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EXECUTIVE SUMMARY 

The Ulah Battery Lead Reclaiming site is located in a rural residential 
section about two miles south of Asheboro, NC. Automotive batteries were 
broken on site from about 1965 until 1981. Battery acid was spilled on the 
ground; recovered lead was melted; and battery casings were burned, used as 
driveway fill, or piled up. There are presently two large piles of battery 
casings on site with an estimated combined volume of 1400 yd3. One of these 
waste piles is directly behind a home. All residents use wells. 

Samples collected in 1981 and 1986 show high lead concentrations in 
the soil (up to 14%). Ground water and surface water samples collected on 
29 January 1987 during a CERCLA site investigation were not contaminated. 
Blood samples were also collected from several children at the site in 1986. 
One child was found to have Class III lead poisoning (blood lead 40-50 ug/dl, 
low 20's normal; erythrocyte protoporphyrin level 140-150 ug/dl, 35 normal). 
This child is receiving treatment and no longer lives at the site. 
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BACKGROUND 

Location 

Ulah Battery Lead Reclaiming is located in Randolph County about 
two miles south of Asheboro in the Ulah community. The address is Route 7, 
Asheboro, NC 27203 and the coordinates are: latitude 35° 38' 20", 
longitude 79° 49' 45". 

Site Layout 

The site occupies 20 to 25 acres of residential and undeveloped land. 
The locations of buildings, wells, processing areas, disposal areas, drainage 
paths, and surface waters are shown in figure 1. Access is from Business 220, 
which borders the site on the east. The head waters of Little River form the 
western border. Woodland and old fields border on the north and south. 

Ownership History 

Because the site includes most of a residential area, ownership would 
likely be shared by the residents. One of the battery casing disposal areas 
is located on the property of Glen Hoskins. Elbert and Daisy Caviness 
probably own the largest share of the property. The principle operators 
included Glen Hoskins, Marvin Caviness, and Elbert Caviness (1,2,3,4). 

Site Use History 

Lead was reclaimed from used automobile batteries at the site for 
approximately 16 years between 1965 and 1981 (1,3). Lead was melted in drums 
and broken battery casings were used to pave driveways or were accumulated in 
waste piles. Battery acid was allowed to spill onto the ground (4,5). 

Permit and Regulatory History 

None identified. 

Remedial Actions to Date 

None identified. 
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Summary Trip Report 

On 29 January 1987 a CERCLA site investigation was conducted at this 
site by Stan Atwood and Jack Butler. The County Health Department was 
contacted prior to the visit and a meeting was arranged for 10:00 a.m. on the 
29th. Arrangements were also made to pick up a copy of the Asheboro water 
distribution map at the city water department. 

The water distribution map was picked up at 9:30 a.m. We then met with 
Jim Martin, Sanitarian Supervisor; J.D. Smith, Sanitarian; Galenda Sandlin, 
County Nurse; and Yvonne Chilcoat, Director Public Health Division; at the 
Health Department. We briefly discussed the site history and the sampling 
plans before driving to the site at 10:30. 

Figure 1 is a sketch of the site layout and sampling locations. A pile 
of battery casings (approx. 100 ft. x 30 ft. x 15 ft.) is located within 
20 ft. of the nearest well. There is a small drainage ditch along the western 
edge of the pile. Livestock (chickens, turkeys, and goats) are kept in pens 
adjacent to the disposal area. 

Two wells were sampled during the inspection (Figure 1). Conductivity 
and pH readings for the Hammond well were 73.5 and 7.27. Readings for the 
Caviness well were 175.3 and 6.68. This well was reported to be about 
150 feet deep. We were unable to sample the well nearest the disposal area, 
however, it will be sampled by Randolph County Health Department personnel. 

We then drove to the stream draining the site. Upstream and downstream 
sediment samples were collected. An additional battery casing disposal area 
(measuring 150 feet long, 10 to 60 feet wide, and 3 to 10 feet deep) was 
discovered about 200 feet above the stream. 

Photographs of the sampling points and the site in general were taken, 
including both disposal areas. The investigation was concluded at 12:30 p.m. 
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ENVIRONMENTAL SETTING 

Topography 

The site drops about 50 ft. in elevation toward the west and extends 
over 1000 ft. from near the top of a knoll. The intervening terrain between 
the site and the nearest surface water has an average slope of about eight 
percent (Topo maps -Appendix A). 

Surface Waters 

The site is drained by an unnamed tributary of Little River. This 
tributary flows about one mile before reaching Little River. Little River 
flows south to the Pee Dee River on the Anson-Richmond County line. Little 
River is a class C stream (6). 

Geology and Soils 

Most of Randolph County is underlain by rocks of the metavolcanic unit. 
This unit includes felsic to mafic tuffs and flows of volcanic origin 
interbedded with thin beds of argillaceous tuff and graywacke. The central 
part of the county south of Asheboro is underlain by the more felsic rocks of 
this unit. The metavolcanic unit in the vicinity of Asheboro has been 
intruded by gabbro dikes and sills (7). 

The bedrock is overlain by saprolite which is estimated to be 30 to 
40 feet thick at the site (4,8). Hydraulic conductivity of the saprolite and 
fractured bedrock is about 5 ft./day or about 2 x l0-3 em/sec (8). 

Ground Water 

Ground water in Randolph County comes from fractured bedrock or from the 
overlying saprolite. These units are connected and therefore function as a 
single aquifer (7,8). 

