smooth boundary. (0 to 20 inchet~ thick) 

BC--53 to 63 inches; red (2.5YR 4/6) silt .clay loam ~-lith common 
fine o:md medium distinct reddish yellow (7. SYR •/':i) and few fine fainc 
dark yellowish brown (lOYR 4/6) mottleH: \.:euk c ... nsc and very coa-rse 
subnngular blocky structure.; friable; few fine . couts; few f:tint clay 
films on faces of pedH; few fille flakes of m:fc<1 strongly r.c.id. (10 to 
25 inches thick) 
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TYPE L~~~ Lancaster County, Souebf~in:.; 6 milcb n~rtheaar ~f 
LancaHter, South Carolina; l. 3 miles. caac~ of.. jur cticm ot Stut~ Highway 
28 and 82; 60- feat" south of State Rig~28; m .1 235 feet :•cutheast uf 
power pole no. COAJl. 

RANGE IN CHA.R.\C':ERISTICS: Thicknest~ of the cla: uy part of du . .., Bt 
hori~on rang~~from 24 to 48 inches. D&pth to :he bottom oi the 
clayey Bt:horizon exceeds 30 inches. Depth to I ~drock (R t:..rizon) h; 
more than 60 inches. The soil is very strongly acid to r,eut·ral in the 
A horizon and very -strongly acid or stronsJ.y. ac;.d throughout tla• rest 
of the profile. Content of coarse fragmeucs rat 3e to as mu,·h as 20 
p~rc:ent by volume in the A horizon and to as mu~h as 5 percent in the 
Bt: horizcn. Few fine flakes of mica ~u·c in the 1 o-wer pare c,f the solum 
of some pedons. 

l'he A hori;:on has hue of SYR to 2.5Y, or. it is 1 ~utral, value of 4 or 
5, and chroma of 0 to 8. The E horizon •. where r•resent, has hue oi SYR 
to 2.5Y, value of 4 or S, and chroma of 3 to 8. The A and E horizon is 
silt loam, lo811l,. very fine sandy loam, or· th" cl.::mnery analugues of 
th~~e. where eroded, the A horizon has hue of 2.5YR to 5YR, value of 4 
or 5, and chroma of 4 to S. It is clay loam or silty clay loam. 

The AB hori~on, where ~r~sent, has hue of 2.5YR 0r SYR, value of 4 or 
5, and chromD of 6 or 8. It 1u ~ilty clay loam ~r clay loam. 

1'he upper part of the Rt horizon of many pedons has hue of :.'LR, value 
of 4 or s. nnd chroma of 6 or 8. ·The middle part of the Bt hori:,wn, 
and in many pedona. the upper part of the nc laor ·::on, has hu~ of lOr. cr 
2.5YR, value.of 4 or 5, and chroma of 6 or 8. ·he lower pt1L·t of the 
Bt horizon has hue of lOR or 2.5YR, '\lalue of 4 • r 5, and ch~·oca of 6 or 
8, coir.n!Only with mottles 1n. shades of yellow or brown. Tbe Bt horizon 
commonly is clay or silty clay but range .. - to cl.y loam or s:llty ella)' 
loam. The particle ~izt! control. f:oction averar,. -> more thuli .:30 purceut 
silt or more than 40 percL•nt silt plus very fin•· sand. 

The BC horizon h&s hue of lOR to SYR. value cf . or 5, and ,··ht"oma of 6 
or 8, commonly with mottleN 1n £hades of yell.oto~ or brmm. ~t is silt 
loaru, loam, silty clay loam. cr clay loam. 

The C horizon has hue of lOR to lOYR, valu~ of . to 6, and chroma of J 
to 8, commonly with mottles in shades of broloorn, )'cllow, gray, or tc.cl. 

In som~ ped_on~.'- _ t?e· C ~~orizm~ }~ coa~seq _lllo.t~!t·.~~ in ~h~de_s oi reci, 
brown, yellow or gray. It is silt loam, loam. • ery fine saa~dy loam, or. 
fine sandy loam with as much as 90 percent ~:>oft saprolite' of Carolina 
slate nr fine-grained rock I!Utterial. Coaruu fra,."a"ents range to .1.s much 
as 10 percent -~11. s~11ae pedons. 

CO!of.PETING SJ-:llll!S: These are the AJl'Pl!n&, Arago: .• Bethlehem. Cataula, 
Cecil. Chcstatee, Georgeville. Herndon, Hulett, Kolcmaki, M.-~.dison, ' 
Mahan. Nankin, Nectar, Neeses, Pacolet, Spocsjl' ·ani a, and ~!l!dowee 
series. Appling, Cecil, Hulett, Madisou, Nankit~, Pacolet, :Lnd Wedowee 
soils have lrnu than 30 percent silt in the control section. Aragon 
Roils have Bt horizons that are mottled in tho t.pper, part. Aragon and 
~ectar soils formed in Wli:Gthercd limestone, sn~lstone, shale, or 
siltstone. Clmstatee soils have more· than 15 p1·t'cent by voJ.un;e of 
coarse frn&lllents throughout. Herndon soils havr- Bt hori~:ons with hue 
of SYR or yellower. Spotsylvania soils bav& a :ithologic 
dicc.oncinuity. Mahan soil~ .t:ormed in coastal p.:o.dt& sediments. 
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GEOGUPHIC SE'rTIMG:· &geviiJ~ f;Oils are en gt·ntly ·to ~tn.ngly 
sloping PiedJAO.t:.t uplamfltr Slopes are ecnerally b to-12 per•''-•nt unci 
ranee from: 2 to 25 per.cnt. The soil formed in residuum weathered from 
tine grained rocks, eeuarally classed as phyl.lit~s or·Carolina slate~. 
Ar~nual rainfall range~fr0111 44 to 60 inches. Mer.;.i. annual temperature is 
about 6J dc~rees F •• acd the growing season js ~~0 to 240 a:.ys. 

GEOGP .. APHICALLY ASSOCIATED SOILS: lr. eddHion tc the compet::.ne C.~cil, 
Herndon. &nd Pacolet series, these are the' AlamL!lce, Radin, Goldston, 
Gundy, Kirksey, Nason, and Tatum ser:J.es. Alamar: ;e and Kirk::;l;!y soils 
are fin~-silty. Goldston soils arc loamy-skelet·\1. Badin, Cundy, 
Nason. unri Tatum SCiils have mixt-d m:fneralogy 

liRA!NAGE AND PEIU-lliABILITY: 
permecbility. 

\/ell drain toe; mediut. runoff; mod.:l·c.t:e 

USE AND vEGETATION: ClearAd ateas are used for ·ottun, small grains, 
tobacco, corn, J.ny, and pasture. Fort:& ted areas arc in mixe.i harriwood 
and pin~s. 

DISTRIBUTION AND EXT~T: Piedmont of Virg:f.nia, .\labama, Georgia, Nctth 
Carolina, <d!d South Carolina. The &crieR is ext.'nsive. 

SERIES 1-:S'l'.t'..BLISHED: Cabarrus County, North Caro ~ina; 1910. 

REMARKS: ·This revi~aian uses the linear relation::hip betlleen the 
thi(.:kness of the clayey Bt llorizon and depth to -:ht- bottom of the 
clayey ~t horizon as series critP.ria instead o! .alum thicknass. 

Diagnostic fP.atutes recognized in thi~ pcaon aru 

Ochr1c epipedon - 0 to 4 incheo 

Ang·i l lie. horizon - 6 to 53 inclu~s 

National Ccc,perative Soil Survey 
U. S. A. 

-
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scacn"'- S 0 I L I N T E I P R E T A T I 0 •1 : r: •: C 0 R D -~:. 
MLIAtS)r 136- ~-"---- r::rr~n.. ··.1..L~ ·· ·e~ 
Rfti- .. :.e ";~ 
TYPIC IWUIIIUS, tum, ICAOI.lllTIC1 Ti£11MIC • · 

TM!: c:Ea:1intu£ SERIES CUIISII1S<IIt11U. DCAIIED-'5eiLS ON THE PIEDDCT u.•IJJID. THE SOIL ruii~ittlll!ICWH filCH SLATE. Ill 
A REPIOCJtlATIVE I'ROfiL£1 THliUIBCILAYO IS YUUIWISH 110111 SILT ~H. ll£ SIIISOIL IS TIU.CMISH lt£D OR RED SILTY CLAY 
LOAM, SILTY WY OR CLAY. SUIIBIMG FIOt 2 TO 8 PDCDIT. 

1 o-; I !5·2711.20=1. 0 1.~ I 6.1541. li. .b I • I UN 1.1 ,. I bt I 
1 o-6 127•3Sn.zo-t.~ a o.s-2.0 1 o.n-o.11 a..w.o 1 1 LOll 1.,,. • 1 ,. 1 <.·5 1 
1 &-10IZ7·15n.:zo-1.•o 1 o.&-2.0 1 o.n-o.11 .-.s-5.5 1 1 LOll 1.121 1 1 1 
11G-5l115-1011.:ZD-1.~ I 0.1-2.0 I 0.1S-G.11 1 •• 5-5.5 I I LOll 1.211 
153·61115.-0I1.2G-1.~0 I 0.,•2.0. I 0.05-0.10 1,.5-5.5 I I LOW 1.121 
I I I I I 1 I I I I 

:_""',_ __ fttiijr-"''''nn'c,..,,..--. ..... ..r::iao.;;iA:Prnr'i=rnSif'iie!ii,I'AJBrilmi•nmMG&a:m:rlilD&mlif'Eiiiiii'il· mRmiftr.!:nml:rmiril::~~rc: 
: Fit~ OOIXfitM IGW fi"A I I I(INJ 1 lfiWJ I I(IW) J(IN) I I ACTiON 1 

C. I I I - I I ib I I - I I 8 l I 

SAHITMY P"ACIUTI!Sd!) CONSTllUCTIOM MAmtiAL !Bj 
~--------~~2~·~h~t~NiilX~~f~t~4MUtS_.Mr~S~a.t-R•y~----------~~~~--------~~2~-~15n\~I~OXb~~~~~~~_.~--------· I 
!SEPTIC TNit 1•15\1 MOOOATE-PDCS SLOILY1SLCP£ II 15·25\t FAII•SUJI£- I 
I A!SOIIPTIOM 1~t S£VEJIE-5LOPE II IIOADFILL I 

FIELDS II I 
II 

---------+~zr-.~~~~~kbilQ~~r~t~-s~t~&~~~~.~sUitnm.-----------~lni---------T~I~AnruENi!Bm~.n~.rnn~~~F~IM3an~----------- -. 

SAlUTARY 
LANDFILL 
(TmiCH) 

SAlUTARY 
LANDFILL 

rAREA) 

7 ... : SEVOE•SLOPE I I 

2-fia Al&IXit-hii axttt 
1•15\1 MODOATE•SUIP£1TOO CLAYEY 
15+'1 SEYOIE•SLDPE 

z.ft, slibtt 
1•15\1 MOOOATE•SI..OP£ 
15+'1 SEVOE•SLOP£ 

2·1\1 FXIR·ttlb taftt,IWU YO JiAti 

I 
I 
I 

I 
I 
II TOPSOIL 
II 
II 
II 

I 

IA»iit&8LE·EidSS FIAtS ------··-: 

Do\ILY 
CCVER FOR 

L.ANOFILL 

1·15\r FAIR•TOO Q.AYEY1twiD TO PACIC,SLOPE 
15+\t POOR•SLOP£ 

II _______ ~~~~~·~A~~~~~~~~T~•(B~I-----------
11 2-l\1 HOOEJtU£·5£EPACE 
It POND 3•8\: MOOERATE•SLOPE,SEEPACE 

- -------.:......-----------------------------1 I RESERVOIR 8~1 SEVERE·SLOPE 
It AREA 

--------~r-i~~t~LD~twNC~Snt~T;En~~~~~r~~~\=B~l----.... -~1~1---------T~~~~~mr~.--------1 2-K~ IUUXft·fbb tuttt II s£vERt·twiS tO Pl\dt 
I SHALLOW 1•15\a MOOOATE•TOO CUYEY,SLQPE IIEHBAHICMDIT! 
!EXCAVATIONS 15~r SEVDE•SI..OP£ II DIKES AND 
I II LEVEES 
I II 
I !!·B\: stiCRf II SEVERE·fl.,....biJ'"X""fPl£R.-----
I OWELLINCS 8•15\1 MODERATE•SLOP£ II EXCAVATED 
I WITHOUT 15+':-SEVEIIf•SI.OI'e- · . ·· • 11· PONDS . 
I BASOCEHTS I I AQtJ I FER F"EC 
I II 
t 2-B\r sCI CRt I I 

I ·---·--· bEEP YO WXYEX 
I OWELLINCS 8•15\r HDOERATE•SLOPE I I I 
I WITH 15~: SEVEII£•5LOPE II DRAINACE I 
I BASEHEHTS - I I I 

:-------T-.zr:.:r14\~::-l!'sCMI"'tkf'~~'~"----------------------lnl--------··+l "":zr:.~n~::-r£RGO'IIl"''ll!£$r'1£A!'"l"l!"s"l c,,.---· --··--· --- ·· -: 
I SMALL lt•S'z HODEIATE•SLOPE ~: II I 3""'s S:...(,fo£ 1 EROOES EASILY 
I C0~14~RCIAL 8~: SEVERE•SLOP£ I I IRIUCATIOI: I 
I BUILDUICS .a· II I 
I II I 
1 2·\S\: SEVDIE·COi srmc::m -r, "'!zr:.-a.B\~::-t'I£RbOESIII'II'IZ'II!""I!£ASTe'111TL"''------ I 

·-···-1 

' LOCAL 15 ... 1 SEVEiE•LOW STRENCTH,SLOPE I 1 TtRRAC£5 I 8~1 SLOP£,EROOES EASIL'I 
I ROADS ANO II AND I 
I STREETS II DIVERSIONS I 
I II I 
I LXWAS, I 2-Kr sCI CRY 'I -ir--2-~8\r.-, "'!£KOOES--~£AStTI!T((nyr-----
ILANDSCAPINC I 8•15\: HOOERATE•SLOPE II CRAsSED I 8~1 SLOPE,DOOES EASILY 
I AND COLF I 15•': SEVERE•SUIPE II WATERWAYS I 

I 
~--1 

I FAIRWAYS I II I 
I I II I 

RtCibNXC INIERPREIATIONS 

.. ~·· .-.. , .. ,.~. 
--=~ ... 
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I -I I I I I ISCAan ewe 170 
I -I I I I I I I SOUTttblt II£D GAlt 167 I 3 

12·15\ SICL,Cl,EIODED 6CIICIDO.IMOOO.IICIDO.ISI.IOfTI I L08&.DU Y PINE 170 I 6 
I UJtCUI-F PINE 160 

! -I I I 
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IEASTEM 
IBLACX .uiUl 
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I 
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tiltill#t Miiili SUiiAiitiri 

1 Ll Ttl£ BLUES TEN !7 I 
IPAHICllf PANIC I I 
ITAll OATCRASS AREU 2 I 
I SW ITCHCANE ARTE' 6 • I 
IHOHEYSUCICLE LONIC 29 I 
!CRAPE • VITIS ' I 
ITICKCLOVER DESMO 2 I 
ILESPEDF.lA lESPE ' I 
I UNKNOWtiS 1.MJU • 8." I 
I I 
I •• I 
I I I 
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I I 

I I 
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A EST. BASED ON TEST DATA FRCM I PEDOHS FROM LAHCASTER, MCCORMICK, AND ~ALUOA COS. 1 SC, :S COS. IN CA. 1\NO :0 CDS. IH hC 
B AATINCS BASED ON NATIONAL SOILS HANDIIOCIK 0 PART 11 1 SECTION ~1. 
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SOIL llfiEII'IIETAtiCNS Fell Til! ctlltiiAL SOR MAP, ltANDOLPII COOI'ITl, NOIITH CdOLlNA 
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SOIL CONSERVATION SERVICE, RALEIGH, NORTH! 
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ASSOCIATION 
NUMBER 

·rB 
0 

• 0 

LEGEND 

SOIL SERIES AND PERCENT WITHIN THE ASSOCIATION 

WELL TO SOMEWHAT POORLY DRAINED SOILS WITH SILTY SURFACE 
LAYERS, UNDERLAIN BY WEATHERED "CAROLINA SLATE" ROCK: 
ON NEARLY LEVEl TO HILLY UPLANDS. 

' 
GEORGEVILLE (40) HERNDON (30): Sods woth moderalely permeable solty clay 
loam co clay su~sods; en lone. broad, &entlr siOPin& 1:0 slop&n& tad&es and shore. 
slopon& to moaerotely 'leep sode slopes. 

TATUM (35) NASON (20) GOLDSTON (15): Sools, commonly rocky, s1ony. or 
cravellr wllh modetately pern1eable silty clay subsoils; on shon, narrow, slop•n& 
rid&es and holly 1~nd, 

NASON, SLATY 135) ENON (15) LIGNUM 115): soo1s. comrnonly slaty wun mod· 
erately to slowly perm.;able SIU)' clay to clay suDsolls; on shou. nied1um wuJLh rad&eS, 
moderately steep so~e slopes and flatlands, 

' TATUM 130) NASON (2Q) ENON (15): Sool5, commonly &ravelly and occasoonally 
uonr with moderatelr 10 slovrwty· permeable Silty ctat to cl&~y subsoils. on 'enth to 
stron&IY slop•n&. medaun1 w1dth fld&es and short. slopm& to moderately ueep s•oe 
slopes, 

WELL TO MODERATELY WELL DRAINED SOILS WITH SANDY SURFACE 
LAYERS; UNDERLAIN BY WEATHERED ACID OR MIXED ACID AND 
BASIC CRYSTALLINE ROCK: ON GENTLY SLOPING TO MODERATELY 
STEEP UPLANDS. 

MECKLENBURG{35l ENON (20) WILKES (15): sools woth moderalely slow 1o 
slowly permeable l)fasto~ clay subsool•; on snort, broad, &ently slopon& to slop on& 
r~d&es and snort, uronglk: slcpm& to moderately steep s1de slopes. 

l . 

CECIL 145) APPLING (20): ;Sools woth moderately permeable clay subsools. on lon&, 
broad. genUy S\IJ.~f\1& r~'es and shan.. slop•n&. to moderately steep s1de slopes. 

HELENA (30) EltON (30) WILKES (20): Solis wtth moderalelr •low to slo,..ly per• 
meable plastiC "ar subsoils; on narrow, cently slopon& to slopon& rodges ana stoort, 
strongly slopon& 10 mo>4erately steep sode slopes. 

SOMEWHAT POORLY TO POORLY DRAINED SOILS WITH LOAMY SURFACE 
LAYERS, UNDERLAIN BY OLD ALLUVIAL DEPOSITS; ON NEARLY LEVEL 
BOTTOM LANDS. 

CHEWACLA 160'1 WEtlADKEE (20): Sools thai are wet and have moderately per
r;eable loamy suosools;~n flood plaons sub1ec1to overllow, 

APPROXIMATE 
PERCENT 

73 

31 

26 

10 

20 

II 

7 

2 

100 

NOTE: This General Soil Map is suitable fo• broad plannin& 
purposes only. For more detailed pl.)llMUl& .gf\ indi· 
vidual tracts of land, a detailed sott \tlrver '' needed. 
For additional information consult ,o-.c local District 
Conservationist, Soal Conservat•on S•:'"'ICa. 

GENERAL SOl L MAP 
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APPROXIMATE SCALE • HILES 
• Poltconic Pro1ecuon comp•l•d at I :116,720 (l"•l m•lel) and 

reproduced a1 I :ll6.nO Cl ··l miles) and 1:153.440 t(•4 m11ea) 
and I :104.187 ll• 3.2 m .. •l for maaunum l•&•b•lltt w1th1n 
aheet 11ae. · • • 

Sue compUed from Ci41neral Hl&hwar Map. 1971 Revision. 
North Catohna Slate H•&hwat Dept. and USOC, Buteaw of 
Public R~da. 

' REVISED OCTOBER 1973 4-
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317 East Dixie Drive 

Asheboro. North Carolina 27203 

919-626-2626 

~ct-0 S/ Reference 34 
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MARKET OAT A, RANDOLPH COUNTY, NORTH CAROLINA 

TESTING RESULTS, ASHEBORO CITY SCHOOLS, CAT FORM E 

Asheboro Regional North Carolina National 
Percentile Percentile Percentile Norm 

Grade 3 .• Reading 63 57 54 50 
Language 70 63 61 50 
Math 65 68 65 50 
TOTAL 68 63 60 50 

Grade 6 •. Reading 62 54 51 50 
Language 62 60 58 50 
Math 68 60 58 50 
TOTAL 62 58 55 50 

Grade 8 •• Reading 58 54 51 50 
Language 64 57 55 50 
Math 63 57 55 50 
TOTAL 63 56 53 50 

SOURCE: Asheboro City Schools Report - 1989 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

POPULATION 

Jan., 1990 
Classification Estimate 1980 Census 

Randolph County 102,341 91,728 

Archdale 6,378 5,719 

Asheboro 17,441 15,252 

Frank linvi lie 632 607 

Liberty 2,114 1,997 

Ramseur 1,249 1,162 

Randleman 2,466 2,156 

Seagrove 321 294 

Staley 214 205 

%Change 

11.6 

11.5 

14.3 

4.1 

5.8 

7.4 

14.3 

9.1 

4.3 

SOURCE: NC Data Center, Asheboro/Randolph Chamber of Commerce, 1990 
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_ MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

TOTAL CIVILIAN LABOR FORCE ESTIMATES, ANNUAL AVERAGES 

Category 1989 

Civilian Labor Force 61,342 

Employment, Total 59,819 

Unemployment 1,523 

Percent of Labor Force 2.5% 

1988 

61,210 

59,700 

1,510 

2.5% 

1987 1986 

60,660 57,430 

58,510 55,360 

2,150 

3.5% 

2,070 

3.6% 

SOURCE: North Carolina Employment Security Commission, 1990 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

POPULATION TOTAL - RACE 

Am. Ind. Asian & 
Spanish Eskimo, Pacific 

County White Black Origin Aleutian Islander 

Randolph 85,610 5,755 488 255 139 

Rockingham 65,995 17,186 639 68 49 

Caswell 11,645 9,016 159 13 20 

Gui I ford 234,579 79,374 2,404 1,348 1,107 

Alamance 79,619 . 19,086 577 144 160 

Davidson 101,392 11,319 622 206 141 

Other 

102 

128 

11 

746 

127 

104 

SOURCE: United States Department of Commerce, Bureau of the Census, 

Campi I ed by: PTCOG 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

POPULATION PERCENT AGES 

Sex 

MALE 
48.8% 

FEMALE 
51.2% 

Race 

WHITE 
93.2% 

SOURCE: North Carolina Employment Security Commission, 1989 · 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

POPULATION DENSITY BY TOWNSHIP 

• • .• : • •• • • •••I• • • • I • 
•••••••••••••• • • .,.• •••• • •I• • ••• . . ...... '•' . . . . . . . . . ,. . . . .. • •, ••• ..., •• • 'J • • '- • I • • • . . . .... ·... . . . .,. . . . . . . . . ·.·········~· .... , ... ,.. . . ..... 
··.··.~-· :·······1... . . . . . . . . . . . . • • • • • I • ~ • • • • • •• •• • ••• :. ::: .-. • • • • • • • • • ..! ,,, • • • I· • • • 
... ~ ... ·.·:·.···~··· ••• •• "'·-:. •I.. • •••••••• 
·······::·.J····~·····~ . , .. • • • • • -I • , • • • • • --- • • ••• 

• • ••• ~ •• : • ••• • •• • •.., • • : • •• • •. ·I • - ---:--- t.-.- - -. . . . .. ·~---....... . . I • . . ,. . . . . 

• 

• 

---- ,. . . .. . . . . . . . . ' . . . . .. • . • I . t• ••• • • • • ., ••••• • • • •• l • • • • 
• • • • • • • • • • • • • • • I • • • • •• ·/ • • • • •• ,. • •• 

• • I. • • • - • • • • I • • ,- • • • • • • • • • . . . ·~·--.: . . . .. , . • • ..... ~ ••• 1 • • • • • • • I • . , .... ~...... • • • • • • . ... ~. . . . ., . . _, ... .. .. -. . . . . . • I • c·.:.:;: ..... ., • • • • • :1 • • • • • ·/.· .... t"'•·J--- 1---
-~···=·~·.:.::.:·:--. • • . 

I• • • • .,.: ·:.···:··· •• , • • I • • .. • . . • , ... :.. :• ="····'~·· • 
I • • I• ' '• • • • • -' • • • • . .. • . •.••• ·~ .•. ., • • I • • • ...... ·s···• ···I • 
I• • • •.•• •• .. :,···· • • • • , ••••.....•.... ~ • • I 

• • • • :.:!.A-'!,..!. -:- • 
I • , • • • • ·l • • • • 1 
I • • • • ., • • • ., • • • • 
f • • • • I • .. \ . . . . . ' . . . . . .. 

·--· . . -4----- --.r.--~-l ---,. .-. \ . . . . 
• I • • ,. • • • • • ·I • • I •• 
• I · • : . l ' . . • . . ·l . • • • 'l· 
I • '. • • • • ·I· I • • • I • • ___ !-.:·--------

• 

• • • 

• 
• • • • 
• • 
• 
• • 
• 

• 

• • 

• • 
• • 
• 

• • 
• • • • 
• 

• .. 
f---

• 

• • 

• • 

SOURCE: Piedmont Triad Council Of Government, 1989 

<Each dot represents 100 people.> 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

AGE DISTRIBUTION BY GROUP & TOTAL POPULATION PERCENTAGE 

Group % of Population Population Est., 1988 

17 and below 25.3 

18 to 24 9.0 

25 to 34 17.5 

35 to 49 23.4 

50 and over 24.8 

Households in Randolph County, 1989: 39,230 

SOURCES: Sales & Marketing Management Yearbook, 
Asheboro/Randolph Chamber of Commerce, 1990. 

25,859 

9,984 

17,472 

21,665 

24,861 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

RANDOLPH COUNTY POPULATION GROWTH 

100,uU'~-·--~·---------·------·---·---------·--·------·---

90,000 __ -4----·--·----------·--·--·--

80,000 ----+---·--·---·--·-----------·-

70,000 ----+-·---·--·---·---

60,000 

1960 1970 1980 1990 
SOURCE: Piedmont Triad Council of Government 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

PER CAPITA PERSONAL INCOME 

1989 

$13,004 

1988 

$12,801 

1987 

$12,410 

1986 

$12,301 

Randolph County •••.• $13,004 
NC Average •..••••. $12,109 
US Average ••••••••• $14,141 

1985 

$11,833 

1984 

$11,038 

RANDOLPH COUNTY's Per Capita Personal Income is the 18th highest of 100 
counties in the State of North Carolina. 

SOURCE: North Carolina Office of State Budget and Management, 1990 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

EFFECTIVE BUYING INCOME and PER CAP IT A INCOME 

TOTAL RANDOLPH COUNTY EFFECTIVE BUYING INCOME $1,110,820,000 

EBI GROUP 

$10,000 - $19,999 

$20,000 - $34,999 

$35,000 $49,999 

$50,000 & ABOVE 

Per Capita Household Income 

% OF HOUSEHOLDS 

25.9% 

33.5% 

14.8% 

8.6% 

$31,683 

SOURCE: Sales and Marketing Management Yearbook, 1990 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

FIRMS, CAPITAL INVESTED, NUMBER EMPLOYEES 

NUMBER OF 
YEAR FIRMS INVESTMENT EMPLOYEES 

1982 6 New $11,670,000 471 
12 Expansions 15,998,000 32 

1983 9 New 52,679,000 665 
14 Expansions 32,850,000 432 

1984 5 New 9,730,000 332 
28 Expansions 18,539,000 509 

1985 3 New 4,727,000 300 
9 Expansions 19,027,000 265 

1986 6 New 68,000,000 530 
8 Expansions 23,550,000 209 

1987 4 New 61,000,000 293 
6 Expansions 24,300,000 218 

1988 1 New 4,500,000 50 
5 Expansions 26,788,000 400 

1989 2 New 6,348,000 64 
6 Expansions 31,417,000 312 

SOURCE: NC Department of Commerce, 1990 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

EFFECTIVE BUYING INCOME and PER CAP IT A INCOME 

TOTAL RANDOLPH COUNTY EFFECTIVE BUYING INCOME $1,110,820,000 

EBI GROUP 

$10,000 - $19,999 

$20,000 - $34,999 

$35,000 - $49,999 

$50,000 & ABOVE 

Per Capita Household Income 

o/o OF HOUSEHOLDS 

25.9o/o 

33.5o/o 

14.8o/o 

8.6o/o 

$31,683 

SOURCE: Sales and Marketing Management Yearbook, 1990 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

DAILY OUTFLOW OF AVAILABLE WORKERS 

FORSYTH 

GUILFORD 

DAVIDSON 

RANDOLPH 

1,861 

SOURCE: Piedmont Triad Council of Governments, 1990 

ALAMANCE 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

LOCAL CITY AND COUNTY TAXES 

City County 

Total Appraised Property Value $555,320,359.00 $2,823,253,000.00 

Bonded Indebtedness (total> 

*Schools 

Water & Sewer 

Public Buildings 

Tax Rate per $100 
Total Valuation 

Asheboro School District 

TOTAL TAX RATE APPLICABLE 
for City Residents 

$ 

$ 

$ 

$ 

$ 

$ 

12,17 4,000.00 $ 8,900,000.00 

$ 6,425,000.00 

12,149,000.00 $ 525,000.00 

25,000.00 $ 1, 950,000.00 

.56 $ .51 

.145 

1.215 

*includes city, county schools and Randolph Community College 

SOURCE: City Finance Officer & County Tax Office - 1989 
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MARKET OAT A, RANDOLPH COUNTY, NORTH CAROLINA 

TOTAL CIVILIAN LABOR FORCE ESTIMATES BY RACE AND SEX 

. Labor 
Category Force Employment Unemployment 

Total Civilian 61,342 59,819 1,523 

Total White 57,647 56,297 1,350 
White Male 31,412 30,661 751 
White Female 26,235 25,636 599 

Total Nonwhite 3,695 3,522 173 
Nonwhite Male 1,890 1,802 89 
Nonwhite Female 1,805 1,720 85 

Total Male 33,302 32,463 840 
Total Female 28,040 27,356 684 

SOURCE: Labor Market Information Division, North Carolina Employment 
Security Commission, 1990 

Rate 

2.5 

2.3 
2.4 
2.3 

4.7 
4.7 
4.7 

2.5 
2.4 
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I MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

I OCCUPATIONAL DISTRIBUTION OF THE LABOR FORCE BY SEX AND 
MINORITY STATUS 

I WHITE NONWHITE 
Total Male Female Male Female 

I Tota I, A II Occup. 49,225 24,333 20,861 1,502 1,529 

I 
Manageria I & Prof. 
Spec. Occup. 6,196 3,402 2,596 86 112 

I 
Technologists & 
Technicians 718 366 301 30 21 

Sa I es Occup. 3,381 1,925 1,331 52 73 

I Admin. Support 
Occup. lnclud. 

I 
Clerical 4,488 4,298 190 

Serv. Occup. 4,101 1,462 2,215 161 263 

I Farming, For. & 
Fishing Occup. 1,147 913 193 41 

I 
Prec. Prod., Craft 
& Repair Occup. 8,114 7,042 770 274 28 

Oper. & Fab. 16,632 6,932 8,408 500 792 

I Handlers, Equip. Cl., 
He I pers & Laborers 2,480 1,440 749 241 50 

I 
I 

SOURCE 

I 
NC Employment Security Commission, 1989 

I 
I 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

RET AIL SALES, 1987 and 1989 

1989 

RET AIL SALES TOTAL $469,813,000 

Food 103,094,000 

Gasoline 24,858,000 

Automotive 94,085,000 

Lumber, Building Materials, Hardware 44,918,000 

Eating and Drinking Establishments 35,851,000 

Apparel 32,042,000 

Furniture and Appliances 17,102,000 

Drugs 18,327,000 

General Merchandise 42,972,000 

SOURCE: Editors and Publishers Yearbook, 1990 

1987 

$429,634,000 

86,271,000 

24,436,000 

79,638,000 

41,002,000 

24,706,000 

15,341,000 

16,120,000 

16,934,000 

26,010,000 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

VOTER REGISTRATION 

as of 
7/31/85 

as of 
6/2/86 

as of 
4/9/87 

as of 
3/7/89 1983 

44,293 45,599 46,143 47,103 • 46,923 

* total includes the following racial breakdown: 

44,370 
2,477 

10 
66 

White 
Black 
Indian 
Other 

Note: There is a purge every four years of active and inactive voters. 
Any voter who neither voted in the first or second of the two 
most recent consecutive Presidential elections and who fai Jed 
to vote in any other election conducted in the period between 
the two Presidential elections shall be purged. 

SOURCE: Randolph County Board of Elections - 1989 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

I LEADING MANUFACTURING EMPLOYERS COVER 100 EMPLOYEES)* 

I Name Pr<Xilct Em~loyees Year Est. 

I Klaussner Furniture Furniture 2,500 1965 

Eveready Battery Batteries 1,260 1947 

I 
Acme-McCrary Hosiery 830 1909 

Black & Decker Small Appliances 820 1943 

Ramtex Cloth BOO 1988 

I Stedman Corporation T -shirts, underwear 600 1943 

Jockey lnt./Randleman Hosiery 550 1947 

I Kayser-Roth Hosiery, socks 515 1953 

Goodyear Tire & Rubber Wire Cord 480 1984 

I Burlington Industries Hosiery, Cloth 412 1947 

Laughlin Hosiery Hosiery 380 1938 

I 
Walker Shoe Co. Shoes 358 1952 

Commonwealth Hosiery Hosiery 300 1916 

Arrow International Catheters 300 1984 

I Bossong Hosiery Hosiery 250 1928 

Jockey lnt./Cedar Falls Yarn 230 1947 

I Dixie Furniture Bedroom furniture 185 1957 

Oliver Rubber Tire Retread 185 1983 

I Carson, Inc. Furniture 170 1983 

Asheboro Hosiery Hosiery 145 1917 

I 
Georgia-Pacific Corrugated Pkg. 140 1988 

Knorr Best Foods Dehydrated Soup 140 1988 

Cleveland Twist Dri II Drill bits 121 1982 

I U. S. Furniture Furniture 115 1980 

*No unions at these plants 

I 
SOURCE: Asheboro/Randolph Chamber of Commerce, 1990. 

I 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

OCCUPATION OF JOB APPLICANTS REGISTERED FOR WORK IN 

RANDOLPH COUNTY 

Female Minorit~ Grou~ 
Maier Occu~. Grou~ Total Number %of Total Number %of Total 

TOTAL 2,487 1,126 45.3 328 13.2 

Prof., tech., mgr. 206 102 49.5 13 6.3 

Clerical and sales 450 338 75.1 31 6.9 

Service 136 83 61.0 22 16.2 

Farming, forestry, 
& fisheries 12 4 33.3 2 16.7 

Processing 110 55 50.0 22 20.0 

Machine trades 340 98 28.8 44 12.9 

Bench work 380 215 56.6 67 17.6 

Structural 204 5 2.5 17 8.3 

Miscellaneous 530 173 32.6 96 18.1 

Occup. group 
not available 119 53 44.5 14 11.8 

SOURCE: North Carolina Employment Security Commission - 1989 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

SELECTED AVERAGE QUARTERLY EMPLOYMENT, PAYROLL & WAGE 

Average Total Average 
Employment Wages Weekly Wage 

MANUFACTURING 22,603 $89,039,783 $303 
Food & Kindred Products 591 2,422,016 315 
Textile Mill Products 6,985 24,845,312 273 
Apparel & Other Finished Pdts. 1,168 3,300,193 217 
Lumber & Wood Products 943 2,756,794 224 
Furniture & Fixtures 5,995 21,714,325 278 
Paper & Allied Products 434 2,159,306 383 
Printing & Publishing 229 798,730 268 
Rubber & Misc. Plastics Pdts. 1,380 5,360,480 299 
Stone, Clay, Glass & Concrete Pdts. 95 390,070 317 
Fabricated Metal Products 713 3,576,770 386 
Industrial Machinery & Equipment 254 1,238,964 375 
Electronic & Other Electr. Equip. 2,017 11,657,981 444 
Transportation Equipment 65 293,823 346 

CONSTRUCTION 1,774 8,214,351 356 
WHOLESALE TRADE 1,065 6,574,316 475 
RET AIL TRADE 5,138 13,310,178 199 
SERVICES 3,668 13,412,308 281 
GOVERNMENT 4,063 15,221,540 288 

SOURCE: NC Employment Security Commission, 3rd Quarter 1989 
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MARKET DATA, ASHEBORO, NORTH CAROLINA 

NEW AND ADDITIONAL CONSTRUCTION, 1989 

Additions & 
New Buildings Alterations 

1986 $ 8,743,604 $2,215,400 

1987 $12,150,731 $3,987,691 

1988 $ 5,454,918 $4,621,783 

1989 $ 8,707,294 $3,776,672 

SOURCE: Building Inspection Department Annual Report, 1989. 
City of Asheboro 

Totals 

$10,959,004 

$16,138,422 

$10,076,701 

$12,483,966 
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MARKET DATA, RANDOLPH COUNTY, NORTH CAROLINA 

EDUCATION: DESTINATION OF HIGH SCHOOL GRADUATES & PERCENT AGES 

CATEGORY TOTAL NUMBER PERCENTAGE 

High School graduates 1,065 100.0 

Public Senior Institution 209 19.6 

Private Senior Institution 78 7.3 

Community College/Technical School 333 31.3 

Private Junior College 11 1.0 

Trade or Business Schools 37 3.5 

Military 53 5.0 

Employment 327 30.7 

Other 17 1.6 

SOURCE: North Carolina Department of Education - 1989 
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MARKET DATA, RANDOLPH COUNTY~ NORTH CAROLINA 

ASHEBORO CITY SCHOOLS- SAT COMPARISON BY GENDER 

VERBAL SCORES 

Male Female 

Number taking 63 74 
Mean scores 440 419 

MATH SCORES 

Number taking 63 74 
Mean scores 481 446 

SOURCE: Asheboro City Schools Report - 1989 





North Carolina Superfund Site$ 
Project No. 5035 · 

Property Ownership History 

Reference 35 

Site: Union Carbide Corporation (Albemarle Rd.) 
County: Randolph 

Page: 1 of ~ 
Date: 6/8/90 

I.D. No.: NCD003216462 

Tract: 

Tax Parcel No.: 775000474454 
Description: Uwharrie St. & Albemarle Rd. 

Area: 24.45 
Zoning: 

Acres 

Owner's Name Date Transfered Area (Ac.) Deed Book/Page 

Eveready Battery Co., Inc. 
c/o Ralston Purina Company 
Checkerboard Square 
Saint Louis, MO 63164 

Union Carbide Corporation 

9/8/86 Tr 1: 26.261 1186/328 
excepting 
1.235 

Tr 2: 28.657 
Tr 3: 5 

NOTE; This tract (Tract 1 in above deed) is a combination of several 
smaller tracts purchased by Union Carbide Corp. from various owners 
as follows: 

Glen Keyes & wife, Helen Keys 12/10/80 

D. Wescott Moser, Trustee & 
L.T. Hammond, Jr., Trustee 

Lucille Miller Burke 

Dolen L. Hill & wife, 

12/10/80 

12/10/80 

Louie Hill 9/20/79 

Dolen L. Hill & wife, 
Louie Hill 8/14/79 

Dolen L. Hill & wife, 
Louie Hill & Opal Hill Morris 
& husband, Donald W. Morris 12/28/78 

Huffman Oil Company of 
Asheboro, Inc. 12/28/78 

0.012 1123/583 

" (same parcel) 1123/582 

"(same parcel) 
& 0.519 1123/581 

0.354 1113/316 

0.688 1112/235 

0.464 1106/179 

.459 1106/178 
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Union Carbide Corporation (Albemarle Rd.) 
Page 2 of -z._ 

Bingham Land Company 4/10/78 

Lloyd E. Brown & wife, Lillian 
E. Brown, Arthur L. York & wife 
Thelma S. York and C.B. Spencer 
& wife, Lola A. Spencer 4/10/78 

C.B. Spencer & wife, Lola 
Allred Spencer 4/10/78 

R. Glen Keyes & wife, 
Helen Keyes 11/23/77 

R. Gleri Keyes & wife, 
Helen Keyes 11/23/77 

R. Glen Keyes & wife, 
Helen Keyes 11/23/77 

R. Glen Keyes & wife, 
Helen Keyes 11/7/77 

Randolph County Historical 
Society 12/1/76 

E.O. Cranford & wife, Hazel 
M. Cranford and Deward Trogdon 
& wife, Margaret L. Trogdon 5/9/52 

National Carbon Company 1/10/50 

7.03 1099/68 

7.03 1099/67 
{same parcel) 

.144 1099/66 

0.028 1095/420 

1.852 1095/419 

0.028 1095/418 

0.207 1094/962 

? 1086/36 

? 475/340 

3.816 + 
other land 351/277 
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Tax Lot ~o. 

Veri !led by ,_,;.::., .......... :. ........... . 

by ...... ·.:.:.; ........ -.::: .. ~· ...... .. 
'· ·.~~i ~ 

lfall after ncordln.r to . 

Brie( de$criptlalllur the lnd<x 

THIS D~E!) 111&de thi• 9th 

Glen Keyes and 
Helen Keyes 

"'t Ka• ,.., ,. t••rm ""•· JA 'I 1111 

. .:. ~ 
1... • ' 

.... ..-__. .... 

. ..~- .,~ South line of carbide 
CC'Unty Fcgistry: t.~ contin ...... O:j ..._.":I I , . .. . ' .. ••.• . , ... 
• ·.·.:: ·. -:- '"- ~ 2 • -O·l~ r.ast tOO. 55 feet to .-n !.rOn r , ... ~ · " 

• 1!1 

... 
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-~~f~. Coonty Registzy; thence contincir..g alOO] the said South line" of Carbide:'::" 1. 
North 73°-12'-oo• East 100.55 feet to an iron pipe, located in the North 
line of the said I.ucille Miller Durke lan:i; thence al.cng the said North. 
line of Burke South· 69°-08'-05" l-est ll5.39 feet to an exi.sting iron pipe 
in the East ll.oo of said c. R. Callicutt, et al: thence alon:J the said 
F4-.st line of Callicutt North 13°-25'-28• ~t 14.52 feet to an iron pipe, · 
the True Point of Beginning; sa.i.d area contai:1s o. 012 acres an:i is sha.n,~_ 
on draWirq dated July l9SO entiUed, "Burke Property to l:e Cooveyed to ~~-• 
Uti.on Caxbide CoJ:t:oration", prepa.~ by M::ore Gardner an:i Associ.ates, Inc~·, 
Consultant Engineers .;(Job No. 290733, Eodk 1133), Asheboro, North ~ ....... ~~ .... 

. ~;· . 

, . .,:_._ 

J' .. ~-; . 
.... =. ' -~· ... .~ •.. . 
..:'· ·-.~~--~~::~.~ .!~~-

••• ,,- ... ~ •• 9 ..... - ....... 
,._ /: 

lullliiur izaiitiisliij.tiiiil!a!!la .. !I!EB:-· ..::..... ____ --2_ 

-~ ->.:: .... 
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£xcue Tax. 

l ,,. r -Tmt l.ot ~o. . .. ····~-........ . ........ ·:j::::····. Purt·d Jtlentiri.r ~ .. . 

' ~~erified by.. . ........ 2~.·.· .... ·····:::·· ·-~ou:~'}_'on.tht• clar uC 

f. . ....... # ...... , .• , ........ :·:······· 

f. ll"il a!t•r r•cordin~t tu .. · .. ·.~::... ..... . ....... , ....... . 

~ Thia in.drum•nt was prepar~·~·~Y"······~~~er., .. Og~;~::·~· Neely, P. A • 

t Hriet c.Je~l·ripti,m fur tht! Jude::oc 

= 

NORTH CARO,LlNA Gf-NER~\L \V.\RR~\~TY DI:ED 
TillS 1>1-:£0 lnau~ thi.; 9 ezt..,!,,)' u( ·~ . i.• S::U : .. :ooHiiw'w····" 

•'!:.'·XTOH 

~. Wescott Moser, Trustee: and Union Carbide Corporation 

L. T. Hammond, Jr., Trustee 

• 19 

•ulo·r 1n iil•~•ruprt.ur blnC'k t . ., , ..... h parh: namr. addrn-. and. ll IPPfDpri.&lr. ,·h.Jr,u·a .. r ur tnlit,, r.q. ,,.,,,uution ur p:artnr~hil•· 

I 
l 
~ 

1':.·· J··~:~u;&l&ul. \;1 ·,ntuJ' . :,.t Grant.,• =-~ U!lcd htrt!in Fhall inC'Iu.l,• ,.aid J•~,rti,•:-, tht•ir h•·il":oi, ~Ul'(.'C;'l1'1llfH, ami a ... signs. ttnd 
:~t.:d1 .'l~dt! ~in~t·!ar. plura!. m; .... nltlllt'. r~minine ,,r neut~r 3!< l'4"j'lirt•t! .. , ····ll!l'\t. 

\\'I": . ·'''·:Til • L.,t ''"' • .r:1:1tur. fur a \'niuable "·unsld~ratiun J•.,itl J.. ! :. t :r:wlt•••. tta• l't>c'dJIL of whil·h is hertoby 
-~·;..Pj ,wl.·t! .... ,.,i. :·.: ... :u:d i ·: , . .,. .. i·H·~-=nh dt••"' ~orrHnt. Larg;.1in. ~"=~ .o1:d ,., ·:···~· •a~;t" 1b ,;, dl1t'l' ill fee ~implt•, :t.U thnt 

. .. . . A:;heboro 
~a:1dolph 

Parcel No. 2 

..:nt!EN::rn::i at an iron pipe in the tbrt!u~rly right-of-...ray l.ire of the 60.0 foot 
wide North Carolina Sec::oroary lbad No. 1713, said iron pipe being a ccmron 
c:orner bea.een lard Ooll1ed by c. R. Callicutt, et al, by deed dated April 5, 
1974, dS recorded in Deed Eloak 1066, Page 81 of the F.andolph County Registry, 
arxl larxl owned ~· .Lucille Miller &lrke by deed dated March 20, 1970 as 
.rCCXIrded in Deed Book 1004; Page 282 of the R'mdolph Co\:!nty RegistrJ, said 
iron pipe also being located 30.00 feet 'tmt;hwardl.y fran and at a right arx]le 
to the centerline of said North carolina Secxradary ibad No. 1713: thence 
along tne saici c:crrr.on line·between Callicutt and Btlrke North 13°-25'-28" 
West 174.60 feet to an irc:n pipe located in the SOOth line of Union Carbide 
Coq:oration l•ro acquil:ed f%au Bingham I.and. c:arpany by deed dated March 9, 
1978 as recorclcd in Deed Book 1099, Page 68 of tho Faroolph County FL'Qistcy, 
said i.rcX\ pi~ being the 'l'R.lE ro:t:n' ~ N:G:INNlNl• t.h.enCQ along t;.hl;! ~J.d 
::iOUth line o! ''.lrt.ide sooth 82°·0l'"'J7" fAst JJ,I)? f~~ ~ An irOn PJ~t 
.:. comer in the: said Carb1.l5e c!leed, ~ iron pi~ 1Sl$o mi.nq the lbJti'M2SI:3rly 
correr of Carbide's land acquired f~ R, Glen ~gs, et: fl!, by ~ •"MI:.~ 
~:c~.t-Pr ~3. : <>7.,. ~3 ::ccc:rCed in Peed Book 1095, ;;:!lgc- 'l.l~ m ~'le: I'Ah<l0~pn 

Tnwnl'lhiJ'I • 

dt 
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T.ut Lnt !\o. 

\"erill~d by 

by . 

Mall aft•r r.curdinsr tu 

Thi• in~trun".t!nt wa." IH'l'J13tt'd j,y Haser, 

llri•t tlc•aivtiun fur th~ lnd"' 

Rocordma Tltne, Book and Pare 

P. A. 

NORTI-IJ.t\l~OLINA 9~~EI~.t\L \\'ARRANTY DEED 
THIS IJEED made thi• q ,;a,y of ·~ ), , 1~ ~- , by and between . :. ~ 

... , 19 

l"he d~si.,nat~on t:r:,nt••r and t:rant~~ 11• """~ tier.I~J.II. · · .. ·.i:Jude ~aid partles;theiJC;h.el.rj~~~1f9ji:'·And. ··~ltn•. nnd 
.<nail tnclluf,. '"'ll"ular. plurnl. u:.,sculm~. ft•nunl~~fS~~~~nqutretl by context. '-i;.:'~·~'''",;·~:'6c-~~$~,.~~· \\'lTS£S~tTII. that tlw Grantnr. f••r a \'nlu!tble·'cil~~ ... tltSn paid Ly the Grantee,':Ui~reW'Ip,~o~'J.rhl~""ili :hereby 
·•··knowl.•dr···L has nnti hr th~.<•' , .. w~nb dou grant, ·lliirrdll. •ell and cml\·ey unto the Grantee .IJI1fee~·allllple, all thnt .... : .. ·~ ~. : . :~ .· -... ·' ... 
····lain!·· ''"! ,.( . .r .• t !'oit .• •,,f :u thr Cit\ t'f .~: .. ~~...... .. :.-~ ... ~:· 1{: .. ~ .. :.-::T.<::':J;'ownship. 

I',, ;,!·. :·,,rth l :aru)iUU :.&lld mtire''imrth·;,;;IIIY d,·~criiJed :1:1 (OIJUW!'t: . ... . ."'; . 

Parcel No. 1 

H•t ...... •• to.; .. '" I\ • o 

SOUth l:I0 -25'-2P" East :49.97 feet to iron pipe in 
right-of-way line of the said Nor' ..h ~ No. 
iron pipe being located 30.00 feet from and at a right 
t-.hc c,·:-r .•. •r1iraC?" f ... !"'c ~., .. rl rn:11.!~ thE'nce o::ntinuirv.: ~·~-~ ,,o_ ... oo:,_.,":'•• 
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ll.oconlln; Time. Book und !'·•~• 

.. l'arcel Identifier :\u. 

t'o•tmty on the ,by uf ..... . • 19 

:J~t·ut w:a .. ;•l"t'l ~····a: ,_~!·1oser, Ogburn & .N~~ly~ P. A. 

• tl•tl .. ll iur lht• lru:t·' 

---------~=============----------
~ORTH C.\ l~( HJ~ A GENERAL\'\' .ARRANTY DEED 

.. • Pn:Ll mad• thi. 18th .: .• ,.-.: 

GltAXT•'I: 

~·!an L. Hi~l and wife, 
:.ouie Hill 

September . 1!1 79, by and betw•cn 

GRAXTEE 

Union Carbide Corporation 
!'•. 

.·· ... Ji!IH'li .. n (:,;~utur .l"ul t:nu:t···· ., .. ':•t·d i:a·n~in ah:tll Include aaid p:L&.ies. their heir:t, ~uccc~$Ors, und USiiDI, and 
:.,·Huh.· .. :u~u:ar. p~.,,·al. m~,::,, .dnw. lt·l'1111illt' or neuter as required IJy context. . .. 

'~:Es:<~:TII. th;ot the t:rnnt .. r. i .. .- a •. :l1••;olol•• tnnalderation paid br U.e Grantee. the re~eipt of which li hereby 
" ·•'· i•·•l~ool. ha• ;.u.! ,,,. th···• t·· • · · • J"'"' j!rant, bar~raln, sell nnd cun\'~Y unto the Grantee In fee simple, all that 

. ·• .• ... , ... ···I .. .-'·"·''"""""'' ....... t'i•,· .. r _ .. -~~·-[;:-~;;.:~:· ... . ........ Asheboro ....... _:;f:t_~;_,n,hlp, 
'1:1d:>lph t "·•""· :-; .. .-wl';~ruuna 11nd mo~-~~:'~~~~~rlr tlfllcrib~.~••,follo\\'1: . ·f.,_~; 

'EGI~:~ING at an i=on f..lpe locat~d in the. ~ortherly right of way line . 
1. the 60.0 foot wide Albemarle Road, now called North Carolina · · ~~";: 

.:<!con<lary Road 1713 and formerly called North Carolina Highway No. 49, -;_, 
;t u common corner between Union-Carbide Corporation (Deed Book 1112, *· 
.,age 2 35) , an1 Dolen L. Hill and Louie .Hill, his wife (Deed Book 295, -
_><lge 5 80) said coramon corner being. located-.30. 0 feet.northwestwardly .--.:-. .:. 
:r .):n and normal to the centerline. of said Albemar~.3 .Road and being. the 
southwest corner of the herein described:parcel of landJ from said · ,, 
eoint of BeginningJ thence along the; · line carbide. and 
Jelen L. Hill North 18° 23' West' ·to an located 
in the col!llllon.line ~tween <r · 170) 
and Dolen L~ Sill, s .. lid of_-the. 
herein described-parcel of 
line South 82° 48' 30• East 75.00 
lot (Deed Book 649, page 158) to 
JOlen L. Hill and Tula B. Jones 
northwest corner of the herein 
said common property line betw,Del~~~~~~t~l~~;;¥c)n0 
194.85 feet to an iron pin 
of Albemarle Road the 
!.and: thence""alonq the 

south 57° • .west ~~s?.o~o~~~~iJ~~~~~~~Ii~~ ..; I' BAt A..-. F- . •JIJl · 
£1" ....... ,ii.'\1! 
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. ··········· .. ··········· .......... -.... :: ........ . 
I ............... .. ~ ·--:-0 -~· -··- 0 .._ ... , .. ""fo"'·' ...... ···:···· .. - .......... ,_._,,_,~············ .. 1 

. ... 
·i"!•oo .. _ftoO•••oO •· .• • • • .••••••• .••.• • • •••• ~.:.:: .. ~::.;..:;,, 

o• ... 

Moser, .Ogburnoo.&.Neely, .P .•. A. 

I···· ··v. 
0 • ~ 

NORTH CAROLINA GENERAL W.ARRA~TY DEED ... ··;·,.; : .. 
-6th da7 otii.Loo· ... o ... 00. : .. , 1!1 79 o IJy nnd bet~cn 

L. Bl.ll aR8~lP~. LOuie Hill GHA"'TEE 
Union Carbide ~orporation 
(A New York Cor~_:;ora· .. ion) 

and 
11 Morris and husband, 

·-llll'>~""""ald W. ·Morris 
.. . , 
•;. 

... ,_ 

-r and Gran~ as used herein ahaii·Jnclude a11ld partie•. th~ir ,,,;._, •u•·•oc••"r~. nr<<l a«i~n•o ;,nd 
Joluralo rnuculinc, feminine nr neu!er 111 required br coni<•XIo 

that the Grantor, r .. r a nluahle condder:atfon pnld hy the Gr:.nte•·· the r~reipt of wt-ich i• herebr 
f4l~~~:~:~dir~ hu and by tl:c•e J>rr•ents does gr~nt, bni'Jrnln, n'l nnd con\"Y unto th~ Crnnt~c i" fee e!mple, nil that 

.. ,_ .t\~heboro Tuwn•hipo 
County. North Carolin~ nnd mon partlcuh•rly de•rril·~·l :o> f,JI.,w• · 

~~Bl~GlC~IlNG at an iron pipe located in the northerly right-of-way line 
60-foot wide Albemarle Road, now called North Carolina 

Road 1713 and formerly called Sorth Carolina Highway No. 49, 
ast corner of;1:that certair(tract of land conveyed by the 

herein to the. grantees herein.oin Deed Book 1106, Page 179, 
Randolph County Public·.Registry: thence North 23° 08' West 234.46 feet 

· northernmost corner;of the triangular tract of land conveyed by the 
tors.: herein to the qranteeo he-rein· in Deed Book 1106, at Page 179, 

the eastern boundary of the tract of land conveyed to Union 
'-'d.ruJcu .. ,:c•Jrporation as set forth in~.Deed Book 475, Page 340, Randolph 

l.~llnl'l•t:v o~ublic Registry:~' thence along t.'Je said eastern boundary of the 
of .. land conveyed to Union carbide Corporation in Book 475, Page 340, 
10~-40' East 83.42 feet to an jron pipe in said eastern boundary 
inq James Goins southwest corne~; thence along Goins' southern 

~'WliU~L~ ·south 82° 48 1 30" East 86.59 f~et to an iron pipe in the 
-'~L~Iuu~u~•n'boundary of Goins, tne northwest corner of Dolen L. Hill as 

:in·Book 295, :Page 580, Fandolph county Public Registry; t~ence 
Hill's western boundary South 18° 23 1 East 245.92 feet to an 1ron 

the !lOt:th~..-cst c;orner of Dolen L. Hill in the nor~hcrn right-of-way 
of Albemarle Road: thence along the northern right-of-way line of 

South 58° 22' 30".West.;o1.85 feet to th? point and place 

I 
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r 
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. :..: . ,~f-·~~-- .. 
anrl all priVIleges · ·appurtenances 

... ~.=i~~~~!J\f::.:~ ~~. 'I .:·~i.;'"i·· 
nft~·t~'if*:·;/e\.'i~ple: hi~·;f~e rls:ht to convey . 

c:lear ot all eneumbranees, and that Granter will warrant· 
whomsoe\·er except fC'r the exeeptlons hereinafter stated. 
foll'>wlng exeeptloits::?.:,.·; - ··~· .. · . 

J. ... ·_··.·:""·0~;~_.· .... . ..... 
·-::.>.;~·. 

J!'f WIT~E,_~ ''"" torporut narn• ll7 IU 
abov• wrtutn.. 

ftJ: .................................... ~.----·· ........................... ... 

ATTE!T: •.•..\· 

...................................... ~~ ................................... 2~j~· 
........... ............................... IHr•tary 1rnr"""2''" •··••• 

................................................................................ ------~~.,i )... cc._...,.,. ".,..., '1.:~1:: ..J 
·' .... z 

lip: .................................................................................. --........ ~- ·!:~. ~ 

............................ ........................ Pr.tldtat ~ 

.o:f :.:: 
ATTF.IT: ...... 

··• !· tJ ...... -e ................... = 

. ~·::.''if·· __ 
· .... 
·:· .. .Y 

••••· er It rorperat•. t.u r••••d U.lt ln11.,.M••t to ~· alrned In tta """'" •~auUiori:\:';."J~'~t;;•o, ~· day an4 rm ftn& 

..... .. t;.d.~::;J,.,..- .l!. .. ........................ UEALI 

Dolen L. Hill 
· L •/)n 

...... 'w.·: ... I.W~:.' ...... J-J.~ ..... ......... . ..IIEALI 

Louie Hill 

.... .... ~~.:.~ ... 711~2 . . .. llf!ALI 

~Opal Hill Morris 

~--~: .••• ~~- •••••••••• (!!AL) 

Donald w. Morris 

••••••••·····-···-·•••••••••••••••••••••·•-•••····••····(lEAL) 

j.< 
• •••·•·····•••••••·~·•·••••. ··•••••••••••••••••·••· ........ ISEAL) 

···-· 
·.• -1,.. .............. _ .......... -............................................ - .ISF.ALI 
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;,; .·. 
R•'f'urdunr 1'.nw, 8c.ok and t~out:c 

!lllil at~er recordinll' to .............. .: .. ·."······ ·······. 

Thi• in•trum•nt wa< prepnrPd by 

llri•f d••cripll·lll it>r lh• hulcx 

OGBURN AND HEAFNER, P. A. 

Tlll:\ IH:ED made thi• ZJ day ot. December 

GRANTOR .. · 

~ ;~/ 

Dolen L. Hill and wife, Louie. Hill 
and ., .. 

:->pal Hill Ho:::-ris and husband, Donald w. 
Morris 

• 1!1 7 a • h.• :llltl JwlWt'l'U 

Union Carbide Corporation 
(A New York Corporation) 

.,. 

.......... 
~:'1.:. 19 
.~1f:...: •. 

Tht dtt:sigualion t;J;tr:cur llnd Grantee lU U.:'t'd b,•rein ~h.all iru:ludt! aafd Jlal"tie~. their :wir~. :otucre~uwrM, und ua!gn~. ••U•J 
•hall indud~ •inJ:<:I:.r. plwral, masculine, femlnlnP oJt neutr.r a• roquired by eonh•xt. <'\;, 
WIT~ESSf:TJI. th:1t the Gr11ntor, for a valuable con•id<·rali .. n r•aid by the Crantt'l!, the '••·<'ipt of whleh:· is h:re~y 
:l~knu"·kdJ:~d. ha• an•l IJy the•e pre•ents does grant, !Jarg01i11. >ell nn<J Cllll\·ey Ulllu th•• t;r';LIIIP" jn f•e aimpl•, ail !hat 

··~rtai!l ;.ot ... l'lll"l'~i ur' land Mituat•<l In the Cit)' of Asheboro -~Town•hip. 
R::~ndolph ~'••uut)·.~urtb CKrnJinaRn•' rnt•r~ p;.r!JC·ul•rly tle•criL,•d u; t'.-llo'l>': ,,,~·· 

-~ 

BEGINNING at an iron pipe located in the northerly right of way l~ 
:ine of the 60.0 foot wide Albecarle Road, now called North Carolina~: 
Secondary Road 1713 and formerly called North Carolina Highway No. 49~ 
at a cor.~o~ corner between Dolen L. Hill (Deed Book 377: Page 443) and 
Union Carbide Corporation (Deed Book 475: Page 340) said common corner 
beiny located 30.0 feet-Northwestwardly from and normal to the centerline 
of said Albemarl·:a Road and being the westernmost corner of the herein. 
described parcel of land: also being further identified as Union Carbide 
Corporation's sou~oast corner (See Deed Book 475, Page 340), from 
point of beginning .a~.ong:the common =line between carbide 
Dolen L. Hill North cast a stake at 150.00 feet 
total distance .of iron ., .the northernmost 
of the herein of land: thence 
the common l Book 917: · · 
c.nd Annie 23 ° 0 8' East· 
feet to an right of way 
of rnmo~t corner of 
herein des Ulc! Mrtherly.f 
right of 3' 30" Wa&t 13.-1.5 · 
to a stake own~a bY Polen L. 
et al (Deed 71 Paq~ 443) I the 
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continuing along the said ,i;~·tti~rly right of way line of Albemarle 
Road South 59° 14' 30" West 90.61 feet to an iron pipe, the said 
point of beginning: said area'c;:ontains 0.464 acres of land and is the 
same land acquired by Dolen L.~Bill and his wife, Louie R. Hill, as 
two lots by two deeds, one dated .. October 11, 1939 in Book 377, Page 443 
and the other dated December.J7 ~r.l965 in Book 917, Page 413 as recorded 
by the Clerk of .. the Court in'.'Ranuo1ph County, North Carolina, also see 
Deed in Book 291, Page 345 • 

.. 
:; 

. :' :~:· 

. .. . . . .. ~-~ , . ... . . . . :- . . .. ·. . .... 
•, •. ·,_ • ·_: •• :· •. • ' ... . .· ·4 •. . _·:: ·: , .. _ . : .•• : ••• ::·:·. :·, .•.• -: ·.,~_..:..· ".<. :. _·: ~-. 

. . . . -· . : . . . ~ . . . . . .: . ~ -. ~ ~· ·. ··: .. 
: . . ~:· . .·.. . . ·: ..... . . 

. . .. ' . . . . . . . . . . ; . : : :. .. . : ·;_ ·. ~: . . . ·. . . -. . ' \ ... __ .. { .~ .... ' ' .. . . 
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Tax Lut ~u. 

\'erl11ed by .... 

b,. 

'''"1''' 

>~ ::<t~· 
... "'. 
· . ."·:·. :. 

Mall after recordin~ to . .:..__'!'~~ . .'.:.... ·······-·· . .. 
·•••••••••······· .•• ····•. •• •• ••••••• .• . • ·.:., }~;~~:;::·.' ·C· 

Thia hstrument was prepared hy OGBURN ANP ... U.~NER, P • A. 
·:·~--=· 

Brief de•cription for the Index 

............... 
'iF19 
''""'•·· :t: 

. .... ··: ···~· .. 

NORTH CAI~OLINA GENERAL \V.ARRANTY DEE11 
·•r::·~;;.:·, . 

TillS LlF.ED tnade thi• '2 7 day uf Decemb~.~.~-:.... , l!l 7 8 , br nnd betwPen 

t:RAXTOR 

H..lffman Oil Con.pany of Asheboro, 

... - . ,;· 

GRAXTEE 

Union carbide Corporation 
(A New York Corporation) 

.... ,. 
-: .. 

···_';;. 

··-~ 

•:alt'r In ~r~ppropriatt' blutk f11r r<~.rb p.art': ~rut-, addreu. ioind. U approprlalf'. rharoutff af ~Dllty. r.q. C"orporalloa or parlnf'nhlp. 

The d•si~:na\ion t;rant"r and (.;rant"~ ... tu~d herein ahall lnclud•• •aid parties, their hdro, •ucre .. on, and assigns, ~nd 
>:tall ir.dude sin~r~olar, v:ural, mas,·uline, f•minine or neuter "" re<Juirl'd b)' context. 

WIT~ESSETU. that th• (;r.ntur, fnr a \3luable ~onslderatinn paid by the Gr:snh••. the r ... ~~ll'l of whieh Is hereby 
acltno"'·l~d1red, h&.ll anol br th•oe J'lr•'"""'" dues ~rrant, barraln . .,.JI :111d eOII\'ey untu the Grantee in iee simple, all 'hat 

""rt:un ; .. t ur '"'reel of l;an.l •illwh·•l in th• City of Asheboro Town•hip, 

Randolph. 

BEGINNING at a point on the North side of N. c. Highway 162 
(now Albemarle Road) , Asheboro, N. c., County of Randolph, at the ... , .. · 
intersection of ~he Easternly boundary line of the propert~ of Walter 
Stowe and Hi.;hway i62 (now Albemarle .Road) , and th<!nce runn '.ng _ 
parallel .. with N. c. Hight.·ay 162 (now Albemarle Road) , in an Easterly J~ ·: .. 
direction" a distance of 200 feet to a point; thence in a Northern ·ri ··:·· .... ~ 
direction a distance of 100 feet to'·B point: thence in a Weste1.·ly ~t!;, . 
direction a distance of 200 feet to· a point: thence turning and runnln9' ~ .. c :•. 
in a Sou~erly direction along the.;·Easterly line\of the Walter Stowe·~,~-~···.:. · 

-~ 

property'.l.OO feet to a point or place of beginning. · · · . .!!:~ · 

~. ~L.,-., ,ii~ :Ji:~,::-j~( 
'; -~... ~ . ~.: .... 
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: Q q q- (?3' A"c:: :l.:7.. 
~Si-.a;=.aii~~~~~~=:i<-~."7. .::::=;;::::...=-E'""'::--9: ;~~ 

-~....------·--·- -· 
--'--------County and State of _______ ----·-- - ·----· 
Union Carbide Corpora~ Yru:-.ls_C.Qr.;:>r.;:..·_gtJ..QnL__ 

·;: ______ _..., _____________________ -·- ---------
of ··'~:- County ~r.d State of ___ -·-·--- - -- ---·-

. of the second part: :. ,·· ::> ~- · 
:~ WITNESSETH, That.~id~_ties of the -first ~art ·---- ·----

t;~~ . :-- Doll~~:·: --· in_con~!.m~~:~a~ 
to them paid.!):,.~" p~tties of the ~P..:ond part ____ . __ _ 

the rec-.eipt cf which is hereby acknowledged h:, ______ bargained and sold. <!ntl by these pres.•,.,ts 
do __ grant. bargain, sell and convey to said parties o~~@! __ scc;Q.!}~_.f>l'.::"t. , ___ at: i _ 
_Jheir__. _____ .... __ 

heirs and assigns, a certain tract or ~reel of land in Ash·~bo~- ____ Township 
Randolph ·, County, State of__l!Qrth Care:_! ina -·adjoining 

't'lelandsof ______________ ------------- . __ .. ___ _ 

-----------------------·-----
_______ ;.nd others, and :,ou,.,:lt-a as tolloY.-s. viz: 

BEGINNING at <l.n iron pipe in the ec1stern riqht;. c-.f way 1 ine ,-,f 
Uwharrie Street (N. c. s. R. 1443), said il·on ~.Jipe beinr; lccated 
No::-th 12° :1' 36" East 414.38 feet fro!:l the c·.!nter of th•• 
intersection of Uwharrie Street with N. c. ;;~g"·,.ra~' .:9-.;; .1nd s.lid 
Beginnin•J point beirlq also <t n•,w corner •.-a t !": c. B. Sp~r.~er and 
wife, Lola A. Spence.:: (See Bo-::k 357. P~se ~8, Randolph County 
Public Registry), thence liorth 82° 03' 37'' t·1est 12.14 :ee+-. to,,.~ 
existing iron pipe with~n !:.he right. of wty of U•:harrie Str.eet; 
thence ::orth 12° 40 1 112" I::ast 5SL·j7 feE".t to an iron pipe in s3..:.c 
right of way; thence North 82° 06' 46" ·.~est 16.36 feet ~o an ir:::-. 
pipe in said right of way; thence North 14" SO' 02" CaJ: 102.34 
feet to an iron pipe in said right of ~ay; thence South 82° 2;• 
48" East 30.24 feet to an iron pipa i~ the eastern right ~f WRY 
l~r.e of s. R. No. 1443; thence South ~2· 25' 48L East 25.5C teet 
to an existing angle iron; thence North a• 37' 13" Ea~t 101.22 
feet to an existing flat iron, a comrron cc::ne-::- with Alex anu :)or::!. 
Hall, b~ing Hall's southwest corner !See Deed Book 295, P~~~ 2371. 
ther.cF:: along Ha)_l' s southern 1->oundary South 82° 16' ! ~ ·· E~~t 
149.33 fee;: to an existing iron pipe, Hall's so·.:~.:-,c<~st. cornar; 
thence with Hall'!! eastern boundary North 9~ :i' ~7" ::.-,st 89.fi7 
feet ~can axle at a stone pile, Hall's ~orth~~st corner; thence 
south as• 07' 32" ~ast 329.55 feet ~o an existinq ir~n ?ip~, a 
new corner with Union Carbide Corporation (See Deed BoDk 475, Pa~a 
3-10, and !::::>ok 1086, Page 3G i, thence along a common J ir.e wj th 
Union Carb1de Corporation South 7° 34' West 309.~A f~ct to an 
existin.j irc.n pipe, a common corner with t":1ion Carbide Corpcr~::.:..-;;o 
(See ::.~ed Boo~~; 351, Pa;e 277, and :..ook 387. Pages 575 ~:,-:! 57:;), 

a ls•.l ":.c1ng Ycrk and Br::>v.·:-1.' s nortr.cast cr.rner; t:h<-:-;:;e a l.o•:« ·:or!~ 
.:wd Brown's northerr. boundary, ::orth !>3° 24' 45" ·.-:eo;t t2.B6 feet 
to 3n cxiFting iron pipa in said n~rthern ~~~nda1y; chencc 
c::>~tinu!nq along the norther~ boundary with York and Drown N~rch 
93• 36' ~5" West 15~.9~ feet~~ en existing iron ri:~. York and 
~r-;·,;n' s r:ol th.-·i<!St corner; Ll·.::nce continuing alona •_:,~ ·..res tern 
!::ollnO::.;:;t·:; of York and Br~..,r. South 1~· 57' 4')" ~~,Ft 3') fc~t to·"'·: 
c:dsLin.g !.:'oil pi.pe ir1 "£r:.rk and Brown'!': · ... estern !Jound:t::-~· .:..iso a 
co,...~on corner wi.~h Union CarbidP Corporation CS~··; i:Jeed Book 109">, 
Pag-:: .llS:: thence along tl'c common iine •.-:i-::o ::;nion C.:~rbi-1::! 
Cort Of .. 1ti•.:m North 80" :.2• 45" Nest J:~:; feet t" c.n existin.J iron 
piF~• a commo~ ~ocner with Unin~ ~arbid~ Crrporation: t~~nc~ along 
~~e ::c:l'~::-., line ·..rith \jnion ~ . .lrbije Corporation, Sout!1 -~- _.3' \lPst 
3:~.30 ~eat t~ an exi~t~nq iron pipe, .:1 new corner wiLh ~. B. 
Spc:1cer .:::·.:!wife, I.oi.<:~ ,',. Spenc·~r (~ee Boo1o-·1so, !'c~l.! 9 J: tl'.ence 
r.tl•:mg the ::ew line wi~h Spencer North g;·~ 0J' -:.7" liesl :"0.39 feet 
to the ?Oi~t dnd place of R~ginnin-;;, co~t~1~inq 7.030 = r~~. nore 
or le:;!<. 