Ground water probably flows west from the site to an unnamed tributary 
of Little River. Well yields can be expected to exceed 0.1 gpm/ft. of uncased 
hole in the site vicinity. The water table may fluctuate as much as 10 ft. or 
more between highs in March or April to lows in October or November. Ground 
water quality in Randolph County is usually good. Iron concentrations may 
exceed recommended limits in some areas (7). 
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Climate and Meteorologl (9,10) 

Seasonal Temperatures: (oF) January July 
Mean Max. 52 90 
Mean Min. 32 67 
Mean 42 78 

Precipitation: (inches) 
Mean annual precipitation: 48 
Mean annual evaporation: 41 
Net annual precipitation: 7 
Mean annual snowfall: 5 
1 year 24-hour rainfall: 2.9 

Storin Events: Mean days/year with thunderstorms: 45 
Prevailing winds and wind speeds: SW at 9 mph 

Emissions Inventory Summary for Randolph County (Tons/yr) (11) 

Particulates 
Sulfur Dioxide 
Nitrogen Oxides 
Volatile Organics & Hydrocarbons 
Carbon Monoxide 

Land Use 

Area Sources 

11,786 
627 

3,543 
9,203 

27,791 

Point Sources 

83 
64 
31 

377 

Land use in the site vicinity is predominantly undeveloped woodland with 
scattered residential areas and farmland (Topo Map, Appendix A). 

Population Distribution 

About 70% of the population of Randolph County is rural with an average 
population density of 116 people per square mile (11). Population estimates 
within three miles of the site were derived by multiplying house counts taken 
from USGS topographic maps by 3.8 as follows (10): 

Radius 
one mile 
two miles 
three miles 

House Count 
218 
678 

1389 

-5-
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Water Supply 

Of the above 1389 homes counted within a three mile radius of the site, 
only 206 are served by the Asheboro water system which draws from Back Creek 
Lake. It was assumed that all houses along streets with water lines were 
using the Asheboro system (12, Topo map - Appendix A, Asheboro City Water 
System Map, Appendix A). This leaves an estimated 4500 people who rely on 
wells as their only water source. Eight community wells were also identified 
within three miles of the site (13, Topo map- Appendix A). Surface waters 
draining the site are not used other than for watering cattle (5). 

Critical Environments 

There are no critical habitats within one mile of the site (14,15). 
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WASTE TYPES AND QUANTITIES 

Waste Quantities (Photographs - Appendix A, 16,17) 

Waste quantities were calculated by volume estimation of the two waste 
piles of battery casings on site. Previous testing of these battery casings 
found an average of 2580 ppm lead. Calculations were made as follows: 

Waste Pile #1 (behind Hoskins home) 
Approximate dimensions: length (100ft), width (30 ft), height (15 ft) 
Mid cross sectional area: 1/2 (30)(15) = 225 ft2 
Mid longitudinal section length: 90 ft. 
Volume = 90 ft. x 225 ft2 = 20,250 ft3 or 750 yd3 

Waste Pile #2 
Approximate dimensions: length (150 ft), width (10-60 ft), height (3-10 ft) 
Longitudinal section area: 1/2 (150)(60) = 4500 ft2 
Average height: 4 ft. 
Volume = 4500 ft2 x 4 ft = 18,000 ft3 or 667 yd3 

Total waste quantity = 750 + 667 = 1417 yd3 

Waste Disposal Methods and Locations (1,2,3,4,5,17) 

Figure 1 shows the location of the main processing area and disposal 
areas. Batteries were broken on site for 15 years. Lead was melted on site; 
casings were burned, used as driveway fill, or piled up. Battery acid was 
allowed to run onto the ground. It was reported that an axe was commonly used 
to open batteries. 

I Waste Types (Appendix B, 3) 

I 
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Soil samples show lead concentrations as high as 14%. 

-7-



1'-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

\ 

LABORATORY DATA 

Summary 

Well and surface water samples did not show evidence of contaminant 
migration (Appendix B). Surface soil lead content is summarized in Table 1; 
sample locations are shown in Figure 2. 

Table 1. Surface soil lead content at Ulah Battery Lead Reclaiming. 

Sample Number Date Lead (ppm) 

1 7-23-86 106,811 
2 7-23-86 20,906 
3 7-23-86 1,246 
4 7-23-86 6,787 
5 7-23-86 144,184 
6 7-23-86 262 
7 7-23-86 4,134 
1 10-3-86 126 
2 10-3-86 37 

One four year old child living at the site had a blood lead 
concentration greater than 40 ug/dl. The normal range is about 20 ug/dl 
(3,18). 

Quality Assurance Review 

All samples were collected according to established protocol. Water 
samples were preserved in the field and stored on ice (19). 

-8-
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TOXICOLOGICAL/CHEMICAL CHARACTERISTICS 

Lead exposure produces a number of toxic effects. The four major target 
organs are the central nervous system, the peripheral nervous system, the 
kidney, and the hematopoietic system (20). Blood lead levels (PbB) are 
considered to be the best indicator of total lead exposure. Table 2 
summarizes PbB levels associated with increased risks for various health 
effects (20,21,22,23). Table 3 summarizes chemical and toxicological data for 
lead (21,24,25). 

Table 2. Probable health effects associated with blood lead levels in adults*. 
PbB (ug/dl) Health Effect 

15- 25 Normal: non-occupationally 
20 - 40 Altered heme metabolism 

Peripheral Nerves 
30- 50 - Minor dysfunction 

80 - Paralysis 

Central Nervous System 
50 - Minor dysfunction 

100 - Encephalopathy 

60 Kidney damage 

80 Colic 

* Children are more sensitive to lead toxicity. 

Table 3. Some chemical and toxicological data for lead. 

Solubility 
Melting Point 
Boiling Point 
Vapor Pressure 
Acute Tox (Oral) 
Toxicity/Persistence 

insoluble * 
327.4°C 
1755°C 
1 mm @ 970°C 
TDLo 790 mg/kg (rat) 
18 

Slight solubility in water containing a weak acid. 

-9-
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Appendix A 

Maps and Photographs 
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Sample #1: Hammond Well 

Sarrple #2: Caviness Well (Hoskins house 
and casing pile are in the background) 

Sample #2: Caviness Well 

Sample #5: Hoskins Well 

____ j 
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Casing pil e behind Hoskins residence 

Drainage ditch west side of casing pile 
behind Hoskins residence 

Casing pile behind Hoskins residence 

Hoskins livestock pens below casing pile 
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Sample #3: Downstream Sediment 
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Second casing pile 
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Appendix B 

Laboratory Data 
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i 

\ 
STATE LABORATORY OF PUBLIC HEALTH 

DIVISION OF HEALTH SERVICES 
N. C. DEPARTMENT OF HUMAN RESOURCES 

P.O. BOX 28047-306 N. WltMINGTON ST., RALEIGH 27611 

INORGANIC CHEMICAL ANALYSES-PRIVATE WATER SYSTEM 
........ 

Complete All Items Above Heavy line 
(See Instructions on Reverse Side) 
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' 
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' . ll • 
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( ) Alum 
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.. 
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Calcium -· /~ .. ~ .. mg/1 .. 
Magnesium . 213_ mg/1 

Hardness-CaC03 (Ca, Mg) mO? mg/1 
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Director 
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' • : "': : ... . I 
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. .· .... . . 
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· MICROBIOLOGY 

D .: Parameter 

~-(MF) Coliform Colonies/lOOmis 

~ lli'N) CoH fo<m Colonies/ I OOmb 
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Parameter Results mg/1<~ 
__ Arsenic 
__ Barium 
__ .'· Cadmium 
__ Chloride 
__ Chromium 
_ . . Copper 
__ Fluoride 
__ Iron 

~d 9. e -
__ Manganese 
__ }v{ercury 
__ Nitrate . 
__ Selenium 

ORGANIC CHEMISTRY 

., Parameter 

_EDB 
__ PCB's . 
_· _ Petroleum 
__ Endrin 

Results mg/ 1 

Parameter 

Gross Alpha 
Gross Beta 

.. 
Parameter. ·Resultsmvt 

__ Silver 
·V""'sulfates <C., 

__ Zinc 

JL'Ph 571 
__ Conductivity 
_TDS 
_Toe· 

-- ' 
; ---

--
--
--
--

Parameter · Results mg/ 1 

__ Methoxychlor 
__ Toxaphene . 
_2,4-D 
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RADIOCHEMISTRY 

Result& PCi/ 1 
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I 

i 
! 
I 
I 
i 
I 

i 

----------=-------- Date Reported __ 6w.--:-YZ-:L-:.Sd-='-"----
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Results mg/1<.9 Parameter 

_silver . 
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. ·, .:.• MICROBIOLOGY 
. : Parameter · 

(MF):Coliform Colonies/lOOmis 
PN). Coliform Colonies/lOOmis 

I • • • : ! . . . • . 
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Results mg/1 Parameter. ·. : : ·; .. Results mg/1 . 
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N. C. DEPARTMENT OF HUMAN RESOURCES 
DIVISION OF HEALTH SERVICES 

SOLID AND BAZAIU>OUS WASTE MANAGEMENT ERANCH 

Chain of Custody Re'cord 

Hazardous Waste Materials 

..... 

llocation of Sampl~ng: _Generator ____ Transporter _____ Treatment Facility 

I ____ Storage Facility 

Other: 

_____ Disposal !acility _____ Landfill 

- ------------------------------------------------
1fompany's N~e~---------------------------------Telephone(. ____ ~>----------------

Address 
-----------------~------------------------------------------------------

lbollector's Name~-------------------------------!eleyhone( ____ .) ______________ __ 
signature 

tate Sampled ___ ·. ---------------------------------'1':1Ine Sampled ____________ _ 

Type of Process Generating Waste /_e,.._J. r~c..).q,'rn •'"'J b Ac.A.tz,~+.\re lzA-tferr'd 

lield Information ~ 

I 
lield Sample No. 35 30 353( 35'3 2-

I 
~ain of Possession: 

1. ,JJA-, ~ I sJ.gnature 
Wr. 2~-3D !7~? 

inclusive dates 

signature 
~~ /--.3<7-ff'?· 

title inclusive dates . 

signature title inclusive dates 

IResul ts reported 

I 
signature title_ date 

Instructions: 

I. 
Complete all applicable information including signatures. and 
submit Yith·~nalysis request forms. 

I 



Er 'I 0 , RESOURCES 
DIVISION OF HEALTH SERV-ICES 

SOLID AND HAZARDOUS WASTE MANAGEMENT BRANCH 

Receipt for Sam~les 

The samples described below were collec.ted in connection with the administration, 
enforcement, and documentation of the: 

( ) North Carolina Hazardous Waste Management Rules, 10 NCAC lOF 

( ) North Carolina Solid Waste Management Rules, 10 NCAC lOG 

( ) Comprehensive Environmental Response, Compensation and Liability Act (CER~~) . 
()!oxic Substances Control Act (TSCA).lS U.S.C. §2601, ~~··specifically 

Sect'ion ll,of TSCA, 15 U.S.C. fl 2610. 

~ 

Inspecto~'s Name Inspector's Address 

. . . ' 

I 
I 
I 
I 
I 
I 
I 

~N~a-m-e--of~F~~~·rm-----------------------------------F~irm--~A~d~d~r~e~s-s--------------------~-------

y 1 
~--~~--~~----------~~~--------------------------------Firm .o-.:ner, 9p~ra tor, or Agent Title 

.. -
SA-'1FLE COLLECTED SAMPLE TYPE 

·NL"MBER DATE TIME WATER SOIL 
... 

. . 
' 

' .. . 

Receipt for the sample(s) described_ 
above is hereby acknowledged: 

Signature of Inspector 

OTHER 

.. 

DUPLICATE SA.~S SA..l{?LE LOCA'!'ION 
OFFERED ACCE?IEDI RE.JECTED I ON-Sl'!:E I OFF-SITE 
-· . " .. .. 

. 

.. 
~ ... •· .· ·· . .::· -.. ~· ... • I: .. : 

... .. 
.. .. 

'" 

-I 

. 

' 

. 