~ 
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The above de!.eribed lands were conveyed to grentorsby·---.:-----·---------

--------------------·See Book ____ , Page ___ _ 

TO HAVE AND TO HOLD the aforesaid trelct or parcel of land, and 311 privileges and appurte-
nances thereto belonging, to the said __ u_n_i_o_n_c_a_r_b_i_d_e_c_o_r.;p.;..o_r_a_t_i_o_n ____ _ 

its heirs ar.d B$.ligr.s. 

to•_.;:ic.:tc.:s'--only use and behoof forever. ··~ 

And the said __ B_~_· n_o.;..· _h_am __ L_a_n_d_C.:..o_m,....:.p_a'-n'-'Oy-----:------------
1 ts sel_f ___ and its for. 

heirs, e..:ecutors and administrators, covenant ___ : with said Union Carbide Corporation 
•: 

----------------------'----....:.i:.t=s_heirs and assigns, that 
_____ seized of said premises in fee and ha..:s~_'.;..·"----- rloht to convey in fee simple; .... 
that the same are free and clear from all encumbrances. ind that it do~_s _____ hereby 

forever warrant and will forever defend the said titl.e ,~? the same against the claims of all persons 
whomsoever -.,.-'f 

~;· 

• • ..:; .. '"IN TESTIMONY WHEREOF the said Bingham
1
'Land Company 

I •'' ,. . . ·, •,q~ u.ll.:.( · .•· 
.-·1~;'\· ft. c'·.' -----.-.~~·:-. -------------

/ ~~-~~ btl if£~~unto set~hand_and sear __ , th.~ 'cay and year first above written . 
.. ·: ?· m · , - · 
: ~:; ,;_l >-~~~\=.: BINGHAM LAND COMPANY {SEAL! 
~ -:~ . ..,.;. r~e ~ ~· '-'.,. .· ~ 
·._:;p~:;1.tu}.:.;;:·,.: · By~o · :V. j(C...., ,;, {SEf'.L) 

-_ ... ~ ._ ...... '"'\' p-res~ ell': 
i·. :.(:H"' ~,. · • 
.......... ;,.,o.TTEST:((~t{ .. ,,, ,. . > ~1 ;...:~· ?_ ----------------!SEAL) 

As~~stant Secretary ISEAU 

STATE OF NOR'l'H c:\ROLI~A COUNTY OF RANDOLPH 

This is to certify that on this day before me personally came William 
C. McGee, with whom I am personally acquainted, who, being by me first 
dul}• SW':)rn, says that Diane b. HcGee is the President and William ...:. 
McGee is the Assis':ant Secretary of BINGHAM LAND COMPANY, the corporation 
described in and which executed the foregoing deed: that he knows the 
common seal of said corporation, that the seal affixed to the foregoing 
instrument is said common seal and the name of the corporation was 
subscribed hereto hy said President, and the said President and 
Assistant S.::cretar·: subscribed their names thereto and said common seal 
was at'!i':ied.all by.order of the board of directors of said corporation 
and ~bat the said instrument is the act and deed of said corporation. .. -.... :.: 

• t·:'!'!':n:ss my !1anci anc notarial tieal this the ~~ .1} day of March, 1978 .. ..... ,,-._ 'r,... 
..... • \oooo 

(SEAL) :. • 
Notary Public 
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~~~~~J"978, by LLOYD E. 
;~~~~·~=~~:! WIFE, THELHA S. ~ :Randolph County, 

, to:~~r~ff.;. IDE CORPORATIO~l 
second'part. 

the fi;~·t part in consideriltion 
«Ula~::va . .LlliiU:IJ.e consideration paid l:-y the 

of which is hereby 
these presents do bargain, 
second part and their ~eirs 

ship,_ ~andolph County, ~<orth 

·~.:~~~?
~~~i~~~~~~t~1ld r!gh~;of way line of s ·iron pipe 'being located 

from the center of the 
with N. c. Highway 49-A; and 

~aid Beginning point being also a new corn~r with C. B. Spenc0r 
and wif~, Lola.A. Spencer .(See-Book 357, Page 98, Randolph 
County Public Registry), thence!North 82" 03 1 37" West 12.14 
feet to an existing iron pipe-.within the right of way of 
Uwharrie Street1.-thence North\J.2!t. 40' 42" East 554.67 feet to 
an il;"on pipe in'tsaid right of'"way; thence North 82" 06' 46" 
West:~l6. 36 feet~~to an iron, pipe\in said right of way; thence 
Nor~l·14" 50' 02.~:East 102~·34_-!feet··to an iron pipe in said rir:h': 
of'.~ay;; thence·~~.uth 82° 2.~':}4JI,~ East 30.24 feet to an iron p.i.pe: 

·in th.e eastern~right of waY''J..liie of s. R. No. 1443; thence So•.JtL 
82" ~.S' 48" Ea!lt>-25.50 feet::ti:S},an· existing angle iron; thenct: 
North· .. 8" 37' 13.~~:East 101.22 feet to an existing flat iron, a 
common corner with Alex and Dora Hall, being Hall's ~nuthwest 
corner (See Deed Book 295, Page 237); thence along Hall's sout!:c~rn 
boundary South 82° 16' 14" East 149.33 feet to an existing iron 
pipe, Hall's southeast corner; thence with Hall's ~astern boundar;· 
North 9" 21' 27" East 89.67 feet to an axle at a stone pile, Hall's 
northeast corner; thence South 86° 07' 32" East 329.5':' feet to an 
existing iron pipe, a new corn~r with Union Carbide Corporation 
(Eee Deed Book 475, Page 340, and Book 1G86, Page 36); thencP. 
a1ong.a common :line with Union.Carbide Corporation South 7° 34' 
liest·.~09.63 feet'<to an existinq.i-ron pipe, a common corner with 
Union'Carbide Corporation (See;:Dee~ Book 351, Page 277, and Book 
387,.Pages 575;and 576), also oeing.York and Brown's n~rthea~t 
cornerJ thence along York and Brown's northern boundary, North 81" 
24 1 45" West 1~.86 feet to an··existing ircn pipe in sajd norther:-: 
boundary; thence continuing along the nurthern boundarv with York 
and Brown North 83° 36' 45" West 155.95 feet to an existing iron 
pipe, York and Brown's northwest corner; ~hence continuing ale:~.:: 
the western boundarv of York and Brown South 12" 57' 40" :·:est JO 
feet to a·: existing. iron pipe in York and Brown's western boundary 
also a com:non corner with Union Carbide Corporation (S~e Deed iMok 
1095, Page 419): thence along.,the common line ·..rith Union carbide 
Corporation ~orth 80" 52' 45" West 100 feet to an existing ire~ 
pipe, a common corner with Union Carbid~ corporation: tt~nce alone 
the common iine with Uri en Carbide corporation, South 4" J 3' :·:est 
528.50.feet to an existing iron pipe, a new corner with c. B. 
Spencer and wife, Lola A. Spencer (Sec Book 350, Page 98): thence 
along the new line with Spencer North 82" 03' 37" West 327.39 feet 
to the point and place of Beginning, cont~ining 7.030 acres, mere 
or less. 

•.i .• 
The above descri?tion is drawn.according to a survey prepared by 
Moore;· Gardner &' Associates; Inc;';. Consulting Engineers, and is 
designated Job No., 290575, dated ·.November 4, 1977. 

..... ,;~~· •.• .c.i.· ···,. ·: ..... 

The above description is made subject to a right of way and ea5c~ent 
to the~City of Asheboro for a 25-foot permanent sanitary sewer 
easement as set forth in Deed Book 921, Page 111, Randolrh County 
Public Registry: and to a right of way ~nd ea~ement for r~harr~
Street (S. ~. 1443). 

.. ~· 

\ 
1 
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to thefqrantee for the purpose 
, quitclaiming and deeding to the gran~ees 
and interest they, or their successors in 

l)@,r!:ontal'''·i-,.t;,..,.coentativcs, hei·r~at l<m, or assigns,- may 
or~~nti~rh~~lla,re easement across the above-described 

.... 
-~~: 
;;\_. ~·t· 

. ~- ~-
-.. ~---. 

NORTH CAROLINA co 
RANDOLPH COUNTi 

,'1".{:.;.· 

472, Page 156, Book 472, Pa~e 161, Book 
~ndc~ll?~1:cnmty Public Registry. 

/ .. 
~~~~~~:~~~~~:~~--·~/_J_:~~---~-~---k-__ . ______ (SEAL) 
L1ll1an E. Brown 

=t-:.{(;5:=.--r'"'-;f,_,.~£:~/~; :--..-:._.· ('--1"-~;.;;.;ju.; ___ <sEAL> 
Arthur L. York 

-~\{~ I (SEAL) 
-=-~--~·J~·-··~·~~·-J~~~--·--·~~~-~--~--------Thelma s. York 

~L~~·:~-,~~-~-~--·_'<~-~·------------------{SEAL) 
c. B. Spencer 

•.· .· (! ~\\,_ 
•' ~ \L• • 

·.:($; Lola A. Spen!:er 
(SEAL) 

... ~\1. .~·- .. · .. · 

I, .,be&~!i::jJ. Nl(~t- :,~1: , Notary Public of said County, do .. 
hereby certi y .. that Lloyd E. Brown and wife, L;.llian E. Brown, ,. 
personally appeared before me, this day and ~cYnowledged the,~~~eu£1~~. 
of the foregoing deed of conveyance. . ,.., .. ·· _ ··.:-;,. -. 

... : ::~ rn.1 -...~ · 
WITNESS my hand and seal, this the.~ day of . . :, 1 ... ~•«•-}.c~ '-:~!--?a.;.7 f 

,...~. . .·J.O• •·• .. 

/ ~· (' J- •. I . < _, u.:.'ii?:·· ... .,,.•·~:~( : .. :',' 
Notary Publ1c - ' ... ··· 

I, Notary P•Jbl ic of said County, do 
hereby cert and wife, Thelma s. York, c. B. 
Spen~er and wife, Lola A. Spencer, personally appeared before me this 
q~-a~d.acknowledged the execution of the foregoing deed of conveyance • 

.. ~--~-~i~s~ my. hand and seal, this the _:::..day of . , .-J 1978. 
~. • ....~ ·~·· 1 ... -

.: = .. t ~--~-'- i -~~. ':~j 
. . ( .. -/~/-·· •• ~I 0 • 

Notary-. PublJ.c: 

· My commission expires: - ,"',:· 
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A.D., , .M~ 
County, • 1 

i to UNION CARBIDE CORPORATION t 
o:ri;!]:'he second part. . 

~ 
the first part in consideration I 

y~~able consideration paid by the said 
which is hereby acknowledged, 

do bargain, sell and convey 
and their heirs a tract or parcel 

County, North Carolina, described , .. ~. . .. 

··.BEGINNING at'-'an iron pipe within the right of way of Uwharrie 
• Street (S.~ . ._l~~), said iron-pipe being located North go 08' 

-~-: • .. 47" East SS .• feet from an existing flat iron, the southwestern 
~: ~:.corner o£:,t?\1"~~nd ·Dora Hall' s1_·as described in Deed Book 2 9 5, 
~-. ":'Page 237i>Raridolph County Publici', Registry: thence North go 08' 
~· -47" East;"20~5l·)~~et to an iron pipe in the right of way of said 
~-•.. :·uwharrie Streetr·.-thence South"·.S2° 40' East 478.01 feet, to an 
• .• ':

14
/ existing iron pipe, a new corner with Union Carbide Corporation; 

.~: thence North 86~ 07' 32" West 32g. 55 feet to an exist.Lng axle 
~ .. at stone pile:ithence North 82° 54' 23" Nest 14g.71 feettothc 

: }~i~·point and place of Beginning, and containing 6, 287 square feet, 
···'-·more or less. :- ·•· · 

.:~· "·~·. l:~· _::. 
·. _'The above description is drawn according to a survey prepared 
·::.by f.toore, Gardner & Associates, Inc., Consulting Engineers, and 
.·is designated Job No. 2go575, dated February 1, 197R. 
·' .. 
) For prior reference, see deed recorded in Deed Book 375, Page 

·~;_ ,: 344, Randolph County Registry. j. 
.~...ti ..... ·. -~;.- . 
-~!-~,TO HAVE AND :ioo HOLD the aforesaid tract or parcel o:: land and all 

pr~1leges and appurtenanc~s thereunto belonging to the said parties of 
the', second part and;,:their heirs and ~ssigns forever. 

·,,~-,~l:N TE:STI~6~;=-ft6F, the said :.S~arties of the first part have 
he_~~~to. set :·~~~t'l~$!. 'and seals. the day and year first above written. 

:f1:: -,:.h·.:.&~k::::.:. ·c p- -"·~-~ .... ._ 
-~i ., . ~~:Q_,~,d~~rx-~.: c ~ ;_:/ ~ >~ ~ 

·; · .-·~ · c. B. Spenqer 
':f{.· . ; ... 

(SEAL) 

:t~:J·:· f" 
"'-<-'·'- ·'- ; ·. \ '-· • ( SE.l\L l 
Lola Allr~d Sp~e~~~.c~c~r~------------

NORTH CAROLINA - Randolph County 
) . 

I, · .. ·o•· (;U·?! l41 .. , . , . , a Notary :•ublic of said County, do 
hereby certify that C.'B. Spencer and wife, Lola Allred Spencer, 
p~csonully appeared before me, this day and acknowlec;cd the execution 
of the fLregoing deed of conveyance. 

WITNESS my hand and seal, this the ' • day of --....L.--' 19 7 8. 

, . ". 
;Jotary Publlc 

My commission expires=----~-------

.... -... -.. ---~-·· ..... ~nry P11Hi~··· 
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-~~-.~~~INNING at and Brown line, said 
~~:-,i-ron pipe s 57 minutes 40 ... 

··seconds West .. feet from an marking York and 
Brown's Northwelit. corner: thence··North BO degrees 52 minutes 
45 seconds West':lOD feet to an·'iron pipe;, thence North 4 
degrees 43 minutes East 14.SU,fe~to a point; thence South 
78 degrees 19 minutes 23 seconds East 100.60 feet to a 

.. point; thence So':ith 5 deqrees;~~~-'-~nutes 15 seconds West 
g. 99 feet to. th~'pleqinninq, ~!3-.. p~n~aininq 1,228. 9 square 
feet, me-re or·: 1,~,s..tl!·~ :i~; ~~i:~f · 

\ ,, ~~-::. 
--~;·:.·. ·Vi~-· 

·.··· ':t:~f~ l~ ·,. 
..... .· :.~~~- ~~l~:S .. ~;-~~~·~: . ~~~. ··~ :.!~i_,.: . 
. . ~:,;. f;~~:: -~~-:;_· 

The above land Was conveyed to gT&IltOi(s) by ........... o-1~-~- .. ~-. . . . .. See Book No. . ...• , Pa~ ..... . 
· · ito ~l!!r anb 112 ~nlll the aforesaid :iraci or parcel of lanl~d iii prlvileges ll!ld appurtcnance5 !hereunto belonging to 

the said ~~r the second pa~l>lk~Ksa~~~fsf~~fo~~~ 
. . .~· tl',.' . 

'i, ~t~~xf<tbx:filo:X~:r:illfot:ICCM!I:IXDCm~~:ltltX:Iilll>f~H!C~t'~~~pf~*"'l'li~'f~&Xj6X 
~K'teX:itbc<l:miOCjc(!)[e>ett=JI!z:;mtK~:l~~8Jf?C~~lt~~~1f!~~pgQ(~lE'9.\~X 
)qlt!4)(~~~~~~- .,.~~J- ~-

ln ~rs.tllrurn!J t=~rrrvf the said parties of the first pan have. htunto se 1 ir hands anj<seals the day and year frrs~ 
above wntten. ·:·· .••.... f .. "- #~ . . (SEALJ 
Witness: ,~...... ~- . . . (SEAL) 

/: ....... · (SEAL) 
; • .. .. . .. . . (SEAL) 

NORTH CAROLINA- Ra:1dolph County • 

I, .......•... Venia B. Young..... . . . . .....• :. •> ... ~a Notary Public of s:~id County, do hereby certify 

that .,P;;H!:.~:J<t<.~··· Gl_en ~~y-~~--~~d wif~.r .. J:I7~.e:~.~~¥.~7~ . .. ....... . 
_Rrantors,' ~.onan:f.l}Ppeared before me this day and aclcnowledged the execution of the foregoing deed of conveyance. 

: .. Witn~-~~~~~~~~~ seal, this lhe· ·~l3..rd.. .. day of j~Jt J?-~e~er ·-B .. / .. .., 19.7?. .... 
My cc>rnrn1i!mri ?i>!ral .. .. 5-19.~81 ....... , 19 .. .. : ~' (./..IA/I..lt'l.. c,J t.. L-Ll. J N. P. (SEAL) 

NORTH cAROLlN)\ - Randolph County · ~t. 
I. .: .:::·;·:.:~\". ~.......... . ..• •·•·.. . ... ~- ,·;, .• ~a Notary Public of said County, do hereby certify 

lhat .. . .. . .. . .. .. . .. , .. .. .. .. .. .. . .. . .. •.• .. .. • .... .. .. .. ......... .. 
grantors, personally appeared before m~ thiJ day and aelcnowledged ihe execution of the foregoing deed of conveyance. 

Wirncss my hand and seal, this the . . . . . . day of . . . • • . . . . . . . . . • 19 ... 

My commission expires , 19 N. P. (SEAL) 

!'/ORTH CAROLINA- Randolph County 
The foregoing cenificate(s) of .. Y.enia B. Yaung . 

'. . . ' . '' . a Nnt3T"Y Public or Randolph County I .:1 • . c. ' ... 
i.i (ar~• ccnificd to be corrext. This i~~ment \Od$ rc:sent~ for re~strarion aJd recorded in this o((ice in Boolc JO 9j.-
Patc '}!~OThis ~~ay or ./~ .• 191/ • at /2.: :L~ o'clock ./?.. -~-

.....Jl. ANN I~ SHA \\', R '"'iiSTER OF DEEDS 

B~ ~ .. ~. Register of D=!s 

' ., 
I 

H I, 

'! 
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. , ... ·.e: 
..• ~a~n 
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~ . "' . : . . . ... ~ , 

.. 
NORTH t!idioLINA 

paid by the ~aid party of the second part, the receipt of 

which is hereby acknowledged, have granted, bargained and 

sold and by these presents do bargain, sell and convey unto 

the sai~ party of the second part, and its successocs and 

assigns, a tract or parcel of land in Asheboro Townsh.lp, 

Randolph County, North Carolina, described as follow~: 

BEGINNING at an iron pipe in the northern right of way 
line of N. c. Secondary Road No. 1713 {also known as 
the Albemarle Road and formerly being N. c. Highway No. 
49) (said road having a (,Q foot right-of-way), said 
iron pipe being the Southwest corner of the pro~erty 
now owned by Union Carbide Corporation as described in 
Deed Book 3Sl, Page 277, Randolph county Registry; 
thence with the Northern right of way line of N. c. 
Secondary Road No. 1713 South 68 degrees 07 minutes 50 
seconds West 30 feet to an iron pipe, the Southeast 
corner of Mrs. Coy L• Hunt (Davis) property; thence 
with the Hunt line North S degrees 01 minute 04 sec~nds 
East 140 feet to a pointJ thence South 69 degrees lH 
minutes West 94.68 feet to a point; thence South 9 
degrees 08 minutes .11 seconds East 8.66 feet to a 
point; thence North 61 degrees 02 minutes OS seconds 
West 36.38 feet to an iron pipet thence South 66 degrees 
43 minutes 2S seconds West 7.66 feet to an iron pipe; 
thence South 73 degrees 12 minutes West lOO.S~ feet to 
an iron pipe, Bingham Land Company's Southeast corner: 
thence with the line of the Bingham Land Company :;or~h 
4 degrees 43 minutes East S28.SO feet to an iron pipe: 
thence South SO degrees 52 minutes 4S seconds East 100 
feet to an iron pipe: thence with the line of York and 
Brown the following courses and distances: South 5 
degr~es 36 minutes lS seconds West 334 feet to an iron 
pipe, North 69 degrees OS minutes 18 zeconds East 
182.21 feet to a point on a wall in ~he line of ~nion 
Carbide: thence with the Union C3rbice line South 7 
degrees 34 minutes West 318.06 feet to the beginning 
and containing 1.8S2 acres, more or less. 

The above description was drawn according to a survey 
and plat of said property prepar~d by Moore, Gardner 
and Associates, Inc., Consultinq Enqineers, dated June 
2, 1977 and designated as Job No. 290S20, Field Book 
~!o. "'77. 

-. 

l 
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... ')' 

•.:' ... 

·•. ''I 

' .. ·._\-_ 

.. :,..,r,.~-1 
~--'~-~:::~ 

,· .:::.;;_~f6§M'HER with 
:~;;E_f~:. 

thl ;:p~tiu C' f the 
.. ·· ,,,- .-~~ .. 

r~~.~lQ!~uttlng 
··•··• ,..,.,.~ ..... 

lif!d"i·•thereof, 
.,-, .. ,::.'~-
:~:-:·:~J.D5Js:'l'HER with 

ri~lit:~Y._·~.f the 
'-•·:.:4. 

premis·es, · 
._ ... .,-:~-· 

. _.~~9 .RAVE AND TO 
::rr.t:~ 

land.and all priv 
. ('(·r~~. 

to the said party oi 

. . -~·-

COUNTY OF RANDOLPH 

I, 

intarest, if any, of 

str8EIC:.•-4nd. 

to the center 

all the estate ~nd 

and to said 

~tract or parcel of 
n·· . 

thereto'belonginq 

anc\ 

Public, for said County And State, do hereby certify that R. 

Glen Keyes and wife, Helen Keyes, p~rsonally aFpeared before . . .... • 

-~ 

me this day and acknowledged the_. due execution of the foregoing 

instrument. 

WITNESS my hand and 

November, .1977. 
''- ,·,.t·~-L, .: _, .. · 

~\~~:b¥t{~!. 
#;. ~:.".t!!' My· 'p~ssion expires: 5-19-81 ·······.. . . - ~ . .. \ . .. . . 

::._~~ 

this 23rd day of 

NORnJ CAROLI:'tA - Randolpll County 

.. Y~A!-'f4-· .. ____ .... 
· ~ ... _, ........ -· - . .•• .. ---. ~otary Puhli~ d 

··----~~-t! .. A./!, _ _. ....... _, ... 
is (art': nrtif~ t~!,.. ~.~Thi· in.•trummt ··~· """"""'~ ,.,.. ~ ~ l't't'Ord"" in th•• nrrK'1! at !look ... fu'Jr.. 
Pa~~'f'/._ ... Thio ~J:-:l.fa} nl' ........ _. ~---·---- . • 1• 7? at /~:;4o'dork . .F. :If. 

R~su.- of DMls 

,...----~~....-~~~~ ~----· .... 

.. · 
!-· . 
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iron pipe being located the 
courses from an iron pipe in the 

Northern right-of-way line of N. c. Secondary Road No. 1713 
(also known as the Albemar1e·Road and formerly being N. c. 
Highway No. ~9) tsatd~road having a 60 foot right-of-way), 

i said iron pipe 1ast·.referred·tto being the Southwest corner 
·o~~~e property now owned by Union Carbide Corporation as. 
:;described in Deed ~.Book 351, Page 277. Randolph County Reg~stry: 
·south 68 degrees .07''minutes SO seconds West with the Northern 
right-of-way line:~f N. C. Secondary ~cad No. 1713, 30 !eet 
to~an iron pipe, North 5 degrees 01 m~nutes 04 seconds Last 

. 131-~05 feet to an .iron pipe, the beginning corner: thence 
North 5 degrees Ol'minute 04 seconds East 8.95 feet to a 
pointJ thence South 69 degrees 18 minutes West 94.68 feet to 
a point:-thence south 9 degrees 08 minutes 11 seconds East 
8.66 feet to a point: thence North 69 degrees 02 minutes 30 
seconds East 92.53 feet to the B~ginning, and containing 
.028 acres, more or less. 

The above land was conveyed ro granror(s) by . . . . . . . . . . . • • . . . • See Book No. , Page 
i!a ~D,l(~ 11nb ta ~alb the aforesaid t~ct or parcel of land and all privileges and appurtenances rh~reunro belonging to 

the said j!:H~~f the second part anQI~aU~Cifi~!i~?glif forever. 
:lMJt.t~~:AkMIK~'Z!m;,!at~~~nxl:li~>Df~~mbcr::m:f:x~Xll:nxlhi:~JCI)C 
COXoty~I'IIIClffiUICM~Wt~~~~~X~~~KIIlX'aaC:<!n:~tt~ 

lltk>rm:~K~K~~ItX 

Jn mrsthnlnl!l W!Jrnar !he said parties of the first part nave hereunto SCI 

above written. 
Witness: 

NORTIJ. CAROLINA - Randolph County 
I •.. \~:·::·.'. ~~enia B. Young . . . . . . , a Notary Public of said Ccunry. do here!>y certify 

that .'.-~~~·· .Gl~~- Keyes <.nd wi!e, Helen Keyes, . 
~ntors," ~!'Soriallf'!IPreared hcfnre me this day and acknowledged t!le eA~~urion .. r rhc foreJ;aing tkcd of conveyance. 
Wit~F.;y.haa~:~d ~eal, this the 23rd. day of y'/ ::o:"JJU'ey ., 1977 .. 

Mycom_ir>ISSionexJ1lrcs 5-19-81 .• 19 (,~·1LrC( , CJ. ."'{,;{-<<IV'/ N.P.CSEAl.) 

NORTit·CAROl.lNA- Rando!~h County J 
I. • a Norar~· Public of uid Counry, do hereby certify 

that 
grantors, per~o>nally appeared before me this day and acknowledged the ,.xecurion ,,r the foreJ;aint: Jo,-d of conveyance. 

Witness my hand and sed!, rhrs the day of . 19 
My C''lmmissinn expire! ..... l9 N. P. !SEAl.) 

NORrn CAROLINA - Randolph County 
The rorcgoin!! cenifiearehl of Venia B. Young 

. a :-;otary Public of Randolph Count}' , N • C •. 
is (are) certified to be cq~rijtt. This instrument was presented for r~istration and rr:cnr_ded in thi~ ••fke m ,.llot~k )D 'f s-, 
Page J{-f.g_, This ~".Mday of /?._~ .. 1917 . at ;.:;_ . .:z<, u".::.~·k ~ M. 

By .. -~~~
0

~. RegisterofDeeds 
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.. -. .hill in by the Grantee, the;·rece1pt whereof is hereby 
• '" ~:)!f • 

;~.~ .-! ... ~fcnc);ledged;-.ha-s given, gr;onted, bargafiied, sofd and conveyed, and by 
· ·~..::~~_}=i~:.~~ -:~-~~7/i. .. · e.:. ~ . . . -~-~:! ."',;. . .. 
· · '·,_.::..~~:.;~-~-.d·:;~.~ .. tl~~s_e_n_~~.oes give, grant, barga~~· sen, convey and confinn unto 

c>.:-.;a;;,·,·r.o•' .• ,::.r!:~:!i ..... !:•1 ~·" .. ,)· ::.--.. 1 -

-~\~:~.:~-,~-.. ~:~ante~, J.~ successors ar.d assign~~ -~~enises in Asheboro T?wn.ship. 

:;;:·~-;_~ . Randolph County. North Ca:-olfna, descrfbectas follows: 

··<~>:;. ·;~~~;_j, ·> ~:. :_;.~ 1: 
:!if\~ .'··::.':)> · .;..f- ·_,BEGiNNING at an iron pfpe fn the tlorthern rfght-of-~-:ay 
:"0.; . , · .. ;·.: y~ line of N. C. Secondary Road No. 1713 (also known as 

. -~:':: Z . . . _ ,-;;- Albennarle Road and formerly being N. C. Highway 49) 
<.~~if···:; l: u. ..::: .-~: located 30.00 feet from the center line of th~ said 

y-; .,_. -~ .. ;..; . · •:-., .:':.. ··. h1g~. at a pot11t 31;J,.OQ.1eet from an iron p1pe, the 
· _;,~.~·i:·~·' ~S · .. :'!':1 . :·Southwest corner of.llands·now O':fned by Union Carbide 
:~,~-~\~~~: ·'~)1~ .. :;:-·'<· ·'Corporation as descr,.t~n .Deed Book 351, Page 27?, 
.:;:-~~~~·.:. ~:;,·4~~i ~ndolph County Regfsttr. from tha pofnt of bl!gir.mng, 
,\in ·•·::·-:1, ~~ .: . · !; ~·~·,·:thence runnfng North:S":.ol'-04" East 140.00 f0et to 
-..:·.,,. · ··:'!·;:.k· · ·.:.-k: -... a stake for a carne~; thence running South 69 -18' 
·r~ · ·. · •:. ~ ':nlest 94.68 feet

0 
to a' stake for a corner; thence 

· ~f., -•~- · running South 9 -08'·11" East 130.00 feet to an iron 
·. · p1pe located in the Northern right-of-way 1 ine of 

said N. C. State
0
Road No. 1713 for a corner; thence 

running North 68 -07'-so• East along the said 
·-·" Northern right-of-way line 60.00 feet to an iron 

~"- ~"::: :-.: i' ; :;: p1pe for a corner,_ th~~pofnt of beginning; said area 
·--=t•_:.:: · ... ·~_)containing a<:r'es':moreor less, as shown 
·· :~ :·.·~_,,-._,.~ • .;..·,~on print entitled, "Huitt-;Property to be Conveyed 

~)!£--:·~,~ '!f': ·~; to·Union Carbide Corporation, Asheboro, Randol?h 
J''Jl?. · · ·.:··. County. North CaroHna~ .dated October 21, 1977, 
·· > ·-.~l prepared by Moore, Gartlner & Associates, Inc., 

·~ Consultant Engineers (Job 290520; Book 777), 
Asheboro, North Carolina, attached hereto and made 
a part hP.reof. 

Toqether with a perpetual right and ea~tment in and 

..:. / .. 

to the use of the 15 foot a 11 eyway s 1 t·:t: te immediately 
east of said land for fngr~ss and egress t~ and fro~ 
the lands hereinabove described. 

•--i~ . . .,. •.. 
above land was conveye'J_ to Grantor by John Wil1·iam Hunt 

by Deed dated HovembE!r_7, 1977. 

·t...•··· 
.;•"'. 

. . 
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0

at a st~ke on the side 
, nmnlng thence along ine, 

42 minutes East 137.05 feet to a stake, Hunsucker's Southeast corner~ thence 
88 degrees 52 minutes East 495.03 feet to a stake In Dewey l. Caylness' "Nest-1'""'''"""~.;;-...,. 
thence along the Caviness line South 1 degree 2.fmkJtes West 132.16 _feet to a 
Caviness' comer~ thence South S degrees 57 minutes Eost 23. 19 feet to a stake)" 
North 86 degrees« minutes 30 seconds West 204,59 feet to a stake, Rich's 1\1,,"~-••••: .. •~.'1• 
earner~ thence olong Rich's West line South 2 degrees'12 minutes 30seeonds West 
feet to a stake in the Union Carbide Corporation North ITne; thence along Union 
Corporation line North 87 degrees 19 minutes 30 seconds West 131,33 feet to a itake~ .. 
thence North 82 degrees 54 minutes 30 seconds West '136~ 12 feeftO a stake, Robbins' 
comer~ thence along Robbins' line North 4 degrees 25 minutes East 99.95 Feet to a · 
Robbins' comer; thence continuing along Robbins' line North 85 degrees"40 miriu 
282.15 feet to a stake in the Eastern right of way llne of Uwhar~ie Street~ thence 
sold right of way line North 24 degrees 26 minutes 30 seeMds East 216,65 feet to a 
thence continuing along sold right of way line North 20 degrees 30 minutes .30 seconds 
99,92 feet to the point and place of the beginning~· ·r.; - :_, · · 

·.-:·:--."!~;-~~--· :'. ···: 
See map of Moore, Gardner and Associates, Inc.; 'd::tted July 2, 1976, designated Job 
626()..479, Book No. 774. • · ·· 

~ 

:·.·. 
~~: 

"' ., 
.- 't ~--:1:· 

Thubow land Wllc<tnftyod to Crontor by E. M. Armfield. et ol . • .s .. llook No. 
TO HAVE AND TO IIOLD Thcabo .. dcocnbtd prtmbu,wi<h all the aprunonanonthcrcunto bolonpr, or In any ..U. apportJ.ini••r. ••nto• lilt 

hrirsand/or tuccnson and ustrn• forrrrr. •· · ~. 
And the Crant~r ro .. nanto that hc to l<iztd or aaid P,.mioot In fte, and hu dot ~ht to..,.._, thcaamtln foeo!mplo: thai aaid ptnnbot 

cumbranus (whh the c..tt:epdona abln"C au ted, af lftJ')i and thar he .,ill warr1 ft 1 and de(rnd the uid title to the aame •cairut the t.w(ul dalmt 
11rh ttmtonrr. 

\\'hen rtftrmcr is nnde to the Crantor or CrantH, the 'linculv ahaU include the pi\II"IJ ancl tt.e rnuculine ahaD lnduclt tile lcmltlbtf. or tt.e 
yc~::iri~~;:;.,"'";it';;E~REOP, thc Crantor has r•u~d thb decd to be neeutod by Its duly autloonud officon an~ Its ocal to be h.,....n<o affi•cd .. the 
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?,77. ' .. 
···~~ 

----- -·- -~-~--~::;;.::~-====== :::::::::=====:=:~======= -fi\ci!'7sA:ncmL ~u coo>ANY, INc. . - · ~ To- Ullio:~ CA?-:B:rn: AND CAR3)l'l cORP.T 
. 'l'l!IS D!m lllllde the 3ln. d'Q" ct Dec.,..}.<~r, 1949, by ::A.l'ICINAL CAR"'N CCM?AIIY, INC., a ccrpcr-ation organized 
. al"d exhting under and by rlrtue ct the l&>IS ct the 3to.te ot !l"" Yark, part:r ct the first 12!. rt, to Union 
. Csrbide w Car~<Cn Ccrpcftt1cn, a ccrpc,.,.tlcn organized and existing wxier O!Uld by virtue of the lava ct the 
S~ate ot J;ev York, party or tbe aecord part1 · . 

: !! 1 I li !< ~ 2 1: ! !!.= 
~t, the s'>id part7 ct the first part, in ecnside,.,.t1on or Five Dollars ($5.00) to it paid by the said 

part:;- .,r the seeon<" part, the receipt or vhich 1s hereby acknovled,d, has barg'lizled and sold an' by these 
""""sents does bar<:&!n, sell and eCIIVIIy unto the aald part;r ct the •eeond part and ita successo1"8 and asslgtls, 
!"cllovin~ qescrlbed parcels ct land dtunted 1n tbe Ccunt:r or Ra:rlolph, State or llorth Carolina: 

the I 
1. A :.:m-eel ~ land vith the buildings am improvements ther-eon aituate 1n Asheboro TINnship 1n said 

County of ilAD!.Olph, State ct North Carolina am bc1JT.ded sa ro~~-'!!.l-

-7-. Be~lnninll; at an iron pipe on the northvest aid~ or Higbva7 No. Fort,.-nine 30 teet from the center tr aid 
·hi.~bv"7 and rmm1ng North 6S degr.es 20 minutes East pe....Uel vlth the center Hne ot ea1d Hlgbvq No. Fort,.-nine 
'286. ~1 feet to an iron pipe, -Cr&ntcrd Hosieey Mills 1 eornerr there e North 29 deltN"e 18 lllinutea lleat vlth Cran
t?rd llosieey MUla' line ~.70 teet to an iron Pi!XII thenee South 7 degroees 34 llinutes 11..-t 476.92 teet to the 
bet;lnning,contalning 57,972 llqu&re feet, more or leu, as ehCIVII en a Mp -.de "r1f Richard H. M,cre, c. E., 1n 
;,.,us.r:f, 1946, O!Uld recorded in PlAt !look ·4, pee~ 38, in the ctrice or the Hef(lster or Del!da tor Ran:lolph Count:r, 
::or..h C-u-olina; being the aalle J"ll'Cel or land CD!l7eyed t~ the party of the first pert by:. c. Cranford b;r de-.d 
~~ed:;~~~t2l, 1947, '.Uld recorded in the office or the Re!:lster of Deeds for IIN>dolph County 111 lloolc No. 387, l 

2. All that pereel ct land vith the bu1141nga nnd lloproveD>r.:ts thereon situate in Asheboro TOintahip, County ! 
or R..'lndolph, State or ::ortb Carclln&, and bcu."ded as follOVSI I 

' 2e.-.! ... n1r-: 'lt ,_., !~n !'ipe on •.he nol":.!Nest side cor i!i!:hvq ··~. <orty-nine 30 feet fro:n the center or allld l 
highv:1;r, ~. C, Cro.nford 1s southeast corner, Md running r.orth 62· de.,...es 25 lllinutea East, P"'re.llil vtth the center l 
Hr.e or •~id f.1ginla7 l:o. Forty-niM 200.14 teet to an iron pipeJ thence tlorth 29 degnHa 18 minutes West 677 .OS 
feet to an iron pil'81 ~hence South 7 degrees 31. minutes :lest 333,16 tHt to an iron piper thence South 29 degrees 
!8 m!nutes E-,.st 404.70 teet to t.he point or beo;nni~, containing 108,249 aquare feet, r.nre or less, as aholm 
'Jn a nap rod., b-• Richard H. Mt>ore, c. E., !.n Janus.r:f, 1946, and recorded in Plat Book. 4, paee 38, in tbe otrlee 
nf t-,e :te,.ister of Deeds tor ~andolph Count,-, !:orth ~-olinar being the procert:r conveyed to the part:r ot the 
f!.rst pBI't b:r Crer.!'ord Hos1eey !olllla, Illc., ~- d..-.i doted August 21, 1947, and recorded ir. the office ot the 
i1.e1iote!" of Deeds1br R-.ndolph County, in Sook lio. 387, !'o~e S7S. 

I 
J. A!l other real prcpert:r and all ri~hta 1n real ;ll'Opert:r , vhether legal or equihble, ovn~td by tbe 

l'"rt7 o!: "':he tint p&rton the dsta or the ensealil'g of these presents and altuated in the Count:r ot Randolph, 
St'lttt of '"orth Carolina. 

:::o !'.~VE AID TO HOLD THE aforasaid trscta or parcels or land and ·all pri Yilagaa and a;>purte-a thereunto 
'>eloneing to tbe nid ,..n:r ot the ascend !Xl-"t 111!1 1 ts oucoes110n and usiiJIIe to:reftr. 

n:'l!!S'!'nl:l~'Y 1/""--.:ru::OF, the nid p&rty or the first part has caused thaN Jl"Mnta to be algned by ita dul:r 
t"lthorized officer and its ccrpcreta seal to be artlxed ani attested the day and ,.a!' tint abon vrlttea. 

Atte•t: 

:; . s, 3ehringer 

S!.\TE ·CF :v YORK I .• • 
~OT.:TI OF ::~ YaRX I " • 

NATIONAL C.I.RllON COMPANY. Ill':: • 

BY J, M. SwMJor 
nee-President 

-
:l>ls 313t day o! ::P.c'!lll:Oer, A. D. 1'}1.9, ,..,rson'll1y eome be~ore 11111, a liot.ary Publie for the Count:r a.":d Sto.te 

"!"ore.-.td :. ::. 3pal'~ler, vho be1nq b:r ne d,].y s.,.,rn S!lJ'~ ~hst t. 1s "Vice Pnsitleat of trATIJNALUBJR OJMPA1iY, 
::·:., ~-<\ .,_,__,_ •• the !eu o.trlxed to the ~o,..,._..,i~ i!lstl'U:lent 1n vrlting 1a the corporate seu or osld ecrpc""t.l"r. 
-.::~ ~: s~ =-:1~ vt"l.Hr~ vss si!:ftBd Ulrl snl.,d Oof h!,. 1-1 !>ehlt ot so.id eorpor'\•.ton b-t ita ll"J~horit,. duly g1...,n, ar<i 
~~e stili J. :: • ..7:':1\!":~ler ll":knovled~ed the S'li,j ,."!"1~1r.g to tt: t!':O :tet ::md deed ot e31d eorporation •. 

::;~-u.::s :.. , FA!.OONI 
:·~tary :·-thli'!, ~t'\te ot• ;;, lark 

;jharles A, Fill eont 

::•sldin~ b Richmond Cn. Ce,...irieate tile<! in 
ltAv Ynr:C Co. Glerk 1 ~ :·~. 142, Re~iste!" 1 s ~:o. <.57•F-o 
':olll::!iS3ion Ex"ire3 ~~1.re!l 30, 19SO 

':',.._,sr .. ,. cr ~:oc.,..I'tiftS to o:iYtt erteot to lllllr -er ot N ... ~.!?n'!l CU"bon COift"B:lYr 
'""!>~n·.!on. :;, ec~sidera~ion pa~ble and r.o Fet!eral "!ax Stampa .f"&1Uired. 

r~RT!! c·.~·,r.r::.-\, AA~!lXlLP!i c:Jtr:n. 

1Mo :Ini.,n C1.T'bide ani Cvbon j 
i 

:'l-.e fo-re,..,tne Ce:"titleate or Charlea A. Falconi a No~ey Public of RlehiiX>nd Ccant:r, 
t~ be c~~t. Let ~~e Instrument, vlth the certitleate, be r.t!!'latered. 

State ot R, T. is adjudged, 

~h~3 10 clo.y "r -u~., l'ISO. 

Jlellie R. Joms. A as 't. 
Clerk Supel'ior Court 

F!.!ed fer roe~lst,.,.tion at 4:30 o'clock P. H. Jan, 10 19SO, and ~lstered in the oftlee ct the Re~ister ot Deeda 
for ~~r.oi~l"" t:ounty, in Sock !lo. )51, l'affe ro.m. 

Meso M, \lard 
.,n .. c ...... • •"' - •. ~ ': 

.• r n - '· •• 1:" It •• '!I ,. .:J ~ •: b 1/, .-1 J Jl ¥ .f J ;: J ;: :1 ,'3 :; 11 1: • 
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NORMAL ANNUAL TOTAL PRECIPITATION (INCHES) 
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MEAN ANNUAL LAKE EVAPORA TlON 
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TO: 

FROM: 

RE: 

=---May 16, 1989 

Superfund Branch Staff 

Pat DeRosa y}) 
critical Habitats of Federally Listed Endangered 
Species in North Carolina 

Reference 42 

On May 18, 1989, I spoke by telephone with John Fridel!, US 
Fish and Wildlife Service, Asheville, NC (704) 259-0321 to 
request an update on critical habitats in North carolina. Mr. 
Fridell said the Fish and Wildlife Service has been reorganized 
into a western and eastern office in North carolina. His office 
now handles only western North Carolina. He said there have been 
no changes in the designated critical habitats identified in 
western North Carolina. 

I then spoke by telephone with Debby Mignogna, US Fish and 
Wildlife Service, Raleigh, NC (919) 856-4520 regarding critical 
habitats in eastern North carolina. Ms. Mignogna sent the 
attached maps of the 2 critical habitats designated in eastern 
North carolina. Please note that the Waccamaw Silverside is 
listed as threatened, not endangered. 

PD/pb/critical.hab 
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Notropis mekistocholas 

Order: Cypriniformes 

Family: Cypri nfdae 

Status: Endangered.(Federal Register 9/25/87) 

RECEIVED 
MAY 19 \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 Chathc~ 
Counties, North Carolina. 

The strongest population is located around the junction of :he ~~cky =i~~r 
and Dee~.Rlver in Chatham and Lee Counties where the fish inhabits tne 
Deep River from the upstream limits of the backwaters of Locksville G:m 
upstream to the Rocky River; then upstream from the Rocky River to Se:r 
Creek, and upstream from Bear Creek to the Chatham County Road 2156 
Bridge. A few. individuals have been collecteo just downstream of the 
Locksville Dam, but because. of the limited extent of Cape Fear shiner 
habitat at this site, it is not beljeved this 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 Deep River system in Randolph and Moore 
Counties. This population is believed to be small (Pattern and Huish 
l985, 1986). In a 1985 survey, three i ndi vi dua 1 s were found above the 
Highfalls Hydroelectric Reservoir; one in Fork Creek, Randolph County, and 
two in the Deep River, Moore County. The species was also found 
downstream of the Highfarl s Dan. However, the extent of sui table habitat 
in this stream.reach is limited, and it is thought that these individuals 
likely result from downstream movement from 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 
Harnett County. · 

Three historic populations have apparently been extirpated: one in Robeson 
Creek, Chatham County, believed lost when Jordan Lake flooded part of the 
creek; and one each in Parkers Creek and Kenneth Creek in Harnett County, 
which disappeared for unknown reasons. 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.·mekistoch9las 6/88" 

---Description: Tile Cape Fear- siliner- ~s smail, :·ar-e:J exce-:ding 2 ir.ciie.: 
in length. The fi~h·s body is flushed with a pale silvery yellow, and a 
black band runs along its sides (Snelson 1971). The fins are yellowish 
and somewhat pointed. The upper lip is .black, and the lower lip bears a 
thin black bar along its margin. The Caoe Fear shiner, unlike most ot~e~ 
members of the large genus Notropis,. feeds extensively on plant 
material, and its~di9estive tract 1s modified for this diet by having an 
elongated, convoluted intestine. 

Reasons for Current Status: The Cape Fear shiner may always have 
ex1sted 1n law numbers. However, its recent reduction in range and its 
small population size (Pattern and Huish 1985, 1986) increases the 
species• vulnerability to a catastrophic event, such as a toxic ~hemical 
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 regulation at existing hydroelectric 
facilities-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 and 
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 Division of Soil and Water Conservation considers 5 tons of soi 1 
loss per acre as the maximum 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 discharges, and other projects in 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., cobble, and 
boulder substates and has been o~served 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 in slackwater, among large rock outcrops in midstream, and in 
flooded side channels and pools (Pattern and Huish 1985). 

Critical Habitat: (1} North Carolina, Chatham County. Approximately 
4.1 m1les of the Rocky River from North Carolina 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 

=i--.-

Chatham and Lee Counties. Approximately 0.5 river mile of Bear Creek, 
from Chatham County Road 2156·Bridge downstream to the Rocky River; then 
downstream in the Rocky River (approximately 4.2 river miies) to the Q~~P 
River, tnen downstream in the Deep Ri'le'r (approximately 2.6 river mil.:;s) 
to a point 0.3 river mile below the Moncure, North Carolina, U.S. 
Geological Survey Gaging Station; and (3) North Carolina. Randolph and 
Moore Counties. ·Approximately 1.5 miles of Fork Creek, from a. point 0.1 
river mile upstream of Randolph County Road 2873 Bridge downstream to the 
Deep River then downstream approximately 4.1 river miles of the Deep River 
in Randolph and Moore Counties, North Carolina, to a point 2.5 river miles 
below Moore County Road 1456 Bridge. 

Constituent elements include clean streams with gravel, cobble, and 
boulder substrates with pools, riffles, shallow runs and slackwater ar:as 
with large rock out~~oos and ~ide channels and pools with water of gee: 
quality with relatively low silt loads. 

Feeding Habits: Plant material forms the primary part of the diet. 

Reproduction and Development: No ·information is· pres'ently available on 
breed1ng behav1or, fecund1ty, or longevity. 

Population. Leve 1: Total numbers are unknown, but all populations appear 
to be small. Surveys conducted in 1984 and 1g8S 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 from the 
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 natural 
conditions of the remaining habitat. Providing for a higher level of 
security will necessitate determining limiting factors and reestablishing 
additional populations into suitable waters ~ithin the historic range. 

References: 

North Carolina Department of Na~ural Resources and Community Development. 
1983. Status of Water Resources in the Cape Fear River Ba~in. 135 
pp. 

Pattern, G.B., and M.T. Huish. 1985. Status survey of the Cape Fear 
shiner (Notropis mekistocholas). U.S. Fish and Wildlife Service 
Contract No. l4-l6-00Q9...;lS22. "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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Snelson, F.F. 19n. Notropis mekistocholas, a new cyprinid fish 
endemic to the Cape Fear R1ver bas1n. North Carolina. Copeia 
1971 :449 -462. .· 

U.S. Fish and Wildlife Service. 1987. Endangered and threatened wi1diife 
and plants;: determination of endangered spe_cies status and 
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6/88 

NORTH CAROLINA Critical Habitat 

--- -
Notropis mekistocholas, "Cape Fear shiner" 

. 
(1) Chatham County. Approximately 4. 1 miles of the Rocky River from :1orth 
Carolina State Highway 902 Bridge downstream to Chatham County Road 1:10 
Bridge; 
(2) Chatham and .Lee. Counties. Approximately 0.5 river·cile 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) to the 
Deep River, then downstream in the Deep River (approximately 2.6 river . . 
miles) to a point 0.3 river mile below the Moncure, North Carolina;. 
U.S. Geological Survey Gaging Station; and 
(3) Randolph and Moore Counties. Approxicately 1.5 miles of Fork Creek, 
from a point 0.1 river mile upstream of Randolph County Road 2873 Bri~ge 
.downstream to the Deep River then downstream approximately 4.1 river ~iles 
of the Deep River in Randolph and ~core Counties, North Carolina, t·::l ~ point: 
2.5 river.miles below Moore County Road 1456 Bridge. 

Constituent elements include clean streams with gravel, cobble, and 
boulder sub~trates with pools, riffles, shallow.runs and slackwat:er areas 
with large rock outcrops and side channels and pools with water of_good 
quality vith relatively low silt loads. 
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. 7/87 
SUPERFUND BRANCH 

~@*MAW SILVERSIOE 

Menidia extensa 

Order: i"ugil iformes 

Family: Atherinl-dae 

Status: Threatened (Federal Register 4/8/87) 

~alge: Known only from Lake waccamaw and the upper Waccamaw River in 
o bus County, North Carolina. The s11verside is found in the uppe:"' 

Waccamaw River only during periods of high·water and is not a permane~: 
resident. Lake Waccamaw (not to be confused with the town of Lake Wac:amaw) 
is the prooerty of the State of North Carolina and is administered by :~e 
i~or:h Carolina Department of Natural Resources and Community Developme~:·s 
Division of Parks and Recreation. 

Description: The Waccamaw silverside, also known as "skipjack" or "g::ss 
m1nno_w," 1s a small (growing to about 2.5 inches), slim, almost transparent 
fish with a silvery stripe along each side. Its body is laterally 
compressed, the eyes are large, and the jaw is sharply angled upward. 

Reasons for Current Status: The primary threat is the deterioration of 
water qual1ty 1n Lake Waccamaw resulting from nutrient buildup. Altho~gh 
specific sources are currently unidentified, runoff and leachate from 
surrounding development may be contributing to the buildup. Nutrients ~n the 
lake increased since 1973, and it now appears that any further increase 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 loading rates in the lake mvre 
than tripled in the years between 1973 and 1981. They further state :~at 
"continued high rates of phosphorus input (organic pollution) will lik:ly 
bring the lake to a hyper-eutrophic state ••• by the end of the century." 
Water quality could also be affected 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 planned and implemented 
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 
Commission. Although the permit stipulates certain precautionary measures, 
escape of non-native predators from such a project into the system co~'d 
upset the existing predator-prey relationships in the lake to the detriment 
of the· Waccamaw silverside and other fishes now present in the lake. 

A final factor that could threaten the Waccamaw silverside relates to its 
very 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 loading, even on a short-term 
basis, could cause the extinction ~f this fish. 
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. 7/87 

WACCAMAW SILVERSIDE - M. extensa ~ - -
Habitat: Lake Waccamaw is a natural lake with an approximate surface area 
ot 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 neutra1 
condition, unusual among North Carolina's coastal plain lakes, is believed ~o 
be caused by the·buffering effect of the calcareous Waccamaw Limestone 
formation, which underlies the lake and is exposed on the north shore. The 
Waccamaw silverside 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 water 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, with a neu~ra1 pH 
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 millions. 

Management (Activities, Recommendations, Implications): The taking of 
s1lvers1des 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 could affect water and substrate Quality 
by increasing siltation and/or nutrient loading, or by altering 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, D.G. Lindquist, and C.G. Yarbrough. 1986. 
Algal and Physicochemical Indicators of Eutrophication in a Lake Harboring 
Endemic Species: lake Waccamaw, North Carolina. Journal of the Elisha 
Mitchell Scientific Society 100(3):83-103. 

Davis, J.R. and D.E. Louder. 1969. Life History of Menidia extensa. 
Transactions of the American Fisheries Society 98(3):466-472. 
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NORTH CAROLINA - Critical Habitat 

Menidia ext:ensa, "Waccama~~side" 

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 
kilometer (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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NORI'H CAroLINA - critical Habitat 

--.... -
Hybopsis ncnacha, "spotfin chub" 

1-'.a.con and Swain Counties. .:..i ttle Te.tmessee River, rrain channel :~an 
the backwaters of Fontana Lake upstream to the N:Jrt.l-} carolir~G-Geo=gia 
state line. 
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NORTH CAROLINA - Critical Habitat 

Hudsoni a montana, "r.tou nta in golden heather" 

Burke County. The area bounded by the following: on the west by the 
2200' contour; on the east by the· Linville Gorge Wi1derness Boundary 

11/80 

north from the intersection of the 2200' contour and the Shortoff Mountain 
Trail to where it intersects the 3400' contour at "The Chimheys"--then 
follow the>3400 • contour north until it rei ntersects the Wilderness 
Bourdary--then follow the Wilderness Boundary again northward until it 
intersects the 3200' contour extending west from its intersection with 
the Wilderness Bourxiary until it begins to turn south--at this point the 
Boundary extends due east until it intersects the 2200' contour. 
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Stat!: of North Carolina 
Department of Natural Resources and Community Development 

Division of Soil and Water Conservation 
512 North Salisbury Stn:et • Ralc:igh. North Carolina 27611 

I James G. Martin, Governor 
S. Thomas Rhodes, Sec:n:tary June 21, 1988 

David W Sid~ 
Oireetor 
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Ms. Pat DeRosa 
Superfund Branch 

·Bath Building 

Dear Ms. DeRosa: 

Enclosed is the list of hydric soils of North Carolina. The soils are listed 
by soil order. The information is presented in the following order: county 
distribution, acreage, drainage class, capability class, and associated 
wetland communities. The soils with a red asterisk are floodplain soils and 
may be of ·more importance to you. The soil surveys of each county will be a 
valuable resource for approximate wetland boundaries by using the hydric soil 
list and the delineated soil maps. If I can be of further assistance to you 
on hydric soils or wetlands, please call. 

Sincerely, 

Kevin Moorhead 
Wetlands Program 

P.Q Box li6Si. IQ~ Nonh urolin:l 27611·7687 Telerhont' 919·7H·l30~ 

An Equal Opponurucy AltirmaM!e Action Ern~'CI' 
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To: Staff 

From: Ed.Wallingford 

Re: Wetland~'Baps 

12 February 1990 

Th Division of Soil and Water Conservation has wetlands 
maps available on 7. 5 minute USGS topographic quad copies. 
The maps show areas of wetlands according to the National 
Wetland Classification System. Also indicated are the type of 
wetland (i.e. freshwater vs. saltwater), the degree of 
wetness, and the type of cover. Copies can be sent free upon 
request: contact Steve Leonard at 733-2302. 



I THE HYDRIC SOILS OF NORTH CARO~INA 

I 
I 

Over 100 hydric soils have been used in soil survey work in North 
Carolina. Seven of the 10 soil orders are represented and each soil order 
is discussed separately. 

I 
I 

ALFISOLS 

Argent 

Brookman 

Grifton 

I Leaksville 
~Meggett 

I Nakina 
Stockade 

I Tuckerman 
Yonges 

·I 
1 .. ~ 

ENTISOLS 

Bibb 

I 
Bohicket 

I Capers 
Cartecay 

I Carteret 

I Chastain 

f Chow an 

Ducks ton 

I Engelhard 

I Hatboro 

I 
I 

-Washington, Tyrrell and Pamlico Counties, 27,200 acres. Poorly 
drained, 6w. Isolated swamps and pine/hardwood forests, pocosin 
fringes. 

- Pamlico and Columbus Counties, 9,690 acres. Very poorly drained, 
6w. 

- Bladen~ Columbus, Brunswick, Pender, Onslow, Duplin, Lenoir, 
Jones Counties, 64,958 acres. Poorly drained, 6w. Savannahs, 
bottomland forests, pine/hardwood forests. 

- Rockingham County, 1,901 acres. Somewhat poorly drained, 3w. 
- Nash, Edgecombe, Lenoir, Craven, Jones, Pender, Bladen, Robeson, 

Columbus Counties, 49,114 acres. Poorly drained, 4 to 6w 
(flooding). Bottomland forests. 
Columbus County, 18,721 acres. Very poorly drained, 6w. 

- Pamlico and Jones Counties, 23,459 acres. Very poorly drained, 
6w. Mixed hardwood/pine forests. 

- Pitt County, 8,832 acres. Poorly drained, 3 to 5w (slope). 
- Pamlico County, 27,286 acres. Poorly drained, 61o0. 

Pocosin fringes. 

- Pasquotank, Hertford, Bertie, Halifax, Martin, Edgecombe, Nash, 
Pitt, Greene, Wilson, Nash, Wake, Johnston, Wayne, Lenoir, 
Duplin, Sampson, Harnett, Moore, Robeson, Scotland Counties, 
287,668 acres. Poorly drained, 5w. Bottomland forests. 

- Onslow, Pender, Brunswick Counties, 23,522 acres. Very poorly 
drained, Sw. Tidal brackish marsh. 

- Hyde County? Very poorly drained, 6w. 
- Durham County, 1,831 acres. Somewhat poorly drained, 7w. The 

known acreage of Cartecay may not meet the criteria of hydric 
soil because this series is considered hydric only when ponded. 

- Dare, Carteret, Onslow, Pender, Brunswick Counties, 24,729 
acres. Very poorly drained, 8w. Tidal brackish marsh. 

- Rockingham, North Hampton, Martin, Johnston, Pender, Bladen, 
Columbus, Richmond Counties, 47,038 acres. Poorly drained, 4 to 
6w. Bottomland forests. 

- Camden, Gates, Chowan, Perqu~s, Tyrrell, Brunswick Counties, 
27,596 acres. Very poorly drained, 7w. Cypress/gum swamps. 

- Outer banks, 5,000 acres. 
Brackish marsh/shrub zone, swales between dunes. 

- New series in Hyde County. Poorly drained, 6w. Formerly mapped 
as a phase of Weeksville or Pasquotank series. 
Henderson County, 1,674 acres. Poorly drained, 3w. Bottomland 
forests. 
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Hobucken 

Kinston 

Hucka1ee 

Nawney 
Osier 

Wehadkee 

Wysocking 

HISTOSOLS 

Belhaven 

Croatan 

Currituck 

Dare 

Dorovan 

Hobanny 

- Pamlico and Carteret Counties, 21,134 acres. Very poorly 
drained, 7w. Tidal brackish marsh. . 

- Lenoir, Greene and Wayne Counties, 11,009 acres. Poorly drained, 
6w. Bottomland forests. 

- Washington,·Beaufort, Craven, Jones, Onslow, Duplin, Pender, 
Columbus, Brunswick Counties, 187,878 acres. Poorly drained, Sw. 
Cypress I gum swamps.._ bottomland forests. 

- Gates County. Very poorly drained, 7w. 
- Pitt, Robeson, Dare and Currituck Counties, 8,827 acres. Poorly 

drained, Sw. Harsh/-sh~b transition in the outer banks, ? 
- Cherokee, Graham, Avery, Watagua, Caldwell, Wilke, Alexander, 

Catawba, Iredell, Cabarras, Yadkin, Forsyth, Rockingham, 
Guilford, Anson, Moore, Lee, Chatam, Alamance, Person, 
Granviile, Vance, Warren, North Hampton, Hertford, Bertie, 
Halifax,· Edgecombe, Nash, Wilson, Johnston, Harnett, Wake, 
Durham, Franklin Counties, 218,030 acres. Poorly drained, 6w. 
Bottomland forests. 
Hyde County. Poorly drained, 6w. 

- Camden, Gates, Dare, Tyrrell, Washington, Beaufort, Hyde, 
Pamlico, Carteret Counties, 160,346 acres. Very poorly drained, 
7w. Pocosins. 
Hartin, Beaufort, Pamlico, Craven, Carteret, Jones, Duplin, 
Onslow, Pender, Duplin, Cumberland, Bladen, Columbus, Brunswick 
Counties, 294,822 acres. 7w. Pocosins, Carolina Bays. 

- Currituck, Dare and Beaufort Counties, 44,642 acres. Very poorly 
drained, 8w. Tidal brackish and freshwater marsh. 

- Currituck, Hyde, Beaufort, Craven, Pamlico, Carteret Counties, 
83,881 acres. 7w. Pocosins. · 

- Currituck, Camden, Perqutmans, Chowan, Gates, Hertford, Bertie, 
Hartin, Washington, Tyrrell, Hyde, Beaufort, Craven, Carteret, 
Onslow, Pender, Bladen, New Hanover, Brunswick, Columbus 
Counties, 255,712 acres. Very poorly drained, 7w. 
Cypress/gum swamps. 

- Jones, Dare and Camden Counties, 13,029 acres. Very poorly 
drained, 7w. Tidal freshwater marsh. 

Lafitte - Craven, Pamlico, Onslow, Brunswick, Carteret Counties, 43,821 
acres. Very poorly drained, 8w. Tidal brackish marsh. 

Hattamuskeet- New series in Hyde County. Very poorly drained, 7w. 
Pamlico - Wayne, Lenoir, Sampson, Bladen, New Hanover Counties, 42,834 

acres. Very poorly drained, 7w. Pocosins. 
Ponzer - Currituck, Dare, Hyde, Tyrrell, Beaufort• Washington, Craven, 

Carteret, Robeson Counties, 123,258 acres. 7w. Pocosins, 
isolated deciduous hardwood forests. 

Pungo - Gates, Camden, Washington, Tyrrell, Dare, Hyde Counties, 250,811 
acres. Very poorly drained, 7w. Pocosins. 

Scuppernong - Chowan, Perqu~s and Washington Counties, 9,810 acres. 7w. 
Pocosins. 
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INCEPTISOLS 

Arapahoe 

Ballahack 

Chenneby 

Conaby 

Fortescue 
Johnston 

Liddell · 
Masontown 

Nikwasi 

Pasquotank 

Pettigrew 
l'olawana 
Roper 

Rutledge 

Sylva 
Torhunta 

Toxaway 

Wasda 

Weeksville 

Wilbanks 

MOLLISOLS 

Armenia 

- Chowan, Perqu~s, Washington, Tyrrell, Beaufort, Craven, 
Pamlico, Carteret Counties, 88,436 acres. Very poorly drained, 
6w. Mixed hardwood/pine forests, pocosin fringes. 
Gates, Edgecombe and Pamlico Counties, 11,817 acres. Very poorly 
drained, 6w. Pocosin £ringes, bottomland forests. 

- Columbus County (in association with Chastain). Somewhat poorly 
drained, 4w. Only the ponded phase of this series is considered 
hydric so the known acreage of Chenneby may not be considered a 
hydric soil. 

- Currituck, Washington and Dare Counties, 7,337 acres. Very 
poorly drained, 6w. Mixed hardwood/pine forests, brackish 
marshfshrub zone, bottomland forests. 

- Washington County, 720 acres. Very poorly drained, 6w. 
- Bertie, Edgecombe, Greene, Wayne, Lenoir, Duplin, Sampson, Hoke, 

Cumberland, Bladen, Robeson, Columbus, Scotland, New Hanover 
Counties, 245,727 acres. Very poorly drained, 7w. Bottomland 
forests, cypress-gum swamps. 

- Wayne and Pender Counties, 29,658 acres. Poorly drained, 6w. 
- Pamlico, Craven, Carteret and Onslow Counties, 21,182 acres. 

Very poorly drained, 7w. Cypress-gum swamps • 
- Proposed mountain floodplain series in Haywood, Jackson, Clay 

and Macon Counties. Poorly and very poorly drained, 6w. 
-Currituck and Pasquotank Counties, 17,669 acres. Poorly drained, 

6w. 
- New series in Hyde County. Very poorly drained, 6w. 
- Harnett County, 791 acres. Very poorly drained, 6w. 
- Camden, Washington, Tyrrell and Dare Counties, 38,442 acres. 

Very poorly drained, 6w. Mixed pine/hardwood forests, pocosin 
fringes. 

- Scotland, Robeson and Pamlico Counties, 9,306 acres. Very poorly 
drained, 6w. 

- New series in Jackson and Macon Counties. Poorly drained, 3w. 
- Beaufort, Craven, Carteret, Jones, Lenoir, Wayne, Onslow, 

Duplin, Sampson, Cumberland, Pender, Bladen, Hoke, Robeson, : 
Columbus, Brunswick, New Hanover Counties, 276,924 acres. Very 
poorly drained, 6w. Carolina Bays, Pocosin fringes, mixed 
pine/hardwood forests. 

- Graham, Clay, Transylvania, Henderson, Buncombe, Yancey, Ashe, 
Watagua, Avery, Mitchell Counties, 19,453 acres. Very poorly 
drained, 4w. Bottomland forests. 

- Currituck, Camden, Tyrrell, Washington, Beaufort, Hyde, Pamlico, 
Carteret, Bladen Counties, 66,658 acres. Very poorly drained, 
6w. Pocosin fringes. 

- Pasquotank, Hyde and Tyrrell Counties, 44,706 acres. Very poorly 
drained, 6w. 

- Hertford, Halifax, Wilson and Bladen Counties, 11,447 acre~. 
Very poorly drained, 6w; 

- Davie, Davidson and Cabarrus Counties, 2,445 acres. Poorly 
drained, 3 to 6w. 
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Picture - Granville County. Poorly drained. 
Stano - Pasquotank County, 923 acres. Very poorlx drained, 6w. 

SPODOSOLS 

Leon - Beaufort, Pamlico,_Carteret, Jones, Craven, Lenoir, Wayne, 
Duplin, Onslow, Sampson, Pender, Cumberland, Hoke, Robeson, 
Bladen, Columbus, Brunswick, New Hanover, Gates, Dare Counties, 
261,332 acres. Poorly drained, 4w. Pine flatwoods, savannahs. 

Lynn Haven - Cumberland, Hoke, Sampso.n, Bladen, New Hanover, Chowan, 
Perquimans Counties, 62,670 acres. Poorly drained, 4w. Pine 
flatwoods, savannahs. 

Murville - Pitt, -Craven, Lenoir, Jones, Carteret, Onslow·, Duplin, Pender, 
New Hanover, Brunswick, Columbus Counties, 178,870 acres. Very 
poorly drained, 5w. Pine flatwoods,· savannahs, Carolina Bays. 

Olustee - Pitt County, 1,265 acres. Poorly drained, 3w. Has recently 

ULTISOLS 

Bayboro 

Bethera 

Bladen 

Byars 

Cape Fear 

Chatuge 
Coxville 

De loss 

Elkton 

been correlated to Murville soil. 

- Pasquotank, Hyde, Beaufort, Craven, Jones, New Hanover Counties, 
80,781 acres. Very poorly drained, 6w. 

- North Hampton, Halifax, Martin and Columbus Counties, 59,682 
acres. Poorly drained, 6w. Bottomland forests. 

- Gates, Hyde, Pitt and Pasquotank Counties, 64,610 acres. Poorly 
drained, 6w. Mixed hardwood/pine forests. 

- Hoke, Cumberland, Robeson, Bladen and Pitt Counties, 15,826 
acres. Very poorly drained, 6w. Mixed pine/hardwood forests, 
Carolina bays, pocosin fringes. 

- Cumberland, Bladen, Pitt, Edgecombe, Beaufort, Washington, 
Tyrrell, Dare, Currituck, Camden, Perquimans, Chowan, Gates 
Counties, 90,915 acres. Very poorly drained, 6w. Pocosin 
fringes, bottomland forests. 

- Jackson and Clay Counties. Poorly drained, 4w. 
- Edgecombe, Franklin, Pitt, Wilson, Lenoir, Wayne, Harnett, 

Sampson, Bladen, Cumberland, Hoke, Robeson, Scotland, Columbus 
Counties, 90,771 acres. Poorly drained, 4w. Mixed hardwood/pine 
forests, pocosin fringes. 