Receipt/rejection of duplicate or split 
samples is hereby acknowledged: 

. ' 

Signature of Firm Owner, Operator, or Agen 

I 

I 

Title Title I 
CO~l'S> ___________________________________________ ~----------------------------------

------~~----------------------------------------------------------1 
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~·C. Department of Human Resources 
livision of Health Services SAMPLE ANALYSES REQUEST 

State Laboratory of Public Health 
P. 0. Box 28047 

306 N. Wilmington Street 
Raleigh, 2 7 611 

.te Number 7 b D 9 8' / ~fc lJ: (, J L} Field Sample Number ~.3L.:.5~3_;;0~---------
~ome of Site ~k"- "Ra it~~ l::e&J Jkj4; mt1 Site l.ocarton -:+-t. ;4~s h=-:e. h~o.:....-=r D:._ ___ _ 

·lollected By .2._-f-AY" ~.!2~LJ_ I~# lf-5._ Date Collected (- J...'?-8 7 Time /1 0 D 

ype of Sample: 

Environmental I V Groundwater ( 1 ). . . 

--- Surface Water (2) 

1--Soil (3) 

__ Other (4) 

Concentrate 

__ Solid (5) 

__ Liquid (6) 

__ Sludge (7) 

__ Other (8) 

Comments 

uL~-1 l 

INORGANIC CHEMISTRY 

Extractables 

Parameter 

--Arsenic 
Barium 
Cadmium· 

Results mg/1 Parameter 

__ Arsenic 
__ Barium 
__ Cadmium 
__ Chloride 
__ Chromium 
__ Copper 
__ Fluoride 
__ Iron 
__ Lead 
__ Manganese . 
--Mercury 
__ Nitrate .. 
__ Selenium 

Results mg/l 

Total 

Parameter 

__ Silver 
__ Sulfates · 
__ Zinc 
_Ph 
--Conductivity 
_ms 
_TOC 

Results mg/1 

I 
ORGANIC CHEMISTRY 

Parameter Results mg/1 Parameter Results mg/1 Parameter Results mg/ 1 

_P&T:GC/MS _EDB --Methoxychlor 

I L Acid: BIN Ext. __ PCB's --Toxaphene 
_TOX __ Petroleum _2,4-D 

-- __ Endrin --2,4,5-TP (silvex) 

I -- · __ Lindane --
MICROBIOLOGY RADIOCHEMISTRY 

I 
Parameter Parameter Results PCi/1 

__ (MF) Coliform Colonies/lOOmis __ qross Alpha 
__ (MPN) Coliform Colonies/lOOmis --Gross Beta 

I -- --
--

tateReceived J-3CJ-f"'71(P. 
Date Extracted ~ -.,2 - f7 8J..0 

t•poned By · &An JP. N~ 
DHS 3191 (Revised 7185) 
Solid and Hazardous Waste (Review 7187) 

Date Reponed -::;:--;-;~~-:-1-~/'----R--'-/ ________ _ 
e,;A . 

Date Analyzed ___..¢::;:..'_,3"-'_,f'-J~f;:-Q.~----------
ubNumber __________ ? ___ ·_~0 ___ 2_.1~·2_~ ______________ __ 

-r/7a cJ Z( 2--- ?o cJ z t S 
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INORGANIC CHEMISTRY ; I 

. . 'I. . I 
' I \ I \. ~r :, \ ·,· • ~ ' 

. ) .·'· ' .... 
!l '. ·.~ ; ; 

· i.~ ! Extractable& l :.· ·. i ... , Total 

Param~ter ' ::' · · Results' mg/1 · Parameter . · .· · Results mg/1 ·Parameter·.:. Resulti mg/1 ; ... 

_Arsenic ,. '. '·..;.......;_ __ . · __ ___;_ _
1

Barium .... · • · · 
· Cadmium· , ..;.... __ , · ___ ..;.........;.. 

_Chrom.iuin -.:~·:_ :. ;:;. -·
1

...:.:_ .. _. ___ ___;_ 

·Lead·:, ' '· ,.: 

I Mercuir ~~ .' l ; .I • t ...;.' _• ---·· ___;'· ·---
- Seleniiun · · ! • ; !._· ____ ,_ ... -· -_..;... 
...:..·s,iv~r :~:--\ ,~, ·~· _....,..._..;....... __ _ _
1 
.... :· i_,_·. ______ _ 

i I , r .. ' : r '- ,. ~- , \ • · -----------
...-

' '. '': .·;l. ·I·' , .: .::·.'· , .. , 

_:__;_Arsenic 
~Barium::: 
_·_• _• Cadmium 
_. _. _. Chloride 
____:.Chromium 
_ Copper· .i .. 

~Fluoride' 
~Iron· 
_ 1 :_Lead, ,· 
-· ·_· _, Mang~nese . · 
~Mercury· .:. : · 

' ' 
_..;....... ____ _ 

1
.' j· ·' ;:··~ ;,: .-::,,,., .·.· .·, 

. ~·i: (; 'f, · .• i·Jt· .. '' · ... ;'1\~ ·~.L I;-
~Nitrate .•. · •,: '------­
::......;__;.selenium 

. ' -~ • I : I ! ~I : .•; ! • : ... , ' : . . . ~. '·' 
' I 

: ' ;1';' ORGANIC CHEMISTRY : 

R~sults mg/.1. · .. ·• . Parameter , · ' ·. Results mg/1 
:: · . .-;. i . •. EDB _ _..;..__... __ ...;.·_·•, ~· "··' ' 

;...;·_.;...; •_: _1 ·-·...;.J._;___;.-· 2._;. PCB's 
1 

' 

__ ._. \...;. ____ ., __ • · . .J.:.._ Petroleum 
''' ., _. _. _. Endrin : · 

_ . _. Lindane : 

__:._:_Silver · · · 
~Sulfate$'· · · ·: 
~Zinc-··;.· '-.: · .. , 

; ;: . -------
_Ph ·· .. :;' .-' ------
~ConductivitY 1, .·.--·--_..;.;_'_...;.._...;.. 

....;_ TDS .. · . , : .'·· ,,' _____ ___;. _ 
~-TOC .. _ . __ _..;.. __ _ 

I . .' ; l I ~ ' I 

' . . :·! __ ___; ___ _ 
·: 

Parameter . 

__:_Methoxychlor. 
-Toxaphene· 
_2,4~0 .· 

____ ;.....• · _ _...;.....;. 

I. •' 

Results mg/L · . 