- Cumberland, ·craven and Carteret Counties, 54,574 acres. Very 
poorly drained, 6w. Mixed pine/hardwood forests, pocosin 
fringes. 

- Pasquotank County, 32,626 acres. Poorly drained, 5w. Has 
recently been correlated to Roanoke soil. 

Fallsington - Pasquotank County, 1,712 acres. Poorly drained, 4w. Has 

Grantham 

Hemphill 
Hyde 

recently been correlated to Tomotley soil. 
- Bertie, Halifax, Edgecombe, Wilson, Greene, Craven, Jones, 

Johnston, Harnett, Sampson, Cumberland, Pender, Bladen, Columbus 
Counties, 81,959 acres. Poorly drained, 6w. Mixed pine/hardwood 
forests. 

- Haywood, Jackson, Macon Counties. Very poorly drained, 4w. 
- Dare, Hyde, Tyrrell, Washington, Beaufort, Camden Counties, 

81,813 acres. Very poorly drained, 6w. Pocosin fringes. 
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Icaria 

Kenansville 

Kinkora 

Leaf 

Lenoir 
Lumbee 

McColl 

Myatt 

Nimmo 

Othello 

Pantego 

Paxville 

Perquimans 

Plummer 

Pocomoke 
Portsmouth 

Rains 

Roanoke 

Toisnot 

-Gates, Chowan, Perquimans and~Dare Counties, 9,731 acres. Poorly 
drained, 6w. 

- Although on the hydric soil list, none of the known acreage in 
North Carolina meets the frequency of floodi~g criteria. 
Therefore, ·the mappeq units do not meet the criteria of a hydric 
soil. 

- Henderson, Buncomb~, Madison, Haywood Counties. 1221 acres. 
Poorly drained, 3w. 

- Hertford, Bertie, Beaufort, Pitt, Craven, Pamlico, Jones, 
Lenoir, Wayne, Johnston Counties, 259,758 acres. Poorly drained, 
4w. Pine/hardwood forests. 

- See the note for Kenansville soil above. 
- Edgecombe, Greene, Wayne, Lenoir, Duplin, Sampson, Pender, 

Brunswick, Columbus, Robeson, Scotland Counties, 76,087 acres. 
Poorly drained, 6w. Bottomland forest. 

- Hoke, Cumberland, Robeson and Scotland Counties, 19,183 acres. 
Poorly drained, 6w. Carolina Bays. 

- Wayne, Hyde Counties, 20,637 acres. Poorly drained, 3 to Sw 
(flooding). 

- Currituck, Camden, Perquimans, Chowan Counties, ·6,567 acres. 
Poorly drained, 4w. 

- Pasquotank County, 18,721 acres. Poorly drained, 3 to Sw 
(slope). 

- Gates, Bertie, Beaufort, Martin, Pitt, Craven, Carteret, Jones, 
Lenoir, Wayne, Johnston, Onslow, Duplin, Sampson, Cumberland, 
Hoke, Robeson, Bladen, Pender, New Hanover, Columbus, and 
Brunswick Counties, 206,110 acres. Poorly drained, 6w. 
Pocosin fringes, pine/hardwood forests, Carolina bays. 

- Greene, Pamlico, Sampson and Bladen Counties, 20,932 acres. Very 
poorly drained, 6w. 

- Camden, Chowan, Perquimans, Tyrrell and Beaufort Counties, 
41,467 acres. Poorly drained, 6w. 

-Wake, Robeson, Scotland and Anson Counties, 7,027 acres. Poorly 
drained, 5w. 

- Pasquotank County, 5,312 acres. Very poorly drained, 3w. 
- Currituck, Camden, Chowan, Perquimans, Pasquotank, Dare, 

Tyrrell, Washington, Beaufort, Pitt, Edgecombe, Lenoir, Har~ett, 
Bladen, Robeson, Scotland Counties, 145,023 acres. Very poorly 
drained, 6w. Pocosin fringes, pir,e/hardwood forests. 

- Gates, Hertford, North Hampton, Halifax, Bertie, Martin, 
Beaufort, Pitt, Edgecombe, Nash, Wake, Johnston, Wayne, Wilson, 
Greene, Craven, Pamlico, Carteret, Jones, Lenoir, Onslow, 
Duplin, Sampson, Harnett, Cumberland, Hoke, Scotland, Richmond, 
Robeson, Bladen, Pender, New Hanover, Brunswick, Columbus 
Counties, 836,029 acres. Poorly drained, 3w. Pine/hardwood 
forests, Pocosin fringes, Carolina bays, bottomland forests. 

- Currituck, Camden, Pasquotank, Perquimans, Chowan, Gates, 
Hertford, North Hampton, Halifax, Bertie, Washington, TyrrP.ll, 
Beaufort, Martin, Edgecombe, Pitt, Craven, Carteret, Wilson, 
Franklin, Wake, Johnston, Durham, Chatham, Lee, Harnett, 
Cumberland, Sampson, Bladen, Davie, Iredell, Caldwell Counties, 
352,125 acres. Poorly drained, 4 to 6w. Bottomland forests, 
mixed pine/hardwood forests. 

- Wilson, Franklin, Johnston, Harnett, Sampson, Bladen, Robeson 
Counties, 15,689 acres. Poorly drained, Sw. 
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Tomotley 

Trebloc 

Weston 
Woodington 

Worsham 
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- Currituck, Camden, Pasquot:ank, Perquimans, Chowan, Gates, 
Hertford, Bertie, North Hampton, Halifax, ·Nash, Wilson, 
Johnston, Craven, Carteret, Beaufort, Tyrrell, Washington 
Counties, 170,764 acres. Poorly drained, 4w •• Pocosin fringes, 
mixed pine/hardwood ~prests. · 

-Robeson County, 9,774 acres. Poorly drained, 3 to Sw 
(flooding). 

- Wayne County, 9,544 acres. Poorly drained, 3w. 
- Hartin, Lenoir, Jones, Onslow, Duplin, Sampson, Cumberland, 

Hoke, Bladen, Pender, B~unswick, New Hanover Counties, 190,108 
acres. Poorly drained, 6w. Pocosin fringes, mixed pine/hardwood 
forests. 

- Cherokee, Avery, Watagua, Yadkin, Catawba, Lincoln, Gaston, 
Alamance, Anson, Wake. Yancey, Warren, Franklin, Nash, Halifax 
Counties, 30,267 acres, Poorly drained, Sw. Drainage heads. 
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SURFACE WATER ROUTE 
DISTANCE TO A SENSITIVE ENVIRONMENT 

11Wetlands" Definition for the HRS (40 CFR 230) 

230.3 Definition. 

·(t) The term ''wetlands11 means those areas that are inundated or saturated 
by surface or groundwater at a frequency and duration sufficient to 
support, and that under normal.cir"cumstances do support a prevalence of 
vegetation typically adapted for life in saturated soil conditions. 
Wetlands; generally include swamps, marshes, bogs, and similar areas. 

230.41 Wetlands. 

(a)(l) Wetlands consist of areas that are inundated or saturated by surface or 
groundwater at a frequency and duration sufficient to support, and that 
under normal circumstances do support· a prevalence of vegetation 
typically adapted for life in saturated soil conditions. 

(2) Where wetlands are adjacent to open water, they generally constitute 
the transition to upland. The margin between wetland and open water 
can best be established by specialists familiar with the local 
environment, particularly where emergent vegetation merges with 
submerged veg~tation over a broad area in such places as the lateral 
margins of open water, headwaters, rainwater catch basins, and 
groundwater seeps. The landward margin of wetlands also can best be 
identified by specialists familiar with the local environment when 
veg~tation from the two regions merges over a broad area. 

(3) Wetland vegetation consists of plants that require saturated soils to 
survive (obligate wetland plants) as well as plants, including certain 
trees, that gain a competitive advantage over others because they can 
tolerate prolonged wet soil conditions and their competitors cannct: In 
addition to plant populations and communities, wetlands are delimited by 
hydrological and physical characteristics of the environment. These 
characteristics should be considered when information about them is 
needed to supplement information available about vegetation, or where 
wetland vegetation has been removed or is dormant. 

SW-38 
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849 Asarones 

seulensis Nakai. A. blumel Ouch., Aristolochiaceae: Colton, 
Am. J. Pharm. 52, 191 (1880); Eberhardt, ibid. 62, 231 
(1890); Gordin, J. Am. Chern. Soc. 28, 1649 (1906); H. Diet
erle et aL, Arch. Pharm. 269, 384 (1931); Huang-Minion, 
Ber. 10, 951 (1937); T. Kaku et aL, Keijo J. Med. 9, 1 (1934); 
C.A. 32, 909Qt (1938). Structure: H. Dieterle, K. Schwen· 
ger, Arch. Pharm. 277, 33 (1939). Synthesis of d/-form: M. 
Bereza. M.S. Schechter, J. Am. Chern. Soc. 78, 1242 (1956); 
K. Freudenberg, E. Fi$Cher, Ber. 89, 1230 (1956); D. R. 
Stevens, D. A. Whiting. Tetrahedron Letters 27,4629 (1986). 
Diastereoisomeric with sesamin, q. v. Stereochemistry of the 
d-form: K. Freudenberg, G. S. Sidhu, ibid. 94, 851 (1961). 
Antitubercular activity: Ramaswamy, Naturwiss. 44, 380 
(1957). 

Crystals from ale, mp 121". [a]!l' -118.6"; [<>Jfl - 122" 
(chloroform). Practically insol in water. Freely sol in boil· 
ing methanol, alcohol, chloroform, acetone, benzene. 

d-Form,.episftllmln, (+)-episftamin. Crystals from etha
nol. mp 121.5". [a]~ + 124" (chloroform). 

di-Form. crystals, mp 134-135". 

849. Asarones. 1,2,4-Trimethoxy·S·Cl·propenyl)ben:.· 
ene; 2,4,5-trimethoxy·l·propenylbcnzcne; asarin; asarum 
camphor; asarabacca camphor. CuHt60 3; mol wt 208.25. C 
69.21%, H 7.74%, 0 23.05%. From root of Asarum europae· 
um L .• Aristolochiaceae by distillation with water. Also 
found in the ethereal oils of A. europaeum and A. arifo/ium 
L .• Aristolochiaceae and in Acarus calamus L .• Araceae. 
Occurs in nature as a mixture of two isomeric forms, a oQSll· 

rone being the (E)· or trans-isomer, {J oQSllrone, the (ZJ· or 
cis-isomer. The unqualified term asarone is often used 
synonymously with a·asarone. lsoln: Gattcrmann, Eggers, 
Ber. 32, 289 (1899). Early syntheses: Seshadri, Thiruven· 
gadam, Proc. Indian Acad. ScL 32A, 110 (1950); Sharma, 
Dandiya,Jndian J. Appl. Chern. 32,236 (1969). Stereochem· 
is try of isomers: Baxter et aL, Can. J. Chern. 40, 1 54 (1962). 
Insect chemosterilant activity of t:l·asarone: B. P. Saxena er 
al .. Nature 270, 512 0977); see also G. Motolesy et al .• Z 
Naturforsch. 358, 1449 (1980). Stereospecific sy:nhesis of 
11-asaronc: M. T. S. Hsia et al.. 177th Am. Chern. Soc. 
Meet. \Honolulu, April 1979), Abstracts of Papers. PEST 98. 
Synthetic and HPLC study of a· and fJ·asarone: L. Gracza, 
Arch. Pharm. 314, 972 (1981). 

<;1-asarone f-asarone 

a-Asaronc. needles from light petroleum. mp 62-63". bp 
296'. niJ 1.5719. Practically insol in water; sol in alcohol, 
ether, glacial acetic acid, carbon tetrachloride. chloroform. 
petr ether. 

850. Asarum. Wild ginger; Canada snakeroot; Indian 
ginger. Dried rhizome and roots of Asarum canadense L .. 
Aristolochiaceae. HablL Canada to N. Carolina and Kansas. 
ConstiL Acrid resin, arom. volatile oil, methyl eugenol. 

851. Asbestos. Amianthus. Fibrous mineral silicates. 
Divided into two groups: serpentine and amphibole. Most 
common form is chrysotile [Ml!6(Si40to)(OH)1], the fibrous 
form of serpentine (see also magnesium silicates). Subdivi • 

sions of amphibole arc anthophyllite [(Mg,Fe)1(Si10u)(OH)1] 
(low iron content); ammite (Fe5Mg1(Si10 11)(0H)1]; actinolitr 
(Ca1(Mg,Fe)5(Si10 11)(0H)z]; tremolite [Ca1MglSi10u>· 
(OH)1); crocidolite or blue asbestos [Na1Fej+Fej (Si10 11)· 
(0H)1]. Reviews of carcinogenicity and toxicology: T. J. 
Haley, J. Pharm. ScL 64, 1435-1449 (1975); /ARC Mono
graphs 14, 1-106 (1977); Arch. PathoL Lab. Med. 106, 541· 
596 (1982). Review of properties and industrial applica • 
tions: W. C. Streib in Kirk ·Othmcr Encyclopedia of Chemi
cal Technology Yol. 3 (Wiley-lnterscicncc. New York, 3rd 
ed .• 1978) pp 267-283. 

Fire resistant fibers. Chrysotilc attacked by acid; am phi· 
boles, acid resistant. 

Caution: Occupational exposure to the dust can result in 
mesothelioma, squamous cell carcinoma and adenocarci· 
noma of the lung after a long latent period. This substance 
has been listed as a known carcinogen: Fourth Annual Re
port on Carcinogens (NTP SS-002, 1985) p 29. 

USE: Heat-resistant insulators, cements. furnace and bot 
pipe coverings. inert filler medium (laboratory & commer· 
cial), fireproof gloves, clothing, brake linings. NaOH treat· 
ed asbestos, Ascarite, has been used to absorb C01 in com
bustion analysis. 

852. Ascaridole. 1-Methyi-4-C J·mtthylethyl)•2,3-di
oxabicyclo[2.2.2}oct·S-ene; 1,4 -peroxide ·p·men thene-2: 
Ascarisin. CtoHt60 1; mol wt 168.23. C 71.39'7o, H 9.59%. 0 
19.02%. An organic peroxide which constitutes 60·80'7o of 
oil of chenopodium. Synthesis from a•terpinene by treat
ment with oxygen, chlorophyll, and light: Schenck, Ziegler, 
Naturwiss. 1944, 157. Purification: Beckett et al., J. Pharm. 
Pharmacal. 1, SS (1955). 

Liquid; unstable; prone to explode when heated or when 
treated with organic acids. df' 1.0103: dJB 1.0113. mp 
+3.3'. bp0.1 39-40". [<>Jll' ±0.00. Sol in hexane, pentane. 
ethanol, toluene, benzene, castor oil. 

THERAP CAT: Has been used as anthelmintic (Nematodes). 
THER.AP CAT IVETJ: Anthelmintic. 

853. Asclepias, Pleurisy root: butterfly weed. Dried 
root of Asclepias tuberosa L., Asclepiadaceae. HabiL Ontario 
to Minnesota. ConstiL Asclepiadin, resins. volatile oiL 

854. Asclepias syriaca.. Milkweed; silkweed; wild cot
ton. Root of Asclepias syriaca L. (A. cornuti Decaisne), As· 
clepiadaceae. HabiL Canada to North Carolina and Kan· 
sas. CanstiL Asclepiadin. asclepion-a bitter principle: 
tannin, volatile oil. 

855. Ascorbic Acid. L·Ascorbic acid; vitamin C; L· 
xyloascorbic acid; 3-oxo·L·gulofuranolactonc (enol form); 
L-3-ketothreohexuronic acid lactone: antiscorbutic vitamin; 
ccvitamic acid; Cebid; Cebion; Cantaxin; Cclaskon; Cevalin; 
Ccvatinc; Ccvimin; Ccvitcx; Cewin; Cipca; Ccbicure; 
C-Vimin: Cevitamin: Testascorbic; Allercorb: Cecon: Ce· 
tebe; Ce-Vi-Sol: Ascorin; Ascorteal: Cegiolan: Adenex; 
Ascorvit: Cevcx; Lemascorb; Ciamin; Hybrin: Vitacee: 
Cantan: Catavin C; Celin; Cc:netone; Ce•corbat: Cc:rc:on: 
Cergona; Cetemican; Cetamid; Planavit C; Colascor; Con· 
cemin; Duoscorb; Scorbacid; Davitamon C: Proscorbin; 
Redoxon: Scorbu-C; Ribena; Vicclat; Vitacin: Vitacimin; 
Vitascorbol; Xitix; Cevitan; Laroscorbine. C6H10 6; mol wt 
176.12. C 40.91%, H 4.58%. 0 54.51%. Widely distributed 
in the plant and animal kingdom. Good sources are citrus 
fruits, hip berries, acerola, fresh tea leaves. Isolated from the 
adrenal cortex of ox and later from lemons and paprika 
(originally called hexuronic acid): Szent·Gyorgyi, Biochem. 
J. 22, 1387 (1928); Haworth, Szent-Gyorgyi, Nature 131, 24 
(1933). Structure studies: Herbert er aL. J. Chern. Soc. 1933, 
1270. Crystal structure: Hvoself, Acta Chern. Scand. 18, 
841 (1964). Synthesis: Ault et aL, J. Chern. Soc. 1933, 1419; 

Page 130 Consult the CTOSI indu btfort using this section. 
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Lead Bromate 5274 

Snell, Brown, "Pantethine and Related Forms of the Lacto· 
bacillus Dulgaricus Factor (LDF)" in Advan. Enzymol. 14, 
49-71 (1953). 

5267, Lead. Pb; at. wt 207.2; at. no. 82; valence 2, 4. 
Four naturally occurring isotopes: 204 (1.40%); 206 (25.2%); 
207 (21. 7%); 208 (S I. 7%); artificial, radioactive isotopes: 
.195-203; 205; 209-214. One of the metals known to the 
ancient world. Extent of occurrence in earth's crust about 
IS g/ton, also expressed as 0.002% (depth of crust: 16 km). 
Occurs chieOy as sulfide in galena, other minerals include 
anglesite (PbSOJ, cerussite (PbCOJ, mimetile [PbCJl.3PbJ· 
(AsOJl] and pyromorphite (PbCil.3PbJ(POJ1]. Recovery 
from ore and purification: Heuser, Mela/L 9, 675 (1955), 
C:A. 49, 14609 (1955); Ziegfeld; Eng. Mining J. 153, 82 
(1952), CA. 46, 2975 (1952). Prepn of high purity lead: 
Piontelli, Fagnani, Chlm. Ind. (Milan) 34, 629 (1952), C.A. 
47, 12062 (1953); Giesen, Technik (Berlin) 2, 393 (1947), 
C:A. 42, 852 (1948); Hughes J. Elecrrochem. Soc. 101, 267 
(1954); Daralis, Marone, Mer. ltal 59,' 494 (1967), CA. 61, 
119613a (1967). Reviews of lead, its alloys and compds: W. 
Hofmann, Lead and Lead Alloys, Properties and Technology 
(Springer, New York, Eng. Ed., 1970) 551 pp; Abel in Com
prehensive Inorganic Chemistry vol. 2, J. C. Dailar, Jr. et a/., 
Eds. (Pergamon Press, Oxford, 1973) pp 105-146; H. E. 
Howe in Kirk·Othmer Encyclopedia of Chemical Technology 
vol. 14 (Wiley-lnterscience, New York, 3rd ed., 1981) pp 
98-139. Review of carcinogenicity studies of lead and lead 
compds: !ARC Monographs 23, 325-415 (1980). 

Bluish-white, silvery, gray metal. Highly lustrous when 
freshly cut, tarnishes upon exposure to air. Very soft and 
malleable, easily melted, cast, rolled, and extruded. Cubic 
crystal structure. mp 327.4'; bp 1740'. df' I 1.34; d at mp 
10.65: Schneider et a/., Nalurwiss. 41, 326 (I 954). Heat of 
vaporization (1740') 206 cal/ g. Heat capacity (20'): 0.031 
cal/g/'C. Resistivity C,.-ohm-cm) at 20': 20.65; at 100': 
27.02; at 320': 54.76; at 330': 96.74. Vapor pressure at 
1000': 1.77 mm Hg. E' (aq) Pb/PbH +0.126 v. Coeffi· 
cient of linear expansion (0-100') 29 X J0-6, (20-300') 31.3 
X J0-6, (-183' to +14') 27 X J0- 6; thermal conductivity 
varies from 0.083 at SO' to 0.017 at 225': Franc!, Kingery, J. 
Am. Ceram. Soc. 37, 80 (1954); viscosity of molten lead 
(327 .4') 3.2 centipoises:(400') 2.32 cp, (600') 1.54 cp, (800') 
1.23 cp. Heat capacity and heat of fusion study: Douglas, 
Dever, J. Am. Chern. Soc. 76, 4824 (1954); hardness I on 
Mobs' scale; Drinell hardness (high purity Pb) 4.0: McLel· 
lan, Am. Mineralogist 30,635 (1945). Reacts with hot coned 
nitric acid, with boiling coned hydrochloric or sulfuric acid. 
Attacked by pure water, weak organic acids in the presence 
of oxygen. Resistant to tap water, hydronuoric acid, brine, 
solvents. 

Human Toxicity: Acute: most common in young children 
with history of pica; anorexia, vomiting, malaise, convul
sions due to increased intracranial pressure. May leave 
permanent brain damage. Blood lead increased above 0.05 
mg %. Chronic: children show weight loss, weakness, ane· 
mia. Lead poisoning in adults is usually occupational due 
mainly to inhalaton of lead dust or fumes. Wristdrop and 
colic rarely occur. More often there are vague G.l. and CNS 
complaints. Pb content of blood > 0.05 mg % and of urine 
> 0.08 mg per liter support a .diagnosis of Pb poisoning. 
Provocative excretion test using Edathamil may be helpful in 
confirming excess Pb absorption. Review of toxicity: Clini· 
cal Toxicology of Commercial Products, R. E. Gosselin el al, 
Eds. (Williams & Wilkins, Baltimore, 4th ed., 1976) Section 
Ill, pp 194-202; Lead Toxicity, R. L. Singhal, J. A. Thomas, 
Eds. (Urban & Schwarzenberg, Baltimore, 1980) 514 pp. 

USE: Construction material for tank linings, piping, and 
other equipment handling ·corrosive gases and Jiqs used in 
the manuf of sulfuric acid, petr refining, halogenation, sui· 
fonation, extraction, condensation; for x-ray and atomic 
radiation protection; manuf of tetraethyllead, pigments for 
paints, and other organic and inorganic lead compds; bear· 
ing metal and alloys; storage batteries; in ceramics, plastics, 
and electronic devices; in building construction; in solder 
and other lead alloys; in the metallurgy of steel and other 
metals. Review of uses. corrosion metallurgy: Mullarkey, 
Ind. Eng. Chem. 49, 1607 (1957). 

5268. Lead Acetate. Neutral lead acetate; normal lead 

acetate; sugar of lead; salt of Saturn. C4H60 4Pb; mol wt 
325.28. C 14.77%, H 1.86%, Pb 63.70'7•. 0 19.67%. Pb· 
(CH3COO)l. Toxicity data: Bradley, Frederick, Ind. Med. 
10, Ind. llyg. Sec1. 2, IS (1941). 

Trihydrate, colorless crystals or white granules or powder; 
slight acetic odor; slowly efnoresces. Poisonous! Takes up 
C01 from air and becomes incompletely sol. d 2.55. mp 75' 
when rapidly heated; at a little above 100' it begins to Jose 
acetic acid; dec completely above 200'. One gram dissolves 
in 1.6 ml water, O.S ml boiling water, 30 ml alcohol; freely 
sol in glycerol. Aq solos of lead acetate dissolve lead mon • 
oxide. pH of S% aq soln at 25' = S.S-6.5. Keep well closed. 
lncompar: Acids, sol sulfates, citrates, tartrates, chlorides, 
carbonates, alkalies, tannin, phosphates, resorcinol, salicylic 
acid, phenol, chloral hydrate, sulfites, vegetable infusions, 
tinctures. LD50 i.p. in rats: 200 mg/kg (Bradley, Frederick). 

Caution: Avoid breathing dust. This substance may 
reasonably be anticipated to be a carcinogen: Fourth Annual 
Report on Carcinogens (NTP 85-002, 1985) p 121. 

USE: Dyeing and printing cottons; weighting silks; manuf 
lead salts, chrome-yellow; also for various analytical proce· 
dures, e.g. detection of sulfide, determination of CrOJ, 
MoOJ. 

THERAP CAT: Astringent. 
TIIERAP CAT (VETl: Astringent and sedative (us.ually in lo· 

tions) for bruises and superficial innammation. Has been 
used internally in diarrheas . 

5269. Lead Antlmonate(V). Naples yellow. Approx 
PbJ(SbOJ1. 

Orange-yellow powder. lnsol in water, dil acids. 
USE: As pigment in oil painting, staining glass, crockery 

and porcelain. 

5270. Lead Arsenate. Approx l'bHAsO,. Occurs in · 
nature as the mineral scl1uftenite. 

White, heavy powder. Poisonous! d 5.79. At about 280' 
loses H 10 and is converted into pyroarsenate. lnsol in wa· 
ter; sol in HN03, caustic alkalies. LD50 in rats, rabbits: 
approx 825, 125 mg/kg orally, Voigt et al., J. Am. Pharm. 
Assoc. 37, 122 (1948). 

USE: As constituent of various insecticides for larvae of 
gypsy moth, boll weevil, etc. 

TIIERAP CAT (VET): Has been used as a teniacide; insecti· 
cide. 

5271. Lead Arsenite. Approx Pb(As01) 1. 
White powder. Poisonous! d 5.85. lnsol in water; sol in 

dil HNOJ. . 
USE: As insecticide like the arsenate. 

5272. Lead Azide, N 6Pb; mol wt 291.26. N 28.86%, Pb 
71.14'7o. Pb(N~.t· Prepd from sodium azide and lead nitrate: 
Schenk in HandboOk of Preparative Inorganic Chemistry vol. 
I, G. Brauer, Ed. (Academic Press, New York, 2nd ed., 
1963) p 763. Most complete description: D. T. Federoff el 
al, Encyclopedia of Explosives and Related Items vol. 1 (Pic
atinny Arsenal, Dover, N.J., 1960) pp AS45-AS87. 

Needles or white powder. Explodes at 350' or on percus· 
sion. Heat of formation (25'): +I IO.S kcal/mol. Soly in 
water: 0.023% at I 8': 0.09% at 70'. Freely sol in acetic acid. 
lnsol in NH40H. 

USE: As primer in explosives. Generally used in the form 
of dextrinated lead azide. 

5273. Lead Borate. Approx Pb(D01)l.H10. 
White powder. Poisonous! Insoluble in water; soluble in 

dil HNOJ. 
USE: Drier for varnishes and paints; with other metals 

(e.g., Ag) in galvanoplasty for production of conducting 
coatings on glass, pottery, porcelain, and china ware. 

5274. Lead Bromate. Br10,Pb; mol wt 463.01. Dr 
34.S2'7o, 0 20.73'7o, Pb 44.75'7.. Pb(Dr0~1. 

Monohydrate, colorless crystals. Poisonous! d S.S3. Dec 
at 180'. Slightly sol in cold water, moderately in hot water. 

Nore: Pure lead bromate is not dangerous, but when made 
by pptng lead acetate with an alkali bromate, it may deto
nate or explode on heating, striking or rubbing because some 
acetate is occluded. 

Consult tht cross index before using this section. Page 851 
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Cadmium Acetate 1612 

• Actinomycin C;r C63H11N 11016" R = D·valine; R' = 
D·alloisoleucine. Red bipyramids, prisms or needles from 
ethyl acetate, mp 237-239'. [alH -325' ± 10" (c = 0.23 in 
methanol). Abs max (methanoiJ: 443 nm (f 25,400). 

Actinomycin CJ. C64H90N 110u- R = R' = D·alloisoleu
cine. Red hexagonal bipyramids from ethyl acetate or meth· 
anol, dec 235'. [a]ll -328' (c = 0.5 in ethanol). Absorp· 
lion max (methanoO: 443 nm (f 24,100). Weak base. 
'. THERAP CAT: Antineoplastic. 

. 1606. Cactus Grandlflorus. Night-blooming cereus; 
large-flowered cereus. Fresh, sua;ulent stems of Selenlcereus 
trandi]lorus (L.) Britt. and Rose, Cactaceae. 11abit. Tropi • 
cal America. Constlt. Cactine(?), acrid resinous glucoside, 
fat, wax. Extract containing combined principles from 
freshly tinctured stems and petals is known as cactoid. 

THERAP CAT: Cardiotonic. 
.'. ~ ntERAP CAT (VET): Has been used as circulatory stimulant. 

. ·. 1607, Cadalene, 1,6·Dimethyl-4·(l·methyleihyl)n.aph
thaltnt; 4·isopropyl-1,6-dimethylnaphthalene; cadalin. C15 • 

H11; mol wt 198.29. C 90.85%, H 9.15%. Obtained from 
c:adinene and other sesquiterpenes or sesquiterpene alcohols 
by dehydrogenation: Ruzicka, Meyer, 1/elv. Chim. Acta 4, 
~5 (1921); Ruzicka, Stoll, Ibid. 1, 84 (1924). Synthesis: 
Ruzicka, Seidel, ibid. 5, 369 (1922); Barnett, Cook, J. Chem. 
Soc. 1933, 22; Johnson, Jones, J. Am. Chem. Soc. 69, 792 
(19-$7); Kohli et at., Experiemla 28, 131 (1972). 

• Uquid. dt' 0.9667. bp7zo 291-292"; bp10 149". nlJ 1.5785. 
. avmax: 228,232,280,284,295, 310. 317, 325 nm. Insol in 
, water; sol in fat solvents, oils. 

. 1608. Cadaverine. 1,5-Pentanediamlne; pentamethylene
·, cliamine; animal coniine. C5H 14Nl; mol wt 102.18. C 

I' 51.71'l'o, H 13.8\'l'o, N 27.42%. NH1(CHl)5NHl. Biogenic 
polyamine and homolog of putrescme, q. v.. produced by 
decarboxylation of lysine. Formed through action of comma 
bacillus on meat, fish, albumin, etc. Found in cholera dis· 
charge. lsoln: Bocklisch, Ber. 18, 1922 (1885); Ackermann, 
Z PhysioL Chern. 54, 16 (1907). Prepn: Ladenburg, Ber. 18, 
l9S6 (188S). GC determn in foods: W. F. Staruszkiewicz, J. 
F. Bond, J. Assoc. Of/ic. Anal Chem. 64, 584 (1981). Me· 
tabolism study of 14C-cadaverine in rat brain: S. K. Salz
lll&n, M. Stepita-Kiauco, J. Neurochem. 37, 1308 (1981). 

' Biosynthetic study in S. rumlnantium: Y. Kamio et al, J. 
BloL Chem. 251, 3326 (1982). 
• Colorless, syrupy liquid; characteristic odor. Strong base, 

. fumes and attracts COl on exposure to air. pKa1 10.25; 
pKa1 9.13. Poisonous/ dl5 0.873. mp 9". bp 178-180". n1l' 
1.463. Sol in water, alcohol; slightly sol in ether. Keep we11 
rlo~d. , .• 
•. Dihydrochloride, C5H 14Nl.2HCI, needles from water, mp 
225-230'. Sol in water. Practically insol in abs ale. 
•· Coution: Skin irritant and possible sensitizer. 

1609. Cadexomer Iodine. lodosorb. A hydrophilic 
• modiried starch polymer containing 0.9'7o (w/w) iodine 
1t.ithin a helical matrix. Produced by the reaction of dextrin 
1t.itb epic:blorohydrin coupled with ion exchange groups and 

. Iodine. Clinical usc in venous ulcers: E. Skog et aL, Brit. J. 
DtnnatoL 109, 11 (1983); M. C. Ormiston et aL, Brit. Med. 
.J. 291, 308 (1985); L. Hillstrom, Acta Chlr. Scand. SuppL 
544, '3 (1988). 
, THERAP CAT: Vulnerary. 

.. 1610. Cadinenes. C15Hu: mol wt 204.34. C 88.16%, H 
. 11.14%. Sesquiterpenes occurring in essential oils from Ju
~per species and cedars (oil of cade). Nine possible isomers 
differing in stereochemistry and position of the double 

· ~ds, the principal isomer being P-cadinene: Sykora et al, 
· O.tm. Listy 52, 1314 (1958). Prepn and structure: Camp· 
·bell, Soffer, J. Am. Chem. Soc. 64, 417 (1942); Campbell et 

aL, ibid. 425; Rao et al, Tetrahedron Letters 1960, 27; Her· 
out et al., Coli. Czech. Chem. Commun. 31, 3012 (1966). 
Synthesis: Soffer, Giinay, Tetrahedron Lellers 1965, 1355 .... 
or the nine possible isomers, all able to yield (-)-cadinene 
dihydrochloride, six are known: Herout, Sykora, Tetrahe
dron 4, 246 (1958); Kartha eta!., ibid. 19,241 (1963). Struc
ture and configuration of isomers: Sykora et al., Coli. Czech. 
Chem. Commun. 23, 2181 (1958). lsoln of a•cadinene from 
Japanese hop: Y. Naya •. M. Kotake, Bull. Chem. Soc. Japan 
42, 1468 (1969). Synthesis: 0. P. Vig, Indian J. Chem. 210, 
145 (1982). Brief review in Rodd's Chemistry of Carbon 
Compounds. vol, 2, pt. C, S. Coffey, Ed. (Elsevier, New 
York, 1969) pp 268-270. · 

~ CHMY 
CHCCH3) 2 

~-cadlpene 

P·Cadinene, oil. Slight pleasant odor. bp9 124". df 
0.9239. nlJ' 1.5059. [a)lJ' -251'. 

1611. Cadmium. Cd; at. wt 112.41; at. no. 48; valence 2. 
Group 2b element. Abundance in earth's crust: 0.1 to 0.2 
ppm. Natural isotopes: 114 (28.86%); 112 (24.07%); I II 
(12.75%); 110 (12.39%); 113 (12.26%); 116 (7.58%); 106 
0.22%); 108 (0.88%); known isotopes range in mass number 
from 103 to 121. Found in zinc ores; also as CdS, green· 
ockite; CdCOJ. otavite. Obtained in vapor form when roast
ing zinc ores, as sludge from zinc sulfate purification. Lab 
prepns from CdS04: Treadwell, 1lelv. Chlm. Acta 4, 551 
(1921). Re•iew: Aylett "Group liD" in Comprehensi•e Inor
ganic Chemistry, val. 3, J. C. Bailar Jr. eta[., Eds. (Pergamon 
Press, Oxford, 1973) pp 187-328; M. L. Hollander, S. C. 
Carapella in Kirk-Othmer Encyclopedia of Chemical Tech
nology val. 4 (Wiley-lnterscience, New York, 3rd ed., 1978) 
pp 387-396. Review of carcinogenicity studies: /ARC 
Monographs 11, 39-74 (1976). 

Silver-white, blue-tinged, lustrous metal; distorted he"· 
agonal close-packed structure; easily cut with a knife; avail· 
able in the form of bars, sheets or wire or a gray, granular 
powder. mp 321". bp 765". d 15 8.65.· Specific heat at con
stant pressure (25") 6.22 cal/mole deg. Slowly oxidized by 
moist air to form CdO. E" (aq) Cd!CdH 0.4025 V. lnsol in 
water: reacts readily with dil HN03; reacts slowly with hot 
HCI; does not react with alkalies. Other reactions similar to 
those of zinc. Solns of cadmium salts and HlS or NalS yield 
a yellow ppt insol in excess NalS. Cadmium and its salts are 
highly toxic. 

Caution: Ingestion of metal and sol compounds causes 
increased salivation, choking, vomiting, abdominal pain, 
anemia, renal dysfunction, diarrhea, tenesmus. Inhalation 
(dust or fumes): throat dryness, cough, headache, vomiting, 
chest pain, extreme restlessness and irritability, pneumonitis, 
possibly bronchopneumonia. Implicated as causative agent 
in Jtai·ltai disease in Japan. See E. Browning, Toxicity of 
Industrial Metals (Appleton-Century-Crofts, New York, 
2nd ed., 1969) pp 98·108; Flick et al., Environ. Res. 4, 11·85 
(1971); Fassett, Ann. Re•. Pharmacal. 15, 425-435 (1975). 
This substance and certain cadmium componds may rea· 
sonably be anticipated to be carcinogens: Fourth Annual 
Report on Carcinogens (NTP 85-002, 1985) p 48. 

USE: A constituent of easily fusible alloys, e.g., Lichten
berg's, Abel's, Lipowilz', Newton's, and Wood's metal; 
soft solder and solder for aluminum; eleciroplating (major 
use), deoxidizer in Ni plating; process engraving, electrodes 
for cadmium vapor lamps. photoelectric cells; photometry or 
ultraviolet sun-rays; in Ni-Cd storage batteries. The pow
der is also used as an amalgam (1Cd:4Hg) in dentistry. To 
charge Jones reductors. 

THERAP CAT (VET): Many cadmium salts, especially the 
oxide and anthranilate, are used or have been suggested as 
antbelmintics in swine and poultry. 

1612. Cadmium Acetate. c.H,Cd04; mol WI 230.49. c 

Consult tht cross index btfort using this section. Page 245 



5767 Mercuric Arsenate 

IS.07%, H 1.90%, Hg 62.9S%, 0 20.08%. Hg(CH3C00)1. 

Prepd from IJgO and acetic acid: Wagenknecht, Juza in 
Handbook of Preparative Inorganic Chemistry, vol, 2, G. 
Brauer, Ed. (Academic Press, New York, 2nd ed., 196.5) pp 
1120-1121. -

Crystals or cryst powder; slight acetic odor; sensitive to 
light. Poison/ d 3.28. mp 178 ·180" (overheating results in 
decompn). One g dissolves in 2.S ml cold, I ml boiling 
water; sol in alcohol. Keep well closed and protected from 
light. Aq solns decomp on standing. yielding a yellow ppt. 

USE: Chiefly for mercuration of organic compounds; for 
the absorption of ethylene. 

5767. Mercuric Arsenate. AsHHgO.: mol wt 340.S3. 
As 22.007o, H 0.30%, Hg S8.91%, 0 18.79%. HgHAsO •. 

Yellow powder. Poison/ Insoluble in water; sol in HCI or 
HN03• 

5768. Mercuric Benzoate. c •• H.oHgo.: mol WI 442.82. 
C 37.97%. H 2.28%, Hg 4S.30%, 0 l4.4S%. Hg(C,H50 1)1. 

Monohydrate, odorless, cryst powder; sensitive to light. 
Poison/ Sol in 90 parts cold, 40 parts boiling water; freely 
sol in NaCI soln; slightly sol In alcohol. When boiled with 
water or ale it hydrolyzes to a basic salt and free benzoic 
acid. Protect from light. 

TIIERAP CAT: Formerly as antisyphilitic. 

5769. Mercuric Bromide. Br1Hg: mol wt 360.44. Br 
44.34%, Hg .5S.66%. HgDr2• Usually prepd from the ele· 
ments: lander, Brodersen, Z. Anorg. Chern. 261, 261 (l9SO). 

White crystals or cryst powder: sensitive to light. Pol.wnl 
d 6.0.5. mp 237"; sublimes at higher temp. Sol in about 200 
parts cold, 2S parts boiling water; freely sol in hot alcohol, 
in methanol, HCI, HBr, alkali bromide solns: slightly sol in 
chloroform. Protect from light. 

5770. Mercuric Chloride. Mercury bichloride; corrosive 
sublimate; mercury perchloride; corrosive mercury chloride. 
CI1Hg; mol wt 27l.S2. CJ 26.12%, Hg 73.88%. HgCI1. 

Crystals or white granules or powder. Violent poison/ 
May be fatal if swallowed. d S.4. mp 277"; volatilizes un· 
changed at "about 300'; also slightly volatile at ordinary 
temp: appreciably so at 100". One gram dissolves in 13.S ml 
water (soly is increased by HCI or alkali chlorides), in 2.1 ml 
boiling water, 3.8 ml ale, 1.6 ml boiling ale, 200 ml benzene, 
22 ml ether, 12 ml glycerol, 40 ml acetic acid; also sol in 
methanol, acetone, ethyl acetate; slightly sol in carbon disul· 
fide, pyridine. pH about 4.7. Also reported as 3.2 for 0.2 
molar aq soln. Coagulates albumin; produces with NaOH a 
yellow ppt (difference from calomel, which turns black). 
lncompat: Formates, sulfites, hypophosphites, phosphates, 
sulfides. albumin, gelatin, alkalies, alkaloid salts, ammonia, 
lime water, antimony and arsenic, bromides, borax, car· 

. bonates: reduced iron; copper, iron,•lead, silver salts; infu· 
sions of cinchona, colombo, oak bark or senna; tannic acid; 
vegetable astiingents. 

Human Toxicity: Highly toxic. Corrosive to mucous 
membranes. Ingestion may cause severe nausea, vomiting, 
hematemesis, abdominal pain, diarrhea, melena, renal dam· 
age, prostration. I or 2 g is frequently fatal. Poisoning and 
death also have occurred from intrauterine douches and 
application of alcoholic soln to large areas of skin. Do not 
breathe dust. Keep away from feed or food products. Wash 
hands before eating or smoking. Antidote: Dimercaprol 
(BAL). Review of clinical toxicology of mercury and its 
compounds: H. D. Gerstner, J. E. Huff, J. Toxlcol. EnviroiL 
Health 2, 49 I ·S26 (I 977). 

USE: .. Preserving (kyanizing) wood and anatomical speci • 
mens; also embalming; disinfecting; browning and etching 
steel and iron; intensifier in photography; white reserve in 
fabric printing; tanning leather; electroplating aluminum; 
depolarizer for dry batteries: freeing gold from lead; magic 
photograms; mordant for rabbit and beaver furs: staining 
wood and vegetable ivory pink; manuf of ink for mercu• 
rography; treating seed potatoes; manuf other mercury 
compds. As an important reagent in anal. chemistry. 

THERAP CAT: Topical antiseptic, disinfectant. 
TIIERAP CAT (VET): Caustic, antiseptic, disinfectant. 

5771. Mercuric Chloride, Ammoniated. Mercury amide 
chloride: aminomercuric chloride; mercury ammonium chlo
ride; ammoniated mercury; white precipitate; white mercuric 

precipitate. CIH2HgN; mol wt 2S2.09. Cl 14.07%, H 0.807o, 
Hg 79.58%, N S.56%. HaNH CJ. Prepn: Sen, Z. Anorg. 
Allgem. Chem. 33, 197 (1903); (Vagenknecht, Juza in /land
book of Preparative Inorganic Chemistry, vol 2, G. Brauer, 
Ed. (Academic Press, New York, 2nd ed., 196S) p 1114. 

Odorless powder; d S.38; earthy, styptic, metallic taste. 
Poison/ Volatile without melting at dull red heat. Insoluble 
in water or alcohol: sol in warm HCJ, HNO~, acetic acid, in 
cold soln ammonium carbonate or sodium thiosulfate. 

Caution: French "White Precipitate" (Precipite Blanc) is 
calomel. Do not confuse the two when French prescriptions 
are filled. 

/Iuman Toxicity: May produce allergic dermatitis; pro· 
longed use may cause local pigmentation of skin or eyelids. 
Absorption following vigorous dermal application has been 
reported with resulting ptyalism. Oral ingestion causes 
epigastric pain, nausea, purging. Antidote: Dimercaprol 
(BAL). Caution: Not to be used in conjunction with sulfur 
or iodine. 

TIIERAP CAT: Topical anti-infective. 
THERAP CAT (VET): Topical anti •infective. 

5772. Mercuric Cyanide. Cianurina. C1HgN1: mol wt 
2S2.6S. C 9.SI%, Hg 79.407o, N I 1.09%. Hg(CN)1. Ob· 

· tained by evaporating a soln of HgO in aq HCN: Biltz, Z 
Anorg. Allgem. Chem. 170, 161 (1928). 

Colorless, odorless, tetragonal crystals or white powder; 
darkens on exposure to light. Violent polson/ d 3.996. Dec 
at 320". One gram dissolves in 13 ml water, 3 ml boiling 
water, I 3 ml alcohol, 4 ml methanol; slowly sol in glycerol; 
slightly sol in ether. Protect from light. 

TIIERAP CAT: Topical antiseptic. 
THERAP CAT (VET): Has been used as a topical antiseptic. 

5773. Mercuric Dichromate(VI). Mercury bichromate. 
Cr1Hg07; mol wt 416.63. Cr 24.97'7o, Hg 48.1S%, 0 26.88%. 
HgCr10 7• • 

Red, heavy, cryst powder. Practically insol in water; sol 
in HCI or HN03• Poison/ 

5774. Mercuric Fluoride. Mercury difluoride. F2Hg: 
mol wt 238.61. F IS.93%, Hg 84.07%. HgF1. Prepd from 
HgCI1 and F1: Henne, Midgley, J. Am. Chem. Soc. 58, 886 
(1936J. 

White powder or cubic crystals. Very sensitive to mois• 
lure. d 15 8.9S. mp 645". bp above 650". Turns yellow and 
hydrolyzes in the prolonged presence of water. 

Dihydrate, obtained when mercuric oxide is dissolved in 
excess of SO% HF. 

USE: In the Oqorination of organic compds. 

5775. Mercuric Iodat~, Hgl20 6; mol wt 550.4.5. Hg 
36.44%, I 46.11%, 0 17.44%. Hg(I03)1 • 

White powder. Poisonous/ On warming, dec at 175" to 
give mercuric iodide and oxygen. Soly in water (20') 
0.002 g/100 g; soly increased by NaCI or KI. 

5776, Mercuric Iodide, Red. Mercury biniodide. Hgl,: 
mol wt 4S4.4S. Hg 44.14%, I SS.86%. 

Scarlet-red, heavy, odorless, almost tasteless powder; sen• 
sitive to light; at 130" becomes yellow, and then red on cool· 
ing. Poison/ d 6.28. mp 2.59". bp about 3.50" and sublimes. 
Soly in water (2S") 0.006 g/100 g. I g dissolves in 115 ml 
alcohol, 20 ml boiling alcohol, about 120 ml ether, about 60 
ml acetone, 910 ml chloroform, 7.5 ml ethyl acetate, 260 ml 
carbon disul!ide, readily in alkali iodides. HgCI;r Na,S70,: 
Rol in 230 ml olive oil, SO ml castor oil. Protect from lighL 

USE: In anal. chemistry for preparation of Nessler's Re· 
agent (alkaline mercuric potassium iodide solution). 

TIIERAP CAT: Topical antiseptic. 
THERAP CAT (VET): Has been used as a topical antiseptic, 

counterirritant, vesicant. 

5777. Mercuric Nitrate. Mercury pemitrate. HgN10,: 
mol wt 324.66. Hg 61.807., N 8.63'7., 0 29 . .57%. Hg(No,),. 

Hydrate, white or slightly yellow, deliquesc, cryst powder; 
odor of nitric acid. Poison/ d 4.3. Sol in a small amount of 
water; with much water or on boiling with water, an insol 
basic salt is formed; sol in dil acids. Keep well closed and 
protect from light. 

USE: Manufacture of felt; mercury fulminate; destroying 
phylloxera. 
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5790 Mercuric Thiocyanate 

86.22%, S 13.78%. Occurs in nature as the mineral cinnabar, 
Prepd from mercuric: acetate, ammonium thiocyanate, glacial 
acetic acid and hydrogen sulfide: Newell ~tat., lnorg. Syn. l, 
19 (1939). See also Colour Index yol. 4 (3rd -ed., 1971) p 
4682. 

Bright scarlet-red powder, lumps, hexagonal crystals (a• 
form); blackens on exposure to light, particularly in presence 
or H10 or alkali hydroxides. At about 250'" becomes brown
ish, at higher temp black, but red again on cooling. When 
ignited in air it dec into metal and sulfur, the latter burning 
to S01. Practically insol in water; not attacked by HN03 or 

·cold HCI; dec by hot coned H.zS04; sol in aqua regia with 
separation or S, in warm hydnodic acid with evolution or 
HzS. Protect from light. 

USE: For coloring plastics, sealing wax, and with FeS04 
for marking linen; manuf fancy colored papers: as pigment. 

THERAP CAT: Antibacterial. 

5790. Mercurle Thiocyanate. Mercuric sulfocyanate; 
mercuric sutrocyanide. ~HgNz51; mol wt 316.79. C 7.58%, 
Hg 63.33%, N 8.84%, S 20.2.5%. Hg(SCN)1. Prepd from 
Hg(N03) 1 + KSCN: Peters, Z Anorg. Allgern. Chern. 17, 
157 (1912). 

Odorless powder. When crystalline, usually in radially 
arranged needles. Poisonous! When heated it swells up to 
many times its original vol. decomposing finally into mercu
ry, nilrogen, etc., at about 165'. Slightly sol in cold water 
(0.069 g/100 ml H 10 at 25'), more sol in boiling water with 
decompn; sol in dil HCI, in solns or alkali cyanides, chlo
rides. Protect from light. · · 

USE: For Pharaoh's serpents (fireworks); intensifier in 
photography. 

5791. Mercurophen. Sodium. 4-(hydroxymercuri)-2-ni
trophenolate; sodium hydroxymercuri-o-nitrophenolate; 
4-(hydroxymercuri)·2·nitrophenol sodium salt. C 6H 4HgN
Na04; mol wt 377.70. C 19.08%, H 1.077o. Hg 53.11%, N 
3.71%, Na 6.09%, 0 16.94%. Prepn from o-nitrophenol and 
Hg(OCOCHJ1: Schamberg et al .. U.S. pat. 1,390,972 
(1922). Structure: Malcolm, J. Bacterial. 22, 4Q3 (1931). 

q~ 
llgOH 

Brick-red, odorless powder. Poison! Sol in hot water. 
Solns are deep amber in color. 

TIIERAP CAT: Local antiseptic; disinfectant. 
TIIERAP. CAT (VET): Antiseptic:, disinfectant. 

5792. Mercurous Acetate. C4H6Hg~4: m~l wt 519.31. 
C 9.25%, H 1.17%, Hg 77.26%, 0 12.327o. Hg1(CH3COO)z
Prepd from Hgz(N03)1 + CH3C00Na: Wagenknecht, 
Juza, in Handbook of Preparative Inorganic Chemistry yol. 2, 
G. Brauer, Ed. (Academic Press, New York, 2nd ed., 1965) 
p ll20. . 

Lustrous leanets or cryst powder. Darkens on exposure 
to light. Sol in about 100 parts water; sol in dil acetic: acid. 
Practically insol in alcohol, ether. Aq solns dec quickly 
under the innuence of light and heat. Keep well closed and 
protected ]rom light. · 

THERAP CAT: Antibacterial. 

5793. Mercurous Bromide. Br1Hg1; mol wt .560.99. Br 
28.49'7o, Hg 71..51%. Hg1Br1. 

White, odorless powder; darkens on exposure to light. d 
7.3. Sublimes at approx 390' (dec). Insol in water, alcohol, 
ether; dec by hot HCI or alkali bromides. Protect from light. 

5794. Mercurous Chlorate. CI1Hg10 6: mol wt .568.08. 
Cl 12.48%, Hg 70.62%, 0 16.90%. Hg1(CIOJ1. · . 

White crystals; dec at about 250'" to fonn oxygen, mercuric: 
oxide and mercuric chloride. d 6.41. Sparingly sol in water; 
hydrolyzed in hot water to fonn basic: salts. 

5795. Mercurous Chloride. Calomel; mild mercury chlo
ride; mercury monochloride; mercury protochloride; mercu-

ry subchloride; precipit~ blpnc:; Calogreen; Cyclosan .. Clz· 
Hi!J!.. mol wt 472.09. Cl 15.02%, IJg 84.98%. Hg1CI1• • 

White, odorless, tasteless, heavy powder: slowly dec by 
sunlight into mercuric chloride and metallic mercury; sub
limes at 400-500' without melting. d 7.15. Practically insol 
in water (0.00020g/IOO ml H10 at 25'); HCI or alkali and 
alkaline earth chlorides increase soly In water. Jnsolln alco· 
hoi, ether. Dec by solns of alkali iodides, bromides or cya
nides into the mercuric salt and metallic mecury; solns or 
all<ali chlorides act similarly but slowly. · It is blackened by 
ammonia, caustic alkali and alkaline earth solns. Protect 
from light. lncompat: Bromides, iodides, alkali chlorides, 
sulfates, sulfites, carbonates, hydroxides, lime water, acacia, 
ammonia, golden antimony sulfide, cocaine, cyanides, cop
per salts, hydrogen peroxide, iodine, iodoform, lead salts, 
silver salts, soap, sulfides. 

Human Toxicity: Excessive doses may cause mercury poi
soning. Antidote: Dimercaprol (BAL). Coution: If laxation 
from oral mercurous chloride should not occur, saline laxa
tive must be administered to prevent possibility or mercury 
poisoning, c/. Clinical Toxicology of Commercial Products. R. 
E. Gosselin et al., Eds. (Williams & Wilkins, Baltimore, 4th 
ed., 1976) Section II, p 95. ·. 

USE: Dark green Bengal lights; calomel paper, mixed with 
gold in painting on porcelain; for calomel electrodes; as fun
gicide; in agriculture to control root maggots on cabbage 
and onions. · · ' 

THERAP CAT: Cathartic, diuretic, antiseptic, anti-syphilitic. 
TIIERAP CAT {VET): Has been used as a cathartic, and local· 

ly as an antiseptic and desiccant. 

5796. Mercurous Fluoride. F1Hg ; mol wt 439.22. F 
8.6.5%,· Hg 91.35%. Hg~F2• Prepd from Hg1COJ + HF: 
Henne, Renoll, J. Arn. Chern. Soc. 60, 1060 (1938); also by 
addition of sodium fluoride to mercurous nitrate soln. 
Probably formed in the reaction between fluorine and mer
cury at room temp: Emeleus in Fluorine Chemistry vol. l, J. 
H. Simons, Ed. (New York, 1950) p 39. The prepn should 
be carried out in the dark. • 

Small, yellow cubic crystals, dl5 8.73. mp 570'" (dec). 
Sublimes at around 240'". The crystals blacken in light or 
with ammonia fumes. Hydrolyzed in water to form mercu· 
ry, mercuric oxide and hydronuoric acid. 

5797. Mercurous Iodide. Yellow mercury iodide; mercu
ry protoiodide. Hg111; mol wt 654.99. Hg 61.25%, I 38.7.5%. 

Bright-yellow, amorphous, heavy, odorless powder. 
Darkens or becomes greenish on exposure to light, Hgl1 and 
metallic mercury being formed. d 7.70. mp 290' when rap· 
idly heated with partial decompn into Hg and Hgl1. Insol in 
water, alcohol or ether: sol in solns or mecurous or mercuric 
nitrates: cold ammonia, its solns or alkali iodide dec it into 
mercury and mercuric iodide. Protect from light. "Green" 
mercury iodide is made from metallic mercury and iodine, 
the green color being due to presence of some uncombined 
mercury. lncompat: Soluble iodides. · Coution: Never pre· 
scrib.! mercury iodide yellow (or green) with a sol iodide, 
because a highly poisonous mercuric iodide is formed I 

TIIERAP CAT: Antibacterial. ' 

5798. Mercurous Nitrate. Mercury ·protonitrat~. Hg1• 

N10J.: mol wt .525.19 .. Hg 76.39%, N .5.33%, 0 18.28%. 
Hg1\N03) 1. Normally exists as dihydrate. Prepn of anhydr 
salt: Potts, Allred, lnorg. Chern. S, 1066 (1966). .· . 

Dihydrate, colorless crystals; usually with slight odor or 
HN03. mp at about 70'" with decompn. Poisonous! d 4.78. 
Sol in 13 parts water•contg 1% HNOJ; with water alone a 
basic salt is formed. Blackened by ammonia, caustic alkali, 
and alkaline earth solns. Keep well closed and protected from 
light. . 

USE: Fire gilding, blackening brass. 

5799. Mercurous Oxide. Mercury oxide black. No evi· 
dence that Hg10 has been isolated. X-ray data shows that 
solid formed by addition of sodium hydroxide to mercurous 
nitrate is an intimate mixture of mercury and mercuric ox· 
ide: Fricke, Ackemann, Z Anorg. Allgern. Chern. 211, 233 
(1933). . . . 

Black or brownish-black powder. d 9.8. Insol in water: 
sol in HN03• HCI converts· it into calomel. Protect from 
light. 
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2228 Chromic Nitrate 

when freshly prepd, giving blue or green soln: becomes insol 
in acids on aging. 

Cr(OH)1.nH10. shining, vitrous, jet-black particles. Use
ful as catalyst m dehydrogenation or alcohols and paraffins, 
hydrogenation of olefins. 

USE: As pigment: in tanning industry: as mordant: as 
catalyst for organic reactions. 

2228. Chromic Nitrate. CrN30,: mol wt 238.03. Cr 
21.85%, N 17.65%, 0 60.50%. Cr(N0,)1. Prepn of anhydr 
salt from N10s and Cr(C0)6: Addison, Chapma, J. Chem. 
Soc. 1964, S39; prepn of nonahydrate from Cr(OH)i and dil 
HN01 or by reducing Cr01 in the presence o HN01: 
Chromium vol. 1, M. J. Udy, Ed., A.C.S. Monograph Series, 
no. 13.2 (Reinhold, New York, 19S6) pp 203-204. 

Pale green, extremely deliquesc powder. Non-volatile. 
Dec above 60'. Sol in water, ethyl acetate, DMSO; practi
cally insol in benzene, CC14, CHCI3: reacts with ether, some-
times vigorously. . 

Nonahydrate, deep violet, rhombic, monoclinic crystals. 
mp about 60'"; dec above 100'. Sol in water, alcohol. Aq 
soln slowly becomes green on heating and rapidly recovers 
the reddish-violet color on cooling. LD50 in rats: 3.2S g/kg 
orally, Smyth eta/., Am. Ind. Ryg. A.ssoc. J. 30, 470 (1969). 

USE: Prepn of Cr catalyst: in textile printing: corrosion 
inhibitor. 

2229. Chromic Oxide. Anadonis green; chro.me green; 
chrome ocher; chrome oxide green; chromia: chromium 
sesquioxlde; green cinnabar; green oxide of chromium; green 
rouge; leaf green; oil green; ultramarine green; C.I. Pigment 
Green 17: C.I. 77.288. Crz03; mol wt IS2.02. Cr 68.43%, 0 
3t.sn;,. Prepd by reaction of sodium dichromate or chro
mate with sulfur: Copson in Chromium vol. 1, M. J. Udy, 
Ed., ACS Monograph Series no. 13.2 (Reinhold, New 
York, . 19S6) pp 277-278. Review: Wiesburg. Paint Ind. 
Mag. 71(2), II (19S6). See also Colour Index vol. 4 (3rd ed., 
1971) p 4662. Use as catalyst: R. Uma, J. C. Kuriacose, 
Indian Chern. Mfr. 8, II (1970). Cytotoxic effects: V. Bian
chi eta/., Toxicology 17, 219 (1980). 

Light to dark green, fine, hexagonal crystals. mp about 
2435'. bp about 3()()()', dzs S.22. Turns brown on heating 
but reverts to green color on cooling. Cryst Crz01 is ex
tremely hard; will scratch quartz, topaz, zircon. Practically 
insol in water, ale, acetone. Slightly sol in acids, alkalies. 

Coution: Trivalent chromium may cause skin irritation: 
S. Fregert, H. Rorsman, Arch. Derm. 90, 4 (1964). 

USE: In abrasives, refractory materials, electric semicon
ductors; as pigment, particularly in coloring glass: in alloys; 
printing fabrics and banknotes; as catalyst for organic and 
inorganic reactions. 

2230. Chromic Phosphate. Cr04P; mol wt 146.99. Cr 
35.38%, 0 43.S4%, P 21.07%. CrP04• Prepn: Ness et al, J. 
Am. Chem. Soc. 74, 468S (19S2); Eickhoff, Kebrich, U.S. 
pat . .2,749,214 (19S6 to National Lead); Wegenknecht, Ger. 
pats. 1,046,597 (19S8); 1,056,104 (19S9). 

Gray-brown to black crystals of amorphous solid. Does 
not melt by 1800'". d 3U 2.94. Partially oxidizes to Cr03 on 
heating in air. Practically insol in water, acetic acid, HCl, 
aqua regia. 

Hemiheptahydrate, Arnaudon's green, Plessy's green, 
Blue-green powder. d 2.1S. Practically insol in water; sol in 
acids. 

Hexahydrate, violei crystals: Loses water gradually on 
heating, becoming anhydr after one hour at 800' or 3-4 hrs 
at "!500'". d 14 2.121: Practically inset in water; slightly sot in 
acetic acid solns; readily sol in mineral acids, alkalis, oxalic 
acid solns. • 

Radioactive form, Crl1P04, Phosphocol. 
USE: Green pigment; in wash primers: in catalysts for de

hydrogenation or hydrocarbons or polymerization or olefins. 
THERAP CAT: Crl1P04 as radioactive agent. 

2231. Chromic Potassium Oxalate. Trlpotasslum tris
(ethanedioato)chromate(3- ): tripotasslum tris(oxalato)chro
mate(J-): potassium trioxalatochromate(lll): potassium 
chromic oxalate. C6CrK10u; mol wt 433.38. C 16.63%, Cr 
12.00%, K 27.06%, 0 44.30%. K 1[Cr(CzOJJ. Prepd by 
treatment of oxalic acid and K 2Cz04 with K 1Cr20 7: Bailar, 
Jr., Jones, Jnorg. Syn. l, 37 (1939); Hein, Herzog in Rand-

book of Preparative ·Inorganic Chemistry Yol. 2, G .. Brauer, 
Ed. (Academic Press, New York, 2nd ed., 1965) p 137l 

Trihydrate, potassium trloxaJatotrlaquochromatt(lll). • 
Black -green, monoclinic scales with transparent blue edges. 
Freely sol in water; practically insol in alcohol. · 

USE: In tanning industry; dyeing chromate colors on wool. 

2232. Chromic Potassium Sulfate. Potassium chromic . , 
sulfate: potassium disulfatochromate(lll). CrK01S2; mol '111 
283.23. Cr 18.36%, K 13.81%, 0 4S.I9%, S 22.64~o. KCr· 
(SOJ2• Dodecahydrate produced by reduction of K1Cr201 
with S01: Copson in Chromium vol. 1, M. J. Udy, Ed. 
A.C.S. Monograph Series no. 132 (Reinhold, New York, 
19S6) p 281; electrolytic manuf: Nishihara et al, Japan. pal 
.2164('60), C.A. 55, S200e (1961). 

Dodecahydrate, chrome alum, K[Cr(S04HJ1(H10)J.· 
6H10: Duval, Chim. Anal (Paris) 44, 102 (1962}, CA. 57, 
9479d (1962). Large, violet-red to black, octahedral, cubic 
crystals; ruby-red under transmitted light. d 25 1.83. mp 89'; 
at 400'" loses all its H10. Sol in 4 parts cold, 2 parts boiling 
water; practically insol in alcohol. The aq soln is violet 
when cold, green when hot. The violet color returns after 1 
few weeks at room temp. 

USE: Mordant for dyeing fabrics uniformly; tanning Ieath· · 
er; printing calico; rendering glue and gum insol; manuf ink, 
other chromium salts; waterproofing fabrics; hardening 
photographic emulsions. 

2233. Chromic Sulfate. Crz0uS1; mol wt 392.20. Cr 
26.S2%. 0 48.95%, S 24.S2%. cr,(SOJ3• Prepn of anhydr 
salt by dehydration of hydrated forms: Rollinson, Bailar, 
Jr., Jnorg. Syn. 2, 197 (1946). 

Peach -colored solid. d 3.0 12. Practically insol In water 
and acids. MLD i.v. in mice: 247 mg/kg, Handbook of 
Toxicology vol. 1, W. S. Spector, Ed. (Saunders, Philadel· 
phia, 19S6) pp 70-71. 

Hydrates are known in both green and violet modifica· 
lions, and have several degrees of hydration up to 18H20: 
Lukaszewski, Redfern, Nature 190, 80S (1961); Udy in 
Chromium Yol. 1, M. J. Udy, Ed., A.C.S. Monograph Series 
no. 13.2 (Reinhold, New York, 19S6) pp 213-217, 288. The 
technical product comes in the form of a finely granular, 
dark-green flake or powder approximating the formula 
Cr2(SOJ1.t0Hz0. Readily sol in water; almost insol in ale. 

Basic chromic sulfates of the type Cr(OH)S04.nHzO are of 
importance in the tanning industry: Udy, loc. cit and pp 
278-280, 30S-308. Technical grades are available in two 
degrees of basicity, one-third and one-half, as finely granu
lar dark-green flakes or'powder contg about 2S% Cr20,. 
Readily sol in water. · · · ; 

USE: lnsolubilization of gelatin; in catalyst prepn; as mor· 
dant in textile industry; in tanning of leather; in chrome 
plating; in manuf of Cr, Cr03, lind Cr alloys; to improve 
dispersibility or vinyl polymers in water; in manuf or green 
varnishes, paints, inks, glazes for porcelain. 

2234. Chromium. Cr; at. wt Sl.996; at. no. 24; valences 
I -6. Four naturally occurring isotopes: SO (4.3S~o); 52 
(83. 79%); S3 (9.SO%); S4 (2.36%); artificial radioactive iso
topes: 46-49; Sl; SS; S6; longest-lived isotope is SICr (T11 
27.8 days) prepd by (n,.,.) reaction from 50Cr. . Reported 
abundance in earth's crust varies from 100 to 300 ppm. 
Discovered by 1797 by Vauquelin. Obtained from chrome 
ore, chromite (FeCr20J, by a.silicothermic or aluminother• 
mic process. Reviews of chromium, its alloys and compds: 
Chromium, M. J. Udy, Ed., A.C.S. Monograph Series, no. 
132 (Reinhold, New York, 19S6) Yol, 1, 433 pp; Tol. 2, 402 
pp; Rollinson, "Chromium, Molybdenum and Tungsten" In 
Comprehensive Inorganic Chemistry vol. 3, J. C. Bailar, Jr. t1 
a/., Eds. (Pergamon Press, Oxford, 1973) pp 623-700: J. H. 
Westbrook in Kirk-Othmer Encyclopedia of Chemical Tech· 
nology vol, 6 (Wiley-lnterscience, New York, 3rd ed., 1979) 
pp S4-82. Important trace element. Review or biological 
function of the chromium(III) ion: Mertz. Physiol. Rev. 49, 
163-239 (1969). Review of carcinogenicity studies of chro• 
mium and chromium compds: /ARC Monographs 2, 100-
12S (1973); ibid. 23, 20S-323 (1980). Book: Chromium: 
Metabolism and Toxicity, D. Burrows, Ed. (CRC Press, Boca 
Raton, 1983) 172 pp. 

Steel-gray, lustrous metal; body-centered cubic structure; 
hard as corundum and Jess fusible than platinum. Takes a 
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Cbromomycins 2240 

high polish. d 7. 14. mp 190()'. bp 2642". Heat capacity 
(25"): 5.58 cal/g-atom deg. Latent heat of fusion: approx 
3.5 kcal/g-atom; latent heat of vaporization: approx 81.7 
kcal/g-atom. Reacts with dil HCI, H1S04; not with HN03; 

1ttacked by caustic alkalies and alkali carbonates. Not oxi
dized by air, even in presence of much moisture. 

Caution: Chromic acid or chromate salts constitute indus
trial hazards. Irritant effects on the skin and respiratory 
passages lead to ulceration. Oral ingestion may lead to se
vere irritation of the gastrointestinal tract, circulatory shock 
and renal damage. Chromium(lll) compounds show little 
or no toxicity. This substance and certain chromium com
pounds have been listed ·as known carcinogens: Fourth 
Annual Report on Carcinogens (NTP 85-002, 1985) p 58. 

USE: In manuf of chrome-steel or chrome-nickel-steel al
loys (stainless steel); for greatly increasing resistance and 
durability of metals; for chromeplating of other metals. The 
man -made s•cr isotope as tracer in various blood diseases 
and in the detennination of blood volume (as the chloride or 
as Na chromate). ' 

2235. Chromium Carbonyl. Chromium hexacarbonyl. 
c,crof; mol wt 220.07. c 32.75%, Cr 23.63%, o 43.62%. 
Cr(COJ,. Prepn from Cr salts and CO in the presence of a 
Grignard reagent: Owen el aL, Inorg. Syn. 3, 156 (1950); in 
the presence of Mg and ether: Wender, U.S. pat. 3,012,858 
(1961 to Diamond Alkali); in the presence of Na and di
glyme: Podall et aL, 'J. Am. Chem. Soc. 83, 2057 (1961); in 
the presence of Na and an aromatic hydrocarbon: Pruett, 
Wyman, U.S. pat. 3,053,629 (1962 to Union Carbide); in the 
presence of 11 and a nitrile: Wotiz, U.S. ,pat. 3,100,687 (1963 
to Diamond Alkali). . 

Orthorhombic, highly refractive crystals. Sublimes at 
room temp. Sinters at 90"; dec at 130"; explodes at 210". 
Bums with a luminous name. d 1• 1.77. Vapor pressure 
(mm): 0.04 (0"); 1.0 (48"); 66.5 (100"). Almost insol in wa
ter, ethanol, methanol; sol in ether, CHCI3, other organic 
solvents. Solns or impure solid dec by light. LD50 in mice: 
100 mg/kg i.v., Strohmeier, Z. Naturforsch. 19b, 540 (1964). 

USE: In catalysts for olefin polymerization and isomeriza
tion; gasoline additive to increase octane number; prepn of 
chromous oxide, CrO. 

2236. Chromium Dioxide. Cr01; mol wt 84.00. Cr 
61.90%, 0 38.10%. Prepn: Wohler, Ann. 111, 117 (1859); 
Thamer et aL, J. Am. Chem. Soc. 79, 547 (1957); Swoboda et 
at, J. AppL Phys. 32, Suppl. no. 3, 374 (1961); Arthur; Ar
thur, Ingraham. U.S. pats. 2,959,955; 3,117,093 (1960. 1964 
both to duPont). Reviews.· Hund, Farbe +Lack 78, 11-16 
(1972); Rollinson in Camprehensive Inorganic Chemistry vol 
3, J. C. Bailar, Jr. et ,aL, Eds. (Pergamon Press, Oxford, 
1973) pp 689-690. . 

Black, ferromagnetic crystals; rutile structure. d 4.89. 
Metastable in air; various temperatures (250-500") reported 
for decompn to Cr10 3• 

USE: In magnetic recording tapes; as catalyst. 

2237. Chromium Tetrafluoride. CrP4; mol wt 128.01. 
Cr 40.63%, P 59.37%. Prepd by reaction of P1 with Cr or 
CrCI3: von Wartenberg.-Z. Anorg. Allgem. Chem. 247, 136 
(1941); Clark, Sadana, Can. J. Chem. 43, SO (1964). 

Very dark greenish-black, amorphous solid; on exposure 
to moist air becomes brown on surface due to hydrolysis. 
mp (estimated) 27T: Fergusson in Halogen Chemistry Vol. 
3, V. Gutmann, Ed. (Academic Press, New York, 1967) p 
242. bp about 400" evolving steel-blue vapor; sublimes In 
YOCUo above 100"; d 2.89. Less reactive than CrP3, does not 
readily form Werner complexes; does not react with NH3• 
SOr 503, pyridine. Sol in water with rapid hydrolysis; prac
tically insol in most organic solvents. Can be stored indefi
nitely In vacuo in well dried Pyrex or silica vessels .. 

Caution: A strong irritant. 

· 2238, Chromium Trioxide. Chromic acid; chromic an- · · 
hydride. Cr03; mol wt 100.01. Cr 52.00%, 0 48.00%. Pro
duced commercially by the action of coned HzS04 on a soln 
of chromate or dichromate: Faith. Keyes &. Clark, Industri
al Chemicals, P. A. Lowenheim, M. K. Moran, Eds. (Wiley
lnterscience, New York, 4th ed., 1975) pp 270-274. 

Dark red, deliquesc bipyramidal prismatic crystals, Hakes 
or granular power. d 2.70. mp 19T. Dec at 250" to Cr10 3 

and 0 1• Very sol in water; sol in H 1SO •. Powerful oxidizer; 
oxidizes alcohol and most other organic substances, some
times with dangerous violence. Cantacr with combustible 
material may cause fire. Pharmaceutical lncompat: Alcohol, 
ether, glycerol, spirit nitrous ether and almost every organic 
substance; bromides, chlorides, iodides, hypophosphites, 
sulfites, sulfides. 

Caution: Dermal contact can cause primary irritation and 
ulceraton as well as allergic eczema. Inhalation can cause 
nasal irritation, septal perforation. Pulmonary irritation, 
bronchogenic carcinoma may result from breathing chro
mate dust. Ingestion causes violent G.l. irritation with 
vomiting, diarrhea. Renal injury has been reported in exptl 
animals: E. Browning, Toxicity of Industrial Metals (Apple
ton-Century-Crofts, New YQrk, 2nd ed., 1969) pp I 19-131; 
Clinical Toxicology of Commercial Products. R. E. Gosselin 
er af., Eds. (Williams &. Wilkins, Baltimore, 4th ed., 1976) 
Section II. p 75. 

USE: Chromium plating; copper stripping; aluminum an
odizing; corrosion inhibitor; photography; purifying oil and 
acetylene; hardening microscopical prepns; oxidizing agent 
in organic chemistry. 

TIIERAP CAT IVE'O: Has been used in solution as a topical 
antiseptic and astringent. 

2239. Chromocarb. 4-0xo-411-1-ben:opyran-2-carbox
ylic acid; 2-chromonecarboxylic acid; 4-oxo-4H-chromene-
2-carboxylic acid; benzo-'l'·J'yronecarboxylic acid. C 10H 60 4; 

mol wt 190.16. C 63.16%, H 3.18%, 0 33.66%. Prepn: S. 
Ruhemann. H. E. Stapleton, J. Chem. Soc. 77, 1179 (1900); 
J. Schmutz et aL, Helv. Chim. Acta 34, 767 (1951); G. Pifferi 
era/., J. Hererocycl. Chem. 14, 1257 (1977). Prepn of dieth
ylamine salt: P. A. Tranche, S, Afr. pat. 68 7352; eidem, 
U.S. pat. 3,816,470 (1969, 1974 both to Perlux). Pharma
cology of diethylamine salt in animals: J. Couquelet et a/., 
CR. Soc. Bioi. 164, 329 (1970); P. Conquet et al .. ibid. 800. 
Clinical comparison with dipyridamole of effect on platelet 
function: A. Vittoria eta/., Curr. Ther. Res. 35, 1033 (1984). 
Clinical trial in diabetes with vascular disease: N. Ciavarella 
et al., ibid. 36, 293 0984). Bioavailability in humans: J.-M. 
Aiache et aL, Biopharm. Drug Dispos. 1, 301 (1986). 

NOYCOOll 
~ 

0 

Colorless needles from alcohol, mp 250-251" (dec) (Rube
mann, Stapleton); also reported as mp 255 -256" (Pifferi). uv 
max: 230, 305 nm (( 20220, 8075). Sol in alcohol, ammo
nia. Sparingly sol in water. 

Diethylamine, C14H 17N04, Anglophtal, Campel, Ftudarene. 
Microcrystalline powder from alcohol + acetone, mp 138". 
Sol in water. LD50 in mice: -800 mg/kg i.v.; > S g/kg 
orally CTronche, 1974). 

THERAP CAT: Diethylamine salt as capillary protectant. 

2240. Chromomyclns. An antibiotic complex produced 
by Streptomyces griseus; composed of chromomycins group 
A, group B, and C, with chromomycin A~ as the major 
component. lsoln of complex and antibactenal activity: M. 
Shibata et aL, J. Antibiot. 13B, I (1960), CA. 54, 22835g 
(1960). Separation of components: Mizuno, and Tatsuoka 
er aL, ibid. 138, 329, 332 (1960), CA. 56, 1745gi (1962); 
Miyake et aL, Japan. pat. 7842('60) and Ger. pat. 1,072,775 
(both 1960 to Takeda), CA. SS, 7758b, 2636Jf (1961); Mizu
no, J. Anrlbiot. 16A, 22 (1963). Structure of A 3: Miyamoto 
et aL, Tetrahedron Leners 1964, 2367, 2371; Tatsuoka et aL, 
Proc. Japan Acad. 40(3), 236 (1964), CA. 61, J0767h (1964); 
Miyamoto et aL,·Terrahedron 23, 421 (1967). Abs config of 
A 3: Harada et al .. J. Am. Chem. Soc. 91, 5896 0969). Re
vised structure of A,: J. Thiem, B. Meyer, J. Chcm. Soc. 
Perkin Trans. II 1979, 1331. Series of articles ori partial 
syntheses: Ber. 113, 3039-3074 (1980); J. H. Dodder al., J. 
Org. Chem. 47, 4045 (1982). Pharmacology and toxicity: 
M. Slavik, S. K. Carter, Adv. Pharmacal. Chemother. 12, 1 
(1975). Review: J. D. Skarbek, M. K. Spccdie in Antitumor 
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4269 Garryine 

U.S. Constit. Alliin, allicin, volatile and latty oils, mucilage, 
albumin. Effect of garlic oil in hypercholesterolemic rabbits: 
R C. Jain, D. D. Konar, Ath~roscl~rosls 29, 12S (1978); In 
humans: A. Dordia, H. C. Bansal, Lanc~t 2, 1491 (19.73). 

USE: As a spice and seasoning in foods. 

4269, Garryine. CzzH33NOz: mol wt 343.49. C 76.92%, 
H 9.68%, N 4.08%, 0 9.32%. From bark of Garrya vi!Dtchii 
Kellog, Garryauae, where it occurs together with veatchine 
and other alkaloids: Oneto, J. Am. Pharm. Assoc. 35, 204 
(1946); Wiesner~~ a/., Can. J. Ch~ni. 30, 608 (19S2). Struc
ture: Wiesner et a/.: J. Am. Chern. Soc. 76, 6068 09S4); 
Djerassi eta/., ibid. 77,4801 (195S). Stereochemistry: Solo, 
Pelletier, Chern. & Ind. (Landon) 1960, 1108. Racemic syn
theses and resolution: Masamune, J. Am. Chern. Soc. 86, 
290 (1964); Nagata ~t a/., ibid. 929, 89, 1499 (1967); Guthrie 
eta/., CoiL Cz~ch. Ch~m. Commun. 31, 602 (1966). 

Monohydrate, crystals from dil acetone. Ditter taste, mp 
74-82". pK 8.70. [alfl.J -84.23" (c "" 1.44 in ethanol). Sol 
in water, alcohol. 

Hydrochloride, CzzH33NO~.HCI. crystals from abs ethanol 
+ ether, dec 263-268". Soluble in water. 

4270, Gasoline. Petrol (British); Benzin (German). A 
mixture of c. to Cu hydrocarbons. Natural gasoline, ob
tained by fractional distillalion of petroleum contains mostly 
saturated hydroCarbons; but the ordinary commercial grades 
of motor gasoline contain paraffins, olefins, naphthenes, and 
aromatics, all in substantial concns. Motor gasolines .are 
made chiefly by cracking processes, in which heavier petr 
fractions are converted into more volatile fractions by ther
mal or catalytic decompn. (Where petr is scarce, as in Ger
many, gasoline also has been made commercially by cata
lytic high-pressure hydrogenation of soft coal and by cata
lytic synthesis of hydrocarbons from carbon monoxide and 
hydrogen.) Some gasolines sold in the U.S.A. contain a 
minor proportion or tetraethyllead, which is added In concns 
not exceeding 3 ml per gallon of motor gasoline to prevent 
"knock" in engines in which the gasoline is used as fuel. 
Knock is the audible manifestation of an excessive rate of 
pressure rise when the gasoline vapor is ignited under com· 
pression in an engine. (The relative knocking tendencie~< of 
gasolines are measured in term!> of "Octane Number," which 
is defined as the percentage or iso-octane, having "100 
Octane No.," to be blended with n-heptane, having "0 
Octane No." by definition, in order to obtain the same de· 
gree of knock as is obtained with the gasoline being rated, 
under standard conditions in a standardized test engine.) 

Commercial grades of tetraethyllead or Ethyl fluid typi
cally contain about 63% tetraethyllead and about 35% ethyl
ene dichloride or"dibromide, which aids in··evacuating the 
products of combusion of the lead compd from engines. In 
addition, the fluid contains a red or a blue dye. All leaded 
gasolines are dyed for recognition and should be used only 
as motor fuel. Other materials occasionally blended in gaso
line to decrease knock, particularly in Europe, are benzene 
and ethanol. Comprehensive review: J. C. Lane, "Gasoline 
and Other Motor Fuels" in Kirk-Othmer Encyclopedia of 
Ch~mlcal Technology vol. 11 (Wiley-Interscience, New York, 
3rd ed., 1980) pp 652-695. · 

Gasoline is a highly flammable, mobile liq with character· 
is tic odor. Evaporates quickly: Flash pt -so-F (- 4-S"C). 
Explosive limits, vol % in air: lower 1.3, upper 6.0; sp 
gr 60/60"F: 0.72 to 0.76. Initial bp 39"C; after 10% distilled 
bp 60"; alter SO% bp 110"; after 90'7o bp 170"; final bp 204", 
lnsol in water; freely sol in abs alcohol, ether, chloroform, 
benzene. Dissolves fats, oils, natural resins. 

USE: As fuel in internal combusion engines of the spark
ignited, reciprocating type. Caution: Ingestion causes in· 
ebriation, vomiting, vertigo, fever, drowsiness, confusion, 

cyanosis; aspiration causes bronchitis or pneumonia. Inha· 
lation causes Intense burning in thooat and lunas; pouibly 
bronchopneumonia. 

4271. Gastrins. Gastrointestinal hormones isolated from 
the mucosal lining of the gastric antrum of various mamma· 
linn species. Highly potent gastric secretion stimulants, first 
discovered by J. S. Edkins: Proc. Roy. Soc. Landon 76D, 376 
(I 90S). Several gastrins have been identified; they are re· 
!erred to as "little gastrin", "big gastrin" and "minigastrin". 
"Little gastrin" or G-17 exists in two forms. 18-34-gastrin I 
or G-17-I and 18-34.gastrin II or G-17-JJ, which are hep· 
tadecapeptides that are identical in amino acid sequence, 
with the latter having sulfated tyrosine residues. There are 
relatively small species difrerences in amino acid sequences 
of G-17, although there are differences in the ratio of the 
non -sulfated to the sulfated forms. This ratio is about 3:4 in 
hog compared to about 2:1 in man. "Dig gastrin" or 1-34· 
gastrin, also found in two forms, consists of the heptadeca
peptides of "little gastrins" extended from their N-tennini by 
additional heptadecapeptides with amino acid compositions 
different from G-17. For each species. the G-17-I and 
G-17-II portions of the G-34 gastrin are identical. Pairs of 
shorter gastrins, or "minigastrins" (22-34-gastrin) are C-ter
minal tetradecapeptides. 

5-oxo-Pro-Cly-Pro-Trp-Lt'u-Clu-Clu-Glu-Clu-Clu-

Ala-Tyr-Gly-Trp-Net-Asp-Phe·lllt
2 

18-34-gaatrin I (human) 

Structure of porcine "little gastrins": Gregory el aL, No• 
lure 204, 391 (1964); human: Bentley et aL, ibid. 209, SSJ 
(1966). Synthesis of porcine "little gastrins": Anderson et 
aL. ibid. 204, 933 (1964); human: Beecham et aL, ibid. 209, 
585 (1966); human and canine: Agarwal, Kenner, J. Cllem. 
Soc. (C) 1969, 2213; ovine: Agarwal el af .• ibid. 9S4; feline: 
eidem, Experi~ntia 25, 346 (1969). General synthetic meth· 
od: E. Drown et aL, Ch~m. Commun. 1980, 1093. Jsoln of 
"big gastrins" from Zollinger-EIIison tumor tissue: R. A. 
Gregory, H. J. Tracy, Lanc:~t 2, 797 (1972). Jsoln of ''mini· 
gastrins" from Zollinger-EIIison tumor tissue: eid~m. Gut 
15, 683 (1974). Amino acid sequences of porcine and human 
"big gastrins": eid~m. in Gastrointestinal Hormon~s, J. C. 
Thompson. Ed. (Univ. Texas Press, Austin, 1975) pp 13-14. 
Revised sequence of porcine: G. J. Dockray et a/., Bioorg. 
Ch~m. 8, 46S 0979); of human: A.M. Choudhury eta/., Z 
PhysioL Ch~m. 361, 1719 (1980). _Synthesis of human: G. 
Wendlberger et a/., Monatsh. ll2, 1297 (1981). Structure 
and synthesis of "minigastrins": R. A. Gregory et aL, Z 
Physiol. Ch~m. 360, 73 (1979). Review of chemical studies: 
Kenner, Sheppard, Proc. Roy. Soc. Landon 1700, 89 (1968). 
Review of physiological advances: Gregory, Ibid. 81, Gen
eral reviews: Sanders, Schimmel, Am. J. Med. 49, 380 · 
(1970); McGuigan, Vitam. Harm. 32,47-88 (1974); V. Mutt. 
ibid. 39, 231-426 (1982). 

4272. Gaultherin. 2-[C6·0·/1·D·XyloPJranosyi·/1·D·glu
copyranosyl)oxy]bentolc acid methyl nter; methyl salicylate• 
2-glucoxyloside: methyl salicylate-2-primeveroside; mono• 
tropitin; monotropitoside. c 1,HnOu: mol wt 446.40. C 
51.12%, H 5.87%, 0 43.01%. In the wintergreen plant, 
Gaultheria procumb~ns L., in Monotropa hypopitys L., Erica
cea~ in B~tula /~nta L., B~tulaceae, in Splra~a ulmaria L. and 
S. filipendula L., Rosacea~: "Dridel, Compt. Rend. 177, 642 
(1923); 179, 991 (1924); 180, 1421, 1864 (1925); Dridel, Gril· 
Jon, ibid. 187,609 (1928). Synthesis: Robertson, Waters, J. 
Chern. Soc. 1931, 1881. On hydrolysis with 3% H~o. gaul· 
therin forms I mol methyl salicylate, I mol o-glucose and I 
mol o-xylose. Enzymatic hydrolysis gives methyl salicylate 
and primeverose (glucoxylose). 
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Needles in star formath 
[a)/7 -!18' (c -= 2). Sol in 
ethyl acetate, acetone.· In• 

Not~: The older literatu 
salicylate-D-glucoside. 

Gaulth~rio.dde, C 13Hz•O, 
(alo -58". Gaultherioside 
on hydrolysis with 3'7o Hz~ 

4273. Gefarnate. 5, 9, 
rnoic: acid 3,7-dimethyl-2,t 
ylacetate: DA-688; Alsan 
Gefarnil; Gefarnyl; Geh 
Zackal. CnH .. Oz; mol.wt 
7.99%. Prepn: Cardant er 
Delg. pat. 617,994 (1962 I< 
Coppi et aL. Anneimlrr~/-. 
evaluation in duodenal ulc 
gomery, Brit. J. C/in. Prac 

Slightly yellowish liq '' 
165-168". nil' 1.4900. uv 
ale, ether, dimethylforman 
ly insol in water, forma• 
glycol, glycerine. 

THERAP CAT: Antiulcern 

4274. Gelssoschl:r:olinc 
NzO; mol wt 298.41. C 
5.36'7o. From bark of Gei• 
aceae: Hesse, Ann. 202, I• 
241 (1934). Identity with 
48 49 (1961). Structure: 
43S3 (1960); Dertho, Kol' 
Hymon, Schmid, 11~/v. C 
form: Dadson, Harley-IV 
Harley-Mason. Taylor. il· 

I 

Q 
Coarse crystals from n 1 

+32" (ethanol). uv max 
3.93, 3.47). Sol in alcn 
insol in water. 

Methyl chloride, C 19H: 
anol, mp 29T. - · 

Methiodide, C 19H11Nz1 

mp 254". 

4275. Gelssospermint 
[C 1 0(1,13(1,21 P)-23-d~oxy 
strychnidln-10-:yl)corylla 
dldehydro·16·C 1 s-~tltyk 
rthano•1 11,311·[1,3]oxati 
J·yl)-corynan•J7-a/c ad 
et hylidene -1.2,3,4,6, 7 ,12. 
izin-2-yl)-curan,l-prop:~ 
Q 3; mol WI 632.82. C 7~ 
From bark of G~L<SOSp<'r 
Hesse, Ann. 202, 141 (I 
Compt. Rend. 252, 902 
(1961). Crystal structuu . 
tallogr. 35D, 1820 (1!179 
seau, Ann. Pharm. Fra11 
with HCI splits into gei• 



9544 1,3,5 • Trichlorobenzene 

Liquid: mp IT; dU 1.4634; bp 213"; nf1 1.5524. Flash pt 
I 10" (230"F). Volatile with steam. lnsol in water. Sparingly 
sol in ale. Miscible with ether, benzene, petr ether, carbon 
disulfide. 

9544. 1,3,5·Trichlorobenzene. sym·'l:richlorobenzene. 
C 6H 3CJ 3; mol wt 181.46. C 39.71%, H 1.67%, Cl 58.62%. 
Prepd from 2,4,6-trichloraniline by diazolization·and treat· 
men! with alcohol: Jackson, Lamar. Am. Chem. J. 18, 667 
(1896); Backer, van der Baan, Rec. Trav. Chim. 56, 1177 
(1937). 

Crystals: mp 63.4"; bp 208.4". nl: 1.5662. Flash pt JOT 
(224.6"F). Volatile with steam. Insol in water. Sparingly 
sol in ale. Freely sol in ether, benzene, pelr ether, carbon 
disulfide, glacial acetic acid. 

9545. a,a,P·Trlchloro·n·butyraldehyde. 2,2,3·Trichlo
rohutanal: butylchloral; anhydr butylchloral; butyrchloral; 
crotonchloral. c.H,CJ30: mol wt 175.45. C 27.38%, H 
2.87%, C1 60.63%, 0 9.12%. CH3CHCICCI1CHO. Prepd by 
the action of chlorine on acetaldehyde: Kramer, Pinner, Ber. 
3, 883 (1870); Pinner, Ann. 179, 24 (1875); on paraldehyde: 
idem: on crotonaldehyde after saturation with gaseous HCI: 
High, U.S. pat. 2,280,290 (1942); Drown, Plump, U.S. pat. 
2,351,000 (1944). From crotonaldehyde and chlorine: Ropp 
et aL, Org. Syn. coli. Yol. IV, 130 (1963). See also Butyl. 
chloral Hydrate. 

Oily liquid. Pungent, disagreeable odor: df' 1.3956: bp760 
164.5-165.5': bpzs 57·60". nlf 1.47554. Freely sol in water 
forming butylchloral hydrate: sol in alcohol forming an 
alcoholate; sol in ether. Polymerizes. 

9546. 2,3,6 • Trichloro ·p·cresol. 2,3,6· Trichloro-4-mrth· 
ylphenol: 2,3,5 ·lrichloro -4 -hydroxytoluene; 2,3,5 -trichloro· 
4-hydroxy·l·melhylbenzene. Prepared by chlorination of 
p-cresol: Zincke et a/., Ann. 328, 268 (1903). 

Long needles from glacial acetic acid or petr ether. mp 
66-67". Slightly sol in water: freely sol in the usual organic 
solvents, and in dil alkali and soda solns. 

9547. 2,4,6-Trlchloro·m·cresol. 2,4,6·Trichloro·3· 
methylplrenol: 2,4,6-trichloro-3-hydroxytoluene. C,H5CI30; 
mol wt 211.48. C 39.75%, H 2.38%, Cl 50.30%, 0 7.57%. 
Prepd by chlorination of m-cresol, chlorination of thymol in 
the presence of iron, or by action of coned sulfuric acid on 
2,4,4-trichloro-3 ·methyl·6·isopropyJ.,AZ.S.cyclohexadien. 
one: Crowther, McCombie, J. Chem. Soc. 103, 536 (1913). 

Needles or plates from water or petr ether. mp 45-4T; bp 
265", bp1• 142·144". Volatile with steam. Slightly sol in 
water, benzene, pttr ether, glacial acetic acid. Freely sol in 
methanol, ale, chloroform, xylene, ether and in alkali solns. 

9548. 4,5,6 • Trlc:hloro -o·c:resol. 2,3,4· Trichloro·6·metlr
ylphenol; 3,4,5-trichloro·2·hydroxytoluene; 1 ·methyl-2· 
hydroxy-3.4,5-trichlorobenzene. Prepd by chlorination or 
l·methyl-2-hydroxy-4-chlorobenzene: Kohn, Syreia, J. 
Am. Chem. Soc. 70, 3950 (1948). 

Needles from pelr ether, mp 7T. Slightly soluble in water; 
freely sol in the customary organic solvents and in caustic 
alkali solns. 

9549. l,l,l·Tric:hloroethane. Methylchloroform; Chlo· 
rothene. C1H 3CI3; mol wt 133.42. C 18.00%, H 2.27%, C1 
79.72%. CH3CCI3• Prepd by the action of chlorine on J,J. 
dichloroethane: Sutton, Proc. Roy. Soc. A133, 673 (1931); by 
the catalytic addition of HCI to 1,1-dichloroethylene: Ger. 

pat. 523,436 (1931); U.S. pat. 2,209,001} {Nutting, 
1940). Review of mfg processes: Faith, Keyes 
Industrial Chemicals, F. A. Lowenheim, M. K. 
(Wiley·Interscience, New York, 4th ed., 1975) pp 836 

Liquid. Nonnammable. mp -32.5". df' 1.3376. 
74.1". n~ 1.43838. Insoluble in water. Absorbs some 
Sol in acetone, benzene, carbon tetrachloride, mem"''""'l< 
ether. 

USE: In cold type metal cleaning, also in cleaning 
molds. Caution: Irritating to eyes, mucous ---"--
and, in high concns, narcotic. 

9550. 1,1,2 ·Tric:hloroelhane. Vinyl trichloride. 
cr,: mol Wt 133.42. c 18.00'7o, H 2.27%, Cl 79.73%. 
CICHCI1• Prepd by catalytic chlorination of 
ethylene: Joseph, U.S. pat. 2,752,401 and Pye, 
2,752,402 (both 1956 to Dow); Reynolds, U.S. pal. 
286 (1957 to Olin Mathieson). Toxicity data: H. F. 
eta/., Am. Ind. Hyg. Assoc. J. 30, 470 (1969). 

Nonflammable liquid; pleasant odor; df' 1.4416. 
-35". bp 113·114". nfr 1.4711. lnsol in water; mise: 
alcohol, ether, and many other organic liquids. LD50 
in rats: 0.58 ml/kg {Smyth). 

USE: Solvent for fats, waxes, natural resins, 
Caution: Irritating to eyes, mucous membranes, and, in 
concns, narcotic. 

9551. 2,2,2·Trlchloroethanol. Trichloroelhyl 
CzH3CI30; mol wt 149.42. C 16.08%, H 2.02'7o, Cl 
0 10.71%. CCI3CHpH. Prepd by reduction of the · 
ponding ester, add chloride, or acid with lithium alumin11111 
hydride: Sroog et al., J. Am. Chem. Soc. 71, 1710 (1949). 
Manufacture by reduction of chloral hydrate with an amiDe 
borane: Chamberlain, Schechter, U.S. pat. 2,898,379 
to Callery Chern.). , 

Hygroscopic liquid, ethereal odor. At low temps 
tallizes in rhombic tablets. mp at 18"; bp 151·153"; 
Sol in about 12 parts water; miscible with alcohol 
pH of aq soln is 5·6, but on prolonged contact -·'''" · ...... _,. 
some free acid is formed. Keep well closed andr ........... , •. ~ .. . 
light. LD50 orally in rats: 600 mg/kg, Handbook of 
ogy yoJ. 1, W. S. Spector, Ed. (Saunders, Philadelphia, 
pp 302-303. . 

THERAP CAT: Sedative, hypnotic. 

9552. Tric:hloroethylene. Trichloroethene: 
chloride; Tri-Ciene: Trielene: Trilene; Trichloran: 
ren; Algylen; Trimar: Triline; Tri; "'·-···-_,•-• 
Chlorylen; Gemalgene: 
131.40. C 18.28%, H 0. 77%, 
Usually prepd from sym-telrachloroethane by elirnlnatic111 
HCI (by boiling with lime): Ger. pat. 171,900. 
tetrachloroethane vapor over CaCiz catalyst al 
pat. 263,457; without catalyst at 450-470": Brit. pal. 
530 (1946 to du Pont). Review of mfg processes: 
Miller, Chem. ProceM Eng. 47, 268 (1966); Faith, 
Clark's Industrial Chemicals, F. A. Lowenheim, 
Moran, Eds. (Wiley-lnterscience, New York, 4th 

· pp 844·848. Toxicity and metabolism: E. Browning, 
ity and Metabolism of Industrial Solvents (Elsevier, 
York, 1965) pp 189-212. Toxicity data: Smyth et 
Ind. Hyg. Assoc. J. 30,470 (1969). 

Nonnammable, mobile liquid. Characteristic odor 
bling that of chloroform. d% 1.4904; dl5 1.4695; dl' 
Vapor density: 4.53 (air = 1.00). mp -84.8". 
bp400 67.0"; bp100 48.0"; bp100 31.4"; bp60 20.0"; bpJO 
bp10 -12.4"; bp5 -22.8"; bp1_0 -43.8"; nJll.47914;· 
45560. Practically insol in water; mise Wtth ether, 
chloroform. Dissolves most fixed and volatile oils. 
dec (with formn of HCI) by light In the presence of 
Trichloroethylene for medicinal purposes 
thymol or ammonium carbonate (not more 
ml) as a stabilizer. Industrial grades of tric:hll)rDelh.Jialil' 
may contain other stabilizers such as ancuJiimu•onunc 
rate and cresol. LD~ orally in rats: 4.92 mllkg: LC 
in rats: 8000 ppm \Smyth). . . 

Caution: Use with adequate ventilation. Preserve 
roelhylene in sealed, light-resistant ampuls or in 
light-resistant glass tubes.· Avoid prolonged 
product to excessive heat. 'It must be dispensed in 
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Polychlorinated Biphenyls 7541 

averace ••lues for a, b, c are: 
• • 12; b • 34; e • 12 

A liquid nonionic surfactant polymer. 
USE: Pharmaceutic aid (surfactant). . 
TIIERAP CAT (VET): Prevention of bloat in cattle. 

'7537. Po1oxamers; Methyl oxlrane polymers, polymer 
with oxlrane; polyethyfenepolypropylene glJcols, polymers; 
a·hydro-c.o-hydroxypoly(oxyethylene)poly(oxypropylene)· 
poly(oxyethylene) block copolymers; Pluronics. Series of 
nonionic surfactants with the structure HO(CHlCHlO).
(CH(CH~CHlOH)~(CHlCHlO).H where b is at least IS and 
(CHlCHlo>. + • is varied from 20 to 90% by weight. Mol wt 
ranges from 1000 to greater than 16,000. The poly(oxypro· 
pylene) segment is hydrophobic; the poly(oxyethylene) 
segment hydrophilic. Comprehensive reviews: I. R. 
Schmolka, Am. Perfumer Cosme!. 82(7), 25-30 (1967); Idem 
"Polyalkylene Oxide Block Copolymers" in Nonlonic Sur
factants, M. Schick, Ed. (Dekker, New York, 1967) pp 300-
371. See also Poloxalene. 
. Mobile liquids, pastes or Oakeable solids. Relatively 

nonhygroscopic. Vary from waler-insol to very water-sol 
compds; more sol in cold than hot water. In general, sol in 
aromatic solvents (benzene, toluene, xylene), chlorinated 
solvents, acetone, ale, propylene or hexylcnc glycol, butyl 
c:ellosolve, butyl carbitol.-·mcthyl ethyl ketone, cyclohcxa
nonc. Insol in ethylene glycol, kerosene, mineral oil. Low
foaming properties. Stable to acids, alkalies, metallic ions. 

Poloxamer 182LF, Pluronic L62LF. a = 7, b = 30, c = 
7; av. mol wt 2450. Low-foaming liquid. dll 1.035. Brook
field viscosity (25') 375 cp; cloud pt (10% aq soln): 22'. 

Poloxamer 188, poloxalkol (obsolete), Exocorpol, Pluronic 
F68. a = 75, 6 = 30, c = 75; av. mol wt 8350. Flakeable 
solid. mp SO' (minimum); cloud pt (10% aq soln): > 100' • 

Poloxamer 331, Pluronic LI01. a = 7, b = 54, c = 7; av. 
mol WI 3800. Liquid. dll 1.018; Brookfield viscosity (25'): 
1S6 cp; cloud pi (10% aq soln): II'. 

USE:· Food additives; defoamcrs; antistatic agents; dcmul
sifiers; detergents, wetting agents, gelling agents; emulsifiers; 
foam controllers; dispersants; dye levelers. 

THERAP CAT: Poloxamer 182LF as pharmaceutic aid; 188 
as cathartic. 

'7538. Polyamine-Methylene Resin. Resinat; Exorbin. 
Phenol condensation product with polyamines. An ion
exchange resin specially purified for medicinal use. 

• .. 
Light amber, granular, free-flowing powder. Insol in wa

ter, alcohol, ether, aq solns of acids and alkalies. Under the 
conditions of the old N.N.R. assay for acid-consuming 
capacity, not less than SO ml 0.1N hydrochloric acid is con· 
sumed by 0.2 g of the resin. 

TitERAP CAT: Antacid. 

'7539. Polybenzarsol. (4-Hydroxyphenyl)arsonle acid 
polymer with formaldehyde; Bcnzodol. A polymeric mixture 
obtained by adding formaldehyde (40%) (0.116 mole) over a 
3-hr period to p-hydroxybenzencarsonic acid (0.209 mole) in 
ISO g of 90% H;>04 at 0·5' and keeping It cold for 21 hrs. 
Dilution of the mixture with HlO precipitates the product: 

Faith, J. Am. Chern. Soc. 72, 837 (1950). Description: Jones 
et aL, Antibiot. & Chemother. 8, 400 (1958). 

White powder. Somewhat sol in water; sol in alcoholic 
NaOH. LD10 i.p. in mice: 235 mg/kg. No deaths after 4 
g/kg i.g. in mice. 

TIIERAP CAT: Antiamebic. 

7540. Polybromlnaled Biphenyls. PDD's; brominated 
biphenyls; polybromobiphenyls. Mixtures with structures 
similar to polychlorinafed biphenyls, q. v., where each X = 
H or Br. Once widely used commercially. Prepn: H. Hahn 
et al., Ger. pal. 1,161,547 (1964 to Chern. Fabrik Kalb); G. 
A. Burk, U.S. pat. 3,733,366 (1973 to Dow); L. C. Mitchell, 
D. R. Breckenridge, U.S. pats. 3,763,248 and 3,833,674 
(1973, 1974 both to Ethyl COrp.). Persistence in soils: L. 
W. Jacobs et al., J. Agr. Food Chem. ·24, 1198 (1976). Photo· 
degradation: L. 0. Ruzo et al., Ibid. 1062. Review of cnvi· 
ronmcntal hazards: K. Kay, Environ. Res. 13,74-93 (1977); 
F. J. DiCarlo et al, Environ. Jiealth Perspect. 23, 351-365 
(1978). . 

Firemaster BP-6, major component is 2,2',4,4',5,5' ·hexa· 
bromobiphenyl. Softens at 72', dec above 300'. Low vapor 
pressure; degraded by uv light. Very sol in benzene, toluene. 
Insol in water. 

Note: The 1973 "Michigan Incident" in which BP-6 was 
accidentally added to animal feed, and resulted in wide
spread destruction of contaminated farm animals, led to the 
removal of DP-6 from the market: L. J. Carter, Science 192, 
240 (1976). This substance may reasonably be anticipated-to 
be a carcinogen: Fourth Annual Report on Carcinogens (NTP 
85-002, 1985) p 169. 

USE: Flame retardant. 

'7541. Polychlorinated Biphenyls. PCDs; chlorinated bi
phenyls; chlorobiphenyls; Aroclor; Clophcn; Fenclor: Kane· 
chlor; Phcnoclor; Pyralenc; Santothcrm. Once widely used 
industrial chemicals whose high stability contributed to both 
their commercial usefulness and their long-term deleterious 
environmental and health effects. Early synthesis: H. 
Schmidt, G. Schulz, Ann. 207, 338 (1881). Commercially 
available since 1930: C. Penning, Ind. Eng. Chern. 22, 1180 
(1930). COmmercial PCBs arc mixtures. The Aroclors arc 
characterized by four digit numbers. The first two digits 
indicate that the mixture contains biphenyls (12), triphenyls 
(S4) or both (25, 44); the last two digits give the weight 
percent of chlorine in the mixture (e.g. Aroclor 1242 con
tains biphenyls with approx 42% chlorine). Reviews of envi
ronmental impact and toxicity: L. Fishbein, Ann. Rev. 
Pharmacal 14, 139-156 (1974); R. D. Kimbrough, CRC 
Crlt. Rev. Toxlcol :Z, 445-498 (1974); National Conference on· 
Polychlorinated Biphenyls, Nov. 19-21, 1975 (EPA-560/6-
75-004, 1976) 487 pp. Accumulation of airborne PCDs in 
foliage: E. H. Buckley, Science 216, 520 (1982). Reviews: 
H. L. Hubbard in Klrk-Othmer Encyclopedia of Chemical 
Technology vol. 5 Unterscience, New York, 2nd ed., 1964) 
pp 289-297; 0. Hut:ringer et al., The Chemistry of PCB's 
(CRC Press, Cleveland, Ohio, 1974) 269 pp; J. W. Lloyd et 
al, J. Occup. Med. 18, 109-113 (1976). Review of carcino
genicity studies: IARC Monographs 18, 43-103 (1978). 

X X X X 

x_J---V-\_x 
KK 

·x • H or Cl 

Aroclor 1242, clear, inobilc liquid; av. number CJ/mole
culc: 3.10. df 1.381, 'dls.s 1.392. Distillation range 325· 
366', Flash point (open cup) 348-356'F. nfl' 1.627-1.629. 
Dielectric constant (1000 cycles) 5.6 (25'), 4.9 (100'). 

Aroclor 1254, light yellow, viscous liquid; av. number 
CJ/moleculc: 4.96. df 1.495; dls.s 1.50S. Distillation range 
365-390'. No open cup flash point to boiling. nljl 1.629-
1.641. Dielectric constant (1000 cycles) 5.0 (25'), 4.3 (100'). 
LD10 orally in weanling rats: 1295 mg/kg (Kimbrough). 

Aroclor 1260, light yellow, soft, sticky resin; av. number 
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7542 · Polydatin 

Cllntolecule: 6.30. d:0 1.555; dl5·5 1.566. Distillation range 
385-420. No open cup flash point to boiling. nff 1.647· 
1.649. Dielectric constant (1000 cycles) 4.3 (25"); 3. 7 (100"). 
LD50 orally In weanling rats: 1315 mg/kg (Kimbrough). 

Caution: Toxic dlects in humans lndude chloracne, rig· 
mcntnlion or skin nnd nails, excessive eye"discharge, swelling 
or eyelids, distinctive hair follicles. gastrointestinal distur
bances. In Japan, accidental contamination or rice bran oil 
with Knnechlor 400 led to an outbreak or whnt becnme 
known os ''Yusho ·disease", see M. Kurntsune et al., In 
EJ>A-560/6-75-004, foe. clt.;p 14. Toxic symptoms in ani· 
mals Include hepatocellular carcinontn, hypertrophy of the 
liver, odenolibrosis, weight and hnir loss, mouth and eyelid 
edema, acneform lesions, decreased hemoglobin + hcmato· 
c·ril, gastric mucosal ulceration and reduced ability to repro
duce. These substances mny rensonnbly be anticipated to be 
carcinogens: Fourtfl Annual Report on Carcinogens (NTP 
85-002, 1985) p 170. • . . . 

USE: In electrical capacitors, electricnltrnnslormers, vacu
um pumps. gas-transmission turbines. Formerly used In 
U.S. as hydraulic fluids, pluticizers, adhesives, lire retnr• 
dnnts, wax extenders, dedusting agents, pesticide extenders, 
inks. lubricants, culling oils, In heat transfer systems,. car
bonless reproducing paper. · · 

7542. Polydalin. 3·llydroxy-S·[2-C4-hydrmcypfmlyl}eth
""Yl}t•llenyl·IJ·D·glucopyrann<idr; 3-llydrnxy-S-Cp·llydroxy
:rtyryl}phenyl glucoside; 3,4',5-trihydroxystll bene-3 ·IJ·D· 
glucoside; resveratrol-3 ·IJ-mono·D·glucoside: piceid. C20 • 

H 210 1; mol wt 390.40. C 61.53%, H 5.68%, 0 32.79%. lsoln 
from fresh root of Polygonum cu$pidatum Sieb. &. Zucc., 
Polygonacrae, and structure: Nonomura et a(., l"akugaku 
ZassM 83, 988 (1963). 

. OH 

"0'"-"-Q 
· o-e-u-rtueooo 

Trihydrate. crystals, mp 225-226". (orlfJ -74.9" (c = 
1.709 In ethnnol). 

7543, Polye.~trndlol Phosphate.· Estradiol pf1o$pl1ate 
pnlymrr; PEl'; Estradurin. Polymeric ester of phosphoric 
acid and e•tradiol. Mol wt -26,000. Prepn: Dic:dalusy, 
Endocrirwlogy 54, 471 (1954); Diczlalusy et a(., U.S. pat. 
2,928,849 (1960 to AD Leo); Ferno et al., Acta Cflem. Sca,d. 
12, 1675 (I 9.58). Proposed structure: Ferno et al .. toe. cit. 

. 1 ·~ Ho o o o on· 
'\.1 I 1/ 
/p ORO-r ORO-P 

HO OH '\.OH 
n-t" . . 

(-ORO- ls th~ ~strodlol rodleol ond n Is obout 80) 

Solid, mp 19!5·202". Very sol in aq pyridine; sol In nq 
alkali: very slightly sol In ethanol, ethanol + water (1:1), 
water, dioxane, ncetone, chloroform. Intrinsic viscosity ['I) 
in 0.25M NaCI soln at pH 7.5 "" 0.04. 

TIJtRAr CAT: Estrogen (used in prostatic Carcinoma). 

7544. Polyethylene. Etl1ene homopolyr11er; Agilene: Ala· 
thon: Alkathene: Courlene; Lupolen: l'latilon; Polythene; 
Pylen; Reevon. Mol wt about 1500-100,000. C 8!5.7%, H 
14.3%. l'repd by polymerization or liq elhylene at high 
temps and high or low pressure. Reviews: Aggarwal, Sweel· 
ing, Chern. Rev. 57, 665 • 742 (1957); Rarr, Allison, Polyetlly(. 
ene, Yol, XI or High Polymers-·series Unterscience, New 
York, 19!56); Failh eta(., Industrial Chemicals (Wiley, New 
York, 3rd ed., 196!5) pp 624-630. 

Plaslic solid of milky transrnrency. · df 0.92. Tough and 
flexible at room lemps, mp 85-110". Breaks with cryst frac· 
lure at -50". Good .electrical insulator. Surface.resistivily: 
I 014 ohms. Will burn, but. hardly supports combustion. 
Stnble to water, non-oxidizing acids and alkalies, alcohol~ 
ethers, ketones, esters at ordinary temps. Attacked by o•i· 
dizing acids such as nitric acid and perchloric acid, freo: 
halogens, benzene, petr ether, gasoline and lubricating oils. 
nromnlic nnd chlorinated hydrocarbons. 

USE: Laboratory tubing: In making prostheses; electrical 
insulation: packaging materials; kitchenware; tank and pi!'( 
linings; paper coatings;. textile stiffeners. 

7545. Polyelhyiene Glycol. or·llydro·w·llydroxypoiJ· 
(oxy-1,2-rtllarlcdlyl}; macrogoJ;. PEG; Cnrbowax; Jerro•: 
Nycoline: Pluracol E; Poly-G; Polyglycol E: Solbase. U· 
quid and solid polymers or the general lom1ula II(OCII1• 
Cll1l.OII, where n Is greater than or equal to 4 .. In general, 
each I'EG is followed by a number which corresponds to its 
average mol wl. Synthesis:. Fordyce, Hibbert, J. Am. Clrtrn. 
Soc. 61, 190!5, 1910 (1939). Reviews: Glycols, G. 0. Curmt, 
Jr., F. Johnston, Eds., A.C.S. Monograph Series no. 114 
(Reinhold, New York, 1952) pp 176-202; Kastens in /ligh 
Polymers, H. Mark et aL, .Eds., yol, 13 entitled PolJ•ttlttrt. 
part 1 (lnler5cience, New York, 1963) pp 169-189, 274-291; 
G. M. Powell, Ill In /landbook of Water-Soluble Gum• & 
Resins. R. L. Davidson, Ed. (McGraw-Hill, New York, 
1980) pp 18/1-18/31. . 

Clear, viscous liquids or white solids which dissolve In 
water forming transparent solns. Sol In many organic sol· 
vents. Readily sol in aromatic hydrocarbons. Only slightly 
sol in aliphatic hydrocarbons. Do not.hydrolyze or deltrio· 
rate on storage, will not suppori mold growth. Polyethyltn• 
glycols are compds or low toxicity:· Smyth et aL, J. Am. 
P/1arm. Assoc., Sci. Ed. 39, 349 (19!50). Toxicity data (PEG 
400): W. Bartsch f!f at., Arzneimittel-Forsch. 26, 1581 (1976). 

Polyctl1ylerre glycol 200, average value. or n is 4, mol 11·1 
range 190-210. Viscous, hygroscopic Jiq: slight characteris· 
lie odor; d}i 1.127. Viscosity (210"F): 4.3 centistoke!. 
Supercools upon freezing. . 

Polycthylme glycol400, average value or n between 8.2 and 
9.1, mol wt range 380-420 .. Viscous, slightly hygroscopic 
liq; slight characteristic odor; dJ} 1.128. mp 4-8". Viscosity 
(21 O"F): 7.3 cenlistokes. LD50 orally In rats: 30 milk& 
(Dart•ch}. ·· 

Polyctflylellf! glycol 600, average value or n between 12-' 
and 13.9, mol wl range ·!170-630. Viscous, slightly hygro• 
scopic liq; ehnracteristic odor; dJJ 1.128. mp 20-25". Vis· 
cosily (210"F): 10.5 centistokes. · 

l'olyetflylene glycol 1500, average value of n between 29 
nnd 36, mol wt rari~ 1300-1600. White, rree-llowin& 
powder; d}i 1.210. mp 44-48". Viscosity (210"F): 2!5·32 
centistokes. 

Pnlycthylene ~:tycol 4000, average value or n between 6S 
and 84, mol wt range 3000-3700. White, free-llowin& 
powder or creamy-white flakes; dfi 1.212. mp !54-58'. Vis· 
cosily (210"F): 76-110 centistokes. LD50 orally In rats {di· 
vided doses): 59 g/kg (Smyth}. 

Polyetl1ylene glycol 6000, average 'Value or n between "S 
and 204, mol wt range 7000-9000. Powder or creamy-white 
flakes; dn 1.21. mp 56-63". Viscosity (210"F): 470-900 
centistokes. LD50 !)rally in rats: >50 g/kg (Smyth). 1 

USE: As waler-soluble lubricnnts lor rubber molds, lextilt 
fibers, and metal•lormlng operations. In food and food 
packaging. In hair prepns, In cosmetics In general. l'harma• 
ceutic aid (ointment and suppository base). As a stationary 
phose in gas chromatography. Also (n water paints, paper 
coatings, polishes and in the ceramics Industry. Caution: 
Solvent action ara :rome plastic:rl .. :· :-:;: ;.:• · 
· .• TIIERIIP cAT (VET): . Ointment base. · ·, · • 

7546. Polyethylene Terephthalnt~. PET. Fiber f.>rm• 
ing polyesters prepd (rom terephthnlic acid, q. '· or Its ~t•rs 
and ethylene glycol: Whinficld, Dickson, U.S. pot. 2,465,· 
319 (1949 to du Pont).· Review of structures, definition or 
trade names: R. W. Moncrief!, Man-Made Fibres (John 
Wiley &. Sons, New York, 4th ed., 1963) pp 361-389, 707· 
723. .•. ··.;. .. 
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6119 Minaprine 

isoln: N. K. Han et aL, Heterocycles 7, 26S 0977). Struc
ture: Adams, Jones, J. Am. Chem. Soc. 69, 1803 (1947). 
Synthesis: Adams, Johnson, ibid. 71, 70S (1949). Identity of 
mimosine and leucenol: Kleipool, Wibaut, Rec. Trav. Chim. 
69, 37 (19SO); Wibaut, Schuhmacher, ibid. 71, 1017 (1952). 
Crystal structure: A. Mostad et aL, Acta Chem. Scancl 27, 
164 (1973). Shown to cause inhibition of hair growth and 
loss of hair in mice: Crounse et al., Nature 194, 694 (1962). 
Explanation of the toxicity in animals: J. F. Thompson et 
aL, Ann. Rev. Biochem. 38, 137 (1969). 

?2 
~2CHCOOH 

(N~ 
~OH 

0 

dl-Form, crystals from water, mp 235-236'. Slightly sol 
in water, much less sol in methanol and ethanol; practically 
insol in the higher alcohols, in dioxane, ethyl acetate, ether, 
benzene, chloroform, glacial acetic acid, pyridine, Cellosolve. 
Sol in dil acids or bases and may be recovered from these 
solns by adjusting the pH so that it is just acid to bromcre· 
sol green. uv max: 282 nm (log € 4.23). 

d/-Hemihydrate, crystals, darkens at 215-226', mp 227· 
228". 

/-Form, crystals from water, mp 22S'. [a]fl -20'. 
Hydrochloride, C.H11CIN10 •. dec 175', sol in water. 
Hydrobrornide, C.H11BrN1o •. dec 179.5', sol in water. 
t:SE: Depilatory agent, Hegarty et al., Aust. J. Agr. Res. 15, 

153 (1964), CA. 60, 1640Se (1964). 

6119, Minaprine. N·( 4-Mrrhyl-6·phenyl·3·pyridatin
_vl)-4•morpholineethanamine: 4-[2·{(4-methyl-6-phenyl-3· 
p_wridatinyl)amlno}ethyl}morpholine. C17HnN•O; mol wt 
298.40. C 68.43%, H 7.43%, N 18.78%, 0 5.36%. Prepn: H. 
Laborit, Ger. pat. 2,229,215; idem. U.S. pat. 4,169,158 
(1973. 1979 to Centre Etudes Exper. Cin. Physio-Biologie); 
C.-G. Wermuth, A. Exinger, Agressologie 13, 285 (1972). 
Pharmacology: H. Laborit et aL, ibid. 291. Metabolism of 
1•C-minaprine: A. G. Rico et aL, J. Pharmacal. 9, 170 
(1978). Pharmacokinetics: J. P. Jeanniot et aL, Ibid. 169. 
Cinical evaluation: A. Garcia-Marna, M. H. de Garcia, 
Pharmatherapeutica 2, 26S (1979). Pharmacological evalua
tion in depression: K. Biziere et aL. Arzneimirrel·Forsch. 32, 
824 (1982). Toxicologic study: A. G. Mazure et aL, Agres
sologie 13, 319 (1972). 

OQ-N I\ 
HIICH CH -II 0 

2 2 \._/ 

CH3 

Fine buff-colored needles from isopropanol. mp 122'. 
Jnsol in water. Slightly sol in cold ethanol. sol in hot etha· 
nol, chloroform. 

Dihydrochloride, C 17H 1.CizN•O, Agr 1240, CB·30038, 
Branrur, CAntor. Crystals from abs ethanol, mp 182'. 

THERAP CAT: Psychotropic. 

6120. Mineral Spirits, Petroleum spirits: white spirits; 
turpentine substitutes. Name applied to various types of 
hydrocarbon solvents, primarily petroleum distillates, which 
have nash points above JOO'F (38'C) and distillation ranges 
between 300'F 049'C) and 41S'F (213'C). See: A.S.T.M. 
Standard Specifications D 235-83, 71-73 (1983). 

Type I, Stoddard solwnt, Tusolw S, Varsol 1. Regular 
mineral spirits. Cear liquid. Flash pt (min): 38'C (IOO'F). 
diU 0.754-0.820. Distillation range: initial bp (min), 149'C 
(3<io'F); S0'7o recovered (max), 182'C (360'F); dry pt (max), 
208'C (407'F). 

Type 11. High nash point mineral spirits. Flash pt (min): 
60'C (140'F). diU 0.768·0.820 .. Distillation range: initial 
bp (min), 177'C. (3SO'F); S0'7o recovered (max), 196'C 
(38S'F); dry pt (max), 2li'C (412'F). 

Type Ill. Odorless mineral spirits. Flash pt (min): 38'C 
(IOO'F). dll-t 0.775 (max). Distillation range: initial bp 
(min), J49'C. (300'F); SO% recover~d (max), 196'C (38S'F); 
dry pt (max), 213'C (41S'F). 

Type IV, Tusoh·e S-2, Varso/ 3. Low dry point mineral 
spirits. Flash pt (min): 38"C (IOO'F). diU 0.754-0.800. 
Distillation range: initial bp (min), 149'C (300'F); SO% 
recovered (max), 174"C (34S'F); dry pt (max), 18S'C (36S'F). 

USE: Solvent; paint thinner. In the coatings and dry 
cleaning industries. 

6121, Minocycllne. 4, 7-Bis(dimtthylamino)•l,4,4a,S,. 
Sa,6,11,12a-octah.vdro-3,10,12,12a•tetrahydroxy•l,ll-dioxo-
2·naphthacenecarbuxamide: 7 -dimethylamino-6-demethyl-
6-deoxytetracycline; Minocyn. C13HnN30 7; mol wt 457.49. 
C 60.38'7., H S.9S'7c, N 9.18%, 0 24.48%. Semi-synthetic 
antibiotic effective against tetracycline-resistant staphylo· 
cocci. Prepn: Boothe, Petisi. U.S. pats. 3,148,212 and 
3,226,436 (1964 and 1965 to Am. Cyanamid). Synthesis: 
Martell, Boothe, J. Med. Chem. 10,44 (1967); Church et aL, 
J. Org. Chem. 36, 723 0971); Bernardi eta/., Farmaco Ed. 
Sci. 30, 736 (1975). Activity data: Kradolfer et aL, Antimi
crob. Ag. Chemother. 1966, 359. Metabolism: Kelly, Kane· 
gis, ToxicaL AppL Pharmacal. 11, 171 (1967). Toxicity stud
ies: Noble et al .. ibid. 128. Clinical evaluation: Frisk, 
Tunevall. Antimicrob. Ag. Chemother. 1968, 335; Cappel, 
Klastersky, Curr. Ther. Res. 13, 227 (1971). Comprehensive 
description: V. Zbinovsky, G. P. Chrekian in Analytical 
Profiles of Drug Substances l'DI. 6, K. Florey, Ed. (Academic 
Press, New York, 1977) pp 323-339. 

(CH ) N N(CH3)2 

3~2, 11 H: OH . 

OH 0 OH 0 

I 
COHII 2 

Bright yellow-orange amorphous solid. [a]b' -166' (c = 
0.!524). uv max (O.lN HCI): 352, 263 nm (logE 4.16, 4.23); 
(O.IN NaOH): 380, 243 nm (logE 4.30, 4.38). 

Hydrochloride, Cz:JHzsCIN30 7, Minocin, Klinomycin, 
Minomycin, Vectrin. Yellow crystalline powder. Slightly 
hygroscopic; sensitive to light and to surface oxidation. 

THERAP CAT: Antibacterial. 

6122. Minoxldll, 6·(1·Piperidinyl)·2,4-pyrimidinedi· 
amine 3-oxide: 6-amino·1,2-dihydro-1-hydroxy·2·1mino-4· 
piperldinopyrimidine: 2,3-dihydro-3-hydroxy-2-imino-6-
( l·piperidinyl)-4-pyrimidinamine; 2,4 ·diamino-6-piperidi • 
nopyrimidine 3 -oxide; 6-piperidino-2,4-diaminopyrimidine 
3-oxide; PDP; U -10,858; Alopexil; Alostil; Loniten; Lono· 
lox; Minoximen; Prexidil; Regaine; Rogaine; Tricoxidil. C,· 
H 15N 50; mol wt 209.25. C 51.66%, H 7.22%, N 33.47%, 0 
1.6S'7o. Prepn: Netb. pat. Appl. 6,615,385; W. C. Anthony 
et aL, U.S. pat. 3,382,247 (1967, 1968 both to Upjohn); J. 
M. McCall et al .. J. Org. Chem. 40, 3304 (1975). See also W. 
C. Anthony, U.S. pat. 3,644,364 (1972 to Upjohn). Metab· 
olism: R. C. Thomas et aL, J. Pharm. ScL 64, 1360 (1975). 
Pharmacology and pharmacokinetics: D. T. Lowenthal et 
aL, J. Clin. PharmacaL 18, 500 (1978). Percutaneous ab· 
sorption and excretion: T. J. Franz. Arch. DermatoL 121, 
203 (1985). Cinical studies: 0. Andersson, R. Sivertsson, 
Acta Med. Scand. 205, 213 (1979); M. Moser, Advan. Car
diaL 26, 38 (1979). Cinical trial in early male pattern bald· 
ness: E. A. Olsen et al., J. Am. Acad. DermotoL 13, 185 
(1985). Toxicology: R. G. Carlson, E. s. Feenstra, ToxicoL 
Appl. PharmacaL 39, I (1977). Review of pharmacology aud 
therapeutic use: V. M. Campese, Drugs 22, 257-278 (1981). 
Review of topical application in baldness: E. Novak et aL, 
Int. J. DermatoL 24, 82 (1985). Comprehensive description: 
D. K. J. Gorecki in Analytical Profila of Drug Substances 
Yol. 17, K. Florey, Ed. (Academic Press, New York, 1988) 
185-219. 
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Crystals from methan< 
261' (Anthony, 1972). r 
261, 285 nm (E 35210, II 
280 nm (E 26350, 23850): 
(E 36100, 11400, )2040). 
7S, methanol 44, ethanol 
oxide 6.5, water 2.2, chic 
acetate < O.S. diethyl ethL 
<0.5. LD50 in rats, mt, 
Feenstra). 

THERAP C.AT: Antihyper 

6123, Miokamycin. • 
dipropanoate: 9,3"" -diacet 
mycin; Miocamycin. I 
60.18%, H 7.97'7c, N l.Sb· 
deriv of midecamycin A 1 
Kokal 74 124087 (1974 '" 
Omoto et a/., J. Antibiot. : 
Chem. Lerrers 1978, 1293 
ties of crystalline and not. 
et al .• Chem. Pharm. Buli 
vivo antib .. cterial activity: 
34, 436 (1981). Metabo 
Pharm. Bull. 29, 2413 I 
studies: U. Shibata et a/ .. 
C.A. 96, 62631x (1982). 
studies: Y. Toyonaga et • 
216y (1983). Mutagenicit: 
Antibiot. 34, 443 (1981). 

Tasteless crystals from 
coloration). [a]fl -53' k 
(c = I in methanol): 231 
acetone, chloroform. Ver· 
crystalline form converts f 
aqueous suspension. In 0 
soln. the non-crystalline sc 
than the crystalline form. 

THERAP CAT: Antibacter 

6124. Mlpafox. N,l\·· 
amidic f/uorid~; N,N'-di 
ride: bis(isopropylamino)f; 
Pestox XV. C,H16FN101 
8.85'7., F I 0.43%, N I 5.3 
Pound et al., Brit. pat. 68 
Chem. Soc. 1956, 3796. 

Crystals, mp 65'. 
USE: Insecticide. CautiL 

6125, Miraculin, Tast. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

REFERENCE 45 

I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I Hawley's 
I Condensed Chemical 
I Dictionary 
I 

ELEVENTH EDITION 

I Revised by 

I 
N. Irving Sax 

and 
· Richard J. Lewis, Sr. 

I 
I 
I 
I 
I 
I 
I ~VAN NOSTRAND REINHOLD COMPANY 

New York 

I 



ARSENtC TRIOXIDE 100 

Use: Fl~orinating reagent, catalyst, ion implanta
tion source and dopant. 

arsenic trioxide. (crude arsenid; whlte arsenic; ar
senious acid; arsenious oxide; arsenous anhy-
dride). CAS: 1327-53-3. As20 3• 

Pr?perties: Whit~, odorless, tasteless powder, 
shghtly soluble m water, soluble in acids and 
alkalies, soluble in glycerol, d 3.865. Sublimes 
on heating. 

Derivation: Smelting of copper and lead concen
trates. Flue dust to which pyrite or galena con
centrations are added, yields As20 3 vapor. Con
densation gives product of varying purity called 
crude arsenic (90-95% pure). A higher-purity 
oxide called white arsenic is obtained by resub
liming the crude As20 3 (99+% pure). 

Hazard: A human carcinogen, a poison. 
Use: Pigments, ceramic enamels, aniline colors, 
decolorizing agent in glass, insecticide, rodenti
cide, herbicide, sheep and cattle dip, hide preser
vative, wood preservative, preparation of other 
arsenic compounds. 

arsenic trisulfide. (arsenious sulfide; arsenic 
sulfide[yellowJ; arsenous sulfide; arsenic tersul-
fide). CAS: 1303-33-9. As2S3 • 

Properties: Yellow crystals or powder, changes 
to a red form at 170C, d 3.43, mp 300C, insoluble 
in water and hydrochloric acid, dissolves in alka
line sulfide solutions and nitric acid. 

Derivation: Occurs in nature as the mineral orpi
ment. May be precipitated from arsenious acid 
solution by the action of hydregen sulfide. 

Grade: Technical, pigment, single crystals. 
Use: Pigment, reducing agent, pyrotechnics, glass 

used for infrared lenses, semiconductors, hair re
moval from hides. 

arsine. (arsenic hydride). CAS: 7784-42-1. 
AsH3 • 

Properties: Colorless gas, fp -l13.5C, bp -62C, 
decomposes 230C, soluble in water, slightly solu
ble in alcohol, alkalies. 

Derivation: Reaction of aluminum arsenide with 
water or hydrochloric acid, electrochemical re
duction of arsenic compounds in acid solutions. 

Grade: Technical, 99% pure or in mixture with 
other gases. 

·Hazard: Poison by inhalation. TLV 0.05 ppm. 
Use: Organic synthesis, military poison, doping 
agent for solid state electronic components. 

arsphenamine. A specific for syphilis originally 
developed by Ehrlich, but no longer in use. It 
was a derivative of arsenic and benzene. 

See Ehrlich. 

"Artic."28 TM for refrigeration grade of methyl 
chloride. 

artificial cinnabar. See mercuric sulfide, red. 

artificial snow. A copolymer of butyl and isobutyl 
methacrylate, often dispersed from an aerosol 
bomb or other atomizing device, used in decora
tive· window displays, etc. Man-made snow is 
crystallized water vapor made by mechanical 
means. 

"Arubren CP."470 TM for a highly chlorinated 
aliphatic hydrocarbon compound used in rubber 
compounds to decrease flammability of vulcani
zates. 

arylalkyl. A compound ·containing both ali
phatic and aromatic structures, e.g., alkyl ben
zenesulfonate. Also called aralkyl. 

aryl. A compound whose molecules have the 
ring structure characteristic of benzene, naph
thalene, phenanthrene, anthracene, etc, i.e., ei
ther the six-carbon ring of benzene or the con
densed six-carbon rings of the other aromatic 
derivatives. For example, an aryl group may be 
phenyl CsHs or naphthyl C10Hg. Such groups 
are often represented in formulas by "R." 

See also alkyl. 

As. Symbol for arsenic. 

as-. Abbreviation for asymmetrical, same as uns-. 

ASA. Abbreviation for acrylic ester-modified 
styrene acrylonitrile terpolymer. 

See also "Luran sulfur." 

asarone. See 2,4,5-trimethoxy-1-propenylben
zene. 

asbestine. A soft fibrous magnesium silicate. 
Used as a filler in paper, rubber, and plastics. 

asbestos. CAS: 1332-21-4. A group ofimpure 
magnesium silicate minerals which occur in fib
rous form. Colors: white, gray, green, brown. 
D 2.5. Noncbmbustible. 

(1) Serpentine asbestos is the mineral chryso
tile, a magnesium silicate. The fibers are strong 
and flexible so that spinning is possible with the 
longer fibers. A microcrystalline form, TM "A vi
best," has been developed. 

(2) Amphibole asbestos includes various sili
cates of magnesium, iron, calcium and sodium. 
The fibers are generally brittle and cannot be 
spun, but are more resistant to chemicals and 
to heat than serpentine asbestos. 

(3) Amosite. 
(4) Crocidolite. 
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101 L-ASPARAGJNASE 

Occurrence: Vermont, Arizona, California, North 
Carolina, Africa, Italy, Yukon, Quebec, Mexico, 

Hazard: A carcinogen. Highly toxic by inhalation 
of dust particles. TLV (amosite) 0.5 fibers/cc 
more than 5 microns long; (chrysotile) 2 fibers/ 
cc more than 5 microns long; (crocidolite) 0.2 
fibers/cc more than 5 microns long; (other 
forms) 2 fibers/cc more than 5 microns long. 

Use: Fireproof fabrics, brake lining, gaskets, roof
ing compositions, electrical.and heat insulations, 
paint filler, chemical filters, reinforcing agent in 
rubber and plastics, component of paper dryer 
felts, diaphragm cells, cement reinforcement. 

Note: A promising substitute for asbestos force
ment reinforcement is glass fiber made from slate 
and limestone. 

ascaridole. 1,4-peroxido-p-menthene-2). 
· C1oH1602. .. 
Properties: A liquid, naturally occurring peroxide, 
bp 84C (5 mm), d 1.011 (13/15C), refr index 
1.4743 (20C). · 

Derivation: By vacuum distillation of chenopo-
dium oil. · 

Hazard: Strong oxidizing agent, explodes on heat
ing to 130C or in contact with organic acids. 

Use: Initiator in polymerization, medicine. 

ascorbic acid. (!-ascorbic acid; vitamin C). 
CAS: 5081-7. C&HsO&. 

r-o--, ~ 
c-c=c-c-c-cH oH 
II I I I I 

1 

0 OHOHH OH 

A dietary factor which must be present in the 
diet of man to prevent scurvy. It cures scurvy 
and increases resistance to infection. Ascorbic 
acid presumably acts as an oxidation-reduction 
catalyst in the cell. It is readily oxidized; citrus 
juices should not. be exposed to air for more than 
a few minutes before use. 

Properties: White crystals (plates or needles), mp 
192C, soluble in water, slightly soluble in alcohol, 
insoluble in ether, chloroform, benzene, petro
leum ether, oils and fats, stable to air when dry. 

Sources: Food source: acerola (West Indian 
cherry); citrus fruits; tomatoes; potatoes; green, 
leaff vegetables. Commercial sources: Synthetic 
product made by fermentation of sorbitol. 

Units: One international unit is equivalent to 0.05 
milligram of !-ascorbic acid. Grade: USP, FCC. 

Use: Nutrition, color fixing, flavoring and preser
vative in meats and other foods, oxidant in bread 
doughs, abscission of citrus fruit in harvesting, 
reducing agent in analytical chemistry. The iron, 
calcium and sodium salts are available for bio
chemical research. 

ascorbic acid oxidase. An enzyme found in plant 
tissue which acts upon ascorbic acid in the pres
ence of oxygen to produce dehydroascorbic acid. 

Use: Biochemical research. 

ascorby1 palmitate. C22H380 7• A white or yel-
lowish-white powder having a citrus-like odor. 
Mp 116-117C; soluble in alcohol, animal and 
vegetable oils; slightly soluble in water. 

Derivation: Palmitic and !-ascorbic acids. 
Grade: FCC. 
Use: Antioxidant for fats and oils, source of vita

min C, stabilizer, emulsifier. 

-ase. A suffix characterizing the names of many 
enzymes, e.g., diastase, cellulase, cholinesterase, 
etc. However, the names of some enzymes end 
in -in (i.e., pepsin, rennin, papain). 

ash. (1) In analytical chemistry, the residue re
maining after complete combustion of a material. 
It consists of mineral matter (silica, alumina, iron 
oxide, etc.) the amount often being a specification· 
requirement. (2) The end product of large-scale 
coal combustion as in power plants; now said 
to be the sixth most plentiful mineral in the US. 
It consists principally of fly ash, bottom ash, 
and boiler ash. Some of its values are recoverable 
and there are a number of industrial uses of fly 
ash, e.g., in cement products and road fill. 

See also fly ash:· 

askarel. A generic descriptive name for synthetic 
electrical insulating (dielectric) material which, 
when decomposed by the electric arc, evolves 
only nonexplosive gases or gaseous mixtures, 
i.e., chlorinated aromatic derivatives, particu
larly pentachlorodiphenyl and trichloroben
zene, but also including pentachlorodiphenyl 
oxide, pentachlorophenylbenzoate, hexachloro
diphenylmethane, pentachlorodiphenyl ketone, -
and pentachloroethylbenzene. Nonflammable. 

Use: Insulating medium in transformers, dielectric 
fluid. 

See also dielectric, transformer oil. 

ASM. Abbreviation for American Society for 
Metals. 

asparagic acid. See aspartic acid. 

!-asparaginase. (1-asnase; colaspase; elspar). 
CAS: 9015-68-3. An enzyme used in the 
treatment of certain types of leukemia. Produced 
by biochemical activity of certain bacteria, 
yeasts, and fungi. Yields are in exces_s of 3500 
units/g of source. 
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687 LEAD ACETATE 

lava. Molten rock (magma) that has reached the 
surface of the earth. 

lavandin oil. See lavender oil. 

lavender oil. CAS: 8000-28-0. An essential oil 
used in perfumery, 35% ester content as linalyl 
acetate required. Terpeneless grade has about 
twice the concentration of the natural oil. 

"Lavenol."188 TM for a series of synthetic laven
der oil substitute of various types. 

Lavoisier, Antoine Laurent. (1743-1794) A 
French chemist generally regarded as the "fa
ther" of chemistry. His "Traite Elementaire de 
Chimie" (1789) listed 30 elements, clarified the 
nomenclaturs of acids, bases and salts, and de
scribed the composition of numerous organic 
substances. He erroneously believed that oxygen 
is the characteristic element of acids. However, 
his fundamental work on combustion, as a result 
of which he identified and named nitrogen 
(azote), and on the separation of hydrogen from ··- · 
water by a unique reduction experiment carried 
out in a heated gun barrel, earned him a leading 
position among early chemists. 

See also Mendeleef. 

Lawrence, Ernest 0. (1901-1958) An American 
physicist who invented the cyclotron in 1929. 
Both the element lawrencium and the Lawrence 
Livermore Research Laboratory at the Univer
sity of California were named after him. 

See also cyclotron, bombardment. 

lawrencium. CAS: 22537-19-5. Lr. A syn-
thetic radioactive element with atomic number 
103, discovered in 1961, aw 257, only one other 
isotope is known (256); the 257 isotope has a 
half-life of 8 seconds. It has been made by bom
barding californium with boron ions. It exhibits 
alpha radiation. 

See actinide series. 

lay-up. In the reinforced plastics industry, a term 
used to refer to placement of the reinforcing ma
terial in the mold. 

LC5o. (lethal concentration SO%). That quantity 
of a substance administered by inhalation that 
is necessary to kill SO% of test animals exposed 
to it- within a specified time. The test applies 
not only to gases and vapors but to fumes, dusts, 
and other particulates, suspended in air. 

in laboratory tests within a specified time. A sub
stance having an oral LDso of less than 400 mg/ 
kg of body weight is considered to be highly 
toxic. 

LDPE. Abbreviation for low-density polyethyl; 
en e. 

leaching. See solvent extraction. 

lead. CAS: 7439-92-1. Pb. (from Latin 
plumbum). Metallic element of atomic num
ber 82, Group IV A of the periodic table, aw 
207.2, valences = 2,4, four stable isotopes. The 
isotopes are the end products of the disintegra
tion of three series of natural radioactive ele
ments uranium (206), thorium (208), and ac
tinium (207). 

Properties: Heavy, ductile, soft, gray solid, d 
1 1.35, q~p 327.4C, bp 1755C, soluble in dilute 
nitric add, insoluble in water but dissolves slowly 
in water containing a weak acid, resists corro
sion, relatively impenetrable to radiation. Poor 
electrical conductor, good sound and vibration 
absorber. Noncombustible. 

Occurrence: US, Mexico, Canada, South America, 
Australia, Africa, Europe. 

Derivation: Roasting and reduction of galena (lead 
sulfide), anglesite (lead sulfate), and cerussite 
(lead carbonate). Also from scrap. 