·.·." . '· 

~ 2,4,5~TP (silvex) · __ _..;. __ ..;.._ _ 

----------i--------
. MICROBIOLOGY~·· -.RADIOCHEMISTRY - !, ' 

I ·: Parameter. 

• (MF) Coliform.Colonies/loOmls .. •. 

I (MPN).Colif~ cO~?":~~:~~ r . ; •..... i. 

.. ' . ! .. ' 

\' 

... 

Parameter . 

__ Gross Alpha­
__ Gross Beta 

. Results PCiJ; 1 ,. 

!,, I, ' 

:·'\' 

· Date Reported ---:---_ ... _. _--------, --~···,_·_..;__ 

. · D~te ~nal~ed ·_ ....... _. '-:-=-~·--·-:::;:-:· :~::--::::-----··_·....;'~.;...: __ : .,...':_.: __.:.._ 

Lab Number ----=-·-· . ....;..· 7~:::_~o_z_1_3....;....· ·-~-.:_....;__.__-~~ 
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• ·.'' • t ' • ~; .... 1 • ~ 
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_ Arsen!c . '1 : ' , 

. • i . . ~ 

Patameter· 

~Arsenic,' ; · 
' ~ ' . 

Total 

·. Results mg/f · · Parameter .. . Results mg/.1 . 
-Silver"•. 

~
. arlum i ~- ; : ·. ; : 

admiusri·, · · : :'- --~....;.;__,_:_; _.'_1_··__,__ 
1. r ' ; , J . hromium · >. ____ ; .... , __ • _. __ 

_. _. _. ·Barium ' · . 
~:Cadmium;:-.· .. -------­
~Chloride·· 

_:__sulfate~·.· · · '· ·-------:... 
~Zinc · .-'; · ·:_ _.,. _....;.....;. _______ _ 
_;_..:.Ph . . ''. i---...:··-1 --

Lead-; ···:1; ;· ._. __ '·--·-·~-- _ .. _._Chromium 
ilvierc~ry ·:: '. · · .. · :; ~ ~opper ' . 
ll;eleniurn : · ' ' ; · · ~ ' ' i _.:__Fluoride · · · 
~·sn~~l;:i:l:~·:i{ .--.-.-~----....;.....;..-_,::-,--, .. :....:....;_Iron·;,:. 

12L ~/ :. . ·,• · .: ' -.~-.-.-.,~::~~es~:.: 
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1 
•. •• ' · ·" · '·;: ' ;..!.._Mercury ·· 

; · ·. / i : ·,. · · · · ; • ~Nitrate . · 
1--...:·....;.· --:··-· __... ---'~·-·---' .... ;_. :_;__,_·_' -·-· r_. -·. ·.~Selenium 

' • ! ! ~ ~ i . , ' • , . • : ; ( , ; ; ; ! :: ~ , 1 • . ,: : I , \ I , ' } ·, . ' ·" / ' ' 

~~r;z~:!'; ····::~,· .,. , : : .. ~g:. · '; 
- .. OX(:'.~-.~~~. ·~t~.·;,. '··' ··.· ·' ·~ ·· ~;Petroleum ( 

l-.0_..._._ ____ ; ' · ' ' -; · -1-' · _Endrin ·, . 
', ' .• • •• • • ~ ,\ ..... ~ ~. I • I t '· .. ' L' d 

. · ' . i 

:·MICROBIOLOGY· 

.'' 

-·-: - m an~ . 

. ,,. 
' ~. ; ~ 

~ ' ' . ' 
'·J .I 

I' 
,. ,: 

' ' . 
. ' ~ ' .. 

__;_ Conddctivity ::· · · ______ ....;.....;._ 
·ros ·· ·' .. · - ,. 

~Toe: .. ·.;·.···;· 
I ', ' ... 
---:--------- ....;.....;._....;._....;. ____ __,__ ... 

·' I ------------- ____ ....;.....;. _____ _ 
'• .. 

1''•1 

'f.. . :· . : 
• ,, J' I. ! ,,I 

' ., • I • , ! ' ~ 
, I '. ' 1 ' •, '1 -~ ~ , \ , • ~ 

Results:mgll· ·.· i : Parameter· · ·, · · i · .. Results nigti !; ., 
~Methoxychlor .. ·. .. '· .. 
-Toxaphene · .,. · ,_. -:-----------
~2,4-D ' . i· ;. 

.:_;__ 2,4,5-TP (silvex). _. _______ _.;... ·-· 
'• . ' . I ' ' ' :. 

·.RADIOCHEMISTRY· 

Parameter Results PCi) 1 . 

--··dross Alpha 
__ dross Beta · '-· \_ 

,----~-:-_....;.----------~------~....;._--
. '• '; I 

--.----------- ~-----------~-----;.._--~----

'' Date Reported ___ '_ .. -:-:------·-·----··-~-·-·,_':-.;;. .. · __ ~..;·;. __ ,:...._ . .;.;..;...;.. 
. ' ... ' 

. ·Date Analyzed 1 
· •' . ·I : • '· · ' • ' ·' 
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Lab Number :_·1 
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: l .• 
.· •• ' •l .. ,. . .; .. ···:·. i . 

·. t.~ j ~ .• Extractab~ea , . !· . :·; , /. 
• • ' ' ' • I ~ I I' ' :. 

~ ' , .. ',,• 

Par~m.el:br- .. \ ·: ~; ; Reiu~ts ~g/1;::; · .. 1. ! ?~rameter ·':l· 

~-'Arsenic'1 ., • 

;....:.:_.Barium.· : ·:. -' ,.. . ' . ' ..... ". 
~Cadmium ( '• ;, 
~Chloride '; 1 •• 

_. ·-· ·_· Chromium: ·' 
.:...::.:._copP'er · : .'· . ·. 
:..:i- Fluorid~ · · 
--·-·Iron •, . 
. '·' 1'..: d ,.,. '·: 
-·-·-LoCa ·. 

.. 
' I. 

_'_:_Manganese·.· · : 
I'M. 

. Total. :· .. 
Re5ults mg/l ; r 

,. 