Purification method: Desilvering (Parkes process), 
electrolytic relining (Betts process), pyrometal
lurgical relining (Harris process). Bismuth is re
moved by Betterton-Kroll process. 

Grade: High purity (less than 10 ppm impurity), 
pure (99.9+%), powdered (99% pure), pig lead, 
paste. 

Forms available: Ingots, sheet, pipe, shot, buckles 
or straps, grids, rod, wire, etc.; paste; powder; 
single crystals. 

Hazard: Toxic by ingestion and inhalation of dust 
or fume. TL V (as Pb): (fumes and dusts and 
inorganic compounds) 0.15 mg/m3 of air. For 
ambient air the EPA standard is 1.5 micrograms/ 
m3• A cumulative poison. FDA regulations re
quire zero lead content in foods and less than 
0.05% in house paints. 

Use: Storage batteries, tetraethyllead (gasoline ad
ditive), radiation shielding, cable covering, am
munition, chemical reaction equipment (piping, 
tank linings, etc.), solder and fusible alloys, type 
metal, vibration damping in heavy construction, 
foil, babbit and other bearing alloys. For further 
information, refer to Lead Industries Associa
tion, 292 Madison Ave., New Y'<lrk. 

LCL. Abbreviation for "less than carload lot," 
used by shippers, traffic managers, railroads, etc. lead acetate. (sugar of lead). CAS: 301-04-2. 

LD5o. (lethal dose 50%). That quantity of a sub
s_tance necessary to kill 50% of exposed animals 

Pb(C2H302)2 • JH20. 
Properties: White crystals or flakes (commercial 

grades are frequently brown or gray lumps), 
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c 
. C. Symbol for carbon. 

14C. (carbon-14). The naturally occurring radio
active isotope of carbon used in chemical dating, 
tracer studies, etc. 

Ca. Symbol for calcium. 

CA. Abbreviation for cellulose acetate and corti
sone acetate, also for controlled atmosphere. 

C3A. Abbreviation for tricalcium aluminate as 
used in cement. 

See cement, Por-tland. 

CAB. Abbreviation for cellulose acetate butyrate. 

"Cab-O-Si1."275 TM for colloidal silica particles 
sintered together in chain-like formations. Sur
face area ranges from 50 to 400 m2/g, depending 
on grade. 

Grade: Standard M-5, L-5, SD-20. 
Use: Thickening and emulsifying agent for oil/ 

water systems, drilling muds, cattle-feed supple
ments, tile cleaners, disperson ·of oil slicks on 
sea water, plastics, solar-heated ceiling tiles. 

"Cab-O-Sperse."276 TM for aqueous dispersions 
of pyrogenic silica for use in the paper and textile 
industries. 

cacao butter. (cocoa butter). 
broma oil. 

See theo-

C acid. (2-naphthylamine-4,8-disulfonic acid). 
C1oHs(NH)2(S03H)z. 

Properties: White, crystalline solid; slightly solu
ble in water .. 

Derivation: Reduction of 2-nitrcinaphthalene-4,8-
disulfontc acid. The sodium salt is recrystallized 
from water. 

Use: Azo dye intermediate. 

cacodylic acid. (dimethylarsinic acid). 
(CH3)2AsOOH. 

Properties: Colorless, odorless, deliquescent crys
tals; mp 200C; soluble in water, alcohol, and 
acetic acid; insoluble in ether. 

Derivation: By distilling a mixture of arsenic triox
ide and potassium acetate, and oxidizing the re
sulting product with mercuric oxide. 

Hazard: Toxic by ingestion. 
Use: Herbicide especially for control of Johnson 

gt:ass on cotton, soil sterilant, chemical warfare, 
timber thinning. 

cactinomycin. USAN name for an antibiotic pro
duced fr~m Streptomyces which is 10% . 
dactinomycin and 90% two kirids of actino
mycin C. 

"Cadalume" L.238 TM for a bright cadmium elec
troplating process for a protective coating on iron 
and steel. Materials used are CdO, NaCN, and 
addition agents. 

"Cadalyte."28 TM for a series of compounds for 
cadmium electroplating. 

cadaverine. (1,5-diaminopentane; pentameth
ylenediamine). NH2(CH2)sNH2. A pto
maine formed in the decay of animal proteins 
after death, also made synthetically. 

Properties: Syrupy, colorless, fuming, oclorous liq
uid; mp 9C; bp 178-179C; soluble in water and 

. alcohol, slightly soluble in ether. 
Hazard: Toxic by ingestion, absorbed by skin, a 

skin and eye irritant. 
Use: Preparation of high polymers, intermediate, 

biological research. 

"caddy."48 TM for a liquid cadmium fungicide 
used on turf grass. 

Hazard: See cadmium. 

Cade oil. See juniper tar oil. 

cadiene. See sesquiterpene. 

"Cadmate."69 TM for cadmium diethyldithiocar
bamate. 

Hazard: See cadmium. 

"Cadminate."329 TM for a turf fungicide contain
ing 60% cadmium succinate and 40% inert mat
ter. 

Hazard: See cadmium. 

cadmium. CAS: 7440-43-9. Cd. 
Metallic element of atomic number 48, group 
liB of the periodic table. Aw 112.40. Valence 
2. There are eight stable isotopes. 

Properties: Soft, blue-white, malleable metal or 
grayish-white powder. Tarnishes in moist air, 
corrosion resistance poor in industrial atmo
spheres, becomes brittle at SOC. Resistant to al
kalies, high neutron absorber. D 8.642, mp 

195 



CADMIUM ACETATE 196 

320.9C, bp 767C, refr index 1.13, Mohs hardness 
2.0. Soluble in acids, especially nitric, and in am
monium nitrate solution. Lowers melting point 
of certain alloys when used in low percentages. 
Combustible. · 

Occurrence: A greenockite (cadmium sulfide) ore 
containing zinc sulfide also with lead and copper 
ores containing zinc. Canada, central and west
ern US, Peru, Australia, Mexico, Zaire. 

Derivations: {I) Dust or fume from roasting zinc 
ores is collected, mixed with coal or coke and 
sodium or zinc chloride, and sintered. The cad
mium fume is collected in an electrostatic pre
cipitator, leached, fractionally precipitated, and 
distilled. (2) By direct distillation from cadmium
bearing zinc (3) By recovery from electrolytic 
zinc process (approximately 40%). · 

Hazard: Flammable in powder form. Toxic by in
halation of dust or fume. A carcinogen. Cad
mium plating of food and beverage containers 
has resulted in a number of outbreaks of gas
troenteritis (food poisoning). Soluble compounds 
of cadmium are highly toxic; however, ingestion 
usually induces a strong emetic action which 
minimizes the risk of fatal poisoning. Use as fun
gicide may be restricted. TLV: (Dust and soluble 
compounds) 0.05 mg/m3 of air; (oxide fume as 
Cd) ceiling 0.05 mg/m3 of air. 

Grade: Technical, powder, pure sticks, ingots, 
slabs, high-purity crystals (less than 10 ppm im
purities). 

Use: Electrodeposited and dipped coatings on met
als, bearing and low-melting alloys, brazing al
loys, fire protection systems, nickel-cadmium 
storage batteries, power transmission wire, TV 
phosphors, basis of pigments used in ceramic 
glazes, machinery enamels, baking enamels, 
Weston standard cell control of atomic fission 
in nuclear reactors, fungicide, photography and 
lithography, selenium rectifiers, electrodes for 
cadmium-vapor lamps and photoelectric cells. 

cadmium acetate. (a) Cd(OOCCH3) 2 •3HOH; 
(b) Cd(OOCCH3)z. 

Properties: Colorless crystals, soluble in water and 
alcohols. (a) d 2.01, mp loses water at 130C; 
(b) d 2.341, mp 256C. 

Derivation: Interaction of acetic acid and cad
mium oxide. 

Hazard: See cadmium. 
Use: Ceramics (iridescent glazes), manufacture of 

acetates, assistant in dyeing and printing textiles, 
electroplating baths, laboratory reagent. 

cadmium ammonium bromide. (ammonium-cad-
mium bromide). CdBr2•4NH4 Br. 

Properties: Colorless crystals. Soluble in alcohol 
and water. 

Hazard: See cadmium. 

cadmium antimonide. A semiconductor used in 
thermoelectric devices. 

Hazard: See cadmium and antimony. 

cadmium-base Babbitt. See Babbitt metal. 

cadmium borotungstate. 
Cds(BWuO.o)·I8HOH. 

Properties: Yellow, heavy crystals; mp 75C; solu
ble in water. The so!ution is yellow to light 
brown. 

Grade: Technical. 
Hazard: See cadmium. 
Use: Separating minerals. 

cadmium bromate. Cd(Br03)2- HOH. 
Properties: White crystals or crystalline powder, 

d 3.758, mp decomposes. Soluble in water, in-
soluble in alcohol. · 

Derivation: By adding cadmium sulfate to a solu
tion of barium bromate. 

Hazard: Strong oxidizer, dangerous in contact 
with organics. Highly toxic, irritant, oxidizer. 

Use: Analytical reagent. 

cadmium bromide. CAS: 7789-42-6. CdDr2 or 
CdBr2•4HOH. 

Properties: White to yellowish effiorescent crystal
line, d 5.192, mp (anhydrous) 568C, bp 863C, 
soluble in water, acetone, alcohol, and acids. 

Derivation: By heating cadmium in bromine va-
por. 

Grade: Technical, reagent. 
Hazard: See cadmium. 
Use: Photography, process engraving, lithogra
phy. 

cadmium carbonate. CAS: 513-78-0. CdC03. 
Properties: White, amorphous powder; d 4.258; 

decomposes at less than 500C; soluble in dilute 
acids and in concentrated solution of ammonium 
salts; insoluble in water. 

Hazard: See cadmium. 
Grade: Reagent. 

cadmium chlorate. Cd(CI03),-2HOH. 
Properties: Colorless, prismatic crystals. Hygro

scopic, d 2.28 (18C), mp SOC, soluble in alcohol, 
water, and acetone. 

Grade: Technical. 
Hazard: Dangerous in contact with organic mate

rials. 

cadmium chloride. CAS: 10108-64-2. 
(a) CdCiz; (b) CdCI2•2.5HOH. 

Properties: Small, white, odorless crystals; d (a) 
4.05, (b) 3.327; mp (a) 568C; bp (a) 960C; soluble 
in water and acetone. 
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741 MERCURIC CHLORIDE 

fonamide). CAS: 741-58-2 . 
C6HsSOzNH(CH2hSP(S)[OCH(CH3)z]z. 

Properties: Colorless liquid, slight odor, d 1.25 
(22C), insoluble in water, soluble in kerosene and 
xylene. 

Hazard: Highly toxic, cholinesterase inhibitor, use 
may be restricted. 

Use: Herbicide. 

2-mercapto-4-hydroxypyrimidine. See thiouracil. 

2-mercaptoimidazoline. See "NA-22." 
. . 

P-mercaptopropionic acid. HSCH2CHzCOOH. 
Properties: Clear liquid, d 1.218 (21C), mp 16.8C, 

bp 111C (15 mm), soluble in water and alcohol. 
Use: Stabilizer, antioxidant, catalyst, chemical in

termediate. 

6·mercaptopurine. (6-MP; 6-purinethiol). 
CAS: 50-44-2. CsH4N4S•HOH. A sul
fur-containing purine base not found in animal 
nucleoproteins. 

Properties: Yellow, crystalline powder; mp 308C 
(decomposes); nearly odorless. Insoluble in wa
ter, soluble in hot alcohol and dilute alkali solu
tions, slightly soluble in dilute sulfuric acid. 

Grade: USP. 
Use: Medicine (to prevent rejection of kidney 

transplants). 

mercaptosuccinic acid. See thiomalic acid. 

2-mercaptothiazoline. C2H.NSSH. 
crystals. 

Use: Synthesis of pharmaceuticals. 

White 

D-3-mercaptovaline. See penicillamine. 

mercerized cotton. See cotton, mercerized. 

mercerizing assistant. A compound used to in
crease the penetration of mercerizing baths. Cre
sylic acid derivatives, special sulfonated oils and 
other wetting agents are typical. 

mercuric acetate. (mercury acetate). 
CAS: 1600-27-7. Hg(C2H302)2. 

Properties: White, crystalline powder; soluble in 
alcohol and water; sensitive to light; d 3.2544. 

Hazard: Toxic by ingestion, inhalation, and skin 
absorption; strong irritant. TLV (as mercury): 
0.01 mg/m3 of air. 

Use: Catalyst in organic synthesis, pharmaceuti
cals. 

mercuric arsenate. (mercury arsenate). 
CAS: 7784-37-4. HgHAsO •. 

Properties: Yellow powder, soluble in hydro
chloric acid, slightly soluble in nitric acid, insolu
ble in water. 

Hazard: Toxic by ingestion, inhalation, and skin 
absorption; strong irritant. TLV (as mercury): 
0.05 mglm3 of air. 

Use: Waterproof paints, antifouling paints. 

mercuric barium bromide. (barium mercury 
bromide; mercury barium bromide). 
HgBr2 • BaBr2. 

Properties: Colorless, crystalline mass; very hygro
scopic; soluble in water. 

Hazard: Toxic by ingestion, inhalation, and skin 
absorption; strong irritant. TL V (as mercury): 

· · 0.05 mg/m3 of air. · 

mercuric barium iodide. (barium mercury iodide; 
mercury barium iodide). Hg12•Balz•5HOH. 

Properties: Reddish or yellow crystalline mass, 
unstable, deliquescent, soluble in alcohol and wa
ter. 

Hazard: Toxic by ingestion, inhalation, and skin 
absorption; strong irritant. TL V (as mercury): 
0.05 mg/m3 of air. 

Use: Microanalysis (testing for alkaloids), prepar
ing Rohrbach solution. 

mercuric benzoate. (mercury benzoate). 
CAS: 583-15-3. Hg(C1Hs02kH20. 

Properties: White crystals, mp 165C, sensitive to 
light, soluble in solutions of sodium chloride and 
ammonium benzoate, slightly soluble in alcohol 
and water. 

Derivation: By the interaction of a mercuric salt 
and sodium benzoate. 

Hazard: Toxic by ingestion, inhalation, and skin 
absorption; strong irritant. TLV (as mercury): 
O.ot mg/m3 of air. 

Use: Medicine (antisyphilitic) . 

mercuric bromide. (mercury bromide). 
CAS: 7789-47-1. HgBr2. 

Properties: White, rhombic crystals; sensitive to 
light. Soluble in alcohol and ether, sparingly solu
ble in water, d 6.11, mp 235C, bp 322C. 

Derivation: By adding potassium bromide to a 
solution of a mercuric salt and crystallizing. 

Hazard: Toxic by inhalation, ingestion, and skin 
absorption; strong irritant. TLV (as mercury): 
0.05 mglm3 of air. 

Use: Medicine. 

mercuric chloride.· (mercury bichloride; mercury 
chloride; corrosive sublimate). 
CAS: 7487-94-7. HgC}z. 

Properties: White crystals or powder, odorless. 
Soluble in water, alcohol, ether, pyridine, gly
cerol, and acetic acid; d 5.44 (25C); bp 303C; 
mp 276C ... 

Derivation: (a) Direct combination of chlorine 
with mercury heated to volatilizing point, (b) 
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MERCURIC CHLORIDE, AMMONIATED 742 

by subliming mercuric sulfate with common salt. 
Method of purification: Recrystallization and 

sublimation. Impurities: Mercurous chloride. 
Grade: Technical, crystals-, granular, powder, 
CP,NF. 

Hazard: Toxic by ingestion, inhalation, and skin 
. absorption; a poison. TLV (as mercury): 0.05 
mg/m3 of air. 

Use: Manufacture of calomel and other mercury 
compounds, disinfectant, organic synthesis, ana
lytical reagent, metallurgy, tanning, catalyst for 
vinyl chloride, sterilant for seed potatoes; fungi
cide, insecticide, and wood preservative; em
balming fluids, textile printing, dry batteries, 
photography, process engraving and lithography. 

mercuric chloride, ammoniated. See mercury, 
ammoniated. 

mercuric cuprous iodide. (copper mercury iodide; 
mercury copper iodide). Hgh•2Cul. 

Properties: Dark red, crystalline powder; d 6.12. 
Insoluble in alcohol and water. 

Hazard: Highly toxic. TL V (as mercury): 0.05 
mg/m3 of air. 

Use: Thermoscopy (detecting overheating of ma
chine bearings) by reversible color change. 

mercuric cyanate. See mercury fulminate. 

mercuric cyanide. (mercury cyanide). 
CAS: 592-04-l. Hg(CN)z. 

Properties: Colorless, transparent prisms dark
ened by light. Soluble in water and alcohol, d 
4.018, mp decomposes. 

Derivation: Interaction of mercuric oxide and an 
aqueous solution of hydrogen cyanide. 

Grade: Technical, CP. 
Hazard: Toxic by .ingestion, inhalation, and skin 

absorption. TLV (as mercury): 0.05 mg/m3 of 
air. 

Use: Medicine (antiseptic), germicidal soaps, man
ufacturing cyanogen gas, photography. 

mercuric dichromate. See mercury dichromate. 

mercuric dimethyldithiocarbamate. 
CsH12N2S4Hg. 

Hazard: Highly toxic by ingestion, inhalation, and 
skin absorption. TLV (as mercury): 0.01 mg/m3 
of air. 

Use: Turf fungicides. 

mercuric fluoride. (mercury fluoride). 
CAS: 7783-39-3. HgFz. 

Properties: Transparent crystals, d 8.95, mp 645C 
decomposes, moderately soluble in water and al
cohol. 

Derivation: Mercuric oxide and hydrogen fluo
ride. 

Hazard: Highly toxic by ingestion, inhalation, and 
skin absorption; strong irritant. TL V (as mer
cury): 0.05 mg/m3 of air. 

Use: Synthesis of organic fluorine compounds. 

mercuric iodide. (mercury iodide, red). 
CAS: 7774-29-0. Hgl2 . 

Properties: Red, tetragonal crystals; turn yellow 
when heated to 130C, returning to red on cool
ing. Soluble in boiling alcohol and in solutions 
of sodium thiosulfate or potassium iodide or 
other hot alkali chloride solutions, almost com
pletely insoluble in water, d 6.28, mp 259C, bp 
349C. 

Derivation: By the direct union of mercury and 
iodine. . 

Grade: Technical, reagent. 
Hazard: Highly toxic by ingestion, inhalation, and 

skin absorption; strong irritant. TL V (as mer
cury): 0.05 mg/m3 of air. 

Use: Medicine (antiseptic), analytical reagents 
(Nessler's reagent, Mayer's reagent). 

See also mercuric potassium iodide. 

mercuric lactate. Hg(C3Hs03)2. · 
Properties: White, crystalline powder; soluble in 

water; decomposed by heat. 
Hazard: Toxic by ingestion, inhalation, and skin 

absorption. TLV (as mercury): 0.01 mg/m3 of 
air. 

Use: Fungicide. 

mercuric naphthenate. (mercury naphthenate). 
Properties: Dark amber liquid, soluble in lubricat

ing oils and mineral spirits, bulk d 10.4 lb/gal. 
Grade: 25% mercury. 
Hazard: Toxic by ingestion, inhalation, and skin 

absorption. TL V (as mercury): 0.05 mglm3 of 
air. 

Use: Mildew-resistance promoter in paints. 

mercuric nitrate. (mercury nitrate; mercury 
pernitrate). CAS: 10045-94-0. 
Hg(N03)2. 

Properties: Colorless crystals or white, deliques
cent powder; d 4.3; mp 79C. Decomposed by 
heat, soluble in water and nitric acid, insoluble 
in alcohol. 

Derivation: By action of hot nitric acid on mer
cury. 

Hazard: Dangerous fire risk in contact with or
ganic materials. Very toxic. TLV (as mercury): 
0.05 mglm3 of air. 

Use: Nitration of aromatic organic compounds, 
felt manufacture, mercury fulminate manufac
turing. 

mercuric oleate. (mercury oleate). 
CAS: I 191-80-6COIO. . C3sHssHgO •. 

Properties: Yellowish to red semi-solid or solid 
mass, soluble in fixed oils, insoluble in water, 
slightly soluble in alcohol or ether. 
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745 MERCURY 

longed-heating), hot concentrated sulfuric acid, 
hot ammonium carbonate or ammonium succi
nate solutions; sparingly soluble in water; insolu
ble in alcohol and ether; d 7.307; sublimes at 
340-350C; mp 405C. 

Derivation: (a) Action of potassium bromide on 
solution of mercurous nitrate in dilute nitric acid. 
{b) Sublimation from mixture of mercury and 
mercuric bromide. 

Hazard: Highly toxic by ingestion, inhalation, and 
skin absorption. TL V (as mercury): 0.05 mg/m3 
of air. 

mercurous chlorate. (mercury chlorate). 
CAS: 10294-44-7. Hgz(Cl03)z. 

Properties: White crystals, d 6.409, mp 250C (de
composes), soluble in alcohol, water, and acetic 
acid. 

Hazard: Explodes in contact with organic or com
bustible materials, keep away from light. Highly 
toxic. 

mercurous chloride. (mercury monochloride; 
mercury protochloride; mercury chloride, mild; 
calomel). CAS: 10112-91-1. Hg2CI2. 

Properties: White, rhombic crystals or crystalline 
powder; odorless; stable in air but darkens on 
exposure to light; insoluble in water, ether, alco
hol, and cold dilute acids; d 6.993; mp 302C; 
bp 384C; decomposed by alkalies. 

Derivation: By beating mercuric chloride and mer-
cury with subsequent sublimation. 

Grade: Technical, CP, NF. 
Hazard: Toxic dose is uncertain. 
Use: Fungicide, electrodes, pharmaceuticals, pyro

technics, ceramic painting, maggot control in ag
riculture. 

mercurous chromate. (mercury chromate). 
HgzCro •. 

Properties: Brick-red powder, variable composi
tion, decomposes on heating, soluble in nitric 
acid (concentrated), insoluble in alcohol and wa
ter. 

Hazard: Moderate fire hazard in contact with or
ganic materials. Highly toxic. TL V (as mercury): 
0.05 mglm3 of air. 

Use: Ceramics (coloring green). 

mercurous iodide. (mercury protoiodide). 
CAS: 15385-57-6. Hgl or Hgzh. 

Properties: Bright yellow powder, becoming 
greenish on exposure to light due to decomposi
tion into metallic mercury and mercuric iodide. 
Becomes dark yellow, orange, and orange-red 
on heating. Undergoes same color change in op
posite order on cooling. Odorless and tasteless; 
soluble in castor oil, liquid ammonia, aqua am
monia; insoluble in water, alcohol, and ether; d 

7.6445-7.75; sublimes at 140C; mp 290C (with 
partial decomposition). 

Derivation: (a) Action of potassium iodide on a 
mercurous salt. (b) Boiling a solution of mercu
rous nitrate containing nitric acid with excess 
of iodine. · 

Grade: Technical. 
Hazard: Toxic by ingestion, inhalation, and skin 

absorption. TL V (as mercury): 0.05 mg/m3 of 
air. 

Use: Medicine (topical antibacterial). 

mercurous nitrate, hydrated. CAS: 10415-75-5. 
HgN03•2HOH. 

Properties: Short prismatic crystals, effloresces 
and becomes anhydrous in dry air, sensitive to 
light, soluble in small quantities of warm water 
(hydrolyzes in larger quantities)and water acidi
fied with nitric acid, d 4.785 (3.9C), mp 70C 
(decomposes). 

Derivation: Action of cold dilute nitric acid upon 
an excess of mercury and warming slightly. 

Hazard: May be explosive if shocked or heated. 
Highly toxic. TLV (as mercury): 0.05 mg!m3 

of air. 
Use: Analytical agent. 

mercurous oxide. CAS: 15829-53-5. Hg20. 
Properties: Black powder, d 9.8, decomposes at 

IOOC, soluble in acids, insoluble in water. 
Derivation: Action of sodium hydroxide on mer
curous nitrate. 

Hazard: Highly toxic. TL V (as mercury): 0.05 
mg/m3 of air. 

mercurous sulfate. CAS: 7783-36-0. Hg2S04• 

Properties: White to yellow, crystalline powder; 
soluble in hot sulfuric acid, dilute nitric acid; 
slightly soluble in water, d 7.56, decomposes on 
heating. 

Derivation: (a) Dissolving mercury in sulfuric acid 
and heating gently. (b) Adding sulfuric acid to 
mercurous nitrate solution. 

Hazard: Highly toxic. TL V (as mercury): 0.05 
mg/m3 of air. 

Use: Chemical (admixed with sulfuric acid as a 
catalyst, in oxidation of naphthalene to phthalic 
acid), batteries (Clark cell, Weston cell). 

mercury. (quicksilver; hydrargyrum). 
CAS: 7439-97-6. Hg. Metallic element 
of atomic number 80, group liB of the Periodic 
Table, aw 200.59, valences = 1,2; 4 stable iso
topes and 12 artificially radioactive isotopes. 

Properties: Silvery, extremely heavy liquid, some
times found native; insoluble in hydrochloric 
acid; soluble in sulfuric acid upon boiling; readily 
soluble in nitric acid; insoluble in water, alcohol, 
and ether; soluble in lipids;, extremely high sur-
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CHROMITE 280 

(a) 3.012; (b) 1 .. 867; (c) 1.70. (a) Insoluble in 
water and acids; (b) soluble in water, insoluble 
in alcohol; (c) soluble in water and alcohol. 

Derivation: Action of sulfuric acid on chromium 
hydroxide with subsequent crystallization. 

Use: Chrome plating, chromium alloys, mordant, 
catalyst,. green paints and varnishes, green ink, 
ceramics (glazes). The basic form (reduction of 

· sodium dichromate) is used in tanning. 

chromite. (chrome iron ore). 
CAS: 1308-31-2. FeCr204• A natural ox
ide of ferrous iron and chromium, sometimes 
with magnesium and aluminum present. Usually 
occurs in magnesium and iron rich igneous rocks. 

Properties: Color iron-black to brownish-black, 
streak dark brown, luster metallic to submetallic, 
d 3.6, Mohs hardness 5.5. 

Grade: Metallurgical, refractory, chemical. 
Occurrence: USSR, South Africa, Zimbabwe, 

Philippines, Cuba, Turkey. 
Hazard: A carcinogen. TLV: 0.05 mg/m3 of air. 
Use: Only commercial source of chromium and 

its compounds. 

chromium. CAS: 7440-47-3. Cr. Me-
tallic element of atomic number 24, group VIB 
of the Periodic Table, aw 51.996, valences=2,3,6; 
4 stable isotopes. Name derived from Greek for 
color. 

Properties: Hard, brittle, semi-gray metal; d 7.1; 
mp l900C; bp 2200C. Compounds have strong 
and varied colors. Cr ion forms many coordina
tion compounds. Exists in active and passive 
forms, the latter giving rise to its corrosion resis
tance due to a thin surface oxide layer that passi
vates the metal when treated with oxidizing 
agents. Active form reacts readily with dilute 
acids to form chromous salts. Soluble in acids 
(except nitric) and strong alkalies, insoluble in 
water. 

Occurrence: USSR, South Africa, Turkey, Philip
pines, Zimbabwe, Cuba. 

Derivation: From chromite by direct reduction 
(ferrochrome), by reducing the oxide with finely 
divided aluminum or carbon, and by electrolysis 
of chromium solutions. 

Grade: (ore): Chromium ores are classified as 
(1) metallurgical, (2) refractory, and (3) chemical 
and their consumption in the US is in that order. 
(I) Must contain a minimum of 48% Cr20 3 and 
have Cr-Fe ratio of 3:1; (2) must be high in 
Cr203, and A)z03 and low in iron; (3) must be 
low in SiOz and A)z03 and high in Cr203. 

Forms available: (1) Chromium metal as lumps, 
granules or powder; (2) high- or low-carbon fer
rochromium; (3) single crystals, high-purity crys
tals, or powder run 99.97% pure. 

Hazard: Hexavalent chromium compounds are 

carcinogeni~ (OSHA) and corrosive on tissue, 
resulting in ulcers and dermatitis on' prolonged 
contact. TLV: For chromium dust and fume is 
0.5 mg/m3 of air. 

Use: Alloying and plating element on metal and 
plastic substrates for corrosion resistance, chro
mium-containing and stainless steels, protective 
coating for automotive and equipment accesso-

. ries, nuclear and high-temperature research, con
stituent of inorganic pigments. 

chromium-51. Radioactive Chromium of mass 
number 51. 

Properties: Half-life 26.5D, radiation: gamma 
(0.32 MeV). 

Grade: USP (as sodium chromate Cr-51 injec
tion). 

Hazard:Radioactive poison. 
Use: Diagnosis of blood volume (as tracer). 

chromium acetate. See chromic acetate. 

chromium acetylacetonate. 
[CH3COCHC(CH3)0hCr. 

Properties: Purple powder or red-violet crystals, 
mp 216C, bp 340C, insoluble in water, soluble 
in acetone and alcohol. 

Derivation: Reaction of chromium chloride, ace
tylacetone and sodium carbonate. 

Use: .Reduction of detonation of nitromethane. 

chromium ammonium sulfate. (ammonium chro
mium sulfate; chrome ammonium alum). 
CrNH.(S04) 2 •12HOH. 

Properties: Green powder or deep violet crystals, 
d 1. 72, mp 94C. Soluble in water, slightly soluble 
in alcohol. The aqueous solution is violet when 
cold, green when hot. 

Grade: Technical. 
Use: Mordant, tanning. 

chromium boride. One of several compounds of 
chromium and boron, e.g., CrB, CrB2, and 
Cr3B2. They have high melting points, are very 
hard and corrosion-resistant and may be suitable 
for use in jet and rocket engines. 

Properties: CrB may be crystals, d 6.2, mp 1550C, 
Mobs hardness 8.5, resistivity 67 p.-ohm em 
(20C). CrB2: d 5.15, mp 1850C, hardness 2010 
(Knoop), resists oxidation up to llOOC. Cr3Bz: 
may be crystals, d 6.1, Mobs hardness 9+. 

Use: Metallurgical additives, high-temperature 
electrical conductors, cermets, refractories, coat
ings resistant to attack by molten metals. 

chromium bromide. See cbromous bromide. 

chromium carbide. Cr3C2• 

Properties: Ortho-rhombic crystals, d 6.65, micro
hardness 2700 kg!sq mm (load 50 g), mp 1890C, 
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GAS, INERT 554 

fuels were produced from coal on large scale 
in Germany by both hydrogasification and 
Fischer-Tropsch methods. More recently, large
scale coal conversion has been successfully 
achieved by the Lurgi and Sasol methods; the 
latter, in South Africa, is the only large-scale 
installation utilizing the Fischer-Tropsch tech
nology. The Lurgi technique is in production 
at a number of locations. 

Catalytic gasification of peat for production 
of methanol is now utilized on a commercial 
scale, use of lignite and wood for this purpose 
is under development. 

See also Fischer-Tropsch process, synthesis gas. 

gas, inert. See noble gas, inert. 

gas laws. See Boyle's law, Charles' law, Gay-Lus
sac's law, ideal gas. 

gas, liquefied petroleum. See liquefied petroleum 
gas. 

gas liquid. See light hydrocarbon. 

gas, natural. See natural gas. 

gas, noble. See noble. 

gas oil. A liquid petroleum distillate with viscos
ity and boiling range between kerosene and lubri
cating oil. Boiling range 232-426C, flash p 150F 
(65.5C), autoign temperature 640F (337C). Com
bustible. 

Use: Absorption oil, manufacture of ethylene. 

gasoline. CAS: 8006-61-9. A mixture of vola-
tile hydrocarbons suitable for use in a spark-ig
nited internal combustion engine and having an 
octane number of at least 60. The major compo
nents are branched-chain paraffins, cycloparaf
fins, and aromatics. There are several methods 
of production: distillation or fractionation which 
yields straight-run product of relatively low oc
tane number, used primarily for blending; 
thermal and catalytic cracking; reforming; poly
merization; isomerization; and dehydrocyclo
dimerization. All but the first are various 
meanS of converting hydrocarbon gases into 
motor fuels by modifications of chemical struc

. ture, usually involving catalysis. The present 
source of gasoline is petroleum, but it may also 
be produced from shale oil and Athabasca tar 
sands as well as by hydrogenation or gasification 
of coal. 

antinock gasoline A gasoline to which a low 
percentage of methyl-tert-butyl ether (MBTE) 
has been added to eliminate knocking and in
crease octane number. This compound has al
most completely replaced tetraethyllead. Gaso
lines of octane number 100 or more are used 

chiefly as aviation fuel; those having a research 
octane number of approximately 90 are in gen
eral automotive use. 

See also antiknock agent, octane number. 
casinghead gasoline, see natural gasoline (be

low). 
cracked gasoline Gasolines produced by the 

catalytic decomposition of high-boiling compo
nents of petroleum. In general, such gasolines 
have much higher octane ratings (80-100) than 
that produced by fractional distillation. The dif
ference is due to the prevalence of unsaturated, 
aromatic and branched-chain hydrocarbons in 
the cracked gasoline. The actual properties vary 
widely with the nature of the starting material 
and the temperature, time, pressure, and catalyst 
used in cracking. 

high-octane gasoline A gasoline with an octane 
number of 90-100. 

See antiknock gasoline, octane number. 
lead-free gasoline An automotive fuel contain

ing no more than 0.05 g of lead per gallon, de
signed for use in engines equipped with catalytic 
converters. 

natural gasoline A gasoline obtained by recov
ering the butane, pentane, and hexane hydrocar
bons present in small proportion in certain natu
ral gases. Used in blending to produce a finished 
gasoline with adjusted volatility but low octane 
number. Do not confuse with natural gas. 

polymer gasoline A gasoline produced by 
polymerization of low molecular weight hydro
carbons such as ethylene, propene, and butenes. 
Used in small amounts for blending with other 
gasolines to improve their octane number. 

pyrolysis gasoline Gasoline produced by ther
mal cracking as a byproduct of ethylene manu
facture. It is used as a source of benzene by the 
hydrodealkylation process. 

reformed gasoline A high octane gasoline ob
tained from low octane gasoline by heating the 
vapors to a high temperature or by passing the 
vapors through a suitable catalyst. 

straight-run gasoline Gasoline produced from 
petroleum by distillation without use of cracking 
or other chemical conversion processes. Its oc
tane number is low. 

white gasoline An unleaded gasoline especially 
designed for use in motorboats; it is uncracked 
and strongly inhibited against oxidation to avoid 
gum formation and is usually not colored to dis
tinguish it from other grades. It also serves as 
a fuel for camp lanterns and portable stoves. 

Hazard: Highly flammable, dangerous fire and ex
plosion risk. TL V 300 ppm. 

gas, perfect. See ideal gas. 

Gastaldi synthesis. Formation of dicyanopyra
zines by cyclization of two molecules of an ami-
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1,1,1-TRICHLOROETHANE 1176 

Use: Bacteriostat in soaps and detergents, plas
tics. 

1,1,1-trichloroethane. (methyl chloroform). 
CAS: 71-55-6. CH3CCl3. 

Properties: Colorless liquid, d 1.325, bp 75C, fp 
-38C, insoluble in water, soluble in alcohol and 
ether, flash p none. Nonflammable. 

Hazard: Irritant to eyes and tissue. TLV: 350 ppm 
in air. 

Use: Solvent for cleaning precision instruments, 
metal degreasing, pesticide, textile processing. 

1,1,2-trichloroethane. (vinyl tichloride; 
/3-trichloroethane). CAS: 79-00-5. 
CHCl2CH2CI. 

Properties: Clear, colorless liquid, characteristic 
sweet odor, bp 113.7C, d 1.4432 (20C/4C), refr 
index 1.4458, vap press 16.7 mm (20C), bulk d 
12.0 lbs/gal (20C), fp -36.4C, flash p none. Mis
cible with alcohols, ethers, esters and ketones; 
insoluble in water. Nonflammable. 

Grade: Technical. 
Hazard: Irritant, absorbed by skin. TLV: 10 ppm 

in air. 
Use: Solvent for fats, oils, waxes, resins, other 

products; organic synthesis. 

trichloroethanol. CAS: 115-20-8. 
CClaCH20H. 

Properties: Viscous liquid, ether-like odor, hygro
scopic. Slightly soluble in water, miscible with 
alcohol, ether, and carbon tetrachloride. Bp 
150C, fp 13C, d 1.541 (25/4C). Combustible. 

Use: Intermediate, anesthetic. 

trichloroethylene. (tri). CAS: 79-01-6. 
CHCl:CCl2. 

Properties: Stable, low-boiling, colorless, photo
reactive liquid; chloroform-like odor; will not at· 
tack the common metals even in the presence 
of moisture. Bp 86.7C, fp -73C, d 1.456-1.462 
(25/25C), refr index 1.4735 (27C), miscible with 
common organic solvents, slightly soluble in wa
ter. Nonflammable. 

Derivation: From tetrachloroethane by treatment 
with lime or alkali in the presence of water, or 
by thermal decomposition, followed by steam 
distillation. 

Grade: USP, technical, high purity, electronic, 
metal degreasing, extraction. 

Hazard: Toxic by inhalation. Use as solvent not 
permitted in some states. FDA has prohibited 
its used in foods, drugs, and cosmetics. TLV: 
50 ppm in air. 

Use: Metal degreasing; extraction solvent for oils, 
fats, waxes; solvent dyeing; dry cleaning; refriger
ant and heat exchange liquid; fumigant; cleaning 
and drying electronic parts; diluent in paints and 
adhesives; textile processing; chemical in termed!· 

ate; lferospace operations (flu~hing liquid oxy
gen). 

trichlorofluoromethane. (fluorotrichlorometh· 
ane; fluorocarbon-H). CAS: 75-69-4. 
CCl3F. 

Properties: Colorless, nearly odorless, volatile liq· 
uid. Bp 23.7C, fp-IIIC, d 1.494 (17.2C), critical 
pressure 43.2 atmospheres. Noncombustible. 

Derivation: From carbon tetrachloride and haf
nium, in the presence of fluorinating agents such 
as antimony tri· and pentafluoride. 

Grade: Technical, 99.9% min. 
Hazard: TLV: CL of 1000 ppm in air. 
Use: Solvent, fire extinguishers, chemical interme· 

diate, 'blowing agent. 

trichloroisocyanuric acid. (1,3,5-trichloro-s-tri· 
azine-2,4,6-trione). CAS: 87-90-1. 

ofNCICONClCO~Cl. 
Properties: White, slightly hygroscopic ,crystalline 

powder or granules; loose bulk d 31 lbs/cu ft, 
granular 60 lbs/cu ft; available chlorine 85%; 
decomposes 225C. 

Hazard: Fire risk in contact with organic materi
als, strong oxidizing agent. Toxic by ingestion. 

Use: Active ingredient in household dry bleaches, 
dishwashing compounds, scouring powders, de· 
tergent-sanitizers, commercial laundry bleaches, 
swimming pool disinfectant, bactericide, algicide, 
bleach, and deodorant. 

trichloroisopropyl alcohol. See isopral. 

trichloromelamine. (N,N',N' -trichloro-2,4,6-tri
amine-1,3,5-triazine). 

NC(NHCl)NC(NHCl)NC(NHCI). 
Properties: Fine, white powder, slightly soluble 

in water and glacial acetic acid, insoluble in car
bon tetrachloride and benzene, pH of saturated 
aqueous solution 4, autoign temperature 320F 
(160C). 

Derivation: By chlorination of melamine. 
Grade: 89% available chlorine. 
Hazard: Dangerous fire risk, can ignite spontane

ously in contact with reactive organic materials. 
Use: Chlorine bleach and bactericide. 

trichloromethane. See chloroform. 

a·(trichloromethyl)benzyl acetate. See trichloro
methylphenylcarbinyl acetate. 

trichloromethyl chloroformate. (diphosgene). 
ClCOOCC)a. 

Properties: Colorless liquid; odor similar to pho~
gene (new mown hay); decomposed by heat, po-
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933 POLY-1,1-DIHYDROPER 

Hazard (liquid): By ingestion and inhalation· skin 
irritant. ' 

See also polymer, stereospecific. 

polybutene. See polybutylene. 

polybu~ylene. {polybutene; polyisobutylene; 
polyts~butene). Any of several thermoplastic 
JSotactJc (stereo-regular) polymers of isobutene 
of varying molecular weight, also polymers of 
butene-! and butene-2. Butyl rubber is a type 
of polyisobutene to which has been added 2% 
of isoprene, which provides sulfur linkage sites 
for yulcanizati?n· Isobutene can be homopoly
menzed to various d_egrees in chains containing 
from 10 to 1000 umts, the viscosity increasing 
with molecular weight. Combustible. 

See also "Vistanex." 
Use: Lubricating-oil additive, hot-melt adhesives 

sealing tapes, special sealants, cable insulation: 
polymer modifier, viscosity index improvers 
films and coatings. ' 

pol!butyl_ene terepbtbalate. An engineering plas
tic denved from 1,4-butanediol, it is a thermo
plastic polyester with a broad spectrum of uses. 

"Polycarbafil."539 TM for a glass fiber-reinforced 
polycarbonate. 

polycarbonate. (COOC6HsC(CH3) 2C6H50)n. 
A synthetic thermoplastic resin derived from his
phenol. A a_nd phosgene, a linear polyester of 
carbomc ac1d: Can be formed from any dihy
droxy compound and any carbonate diester or 
by ester interc~ange. _Polymerization may b~ in 
aqueous emulsiOn or m nonaqueous solution. 

Properties: :rransparent (90% light transmission), 
noncorrosive, weather and ozone-resistant non
toxic, stain-resistant. Combustible but self:extin
guishing, low water absorption, high impact 
st.rengt~, heat-resistant, high dielectric strength, 
dimensiOnally stable, soluble in chlorinated hy
drocar~ons and attacked by strong alkalies and 
aromatic hydrocarbons; stable to mineral acids, 
insoluble in aliphatic alcohols. Excellent for all 
mo~ding methods, extrusion, thermoforming etc.; 
eas1ly fa.bricated b~ ~II methods including ther
moformmg and flutdJzed bed coating. 

Use: Molded products, solution-cast or extruded 
film! stru~tural parts, tubes and piping, pros
thetic devices, meter face plates, nonbreakable 
windows, street-light globes, household appli
ances. 

polycarboxylic acid. An organic acid containing 
two or more carboxyl (COOH) groups. 

polychlor. General name for synthetic chlori
nated hydrocarbons. 

Use: Pesticides. 

polychlorinated biphenyl. (PCB). 
CAS: 1336-36-3. One of several aromatic 
compounds containing two benzene nuclei with 
two or more substituent chlorine atoms. They 
are colorless liquids with d 1.4-1.5. Because of 
t~eir persistance,_ toxicitr, and ecological damage 
vta water pollutiOn their manufacture was dis
continued in the US in 1976. 

Hazard: Highly toxic. 

polychloroprene. See neoprene. 

polychlorotrifluoroethylene. (PCTFE). 
See chlorotrifluoroethylene polymer. 

"P~Iycin.'_'202 T~ for (I) an elastic, tacky, gel
like sohd resultmg from the polymerization of 
c_astor oil, used in rubber compounding, floor 
tile man~facture, and as a polymeric plasticizer; 
(2) a se_nes of polyols used in the preparation 
and cunng of urethane polymers for protective 
coatings, foamed insulation, and elastomers. 

"Polyco."65 • TM for a series of thermoplastic 
polymers m the form of water emulsions or sol
vent solutions, applied to vinyl acetate polymers 
an~ copolymers, bu_tadiene-styrene copolymer 
lattcs, polystyrenes, vmyl and vinylidene chloride 
copolymers, acrylic copolymers and water-solu
ble polyacrylates. 

U~e: Adhesives and coatings, in paint, leather, tex
tiles, paper, cosmetics, and construction fields. 

po!yc~ndensation. See condensation (1), polymer
tzatJOn. 

polycoumarone resin. See coumarone-indene 
resin. 

polycyclic. An organic compound having three 
or more ring structures, which may be the same 
or different, e.g., anthracene, naphthacene. 

See polynuclear. 

poly{1-4-cyclohexylenedimethylene)terephthalate. 
TM :·Kodel." A linear polyester film or fiber 
obtamed by condensation of terephthalic acid 
with _1,4-cy~lo~~xanedimethanol. It has good 
electncal resJstJVJty and hydrolytic stability. 

Use: Carpet fibers and chemically resistant films. 
See also terephthalic acid. ·. 

"Polycyclol1222."214 TM for an intermediate for 
the preparation of alkyd-type resins used for 
coatings. These are known by the coined name 
"cyclyd." 

poly-1,1-dihydroperfluorobutyl acrylate. 
Properties: White, rubber-like polymer. D 1.5, be-
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SOURCE: 
Callahan et al. Water Related Environmental Fate 
of 129 Priority Pollutants. U.S. Environmental 
Protection Agency, Office of Water Planning and 
Standards, Washington, DC. EP A-440/4-79-029b. 1979. 

Reference 46 
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36. POLYCHLORINATED BIPHENYLS 

36.1 Statement of Probable Fate 

Polychlorinated biphenyls (PCBs) are a family of compounds which vary 
widely in physical, chemical, and biological properties. For those com
pounds with four or fewer chlorine atoms per molecule, biodegradation ap
pears to be the dominant fate process and results in significant destruc
tion and transformation. Polychlorinated biphenyls with five or more chlo
rine atoms per molecule have been photolyzed in experimental-situations but 
it is difficult to extrapolate these results to environmental conditions. 

Non-destructive processes which affect the distribution and transport 
of polychlorinated biphenyls are adsorption, volatilization, and bioaccumu
lation. In natural water systems, the greatest concentration of these com
pounds is sorbed to suspended and bed sediments due to the very low solu
bility in water. The tendency of polychlorinated biphenyls for-adsorption 
increases with the degree of chlorination and with the organic cont~nt of 
the absorbent. The biota are another environmental compartment into which 
these compounds are strongly partitioned (measured bioconcentration factors 
range up to 106). 

Volatilization and transport as an aerosol followed by fallout with 
dust or rain is the probable cause of the ubiquitous distribution of poly
chlorinated biphenyls. The more highly chlorinated species are less vola
tile than the lighter species. The presence of suspended solids tends to 
reduce volatilization, presumably because the solids adsorb the polychlo
rinated biphenyls and reduce the concentration in solution. 

The'available empirical evidence indicates that polychlorinated bi
phenyls, especially _those with four or more chlorines, are persistent in 
the environment. The composition of polychlorinated biphenyls in the at
mosphere is similar to that of Aroclor 1242 or 1016, while those in sur
face.waters (mostly adsorbed to suspended solids) approach the composition 
of Aroclor 1254. Polychlorinated biphenyls in biota are heavier and more 
chlorinated still, and approximate the composition of Aroclor 1260. Thus 
the processes controlling distribution are so~ewhat selective, with the 
lighter species more likely to volatilize and the heavier species more 
likely to be incorporated into sediments and biota. 

36.2 Identification 

The Aroclors are technical mixtures of·a number of the individual poly
chlorinated biphenyls made by the partial chlorination of biphenyl in the 
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presence of a suitable catalyst. In the designation of the individual 
Aroclors (Monsanto TM) a set of four digits was used, the first two, 12, to 
designate that the preparation is a mixture. The second set of two numbers 
is used to denote the approximate chlorine content by weight. Thus, Aro
clor 1242 is a mixture having an average chlorine content of 42 percent. 
When it was determined that there was a significant environmental problem 
associated with the more heavily chlorinated species, Monsanto (the major 
American manufacturer) prepared .a new mixture that was limited primarily to 
the mono, di and trichloro isomers. This product carried the designation 
Aroclor 1016. 

Of the total of 209 possible.compounds resulting from the partial or 
total chlorination of biphenyl, some 100 individual cbmpounds have been de
tected in the various Aroclors (Hutzinger et al. 1974). The structure of a 
typical (2,2'-dichlorobiphenyl) member of the-class of polychlorinated bi
phenyls is shown below. 

Cl 

4' 4 

Cl 

CAS NO.: Each of the polychlorinated biphenyls compounds has been 
given an individual CAS number. The CAS numbers of the 
Aroclors are listed in Table 36-2. 

TSL NO.: TSL numbers NZ32800, NZ3300, and NZ33500 have 
to three polychlorinated biphenyls mixtures. 
of these mixtures coincide with the molecular 
Aroclor species as listed by Monsanto. 

been assigned 
However, none 
composition of 

The appropriate molecular compositon of the Aroclors is shown in Table 
36-1. 

36.3 Physical Properties 

Individual polychlorinated biphenyls vary widely in their physical pro
perties according to the degree and position of chlorination. However, all 
have a very low water solubility, low vapor pressure, and a high dielectric 
constant. The properties that make these compounds so widely used in in
dustrial applications include excellent thermal stability, strong resis
tance to both acidic or basic hydrolysis, and general inertness (Gustafson 
1970). The environmentally relevant physical properties of the Aroclors 
are presented in Table 36-2. Again, it is important to remember that the 
Aroclors are mixtures of many diffe~~nt polychlorinated biphenyls species. 
The physical properties of a mixture cannot be properly defined as 
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Approximate Molecular Composition of Aroc:1ors 

I 
(Percent) [Hutzinger ~ .!!.· 1974] 

Empirical Aroclor Number 

Fonnula .!ill. .llll .!ill .llil .!ill. .!lli 1260 

c1281o * <0.1 11 <0.1 <0.1 NO <0.1 NO 
I 

c 12u9c1 1 51 31 1 NO <0.1 NO 

C12H8C12 20 32 24 16 2 0.5 NO I 
c12u7c13 

57 4 28 49 18 1 NO 

Cl2H6C14 21 2 12 25 40 21 1 I 
Cl2H5Cl5 1 <0.5 4 8 36 48 12 

Cl2H4C16 <0.1 NO <0.1 1 4 23 38 I 
c12a3c17 NO NO NO <0.1 NO 6 41 

I c12u2c18 NO NO NO NO NO NO 8 

Cl2H1C19 NO NO NO NO NO NO NO 

Average 
Molecular I 
\leight 257.9 200.7 232.2 266.5 299.5 328.4 375.7 

I 
• NO denotes none detected. I 

I 
I 
I 
I 
I 36-3 
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Properties of Aroclors11 ,b 

l'rotlcrly 1016 1221 1232 1242 1248 llli. 
'lip tiC! ll fllll c t: Cleur Oil Clear Oil Clear Oi1 Clear Oil Clt:ur Oil Light 

Yello\1 
Viscous 
Liquid 

Chlorine 41 20.5-21.5 
(Percent) 

31.4-32.5 42 48 54 

Densitl 1.33 1.15 
(g•/cm ) 

1.24 1. 35 1.41 l. 50 

(25°C) 

UhtUlation 325-356 275-)20 290-325 325-366 340-375 365-390 Range 
(OC) 

Evaporation Nil 1-1.5 
Loss (%) 

1-1.5 0-0.4 0-0.3 0-0.2 

l00°C/6 hrs 

o.012d 1\queous 0.24 
0.42c c Solubility (15.01 r 1.451 O.J4d 0.()54 0 .0~41 

(mg/1) O.ll o.o 6 

Vapor Pressure ( 4 X 10-4 1 ( 6. 7 X 10-J) ( 4.06 X 10-3 1 4.06 X 10-4 . -4 
7, Jl X 10-5 

(mm llg @ 25°C) 
4.94 X 10 

Octanol/llater 4. J8c (2.111 (3.2) 4.llc [5.751
11 (6.0l)h 

Partition >5.58e,C 4 .o9r .g >4.54f,g >5.58e,r >6.lle,f 
Coe-fficient 
(Log P) 
C/IS NO. 111-042-82 111-411-65 534-&92-19 126-722-96 110-976-91 

a. All values not subscripted are from Monsanto (1974). 
b. Br<~cketed data are estimated. 
c. Paris et ul. (1978). 
d. Dextt:r-;ndPavlou 1978. 
e. Chiou et a1. 1977. 
f. P<~rtltlon~ot:fflclent of 1o\lcst chlorin;tted polychlorinated biphenyl present In significant •tuantltles. 
R· Tulp lind lluulnRt:r 1978. 
h. llansch t:t a1. 1974 and Chiou et al. 1977. 
l. llaque Ct ii"t. 1974. --

~ 

Light 
Yello\1 
Sticky 
Resin 

60 

1.58 

385-420 

0-0.1 

').0'127 

4.05 .X 10 -5 

(7.14)h 

>6 •11e,f 

110-9&8-25 
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constants. The true solubility of a mixture for example is undefined 
because the water concentration at equilibrium is controlled by partitio~
ing of the individual ·components between water and the mixture itself. "The 
physical properties of the individual polychlorinated biphenyls are not 
identical, and, consequently, selective solubilization of the more soluble 
lower chlorinated components will occur. Conversely, the more highly 
chlorinated compounds will be selectively partitioned into the mixture. 
The measured solubilities or the equilibrium mass concentration as well as 
the other properties of the mixture will be an average of the properties of 
the individual chlorinated biphrnyls. Theoretically, from a knowledge of 
the equilibrium mass concentrations, the individual solubilities can be de
termined or visa versa (Dexter and Pavlou 1978; Paris et al. 1978; Tulp and 
Hutzinger 1978). In Table 36-2, the physical propertiesOf several 
mixtures are presented. 

36.4 Summary of Fate Data 

36.4.1 Photolysis 

Irradiation of polychlorinated biphenyls with short-wave ultra
violet light has been shown to produce partial dechlorination in the vapor 
phase (Maugh 1973) and, in water with ozone, essentially complete destruc
tion (Versar 1976). Experimental results of Bunce and Kumar (1978) indi
cate that the more highly chlorinated species are susceptible to photoly
sis, resulting in the formation of dehalogenated or substituted products. 
These products may be accompanied by chlorinated biphenylenes and chlori
nated dibenzofurans (Safe et al. 1976). Photoproducts of polychlori
nated biphenyls isomers are-listed in ·Table 36-3 (from Safe et al. 1976). 
There is some doubt as to the applicability of these experimentSito envi
ronmental conditions, however, since such experiments are carried out in 
media other than water due to the low aqueous solubility of polychlor
inated b~phenyls. 

Safe and co-workers (1976) suggest the following mechanism for 
photochemical breakdown or transformation of polychlorinated biphenyls: 

"The accepted route for the photochemical excitation of aromatics 
in the 280-320 nm region occurs by a transition of electrons in the 1T 

ground state to an excited state (n*). From the excited state, which can 
be of singlet or triplet multiplicity, the ca~bon-halogen bond undergoes 
fission giving rise to an aryl and a hydrogen radical. The radicals then 
abstract hydrogen from the medium or dimerize and, in addition, a hydrogen 
halide can also be detected. Prior to bond fission an alternative reaction 
between the excited state and a nucleophilic species can occur giving the 
appropriate substitution product at the C-X bond." 

36-5 

r - • .. ' 
··- v 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

Table 36-3 
PHOTOPRODUCTS OF PCB ISOMERS (from Safe~~· 1976) 

PCB Isomer 

4,4' ~ichlorobiphenyl 
2,4,6-tric:hlorobiphenyl 

2,4.5-trichlorobiphenyl 

3,4.1' ·trichlorobiphenyl 

:!,:!' ,4,4' •tetrachlorobiphenyl 

2,2' .5 .s' •tetrachlorobiphenyl 

2.2' ,3,3' ·tetrachlorobiphenyl 

2,2' ,6,6' •tetrachlorobiphenyl 

3,3' ,4,4
1 
•teuachlorobiphenyl 

3,3' .5.S'·tetrachlorobiphenyl 

2.3 ,4 ..5 •tetrachlorob ip he:1 yl 

~.3.! ,6-tetnchlorobiphenyl 

2~' ,4,.1' ..5 .5' -he.uchlorobiphenyl . 

2,2',3.1 ,4,4
1 

..5 .5' -ocuchloro· 
biphenyl 

Aroclor 12~4 

~otoproducu 

4-chlorobiphenyl 

2,4-dichlorobiphenyl 
4-chlorobiphenyl 

3,4-<lichJorobiphenyl 
4-chlorobiphenyl 

3,4-dichlorobiphenyl 

2 • .1.-' '-uichloro biphe:1 yl 
4,4' -dichlorobipnenyl 
2,4,4' ·trichloro·2' ·methoxy-

biphenyl 

2.S .3' -tric:hlorobiohenyl 
3.3' -dic:hlorobiphenyl 
3-chlorobiphenyl 
trichloro me tho x )" bi ph en y I 
dichlorodimethoxybiphenyl 
c:hlorohydroxybiphenyls 

2.3 .3' ·t:ichlorobipne:~yl 
3.3' ·trichlorobiphenyl 
trichloromethoxybiphenyl 

2.2' ,6·tric!'llorobiphe:~yl 
:.2' -dichlorobiphenyl 
trichlorometho~ybiphe:"'yl 

3,4 ,4' ·trichlorobiohenyl 
4 .4' -dichlorobi?h~nyl 
uichloromethoxybtphenyl 

3.3' .!·t:ichlorobiphenyl 

3,4,! ·:richlorobiphenyl 
3 ,4-dichlorobiphenyl 

2 • .3.! ·trichlorobiphen yl 
3..5-dichlorobiphenyl 

d~hloriruted product 
(mono penuchlorobiphenyls 
quaterphenyls, biphenylene 
dibenzofurans, ~'tloro• 
methoxybiphenyls 

dechlorizuted products 
chlorinated quaterphenyls 

dKhlorinated produC'.s 

dechlorin.Jted, hydroxyla ted 
and hydr:~ted photoj:lroducu 

36-6 

Solvent 

mettianol 

cyclohexane 

·cyclohe:une 

cycle hex:~ne 

methanol 

methanol 

dioxane-water 

meth:tnol 

meth:1nol 

methanol 

methanol 

cyclohe:o.:me 

cyclohe:t:u~e 

he:une and 
methanol 

he:tane and 
meth:1nol 

dio:c:~ne-... ·:~te: 
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When the rate of polychlorinated biphenyls photolysis.in oxygen
saturated solutions is compared ~ith the rate in anoxic solutions, it is 
evident that oxygen supresses photolysis, apparently by acting as a free 
radical quencher. This supports the contention that an intermediate trip
let excited state is involved in the photolytic reaction (Safe et al. 
1976). Since in natural ~aters the photic zone corresponds to the-most 
oxygen-rich zone (due to photosynthesis), dissolved oxygen is an inherent 
limitation on the rate of aqueous polychlorinated biphenyl photodegrada
tion. 

Bunce and Kumar (1978) measured photolysis of several polychlo
rinated biphenyl species in a 4:1 acetonitrile-water solution and calcu
lated the approximate rate of dechlorinatlon under environmental condi
tions. For shallow ~aters and typical environmental PCB concentrations, 
they predicted that up to 5% of the lightly chlorinated polychlorinated 
biphenyls molecules might lose a chlorine atom in one year, but that at 
least one chlorine atom should be lost from each highly chlorinated mole
cule annually. The authors stress the limitations of the assumptions made 
in this calculation, but if accurate, it is very significant since the 
less-chlorinated species can be biodegraded while the heavier species can
not. Furthermore, Bunce and Kumar point out the fact that if polychlor
inated biphenyls concentrate heavily in the surface film, the photolytic 
rates would be much higher than those calculated. 

Thus it is possible that photolysis results in the breakdown of 
the more highly-chlorinated polychlorinated biphenyl species. Even though 
the rate of such breakdown is slow, it is significant since none of the 
other fate processes result in degradation of the heavier species. 

36.4.2 Oxidation 

Polychlorinated biphenyls are extremely resistant to oxidation 
(Hutzinger et al. 1974). Gustafson (1970) cites a Monsanto technical bul
letin that ~hey can be heated to 140°C under 260 p.s.i. of oxygen pressure 
without showing any evidence of oxidation as judged by devel"opment of acid
ity or formation of sludge." Thus chemical oxidation is no.t important as 
an envi~onmental fate process. 

36.4.3 Hydrolysis 

Polychlorinated biphenyls are strongly resistant to both acidic 
and. basic hydrolysis (Gustafson 1970; Hutzinger et al. 1974). Hydrolysis 
does not appear to be important in te~s of environmental fate. · 

36-7 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

36.4.4 Volatilization 

' Volatilization and/or aerosol dispersion of polychlorinated bi-
phenyls ~a-thought to account for their ubiquitous distribution. Atmo
spheric transport followed by fallout with dust or rai~ is largely respon
sible for the fact that polychlorinated biphenyls have been detected in air 
over Baltimore, Maryland (Paris, et al. 1978) in "rainwater in England, 
brown seals off the coast of Scotlan~ white-tailed eagles in Sweden, cod 
in the Baltic Sea, mussels in the Netherlands, Adelie penguins in the An
tarctica, brown pelican eggs in Panama, Arctic terns, shrimp in.Florida, 
river water in Japan (and) waters in the Great Lakes" (Gustafson 1970). 
Although these compounds have a fairly high molecular weight and low vapor 
pressure, they have a remarkably high activity coefficient in water which 
causes a high equilibrium vapor partial pressure (Mackay and Wolkoff 1973). 
As a result, the rate of volatilization is somewhat higher than might be 
expected. 

Mackay and Wolkoff (1973), and later Mackay and Leinonen (1975) 
calculated the evaporative half-life of Aroclors 1242, 1248, 1254, and 1260 
in a water column 1 meter deep on the basis of an approach assuming thermo
dynamic equilibrium. The estimated half-lives for the Aroclors published 
by Mackay and Leinonen range from 9.5 hours for Aroclor 1248 to 12.1 hours 
for Aroclor 1242 (see Table 36-4). The Mackay and Wolkoff (1973) model 
suggests that volatilization results from the entrainment of solute mole
cules in the stream of evaporating water molecules. The rate at which the 
solute molecules are so carried off is determined by the effective surface 
concentration of the solute and by the evaporative rate of the water. The 
model proposed by Mackay and Leinonen (1975) is based on the assertion that 
equilibrium will be reached when the chemical potential for the solute in 
the air and in the aqueous phases are equal; the driving force is the 
actual inequality of these chemical potentials. Here, again, the con
trolling concentration is that of the solute at the surface. Neither of 
these models are directly concerned with those processes that act in the 
aqueous phase to control the surface concentration and thus are based on 
the_assumption of sufficiently perfect mixing within the aqueous phase so 
that the surface phenonmena are rate-controlling in the volatilization 
process. Since the Mackay and Leinonen (1975) model has a more acceptable 
thermodynamic basis, the results presented herein are calculated from this 
model rather than from Mackay and Wolkoff (1973). 

. It should be noted that, even though the Aroclor mixtures 1016, 
1221 and 1232 have larger proportions of the more volatile (i.e., higher 
vapor pressure) mono-, di- and trichloro species that does 1242, they also 
exhibit higher ultimate aqueous solubility so that, without a direct 
measure of the Henry constant, it is not possible to assert that these 
species will volatilize more rapidly than does Aroclor 1242. 
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_Table '36-4 

Calculated Volatilization Half-Life at 25°C, in'l m3 ~ater, 1m deep 

Prepat;ation Henrx La~ Constant 
[Atmos m3/mo1e] 

Aroclor 1242a 

Aroclor 1248a 

Aroclor 1254 a 

Aroclor 1260a 

Aroclor 1016b 

~acKay and Leinonen 1975. 
b Paris ~ al. 1978. 

5.7 X 10-4 

3.5 X 10-3 

2.8 X 10 -3. 

7.1 X 10 -3 

36-9 

t 112 (hrs) 

12.1 

9.5 

10.3 

10.2 

9.9 
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Haque et al. (1974) demonstrated that volatilization of Aroclor 
1254 is much slowe~from soil than from sand or unadulterated PCB solution. 
Apparently adsorption by organic materials in the soil greatly reduces the 
concentration of "free" PCB's.in solution which can evaporate. 

The reduction of volatilization by adsorption may explain the fact 
that polychlorinated biphenyls in most natural water samples evaporate at a 
much slower rate than that predicted by Mackay and Wolkoff (1973) or Mackay 
and Leinonen (1975). Oloffs et al. (1972) showed that ~olatilization loss 
of Aroclor 1260 from solutionsoTIOO ·lJg/1 in river water was only 67% 
after 12 weeks. When sediment was added to the system maximum loss was 
only 34% after 12 weeks (Oloffs et al. 1973). Tucker et al. (1975) de
monstrated volatilization rates 0£4:2 and 3.6% for Aroclor, 1221 and 1016, 
respectively over a 24-hour period in aerated samples exposed to activated 
sludge. 

All of the above measurements indicate volatilization half-lives 
considerably longer than those estimated by Mackay and Wolkoff (1973) and 
Mackay and Leinonen (1975). The estimated half-life resulting from the 
Oloffs et al. (1973) experiment would be of the order of 1260 hours, which 
is to becompared to the Mackay and Leinonen (1975) estimate of 10.2 hours. 

Although empirical evidence shows that volatilization is slow 
under natural conditions, the lack of destructive processes for the more 
highly chlorinated polychlorinated biphenyls indicates that volatilization 
is an important transport process. The persistence of these compounds, 
along with the transport afforded them by volatilization, is probably the 
major factor in their widespread distribution. 

36.4.5 Sorption 

Adsorption to sediments is the major non-destructive process af
fecting polychlorinated biphenyls after introduction to the aquatic en
vironment. The combination of low water solubility (.0027-15 mg/1) and 
high octanol/water partition coefficient (2.8-7.4) (also see Table 36-2) 
indicates that polychlorinated biphenyls will have a high affinity for sus
pended solids, especially those high in organic carbon (Hamelink ~ al. 
1971). This has been confirmed by a number of experiments which have shown 
that polychlorinated biphenyls are quickly adsorbed and that the greatest 
amount is usually associated with sediments or soils in soil-water systems 
(Oloffs et al. 1973; Haque et al. 1974; Hetling et al. 1978; Moein 1976; 
Moein et-al-.-1976; Paris eC:al: (1978). Paris eC:al: (1978) found the 
partition-coefficients for-polychlorinated biphenyl~etween water and a 
variety of bacteria, seston, and sediments to be only an order of magnitude 
less. than the corresponding octanol/water partit.ion coefficient. 
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When contamination beco~es sufficiently high, sediments may serve 
as a reservoir for re-solution af polychlorinated· biphenyls (Veith and 
Comstock 1975). This fact has important ramifications for areas where 
polychlorinated biphenyls are spilled; even after the initial degradation 
in water quality, release of these compounds by sediments can cause long
term pollution. For example, Wilson and Forester (1978) report that for 7 
years following a spill, oyster tissue (Crassostrea virginica) still con
tained measurable quantities of Aroclor 1254 even though the amount in 
water was below detectable levels. 

Polychlorinated biphenyls have an even greater affinity for oil 
than for sediments (Sayler and Colwell 1976). In areas polluted by both 
oil and polychlorinated biphenyls, microbes capable of degrading each of 
the pollutants separately appear to be inhibited by the high concentrations 
in combination. 

The preferential sorption of polychlorinated biphenyls on the 
organic fraction of the suspended solids coupled with the entrance of these 
suspended solids into the sediments is thought to be a major mechanism for 
the immobilization in aquatic systems. The persistance of these chemicals, 
however, makes re-solution a possibility for years after they have entered 
the sediments. 

36.4.6 Bioaccumulation 

Since polychlorinated biphenyls are adsorbed strongly to organic 
sediments, it is not surprising to find that they are also strongly bio
accumulated. Their resistance to biodegradation implies that they will be 
quite persistent in organisms. This is indeed the case. 

The potential for bioaccumulation of polychlorinated biphenyls 
species is directly related to the number of chlorines for ·two reasons: 
first, the more highly chlorinated species have a greater octanol/water 
partition coefficient, and secondly, the heavier polychlorinated biphenyls 
species are more resistant to biodegradation (Metcalf et al. 1975; EPA 
1977). --

Numerous authors have published the concentrations of polychlor
inated biphenyls in various aquatic and terrestrial organisms. Although 
the ambient concentrations are not often reported along with the in vivo 
concentrations, it is suggested that bioaccumulation factors are ~ually on 
the order of 104 -106. Although thtfse factors are very high, it is 
probable that the total reservoir of polychlorinated biphenyls in the oce
anic water column is higher than the total reservoir in oceanic biota 
(Clayton~ al. 1977). 
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Polychlorinated biphenyls can be passed a+ong a food chain; how
ever, biomangification is apparently not a controlling factor in artaining 
the levels found in aquatic organisms (Metcalf et al. 1975; Clayton et al. 
1977). Scura and Theilacker (1977) found that the-partition coefficien~ 
for each organism in an aquatic food chain determined the ultimate level 
and not the food chain itself. 

36.4.7 Biotransformation and Biodegradation 

Individual polychlorinated biphenyl species vary widely in their 
susceptibility to biodegradation. The mono-, di-, and tri-chlorinated 
species can be degraded by an array of organisms ranging from bacteria to 
man. Polychlorinated biphenyls with five or more chlorines per molecule 
are quite resistant to biodegradation. 

The mechanism of polychlorinated biphenyl biodegradation has been 
investigated thoroughly (Hutzinger et al. 1972; Metcalf ~ al. 1975; 
Branson et al. 1975; Berlin et al. 1975; Kaiser and Wong 1974; Wong and 
Kaiser 1976;-Furakawa et al.-r978). For the purposes of this study, it 
suffices to say that biodegradability of these compounds is a function of 
the number of C-H bonds available for hydroxylation by microsomal oxida
tion. Adjacent unchlorinated carbons allow the formation of arene oxide 
intermediates and thus facilitate metabolism. There are exceptions to this 
simple rule however. For example, in a study of the biodegradation of 31 
isomers of polychlorinated biphenyls by Alcaligenes and Actinobacter, chlo
rinated biphenyl containing two chlorines on either the ortho position of a 
single ring (i.e., 2.6-) or both rings (i.e., 2,2'-) showed very poor de
gradability (Furakawa et al. 1978). Whether this will be a general pheno
menon for all organisms-is-yet to be determined. 

Rates of biodegradation vary widely, depending on the composition 
and distribution of biota, concentration of polychlorinated biphenyls, 
availability of other nutrients, temperature, and other factors. Tucker et 
al. (1975) reported the rates listed below for degradation of mixtures of-
polychlorinated biphenyls in an acclimated semi-continuous activated sludge 
experiment with 48-hour:exposure: 

Aroclor 

1221 
1016 
1242 
1254 

% Degradation 

81 + 6 
33 + 14 
26 ~ 16 
19 ·+ 38 

Tulp et al. 1978, in contrast, found that the metabolism of tr 
single compoundr4:4'-dichlorobiphenyl by a mixed culture of bacteri~ 
lated from activated sludge was almost totally suppressed by alte· 
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carbon sources such as glucose·, glycerol, peptone, yeast extract, humic 
acid or activated sludge. Though the interpretation of the latter result 
is trivial it points out the difficulty in extrapolating conclusions drawn 
from laboratory studies to the environment. 

~ong and Kaiser (1976) published data on the degradation of 2-
mono-chlorobiphenyl (0.05%) and ·4-monochlorobiphenyl (0.05%) by a mixed 
culture ofoacteria (predominately Achromobacter !f) isolated from lake 
waters. Interpolating from a graph presented in their paper, the half-life 
of the former was about 100 hours and the latter was 175 hours. 

Metcalf and co-workers (1975) studied the behavior of 2,5,2'-tri
chlorobiphenyl; 2,5,2',5'-tetrachlorobiphenyl; and 2,4,5,2' ,5',-penta
chlorobiphenyl in a model ecosystem. After 33 days, the concentrations of 
the parent materials and metabolites in the water column and organisms were 
measured. The trichlorobiphenyl species was degraded considerably, but the 
tetra- and penta-chlorinated forms were, for the most part, unchanged and 
were strongly bioaccumulated. 

The polychlorinated biphenyl species composing the heavier Aroclor 
mixtures·are essentially non-biodegradable. Oloffs et al. (1972) showed 
that there was no degradation of the polychlorinated~iphenyls in Aroclor 
1260 over 12 weeks in natural water samples. In a study of the distribu
tion and fate of Aroclor 1254 after a spill of transformer fluid, Moein et 
al. (1976) concluded that "no detectable reduction in the concentration Of 
this mixture in the soil has occurred as the result of chemical transfor
mation or biodegradation". This study compared the polychlorinated bi
phenyls found in soil samples in 1975 to those found in mixtures (askarels) 
used in the transformer in 1973. 

To summarize, biodegradation is very likely to be an important 
fate process for the mono-, di-, and tri-chlorinated biphenyls, but does 
not have a signficant effect on polychlorinated biphenyls with five or more 
chlorines. The tetra-chlorinated biphenyls are intermediate in their sus
ceptibility to biodegradation. 

36.5 Data Summary 

Biodegradation is the only process known to transform polychlorinated 
biphenyls under environmental conditions, and only the lighter compounds 
are measurably biodegraded. There is experimental evidence that the · 
heavier polychlorinated biphenyls (five chlorines or more per molecule) can 
be photolyzed by ·ultraviolet light, but there are no data to indicate that 
this process is-operative in the ·environment. 
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Volatilization is probably responsible for the global disperson of 
polychlorinated biphenyls, but on the basis of mass, aq~eous transport 
(either adsorbed to suspended solids or in "solution") is probably the more 
significant process. 

Polychlorinated biphenyls are strongly partitioned to organic solids 
and biota~· Their incorporation into deep sediments is an important sink 
resulting in immobilization. However, resuspension of these sediments 
could cause them to be released back into the water column. 

The fate of polychlorinated biphenyls is summarized in Table 36-5. 
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ARL375 ARTEMISINE · 

THR: Moderately toxic by ingestion. An allergen. Habitual 
users develop, "absinthism" with tremors, vertigo, vomit
ing and hallucinations. May cause a contact dennititis. 
When heated to decomposition it emits acrid smoke and 
irritating fumes. 

ARL375 
ARTEMISINE 
CAS: 63968-64-9 
mf: C1sH220s mw: 282.37 

HR:2 

NIOSH: KD 4170000 

PROP: Needles. Mp: 156-15r. Sol in most aprotic sol
vents. Sltly sol in oil. 

SYNS: 
ARTEANNUIN 

ARTEMISININ 

ocrAIIYDR0-3,6,9-TRIMEllJYL-

3,12-EPOXY-12H-PYRAN0(4.3-j)-

1,2-BENZODIOXEPIN-1 0(3H)

ONE 

TOXICITY DATA: 
orl-mus LD50:5105 mg/kg 
ipr-mus LD50: 1558 mg/kg 
ims-mus LD50:2800 mg/kg 

QINGIIAOSU (CIJINESE) 

QING HAU SAU (CIIINESE) 

CODEN: 
CMJODS 92,811,79 
CMJODS 92,811,79 
CMJODS 92,811,79 

THR: Moderately toxic by ingestion, intramuscular, and 
intraperitoneal routes. When heated to decomposition it 
emits acrid smoke and fumes. 

ARLSOO HR:3 
d-ARTERENOL 
CAS: 149-95-1 NIOSH: DN 6125000 
mf: C8H11N03 mw: 169.20 

SYN: a-(AMINOMETIIYL)-3,4-DIHYDROXYBENZYL ALCOHOL 

TOXICITY DATA: 
ivn-rat LD50: 1400 Jlg/kg 
ivn-mus LD50: 18 mglkg 

CODEN: 
JPETAB 95,502,49 
JPETAB 95,502,49 

THR: Poison by intravenous route. When heated to decom
position it emits toxic fumes of NOx. 

ARL750 HR:3 
di-ARTERENOL 

--CAS: 138-65-8 NIOSH: DN 63()(){)()(j 
mf: C8H11N03 mw: 169.20 

SYN: a-(AMINOMEllJYL)-3,4-DJIIYDROXYBENZYL ALCOHOL 

TOXICITY DATA: 
ivn-rat LD50: 130 Jlglkg 
ivn-mus LD50:4700 Jlg/kg 

CODEN: 
JPETAB 95,502,49 
JPETAB 95,502,49 

THR: Poison by intravenous route. When heated to decom
position it emits toxic fumes of NOx. 

ARL875 HR:2 
ARYL ALKYL POL YETHER ALCOHOL 

NIOSH: TQ 4150000 

308 

SYNS: 
ALKYL ARYL POLYETIIER ALCO- ALKYL PHENOXY !'OLYETIIOXY 

HOLS EllJANOLS 

ALKYLARYLI'OLYGLYKOLA- ARYL ALKYL POLYETIIER ALCO-

ETIIER (GERMAN) IIOL 

ALKYLPHENOLI'OLYGLYCOL 

E:TIIERS 

TOXICITY DATA: 
orl-rat LD50:3200 mg/kg 
ipr-mus LD50:3100 mg/kg 
orl-rbt LD50:3 g/kg 

CODEN: 
85GYAZ -,144,71 
PSTGAW 3,1,45 
85GYAZ -,144,71 

THR: Moderately toxic by ingestion and other routes. 

ARMOOO HR:3 
AS A LIN 
CAS: 13425-94-0 NIOSH: YV 9365000 

SYN: E:TIIYL ESTER OF N-ACE:TYL-<11-SARCOSYLYJ.....di-VALINE 

TOXICITY DATA: 
orl-rat LD50:59 mglkg 
ipr-rat LD50: 187 mglkg 
ims-rat LD50: 17 mg/kg 
rec-rat LD50:40 mglkg 

CODEN: 
FATOAO 33,472,70 
PCJOAU 12,25,78 
FATOAO 33,472,70 
FATOAO 33,472,70 

THR: Poison by ingestion, intramuscular, rectal, and intra
peritoneal routes. See also ESTERS.· 

ARM250 HR:3 
ASBESTOS 
CAS: 1332-21-4 NIOSH: CI 6475000 
DOT: 221212590 

SYNS: 
AMIAI'ITJIUS 

AMOSITE (OBS.) 

AMPIIIBOLE 

ASBEST (GERMAN) 

TOXICITY DATA: 
ipl-rat TDLo: 100 mg/kg:ETA 
itr-rat TDLo:50 mglkg:ETA 
ihl-hmn TCLo: 1.2 fibers/cc/19Y-

C:PUL 

ASBESTOS FIBER 

FIBROUS GRUNERITE 

NCIC08991 

SERPEI'ITJNE 

CODEN: 
BJCAAI41,918,80 
STRHAV 39,386,79 
ARDSBL 104,576,71 

IARC Cancer Review: Human Sufficient Evidence 
IMEMDT 2,17,73; IMEMDT 14,11,77; Animal Sufficient 
Evidence IMEMDT 2,17 ,73; IMEMDT 14,1 I ,77. Reported 
in EPA TSCA Inventory. On Community Right To Know 
List. EPA Genetic Toxicology Program. 

OSHA PEL: TWA 2 million tb/m3; CL 10 million fb/m3 

ACGIH TLV: Human Carcinogen, TWA 2 fb/cc 
DFG TRK: (Fine dust particles which are able to reach 

the alveolar area of the lung) 0.05 resp. 1 X 106 fibers/ 
m3 (definition of fiber: length greater than 5 Jim; diameter 
less than 3 JLm; length/diameter greater than 3: I, equiva
lent to 1 fiber/cc); 2.0 mg/m3 applicable when there is 
less than or equal to 2.5 wt % asbestos in fine dust 
(additionally to TRK value). 

NIOSH REL: TWA 100,000 fb/m3 over 5 J.Lm in length 

DOT Classification: ORM-C 
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THR: A human carcinogen. An experimental tumorigen. 
Human pulmonary system effects by inhalation. Usually 
at least 4 to 7 years of exposure are required _before serious 
lung damage (fibrosis) results. A common air contaminant. 
For further information, see Vol. I, No. I of DPIM Report. 

ARM260 
ASBESTOS, ACTINOLITE 
CAS: 77536-66-4 

SYNS: 
ASBESTOS (ACGIII) 

HR:3 

NIOSH: CI 6476000 

ACfiNOLITE ASBESTOS 

IARC Cancer Review: Animal Sufficient Evidence 
(IMEMDT I4,II,77) 

OSHA PEL: TWA z million fb/m3; CL 10 million fb/m3 

ACGIH TLV: Human Carcinogen, TWA 2 fb/cc 
NIOSH REL: TWA 100,000 fb/m3 over 5 J.Lm in length 

THR: A human carcinogen. See also other asbestos entries. 

ARMi62 ..._, 
ASBESTOS, AMOSITE 
CAS: I2I72-73-5 

SYNS: 
AMOSITE ASBESTOS 

ASBESTOS (ACGIH) 

TOXICITY DATA: 
cyt-ham:ovr 10 mg/L 
sce-ham:ovr 10 mg/L 
msc-ham: lng 10 mg/L 
ihl-rat TCLo: 1 I mg/m312Y -1: 

CAR 
ipl-rat TDLo:80 mg!kg:CAR 
itr-rat TDLo: 12 mg/kg/12W-I: 

ETA 
imp-rat TDLo:200 mg/kg:NEO 
ipr-mus TDLo: 80 mg/kg: CAR 
scu-mus TDLo:2400 mg/kg/ 

13W-I:CAR 
mul-ham TDLo:290 g/kg/35W

C:ETA 
ipl-rat TD :200 mg/kg:NEO 
ihl-rat TC :12 mg!m3/13W-I: 

NEO 
ipl-rat TD :200 mg/kg:NEO 
ipl-rat TD :100 mg/kg:CAR 
ihl:rat TC :10 mg/m3/52W-C: 

ETA . 

HR:3 

NIOSH: Cl 6477000 

MYSORITE 

NCIC602S3A 

CODEN: 
CSHCAL 4,941,77 
JEPTDQ 4(2-3),373,80 
MUREAV 68,265,79 
BJCAAI 29,252,74 

TOLED5 13,143,82 
TOLED5 13,143,82 

JJIND8 67,965,81 
ENVRAL 35,277,84 
FCTXA V 6,566,68 

ANYAA9 132,456,65 

BJCAAI 28,173,73 
RRCRBU 39,37,72 

JNCIAM 48,797,72 
BJCAAI 23,567,69 

.' IAPUDO 30,285,80 

IARC Cancer Review: Animal Sufficient Evidence 
IMEMDT 2,I7,73; IMEMDT 14,ll,77; ~uman Sufficient 
Evidence IMEMDT 2,I7,73; IMEMDT 14,II,77. NTP 
Carcinogenesis Studies (feed); No Evidence: hamster 
NTPTR* NTP-TR-249,83. EPA Genetic Toxicology Pro
gram. 

OSHA PEL: TWA 2 million fb/m3; CL 10 million tb/m3 

ACGIH TLV: Human Carcinogen, TWA 0.5 fb/cc 
NIOSH REL: TWA 100,000 fb/m3 over 5 J.Lm in length 

ASBESTOS, CHRYSOTILE ARM268 

......... 

THR: A human carcinogen. An experimental carcinogen, 
neoplastigen and tumorigen by inhalation and most other 
routes. Mutagenic data. 

ARM264 1/R: 3 
ASBESTOS, ANTHOPHYLITE 
CAS: 77536-67-5 NIOSH: CI 6478000 

SYNS: 
ANTIIOPHYLITE 

ASBESTOS (ACGIII) 

TOXICITY DATA: 
cyt-ham:ovr 10 mg/L 
ihl-rat TCLo: II mg!m3/IY-I: 

CAR 
ipl-rat TDLo:200 mg/kg:NEO 
ipl-ham TDLo:83 mg/kg:NEO 
ipl-rat TD :2400 mg/kg/34W-I: 

ETA 

AZBOLEN ASBESTOS 

FERROANTJIOPIIYLLITE 

CODEN: 
CSHCAL 4,941 .. 77 
BjCAAI 29,252,74 

BJCAAI 28,173,73 
31 BY AP -,92, 74 
IAPUDO 30,343,80 

IARC Cancer Review: Animal Sufficient Evidence 
IMEMDT 2,I7,73; IMEMDT I4,ll,77; Human Sufficient 
Evidence IMEMDT I4,II,77 EPA Genetic Toxicology 
Program. 

OSHA PEL: TWA 2 million fb/m3; CL 10 million fb/m3 

ACGIH TLV: Human Carcinogen, TWA 2 fb/cc 
NIOSH REL: TWA IOO,OOO tb/m3 over 5 J.Lm in length . . . . 

THR: A human carcinogen. An experimental carcinogen, 
neoplastigen and tumorigen. Mutagenic data. 

ARM268 
ASBESTOS, CHRYSOTILE 
CAS: I2001-29-5 
DOT: 2590' 

SYNS: 
7-4S ASBESTOS 

ASBESTOS (ACGIII) 

ASBESTOS, WJIITE (DOl) 

AVIBESTC 

· CALIDRIA RG 100 

CALIDRIA RG 144 

CALIDRIA RG 600 

CASSIARAK 

CHRYSOTILE ASBESTOS 

CIIRYSOTILE (DOl) 

TOXICITY DATA: 
oms-hmn: fbr I 0 mg/L 
otr-rat:oth 400 ng/cm2 

cyt-rat:oth 7 mg/L 
otr-ham: emb 250 ng/cm2 

dns-ham:oth 130 ng/cm2 

oms-ham: ovr 10 mg/L 
cyt-ham:emb 100 ~giL 
cyt-ham:ovr 10 mgl~moJ· 
sce-ham:ovr 100 ~giL · 
msc-ham: lng I 0 mg!L 
ihl-man TCLo:400 mppcf/IY-C: 

CAR,PUL 
orl-rat TDLo:7100 mg/kg/39W

C:CAR 

1/R: 3 

NIOSH: CI 6478500 

HOOKER NO. I CtJRYSOTILE AS· 

llESTOS 

MET AXITE 

NCJ C61223A 

PLASTIBEST 20 

SERPENTINE 

SERPENTINE CHRYSOTILE 

SYLODEX 

WHITE ASBESTOS 

CODEN: 
MUREAV 116,369,83 
CRNGDP 6,523,85 
MUREAV 169,141,86 
PAACA3 24,96,83 
CNREA8 42,3669,82 
MUREAV I 16,369,83 
ENVRAL 10,165,75 
CSHCAL 4,941,77 
ENVRAL 24,325,81 
MUREAV 68,265,79 
AEHLAU 28,61,74 

ARGEAR 46,437,76 
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LCCOOO LAVENDER ABSOLUTE 

OSHA PEL: TWA 0.2 mg/m3 

NIOSH REL: (To Coal Tar Products) TWA 0.1 mg/m3 

DOT Classification: Flammable or Combustible; Label 
Flammable Liquid 

THR: An experimental carcinogen and tumorigen. Muta
genic data. A human and experimental skin irritant. When 
heated to decomposition it emits acrid smoke and irritating 
fumes. 

LCCOOO 
LA VENDER ABSOLUTE 
CAS: 8000-28-0 

HR: 1 

NIOSH: OF 6100000 

PROP: Found in the flowers of Lavandula officinalis chaix. 
The main constituent is linatyl acetate. A dark green liquid 
prepared from alcoholic extract of a residue which is ex
tracted from plant material using an organic solvent. 

TOXICITY DATA: 
skn-rbt 500 mg/24H MLD 
orl-rat LD50:4250 mg/kg 

CODEN: 
FCfXAV 14,449,76 
FCfXAV 14,449,76 

THR: Mildly toxic by ingestion. A skin irritant. When 
heated to decomposition it emits acrid smoke and irritating 
fumes. See also 3,7-DIMETHYL-1,6-0CTADIEN-3-0L 
ACETATE. 

LCDOOO 
LA VENDER OIL 
CAS: 8000-28-0 

HR: 1 

NIOSH: OF 61 IOOOO 

PROP: Main constituent is Iinalyl acetate. Found in the 
plant Lavandulaofficinalif choix (Fam. Labiate). Prepared 
by steam distillation of the flowering stalks of the plant. 

SYNS: 
LA VI!NOEL OEL (GERMAN) 

TOXICITY DATA: 
skn-rbt 500 mg/24H MLD 
orl-rat LD50: 9040 mg/kg 

OIL OF LA VENDER 

CODEN: 
FCfXAV 14,451,76 
PHARAT 14,435,59 

Reported in EPA TSCA Inventory. 

THR: Mildly toxic by ingestion. A skin irritant. When 
heated to decomposition it emits acrid smoke and irritating 
fumes. See also 3,7-DIMETHYL-1,6-0CTADIEN-3-0L 
ACETATE. 

LCEOOO 
LD-813 
CAS: 64083-05-2 

HR:3 

NIOSH: OF 6730000 

PROP: Commercial mixture of aromatic amines containing 
approx 40% MOCA. 

TOXICITY DATA: CODEN: 
orl-rat TDLo:37 g/kg/2Y-C:CAR TXAPA9 31,159,75 

2096 

THR: An ex13erimental carcinogen. When heated to decom
position it emits toxic fumes of NOx: See also AROMATIC 
AMINES. 

LCFOOO 
LEAD 
CAS: 7439-92-1 
.af: Pb aw: 207.19 

HR:3 

NIOSH: OF 7525000 

PROP: Bluish-gray, soft metal. Mp: 327.43°, bp: 1740°, 
d: 11.34@ 20°/4°. vap press: I mm@ 973°. 

SYNS: 
C.I. 77575 

C.l. PIGMENT METAL 4 

GLOVER 

LEAD FLAKE 

LEADS2 

TOXICITY DATA: 
cyt-hmn-unr 50 J.l.g!m3 

cyt-rat-iht 23 J.l.g!m3/16W 
cyt-mky-ort 42 mg/kg/30W 
orl-rat TDLo:790 mg!kg 

(MGN):REP 
orl-rat TDLo: 1140 mg/kg (14D 

pre-210 post):REP 
orl-rat TDLo: 1100 mg/kg (1-220 

preg):TER 
ihl-rat TCLo: 10 mglm3/24H 

(1-210 preg):TER 
orl-wmn TDLo:450 mg/kg/6Y: 

PNS:CNS 
ihl-hmn TCLo: 10 J.l.g!m3:GIT: 

LIV 
ipr-rat LDLo: 1000 mg/kg 
or1-pgn LDLo: 160 mg/kg 

OLOW (POLISH) 

OMAHA 

OMAHA & GRANT 

SI 

so 

CODEN: 
MUREAV 147,30i,85 
GTPZAB 26(10),38,82 
TOLED5 8,165,81 
AEHLAU 23,102,71 

PHMCAA 20,201,78 

FEPRA7 37,895,78 

ZHPMAT 165,294,77 

JAMAAP 237,2627,77 

VRDEA5 (5),107,81 

EQSSDX 1,1,75 
HBAMAK 4,1289,35 

IARC Cancer Review: Animal Inadequate Evidence 
IMEMDT 23,325,80. Lead and its compounds are on the 
Community Right To Know List. Reported in EPA TSCA 
Inventory. EPA Genetic Toxicology Program. 

OSHA PEL: TWA 0.05 mg(Pb)/m3 

ACGIH TLV: TWA 0.15 mg(Pb)/m3 

NIOSH REL: TWA (Inorganic Lead) 0.10 mg(Pb)/m3 

THR: Poison by ingestion. Moderately toxic by intraperito
neal route. It is a suspected carcinogen of the lungs and 
kidneys. Human systemic effects by ingestion and inhala
tion: loss of appetite, anemia, malaise, insomnia, headache, 
irritability, muscle and joint pains, tremors, flaccid paralysis 
without anesthesia, hallucinations and distorted percep
tions, muscle weakness, gastritis and liver changes. The 
major organ systems affected are the nervous system, blood 
system, and kidneys. Lead encephalopathy is accompanied 
by severe cerebral edema, increase in cerebral spinal fluid 
pressure, proliferation and swelling of endothelial cells in 
capillaries and arterioles, proliferation of glial cells, neu
ronal degeneration and areas of focal cortical necrosis in 
fatal cases. Experimental evidence now suggests that blood 
levels of lead below 10 11-g/dl can have the effect of dimin-
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ishing the IQ scores of children. Low levels of lead impair 
neurotransmission and immune system function and may 
increase systolic blood pressure. Reversible kidl'!ey damage 
can occur from acute exposure. Chronic exposure can lead 
to irreversible vascular schlerosis, tubular cell atrophy, in
terstitial fibrosis, and glomerular sclerosis. Severe toxicity 
can cause sterility, abortion and neonatal mortality and mor
bidity. An experimental teratogen. Experimental reproduc
tive effects. Human mutagenic data. Very heavy intoxica
tion can sometimes be detected by formation of a dark 
line on the gum margins, the so-called "lead line." 

When lead is ingested, much of it passes through the 
body unabsorbed, and is eliminated in the feces. The greater 
portion of the lead that is absorbed is caught by the liver 
and excreted, in part, in the bile. For this reason, larger 
amounts of lead are necessary to cause toxic effects by 
this route, and a longer period of exposure is usually neces
sary to produce symptoms. On the other hand, upon inhala
tion, absorption takes place easily from the respiratory tract 
and symptoms tend to develop more quickly. For industry, 
inhalation is much more important than is ingestion. For 
the general population, exposure to lead occurs from inhaled 
air, dust of various types, and food and water with an 
approximate 50/50 division between inhalation and inges
tion routes. Lead occurs in water in either dissolved or 
particulate form. At low pH, lead is more easily dissolved. 
Chemical treatment to soften water increases the solubility 
of lead. Adults absorb about 5-15% of ingested lead and 
retain Jess than 5%. Children absorb about 50% and retain 
about 30%. 

Lead produces a brittleness of the red blood cells so 
that they hemolyze with but slight trauma; the hemoglobin 
is not affected. Due to their increased fragility, the red 
cells are destroyed more rapidly in the body than is normal, 
producing an anemia which is rarely severe. The loss of 
circulating red cells stimulates the production of new young 
cells which, on entering the blood stream, are acted upon 
by the circulating. lead, with resultant coagulation of their 
basophilic material. These cells after suitable staining, are 
recognized as "stippled cells." There is no uniformity of 
opinion regarding the effect of lead on the white blood 
cells. 

In addition to its effect on the red blood cells, lead pro
duces a damaging effect on the organs. or tissues with which 
it comes in contact. No specific or characteristic lesion is 
produced. Autopsies in deaths attributed to lead poisoning 
and experimental work on animals have shown pathological 
lesions of the kidneys, liver, male gonads, nervous system, 
blood vessels and other tissues. None of these changes, 
however, has been found consistently. In cases of severe 
lead poisoning, the amount of lead found in the blood is 
frequently in excess of0.07 mg per 100 cc of whole blood. 
The urinary lead excretion generally exceeds 0.1 mg per 
liter of urine. 

Flammable in the form of dust when exposed to heat 

LEAD ACETATE LCGOOO 

or flame. Moderately explosive in the form of dust when 
exposed to heat or•flame. Mixtures of hy~rogen peroxide 
+ trioxane explode on contact with lead. Rubber -gloves 
containing lead may ignite in nitric acid. Violent reaction 
on ignition with chlorine trifluoride; concentrated hydrogen 
peroxide; ammonium nitrate (below 200°C with powdered 
lead); sodium acetylide (with powdered lead). Incompatible 
with NaN3; Zr; disodium acetylide; oxidants. Can react 
vigorously with oxidizing materials. A common air contam
inant. When heated to decomposition it emits highly toxic 
fumes of Pb. See also LEAD COMPOUNDS. For further 
information, see Vol. I, No. I of DPIM Report. 

LCGOOO HR:3 
LEAD ACETATE 
CAS: 301-04-2 NIOSH: AI 5250000 
DOT: 1616 
mf: C4H604 •Pb mw: 325.29 

PROP: Trihydrate: colorless crystals or white granules or 
powder. Sltly acetic odor, slowly effloresces. D: 2.55, mp: 
75° (when rapidly heated), decomp above 200°. Very sol 
in glycerol. 

SYNS: 
ACETATE de PLOMB (FRENCH) 

ACETIC ACID LEAD (2+) SALT 

BLEIACETAT (GERMAN> 

DIBASIC LEAD ACETATE 

LEAD(2+)ACETATE 

LEAD(II) ACETATE 

LEAD DIACETATE 

TOXICITY DATA: 
sln-smc 250 J.Lmoi!L 
cyt-hmn: lym I mmol/U24H 
mnt-rat-ipr 51800 J.Lg/kg 
otr-rat:emb 200 mg/L 
oms-rat-ipr 10400 J.Lg/kg 
cyt-rat-unr 9 mg/kg/26W-C 
cyt-rat-ipr 51800 J.Lg/kg 
orl-rat TOLo:600 j.Lg/kg (300 

male):REP 
orl-rat TOLo: 1413 mg/kg (J-180 

preg):TER 
orl-mus TDLo:236 mg/kg 

(7-160 preg):TER 
orl-rat TOLo:900 mg/kg/600-C: 

NEO 
orl-rat TD :250 g/kg/47W-C: 

ETA 
orl-rat TO :2430 mg/kg/23W-C: 

ETA 
orl-rat TD :4605 mg/kg/44W-C: 

ETA 
orl-rat TD :7560 mglkgn2W-C: 

NEO 
orl-rat TD :9150 mg/kg/44W-C: 

NEO 
orl-rat TD :218 g/kg/IY-C:ETA 
orl-rat TD :138 g/kg/76W-C: 

ETA 

LEAD DIBASIC ACETATE 

NORMAL LEAD ACETATE 

PLUMBOUS ACETATE 

RCRA WASTE NUMBER Ul44 

SALT OF SATURN 

SUGAR OF LEAD 

CODEN: 
MUTAEX 1,21,86 
TXCYAC 10,67,78 
AEHLAU 40,144,85 
JJIND8 67,1303,81 
AEHLAU 40,144,85 
GISAAA 49(3),15,84 
AEHLAU 40,144,85 
AJOGAH 115,1058,73 

ENVRAL 30,152,83 

ARTODN 41,125,78 

ENVRAL 24,391,81 

BJCAAI 16,283,62 

ENVRAL 24,391,81 

ENVRAL 24,391,81 

ENVRAL 24,391,81 

AJPAA4 50,571,67 

BECTA6 23,464,79 
TOPADD 13,50,85 
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CACSOO CADIA DEL PERRO 

Arsenic and its compounds are on the Community Right 
To Know List. 

THR: Poison by most routes. See also ARSENIC COM
POUNDS and SULFIDES. Dangerous fire hazard when 
exposed to heat or by spontaneous chemical reaction, i.e .• 
in air. Vigorous reaction with oxidizing materials. When 
heated to decomposition it emits toxic fumes of As. 

CACSOO HR:3 
CADIA DEL PERRO 

NIOSH: EU 9500000 

PROP: Aqueous extract from the dried leaves of the plant 
(JNCIAM 46,1131,71). 

SYNS: 
K. IXINA KRAMERIA IXINA 

TOXICITY DATA: CODEN: 
scu-rat TOLo:300 mglkg/1Y-1: JNCIAM 46,1131,71 

NEO 
ims-rat TOLo:45 g!kg/1Y-I:ETA JNCIAM 46,1131.71 
skn-ham TOLo:53950 mg/kg/ JNCIAM 53.1259.74 

65W-1:CAR 
scu-rat TO :990 mglkg/55W-1: JNCIAM 52.1579,74 

NEO 

THR: An experimental carcinogen, tumorigen and neoplas
tigen. When heated to decomposition it emits acrid smoke 
and fumes. 

CADOOO 
CADMIUM 
CAS: 7440-43-9 
mf: Cd mw: 112.40 

HR:3 

NIOSH: EU 9800000 

PROP: Hexagonal crystals. silver-white. malleable metal. 
Mp: 320.9°, bp: 767 :::!: 2°, d: 8.642, vap press: I mm@ 
394°. 

SYNS: 
C.J. 77180 

COLLOIDAL CADMIUM 

TOXICITY DATA: 
cyt-ham:ovr 1 J.Lmoi/L 
orl-rat TOLo:220 mg/kg (1-220 

preg):REP.TER 
orl-rat TOLo:23 mg/kg (1-220 

pre g): REP .TER 
ivn-rat TOLo: 1250 J.Lg/kg (140 

pre g): REP, TER 
ims-rat TDLo:40 mglkg/4W-1: 

CAR 
ims-rat TO :70 mglkg:ETA 
ims-rat TD :63 mglkg: ETA 
ims-rat TO :45 mglkg14W-1: 

NEO 
ih1-man TCLo:88 J.Lg/m3/8.6Y: 

KID 
ihl-hmn LCLo:39 mg/m3/20M 
unk-man LOLo: 15 mg/kg 

KADMIUM !GERMANI 

CODEN: 
CGCGBR 26,251,80 
TOLED5 11.233,82 

PSEBAA 158,614,78 

JJATDK 1,264,81 

JEPTDQ 1(1),51,77 

BJCAAI 18,124,64 
NATUAS 193.592,62 
NCIUS* PH-43-64-

886,SEPT,71 
AEHLAU 28.147,74 

AIHAAP 31.180,70 
85DCAI2,73,70 

orl-rat LD50:225 mg/kg 
ipr-rat LD50:4 rrrg/kg" 
scu-rat LD50:9 mglkg 
ivn-rat LD50: 1 800 J.Lg/kg 
unr-rat LD50: 1140 mglkg 
orl-mus LD50:890 mg/kg 
ih1-mus LCLo: 170 mglm3 

unr-mus LD50: 890 mglkg 
orl-rbt LDLo:70 mglkg 
scu-rbt LDLo:6 mglkg 
ivn-rbt LDLo: 5 mglkg 
i~s-ham LDLo: 25 mglkg 

TXAPA9 41,667,77 
TXAPA9 41,667,77 
TXAPA9 41,667,77 
JJATDK 1,264,81 
GTPZAB 22(5),6, 78 
41HTAH -,14,78 
NTIS•• PB158-508 
GTPZAB 22(5),6,78 
AMPMAR 34,127.73 
PROTA* -.-,55 
JOGBAS 35,693,28 
NCIUS* PH-43-64-886 

IARC Cancer Review: Animal Sufficient Evidence 
IMEMDT 11,39,76; IMEMDT 2,74,73. Cadmium and its 
compounds are on the Community Right To Know List. 
Reponed in EPA TSCA Inventory. EPA Genetic Toxicol
ogy Program. 

OSHA PEL: TWA 0.1 mg(Cd)/m3; CL 0.6 mg(Cd)/m3 

(fume) 
ACGili TLV: TWA 0.01 mg(Cd)/m3 (dust), Human car-

cinogen 
DFG BAT: Blood 1.5 J.Lg/dL; Urine 15 J.Lg/dL 
NIOSH REL: (Cadmium) Reduce to lowest feasible level 

THR: A human poison by inhalation and possibly other 
routes. Poison experimentally by ingestion, inhalation, in
traperitoneal, subcutaneous, intramuscular, and intravenous 
routes. In humans inhalation causes an excess of protein 
in the urine. An experimental carcinogen, tumorigen, neo
plastigen, and teratogen. Experimental reproductive effects. 
Mutagenic data. The dust ignites spontaneously in air and 
is flammable and explosive when exposed to heat, flame, 
or by chemical reaction with oxidizing agents; metals; HN3: 
Zn; Se; and Te. Explodes on contact with hydrazoic acid. 
Violent or explosive reaction when heated with ammonium 
nitrate. Vigorous reaction when heated with nitryl fluoride. 
When heated strongly it emits toxic fumes of Cd. See also 
CADMIUM COMPOUNDS. For funher information. see 
Vol. 3, No. 5 of DPIM Report. 

CAD250 
CADMIUM(II) ACETATE 
CAS: 543-90-8 
DOT: 2570 

HR:3 

NIOSH: EU 9810000 

mf: C2H402•l/2Cd mw: 116.25 

PROP: Monoclinic. colorless crystals; odor of acetic acid. 
Mp: 256°, bp: decomp, d: 2.341. 

SYNS: 
ACETIC ACID. CADMIUM SALT 

BIS!ACETOXYICADMIUM 

CADMIUM ACETATE cDOTl 

TOXICITY DATA: 
cyt-hmn:lym 10 nmoi/L 
otr-ham: emb I IJ.moUL 
dnd-ham: emb I J.Lmoi/L 

CADMIUM DIACETATE 

C.l. 7718.5 

CODEN: 
MUREAV 85.236.81 
CNREA8 39.193.79 
CNREA8 39.193,79 
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MCY250 MERCURY{II) BROMIDE COMPLEX WITH TRJS(2-ETHYLHEXYL) PHOSPHITE 2196 

THR: A poison by ingestion, skin contact and intraperito-
- · neal routes. Vigorous reaction with indium at 350°C. In

compatible with sodium and potassium. When heated to 
decomposition it emits very toxic fumes of Br- and Hg. 
See also MERCURY COMPOUNDS and BROMIDES. 

AfCY250 JIR:J 
MERCURY(II) BROMIDE COMPLEX WITH 

TRIS(2-ETHYLHEXYL) PHOSPHITE 
CAS: 64011-37-6 NIOSH: TH 2275000 

mw: 779.13 

SYN: PIIOS.PIIOROUS ACID. TRIS(2-ETIIYUIEXYL) ESTER. COMPLEX 

Wml MERCURY(II) BROMIDE (I: I) 

TOXICITY DATA: 
ipr-mus LOLo:31 mg/kg 

CODEN: 
CBCCf* 7,790,55 

Mercury and its compounds are on the Community Right 
To Know List. 

ACGIH TLV: TWA 0.1 mg(Hg)/m3 (skin) 
NIOSH REL: (To Inorganic Mercury) TWA 0.05 

mg(Hg)/m3 

THR: Poison by intraperitoneal route. When heated to de
composition it emits very toxic fumes of POx, Br- and 

- Hg. See also individual components. 

AfCY475 
MERCURY(II) CHLORIDE 
CAS: 7487-94-7 
DOT: 1624 
mf: Cl2Hg 

SYNS: 

mw: 271.50 · 

BICHLORIDE OF MERCURY 

BICIILORURE de MERCURE 

(FRENCII) 

CALOCHLOR 

CIILORID RTUTNATY (CZECH) 

CIILORURE MERCURIQUE 

(FRENCH) 

CLORURO di MERCURIO (ITAL-

IAN) 

CORROSIVE MERCURY CHLO· 
• RIDE 

TOXICITY DATA: 
skn-rbt 500 mg/24H SEV 
eye-rbt 50 p.g/24H SEV 
cyt-ham-scu 6400 p.g/kg 
cyt-hmn:hla 10 mg/L · 
cyt-hmn:Jym 5 p.moi!L 
dnd-ham:ovr 2500 nmol!UIH-C 
dnr-rat:ast 500 p.moi!L 
orl-wmn TDLo:50 p.g/kg (lOW 

preg):REP 
orl-rat TDLo:240 mg/kg (6-150 

preg):TER 
orl-rat TOLo: 120 mglkg (6-150 

preg):TER 
orl-man TOLo:21 mg/kg: 

PUL,GIT,KID 

JIR:J 

NIOSH: OV 9100000 

MERCURIC CHLORIDE (DOT) 

MERCURY BJCIILORIDE 

MERCURY PERCHLORIDE 

NCI-C60173 

QUECKSILBER CIILORID (GER· 

MAN) 

PERCHLORIDE OF MERCURY 

SULEMA (RUSSIAN) 

SUBLIMAT (CZECH) 

TL898 

CODEN: 
28ZPAK -,12,72 
28ZPAK -,12,72 
TJAOAB 25,381,82 
JJEMAG 39,47,69 
MUREAV 157,221,85 
PAACA3 24,74,83 
JBCHA3 261,3370,86 
AJOGAH 80,145,60 

TJAOAB 25(1),26A,82 

TJAOAB 25(1),26A,82 

MJAUAJ 2,125,78 

orl-wmn TOLo:50 mg/kg: 
GIT,KID 

orl-hmn LOLo:29 mg/kg 
unr-man LDLo:7253 p.glkg 
scu-mus LD50:4500 Jt.g/kg 
skn-rat L050:41 mg/kg 

AJOGAH 80,145,60 

NEJMAG 244,459,51 
850CAI 2,73,70 
NEZAAQ 34,193,79 
GTPZAB 25(7),27 ,81 

Mercury and its compounds are on the Community Right 
To Know List. EPA Genetic Toxicology Progmm. Reported 
in EPA TSCA Inventory. 

ACGIH TLV: TWA 0. I mg(Hg)/m3 (skin) 
NIOSH REL: (To Inorganic Mercury) TWA 0.05 

mg{Hg)/m3 

DOT Classification: Poison B; Label: Poison 

THR: A human poison by ingestion and possibly other 
routes. Poison experimentally by skin contact and subcuta
neous routes. Human systemic effects by ingestion: respira
tory obstruction, nausea or vomiting, urine volume de
creased or anuria. Human reproductive effects by ingestion: 
terminates pregnancy. Experimental teratogenic and repro-· 
ductive effects. Human mutagenic data. A severe eye and 
skin irritant. Reaction with sodium aci-nitromethanide + 
acids forms the explosive mercury fulminate. When heated 
to decomposition it emits toxic fumes of Hg. See also MER
CURY COMPOUNDS and CHLORIDES. 

AICYSOO 11R:3 
MERCURY(II) CHLORIDE COMPLEX WITH 

TRIS(2-ETHYLHEXYL) PHOSPHITE 
CAS: 63981-49-7 NIOSH: TH 2450000 

mw: 690.21 

SYN: PHOSPHOROUS ACID. TRIS(2-ETHYUIEXYL) ESTER. COMPLEX 

WIDI MERCURY(II) CHLORIDE (I: I) 

TOXICITY DATA: 
ipr-mus LOLo:63 mg/kg 

CODEN: 
CBCCf* 7,791,55 

Mercury and its compounds are on the Community Right 
To Know List. 

NIOSH REL: (To Inorganic Mercury) TWA 0.05 
mg(Hg)/m3 

THR: Poison by intraperitoneal route. When heated to de
composition it emits very toxic fumes of Hg, Cl- and POx. 
See also individual components. 

AfCY750 11R:3 
MERCURY(!) CHLORITE 
mf: CI2Hg20 4 mw: 536.08 

Mercury and its compounds are on the Community Right 
To Know List. 

THR: A poison. The dry chlorite is spontaneously explo
sive .. Upon decomposition it emits very toxic fumes of 
Cl- and Hg. See also MERCURY COMPOUNDS and 
CHLORITES. 
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Mercury and its compounds are on the Community Right 
To Know List. 

NIOSH REL: (To Inorganic Mercury) TWA 0.05 
mg(Hg)/m3 

· THR: Poison by intravenous and intramuscular routes. 
When heated to decomposition it emits very toxic fumes 
of NOx, Na20 and Hg vapors. See also MERCURY COM
POUNDS. 

MCV750 
MERCUROPHYLLINE 
CAS: 80I2-34-8 

SYNS: 
. MERCUPURIN 

TOXICITY DATA: 
ivn-hmn TDLo:28 mg/kg:CVS 
ipr-rat LD50: 121 mg/kg 
scu-mus LD50: 163 mg(Hg)/kg 
ivn-mus LD50: 1410 mg/kg 
ivn-cat LDLo:250 mglkg 
ivn-rbt LDLo: 177 mg/kg 

HR:J 

NIOSH: OV 8650000 

MERCUZANTIIIN 

CODEN: 
JAMAAP 117,1806,41 
THERAP 10,936,55 
JPETAB 105,336,52 
JPETAB 99,149,50 
JPETAB 99,149,50 
JPETAB 99,149,50 

Mercury and its compounds are on the Community Right 
To Know List. 

ACGIH TLV: TWA 0.1 mg(Hg)/m3 (skin) 
NIOSH REL: (To Inorganic Mercury) TWA 0.05 

mg(Hg)/m3 

THR: Poison by subcutaneous, intraperitoneal and intrave
nous routes. Human systemic effects by intravenous route: 
cardiac arrythmias. When heated to decomposition it emits 
toxic fumes of Hg. See also MERCURY COMPOUNDS. 

MCWOOO HR:J 
MERCUROUS CHLORIDE 
CAS: 7546-30-7 NIOSH: OV 8750000 
mf: ChHg2 mw: 472.09 

PROP: White, odorless, tasteless, heavy powder or crystals. 
Sublimes @ 400°, d: 7.150. Inso1 in H20, ale and ether. 
Protect from light. Sunlight causes it to decomp into mercu
ric chloride and metallic Hg. 

SYNS: 
CALOGREEN 

CALOMEL 

CALOMELANO (ITALIAN) 

CALOSAN 

CHLORURE MERCUREUX 

(FRENCH) 

C.l. 77764 

CLORURO MERCUROSO (ITAL

IAN) 

CYCLOSAN 

KALOMEL (GERMAN) 

TOXICITY DATA: 
mrc-bcs 50 mmol!L 
see-ham: ovr 3200 nmol!L 

· orl-rat LD50: 166 mg!kg 

MERCUROCHLORIDE (DUTCH) 

MERCURY(!) CHLORIDE 

MERCURY MONOCHLORIDE 

MERCURY PROTOCliLORIDE 

MILD MERCURY CHLORIDE 

PRECIPrrE BLANC 

QUECKSILBER(I)-CHLORID (GER-

MAN) 

QUECKSILBER CHLORUER (GER-

MAN)· 

SUBCHLORIDE OF MERCURY 

CODEN: 
MUREAV 77,109,80 
ENMUDM 7,381,85 
GTPZAB 25(7),27,81 

skn-rat LD50: 1500 mg/kg 
orl-mus LD50: 180 mgl~ 
ipr-mus LD50: 10 mglkg 

MERCURY MCW250 

GTPZAB 25(7),27,81 
GTPZAB 25(7),27,81 
GTPZAB 2"5(7),27,81 

Mercury and its compounds are on the Community Right 
To Know List. EPA Genetic Toxicology Program. Reported 
in EPA TSCA Inventory. 

ACGIH TLV: TWA 0.1 mg(Hg)/m3 (skin) 
NIOSH REL: (To Inorganic Mercury) TWA 0.05 

mg(Hg)/m3 

THR: Poison by ingestion and intraperitoneal routes. Mod
erately toxic by skin contact. Mutagenic data. A fungicide. 
An FDA over-the-counter drug. Incompatible with bro
mides; iodides; alkali chlorides; sulfates; sulfites; carbon
ates; hydroxides; lime water; ammonia; golden antimony 
sulfide; cyanides; copper salts; hydrogen peroxide; iodine; 
iodoform; lead salts; silver salts; sulfides. When heated to 
decomposition it emits very toxic fumes of Cl- and Hg. 
See also MERCURY COMPOUNDS. 

MCW250 
MERCURY 
CAS: 7439-97-6 
DOT: 2809 
af: Hg aw: 200.59 

HR:J 

NIOSH: OV 4550000 

PROP: Silvery, heavy, mobile liquid. A liquid metallic 
element. Mp: -38.89°, bp: 356.9°, d: 13.534 @ 25°, vap 
press: 2 X 10-3 mm@ 25°. Solid: tin-white, ductile, mal
leable mass which can be cut with a knife. 

SYNS: 
COLLOIDAL MERCURY 

KWIK (DUTCH) 

MERCURE (FRENCH) 

MERCURIO (ITALIAN) 

MERCURY. METALLIC (DOT) 

TOXICITY DATA: 
cyt-man-unr 150 ~gtm3 

ihl-rat TCLo:890 ng!m3!24H 
(16W male):REP 

ih1-rat TCLo:7440 ng!m3!24H 
(16W male):REP 

ipr-rat TDLo:400 mg!kgi14D-1: 
ETA 

ihl-man TDLo:44300 ~g!m3/8H: 
CNS,LIV,MET 

ih1-wmn TCLo: 150 ~g/m3/46D: 
CNS,GIT 

skn-man TDLo: 129 mg!kg/5H
C:EAR,CNS,SKN 

ihl-rbt LCLo:29 mg!m3/30H 

NCI-C60399 

QUECKSILBER (GERMAN) 

QUICK SILVER 

RCRA WASTE NUMBER UISI 

RTEC (POI.ISII) 

CODEN: 
AEHLAU 34,461,79 
GISAAA 45(3),72,80 

GISAAA 45{3),72,80 

ZEKBAI 61,511,57 

JOCMA 7 20,532,78 

AEHLAU 33,186,78 

DERAAC 172,48,86 

AMIHBC 7,19,53 

Mercury and its compounds are on the Community Right 
To Know List. 

OSHA PEL: CL 0.1 mg!m3 _ 

ACGIH TLV: TWA 0.05 mg(Hg)/m3 (vapor, skin) 
DFG MAK: 0.01 ppm (0.1 mg/m3) 

NIOSH REL: (To Inorganic Mercury) TWA 0.05 
mg(Hg)/m3 
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THR: An experimental carcinogen and neoplastigen. Very 
powerful oxidizer. See also CHROMIUM COMPOUNDS. 

CM/500 
CHROMITE (MINERAL) 
CAS: 1308-31-2 
mf: Cr2Fe04 

SYNS: 

mw: 223.85 

HR:3 

NIOSH: GB 4000000 

CHROME ORE 

CHROMITE 

CHROMITE ORE 

IRON CHROMITE 

TOXICITY DATA: CODEN: 
mma-sat 2 mg/plate CRNGOP 3,1331,82 
cyt-hmn:oth 500 mg/L BJCAAI44,219,81 
dni-ham:kdy 500 mg!L BJCAAI 44,219,81 
oms-ham:kdy 500 mg/L BJCAAI44,219,81 
cyt-ham:ovr 5 mg/L BJCAAI 44,219,81 
sce-ham:ovr 10 mg/L CRNGOP 3,1331,82 

IARC Cancer Review: Animal Inadequate Evidence 
IMEMDT 23,205,80. Chromium and its compounds are 
on the Community Right To Know List. 

OSHA PEL: CL 0.5 mg(Cr)/m3 

ACGIH TLV: TWA 0.05 mg/m3 (ore processing); Human 
Carcinogen (ore processing) 

THR: A human carcinogen. Human mutagenic data. See 
also CHROMIUM COMPOUNDS and IRON. 

) 
CM/750 
CHROMIUM 
CAS: 7440-47-3 
mf: Cr mw: 52.00 

SYN: CHROME 

TOXICITY DATA: 
ivn-rat TOLo:2160 J.Lglkg/6W-I: 

ETA 
imp-rat TOLo: 1200 J.Lg/kg/6W-I: 

ETA 
imp-rbt TDLo:75 mglkg:ETA 
orl-hmn L0Lo:71 mg/kg:GIT 

HR:3 

NIOSH: GB 4200000 

CODEN: 
JNCIAM 16,447,55 

JNCIAM 16,447,55 

ZEKBAI 52,425,42 
34ZIAG -,176,69 

IARC Cancer Review: Animal Inadequate Evidence 
IMEMDT 23,205,80. Reported in EPA TSCA Inventory. 
Chromium and its compounds are on the Community Right 
To Know List. 

OSHA PEL: TWA I mg!m3 

ACGIH TLV: TWA 0.5 mg/m3 

THR: Human poison by ingestion with gastrointestinal ef
fects. An experimental tumorigen and suspected carcino
gen. Powder will explode spontaneously in air. Ignites and 
is potentially explosive in atmospheres of carbon dioxide. 
Violent or explosive reaction when heated with ammonium 
nitrate. May ignite or react violently with bromine penta
ftuoride. Incandescent reaction with nitrogen oxide; sulfur 
dioxide. Incompatible with oxidants. See also CHROMIUM 

CHROMIUM CHLORIDE CMJ250 

COMPOUNDS. For further infonnation, see Vol. 3, No. 
3 of DPJM Report. 

CMJOOO HR:3 
CHROMIUM ACETATE HYDRATE 
CAS: 628-52-4 NIOSH: AG 3000000 
mf: C4H604•Cr•H20 

PROP: Red crystals. 

SYNS: 

mw: 188.12 

ACETIC ACID, CHROMIUM (2+) 

SALT (SCI, 9CI) 

CHROMIUM(2+) ACETATE 

CHROMIUM(II) ACETATE 

TOXICITY DATA: 
orl-rat L050: 11260 mg/kg 

CHROMIUM DIACETATE 

CHROMOUS ACETATE -

CIIROMOUS ACETATE MONO.. 

HYDRATE 

CODEN: 
AIHAAP 30,470,69 

Reported in EPA TSCA Inventory. Chromium and its com
pounds are on the Community Right To Know List. 

OSHA PEL: CL 0.5 mg(Cr)/m3 

ACGIH TLV: TWA 0.5 mg(Cr)/m3 

THR: Mildly toxic by ingestion. The anhydrous acetate 
ignites spontaneously in air. See also CHROMIUM COM
POUNDS. When ~eated to decomposition it emits acrid 
smoke and irritating fumes. 

CMJ250 HR:3 
CHROMIUM CHLORIDE 
CAS: 10025-73-7 NIOSH: GB 5425000 
mf: CI3Cr mw: 158.35 

PROP: Bp: 1300° (sub!). 

SYNS: 
CIIROMIC CHLORIDE C. I. 77295 

CJIROMIUM(III) CJILORIDE (I :3) PURATRONIC CHROMIUM CHLO-

CJIROMIUM CIILORJDE, ANHY- RIDE 

DROUS TRICHLOROCHROMIUM 

CHROMIUM TRICHLORIDE 

TOXICITY DATA: CODEN: 
pic-esc 500 J.LmoUL 
cyt-hmn:oth 500 mg/L 
dnd-rat-ipr 80 mg/kg 
dni-mus: fbr 300 J.Lmoi/L 
see-ham: lng 39 mg/L 
ipr-mus TOLo:44600 J.Lg/kg (80 

preg):TER 
ipr-mus TDLo:59500 J.Lg/kg (90 

preg):REP 
scu-mus TOLo:450 mglkg 

(1-170 preg):TER . 
skn-rat LDLo:2 g/kg . 
ihl-mus LC50:31500 J.Lg/m3/2H 
ipr-mus L050:434 mglkg 
scu-mus LOLo: 800 mg/kg 
ivn-mus LDLo:400 mglkg 
ivn-mus LD50:40 mg/kg 
skn-rbt LOLo: I g/kg 

ENMOUM 6,59,84 
BJCAAI44,219,81 
CNREA8 45,1146,85 
JTEH06 15,237,85 
CRNGOP 4,605,83 
JTSCDR 1,1,76 

JTSCOR 1,1,76 

TJADAB 12,198,75 

85GMAT -,39,82 
85GMAT -,39,82 
COREAF 256,1043,63 
AQMOAC #70-15,70 
AQMOAC #70-15,70 
85GMAT -,39,82 
85GMAT -,39,82 
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ivn-hmn TDLo:7 mglkg: 
GIT,KID 

ivn-hmn TDLo: 144 mg/kg:BLD 
ipr-rat LD50:67500 JLglkg 
scu-rat LDLo:72 mg/kg 
orl-mus LD50: 4360 mg/kg 
ipr-mus LD50:80 mg/kg 
scu-mus LD50: 600 mglkg 

CTRRDO 62,1449,78 

CTRRDQ 62,1449,78 
EQSSDX 1,1,75 
INMEAF 12,7,43 
GISAAA 45(10),13,80 
EQSSDX 1,1,75 
GISAAA 45(10),13,80 

Reported in EPA TSCA Inventory. 

THR: Poison by intraperitoneal and subcutaneous routes. 
Moderately toxic by ingestion. Human systemic effects by 
intravenous route: nausea or vomiting, renal function 
changes, proteinuria, normocytic anemia and thrombocy
topenia. A severe skin irritant. Mutagenic data. When 
heated to decomposition it emits toxic fumes of NOx. See 
also GALLIUM COMPOUNDS and NITRATES. 

GBUOOO HR:l 
GALOXOLIDE 
CAS: 1222-05-5 NIOSH: GY 0790000 
mf: C1sH260 mw: 258.44 

SYN: 1,3,4,6, 7 ,8-HEXAIIYDR0-4,6,6,7 ,8,8-IIEXAMIITJ IYL-CYCLO

PEI'ITA--y-2-BENZOPYRAN 

TOXICITY DATA: CODEN: 
skn-rbt 500 mgi24H MOD FCTXAV 14,793,76 

Reported in EPA TSCA Inventory. 

THR: A skin irritant. When heated to decomposition it 
emits acrid smoke and irritating fumes. 

GBU600 HR:2 
GANCIDIN (unpurified) 

NIOSH: LX I 756000 

PROP: Produced by the strain Streptomyces sp. AAK-84 
(85ERA Y 2,1354,78) 

TOXICITY DATA: 
ipr-mus LD50: 1500 mg/kg 
scu-mus LD50: 2800 mglkg 
ivn-mus LD50: 700 mg/kg 

CODEN: 
85ERAY 2,1354,78 
85ERA Y 2,1354,78 
85ERAY 2,1354,78 

THR: Moderately toxic by intrayenous, intraperitoneal and 
subcutaneous routes. 

GBWOOO 
GAS OIL 

HR:2 

PROP: Yellow liquid. Flash p: 150°F, d: 1, lei: 6.0%, 
uel: 13.5%, autoign temp: 640op, boiling range: 230°-250°. 
THR: Combustible when exposed to heat or flame; can 
react vigorously with oxidizing materials. A moderate ex
plosion hazard when exposed to heat or flame. To fight 
fire use foam, C02, dry chemical. See also KEROSENE. 

GASOLINE (100-130 octane) GCAOOO 

GBYOOO 
GASOLINE • 
CAS: 8006-6 I -9 
DOT: I 203/1257 

HR:J 

NIOSH: LX 3300000 

PROP: Clear, aromatic, volatile liquid; a mixture of ali
phatic HC. Flash p: -50°F, d: <1.0, vap d: 3.0-4.0, ulc: 
95-100, lei: 1.3%, uel: 6.0%, autoign temp: 536-853°F, 
bp: Initially 39°, after I 0% distilled = 60°, after 50% = 
I 10°, after 90% = 170°, final bp: 204°. Insol in H20, 
freely sol in absolute ale, ether, chloroform, benzene. 

SYNS: 
CASINO lfEAD GASOLINE (DOT) 

MOTOR FUEL (DOT) 

MOTOR SPIRIT (DOT) 

TOXICITY DATA: 
eye-man 500 ppm/IH MOD 
eye-hmn 140 ppm/8H MLD 
ihl-man TCLo:900 pprn!IH: 

EYE,CNS,PUL 
ihl-rat LC50:300 g/m3/5M 
ihl-mus LC50:300 glm3/5M 
ihl-gpg LC50:300 g/m3/5M 
ihl-mam LCLo:30000 ppm/5M 

NATURAL GASOLINE (DOT) 

PETROL (DOT) 

CODEN: 
AEHLAU 1,548,60 
JIHTAB 25,225,43 
JIHTAB 25,225,43 

NTIS** PB158-508 
NTIS** PB 158-508 
NTIS** PBI58-508 
AEPPAE 138,65,28 

Reported in EPA TSCA Inventory. 

ACGIH TLV: TWA 300 ppm; STEL 500 ppm 

DOT Classification: Flammable Liquid; Label: Flammable 
Liquid 

THR: Mildly toxic by inhalation. Human systemic effects 
by inhalation: cough, conjunctiva irritation, hallucinations 
or distorted perceptions. Repeated or prolonged dermal ex- .
posure causes dermatitis. Can cause blistering of skin. Inha
lation or ingestion can cause central nervous system depres
sion. Pulmonary aspiration can cause severe pneumonitis. 
Some addiction has been reported from inhalation of fumes. 
Even brief inhalations of high concentrations can cause a 
fatal pulmonary edema. The vapors are considered to be 
moderately poisonous. If its concentration in air is suffi
ciently high to reduce the oxygen content below that needed 
to maintain life, it acts as a simple asphyxiant. A human 
eye irritant. Gasoline is a common air contaminant. A very 
dangerous fire and explosion hazard when exposed to heat 
or flame; can react vigorously with oxidizing materials. 
To fight fire use foam, C02, dry chemical. 

GCAOOO HR:3 
GASOLINE (100-130 octane) 

PROP: Flash p: -5oop, autoign temp: 824°F, lei: I .3%, 
uel: 7.1%. · 
THR: Moderately toxic by inhalation. A very dangerous 
fire and explosion hazard when exposed to heat, flame or 
oxidizers. To fight fire use water spray or mist, C02, dry 
chemical. See also GASOLINE. 
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TIMOOO HR: 1 · 
1,1,2-TRICHLOR0-2,2-DIFLUOROETHANE 
CAS: 354-21-2 NIOSH: Krt435000 
mf: CHCI3F2 

SYNS: 

mw: 157.37 

. 1,1-DIFLUOR0-1,2,2-TRICIILORO· UCON FLUOROCARBON 122 
ETHANE 

CODEN: TOXICITY DATA: 
orl-rat LDLo:7500 mg/kg HXPHAU 20(Pt 1),-

459,66 
ihl-rat LCLo:4000 ppm/4H UCMH** 15NOV62 

THR: Mildly toxic by ingestion and inhalation. When 
heated to decomposition it emits very toxic fumes of p
and Cl-. See also CHLORINATED HYDROCARBONS, 
ALIPHATIC and FLUORIDES. 

TIMSOO HR: I 
TRICHLORO ESTERTIN 

NIOSH: WH 8240000 

SYN: ESTERTRICJILOROSTANNANE 

TOXICITY DATA: CODEN: 
unr-rat LD50: 5500 mg/kg TIUSAD 107, I, 76 

OSHA PEL: TWA 0.1 mg(Sn)/m3 

ACGIH TLV: TWA 0.1 mg(Sn)/m3 (s~in) 
NIOSH REL: (Organotin Compounds) TWA 0.1 mg(Sn)/m3 · 

THR: When heated to decomposition it emits toxic fumes 
of Cl-. See also TIN COMPOUNDS and ESTERS. 

TIM750 HR:3 
1,1,1-TRICHLOROETHANE 
CAS·: 71-55-6 NIOSH: K1 2975000 
DOT: 2831 
mf: C2lhCI3 mw: 133.4Q 

PROP: Colorless liquid. Bp: 74.1°, fp: -32.5°, flash p: 
none, d: 1.3376 @ 20°/4°, vap press: 100 mm @ 20.0°. 
lnsol in water; sol in acetone, benzene, carbon tetrachloride, 
methanol, ether. 

SYNS: 
AEROTJJENE 1T RCRA WASTE NUMBER U226 
CIILOROETENE SOLVENT Ill 
CJILOROETJIENE STROBANE 
CIILOROTJIANE NU a-T 
CIILOROTitENE 1,1,1-TCE 

CIILOROTIIENE (INHIBITED) 1,1,1-TRICHLOORETHAAN 
CIILOROTIIENE NU (DUTCJI) 
CHLOROTIIENE VO 1,1,1-TRICIILORAETIIAN (GER-
CHLORTEN MAN) 
INHIBISOL TRICIILOR0-1,1,1-ETIIANE 
METIIYLCJILOROFORM (FRENCH) 
METIIYL CHLOROFORM (ACOIH, a-TRICJILOROETIIANE 

DOT) 1,1,1-TRICLOROETANO (rrAUAN) 
MElliYL TRICHLOROMETIIANE TRI-ETIIANE 
NCJ-C04626 

1,1,1-TRICHLOROETHANE TIM750 

TOXICITY DATA: 
eye-man 450 ppm/8H 
skn-rbt 5 g/12D-I MLD 
skn-rbt 500 mg/24H MOD 
eye-rbt 100 mg MLD 
eye-rbt 2 mgf24H SEV 
dnr-esc 500 mg/L 
orr-mus:emb 20 mg/L 
orl-rat TDLo:43 mgfkg (1-220 

preg/21D post}:TER 
ihl-rat TCLo:2100 ppmi24H 

(14D pre/1-200 pre~}:TER 
ihl-man LCLo:27 g/m /10M 
ihl-man TCLo:350 ppm:CNS 
orl-hmn TDLo:670 mg/kg:GIT 
ihl-hmn TCLo: 920 ppmnOM: 

EYE,CNS 
ihl-man TCLo:200 ppm/4H:CNS 
orl-rat LD50: 10300 mg/kg 
ihl-rar LC50: 18000 ppm/4H 
ipr-rat LD50:5100 mg/kg 
orl-mus LD50: 11240 mg/kg 
ihl-mus LC50:3911 ppm/2H 
ipr-mus LD50:4700 mg/kg 
orl-dog LD50:750 mg/kg 
ipr-dog LD50: 3100 mg/kg 
ivn-dog LDLo:95 mg/kg 
ihl-cat LCLo:600 mg/m3/4H 
orl-rbt LD50:5660 mg/kg 
skn-rbt LDLo: I g/kg 
scu-rbt LDLo: 500 mg/kg 
orl-gpg LD50:9470 mg/kg 

CODEN: 
BJIMAG 28,286,71 
AIHAAP 19,353,58 
28ZPAK -,28,72 
AIHAAP 19,353,58 
28ZPAK -,28,72 
PMRSDJ 1,195,81 
CALEDQ 28,85,85 
TJADAB 29(2),25A,84 

TOXID9 1,28,81 

JOCMA 7 8,358,66 
WEHSAL 10,82,73 
NTIS** PB257-185 
AIHAAP 19,353,58 

ATSUDG 5,96,82 
NTIS** PB257-185 
28ZPAK -,28,72 
NTIS** PB257-185 
NTIS** PB257-185 
SAIGBL 13,226,71 
TXAPA9 13,287,68 
FMCHA2 -,C242,83 
TXAPA9 10,119,67 
HBTXAC 5,72,59 
85GMAT -,38,82 
AIHAAP 19,353,58 
85GMAT -,38,82 
HBTXAC 5,72,59 
AIHAAP 19,353,58 

IARC Cancer Review: Animal Inadequate Evidence 
IMEMDT 20,515,79. NCI Carcinogenesis Bioassay (ga
vage); Inadequate Studies: mouse, rat NClTR* NCl-CG
TR-3,77. Community Right To Know L:.ist. Reported in 
EPA TSCA Inventory. EPA Genetic Toxicology Program: 

OSHA PEL: TWA 350 ppm 
ACGIH TLV: TWA 350 ppm; STEL 450 ppm 
DFG MAK: 200 ppm (2080 mg/m3); BAT: blood 55 p.g/dl 
NIOSH REL: (1,1,1-Trichloroethane) CL 350 ppm/15M 

DOT Classification: ORM-A; Label: None; Poison B; La
bel: St Andrews Cross 

THR: Poison by intravenous route. Moderately toxic by 
ingestion, inhalation, skin contact, subcutaneous and intra-

·•· peritoneal routes. An experimental teratogen. Human sys
temic effects by inge.stion and inhalation: conjunctiva irrita
tion, hallucinations or distorted perceptions, motor activity 
changes: irritability, aggression, hypermotility, diarrhea, 
nausea or vomiting and other gastrointestinal changes. Ex
perimental reproductive effects. Mutagenic data. A human 
skin irritant. An experimer-tal skin and severe eye irritant. 
Narcotic· in high concentrations. Causes a proarrhythmic 
activity which sensitizes the heart to epinephrine-induced 
arrhythmias. This sometimes will cause cardiac arrest, par
ticularly when this material is massively inhaled as in drug 
abuse for euphoria. · 
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TINOOO 1, 1.2-TRICHLOROETHANE 

Under the proper conditions it can undergo hazardous 
reactions with aluminum oxide + heavy metals; dinitrogen 
tetraoxide; inhibitors; metals (e.g., magnesium; aluminum; 
potassium; potassium-sodium alloy); sodium hydroxide; 
N20 4; oxygen. When heated to decomposition it emits toxic 
fumes of Cl-. Used as.a cleaning solvent, a chemical inter
mediate to produce vinylidene chloride, and as a propellant 
in aerosol cans. See also CHLORINATED HYDROCAR
BONS, ALIPHATIC. For further infonriation see methyl 
chloroform, .Vol. 2, No. 5 of DPIM Report. 

TJNOOO 
1,1,2-TRICHLOROETHANE 
CAS: 79-00-5 
mf: C2H3CI3 mw: 133.40 

HR:3 

. NIOSH: KJ 3150000 

PROP: Liquid; pleasant odor. Bp: 114°, fp: -35°, d: 1.4416 
@ 20°/4°, vap press: 40 mm@ 35.2°. 

SYNS: 
ETHANE TRICIILORIDE 

NCI-C04S79 

RCRA WASTE NUMBER U227 

13-T 
1,1,2-TRICHLORETIIANE 

TOXICITY DATA: 
skn-rbt 500 mg open MLD 
skn-rbt 810 mg124H SEV 
eye-rbt 162 mg MLD 
~kn-gpg 1440 mgi15M 
otr-mus:emb 25 mg!L 
cyt-gpg-skn 2880 JLg/kg 
dnd-mam:lym I mmoi/L 
orl-mus TDLo:532 mg/kg (140 

male):REP 
orl-mlis TDLo:76 g!kgn8W-I: · 

CAR 
orl-mus TD :152 glkgn8W-I: 

CAR 
orl-rat LD50:580 mg/kg 
ihl-rat LCLo: 500 ppm/8H 
orl-mus LD50:378 mg/kg 
ipr-mus LD50:494 mg!kg 
scu-mus LD50: 227 mglkg 
orl-dog LDLo:500 mg!kg 
ipr-dog LD50:450 mglkg 
ivn-dog LDLo:95 mglkg 
ihl-cat LCLo: 13100 mg/m3/4.5H 
skn-rbt LD50: 3730 mglkg 
sctt-rbt LDLo:500 mglkg 

P-TRICHLOROETHANE 

1,2,2-TRICIILOROETHANE 

TROJCHLOROET AN( 1,1,2) (POL-

ISH) 

VINYL TRICHLORIDE 

CODEN: 
UCDS** 6/28n2 
JETOAS 9,171,76 
JETOAS 9,171,76 
APTOA6 41,298,77 
CALEDQ 28,85,85 
APTOA6 41,298,77 
TODED5. 11,243,82. 
DCTODJ 8,333,85 

NCITR* NCI-CG-TR-
74,78 

NCITR* NCI-CG-TR-
74,78 

AIHAAP 30,470,69 
AIHAAP 30,470,69 
DCTODJ 8,333,85 
TXAPA9 9,139,66 
JPETAB 123,224,58 
AJHYA2 16,325,32 
TXAPA9 10,119,67 
QJPPAL 7,205,34 
AHBAAM 116,131,36 
AIHAAP 30,470,69 
QJPPAL 7,205,34 

IARC Cancer Review: Animal Limited Evidence IMEMDT 
20,533,79. NCI Carcinogenesis Bioassay (gavage); No Evi
dence: rat NCITR* NCI-CG-TR-74,78; (gavage); Clear 
Evidence: mouse NCITR* NCI-CG-TR-74,78. Community 
Right To Know List. Reported in EPA TSCA Inventory. 

OSHA PEL: TWA 10 ppm (skin) 
ACGIH TLV: TWA 10 ppm (skin) 
DFG MAK: 10 ppm (55 mg/m3) 

3328 

THR: Poisen by ingestion, intravenous and subcutaneous 
routes. Moderately toxic by inhalation, skin contact, and 
intraperitoneal routes. An experimental carcinogen. Experi
mental reproductive effects. Mutagenic data. An eye and 
severe skin irritant. Has narcotic properties and acts as a 
local irritant to the eyes, nose and lungs. It may also be 
injurious to the liver and kidneys. Incompatible with potas
sium. When heated to decomposition it emits toxic fumes 
of Cl-. A priority pollutant associated with EPA superfund 
sites. See also CHLORINATED HYDROCARBONS, AL
IPHATIC and other trichloroethane entries. For further in-
formation, see Vol. 5, No. 3 qf DPIM Report. · · 

TJNSOO 
TRICHLOROETHANOL 
CAS: 115-20-8 . 

HR:3 

. · Nl9SH: KM 3850000 
mw: 149.40 .. · , . .. 

PROP: Liquid. Mp: 17.8°, bp: 150°@ 765 mm, d: 1.54 
@ 25/4°, vap press: 1 mm@ 20°, vap d: 5.16. ·. ·. · •· 

I . 

SYNS: . 
TRICIILORETIIANOL 

2,2,2-TRICIILOROETHANOL 

TRICHLOROETIIYL ALCOHOL 

TOXICITY DATA: 
mmo-asn 5 JLUplate/2H 
sln-asn 10240 JLmoi!L 
sce-hmn: lym 178 giL 
orl-rat LDLo:500 mglkg 
ipr-rat LDLo: 300 mg/kg 
orl-mus LDLo:500 mg/kg 
ivn-mus LD50:201 mg/kg 
ivn-rbt LDLo:50 mglkg 
rec-rbt LDLo:500 mglkg . . 

2,2.2-TRICHLOROETHYL ALCO· · 

HOL .. , 

CODEN: 
· · CBINA8 30,9,80 

MUREAV 155,105,85 
TOERD9 3,63,81 
CRAA7 17,258,38 
JPETAB 63,453,38 
CRAAA7 17,258,38 
28ZPAK -,78,72 
JPETAB 63,453,38 
CRAA7 17,258,38 

EPA Genetic Toxicology Program. Reported in EPA TSCA 
~nventory .. · · · 

THR: Poison by intravenous and intraperitoneal routes. 
Moderately toxic by ingestion and rectal routes. Human 
mutagenic data. Explosive reaction with concentrated so
dium hydroxide solutions. When heated to decomposition 
it emi~s toxic fumes of CI-. Used as an hypnotic and anes
thetic. See· also CHLORINATED HYDROCARBONS, 
ALIPHATIC. ,;·- ··· 

TIN750 
TRICHLOROETHENYLSILANE 

HR:3 

CAS: 75-94-5 ' NIOSH: VV 6125000 
DOT: 1305 

mw: 161.49. 