.• 

. Resutu''mg/1. 
'l 1· : ~Silver: •. ;' .· •i; 

_·_.'·_Sulfates.:. · '· :·, ,_ !J; _______ ;_ ___ ...;. 

.o.-l...-Zinc . ' '.. · · · · . . . Ph' ·". ' , . .. , -...;.._--.-, ..... -
~ '· f ··; •. r.: .. __. ____ ....;....;..; _ _.._~·. 

~Conductivity.: : :.------.-. ..;.;......;......;.._'·' 
-··. ·-· TDS '. ·:. . ·_;----:..' __ ._;.· · 
-'-· _ .. TOC ; ; ; ·,. ! .. \ ,: _.....;.._..;..; _______ __ 

•; '. I ,. 

',. 
·~ .: . 

·-----'~!----·-···--·--·-~ ...... ______ _;. 
--- ---------

I .. 
~. ercury · · 

._ • _. __ .·; ... ~_; __ ._~_._._. _.i • • ·•• .. ,~_·,_' ...... ! _._:_; ·_:r_-·_·_..;.·_·_.•:_·,..;:: · ·L·Ninate .. 1 
' . ::---...... ·-' -----

1 -·~_:_: ... ~ .... ~-:_· ___ ~ ... · ; I· ; _!' · KV '. · ·· ; · 'l L Selenium' · . . ' · · 
1, . 

--------..:.~ 
' ~ 'I 

i ., t;'(·i.·'·~~ 1 ·~~~\:····;~·.. ;; I •,,· o'\ .•''(, ~.•'t! " '.''I •· 
:: · '·.:ORGANIC CHEMISTRY . '· I '. • _' ~ 

: i ·~ . '( ·\. · .• , .;r :.• ·. '· 

Param'eter: .· . 'i, ~·:Resulti mg/1· ·, 
•• J ' ' J • .. -

.. I . ,, 
~ : :, P~rameter 

P&T:CiCIMS··.\:.;:,.· ·,; ···.!' '~EDB '" 

I ~~~~;BiNExt~·;.::' ,;..;:,,,. ,: .. ,. ~PCB's : i · 
TOX I ,· 'l ' , .• ' ... I\. • • . • p ' 1 . : . 

.' 1_~ _ ~·.:_;!~_i·; :··1:1 •. ~ ... :·! .• :::.·.···.-'·.· •. :·,._··.~ .• ~ .... :.:. _:·,, ... ·,,t·;-
1.':!·, -.·-·-· .etr~eum · 

• , , ~Endrin:.· .!. 

... , ·j ., ' u·· a· '· · _._. _. n an~.-, . . , ~ -~ ~ • "\ •! . I! 
-._....;.-:,-,-...... --.• -.-, ~~ - .. : • I I , 

. ~ . . . 
. , .. 

·1 .. - !• : l' ::i i:· 
'·' ·I 

~ '. • r MiCROBIOLOGY· 

• · : · · i 'Parameter ~ ~ : : " , : ·. · · I : ·· : 
~ r 1 •• • , , ~.r..., ,,. , ,r~, 1 

I ',• 
. tf· ,. 

.. , 
: _ (Mf)'coliforin' Coloi\i.es/iOOmls ·. : · . , 

_ (MPN) Coliform ciloni~lloOrhls.; '.:. · ii 
~ l. ' .. 

I : :! '\ ·, 1 f 0 
' ~' •' ~~~~ f• ~ ~ • f : ·~: r 

• I , , ~ ; : ; • I· 01 '·,~ ', .• 1' ' • ,· ' , '~ 

~· -... : . \ 1 
' ' 

··.!-., . 
\ j ' I • ' ~ ; 

,.·. 

·I,' 

· ... r ; ... ' 

-' ' ~ . ·~ 

Parameter 

__ dross Alpha 
_._Gross Beta. 

. : Parameter · 

~Methoxychlor 
~Toxaphene · •. 
· '•.: 2 4-D . : -.-- • ,. :t·~ 
~ 2,4~5-TP (silvex) 

: ' RADIOCHEMISTR)'. · 

. Results mg/1 

'' 

. '. 
I 

I .. Results PCi/ 1:, 
. ·1·· 

-·, . 

'. ~ ' . .I 

: ... 
- .. · 

~ . ' 

Date Reported...:....-~·-·-:::-·-·~·-----··._:·--~-·.;.., ..:.i.;...: __ ._!_·._··..;,,·;..:..'-i-· i:...: ;....;' i_.:_:.: 
. .. 

' (" 'J 

Date ~naly:ed · --:-· _i_.·,_· --'· _. _; ..... ·';....·_·_; _, _..;.!_· _·. ·-·~·:..;._-". ,"":·...;.· .....;. __ :·:...l..;.. ----··:...· ·_·.;....:· ~_:;· 

, ., .. ~:-. '.o· ?~ i·s~ :: . j .· ,;-. '~ ,...,....1,. . ' : 
' . 

•'· 
I • 

I '·' 
• I 

·'· ·. 
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BASE/NEUTRAL AND ACID 
EXTRACT ABLES 

STATE LABORATORY Of PUBLIC HEALTH 
DIVISION OF HEALTH SERVICES, N.C. DEPARTMENT Of HUMAN RESOURCES 

P.O. BOX 28047-306 N. WILMINGTON, ST., RALEIGH, N.C. 27611 

ORGANIC ~EM I CAL ANALYSIS 
LAB NO /no;J !2- 7 oo:J-/f!' / L 
FIELD II 3530 35J:J- / /_ 
TYPE ( /_j J I> XJ ~~ 

/ 
/ 

Y> COt1POOHD 
UNITS /i!9it'Mg/kg ~glt pg/kg l~g/1 1J9/kg ~g/1 ]J_g/kg ~q/1 pq/kq 

N-nitrosodimethvlamine lA ~/A ~~ t, 
bis(2-chloroethvl)ether 'r_ 
2-chloroohenol -