PROP: Fuming liquid. Bp: 90.6°, d: 1.265@ 25/25°, flash 
p: 16°F. 

SYNS: 
SILANE, VINYL TRICHLORO I·ISO VrNYLSILICON ;m.1CHLORIDE 

TRICHLORO<VINYL)SILANE V.INYL TRICHLOROSILANE (DOT) 

TRICIILOROVINYL SILICANB VINYL TRICIILOROSILANE, IN· 

UNION CARBIDE A-ISO · HIBITED (DOT) 
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PJL335 HR:3 
POLYBROMINATED BIPHENYLS 

PROP: A class of aromatic compounds, related to polychlo
rinated biphenyls, containing two benzene nuclei with two 
or more substituent bromine atoms. Typically they are inert 
solids and thus have been used in industry as flame retar
dants. They do not occur as natural products, but are persis
tent in the environment and are concentrated in body fat. 

SYN: PBB 

Community Right To Know list. 

THR: The major isomer in production, hexabromobiphenyl, 
was involved in a large-scale poisoning of dairy cattle in 
Michigan in 1973. 

Generally acute LD50 doses are very high but in experi
mental animals subchronic poisoning may cause body
weight decrease, liver hypertrophy, chloracne-like lesions, 
suppression of immune response, neuromuscular dysfunc
tion, teratogenic and embryotoxic effects. In humans they 
cross the placental barrier and are concentrated and secreted 
in mothers' milk. When heated to decomposition it emits 
toxic fumes of Br-. See also HEXABROMOBIPHENYL 
and OCf ABROMODIPHENYL. 

PJL350 
cis-POLY(BUTADIENE) 
CAS: 9003-17-2 
mf: (C4H6)n 

(CH2CH=CHCH2)n 

HR:3 

THR: May explode when heated above 337°C. When heated 
to decomposition it emits acrid smoke and irritating fumes. 
See also BUTADIENE. 

PJL375 
POLY(I,3-BUTADIENE PEROXIDE) 
mf: (C4H602)n 

HR:3 

THR: A powerful explosive very sensitive to shock. Formed 
by the reaction of butadiene with air. When heated to de
composition it emits acrid smoke and irritating fumes. See 
also PEROXIDES. . 

PJLSOO HR: 1 
J3-POLY(l,3-BUTADIENE)STYRENE, CO POLY

MER 
CAS: 9003-55-8 NIOSH: WL 6000000 

SYN: KOPOLYMER BlTfADIEN STYRENOVY (CZECH) 

TOXICITY DATA: 
eye-rbt 500 mg/24H MOD 

Reported in EPA TSCA Inventory. 

CODEN: 
28ZPAK ~,257 ,72 

POLYCHLORINATED BIPHENYLS PJL750 

THR: An eye irritant. When heated to decomposition it 
emits acrid smoke and irritating fumes. 

PJL600 
POLY(CARBON MONOFLUORIDE) 
CAS: 25136-85-0 
mf: (CF)n 

HR:3 

THR: Explodes when heated to 500°C in inert atmospheres. 
Ignites when heated to 400°C in hydrogen atmospheres. 
When heated to decomposition it emits toxic fumes of p-. 
See also FLUORIDES. 

PJL750 HR:3 
POLYCHLORINATED BIPHENYLS 
CAS: 1336-36-3 NIOSH: TQ I 350000 
DOT: 2315 

PROP: Bp: 340-375°, flash p: 383°F (COC), d: 1.44 @ 
30°. A series of technical mixtures consisting of many iso
mers and compounds that vary from mobile oily liquids 
to white crystalline solids and hard noncrystalline resins. 
Technical products vary in composition, in the degree of 
chlorination and possibly according to batch (IARC** 
7,262,74). 

SYNS: 
AROCLOR KANECIILOR 

CIILOPIJEN MONTAR 

CIILOREXTOL NOFLAMOL 

CIILORJNATED BIPIIENYL PCH (DOTI 

CIILORJNATED DIPIIENYL PJIENOCIILOR 

CIILORJNATED DIPJJENYLENE POLYCIILORINATED BIPIIENYL 

CJILORO BIPIIENYL POJ.YCJILOROBIPIIENYL 

CIJLORO·J.J.BIPIIENYL PYRALENE 

CLOPIJEN PYRANOL 

DYKANOL SANTOTIIERM 

FENCLOR SOVOL 

INERTEEN TIIERMINOL FR·I 

TOXICITY DATA: CODEN: 
orl-mam TOLo:325 mg/kg (300 AMBOCZ 6,239,77 

pre/1-360 preg):REP 
orl-rat TOLo: 16800 mg/kg/2Y- TOER09 1,159,78 

C:ETA 
orl-mus TOLo: 1250 mg/kg/25W- FCT007 21,688,83 

I:CAR 
orl-rat TD: 1250 mg/kg/25W-I: FCT007 21,688,83 

CAR 
orl-mus L050: 1900 mg/kg FKIZA4 60,544,69 

IARC Cancer Review: Human Limited &vidence IMEMDT 
18,43,78. EPA Extremely Hazardous Substances List. Re
ported in EPA TSCA Inventory. 

NIOSH REL: TWA (Polychlorinated Biphenyls) 0.00 I 
mg/m3 · 

DOT Classification: ORM-E; Label: None 

THR: Moderately toxic by ingestion. Some are poisons 
by other routes. Suspected human carcinogens. Experimen-
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PJMOOO POLYCHLORINATED BIPHENYL (AROCLOR 12211 

tal carcinogens and tumorigens. Experimental reproductive 
effects. Like the chlorinated naphthalenes, the chlorinated 
diphenyls have two distinct actions on the body, namely, 
a skin effect and a toxic action on the liver. This hepato
toxic action of the chlorinated diphenyls appears to be in
creased if there is exposure to carbon tetrachloride at the 
same time. The higher the chlorine content of the diphenyl 
compound, the more toxic is it liable to be. Oxides of 
chlorinated diphenyls are more toxic than the unoxidized 
materials. In persons who have suffered systemic intoxica
tion, the usual signs and symptoms are nausea, vomiting, 
loss of weight, jaundice, edema and abdominal pain. Where 
the liver damage has been severe the patient may pass 
into coma and die. Combustible when exposed to heat or 
flame. When heated to decomposition they emit highly toxic 
fumes of Cl-. Used in heat transfer, hydraulic fluids, lubri
cants, and insecticides. See also specific compounds. For 
further information, see PCB's, Vol. 3, No. 4 of DPIM 
Report. 

PJMOOO HR:2 
POLYCHLORINATED BIPHENYL (AROCLOR 

1221) 
CAS: III04-28-2 NIOSH: TQ 1352000 

SYNS: 
AROCIILOR 1221 CIILORODII'IIENYL (21% Cll 

TOXICITY DATA: CODEN: 
scu-rat TDLo: I g/kg (ID pre): ENVRAL 16,123,78 

REP 
orl-rbt TDLo:28 mg/kg (1-280 BECfA6 6,120,71 

prcg):REP 
orl-rat LD50:3980 mg/kg ARVPAX 14,139,74 
skn-rbt LDLo:3169 mg/kg ARVPAX 14,139,74 

IARC Cancer Review: Human Limited Evidence IMEMDT 
I8,43,78. 

NIOSH REL: TWA (Polychlorinated Biphenyls) 0.00 I 
mg/m3 

THR: Moderately toxic by ingestion and skin contact. Sus
pected human carcinogen. Experimental reproductive ef
fects. When heated to decomposition it emits toxic fumes 
of Cl- .·Used in heat transfer, hydraulic fluids, lubricants, 
and insecticides. See also POLYCHLORINATED BIPHE
NYLS. 

PJM250 HR:2 
POLYCHLORINATED BIPHENYL (AROCLOR 

1232) 
CAS: 11141-16-5 NIOSH: TQ I354000 

SYNS: 
- AROCLOR 1232 

TOXICITY DATA: 
orl-rat LD50:4470 mg/kg 
skn-rbt LDLo:2000 mg/kg 

CIILORODIPIIENYL (32% Cl) 

CODEN: 
ARVPAX 14,139,74 
ARVPAX 14,139,74 

2816 

IARC Cancer Review: Human Limited Evidence IMEMDT 
18,43,78. • 

NIOSH REL: TWA (Polychlorinated Biphenyls) 0.001 
mg/m3 

THR: Moderately toxic by skin contact. Mildly toxic by 
ingestion. Suspected human carcinogen. When heated to 
decomposition it emits toxic fumes of Cl-. Used in heat 
transfer, hydraulic fluids, lubricants, and insecticides. See 
also POLYCHLORINATED BIPHENYLS. 

PJMSOO HR:3 
POLYCHLORINATED BIPHENYL (AROCLOR 

1242) 
CAS: 53469-21-9 NIOSH: TQ 1356000 

SYNS: 
AROCIILOR 1242 

AROCLOR 1242 

CIILORIERTE BIPIIENYLE. 

CIILORGEIIALT 42% (GERMAN) 

CIILORODII'IIENYL (42% Cl) 

TOXICITY DATA: 
oms-mus:oth 25 ppmi4H 
EESADV 3,10,79 
orl-rat TDLo:945 mg/kg (36W 

pre):REP 
orl-pig TDLo:93 mg/kg (I-16W 
. prcg):REP 
ihl-hmn TCLo: 10 mg/m3

: 

PUL,LIV 
orl-rat LD50:4250 mg/kg 
scu-gpg LDLo:345 mglkg 

CLORODif'ENILI. CLORO 42% 

(ITALIAN) 

Dli'IIENYLE CIILORE. 42% de 

CIILORE (FRENCH) 

GECIILOREERDEDif'ENYL 

(DuTCII) 

CODEN: 

AECfCV 3,479,75n6 

AJVRAH 36,23,75 

85CYAB 2,153,59 

TXAPA9 24,434,73 
PHRPA6 59,1085,44 

IARC Cancer Review: Human Limited Evidence IMEMDT 
18,43,78. EPA Genetic Toxicology Program. 

OSHA PEL: TWA I mg/m3 (skin) 
AC91H TLV: TWA I mg/m3 (skin) 
NIOSH REL: TWA (Polychlorinated Biphenyls) 0.001 

mglm3 

THR: Poison by subcutaneous route. Mildly toxic by inges
tion. Human systemic effects by inhalation: pulmonary and 
liver effects. Suspected human carcinogen. Moderately 
toxic by ingestion. Experimental reproductive effects. Mu
tagenic data. When heated to decomposition it emits toxic 
fumes of Cl-. Used in heat transfer, hydraulic fluids, lubri
cants, and insecticides. See also POLYCHLORINATED 
BIPHENYLS. For further information, see Chlorinated bi
phenyls, Vol. I, No. 3 of DPIM Report. 

PJM750 HR:3 
POLYCHLORINATED BIPHENYL (AROCLOR 

1248) 
CAS: 12672-29-6 NIOSH: TQ 1358000 

SYNS: 
AROCLOR 1248 CIILORODIPIIENYL (48% Cl) 
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PROP: Mixture of propane, isobutane, isobutylene and 
other hydrocarbons (FEREAC 41,15972,76). 

SYN: LIQUEFIED PETROLEUM GAS (DOT) 

Reported in EPA TSCA Inventory. 

DOT Classification: Label: Aammable Gas 

THR: A very dangerous fire and explosion hazard when 
exposed to beat or flame; can react vigorously with oxidiz
ing materials. When heated to decomposition it emits acrid 
smoke and irritating fumes. See also individual compo
nents. 

PCS750 HR:2 
PETROLEUM 60 SOLVENT 

NIOSH: SE 7551000 

PROP: Consists of a mixture of hydrocarbons from C5-

C10, chiefly of paraffins, cycloparaffins, alkyl benzenes and 
benzene (TXAPA9 34,374,75). 

TOXICITY DATA: CODEN: 
ihl-hmn TCLo:550 ppm/15M: TXAPA9 34,374,75 

EYE 
ihl-rat LC50:4900 ppm/4H TXAPA9 34,374,75 
ihl-cat LCLo:4100 ppmi4H TXAPA9 34,374,75 

NIOSH REL: TWA 350 mg/m3; CL 1800 mg/m3!15M 

THR: Mildly toxic by inhalation. Human systemic effects 
by inhalation: change in sense of smell and taste, conjunc
tiva irritation. When heated to decomposition it emits acrid 
smoke and irritating fumes. See also individual compo
nents. 

PCTOOO HR:2 
PETROLEUM 70 SOLVENT 

NIOSH: SE 7552000 

PROP: Consists of a mixture of hydrocarbons from C5-

C10, chiefly of paraffins, monocycloparaffins, and alkyl ben
zenes (TXAPA9 34,395,75) -

TOXICITY DATA: CODEN: 
ihl-hmn TCLo: 180 ppm/15M: TXAPA9 34,395,75 

EYE 
ihl-dog LCLo:930 ppm/4H TXAPA9 34,395,75 

NIOSH REL: TWA 350 mg/m3; CL 1800 mg/m3/15M 

THR: Mildly toxic by inhalation. Human systemic effects 
by inhalation: lacrimation. When heated to decomposition 
it emits acrid smoke and irritating fumes. See also OLE
FINS. 

PCT250 
PETROLEUM SPIRITS 
CAS: 64475-85-0 
DOT: 1115 

HR:3 

NIOSH: PY 8240000 

PETROLEUM 50 THINNER PCTSOO 

PROP: Volatile, clear, colorless and non-fluorescent liquid. 
Mp: <-73°, bp: 40-80°, ulc: 95-100, lei: 1.1 %, uel: 5.9%, 
flash p: <0°F, d: 0.635-0.660, autoign temp; 550°F, vap 
d: 2.50. 

SYNS: 
BENZINE 

BENZOLINE 

CANADOL 

IIERBITOX 

LIGROIN 

MINERAL SPIRITS 

MINERAL TIIINNER 

MINERAL TURPENTINE 

PAINTERS" NAPIITIIA 

REFINED SOl. VENT NAPHTHA 

TOXICITY DATA: 
eye-hmn 880 ppm/15M 
ihl-hmn TCLo:600 mg/m3/8H: 

EYE,PUL,GIT 
unr-man LDLo: 1470 mg/kg 
ihl-rat LC50:3400 ppm/4H 
ipr-rat LDLo:8560 mg/kg 
ihl-mus LCLo: 50000 mg/m3 

SKELLY-SOLVES 

SOLVENT NAPimiA 

STODDARD SOLVENT 

VARNISH MAKERS" NAPimfA 

VARNISII MAKERS" AND PAINT-

ERS" NAPimiA • 

VARSOL 

V.M. AND P. NAPIITIIA 

WIIJTE SPIRITS 

CODEN: 
TXAPA9 32,263,75 
TPK VAL 10, 116,68 

85DCAI 2,73,70 
TXAPA9 32,263,75 
TXAPA9 1,156,59 
TPKVAL 10,116,68 

Reported in EPA TSCA Inventory. 

ACGIH TLV: TWA 300 ppm; STEL 400 PPM 
NIOSH REL: TWA 350 mg!m3; CL 1800 mg/m3/15M 

THR: Moderately toxic to humans by an unspecified route. 
Mildly toxic by inhalation and intraperitoneal routes. Inges
tion can cause a burning sensation, vomiting, diarrhea, 
drowsiness, and, in severe cases, pulmonary edema. Inhala
tion of concentrated vapors can cause intoxication resem
bling that from alcohol, headache, nausea, coma, and hem
orrhage to various vital organs. Highly dangerous fire 
hazard when exposed to heat, flame sparks, or oxidizing 
materials. Explosive in the form of vapor· when exposed 
to heat or flame. Highly dangerous; keep away from heat 
or flame. To fight fire, use foam, C02, dry chemical. 
When heated to decomposition it emits acrid smoke and 
irritating fumes. 

PCTSOO HR:l 
PETROLEUM 50 THINNER 

NIOSH: SE 7558000 

PROP: A mixture of paraffins, monocycloparaffins, con
densed cycloparaffins, benzene, toluene, and C8 alkyl ben
zenes (TXAPA9 36,427,76). 

SYN: so TIIINNER 

TOXfcrtY DATA: CODEN: 
eye-hmn 530 ppm/30M TXAPA9 36,427,76 

MLD 
ihl-rat LC50:8300 ppm/4H TXAPA9 36,427,76 

THR: Mildly toxic by inhalation. A human eye irritant. 
When heated to decomposition it emits acrid smoke and 
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SOURCE: 

Hine J. and Mookerjee P.K. J. Organic Chemistry 40: 292-8. 1975. 

Reference 48 
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The Intrinsic Hydrophilic Character of Organic Compounds. Correlations 
in Terms of Structural Contributions I 

Jack Hine• and Pradip K. Mookerjee 

Dtpcrlmtrat of Chemistry, Tlat Ohio Statt Unit>trJity, Cohlmbut, Ohio 432J(J 

Rrt:ti~~td Auttut B. 19i4 
/ 

Lor"), Wklbtrt l • r.Jc,. Wklith "• btior tht Nnc:tntration or. compound iD dilute equtou~ solution at~~· and 
r 1 tht ronctD\ration iD the ru phut iD ~uilibrium with the equeouaaolution (both in moltt per httr), is dtiint-i 
... &h. intr!zu.ic h)'drO(lhilicity or a c:ompound. ValuH ror292 compounds an lisl.ed, Wid paramelrR for .. b.lnd 
eontributiOD torrtlation end 1 crouP contribution correlation an dttnDiintd. Major dt\'iations from thr ettrrtlil· 
l-ions arisinf"'froro disLint polar intrractions (interaction• betwHn haloreo, oznen, nitrurrn, or aulfur •ub,tuu· 
enu uparat.td b)' znore than ont carbon atom) art observtd. The aipiricanee ot auch dt\·iations end or tht rtla · 
l.ivt mqnitudH of the lfOUJl conuibutions is disalutd. 

The hydrophilic and hydrophobic character or com· dilute aqueous solution tO be a measure or iu intrin..sir h;y· 
pounds!l.3 is commonly di1eussed in terml or data on I.)'S· drophilic cluJracl~r. 
\ems in,•oh;ng an aqu~ous ph&H and some other liquid In order &o discuss the relationship btt.-pen molecular 
phase. Such dna, which include water solubilities and dis· atructurt and the intrinsic hydrophilie charact~r or com· 
tribution coef{icients ~tween water and .ame other wl· puund~ in quantitati\'P terms we hft\'e rarri~d out rnrrtl:l· 
~·cnt.~ ~ h.1\·~ ~en ~uiu u~crtti. Tlu~y dtpt'nr! llll diflrrrn,·h ti.mi in terms of s:ructu:-.al addith·i;y J•·hmr~o Surh 
in free ent:&:~' (or or enthalpy 0t SOmt Oth~r property) U;_f_~k:~·:!!h~emn haw betn U!ootd in Correlation" Of t:nthalpi~ or rw· 
the mol~cules or. compound wni'ri ihiy areltirrC.Undiii'by !Dation. entropfes. an'"cf~i.her thermodynamic prupenih.~· 
-·ater molecules and •·hen they art surrounded by mult· These correlations have bten largrly re~trictt-d to thr pn•p· 
cules of the other aoh·ent. Hen~ thry depend not only on erties of compnund~ in thr faS phs~. Thr.> \\t~uld br murt-
the. natu!e of the compound in gu.stion end yn thr DBkJCC -useful if t,b"}· pprr ertrpdad '" tbe common W>h .A,., iR 
of water but also on the nature of the other soh·ent in the which most react&o.ns are run. Such extensiuu~ "'·ould cun· 
system in question. The interpretltion or data may be sim· Si5t or correlations concerninJ: transfer prucr!o'-e:. btl Wt"t'!l 

plified 50mewhat if we consider the differtn~ in free entr· the cas phasi and the Joh·enu uf interest. Butler and cr•· 
rY ur moJecuJes Of a Ji'-·en COmpound when they are SUf• a·nrktrs pointed OUtJung a:CI that thr fret energy Of tr:JII'• 
rounded by watrr and "'·hen they are aurrounded by noth· fer or organic compound~ rrnm thr gac phur tu a~uruu• ~~~· 
in g. that is, wht-n they arr in the cas phase. We shall con· Jution is an appruximltrly eddtti\t' rundiun nl I ht- ,:ruujl• 
aidt-r the tendtney of a mc.lecule to co from the gu phasr t•• present in the compounds !I 11 l'i ... rotti, Dtr.l and IJt-:r 



l
au·d ab.uut 3-40 cac~s. indudin;: ;1 in wmch "'a\cr "·as 
~1\·~nt, by an empirical equation that ma)' M appli~d 

any cumpound in any SOI\~nl c-.·hen the- appropriate pa· 
rameters la\·e been determined).l2 Ahhuugh thi!- equation 

I
. easnnably economical with paranle~rs in it& application 

solu~nts, in 'eneral it is less so •·hen applied to an)' cme 
,.~nL The 15 homologous uries of compounds whosr ac

tivity coeffici~nts in water •-ere correla~d required 30 dis· 

E
ble parameters. A rroup ct~ntribution Kheme or the 
~on t)'Pl'.;.a •·c.uld COOo'er all these compounds and many 
e t~:ith only 2.C paramtt.ers. Fnr thi~ reason and bt-cau~~ 

of tht inereas~d num~r of reliabl~ data that hne b~come 

l
i:Ah!t- iii •trent \"'!:If", w~ h&\''!' t·ur:-~:lislf·d acth·ity CCif!li· 

r.~ in l.~t' f:;£5 J,.i!oa!-1: rcJaliV~ W II'OUCOU~ aw)ulii,JI USo!'l,: 

t.h a bond contribution and a zruup contribution ~chemc. 
Not oniy •·ill such correlations aid in understanding nydro· : 

l obic bunding'-' and in predicting equilibrium constants 
cht-mical r~actions, they •·illal~o be useful in ~tudit~ or 

~ Joss of navor components f'rom larcely aquenu~ foods,!=' 
th~ transfer of pe'-licides and oth~:r compounds bet-.~en 

l
rious bodies .of -.·ater. and the atmosphere, and in other 

. ys. Jn addiiiun, "wheh either the vapor ~prft.sur~; or d1e 
ter ttolubilily of a difficultly aolubl~ urganic compound is 

k.nuwn, the other may be estimated from such correU.tions. ·1· · ~ = · · · · . · ~mits ·' .. · · · · . · ·· · · 
\\'~ ha,·e· tried to correlal~ values or log ~ for various 

compounds, •·h~re "'/ is the acti\·ity cuefficient in the ideal 

I s pbasr relative to infinitely dilute aqueuus ~lution. As 
Clwtl in eq 1, "'/is 1.aken to be equal to the concentration of 

y = c.!c. (1) 

le compound in a dilute aqueous ~lution divid~d b)· iu 
concentration in the cas phase that is in equilibrium 11."ith 
that solution. \\'hen the compound and .,.ater are not \·ery 

l luble in each other, c ... may be taken as the -.·at.er so!ubil· 
·and c, as the va~or pressure of lh~ compound. \\'e have 

made "'/ dim~nsionless by expre~~ing e ... and c 1 in moles per 
Jiur. Dat.a at 2s• were U5ed and ..-ater solubilitiu 11.·ere 

l ed only for compounds whose water ~lubility is 1.0 }of or 
ss, ncept f'or ethyl formate (1.2 M ). 
The values of Icc.,, Jog c., log c1, and P (wh~re Pis the 

.,por pressure in miUimet.en; log c1 • Jog P - .C.269) we 
ed and the appropriate literature references are listed in 

able IV.U The valu~s of"'/ cover a rang~ of about 1010. 

The bond contribution acheme us.ed is similar to that or 

l enson and Buss, in which eerL&in groups such as cyano, 
itro, and carbon:,·! are t~a~d as atoms. Thus the contri· 

. ution·of.the C...CN bond includf.r. imp1icit1); the contribu- · 
- tion of the carbon-nit:-ogen triple bond or th~ cyano group, 

'

nd the H-CO bond contribution includes talf the contri· 
ution of the carbon-osygen doubl~ bond. Olefinic, actt)·J. 
nic, and aromltic carbon are denoted cd. C,, and c., re

apectively. The eontribution for a Cct-H bond (or for any 
·d-X bond) includ~s or.f'·f'ourth ur the contribution for the 
.. rhon-earbon double bond, and any C,-X eontribution 

con\ains half the triple bond contribution. Howe\·er, the 
c.,..H contribution does not inrlud~ a c.,-c., contrihu-

l ion. Thr- latter was kept uperatt 10 a~ to simplify the 
rutm~nt or data on nonbenunuid arom.nic compounds. 

--f'or ~mple-;-JoK ')'-for-naphthale~~~hl th'22n 

~
e c.,..H contribution plu~ 11 times 1h~ c ...... c •• CO:ltri· 

ulion. and lug l for pyridine i~ (·~ual to five timt'$- the c •• -
cc.ntrihutinn plus fnur lim~~ th~ c.,-..z£.! ~nd t\\11 times 

tt'lr C.,-~,(.,, fUhtt.bUtluh. TJ\t= .\4 huh~ CUHtf .bUI hi fit Gb· 

I
Hint·d by k·a .. t·Jquare" trt-:Jin1c·nt of dah1 un :?c::: c••m· 
nunds 11re listed in Table I. 1·ht ~G:{ ulul'\ or lc.l! ·, c:.lcu
at~;d (rum th~:»e contrihutiuns, which are Ji!\tf·d in Table 

I -

·!aDiel 

Bond Contributions to the Los:arithms ur Activity 
Coefficient" in the Gas Phase Hderr~d to 

Aqueous Solution• 

. 
c-H ~.n c.,-Br 0.21· 
C-F ~.50 C.,.-NOz~ 1.83 
c-c1 o.3o c.,-o -o.'l4 
C-Br 0.87 · c .. -s 0.53 
c-1 1.03 cL"-cO' 1.14 
c-cs• !.2F c ... ::=C.:'" o.z3 
C-}o;~' 3.10 CL"==l\.,.~ l.M 
C-o 1.00.. CrH -<l.lS' 
C-5 1.11· -CrCl ; ·11.16' 
C-N 1.35 c.-c. 0.48' 
c-c o.o4 c.-cO' 2.42' 
c-c04 1.?8 c,-H' o.oo 
c-c. o.ts' co-H' 1.1s 
c~,' :; o.s• · ~-: · o.=s ,; 
c-c., · o.1i o-H 3.21 
c.;.-H ~-~1 s-H , : • 0.23 
c .. -c1 ~.14 N-fl . . 1.34 

·· • At 25": • C wi;h~ui a:S~bsrnpt refr~to a ~arbon ato:n bound by 
ainclr bonds to rour othrr atoros ncrpt in CS. r Thr t)·ano and 
nitro croups art treated 11 uni\"llent atoms. • Thr CO croup is 
treated ua divalent atom. • Thr bond drnotrd- is thl ,. +,.bond 
in an aromatic rinc. 'This contribution includti onr-founh thr 
eoatribuuon of thr carbon-<:arbon double bondhl. 1 Tht\ contn· 
bution includu onr-halr thr contribution of thr carbon-carbon 
triplr b:lnd. 

IV,14 diHered from th~ ~spuimental valuu with a standard 
d~-.iation or O • .Cl. Th~ de,·iations from about 40 additional 
values or log .,, tome or .. -hich had not been located .. -h~n 
the parame~rs listed in Tab!~ I were calculatt-d but some 
or ··hich had ~en left out of the least-squares treatment 
because of their highly deviant nature, tendtd to be larger 
than this. Most of the larger d~viations wen of the trp~s 
that will ~ rationaliztd in our discussion of th~ group con
tribution correlation. 

The rroup contribution scheme .,.e used is similar to that 
of Benson and coworkers.U In most cases a group is taken 
to eont.o.in one polyvalent at.Qm and the mono,·altnt atom;. 
bonded to it, but the group is chllracttriud by the nature 
of the .atoms to •·bieh it is attached as well as thur.e it con· 
tains. Thus a methylene rroup att.aeh~d to two oxygen 

··atoms is -diffenrtt from one attac::bed to" a carbon and an 
osyg~n atom. Our notation f'or rroup eontributions, which 
is (CH2<0h) and (CH.:(CHO)] f'or the tt~o·o groups just re· 
f'erred to, (or example, differs f'rom that or Btn~on and CO• 

worken in that the atoms contained in th~ rroup are nut 
parenthesized. We feel that the "'otation JC(H\::(0):~1 
makes it le:u obvious that additional eontributions ar~ rr· 
quired f'or the osygen atoDI.l but Dot for the hydru~tn 
atoms. The,\·alue or log "r f'or methyl ethyl ethtr. (\lr tUm· 
pte, is taken to be the sum of th~ f'our contril:ution" 
fCH,(O)], (O(Ch}, (CH::I<;HO)}. and (CH;~IOJ}. Instead ul" 
the symbol Ca (or benzenoid carbon'-' we hne cH·d C., tn 
includ~ the carbon a tum~ in the-~iftgs-ol' -polynurlear am· 
maliC and Certain hetaromatiC compounds a!- Wt-Jl. rur U• 

ampJ~. loJ! -r for pyridine is set equal to 3(C.,HIC.,l:} + 
_ 2JC.,HIC.,)IN.,l} + I~ •. IC.,)ll· As in the ca!oe of \h~ hond 

eohttlhtllluh &ehi'HIP, Co1 ind C, tcl'i't (0 olefn.it llld11rf1yJ .. -
enie carbun, rt~p~cth•f'l~·. Sinrt 11n~· Cd mu~t Ll' llttachrd to 
annlher cd and any c. tn another c •. tht cd or c. at tilt 
nther end nr the multiple bond is nnt included in lh~ not..a· 

.... 
~ 
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Tobi~JI 
Group Contributions to tbr Lo1aritbm~ or Acth·ity 

Corffiril•nb in tht' Gas Phasp Rrrl'rl'e'd to 
Aquf'Ous Solution• 

CHl(XJt 
CHl(C)l 
CH(Cl; 
C(C), 
CH1(C){C.,) 

·CH(C):(C.,.) 
CtCMC.,) 
CH1(C){C,l 
CH~(C,l2 
CH1(C)(C1) 

~.Hz 
C,H(C) 
C,(C)2 
C,H(C,l 
c.tc}tc,l 
C1H 
C1(C) 
C.,.H(C.,.>t 
C.,.(C)(C.,.l: 
C.,.CC.-l{ 
CHF~(C) 
CH2Cl(C) 
CHCJ2(C) 
CCJ3(C) 
CHCJ(C)z 
CH2CJ(C.l 
C,HCJ 
C.,.CJ(C.,.~ 
CH1Br(C) 
CHBr(C)2 
C.,.Br(C.,.)1 
CH21(C) 
CHI(C)1 
CH1(C)(O) 
CH(C),(O) 

c ....... 

-().62 C{C)~(O) 0.78 
-<!.15 CH2(0)1 -2.54 

0.24 CH(C)(O). -1.35• 
0.'71 CH~(C,)(O) -<l.S7t 

-().19 CH2(C)(CO) -<l.1S . 
· 0.29 ' Cw.{OltC.,.1, -o;4l · · 

O.V3 C .. (CO)(C.,.)1 -<l.84• 
-().23 C,H(CO) 0.28 
-<l.3t• CHO(YY 3.23 
-().291 CO(C)1 4.03 

. . : ~,41 : .. C::O(CXC.,.l.·· ..• ·. ·4.26• 
0.22 . CO(C)"(O) . 4.09 
0.67 · · 'CO(C.,.)(O) 4.57"' : 
0.18 CH~(C)(S) ~.02 

·. 0.86. C~(S)(C_.l, -b.2s• 
o.oO' 'tH2(C)(Nl -o.os 
0.961 CH2CN(C)' 3.43 
0.11 CH2NO,(C)' 3.27: 
0.'70 CHNO,(C},' 3.53• 
o.4'7 c.,.Htc.,.ltN.,.l o.u• 
0.'70' C.,(C)(C.,.)(N.,.) 0.59 
1.05 C.,.NO,(C.,)1' 2.19 
1.33 OH(C) 4.45 
o.so• OHtc .. > 4.45' 
1.46 O(C)2 2.93 
0.61' O(C)(C.,.) 1.25' 
O.os• O(C)(CO) -<l.S3 
0.1s• SH(C) 1.56 
1.10 SH(C.,) 1.561 

l.S8t S(C)2 2.35 
0.49 S(C)(C.,) 2.3o• 
1.14 NH2{C) 4.15 
1.57• NH(C)2 4.37 

-<l.13 N(C)1 4.14 
0.12 N.,.<c .. l, :s.o6 

• At 25". • Xi' C. 0, N. CO. Ce~. C.r, C" or S.' Bued on only ont 
loc "t \'alue. • Th1~ is ont or a wt ol contributions wb01e aum wu 
dtrtrmintd b) a considerably lar1er 1ft or IO&"t values but lor •·hicb 
only tbt ~iniawm ~~~~brr q( 101 ~- .. tues nq~irtd lor atparJtion .. 
into individual contributions wei availablr •Thia nfers to a · 
carbon atom common to t•·o fustd aromatic rinp. auch u C-9 in 
aaphthalenr. It ma~· not br applicable to the carbon atoms jointd 
by aiDclr boDds in biphenyl. for enmplt. t Y b C, 0, C., or c ... 
• l"itro and t)·a.no ~:roups are tnattd u univalent atoms. • Assirntd 
&ht &amt \'llut u (C.,HtCaehl 'A.uil"fd the aamt valut u 
(OHICJ) 1 Allipttd tht aamrvalut u (SHICI) 

Tahir Ill 
Disiaant Pohtr lnlrr;~c::-tions in \'ariou:O 1)·r'~~'" 

or Cc.nlpounds• 

•• ,,,.!': .• "" 

p,·ra:rines -2.26 ci~·CHCl=CHCl 
-1.58 ClCH2CH.Sr 
-7.05 BrCH2Cn.Br 
-3.02 MeCHBrCH1B: 
-1.~3 BrCH2CH~CH;Sr 

. · U2 CJCH2CH!CH:Cl · : 
-1.12 Cl~CCCI: 

R~~-oR 
HOCH:CH(OH)CH10H 
HOCH;CH20H 
(ClCH:CH2)1S 
,:..HoC,H.NOz 
CJ1CCHCJ1 
H1SCH:CH2~~: 
ltteCHClCH2CJ 
Cl2CHCH2Cl 
Cl1CHCHCJ~ . 
_j/ -HOC ,H,CHO 
ClCH1CHz!=l 

-1.00 /J'Gils•CHCI=CHCl 
-().98 #)·C1H.B:: 
-().95 #)·HOC1H;Br 
-<l .. 92 o-C1H1CI2 : 
· 0.83 :;,,.c,H,Clj 
-().83 #)-C1H1Cl, 

0.76 
-o.i2 
-o.r.6 
-o.cs 
-0.61 

.-().57 
-D.S6 

0.46 
0.27 
0.26 
0.19 

-(),09 
-().07 

• Values or (Jol "r>- - (lo1 -,l. •• ro~. with \hr latter ~iDI ob·, 
talntd hom tht fT'OUP contribuaon$ehrmt: -

carbon-oxygen bonds in~olvin~ ihe central rarbon atom. or 
methylal, for example, ia ineluded in the (CHz(OI!) JfOUP 
contribution. Howe,·er, early regression analysrs convinced 
us that interactions ~twttn more widely aeparalfod polar 
bonds were producing marked deviations from our rroup 
contribution conelation. To ignore such interactions would 

. reducr the quality or our correlation and mah t}le values 
or thr parameters depend significantly OD the particular .et 
or compounds ror -.·hich Joe "t values •·en a,·ailable. We 
therrfc.rr decided to obtain contributions for such distant 
polar interactions or to nl'rlrct data upoa which sucb inter
actions mirht bavr e significant effect. ~lost distant polar 
interactions or. riven typr appeared in only one of the :?92 
compounds for v.·hich we had log "t valuu. Also, a number 
or group contributions appeared in seta or compounds no 
latter than the num~r of parameters to ~ detenninrd. 
Compounds of either or thrse types wen deleted from the • 
aet ~fore thr r~rression analy~s braun the analysis 
would be trivial in such cases. Analysi' or the remaining 
212 Jog 1' values ru·e two distant interaction pararol'tt-rs 
and -49 rroup contributions (not countioz somto assirn~ ar· 
bitrarily). From these parameters the It~~ 't ,·aJues may be 
calculat~d with a standard drviation orO.l2, •·hich may not 
be \"ery mucll largrr than (he avera,e·f;J.p.riment.al unc~r
taint}'. ·The 49 rroup contributions are Jistl'd in Table II 
witb thr contributions assi,ned arbitrarily and 20 addition
al contributions ralculated from data tbat had not ~rn in· 
duded in the Jtast-squart~ treatmrat. Sincl' tht~ latter 
contribution• an based on small .eu of Joz ·, nluu of the 
aamr size as the set or contributions brinz drrt-rmintd (thr 
aet sizl' beine 1.0 in most cases), they an It~~ reliable than 

tion for thr Jroup contribution. Thus the contribution of thon obtaintd from thr o,·rrdetermintd syste:n. 
an oldinir methylene cruup is written [CctH.r] rathar than • The on)}• d~tanl ptrlar inttrartions {r:umbHs that mu;.t 
IC,!H.rCc•i. be .atldtd tu thf' ;::ou~ cor.tr:butiuna t1.1 tth:.;t:r: : .. ,t •• •::!luto.) 

The nlul'~ r,f cert:lin rroup cuntributiuns must bt! a.i· tha~ t~ppt:Lr~d in murt than onr compound, ;.::d htn.:t' thr I -----~•i!l.c.!.!nr!i..!d~a.!..!rb""itrarily.u Most such assi&nments were made in _ -Only onts calculated by a Jeast•'Quares trratmtnt, •trr thr 
thr aamt •·ay uud by Benlt'n and coworkers; ~.,., intrraction orthe t•·o nitror:rn atoms in a pyn.zine rin: and 

I 
I 

(CH.1COl), (CH . .'COl). (CH:,(N)), etc., werr allassirnrd the thr interaction or t~o aJLooxy poup~ anachtd to acj~re~t 
aamt- \·alut- ell ICH,1(C)). We alsn followed their practic~ or aaturalt-d carbon atnms. Thr~ art the first t-Ao rn:ne,; an 

· · • yl, Tahlf.-JH . ..!J'M 111hrr distant -pulor intrrarticms-w~m-cr--
as if they werr atrJms. distant pylar interaction~ C'IC'CUrrtd in 0:1!~· 0'!'11: tnm;>->und 

Many or the drviations obnn·ed in tht bond contribu. each and art- therd:.rt- Ji•ted with the formu: .. nf thr rom· 
tion C'tlrrrlatiun may be thourht or as arisinJ from interac· pound in Tablrlll. 
tiuns bet wren pul11r bonds. When the P'•lar bnnds in,·oh·e a Mon CJ( thr la.rJ:l'r intrr:h·rions ~oprm q.:~lita:i\·el~ undrr· 

I 
cummon atom. such intrrac::-tiun~o are included automatical· stanrtJhlr in trrm,. uf tht- ,.trurturr~ c.r tht ,,.~p1•und· ir:· 
Jy in a gruup contribution. Thr intrrncLiun ~tween the twc. voht-d. Glycerol and rthyl.-nr J!lycol art inHrr.all.\ hydru· 
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· ·~-~~t ,;i~ a~ much hydroeen bundin~ c>n p:nina: i~t~ aque· should ordinarily be ~~sid~rably more hydro)lhilic than 
us r.oJution And tht-ir lttg ')' \'alues are r.mallt-r than •·ould isomuie ethers. Jn agreement with expect.ation ' fur n· 

ezpectl'd frnm (OHrC)) and (CH;t(C)(O)] \'alues derh·ed butyl alcohol is more than 100 times as larce as ~ for its 
from data on monnh~·droxylic alcohol\, fnr "·hich inll'rnal ilomer diethyl ethtr. ln cont.rast, the solubilities of lht- t~~o·o 

l
,·dr~Pn bonding is impn~~ible. Thc third J.ua:est interac- eompuunds dirrer by leu than 2091.; n-butyl alcohul is a). 
;"(In, that fuund in p)-razinPI', may also be explained in ready so strongly hydrogen bonded in the orcanic phase 
ernls of hydrogen bonding. ~•hich •·e anumP is the main that it does not rain as much hydrog~n bonding on roing 
rea~nn that p)·ridine and must nl her uintf. are much more into aqueous solution as it olherwiu •·ould. · 

l
·ater aoluble than benzene. That is, the larce posit-i\'e Although the relative macnitudes of the poup contribu-
alue of IN.,(C.,h) Ji,;ted in Table II, •·hkh ari~e~ from lions in Table JJ tend to acree with common notiun~ ron· 
?.ta 0!1 f!~-ridine derh·:1~h'?,., i~ e re!Jecticm of thE- ability nr t"trni!'l{; ~tructural efrf'cU nn hydrophilic charerlf-r. With 

1:11 rrr;Ci!'(· Uitru::(:': F.~t•!l"' fl; c("(l•jJ: }-.yCrt•;;t-n hc,nd!: fro".J':l the rnnUi!Jutif..:-,~ for OXYfEn• anc! r.itro::'!n•I:OIIb.:•;ihg 

-

atf'r, ']"h~ hydrv.;en-bttndinb euiJity of these nitrogen frnup~ tendinJ: tO be Jarcer than those for hydrnt·RrJ.on 
toms, like that Of Other basic atoms or a given type, is JTOUpS, it should be remembered that some of the numbers. 
nown to be decreaud J,y eJectron•111ill•dr~t\·ing SUb$titU• are the re.sults of arbit.rary .assicnments. Jn thr following 

·· ~nl~.1~ -The ~atue of log. K for :hydroien boridi~-or 3· and.- discuuion v.-echall consider only -points that are indtpen-

l
.r.ub~tituted p~-ridinn to p'~fJuorophenol in carbon tetra· dent ohuch assignm'!nts. Some of the contributions reflect 
hloride at 2s• dtcreases by 0.2-t f01 each pK unit by v.·hirh the kind of polar interactions already discussed in connec-

the basicity in \\'at~r at 2s• decrusefo.u. Each nitroren tion •ith Table Ill. For example, although (CH2fCHOl) is 
atom in pyrAzine is about 4.8 pK units more wukl)· besic esuntially equal to ICH2(C),), (CH2C0)2) is more than two 

llhan :the_ nitr~e11 flO~ jn pyrid!re." The~ n"¥l'l~~ !e~m. • : ~nils smallef. ~eh. of· th~. tw~ atoms ·Jowe.~:th.e. ba.sici~y ~ 
· .. rge enbu'h to "makt it· plau~ible ·that ti·eak ll~~droren · and, hence, the hydrocen-bonding ability of the other. Nei· 

oonding Jo the ta·o ni~ro~:en atoms of pyruines {~latin: to . ther of the.oxyg~n:atoms is in .the CH,(O.):t rroup, as the 

~
yd~or:en .~ndinc to the nitroirn atom of. p)-ridine) Jc· . c;arbon an~ hydro1en atoms are, b\lt since the CH2fOh is •. 
ounU foi )riueh .or the.distant po1n ·interarticm list~d for · lh~ onJy:s;roup unique)}' ~haraeteristic or • compound. with • · 

. }Taiints. A qualitath·ely simitar efrect wourcl bt e~t'ied t14·~ osyg'en atoms bonded to the same methylene croup·; 
for ethy~nediamine, but sincP the amino cruups in ethyl- the interaction appears in the (CH2(0),) contribution. 

f
ediamine are onlyabout 1.0 pK unit weaker than the one The fact that (S(C)(C.,l) ia about equal to fS<Cl2) ,.,·here· 
ethylamine1S it is not surprisin& that the distant polar as IO<CHC.,)) is considerably smaller than (O(Ch) reflects 

teraction is smaller than for pyrazines. The interactions the much creater ability of a phenyl rroup to •ithdraw 
for 8-diethe:s and for the saturated polyhalides and 2,2'· elrt'trons, by a resonance interat'tior., from an OJ)'len atom 

'

chloroditthyl sulfide may be rationalized qualit.ati\·ely in to "·hich it is bonded than from a sulfur atom. The fact 
e same way. Interpretation of the relati,·e magnitudu of that {O(C)(CO)} is still smaller than (O(C)(C.,l) reOecu the 
eu interactions is probably eompli~ted by the follov.ing rreater elec:tron-withdrawinc power or a carbonyl rroup. 

(arts. (1) Some or the halidu are probably or such lo11.· ba· In applying the croup cont.ributiuns in Table JJ to com· 

I
" city that thry are so little in,·olved in hydrogen bonding pounds in w·hich Jignificant distant polar interactions set-m 
·ith •·ater that further decreases in basicity h8\'e littlt ef· ~uible, the maenitudes of such interactions may be e~ti· 
ect. (2) Some of the compounds, such as those •·ith dichlo· mated from the interactions listed in Table Ill. Although 

romethylcroups, may be acidic as •·ell as basic participants the croup contribution scheme is to ~ preferred -·hen the 
., hydrn:en bonding. (3) The strength or hydrogen bnndin: required croup contributions have ~en (or can bel deter· 
·~pends on the polarity as well as. the acidity and buidty mined, the less precise bond contribution scheme presently 
or the interact.inc spe-cies. (4) Some of the interactions Jist· covers a sicnificantly larger num~r or possible compounds. . 

• eocf may cont.ain major experimental errorL. A brief and preliminary account of this investigation will 

I The larcest posith.·e distant polar interaC"tion, for P· ni- appear in a forthcoming book." 
ophenol, is probably also attributable largely to hydro· 

b d• ff Th · babl • MIDipri11t Matuial Available. FuU·aizrd photDtopits of tht 
'f'n· c.on mg e ects. e nttro rroup pro Y Interacts miniprmted znat.erid from this paper only or zniaoficht 1105 x 

i
,th water Jarcely byarting as a base in hydrogen bonding. J48 rnm, 24X muction, rwratives) eont.aininc all the rniniprinttd 
\"t~h the hydroxy (rOUp, however, hydrogen bond in~; tO and suppltDI~nt.arymat.eriaJfor \ht papera in this inut rtoiY bf ob· 

. a~r ~;th th~ croup ac:t.inc u an ~c:id m~st ,be importan.t. taillfll fri:lm lh.e Journals l)epartment. Amfrican Cbtmtcal Sc.citty, 
The P· hydroxy substiti.atnt acts as an electron donor and 11&5 J6t.h St., N.W., Washinrton, D. C. 20036. Remit chtcl. or 

E
. creases the basicity ot the nitro iroup and the p· nitro ~r~ont)" order for S..OO for photocopy or S:!.OO for micrc.riche, rtfer· 

bstituent acts as an electron withdrawer and incrta."!s rinr to Ctlde num~r JOC-'7~·292. 
e acidity or the hydruxy croup. Thus the nitro and hy· Rerere11ees and Notes 

droxy poups in P· nitrophenol zna)" interact more stron:ly 111 Thia ~tiQ&tion -• ~d ~ pe,., NattCII\II SCIP'Itt F~1o11 

~
"th •·ater than do the nit.ro and hydroxy croups in nitro· Grant GP·32.CUX. TM 11 pe, xrx ~.,. Nrils, Sl•&r."'' Elfrc:a on 
nzene and phenol, rtt.pecth·e1~·. The same ar•ument tx· "''ea and EQU6tlr• FOt per1 XVII .... J. Hone and A. w. tuue::>et. J 

J ., A/Nt Ctwm Soe. tl, "'" 1117•1. 
t~in\ the smaller but 1ti11 posith·e intPraction o~n·ed C21 w. P. ,.ncks. ··c.~arrs" in~,.,., Enzrmolocy."' Mc:Cira•.t\11. 
· h h d '-- J..l h d · Ntw'VOtlt..NY,,KS.~P'trl. w1t P· ,... ruxy~n~a ut- Y e. · (31 C Ta11l01d .• .,,. H)'l!rOOhOCJie Etftet." Wlty, Ntw \'Ott. N.Y .• 1174 

-

\\'e do nut undtr.tand •·hy the interat·t ic.ns Ji,.ttd for the Coli c. tt.nseh. A~s Ctwm "-•·· J, 232 (1151) . 
. 2-dithloroethylenes art pn,.ith·e (althnugh tht \'alut lur C51 A Leo. C. Ha"'ctl· and D fl•ons. O.m A#o., .• 71,525 ctS711 

J • • ld b d '-- C61 S W a.nson •"' J H Bun. J etr.m Pl'tys .• Jt, 546 ct!S!• hr mc.rt po ar c1r. ar.un.rr ao:.a e ~Xpt-t·te to ur n1ore lZ! J o c:.o. •"" G ,......., ., ... .., c ctu .,,, o&.O.o-nic a...: Or;a"ornt· 
p~ith-e. a" ohsff\•ed). . - -- . •lie ~~ ... Acaelerrlie "'"· Ntw YOt~. NY. "7C Qla~:to 7 

I Jntrin~il: hycJror,hilic chbriH ter is mort simp)~ UnCtr· (II) S W .. 1\JOII. F. A Ctllic~sJ\111~. D t.l Goioe 11• Ci R H&.q'"' H £ 
o·Neal. A. S ~rs. R Slww. and R. W•lsPI. o...-n Fir•. II. 279 

tur-d in tPflll" o! rnolt"rular strul:'turP than i .. the hydrnphil· (11691 
J• t:h:.rartrr nttas.ur .. ci hv -""•t•r aoluhilit,· or dic.trih• lt•tn ~111 ~ A v &.AJ.t. 0 w ~ w H ., 

·- cudllcit·nH. $int;"i hydrux)· J!roup can participatt- a" L-·th (10! J A v BJ~Itt, c. N. Rafl'letlalldalll. ai'IO o w t~O'I. J ~.,.. Sc:. lr. ac:id and a b~a .. r in h~·dru&;E-11 bondinr ~A·h.·rt:a~ :111 E-tt:tr· · n:l (1!13~1 
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tion. The resultina standard deviation, 0.42, wu euentially 
tbf Mftlt u that obtained iD the bond correlation ol 263 

caJeu.lated values or Joe,. in the laat column or Table tv. 
To help iD uaesain, the quality of the eomlationa, a plot 

clJoc .,.._ &II. Joe 'rapeJ ia abown iD Filufe 1. The quality 
ol &he croup coatribut.ioo correlation may be iDterred from 
&be fact that &he atandard deviation wu only ~ u larte 
• that in the bond contribution correlation. 
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The relative fac:ility ol aD ac:id iD catalyzin1 the bomeri.ution olmethytpent&nn t.o 2,2·dimethylbutane and "' 
MJ&M and :!..r aimwtaneoua depret.oDitiOD or carbonium ion intermtdiatel ill u.td t.o define I Mltdivily par am• 
eter, lc,.,/lc,. •liE, r!wacuristic or the mtdium.ll£ il uatd t.o rank Ltwia ac:ida in HBr, HCI, HF, HSO,F, and 
cr,so,H. Data for two liE IC&lu, ODe for nc:hL"'If with boptnt&nl and the other for ezc:hance with 11\elhyley· 
dopentane, are npontd. · 

The choice or an acid catalyst for a hydrocubon ruction unable to atabiliu the ion, will tend to induce fasur tl· 
is to a larre tiUnt IU\'trned by qualitative obsen.·ations ehanre than iaomeriution. The ratio or isomerization to 
rather than quantitative information about esiatinr poui- e1chanre rate constants,lc ;./lc 11 or 1/E, is defa.ned as a It· 
bilities. This aituation esists because the relath·e acid lectivity parameter which permita the ranking or aU strong 
strength of important adds is often unknown and because acid.s .. This parameur should ~ uurul until alternate e1· 
firm information about the stability or ionic: inurmediates ehanre mechanisms bec:ome important. At very high aeidi· 
in most adds is virtually unavailable. tieA direct protonation and displacement may become sir· 

To help clarify the iuues rec:ent work, notably that or aificant but it is aot a aerious (actor througb 2 M SbF ~-
Prof~:ssor R. J. Gillespie and his colleagues, has aimed at HSO~ solutions which have H o values > -18. 
deurmininr Hammett acidity function valutt, H 0, forays- .. 

. . ~ tems emptoyinr SbFa as.a ·Ltwi .. acid.1~ Oilng aitro" arb- -~ St~~rie-1 Approaeh.to the Problem ·. ·. 
· matics as ini!ic:ators, he has shown that' some ac:ids have In order -to obtain the selectivity parameter, it is first 
about 101 times the protonatinr ability or 10091. H 2S04• Deeenary to prepare a suitably la~led hydrocarbon. This 
Acids in this ranre an renerally uatful for paraffin-olefin was done by eontactinr 2· or 3-methylpentan~ with 9~ 
alkylation, puaffin isomerization, and certain types, or H,S04 eonta.iaiDJ tracer quantities or T20 (1 rnCi/ml) for 
crackin1 rtaetions. Uainr aimiJar techniques we art in the ln'tral days. In this ac:id, the methyJpentan~s isomerize 
process of e1tendinr Gillespie's measurements to other without underJoinl c:hain branchlnr rearranr:ements and 
adds, but of add~d importance, we have developed a new ezchanre a11 protons nc:ept the tertiary hydrogen.~13 The 
procedure to classify acids accordin1 to the manner in labeled methylpentanes were diluted with unlabeled mPth· 
•·hich th!\'l~bnize or intrraC't with alkvJ carbonium ions. )"lpe:ttlnes and mind with iNipent.1:, (mixtur,. J I or 

CJu~ p.r.:.C:~ure is aimtd •t ghiut u:: quantitati\·~ inCur· mtthyJeycJCipent.lne lmisture 2). 
mation about the nuc:leophilieity or I riven acid solution. Since it is known that durinr the isomrriution or meth· 

.• 

____ _.S,..pecilically it tells us if an alkyl cation can rearranre •;tb .,-Jpentanes ~e e-qttililtrium mistUf't of alHsomHS 1tm? is-
or •·it-hout deprotonatinr durinr its lifetime in the acid. Jt a rapid equilibration or 2·melhylpenlaM, 3·methylpen-
thould be noted that the nuel~ophilicity or an acid system tant, and 2,3-dimethylbut.ane which is followtd by a slo,,er I ia not necessarily directly related to its acidity as a Br¢nst· eon\-ersion or this ~nixture to 2,2-dimethylbutanr and n • 

•-------4~K'+·e-..... property ~ ~rly~"&luated by an Ho~ -· ... buarieuu• ct thoon tfiE tilt ol the litter procrs~. li ... " 

I 
measurement. u a measure or the isomeriution acti\·ity or lht' add. 

This information is acquired by aimultaneously reactinr We also measure the rat.e or depletion or radioaeth·ity in 
a hydrocarbon which contains an essentially uniform distri· the total hexane frac-tion. The isomerization and 0\'tr.::lll tx· 
but ion or tritium around itt sbleton with another mol~cu· ehan~e processes are both assumed to full ow fir,.t·urdrr ki · 

I 
Jar v.-eirht but unlaLeled hydwcarbon O\'er any acid cata· aetics and tht rat~ ronstants are obtainrd from lo~ c:anc-rn 
ly~t. A "ptrfrct•· acid wil! ailnw all isomeriutions to OC'C'Ur tration or radiuacti\·ity t·s. time plots. In thr nwrr iracli\·t 
•·ithnut hydror,tr uchan,e while a ••poor" acid, ••hieh is acid s~'Stems there is substantial unc~rtaint\ in th,. r-1: .. 
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1 -IRIS 
NAME OF SUBSTANCE 
CAS REGISTRY NUMBER 
EVIDENCE FOR HUMAN 

AsbestoS 
1332-21-4 

CARCINOGENICITY 
CLASSIFICATION: NOTE: The carcinogen assessment summary for 
asbestos may change in the near future pending the outoome of a 
further review now being oonducted by the CRAVE Work Group. 
- Classification - A:, human carcinogen Basis -
Observation of increased monality and incidence of lung 
cancer, mesotheliomas and gastrointestinal cancer in exposed 
workers. Animal studies by inhalation in two strains of rats 
showed similar findings for lung cancer and mesotheliomas. 
Animal evidence for carcinogenicity via ingestion is limited 
(male rats fed intermediate-range chrysotile fibers; i.e., > 10 
um length, developed benign polyps), and epidemiologic data in 
this regard are inadequate. 

HUMAN CARCINOGENICITY DATA: 

Sufficient. Numerous epidemiologic studies have reponed an increased 
incidence of deaths due to cancer, primarily lung cancer and mesotheliomas 
associated with exposure to inhaled asbestos. Among 170 asbestos insulation 
workers in Nonh Ireland followed for up to 26 years, an increased incidence 
of death was seen due to all cancers (SMR=390), cancers·of the lower 
respiratory tract and pleura (SMR=1760) (Elmes and Simpson, 1971) and 
mesothelioma (7 cases). Exposure was not quantified. 

Selikoff (1976) reponed 59 cases of lung cancer and 31 cases of 
mesothelioma among 1249 asbestos insulation workers followed prospectively 
for 11 years. Exposure was not quantified. A retrospective oohon monality 
study (Selikoff et al., 1979) of 17,800 U.S. and Canadian asbestos insulation 
workers for a 10-year period using best available information (autopsy, 
surgical, clinical) reponed an increased incidence of cancer at all sites 
(319.7 expected vs. 995 observed, SMR=311) and cancer of the lung (105.6 
expected vs. 486 observed, SMR=460). A modest increase in deaths from 
gastrointestinal cancer was reponed along with 175 deaths from mesothelioma 
(none expected). Years of exposure ranged from less than 10 to greater than 
or equal to 45. Levels of exposure were not quantified. In other 
epidemiologic studies, the increase for lung and pleural cancers has ranged 
from a low of 1.9 times the expected rate, in asbestos factory workers in 
England (Peto et al., 1977), to a high of 28 times the expected rate, in 
female asbestos textile workers in England (Newhouse et al., 1972). Other 
occupational studies have demonstrated asbestos exposure-related increases in 
lung cancer and mesothelioma in several industries including textile 
manufacturing, friction products manufacture, asbestos cement products, and 
in the mining and milling of asbestos. The studies used for the inhalation 
quantitative estimate of risk are listed in the table in CARl. 

A case-oontrol study (Newhouse and Thompson, 1965) of 83 patients with 
mesothelioma reponed 52.6% had occupational exposure to asbestos or lived 
with asbestos workers oompared with 11.8% of the oontrols. Of the remaining 
subjects, 30.6% of the mesothelioma cases lived within one-half mile of an 
asbestos factory oompared with 7.6% of the oontrols. 
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The occurrence of pleural mesothelioma has been associated with the 
presence of asbestos fibers in water, fields -and streets in a region of 
Turkey with very high environmental levels of naturally-occurring asbestos 
(Baris et al., 1979). 

Kanarek et al. (1980) conducted an ecologic study of cancer deaths in 722 
census tracts in the San Francisco Bay area, using cancer incidence data from 
the period of 1969-1971. Chrysotile asbestos concentrations in drinking 
water ranged from nondetectable to 3.6E+7 fibers/L. Statistically significant 
dose-related trends were reponed for lung and peritoneal cancer in white 
males and for gall bladder, pancreatic and peritoneal cancer in white 
females. Weaker correlations were reponed between asbestos levels and 
female esophageal, pleural and kidney cancer, and stomach cancer in both 
sexes. In an extension of this study, Conforti et at. (1981) included cancer 
incidence data from the period of 1969-1974. Statistically significant 
positive associations were found between asbestos concentration and cancer of 
the digestive organs in white females, cancers of the digestive tract in 
white males and esophageal, pancreatic and stomach cancer in both sexes. 
These associationS appeared to be independent of socioeconomic status and 
occupational exposure to asbestos. 

Marsh (1983) reviewed eight independent ecologic studies of asbestos in 
drinking water carried out in five geographic areas. It was concluded that 
even though one or more studies found an association between asbestos in 
water and cancer monality (or incidence) due to neoplasms of various organs, 
no individual study or aggregation of studies exists that would establish 
risk levels from ingested asbestos. Factors confounding the results of these 
studies include the possible underestimates of occupational exposure to 
asbestos and the possible misclassification of peritioneal mesothelioma as Gl 
cancer. 

Polissar et al. (1984) carried out a case-control study which included 
better control for confounding variables at the individual level. The authors 
concluded that there was no convincing evidence for increased cancer risk from 
asbestos ingestion. At the present time, an imponant limitation of both the 
case-control and the ecologic studies is the short follow-up time relative to 
the long latent period for the appearance of tumors from asbestos exposure. 

---------------------------------------------------------
ANIMAL CARCINOGENICITY DATA: 

SufficienL There have been about 20 animal bioassays of asbestos. 
Gross et al. (1967) exposed 61 white male rats (strain not reponed) to 86 mg 
chrysotile asbestos dust/cu.m for 30 hours/Week for 16 months. Of the 41 
animals that survived the exposure period, 10 bad lung cancer. No lung cancer 
was observed in 25 controls. 

Reeves (1976) exposed 60-77 rats/group for 4 hours/day, 4 days/Week for 2 
years to doses of 48.7-50.2 mg/cu.m crocidolite, 48.2-48.6 mg/cu.m amosite 
and 47.4-47.9 mg/cu.m chrysotile. A S-14% incidence of lung cancer was 
observed among concentration groups and was concentration-dependent. 

Wagner et al. (1974) exposed CD Wistar rats (19-52/group) to 9.7-14.7 
mg/cu.m of several types of asbestos for 1 day to 24 months for 7 hours/day, 
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5 days/week. A duration-dependent increased incidence of lung carcinomas and 
mesotheliomas was seen for all types of asbestos after 3 months of exposure! 
compared with controls. 

F344 rats (88-250/group) were exposed to intermediate range chrysotile 
asbestos (1291E+8 f/g) in drinking water by gavage to dams during lactation 
and then in diet throughout their lifetime (NTP, 1985). A statistically 
significant increase in incidence of benign epithelial neoplasms {adenomatous 
polyps in the large intestine) was observed in male rats compared with pooled 
controls of all NTP oral lifetime studies {3/524). In the same study, rats 
exposed to short range chrysotile asbestos (6081E+9 f/g) showed no 
significant increase in tumor incidence. 

Ward et al. (1980) administered 10 mg UICC amosite asbestos 3 times/week 
for 10 weeks by gavage to 50 male F344 rats. The animals were observed for 
an additional 78-79 weeks post-treatmenL A total of 17 colon carcinomas 
were observed. This result was statistically significant compared with 
historical controls; no concurrent controls were maintained. 

Syrian golden hamsters (126-253/group) were exposed to short and 
intermediate range chrysotile asbestos at a concentration of 1% in the diet 
for the lifetime of the animals (NTP, 1983). An increased incidence of 
neoplasia of the adrenal cortex was observed in both males and females 
exposed to intermediate range fibers and in males exposed to short range 
fibers. This increase was .statistically significant by comparison to pooled 
controls but not by comparison to concurrent controls. NTP suggested that 
the biologic importance of adrenal tumors in the absence of target organ (GI 
tract) neoplasia was questionable. 

SUPPORTING DATA: 

Sincock (1977) reported an increased number of chromosomes and chromosome 
breaks after passive inclusion of asbestos with CHO-K1 cells. Chamberlain 
and Tarmy (1977) reported asbestos not to be mutagenic for E. coli or S. 
typhimurium. A positive response was unlikely, however, since prokaryotic 
cells do not phagocytize particles as do eukaryotic cells. 

ORAL EXPOSURE ND 
CARCINOGENICITY ASSESSME 

INHALATION EXPOSURE 
CARCINOGENICI1Y ASSESSME 

CLASSIFICATION: NOTE: The carcinogen assessment summary for 
asbestos may change in the near future pending the outcome of a 
further review now being conducted by the CRAVE Work Group. 
- Cassification - A; human carcinogen Basis -
Observation of increased mortality and incidence of lung 
cancer, mesotheliomas and gastrointestinal cancer in exposed 
workers. Animal studies by inhalation in two strains of rats 
showed similar findings for lung cancer and mesotheliomas. 
Animal evidence for carcinogenicity via ingestion is limited 
(male rats fed intermediate-range chrysotile fibers; i.e., > 10 
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um length, developed benign polyps), and epidemiologic data in 
this regard are inadequate. 

RISK/AIR CONCENTRATIONS: 

Air Concentrations at Specified Risk Levels: 

Risk Level Concentration 

E-4 (1 in 10,000) 4E-4 f/mL 
E-5 (1 in 100.000) 4E-5 f/mL 
E-6 (1 in 1,000,000) 4E-6 f/mL 

INHALATION DOSE-RESPONSE DATA: 

Reponed 
Average 

Human Data 
Occupational 

Group 

Fiber Exposure % Increase Reference 
Type (fiber- in Cancer per 

yr/mL) fiber-yr/mL 

Lung Cancer: 

Textile Products Predominantly 44 
Cbrysotile 

Textile Products Cbrysotile 31 

Textile Products Cbrysotile 200 
Textile Products Cbrysotile 51 

Friction Products Cb.rysotile 32 

Friction Products Cbrysotile 31 

Insulation Products Amosite 67 
Insulation Workers Mixed 300 

· (Cbrysotile, 
Crocidolite 
and Amosite) 

Asbestos Products 374 

Cement Products 89 

112 6.7 

Mesothelioma: 

Insulation workers Mixed 375 

28 Dement et al., 
1983b 

2.5 McDonald et 
al., 1983a 

1.1 Peto, 1980 
1.4 McDonald et 

al., 1983b 
0.058 Berry and 
Newhouse, 1983 

0.010 McDonald et 
al., 1984 

4.3 Seidman, 1984 
0.75 Selikoff et 

al., 1979 

0.49 Henderson and 
Enterline, 1979 

0.53 Weill et al., 
1979 

Finkelstein, 
1983 

l.SE-6 Selikoff et 
al., 1979; 
Peto et al., 
1982 
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Insulation Products Amosite 400 

Textile Products Chrysotile 67 
Manufacturer 

Cement Products Mixed 108 

ADDmONAL COMMENTS: 

1.0E-6 Seidman et al., 
1979 

- 3.2E-6 Peto, 1980; 
Peto et al., 

1982 
1.2E-5 Finkelstein, 
1983 

Risks have been calculated for males and females according to smoking 
habits for a variety of exposure scenarios (U.S. EPA. 1986). The unit risk 
value is calculated for the additive oombined risk or lung cancer and 
mesothelioma, and is calculated as a oomposite value for males and females. 
The epidemiological data show that cigarette smoking and asbestos exposure 
interact synergistically for production of lung cancer and do not interact 
with regard to mesothelioma. The unit risk value is based on risks 
calculated using U.S. general population cancer rates and mortality patterns 
without consideration of smoking habits. The risks associated with 
occupational exposure were adjusted to continuous exposure by applying a 
factor of 140 cu.m/50 cu.m based on the assumption of 20 cu.m/day for total 
ventilation and 10 cu.m/8-hour workday in the occupational setting. 

The unit risk is based on fiber oounts made by phase oontrast microscopy 
(PCM) and should not be applied directly to measurements made by other 
analytical techniques. The unit risk uses PCM fibers because the 
measurements made in the occupational environment use this method. Many 
environmental monitoring measurements are reponed in terms of fiber counts 
or mass as determined by transmission electron microsoopy (TEM). PCM detects 
only fibers longer than 5 urn and >0.4 urn in diameter, while TEM can detect 
much smaller fibers. TEM mass units are derived from TEM fiber counts. The 
oorrelation between PCM fiber oounts and TEM mass measurements is very poor. 
Six data sets which include both measurements show a oonversion between TEM 
mass and PCM fiber oount that range from 5-150 (ug/cu.m)/(f/mL). The 
geometric mean of these results, 30 (ugtcu.m)/(f/mL), was adopted as a 
oonversion factor (U.S. EPA, 1986), but it should be realized that this value 
is highly uncertain. Ukewise, the oorrelation between PCM fiber oounts and 
TEM fiber counts is very uncertain and no generally applicable oonversion 
factor exists for these two measurements. 

In some cases TEM results are reported as numbers of fibers <5 urn long 
and of fibers longer than 5 um. Comparison of PCM fiber oounts and TEM 
oounts of fibers >5 um show that the fraction of fibers detected by TEM that 
are also >0.4 um in diameter (and detectable by PCM) varies from 22-53% (U.S. 
EPA, 1986). 

It should be understood that while TEM can be specific for asbestos, PCM 
is a nonspecific technique and will measure any fibrous material. 
Measurements by PCM which are made in oonditions where other types of fibers 
may be present may not be reliable. 

In addition to the studies cited above, there were three studies of 
asbestos workers in mining and milling which showed an increase in lung 
cancer (McDonald et al., 1980, Nicholson et al., 1979; Rubino et al., 1979). 
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The slope factor calculated from these studies was lower than the other 
studies, possibly because of a substantially different fiber size 
distribution, and they were not included in lhe calculation. The slope 
factor was calculated by life table methods for lung cancer using a relative 
risk model, and for mesothelioma using a absolute risk model The final 
slope factor for lung cancer was calculated as the weighted geometric mean of 
estimates from the 11 studies cited in CARl. The final slope 
factor for mesothelioma is based on the calculated values from the studies of 
Selikoff et al. (1979), Peto et al. (1982), Seidman et al. (1979), Peto 
(1980) and Finkelstein (1983) adjusted for the mesothelioma incidence from 
several additional studies cited previously. 

There is some evidence which suggests that the different types of 
asbestos fibers vary in carcinogenic potency relative to one another and site 
specificity. It appears, for example, that the risk of mesothelioma is 
greater with exposure to crocidolite than with amosite or chrysotile exposure 
alone. This evidence is limited by the lack of information on fiber exposure 
by mineral type. Other data indicates that differences in fiber size 
distribution and other process differences may oontribute at least as much to 
the observed variation in risk as does the fiber type itself. 

The unit risk should not be used if the air ooncentration exceeds 4E-2 
ug/cu.m, since above this ooncentration the slope factor may differ from that 
stated. 

DISCUSSION OF CONFIDENCE: 

A large number of studies of occupationally-exposed workers have 
oonclusively demonstrated the relationship between asbestos exposure and lung 
cancer or mesothelioma .. These results have been corroborated by animal 
studies using adequate numbers of animals. The quantitative estimate is 
limited by uncertainty in the exposure estimates, which results from a lack 
of data on early exposure in the occupational studies and the uncertainty of 
conversions between various analytical measurements for asbestos. 