ohenol 
1,3-dichlorobenzene 
1.4-dichlorobenzene 
1.2-dichlorobenzene 
bis(2-chloroi nether 
hexachloroethane 
N-ni troso-di -n-oroovlamine 
nitrobenzene 
isoohorone 
2 -n itrooheno 1 
2 4-dimethvlPhenol 
bis(2-chloroethoxy)methane 
2.4-dichloroohenol 
1.2.4-trichlorobenzene 
naohthalene 
hexachlonObutadiene 
4-ch 1 oro-m-creso 1 . 
hexachlorocyclooentadiene 
2.4.6-trichloroohenol 
2-chloronaohthalene 
acenaphthvlene 
dimethvl Phthalate 
2 6-dinitrotoluene ,, 
acenaphthene 
2 4-dinitroohenol ~0 
2,4-dinitrotoluene /I') 
4-ni troohenol 'StJ 
fluorene /0 
4-chloroohenvlohenvlether· /~ 

diethvl Phthalate /d 

4,6-dinitno-o-cresol !>t:l 
diohenvlamine ~ 
azobenzene 1,0 
4-braooohenvlohenvlether /o 
hexachlorobenzene /0 
pen tach lorooheno 1 sc 
phenanthrene /() 

anthracene /D 
dibutvl Phthalate I~ I 
fluoranthene /0 w '!/ 

J - Estimated value. 
K - Actual value is known to be less than value given. 
l - Actual value is known to be greater than value given. 
U- Material was analyzed for but not detected. The nt.JTber is the Minirrun Detection Limit. 
NA - Not analyzed. 
1/ - Tentative identification. 
~I -On NRDC List of Priority Pollutants. 

N.C. V.<.vi..6.<.on o6 HeaLth Se~~..v..tc.u 
VHS 3068-0 (4/86 La.boiULtoJtyl 

/ 
/ 

V> 
IAf<in JJQtkq 
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STATE LABORATORY OF.PUBLIC HEALTH 
DIVISION OF HEALTH SERVICES, N.C. DEPARTtiEHT OF IU1AH RESCU«:ES 

P.O. BOX 28047-306 N. WILMINGTON, ST., RALEIGH, N.C. 27611 

ORGANIC OEHICAL ANALYSIS 

BASE/NEUTRAl AND ACID LAB NO 7fM.2/'2-- 706.).../Lf / / 
EXTRACT ABLES FIELD I 3 r-Ju 1SJZ- / L 
COfflOOHD TYPE ( /) J I) ~) Y> 

UNITS tt:(g!J)pg~ IAJg~t pgtkg ~l.J.tg/kg !AJ"g/1 pg/kg 
pyrene /o 

~ 

/ !'-"". l-1 
benzidine !:;111 ,I T 
butvl benzvl phthalate ID 
benz(a)anthracene lb 
chrYSene JO 
3 3-dichlonobenzidine _!,'"J 
bis(2~thY1hexvl)Phthalate /IJ 
di-n-octvl Dhthalate /d 
benzo(b)fluoranthene ~(} 
benzo (k)fluoranthene ~7 
benzoca' ~ 
i ndeno f 1. 2. 3-cd) pyrene 9 
dibenzo(a.h)anthracene J7 j ll 
benzo(o.h iloervlene 51 lJ 

aniline 5I Yr t., 
benzoic acid 9 
benzYl alcohol . /() 
4-ch 1 oroani 1i ne Jo 
dibenzofuran /tJ 
2-m!thylnaPhthalene /tJ 
2-rnethYlPhenol /0 
4-methvlohenol /d 
2-nitroaniline 51) 

3-nitroaniline 9 
4-nitroaniline j~ L _j 

2 4 5-trichloroohenol ~7) .... l/ \If 

I 

J - Estimated value. · 
K - Actual value is known to be less than value given. 
L - Actual value is known to be greater than value given. 
U - 1\lterial was analyzed for but not detected. The nurber is the Hininun Detection Limit. 
NA - Not analyzed. 
1/ - Tentative identification. 
fl -On NROC List of Priority Pollutants. 

N.C. 0-i.v-U..<..on o& Hea.C.-th SeJtv.<.cu 
VHS 3068-0 (4/86 Laba~tolty) 

./ 

/ / 
(/) c/) 

»6'11 uo/ko l.d'o/1 uo/ko 

·':' .... -... 



-----------

II 
I 

SE/NEUT RAL AND ACID 
EXTRACT ABLES 

I 
CX)MPOOND 

•1i trosod irrethylami ne 
bis (2 -chloroethyl)ether 

.h 1 oropheno 1 
nol 

1 3-{j ich lorobenzene 
4-dichlorobenzene 

~-di chlorobenzene 
~(2-ch loroi sopropyl )ether 
hexachloroethane 

1 

~itroso-di -n-propylamine 
robenzene 

isophorone 

) ~; t rooheoo 1 
-dirrethylpheno 1 

1 (2-chloroethoxy)methane 
2 4-dichlorophenol 
~. 4-trichlorobenzene 
.hthalene 
hexachlorobutadiene 

h 1 oro-m-creso 1 
xach 1 orocyc 1 open tad i ene 

2 4 6-trichlorophenol 
~1 omn.phtha 1ene 

enaphthylene 
thvl phthalate 

2 6-dinitrotoluene 
lenaphthene 

4-{jinitrophenol 
2 4-dinitrotoluene 

lritrophenol 
uorene 

8:h 1 ON>Qheny 1 pheny 1 ether 
~ · ethyl phthalate 

6-dinitro-o-cresol 
'Qhenylamine 

azobenzene 
~raoophenylpheny l ether 

achlorobenzene 
pentachlorophenol 

in.nthcene 
hracene 

butyl phthalate 
.f.1 uoranthene 

I 
J - Estimated value. 