CARCINOGENICITY 
ASSESSMENT DOCUMENTATION 

CARCINOGENICITY SOURCE DOCUMENT: 

U.S. EPA. 1985. Drinking Water Criteria Document for Asbestos. Prepared by 
the Office of Health and Environmental Assessment, Environmental Criteria and 
Assessment Office, Cincinnati, OH for the Office of Drinking Water, 
Washington, DC. 

U.S. EPA. 1986. Airborne Asbestos Health Assessment Update. Prepared by the 
Environmental Criteria and Assessment Office, Research Triangle Park. NC. EPA 
600/8-84t003F. 
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The 1985 Drinking Water Criteria Document for Asbestos and the 1986 
Airborne Asbestos Health Assessment U~te have received Agency review: 

REVIEW DATES: 09/15187, 12/CY1J87 
VERIFICATION DATE: 12/CY1J87 
EPA CONTACI'S: 

Steven P. Bayard I ORD - (202)382-5722 I FTS 382-5722 

Dan Guth I OAR- (919)541-5340 I FTS 629-5340 
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1 -IRIS 
NAME OF SUBSTANCE 
CAS REGIS1RY NUMBER 
EVIDENCE FOR HUMAN 

Lead and oompounds (inorganic) 
7439-92-1 

CARCINOGENICITY 
CLASSIFICATION: B2; probable human carcinogen 
BASIS FOR CLASSIFICATION: Sufficient animal evidence. Ten rat 
bioassays and one mouse assay have shown statistically 
significant increases in renal tumors with dietary and 
subcutaneous exposure to several soluble lead salts. Animal 
assays provide reproducible results in several laboratories, in 
multiple rat strains with some evidence of multiple tumor 
sites. Shon term studies show that lead affects gene 
expression. Human evidence is inadequate. 

HUMAN CARCINOGENICITY DATA: 

Inadequate. There are four epidemiologic studies in occupational oohons 
exposed to lead and lead oompounds. Two studies (Dingwali-Fordyce and Lane 
1963, Nelson et al., 1982) did not find any association between exposure to 
lead and cancer mortality. Selevan et al. (1985) in their retrospective 
coho~. mortality study of primary lead smelter workers found a slight decrease 
in the total cancer mortality (SMR=95). Apparent excesses were observed for 
respiratory cancer (SMR=111, obs=41, p>0.05) and kidney cancer (SMR=204, 
obs=6, p>0.05). Cooper and Gaffey (1975) and Cooper (1985 update) in their 
cohon mortality study of battery plant workers and lead smelter workers found 
statistically significant excesses for total cancer mortality (SMR=113, 
obs=344), stomach cancer (SMR=168, obs=34) and lung cancer (SMR=124, obs=109) 
in battery plant workers. Although similar excesses were observed in smelter 
workers, they were not statistically significant. Cooper and Gaffey (1975) 
felt it was possible that individual subjects were monitored primarily on the 
basis of obvious signs of lead exposure, while others who show no symptoms of 
lead poisoning would not be monitored. 

All of the available studies lacked quantitative exposure information, as 
well as information on the possible oontribution of smoking. All studies also 
had exposures to other metals such as arsenic, cadmium and zinc for which no 
adjustment was done. The cancer excesses observed in the lung and stomach 
were relatively small ( <200). There was no oonsistency of site among the 
various studies, and no study showed any dose-response relationship. Thus, 
the available human evidence is oonsidered to be inadequate to refute or 
demonstrate potential carcinogenicity for humans from lead exposure. 

ANIMAL CARCINOGENICITY DATA: 

Sufficient. The carcinogenic potential of lead salts, primarily 
phosphates and acetates, administered by the oral route, di~t or by injection 
has been demonstrated in rats and mice by more than 10 investigators. The 
most characteristic cancer response is bilateral renal carcinoma. Rats given 
lead acetate or subacetate orally have developed gliomas, and lead subacetate 
also produced lung adenomas in mice after i.p. adminstration. Most of these 
investigations found a carcinogenic response only at the highest dose. The 
lead oompounds tested in animals are almost all soluble salts. Metallic lead, 
lead oxide and lead tetralkyls have not been tested adequately. Studies with 
inhalation exposure have not been located in the literature. 
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Azar et al. (1973) administerd 10, SO, 100, and SOO ppm lead as lead 
acetate in dietary ooncentrations to fifty rats/sex/treatment group for 2 
years. One hundred oontrol rats of each sex received the basal laboratory 
dieL In a second 2-year feeding study, 20 rats/group were given diets 
containing 0, 1000, and 2000 ppm lead as lead acetate. No renal tumors were 
reponed in the oontrol groups or in treated animals of either sex receiving 
10 to 100 ppm. Male rats fed 500, 1000, and 2000 ppm lead acetate had an 
increased renal tumor incidence of 5!50, 10/20, and 16/20, while 7/20 females 
in the 2000 ppm developed renal tumors. 

The Azar et al. (1973) study is limited by the lack of experimental 
detail. The possibility of environmental oontamination from lead in the air 
or drinking water was not mentioned. The strains of rats used were not 
specified in the study, but the Health Effects Assessment for Lead (U.S. EPA. 
1984) indicated the rats were Wistar strain. The weight gain at 1000 and 2000 
ppm was reponed to be depressed, but details were not given. 

Kasprzak et al. (1985), in investigating the interaction of dietary 
calcium on lead carcinogenicity, fed a diet with 1% lead subacetate (8500 ppm 
Pb) to male Sprague-Dawley rats for 79 weeks. Of the rats surviving (29130) 
in this treatment group beyond 58 weeks, 44.8% had renal tumors. Four rats 
had adenocarcinomas; the remainaing nine had adenomas. Bilateral tumors were 
noted. No renal tumors were noted among the oontrols. 

As pan of a study to determine interactions between sodium nitrite, ethyl 
urea and lead, male Sprague-Dawley rats were given lead acetate in their 
drinking water for 76 weeks (Koller et al., 1986). The ooncentration of lead 
was 2600 ppm. No kidney tumors were detected among the 10 control rats. 
Thineen of 16 (81%) lead-treated rats had renal tubular carcinoma, with three 
tumors detected at 72 weeks and the remainder detected at the termination of 
the study. 

Van Esch and Kroes (1969) fed basic lead acetate at 0, 0.1 %, and 1.0% in 
the diet to 25 Swiss mice/sex/treatment group for 2 years. No renal tumors 
developed in the control group, but 6/25 male mice of 0.1% basic lead acetate 
group had renal tumors (adenomas and carcinomas oombined). In the 1.0% group, 
one female bad a renal tumor. The authors felt that the low incidence in the 
1.0% group was due to early mortality. 

Hamsters given lead subacetate at 0.5% and 1% in the diet had no 
significant renal tumor response (Van Esch and Kroes, 1969). 

SUPPORTING DATA: 

Lead acetate induces cell transformation in Syrian hamster embryo cells 
(DiPaolo et al., 1978) as well as enhances the incidence of simian adenovirus 
induction. Lead oxide showed similar enhanced adenovirus induction (Casto et 
al., 1979). 

Under certain oonditions lead compounds are capable of inducing 
chromosomal aberrations in vivo and in tissue cultures. Grandjean et at. 
(1983) showed a relationship between SCE and lead exposure in exposed workers. 
Lead has been shown, in a number of DNA structure and function assays, to 
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affect the molecular processes associated with the regulation of gene 
expression (U.S. EPA. 1986). 

ORALEXPOSURE ND 
CARCINOGENICITY ASSESSME 

INHALATION EXPOSURE ND 
CARCINOGENICITY ASSESSME 

CARCINOGENICITY 
ASSESSMENT DOCUMENTATION 

CARCINOGENIC11Y SOURCE DOCUMENT: 

U.S. EPA 1984. Health Effects Assessment for Lead. Prepared by the Office 
ot Health and Environmental Assessment, Environmental Criteria and Assessment 
Office, Cincinnati, OH, for the Office of Emergency and Remedial Response, 
Washington, DC. EPN540/1-86,.U55. NTIS PBBS-163996/AS. 

U.S. EPA 1986. Air Quality Criteria Document for Lead. Volumes III, IV. 
Prepared by the Office of Health and Environmental Assessment, Environmental 
Criteria and Assessment Office, Research Triangle Park, NC, for the Office of 
Air Quality Planning and Standards. EP A-600!8-83JU2&1F. 

U.S. EPA 1987. Preliminary review of the carcinogenic potential of lead 
associated with oral exposure. Prepared by the Office of Health and 
Environmental Assessment, Carcinogenic Assessment Group, Washington DC, for 
the Office of Drinking Water, Office of Solid Waste and the Office of 
Emergency and Remedial Response (Superfund). OHEA-C-267. Internal Review 
Draft. 

The review of the carcinogenic potential of lead associated with oral 
exposure has received Agency review. 

The 1986 Air Quality Criteria Document for Lead has received Agency and 
External Review. 

REVIEW DATES: 05,u4!88 
VERIFICATION DATE: 05,u4!88 
EPA CONTACI'S: 

William Pepelko I ORD - (202)382-5898 I FI'S 382-5898 

James Cogliano I ORD - (202)382-5898 I FI'S 382-5898 
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1 -IRIS 
NAME OF SUBSTANCE 
CAS REGIS1RY NUMBER 
EVIDENCE FOR HUMAN 

1,1,1-Trichloroetbane 
71-55-6 

CARCINOGENICITY 

None. 

CLASSIFICATION: D; not classifiable as to human carcinogenicity. 
BASIS FOR CLASSIFICATION: There are no reponed human data and 
animal studies (one lifetime gavage, one intermediate-term 
inhalation) have not demonstrated carcinogenicity. Technical 
grade 1,1,1-trichloroethane has been shown to be weakly 
mutagenic, although the contaminant, 1,4-dioxane, a known 
animal carcinogen, may be responsible for this response. 

HUMAN CARCINOGENICITY DATA: 

ANIMAL CARCINOGENICITY DATA: 

Inadequate. The NCI (1977) treated 50 male and SO female Osborne-Mendel 
rats with 750 or 1500 mg/kg technical-grade 1,1,1-trichloroethane 5 
times/week for 78 weeks by gavage. The rats were observed for an additional 
32 weeks. Twenty rats of each sex served as untreated controls. Low 
survival of both male and female treated rats (3%) may have precluded 
significant development of tumors late in life. Although a variety of 
neoplasms was observed in both treated and matched control rats, they were 
common to aged rats and were not significantly related to dosage. Similar 
results were obtained when the NCI (1977) treated B6C3F1 hybrid mice with the 
time-weighted average doses of 2807 or 5615 mg/kg 1,1,1-trichloroethane by 
gavage 5 days/Week for 78 weeks. The mice were observed for an additional 12 
weeks. The control and treated groups bad 20 and SO animals of each sex, 
respectively. Only 25 to 45% of those treated survived until the time or 
terminal sacrifice. A variety of neoplasms were observed in treated groups 
but with an incidence not statistically different from matched controls. 

Quast et al. (1978) exposed 96 Sprague-Dawley rats of both sexes to 875 
or 17SO ppm 1,1,1-trichloroethane vapor for 6 hours/day, 5 days/week for 12 
months, followed by an additional 19-month observation period. The only 
significant sign of toxicity was an increased incidence of focal 
hepatocellular alterations in female rats at the highest dosage. It was not 
evident that a maximum tolerated dose (MTD) was used nor was a range-finding 
study conducted. No significant dose-related neoplasms were reponed, but 
these dose levels were below those used in the NCI study. 

SUPPORTING DATA: 

Mutagenicity testing of 1,1,1-tricbloroethane has produced positive 
results in S. typhimurium strain TAtOO (Simmon et al., tm; Fishbein, 1979; 
Snow et al., 1979) as well as some negative results (Henschler et al., 1977; 
Taylor, 1978). 

It was mutagenic for S. typbimurium strain TA1535 both with exogenous 
metabolic activation (Farber, 1977) and without activation (Nestmann et al., 
1980). 1,1,1-Tricbloroetbane did not result in gene oonversion or mitotic 
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recombination in Saa:haromyces cerevisiae (Farber,·1977; Simmon et al., 1977) 
nor was it positive in a host-mediated forward mutation assay using • 
Schizosaa:haromyces pombe in mice. The-chemical also failed to produce 
chromosomal aberrations in the bone marrow of cats (Rampy et al., 1977), but 
responded positively in a cell transformation test with rat embryo cells 
(Price et al., 1978). 

An isomer, 1,1,2-trichloroethane, is carcinogenic in mice, inducing liver 
cancer and pheochromocytomas in both sexes. Dichloroethanes, 
tetrachloroethanes and hex:achloroethanes also produced liver cancer in mice 
and other types of neoplasms in rats. 

It should be noted that 1,4-dioxane, a known animal carcinogen, is a 
oontaminant of technical-grade 1,1,1-trichlorethane. It causes liver and 
nasal tumors in more than one strain of rats and hepatocellular carcinomas in 
mice. 

------------------· 
ORAL EXPOSURE ND 
CARCINOGENICITY ASSESSME 

INHALATION EXPOSURE ND 
CARCINOGENICITY ASSESSME 

CARCINOGENICITY 
ASSESSMENT DOCUMENTATION 

CARCINOGENICITY SOURCE DOCUMENT: 

U.S. EPA 1984a. Health Effects Assessment for 1,1,1-Trichloroethane. 
Prepared by the Office of Health and Environmental Assessment, Environmental 
Criteria and Assessment Office, Cincinnati, OH for the Office of Emergency and 
Remedial Response, Washington, DC. 

U.S. EPA 1984b. Health Assessment Document for 1,1,1-Trichloroethane. 
Office of Health and Environmental Assessment, Environmental Criteria and 
Assessment Office, Research Triangle Park, NC. EPA-60018-82-003F. 

The 1984 Health Effects Assessment for 1,1,1-Trichloroethane has received 
limited Agency review. The values in the 1984 Health Assessment Document for 
1,1,1-Trichloroethane have received both Agency and public review. 

REVIEW DATES: 08/05/87 
VERIFICATION DATE: 08/05!87 
EPA CONTACI'S: 

Charlingayya Hiremath I ORD - (202)382-5898 I FI'S 382-5898 
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1 -IRIS 
NAME OF SUBSTANCE Chromium(VI) 
CAS REGISTRY NUMBER 7440-47-3 
EVIDENCE FOR HUMAN 
CARCINOGENICITY 

CLASSIFICATION: A; human carcinogen by the inhalation route 
BASIS FOR CLASSIFICATION: Results of epidemiologic studies are 
consistent across investigators and locations. Dose-response 
relationships for lung tumors have been established. 

HUMAN CARCINOGENICI1Y DATA: 

Sufficient. Epidemiologic studies of chromate production facilities in 
the United States (Machle and Gregori us, 1948; Brinton et al., 1952; Mancuso· 
and Hueper, 1951, Mancuso, 1975; Baetjer, 1950; Taylor, 1966; Enterline, 1974; 
Hayes et al., 1979; Hill and Ferguson, 1979), Great Britain (Bidstrup, 1951; 
Bidstrup and Case, 1956; Alderson et al., 1981), Japan (Watanabe and FukUchi, 
1975; Ohsaki et at., 1978; Sano and Mitohara, 1978; Satoh et al., 1981) and 
West Germany (Korallus et al., 1982; Bittersohl, 1971) have established an 
association between chromium (Cr) exposure and lung cancer. Most of these 
studies did not attempt to determine whether Cr III or Cr VI compounds were 
the etiologic agents. 

Three studies of the chrome pigment industry, one in Norway (Langard and 
Norseth, 1975), one in England (Davies, 1978, 1979), and the third in the 
Netherlands and Germany (Frentzel-Beyme, 1983) also found an association 
between occupational chromium exposure (predominantly to Cr VI) and lung 
cancer. 

Results of two studies of the chromium plating industry (Royle, 1975; 
Silverstein et al., 1981) were inconclusive, while the findings of a Japanese 
study of chrome•platers were negative (Okubo and Tsuchiya, 1979). The results 
of studies of ferrochromium workers (Pokrovskaya and Shabynina, 1973; Langard 
et al., 1980; Axelsson et al., 1980) were inconclusive as to lung cancer risk. 

·--------------------------------
ANIMAL CARCINOGENICI1Y DATA: 

Sufficient. Hexavalent chromium compounds were carcinogenic in animal 
assays producing the following tumor types: intramuscular injection site 
tumors in FJSCher 344 and Bethesda Black rats and in C57BL mice (Furst et 
al., 1976; Maltoni, 1974, 1976; Payne, 1960; Heuper and Payne, 1959); intra
plural implant site tumors for various chromium VI compounds in Sprague
Dawley and Bethesda Black rats (Payne, 1960; Heuper 1961; Heuper and Payne, 
1962); intrabronchial implantation site tumors for various Cr VI compounds 
in Wistar rats (Levy and Manin, 1983; Laskin et al., 1970; Levy as quoted 
in NIOSH, 1975); and subcutaneous injection site sarcomas in Sprague-Dawley 
rats (Maltoni, 1974, 1976). 
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SUPPORTING DATA: 

A large number of chromium compounds have been assayed in in vitro 
genetic toxicology assays. In general, hexavalent chromium is mutagenic in 
bacterial assays whereas trivalent chromium is not (Lofroth, 1978; Petrellie 
and Flora, 1977, 1978). Likewise Cr VI but not Cr III was mutagenic in yeasts 
(Bonatti et al., 1976) and in V79 cells (Newbold et al., 1979). Chromium lll 
and VI compounds decrease the fidelity of DNA synthesis in vitro (Loeb et at., 
1977), while Cr VI compounds inhibit replicative DNA synthesis in mammalian 
cells (Levis et at., 1978) and produce unscheduled DNA synthesis, presumably 
repair synthesis, as a consequence of DNA damage (Raffetto, 1977). Chromate 
has been shown to transform both primary cells and cell lines (Fradkin et al., 
1975; Tsuda and Kato, 1977; Casto et al., 1979). Chromosomal effects produced 
by treatment with chromium compounds have been reponed by a number of 
authors; for example, both Cr VI and Cr m salts were clastogenic for 
cultured human leukocytes (Nakamura et al., 1978). 

--------------------
ORAL EXPOSURE ND 
CARCINOGENICITY ASSESSME 

INHALATION EXPOSURE 
CARCINOGENICITY ASSESSME 

CLASSIFICATION: A; human carcinogen by the inhalation route 
INHAlATION UNIT RISK: 1.2E-2/ug/cu.m 
DOSE EXTRAPOLATION METHOD: Multistage, extra risk 
RISK/AIR CONCENTRATIONS: 

Air Concentrations at Specified Risk Levels: 

Risk Level Concentration 

E-4 (1 in 10,000) 8E-3 ug/cu.m 
E-5 (1 in 100,000) 8E-4 ug/cu.m 
E-6 (1 in 1,000,000) 8E-5 ug/cu.m 

INHAlATION DOSE-RESPONSE DATA: 

Species/Strain 
Tumor Type 

human 

Age 
(years) 

50 

60 

Dose Tumor 
Incidence 

Route: Occupational exposure 
(inhalation) 

Midrange Deaths from 
(ug/cu.m) Lung Cancer 

5.66 3 1345 
25.27 6 931 
46.83 6 299 

4.68 4 1063 

Reference 

Person 
Years 

Mancuso, 
1975 
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70 

20.79 
39.08 

4.41 
21.29 

5 
5 
2 
4 

ADDmONAL COMMENTS: 

712 
211 
401 
345 

The cancer monality in Mancuso (1975) was assumed to be due to Cr VI, 
which was funher assumed to be no less than one-seventh of total chromium. 
It was also assumed that the smoking habits of chromate workers were similar 
to those of the U.S. white male population. Slope factors based on Langaid et 
al. (1980), Axelsson et at. (1980), and Pokrovskaya and Shabynina (1973) 
result in air unit risk estimates of 1.3E-1, 3.5E-2 and 9.2E-2 ug/cu.m, 
respectively. 

Hexavalent chromium compounds have not produced lung tumors in animals 
by inhalation. Trivalent chromium compounds have not been reported as car
cinogenic by any route of administration. 

The unit risk should not be used if the air concentration exceeds BE-l 
ug/cu.m, since above this concentration the slope factor may differ from· 
that stated. 

DISCUSSION OF CONFIDENCE: 

Results of studies of chromium exposure are consistent across investi
gators and countries. A dose-relationship for lung tumors has been estab
lished. The assumption that the ratio of Cr III to Cr VI is 6:1 may lead to 
a 7-fold underestimation of risk. The use of 1949 hygiene data, which may 
underestimate worker exposure, may result in an overestimation of risk. 
Further overestimation of risk may be due to the implicit assumption that 
the smoking habits of chromate workers were similar to those of the general 
white male population, since it is generally accepted that the proportion of 
smokers is higher for industrial workers than for the general population. 

CARCINOGENICITY 
ASSESSMENT DOCUMENTATION 

CARCINOGENICITY SOURCE DOCUMENT: 

Mancuso, T.F. 1975. International Conference on Heavy Metals in the Envi
ronmenL Toronto, Ontario, Canada. 

U.S. EPA. 1984. Health Assessment Document for Chromium. . Prepared by 
the Office of Health and Environmental Assessment, Environmental Criteria 
and Assessment Office, Cincinnati, OH. EPA 60018-83-014F. 

The quantification of cancer risk in the 1984 Health Assessment Document 
bas received peer review in public sessions of the Environmental Health Com-
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mittee of the U.S. EPA's Science Advisory Board. 

REVIEW DATES: ~!2fJ/86 -
VERIFICATION DATE: ~!2fJ/86 
EPA CONTACTS: 

Herman J. Gibb I ORD - (202)382-5898 I FI'S 382-5898 

Chao W. Chen I ORD - (202)382-5719 I FI'S 382-5719 
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1 -IRIS 
NAME OF SUBSTANCE 
CAS REGISTRY NUMBER 
EVIDENCE FOR HUMAN 

Cadmium 
7440-43-9 

CARCINOGENICITY 
CLASSIFICATION: Bl; probable human carcinogen by inhalation 
BASIS FOR CLASSIFICATION: Limited evidence from epidemiologic 
st¥dies and sufficient evidence of carcinogenicity in rats and 
mice by two routes 

HUMAN CARCINOGENICITY DATA: 

Limited. A 2-fold excess risk of lung cancer was observed in cadmium 
smelter workers. The cohort consisted of 602 white males who had been 
employed in production work a minimum of 6 months during the years 1940-1969. 
The population was followed to the end of 1978. Urine cadmium data available 
for 261 workers employed after 1960 suggested a highly exposed population. 
The authors were able to ascertain that of these possible confounding factors 
the increased lung cancer risk was probably not due to the presence of arsenic · 
or to smoking (Thun et al., 1985). An evaluation by the Carcinogen Assessment 
Group of these possible confounding factors has indicated that the assumptions 
and methods used in accounting for them may not be valid. As the SMRs 
observed were low and there is a lack of clear cut evidence of a causal 
relationship of the cadmium exposure only, this study is considered to supply 
only limited evidence of human carcinogenicity. 

An excess lung cancer risk was also observed in three other studies which 
were, however, compromised by the presence of other carcinogens (arsenic, 
smoking) in the exposure or by a small population (Varner, 1983; Sorahan and 
Waterhouse, 1983; Armstrong and Kazantzis, 1983). 

Four studies of workers exposed to cadmium dust or fumes provided evidence 
of a statistically significant positive association with prostate cancer 
(Kipling and Waterhouse, 1967; Lemen et al., 1976; Holden, 1980; Sorahan and 
Waterhouse, 1983), but the total number of cases was small in each study. The 
Thun et al. (1985) study is an update of an earlier study (Lemen et al., 1976) 
and does not show excess prostate cancer risk in these workers. Studies of 
human ingestion of cadmium are inadequate to assess carcinogenicity. 
-----------------·--·-·--------·---------

ANIMAL CARCINOGENICITY DATA: 

Exposure of Wistar rats to cadmium as cadmium chloride at concentrations 
of 12.5, 25 and 50 uglcu.m for 18 months, with an additional 13-month obser
vation period, resulted in significant increases in lung tumors (Takenaka et 
al., 1983). Intratracheal instillation of cadmium oxide did not produce lung 
tumors in Fischer 344 rats but rather mammary tumors in females and tumors at 
multiple sites in males (Sanders and Mahaffey, 1984). Injection site tumors 
and distant site tumors (for example, testicular) have been reported by a 
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· number of authors as a consequence of intramuscular or subcutaneous 
administration of cadmium metal and chloride, sulfate, oxide and sulfide 
compounds of cadmium to rats and mice (U.S. EPA, 1985). Seven studies in rats 
and mice where cadmium salts (acetate, sulfate, chloride) were administered 
orally have shown no evidence of a carcinogenic response. 

SUPPORTING DATA: 

Results of mutagenicity tests in bacteria and yeast have been inconclu-
sive. Positive responses have been obtained in mutation assays in Chinese 
hamster cells (Dam and V79 lines) and in mouse lymphoma cells (Casto, 1976; 
Ochi and Ohsawa, 1983; Oberly et al., 1982). 

Conflicting results have been obtained in assays of chromosomal aberra
tions in human lymphocytes treated in vitro or obtained from exposed workers. 
Cadmium treatment in vivo or in vitro. appears to interfere with spindle 
formation and to result in aneuploidy in germ cells of mice and hamsters 
(Shimada et al., 1976; Watanabe et al., 1979; Gilliavod and Leonard, 1975). 

---------------- -----------
------------------------------------ -----------
ORAL EXPOSURE ND 
CARCINOGENICITY ASSESSME 

INHALATION EXPOSURE 
CARCINOGENICITY ASSESSME 

CLASSIFICATION: Bl; probable human carcinogen by inhalation 
BASIS FOR CLASSIFICATION: Limited evidence from epidemiologic 
studies and sufficient evidence of carcinogenicity in rats and 
mice by two routes 

INHALATION UNIT RISK: 1.8E-3/ug!cu.m 
DOSE EXTRAPOLATION METIIOD: Two stage; only first affected by 
exposure; extra risk 

RISK/AIR CONCENTRATIONS: 

Air Concentrations at Specified Risk Levels: 

Risk Level Concentration 

E-4 (1 in 10,000) 6E-2 ug!cu.m 
E-5 (1 in 100,000) 6E-3 uglcu.m 
E-6 (1 in 1,000,000) 6E-4 ug!cu.m 

------------- ------------- -----
INHALATION DOSE-RESPONSE DATA: 
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Species/Strain 
Tumor Type 

Dose Tumor Reference 
Administered -Human Equivalent Incidence 

Human/white male; Route: Inhalation exposure 
lung, trachea, · in the workplace 
bronchus cancer 
deaths 

et al., 
1985 

Thun 

No. of Expected Observed No. 
Lung, Trachea and of Deaths 

Cumulative 24 hour/ Bronchus Cancers (lung, trachea, . 
Exposure Median ug!cu.m Assuming No bronchus 

(mglday/cu.m) Observation Equivalent Cadmium Effect cancers) 
----------------·----· 

less than or 
equal to 584 

585-2920 

greater than 
or equal to 
2921 

280 168 

1210 727 

4200 2522 

3.77 2 

4.61 7 

2.50 7 

The 24-hour equivalent= median observation x IOE-3 x 8/24 x 1/365 x 240/365. 
·--------·-------------------
ADDITIONAL COMMENTS: 

The unit risk should not be used if the air concentration exceeds 6 
ug!cu.m, since above this concentration the slope factor may differ from that 
stated. 

DISCUSSION OF CONFIDENCE: 

The data were derived from a relatively large cohort. Effects of arsenic 
and smoking were accounted for in the quantitative analysis for cadmium 
effects. 

A slope factor derived from cadmium chloride inhalation assay data in rats 
(Takenaka et al., 1983) equals 3.4E-1/uglkglday for elemental cadmium or 
2.1E-1/ug!kglday for cadmium chloride. An inhalation unit risk for cadmium 
based on this analysis is 9.2E-2/ug!cu.m. While this estimate is higher than 
that derived from human data (1.8E-3/ug!cu.m) and thus more conservative, it 
was felt that the use of available human data was more reliable because of 
species variations in response and the type of exposure (cadmium salt vs. 
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cadmium fume and cadmium oxide). 

CARCINOGENICITY 
ASSESSMENT DOCUMENTATION 

CARCINOGENICITY SOURCE DOCUMENT: .. 

U.S. EPA. 1985. Updated Mutagenicity and Carcinogenicity Assessment of 
Cadmium: Addendum to the Health Assessment Document for Cadmium (May 1981, 
EPA 600/B-Bl-023). EPA 600/B-83-025F. 

The Addendum to the Cadmium Health Assessment has received both Agency 
and external review. 
-----.. ------·----·--------· 

REVIEW DATES: 11112186 
VERIFICATION DATE: 11112186 
EPA comAcrs: 

William E. Pepelko I ORD - (202)382-5904 I FI'S 382-5904 

David Bayliss I ORD - (202)382-5726 I FTS 382-5726 
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DRAFT 

TOXICOLOGICAL PROFILE FOR 
SELECTED PCBs 

(Aroclor-1260, -1254, -1248, -1242, 
-1232, -1221, and -1016) 

Date Published - November 1987 

Prepared by: 

Syracuse Research Corporation 
under Contract No. 68-03-3228 

for 

Agency for Toxic Substances and Disease Registry (A TSDR) 
U.S. Public Health Service 

in collaboration with 

U.S. Environmental Protection Agency (EPA) 

Published by: 

Oak Ridge National Laboratory 
under 

DOE Interagency Agreement No. 1425-1425-Al. 

Reference 50 
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Aroclor 1016 

EPA Longer-term health advisory (HA) (adult)--0.0035 mg/L (EPA 
1987a) 
Longer-term HA (child)--0.001 mg/L (EPA 1987a) 

9.2.2.3 Soil 

AGENCY ADVISORY 

EPA Permissible PCB soil contamination levels corresponding to: 
Noncancer 10-day HA (adult)--700 ~g/day 
Noncancer 10-day HA (child)--100 ~g/day 

Cancer risk specific doses: 1.75 to 0.00175 ~g/day at 10·.4 to 
lo-7 risk levels (EPA 1986d) 

9.2.2.4 Others 

AGENCY ADVISORY 

EPA Reportable quantity (RQ) (statutory) - 10 lb (EPA 1985d) 
RQ (proposed) - 1 lb (EPA 1987d) 

9.2.3 Data Analysis 

Reference dose. The EPA (1987a) derived an oral reference dose 
(RfD) of 0.0001 mg/kg/day for Aroclor 1016 based on the study by 
Barsotti and Van Miller (1984) using an uncertainty factor of 100. This 
RfD was used to calculate longer-term HAs for adults and children. In 
this study, rhesus monkeys were maintained on diets containing Aroclor 
1016 at 0.025, 0.25, and 1.0 ppm for approximately 7 months prior to 
mating and during gestation. The offspring of the 1.0-ppm group were 
significantly smaller than the controls. No effects were observed at 
0.25 ppm, which was considered a NOAEL and is equivalent to a dose of 
0.0105 mg/kg/day, assuming that a monkey consumes a daily amount of food 
equal to 4.2% of its body weight. The RfD was calculated according to 
methods outlined in Barnes et al. (1987) as follows: 

RfD - (0.01 mg/kg/day)/(100) - 0.0001 mg/kg/day, 

where: 0.01 mg/kg/day- NOAEL 

100 - uncertainty factor for interspecies (10) and intraspecies 
(10) extrapolation, appropriate for use with an animal NOAEL. 

Carcinogenic potency. EPA (1987a) determined that the positive 
evidence for carcinogenicity of Aroclor 1254, Aroclor 1260, Kaneclor 
500, and C1ophen A-30 and A-60 in animals, along with inadequate 
evidence in humans places these PCBs in category B2, probable human 
carcinogens. Because any PCB mixture that contains appreciable amounts 
of the components .in Aroclors 1254 and 1260, Kaneclor 500, and Clophen 
A-30 and A-60 are likely to present a carcinogenic risk and because of 
the variety and variability of PCB mixtures, EPA (19R7a) ~eco~=.endcd 

that all commercial PCB mixtures be considered to have a similar 
carcinogenic potential and classified all PCB mixtures in category B2. 

l 
I 
; 
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. Reference 51 

GREENHORNE & O'MARA. INC. 

TELEPHONE CONTACT REPORT 

G&O Personnel: __ ___,.,L~a r.,_,r"..ly'--"'R=am=..s=e'-'y___ Project No. : 50 3 5 - W. R - 12 6 

Project Title: North Carolina Pre-Remedial Investigation 

Contact: _;_Q=wuc--=· __,_A-=-·-=~-=----- Title: 

Organization: ~~~ ~ 
Date: 2 I .:f' I 90. 

Location: 

Phone Number: ( '117 ) '2s- 38'3(, 

Time: ;f.,'tJO 

Subject: if~~ ffL .~dda.. 

Comments or Actions Required=.--------------------------------

.~·- . 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA 0\ STATE I 02 SITE NUMBER 
SITE INSPECTION REPORT 

NC D003216462 PART 1· SITE LOCATION AND INSPECTION INFORMATION 

II. SITE NAME AND LOCATION 
01 S1TE NAME il.•O•'· eommon. oraucnDI'"•"am' ot ,., 02 STREET. ROUTE NO. OR SPECIFIC LOCATION IDENTIFIER 

Union Carbide Corporation, Inc. 800"Albemarle Road 
OJ CITY o;2TE ~Q~;2c~:~ r~~~~~lph f07COUn 08 CONG 
Asheboro 

'ff: 
4

01ST 

09 COOROINA T ES I 0 TYPE OF OWNERSHIP rC•oc• ..,,, 

..5' t.ATITIJOE I ~NGITUOE ~A. PRIVATE 0 B. FEDERAL C C. STATE 0 D. COUNTY 0 E. MUNICIPAL 
..3 A. .1 2 ...5'.1 ..0 .Jll..9 ~ !r .3 .41

• 0. 0 F. OTHER 0 G. UNKNOWN 
Ill. INSPECTION INFORMATION 
01 O.O.TE OF INSPECTION 02 SITE ST-' TUS 03 YE.O.RS OF OPERATION 

05 £ 2g 90 1<ACTIVE 1945 ! _UNKNOWN 
MONTH OA Y YEAR G INACTIVE BEGINNING YEAR ENOINGYE.AR 

04 II.GENCY PERFORMING INSPECTION tC•oc• "''"" •"'*'• 
CA. EPA 0 B. EPA CONTRACTOR C C. MUNICIPAL w 0. MUNICIPAL CONTRACTOR 

FG h rN""ootgm•o I M CE.STATE CXF.STATECONTRACTO reen 0 ne ara, CG.OTHER 
iHtmeoftw"'J 

fN•m•o''""'' Tnr tSO•CII'II 

0~ CHIEF INSPECTOR 06 TITLE 080RGAI'Iff;TION & 08 TELEPHONE NO 

Hunter Loftin Hazardous Waste Engineer rneP or~e trOll 220-2594 .a a, nc. 

09 OTHER INSPECTORS 10 TITLE I I ORGANIZATION I 2 TELEPHONE NO 
( l 

( ) 

( ) 

( ) 

( ) 

l 3 SITE REPRESENTATIVES INTERVIEWED it TITLE ?:Ao'(f;s13ox 3209, 800 Alberma 
f-~ eELEPHONE NO 

Daria Sena 
nv1ronmental 

!Coordinator Rd., Asheboro, NC 91g 672-3500 
Plant f.l.U.t:SOX .:SLU~, tiUU f\IDermarl~ 

Guy McClanahan Manager Rd., Asheboro, NC <919 672-3500 

Bob Behr 
1gua11ty P.O.Box 3209, suo Albermarl~ 
Control Mgr. Rd., Asheboro, NC 19191 672-3500 

( ) 

( ) 

( ) 

I 7 .O.CCESS G.I.INEO BY I 8 TIME OF INSPECTION 1 II WE A THEA CONOITIONS 
fChtcllontJ 

IX PERMISSION 
0 WARRANT 

IV. INFORMATION AVAILABLE FROM 
01 CONT.O.CT 02 OF (Agooc:,IO'll-.•-1 03 TELEPHONE NO. 

Daria Sena Union Carbide Corporation, Inc. 19191672-3500 

O• PERSON RESPONSIBLE FOR SITE INSPECTION FOAM 05AOENCY 08 ORGANIZATION 07 TELEPHONE NO. 08 _O.O.TE 

Hunter Loftin Greenhorne & 7 L25L90 
0' t~ara, Inc. (301)220-2594 r.AOHTM OAY YEAA I EPA FOAM 2070·13 17·811 

I 
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I POTENTIAL HAZARDOUS WASTE SITE I.IOENTIFICA TION a EPA SITE INSPECTION REPORT Ncsrm eoo'o32i6462 

PART 2 ·WASTE INFORMATION 

I II. WASTE STATES, QUANTITIES. AND CHARACTERISTICS 

01 PHYSICAL STATES ICI'Iec••lltll•taoo,,• 02 WASTE OUANToTY AT SITE 03 WASTE CHARACTERISTICS tCho<• •*'••••••·•• 
• 11.'«-'.SUIII Ol _.3,:t ou•l'lfrt•et 

~ SOL•O ,_ E SlURRY """"' "'a•:"J-•"'"'nu ~A TOXIC ··~ E SOlUBLE .: : HIGHL'! VOlATILE 

*S POWOER FINES 'XF UOUIO rONS Unknown B CORROSIVE C F. INFECTIOUS .: J. EXPlCS.VE 

C ~LUOGE G GAS .:2 C RADIOACTIVE :X G flAMMABLE :: K. REAC"r'IE 

! ::JIJIC VAROS -····----·-
. 0 PERSISTENT :. H IGNITABLE : L INCO'-'"A TIBLE 

: M NO~ ~?PLIC.ABLE 
:. ")Tt--~~ ---·---·-- _i ';Q Oi=O<IUMS -·-------·. tSce..:•h• 

I 
Ill. WASTE TYPE 

CATEGORY SUBSTANCE N-AME 0 1 GROSS .AMOUNT 02 UNIT OF ME-ASURE 03COMMENTS I 
SLU SLUDGE Unknown Non-hazardous, landfill ed. 

I OLW OILY WASTE Unknown Waste oils are recycled. 
SOL SOLVENTS Unknown Waste recycled. 
PSO PESTICIDES 

I occ OTHER ORGANIC CHEMICALS 

IOC INORGANIC CHEMICALS 

ACO ACIDS 

I BAS BASES 

V.ES HEAVY METALS 0.0014 Tons Air emission/yr, landfill arnt. 
IV. HAZARDOUS SUBSTANCES IS.,Aooooc" '""'"'"''•••••llr<·:o: CAS Nu .. eorSI unKnown 

I 
::'1 C:.TEGORY 02 SUBSTANCEN,o.ME 03 CAS NUMBER 04 STORAGE/OISPOS.AL METHOD j 05 CONCENTR.ATIO' 06 MEASURE OF 

CONCENTRATION 

SOL 1,1,1-Trichloroethane 71-55-6 Drums,UST/drurn recycled 
MES Chromium 7440-47-3 Metals: drum/ 

I MES ILllad 7439-92-1 Landfill 
MES Mercury 7439-97-6 
MES Cadmium 7440-66-6 

I MES Zinc 7440-66-6 
SOL 1 nl3c::n l V_- itLr~i nera 1 64475-85-0 Drums/Recycled ! 

Spirits 1 I 
1 

I 
i 
I 

I 
I 

v. FEEDSTOCKS ,s .. ~P·•"""'•' CAS N_,..,, 

I 
CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER CATEGORY 01 FEEDSTOCK NAME 02 C.AS NUMBER 

"DS FOS 

FDS FOS 

I 
FDS FOS 

FDS FOS 

VI. SOURCES OF INFORMATION IC• .. ••••oc ,.,.,, .. .,_ , o. m:o 11u ,....,,. '"""''· ,Portu 

I 
1. NC Department of Environment, Health and Natural Resources. 
2. USGS Maps. 
3. Eveready Battery Company. 

I EPA FORM 2070·13(7·811 

I 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

~EPA SITE INSPECTION REPORT 01 STATE~ 02 SITE NUMBER 

NC 0003216462 
PART 3 ·DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS 

II. HAZARDOUS CONDITIONS AND INCIDENTS 

01 J{A GROUNDWATER CONTAMINATION ] 623 02 \X OBSERVED (DATE: l/ til tlb · I :::POTENTIAL 0 ALLEGED 
CJ POPULATION POTENTIALLY AFFECTED. ' 04 NARRATIVE DESCRIPTION 

Pollution Incident Report #3155 was issued on January 8, 1986 for a leaking UST. 
The UST has been removed. The population potentially affected is for a 3-mile 
radius. 

01 ~ B SURFACE WATER CONTAMINATION 02 0 OBSERVED(DATE. l ;....: POTENTIAL 0 ALLEGED 
OJ POPULA TIQN POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION . 

0 I :.~ C CONTAMINATION OF AIR 02 0 OBSERVED (DATE: l C POTENTIAL 0 ALLEGED 
CJ PCFULA TION POTENT! ALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

0 I :.... D FIRE!EXPLOSIVE CONDITIONS 02 0 OBSERVED (DATE I ::::J POTENTIAL 0 ALLEGED 
CJ POPULA TIQN POTENT! ALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

01 ::; E. DIRECT CONTACT 02 0 OBSERVED (DATE: l ::::; POTENTIAL 0 ALLEGED 
OJ POPULATION POTENTIALLY AFFECTED: D4 NARRATIVE DESCRIPTION 

01 ~ F CONTAMINATION OF SOIL Unknown D2!XOSSERVED(DATE. 1/8/86 I 0 POTENTIAL 0 ALLEGED 
OJ AREA POTENTIALLY AFFECTED. 04 NARRATIVE DESCRIPTION 

IACflll 

Pollution Incident Report #3155 for a leaking UST. 

01 C G. DRINKING WATER CONTAMINATION 02 0 OBSERVED (DATE: ) 0 POTENTIAL 0 ALLEGED 
OJ POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

0 1 S H WORKER EXPOSURE/INJURY 02 0 OBSERVED (DATE: l 0 POTENTIAL 0 ALLEGED 
03 WORKERS POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

0 I '· I. POPULATION EXPOSURE/INJURY 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 ALLEGED 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

EPAFOP.I.I2070·13 (7·111) 



I 
I POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

SEPA SITE INSPECTION REPORT 01 STATE,02 SITE NUMBER 
NC 0003216462 . 

PART 3 ·DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS 

II. HAZARDOUS CONDITIONS AND INCIDENTS tC•••~u•:· 

01 :.: J DAMAGE TO FLORA 02 0 OBSERVED (DATE: I 8 POTENTIAL ::J ALLEGED I 
04 NARAA TIVE DESCRIPTION 

I 
I 

01 -_· K DAMAGE TO FAUNA 02 C OBSERVED !DATE. ) 0 POTENTIAL ::.; ALLEGED 
04 NAAAA TIVE DESCRIPTION u•c<uao ••mot !I ot sow.., I 
01 i:: L. CONTAMINATION OF FOOD CHAIN 02 c; OBSERVED (DATE: ) ('J POTENTIAL 0 ALLEGED 
04 NARRATIVE DESCRIPTION I 

I 
01 :.: M U~STABLE CONTAINMENT OF WASTES 02:: OBSERVED !DATE. ) Q POTENTIAL :: ALLEGED 

i:""J. =c.,.OII. 51'"'<'""'0' "'ud'S &..I.IIM'tO ti'IIMS' 

03 POPULATION POTENTIALLY AFFECTED. 04 NARRATIVE DESCRIPTION I 
01 ;:. -; DAYAGE TO OFFSITE PROPERTY 02 ;:) OBSERVED I DATE: ) i:J POTENTIAL =ALLEGED 
04 N.t.;:<RAi'IVE DESCRIPTION I 

I 
01 ;: 0 CONTAMINATION'OF SEWERS. STORM DRAINS. WWTPs 02 :-.:OBSERVED !DATE: ) : j POTENTIAL :J ALLEGED 
04 NARAATIVE DESCP.lPTION 

I 
01 :: ? ILLEGAUUNAUTHORIZED DUMPING 02 r; OBSERVEDIDATE: J I ! POTENTIAL C ALLEGED 
()4 NARRATIVE DESCRIPTION I 

I 
05 DESCRIPTION OF ANY OTHER KNOWN, POTENTIAL, OR ALLEGED HAZARDS 

I 
Ill. TOTAL POPULATION POTENTIALLY AFFECTED: t.bt:::.:S l.:S-Mlle raa1us 1 
lV. COMMENTS 

! Groundwater is currently being monitored in response to the leaking UST (Pollution i 
I Incident Report #3155). I 

i 
I 

I 
I 

I V. SOURCES OF INFORMATIONtCA••~oc•oc••••••nces.o ~ . .,.,.,.., ,_ .. .,,,., ,._,, 

1. NC Department of Environment, Health and Natural Resources 
2. EPA I 
3. Eveready Battery Company 

-·------·-. -·-----I • . .• =~ 

I 



I 
.laEPA 

POTENTIAL HAZARDOUS WASTE SITE I. IOENTIFICA TJON 

SITE INSPECTION ON fATE I 02
003N2164n2 

PART 4 ·PERMIT AND DESCRIPTIVE INFORMATION 

jJ' PERMIT INFORMATION 
I -,gE OF PERMIT ISSUED 02 PERMIT ~•UMBER 

: • 9(- .- ll'tlt •DDirJ 
OJ DATE ISSUED O• EXPIRATION DATE OS COMMENTS 

' ~ NPDES -

ll~: 
UIC 

AIR 1 5035R3 10/23/87 10Lll92 

X:~ RCRA I 8/10/83 Small quantity g_enerator 

ll ~:- RCRA INTERIM STATUS 

SPCC PLAN 

-"' STATE,soocoht 

I r: L0CAL
15000

,,., 4036 7/1/87 7/1/92 Di schar_ge pretreated 

OTHER tSDO<•ftl wastewater 

NONE -· J 

Ill. SITE DESCRIPTION .. 
I I"J• ! iORAGe,·otSPOSAL ''·"•c• n,,.,, •oo'"' 02 AMOUNT OJ UNIT OF MEASURE 0 4 TREA Tr.AEN! renee• •• tnot .. .,., OS OTHE"' 

I = A SURFACE IMPOUNDMENT 0 A.INCENERATION 
: 8 PILES 0 8. UNDERGROUND INJECTION 

X: A. BUILDINGS ON SITE 

II X C DRUMS. ABOVE GROUND 0 C. CHEMICAUPHYSICAL i :: D. TANK. ABOVE GROUND 0 D. BIOLOGICAL 
X E TANK. BELOW GROUND 500 Gal 0 E. WASTE OIL PROCESSING ~ 06 AREA CE' SITE 
.:. F LANDFILL XJ F. SOLVENT RECOVERY 

I .: G. LANDFARM 0 G. OTHER RECYCLING/RECOVERY 24.4 lAtrell 

: H. OPEN DUMP ~H. OTHER Wastewater 
.: I. OTHER Pretr~ent 

!Sg.ctfJJ 

I 07 ':OMMENTS 

Leaking UST removed in January 1986. 

I 
I IV. CONTAINMENT 

' -
0: ::ONTAINMENT OF WASTES rc ... c• ..,., 

X A. ADEQUATE. SECURE u B. MODERATE 0 C. INADEQUATE. POOR 0 D. INSECURE. UNSOUND. DANGEROUS 

I 0:1 ;:SCRIPTION OF DRUMS. DIKING, UNERS. BARRIERS. ETC. 

Leaking UST removed in January 1986. 

Current practices are to store hazardous substances and wastes under roof inside 

I 
containment and inside a locked chainlink fence. 

V. ACCESSIBILITY 

I 0 I WASTE EASILY ACCESSIBLE: 0 YES CJtNO 
CZCOMMENTS 

Waste storage areas are fenced. 

I VI. SOURCES OF JNFORMA TJON 1c•• ••••~< ,.,,,. ... ,., o ,,.,,..,_ ,_.,.,,,,,, ,.,..,.,, 

1. NC Department of Environment, Health and Natural Resources. 

2. Eveready Battery Company. 

3. EPA. I 
I EPHQRr.A 2070·13 (7·811 

I 



I 
I POTENTIAL HAZARDOUS WASTE SITE l.IDENTIFICA TION 

SEPA SITE INSPECTION REPORT 01 STATEr2 SITENUI.IBER 

NC 0003216462 
PART 5 ·WATER, DEMOGRAPHIC, AND ENVIRONMENTAL OAT A 

II. DRINKING WATER SUPPLY 

01 TYPE QF DRINKING SUPPLY 02 STATUS 03 DIST I.NCE TO SITE I 
(Ch•e• ill aao-t•OI•I 

I 
SURFACE WELL ENDANGERED AFFECTED MONITORED 0.9 

COMMUNITY A.!2C 8.~ A.O ·B.= c.o A. (mtl 

NON-COMMUNITY c.= D. iX D.O E.= F. iJ B. Q.Z (m•) 

Ill. GROUNDWATER 

I 01 GROUNDW" TER USE IN VICINITY rc•oc• .,., 

:J A. ONLY SOURCE FOR DRINKING ~B DRINKING ::: C COI.II.IERCIAL,INDUSTRIAL.IRRIGATION C D. NOT USED. UNUSEABLE 
tOthet tcwretJ •~~••bl•l i"""-M Otll•t IOCitC•J • .,.,t:WI 
COMMERCIAL. INDUSTRIAL, IRRIGATION 

I 
INO Olftlt wlftl IOIII'CII •vt/14011) 

02 POPULATION SERVED BY GROUNDWATER 7,623 (3-Mile radius )03 DISTANCE TO NEAREST DRINKING WATEA WELL 0.7 
(mi) 

I 0~ DEPTH TO GROUNDWATER 05 DIAECTION OF GFIOUNOWATER FLOW 08 DEPTH TO AQUIFER 01 POTENTIAL YIELD 08 SOLE SOURCE "OUIFER 
OF CONCERN OF AQUIFER 

(ft) (ttl 
C YES C: NO 

(gpd) 

09 OESCRIPTICN OF WELLS llnctua.no vsuu. otor" l~'~<l'~tfiO" ,,,.,,.,to DOOCIIttiOI'f •rtt: ovlle1~~tqtl 

I Population served by groundwater includes both community and private wells. 

I 10 RECH'-RGE AREA 1 1 DISCHARGE AREA 

;] YES COMMENTS 0 YES COMMENTS 

::::i NO ONO 

I IV. SURFACE WATER 

0 I SURFACE WATER USEICh«•o••• 

I ~A RESERVOIR, RECREATION iJ 8. IRRIGATION. ECONOMICALLY C C. COMMERCIAL. INDUSTRIAL ::::J D. NOT CURRENTLY USED 
DRINKING WATER SOURCE IMPORTANT RESOURCES 

02 AFFECTED:POTENTIALLY AFFECTED BODIES OF WATER 

I 
I 

NAME: AFFECTED DISTANCE TO SITE 

Cedar Fork Creek c 0.2 (m•l 

Bacl< Creek 0 5.7 (mil 

- 0 (m•l 

V. DEMOGRAPHIC AND PROPERTY INFORMATION 

01 TOT.a.LPOPULATIONWITHIN 02 DISTANCE TO NE.a.REST POPULATION 

I ~NE ~ ~ ~'71. OF SITE TWO (2}ll39 OF SITE 
B. 2 1 _ 

THREE (3\ MILES OF SITE 

C. 12!625 0.11 {mi) 
>;0 OF PERSONS NO 0~ PERSONS NO OF PEA SONS 

I 
OJ NUI.IBER OF BUILDINGS WITHIN TWO 121 MILES OF SITE 0~ OIST "NCE TO NE.a.REST OFF-SITE BUILDING 

(mil 

0~ POPULA TIOti WllHtN V\CINITY OF S\TE 1.P~• ,.,,,.,. CletcnDtiOft ot "•cute ol ~ciOtt ..,,., .. ,, ...cl!'llfy ot life • : _J,IIf, ._,..O•· fllttl•, ~INIIH'O.,. .,,., 

I The site is located in an industrial and commercial zone. An urban residential 
area surrounds the site. 

I 
I EPA FOAM 2070·13(7·81) 

I 



I 
I POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

•oEPA SITE INSPECTION REPORT 01 STATE,02 SITE NUMBER 

PART 5 ·WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA 
NC. 0003216462 

I tVI. ENVIRONMENTAL INFORMATION 
01 PERMEABiliTY OF UNSATURATED ZONE tC•oe• ,., 

~A. 10-e- tQ·Scmlsec ;: e. to-•- tQ-6cm/sec x; c. to-•- t0-3 em/sec 0 0. GREATER THAN I o- 3 emtsec 

I r02 PERMEABiliTY OF BEDROCK tC•ou .,., 

!J A IMPERMEABLE = 9 AELA TIVEL Y IMPERMEABLE ::C. RELATIVELY PERMEABLE :: 0. VERY PERMEABLE 
ttusr~r•11 ·o-:i.:"'-••e~ :()-f- rO-St,....UC:I rro-z- ro-• :""'-'' !GtUiftfh•" 10-z cmt•CI 

I OJ DEPTH TO BEDROCK a• DEPTH OF CONTAMINATED SOIL ZONE 05SOII.I)H 

(Ill (Ill 

I 
06 NH PRECIPITATION 07 ONE YEAR 24 HOUR RAINFALl. 08 SLOPE 

6.5 
SITE SLOPE I DIRECTION OF SITE SLOPE I TERRAIN AVERAGE SLOPE 

(in) 2.9 (in) 6 % NW 6 % 

09 FLOOD POTENTIAl. 10 

I 
~ SITE IS ON BARRIER ISLAND. COASTAL HIGH HAZARD AREA. RIVERINE FLOODWAY 

SITE IS IN YEAR FLOODPLAIN 

11 DISTANCE TOWETLANDStH<••"""....,., 12 DISTANCE TO CRITICAl. HABITATtolo""•"9•••uooc'"ll 

ESTUARINE CiHER ;:>1 
(mtl 

I A. (mil B. > 1 [m1) ENDANGERED SPECIES: N/A 
1 J LAND USE oN VICINITY 

I 
DISTANCE TO: 

RESIDENTIAL AREAS; NATIONAlJSTATE PARKS, AGRICULTURAL LANDS 
COMMERCIAlJINDUSTRIAL FORESTS. OR WILDLIFE RESERVES PRIME AG LAND AGLAND 

I A< 0.01 (mil B. 0.09 {mil c. > 2 (mi) D. > 1 (mil 

1• DESCRIPTION OF SITE IN RELATION TO SURROUNDING TOPOGRAPHY 

I 
The site not completely surrounded by areas by higher elevation. The site drains 
to the headwaters of Cedar Fork Creek. 

I 
I 
I 
I 
I VII. SOURCES OF INFORMATION ICdOIPOC<I<CIOIOtO"CU.OQ ....... ,. .. ...................... ...,, 

1. NC Department of Environmental, Health and Natural Resources 

I 
2. USGS Maps 
3. EPA 

I EPA FORI.I2070·13l7·811 

I 



I 
l~EPA POTENTIAL HAZARDOUS WASTE SITE I. 1DENT1F1CA TJON 

SITE INSPECTION REPORT 01 STATE102 SlTE NUMBER 

NC D003216462 
PART 6 ·SAMPLE AND FIELD INFORMATION 

'SAMPLES TAKEN 
01 NUMBER OF C2 SAMP~ES SENT TO OJ ESTlMA TEO DATE 

SAMPLE TYPE SAMPLES TAKEr~ R:ESULTS AV AJ..A&..E 

GROUNDWATER 

'SURFACE WATER 

NO SAMPLES TAKEN 

! I WASTE 

AIR 

RUNOFF 

I SPILL 

SOIL 

I VEGETATION 

OTHER J FIELD MEASUREMENTS TAKEN 

rYPE 02 COMMENTS 

1- NO MEASUREMENTS TAKEN 

I 
t PHOTOGRAPHS AND MAPS 

01 r.·;oe; .:: GROUND ;: AERIAL I 02 lN CUSTODY OF 
(Ham• ol orQettfUfJOII or WtO"tv'a'uaiJ 

r~APS lj• LOCATION OF MAPS 

I ~YES Greenhorne & O'Mara, Inc . 
• NO 

V. OTHER FIELD DATA COLLECTED tPto'""•ft•"•"•u•woor...,, 

ll 
1
1
1 

~ I tV I. SOURCES OF INFORMATION :c ... SQKdC ,., ••• ft ..... 0 . .,., ...... ·-Q, .. ft • .., •••. , .... , .. 
1. NC Department of Environment, Health and Natural Resources 

It 2. USGS Maps 
3. NC Department of Transportation, Randolph County ~lap 

I~PAFOAM 2070·13 (7·811 

I 



I 

I 
I POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

.SEPA SITE INSPECTION REPORT NtATE !ooo321646z 
PART 7 ·OWNER INFORMATION 

II. CURRENT OWNER(S) PARENT COMPANY ""-•"'"1 
01 NA'-'E 02 D + B NUMBER 08 NAME 09 0+ B NUMBER 

I 
Eveready Battery Company, Inc. Ralston Purina Company 

ops:u ~ T 'WB'Jes~w p<~, "'I r4SICCODE I 0 STREET ADDRESS IP 0 !leu. '"0 1 . .,, 1 l 11 SIC CODE 

800 Albermarle Road Checkerboard Square . 

I 
J5C•i· r~S~ATE 0~ Z!P CODE l ~ ClTV !c3STATE 1' ZIP CODE 

Asheboro 27204 St. Louis I MD 63164 
OtNAME 02 D+B NUMBER 08 NAME 09D+BNUMBER 

I 03 STR!::ET ADDRESS.> 0 Boo P<C '·"'I f' SIC CODE 10 STREET AOORESSIP.O. Boo. I<FOI. ot<.l I'' SIC CODE 

I 
05 CITY r6 STATE 01 ZIP CODE 12CITY lt3STATE 14 ZIPCOOE 

OtNAME 02 D+B NUMBER OS NAME 09 D+B NUMBER 

I 
I 

03 ST='EET AOORESS ; 0 So• '"O' ••c' r4 SIC CODE 10 STREET AODRES$11'.0. Boo. fiFO I. ole 1 I' I SIC CODE 

05CtH rSSTATE 07 ZIP CODE 12CITY 113STATE 14 ZIP CODE 

01 N.l\'E 020+BNUMBER 08 NAME 09D+BNUMBER 

I 
03 STREET ADDRESS .• 0 Bo• PFO •. "'·' r4SICCOOE 10 STREET ADDRESS IP 0 Boo. fiFO 1. '" 1 riSICCODE 

05 CiTY 106 STAT 07 ZIP CODE 12CITY 1'3 STATE 14 ZIP CODE 

I Ill. PREVIOUS OWNER(Sl·•·•'""'•""''"'lwsrl IV. REALTY OWNER(S) r•iooocoore:o.,,..,.,,..,,.,.,.,, 

OINAME 02 D+BNUMBER OINAME 02 O+B NUMBER 

Union Carbide Corp., Inc. 

I 
I 

~6~:~ ~g~~1~-~~·• ;~:~<I 
I 04SICCOOE 03 STREET AODRESSIP.O. Boo. fiFO•. ore 1 104 SICCOOE 

05 CITY lOIS STATE 07 ZIP CODE 05CJTY rSSTATE 07 ZIP CODE 

Asheboro NC 27204 
OINAME 02 D+B NUMBER OINAME 02 D+B NUMBER 

National Carbon_Comoanv 

I 
03 STREET ADDRESS :Po Boo AFO •. ore I 104SICCODE 03 STREET ADDRESS 11'.0. Bo1. fiFO 1. orc.1 104SICCODE 

800 Albemarle Road 
05 CliY r6STATE D7 ZIP CODE 05 CITY lOIS STATE 07 ZIP CODE 

Asheboro NC 27204 
OINio.ME 02 D+B NUMBER 01 NAME 02 D+BNIJMBER 

I 03 S~REET ADDRESS • o &o• "'!+'· orc.J r4SICCOOE 03 STREET ADDRESS!P 0. Sot. I<FOI. ore 1 l 04 SIC CODE 

I 05CITY reSTATE D7 ZIP CODE 05CITY lOSSTATE 07ZIPCODE 

V. SOURCES OF INFORMATION !Chll>ocM~CtolotoMu. • ,_,,.,,,.,_,_,.,.,._,.,.,nsl 

I 1. NC Department of Environment, Health and Natural Resources 
2. City of Asheboro Tax and Records offices 

I EPA FORM 2070·13 (7·611 

I 



I 
POTENTIAL HAZARDOUS WASTE SITE 

SITE INSPECTION REPORT 
PART 8 ·OPERATOR INFORMATION 

I. IDENTIFICATION 
01 ST ... TE 02 SITE NUMBER 

NC 0003216462 

URRENT OPERATOR ,,.,....,, • ..,., •• ,._ ..... ,, I OPERATOR'S PARENT COMPANY (/ltQQ/ICtt>IO) 

I'ON ... ME 

• "-:"flEET ADDRESS II' 0. Bo•. fiFO'· tl< 1 o• SIC CODE I '2 STREET ... ODRESS tP 0 Sol. liFO,. OIC ) 

105 cor..- i' • CITY 

EAAS OF OPER ... TION 09 NAME OF OWNER 

i 
I 

13SICCOOE 

PREVIOUS OPERATOR(S) 1'-'"'""""co•ti•II:Q'OVdOOI"'"""''""''""""w"'" I PREVIOUS OPERA TORS' PARENT COMPANIES (lhOOhCIOJOI 

T«!:'ET ADDRESS II' 0. Boo. AFO '· eoe 1 045\CCODE 

EARS OF OPERATION 

TREET ADDRESS II' 0. Sot. fiFO 1. otc 1 o.asrccoDe 

ITY 

09 NAME OF OWNER CURING THIS PERIOD 

'A..t..AE 

7REET ADDRESStP.O Bo•. FIFO I tiC./ o.a SIC CODE 

EARS OF OPERATION 

ItO NAME 

I 
I 
I 

I I 2 STREET ADDRESS r• 0 Bo•. liFO 1. 11<./ 

i: 4 CITY 
I 

i 
I 

· IONAME 

i I 2 STREET "DDRESS II' 0 Bo•. fiFO 1. ore.) 

I''CITY 

I 
i 

ItO NAME 

1'2 STREET ADDRESS II' 0. Bor. fiFO I, ore.) 

I 

14CITY 

. SOURCES OF INFORMATION tc,.,,_,.,,, .... ,. ,.0.,,.,,, .. ,, ,.,.,..,. _,,. ,,_.,, 

I 
I 
I 

FORM 2070·\3(7·8\1 

I 

I I D+B NU,...BER 

13 SICCOOE 



I 
I POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 0
ttCATEI

0
D0QJ2JB6_462 

PART 9 • GENERATORITRANSPORTER INFORMATION 

II. ON·SlTE GENERATOR I 
01NAME 02 D+B NUMBER 

Eveready Battery Company, Inc 
OJ STREET ADDRESS IP 0 9oo. AFO • ott 1 I 0~ SIC CODE 

BOO Albemarle Road 
I 

05 CITY ~;~TATE 07 Z~;~D~4 Asheboro I 
Ill. OFF·SITE GENERATOR(S) 

I 
I 

01 NAME 02D+BNUMBER 01 NAME 02 D+BNUMBER 

03 STREET ADDRESS tP 0 Bo•. liFO I. •t< 1 Jo• SIC CODE 03 STREET ADDRESS IP 0 Bor. II'; • •« 1 r· SIC CODE 

O!>Cin 
- r6 STATE 

07 ZIP CODE 05CITY _106 STATE 07 ZIP CODE 

01NAME 020+BNUMBER 01NAME 02 D+ B NUMBER 

I 
I 

OJ STREET ADDRESS IP 0 So•. liFO • ore 1 104SICCODE 03 STREET ADDRESS IP O. Bo•. I"': •- ooc 1 t 04 SIC CODE 

O!>C:<v reSTATE 07ZIPCOC?E 05CITY 106 STATE 07 ZIP CODE 

I 
.IV. TRANSPORTER(S) 
01NAME 02 D+ B NUMBER 01NAME 02 D+B NUMBER 

I 
I 

03 STREET ADDRESS tP o so •. liFO •. ore 1 104SICCODE OJ STREET ADDRESS tP 0 So• . . ••:- • ore./ 104SICCODE 

05 CI~Y 106 STATE 07 ZIP CODE OS CITY reSTATE 07 ZIP CODE 

01 NAME 02 D+B NUMBER OINAME 02 0+ B NUMBER 

I 
OJ STREET ADDRESS tP D. B.._ liFO •. otc.t 104SICCOOE OJ STREET ADDRESS I P.O. Bor. "':I • or< I 104S1CCODE 

D5 CITY 106 STATE 07 ZIP CODE 05CilY r6 STATE D7 ZIP CODE 

I V. SOURCES OF INFORMA TJON tc .... ,.,,.., "'•""""· e.v .• .,.,, "••· '"""'' """'"'· ,,..,,,., 

I 
I 
I 
I 

EPA FORM 2070·1317•e1J 

I 



I 

~EPA 
POTENTIAL HAZARDOUS WASTE SITE 

SITE INSPECTION REPORT 
PART 1 0 ·PAST RESPONSE ACTIVITIES 

ST RESPONSE ACTIVITIES 

C' : A..:WUER SUPPLY CLOSED 
"~ DESCRIPTION 

: · : 8. ":"EMPORARY WATER SUPPLY PROVIDED 
: • JESCR:.=TION 

c· :C. PERMANENT WATER SUPPLY PROVIDED 
:.~ OESCi'il?TION 

I : · : D. SPILLED MATERIAL REMOVED 
C~ OESCRIPTION 

I 
;· :E. CONTAMINATED SOIL REMOVED 
:~ OESCRI?TION 

.; ' : ;: ·,•. :..STE REPACKAGED 
c~ DESCRIPTION 

:. : G. ·,•,..:.STE OlSPOSED ELSEWHERE 
c~ JESCP.:PnON 

C' : H 0!'-1 SITE BURIAL 
0.:. DESCF.:PTION 

c: :I. IN SfTU CHEMICAL TREATMENT 
c~ OESCR1.=>TION 

:· : J. IS SITU BIOLOGICAL TREATMENT 
:: ~ DESCRiPTION 

:' : K. I"' SITU PHYSICAL TREATMENT 
C ~ DESCRIPTION 

I :: :: L. E'-ICAPSULA TION 
C4 DESCRIPnON 

:I 
o: .::; M. EMERGENCY WA:;TE TREATMENT 
04 DESCRIPTION 

C: :: N C~TOFF WALLS 
C4 DESCRIPTION 

c.· :; 0 !:MERGENCY DIKING/SURFACE WATER DIVERSION 
C4 DESC!'IlPTION 

C: :: P. CUTOFF TRENCHES/SUMP 
0' DESCRIPTION 

c• :: 0 S'JBSURFACE CUTOFF WALL 
c~ DESCRIPTION 

FOFI1.4 2070·1317·81) 

I 

02DATE ____________ __ 

02 DATE 

02 DATE 

02 DATE 

02DATE 

02 DATE 

02 DATE 

02 DATE 

02 DATE 

02 DATE 

02 DATE 

02 DATE 

02DATE 

02 DATE 

02 DATE 

02 DATE 

02 DATE --------------

I. IDENTIFICATION 

D3AGENCY ----------------------

03 AGENCY 

OJ AGENCY 

OJ AGENCY 

OJ AGENCY 

OJ AGENCY 

OJ AGENCY 

OJ AGENCY 

OJ AGENCY 

OJ AGENCY 

03AGENCY 

OJ AGENCY 

OJ AGENCY 

OJ AGENCY 

03AGENCY 

OJ AGENCY 

03AGENCY ----------------------



I 

Ia EPA 
POTENTIAL HAZARDOUS WASTE SITE I. IOENTIFICA TION 

SITE INSPECTION REPORT 
0Ncml 0D0032164G2 

PART 10· PAST RESPONSE ACTIVITIES f PAST RESPONSE ACTIVITIEStc..,,...,..,, 

Ot 0 R. BARRIER WALLS CONSTRUCTED 02DATE 03 AGENCY 
04 DESCRIPTION 

t 0 I C S. CAPPINGiCOVERING 02 OATE OJ AGENCY 
04 DESCRIPTION 

II 01 w T. BULK TANKAGE REPAIRED 02 DATE OJ AGENCY 
04 DESCRIPTION 

I( 01 0 U GROUT CURTAIN CONSTRUCTED 02 DATE OJ AGENCY 
04 DESCRIPTION 

II 
01 G V. BOTTOM SEALED 02 DATE OJ AGENCY 
04 DESCRIPTION 

0 I = W GAS CONTROL 02 DATE 03 AGENCY 

II 
•J4 DESCRIPTION 

0 I ::::: X FIRE CONTROL 02 DATE OJ AGENCY 
04 DESCRIPTION 

IJ 01 C Y. LEACHATE TREATMENT 02 DATE 03AGENCY 
04 DESCRIPTION 

IJ 01 0 Z. AREA EVACUATED 02 DATE OJ AGENCY 
04 DESCRIPTION 

It 0 I :J I. ACCESS TO SITE RESTRICTED 02 DATE OJ AGENCY 
04 DESCRIPTION 

IJ 
Cl C 2. POPULATION RELOCATED 02 DATE 03AGENCY 
04 DESCRIPTION . 

I 01 ::i 3. OTHER REMEDIAL ACTIVITIES 02 DATE 03AGENCY 
04 DESCRIPTION 

I 
I 
I 111. SOURCES OF INFORMATION ''"' ... c.t~e '""'""'·, o .. "'" , .. ,. ,.,.,,..,,,.,,, ,.""'"' 

I 
I EPA FORM 2070·13 (7·811 

I 



I 

ENFORCEMENT INFORMATION 

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT 

PART11~ENFORCEMENTINFORMATION 

1 PAST REGUL.ATORYtENF'OFICEMENT ACTION -: vo;s . NO I DESCRIPTION OF FEDERAL. STATE. LOCAL REGULATORY/ENFORCEMENT ACTION 

I 
I 
I 
I 

.I 
I 

Ill. SOURCES OF INFORMATION rc .. sDoc•<•"••-u.o.g.,Jtorollu. ,,_, ••• .,,.., .•• ,.,nil 

\FORM 2070·13 (7·811 

I 

I. IOENTIFICA TION 
01 STATE 02 SITE NUMB~R 

NC D00321b462· 