STAT E LABORATORY Of PUBLI C HEALTH 
DIVISION OF HEALTH SERVI CES, N.C . DEPARTMENT OF HUMAN RESOURCES 

P.O. BOX 28047 - 306 N. WILMINGTON , ST., RAL EIGH , N.C . 21611 

ORGANIC D-lEMICAL ANALYSIS 
LAB NO /n!J;J./2- 7oo:L/t,C / / 
FIELD II 3530 35J;l- L / 
TYPE < I ) J I ) x ) L ) 
UNITS tfl9; J"'wg/kg ~g! V JJglkg ~g/1 }Jg/kg i-1:ig/l JJ Q/kq 

)A '"'="";A . f:--"""' L-, 
·, 

_j_ 

~0 
LLl 
f7J 
/0 
/u 
!d 

!::>d 
~7 
!,0 

_/o 
/0 
5tl 

/V 
/D l 
ftJ I 
/0 \ ~I 

K - Actual value is known to be less than value gi ven . 

/ 
/ 

;c:_ ) 
&.9_; 1 lJg/kg 

1-Actual value is known to be greater than va lue given. 
- Katerial was ana l yzed for but not detected . The niJTber is the Min irrun Detect ion Limit. 

- Not ana lyzed. 
1/- Tentat ive ident i fication. 

1
~ ,- On . NR~ .Lis t of Prior ity Pol lutan ts . 

'.C . D-<.v-U-<.OYl o6 He..al.;th SVtv.<. c.U> 
DHS 3068 - 0 [4/86 L a bo~o~y) 

/ 
Y > 

/ pg/1 }Jg/kg 



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

I 
STATE LABORATORY OF PUBLIC HEALTH I DIVISION Of HEALTH SERVICES, N.C. DEPARTMENT OF HUMAN RESOURCES 

P.O. BOX 28047- 306 N. WILMINGTON, ST., RALEIGH, N.C. 27611 

I ORGANIC CHEMICAL ANALYSIS 

.BASE/NEUTRAL AND ACID LAB NO 7~~~12- 700,).-/Lf L / 
EXTRACT ABLES FIELD I 3('"jt) 1SJ2- / / I caroJNO 

TYPE ( /) ( ( V > Y > 
lJIITS n:l9t J) ~g/kg ~g!)) ~g/kg ~11 ~g/kg [A'g/1 lJQ/kg 

pyrene /o 
~ 

I 
,._....._ 

4 
Ezidi"" !;JV ,( 

tyl beozyl phthalate IO 
z(a)anthracene lo 

chrysene L_O 

llt3-dichlorobenzidine ..!-] 
s (2-ethyl hexvU.~>_htha late li> 

di-n-octvl phthalate jtJ 

•nzojbJlfluoranthene !>~ 
nzo(k)fluoranthene 57 

benzo(a)ovreoe S7 
f'deoo(l 2 3-<:dlovrene 9 
~benzo(a h)anthraoene J7 I I 

nzo{g_._h i )perylene S? .I 

liline 5I :.,., -1 

benzoic acid 9 
~~zyl alcohol /O 

k:h l oroani line /u 
c i benzofuran /IJ 
:-methyl naphthalene /v 

~thvlohenol /D 
thylphenol /IJ 

2-ni troani line .2_{) I-n it roan i l i ne 9 
-nitroani 1i ne j7J / I 

~4.5-trichlorophenol t,?) "\ j w -• -
I 
• • -• -

J - Estimated value. 

. = Actual value is known to be greater than value given. I Actual value is known to be less than value given . 

I - ~terial was analyzed for but not detected . The number is the Minimum Detection Limit. 
NA - Not analyzed. 
1/ - Tentative ident i fica t ion. II/ -On NRDC Lis t of Pri or i ty Pollutants . 

N.C. D~v~~on o Heatth SeAv~c~ 
DHS 3068 -0 (4 /86 Lab o~~o~y) 

7 
/ / 

( / ) Y > 
~/1 lJQ/kg AiCi11 lJQtkg 
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PmGEABLE Cll1PO..WOS 

COf'WfO 

d\ 1 oronethane 
bt ·omouethane 
dich 1 orodi f1 uorarethane 
vinyl chloride 
d\ loroethane 
-ethvlene chloride 
trichlorofluoromethane 
ethene 1.1-dichloro 
ethane 1 1-dichloro-
1.2-trans-dich loroethene 

STATE l.ABOAATORY Of PUBllC HEALTH 
OIVISIOH Of ..:ALTH SERVICES, N.C~ OEPAATt1ENT Of WKAH RESOURCES 

P.O. BOX 28047- 306 N. Wll"INGTON, ST., RALEIGH, N.C. 27611 

ORGANIC OE"lCAL ANALYSIS 

lAB NO 7CC-;:J_f.?j 7./,:r.:...''~ 
FIELD I '3)~ I 3.) 3'J 

TYPE c ' ) C I ) ( ) ( ) 

tlfiTS I r1Jci7t 1 u<J/kq 1~qlfltcQ/kq tcg/1 tcgl1cg uQ/1 tc<J/kg 
,o '---; ,,/ '--... L-L-
/() 1 

:Jo I 
,o I :. 

;o I 
5 I 

.z_o I 
7 I . 

I 

I 
I 

( ) 

tc911 tcClllc<J 

dllorofocw ~· I . -
ethane 1.2-dichloro- I ! 
ethane 1 1 1-trichloro- I 
carbontetrach tori de I 
bralodi ch loranethane I 

1 2-dich1oro-
1.3-trans-dich1 I 
tri ch 1oroetbv1 ene I 
dllorodibrolanethane I 

' 
benzene I 

I 

ethane. 1 1 2-trich1oro- I ! 
I 

1.3-cis-dich1 "'V ; 
. 2-<hloroethV1 vinyl ether /0 I I 

broaofona s- I i 

ethane. 1 1 2.2-tetrachloro- ! I 

ethene. tetrach1oro- i I ! 

toluene ! l 
d\1 orobenzene ,, I i 
ethYl benzene w ~ ... i/ 

"'· 
Ketone /0 L( 1 A 

2-butanone jtJ I I 
carbondi sulfide s ! I 
2-hexanone /C) I I 
~thv1-2-oentanone /d I I 
styrene 7- I I 

vinvl acetate /d : , I 
-:-xylenes C-h:rlr·_.d) " ,,/ ,! I 

J - E.sttmated val ue. 
( - Actual value is known to be less than value given. 
l - Actual value· is known to be greater than value given. 
U- l'aurial was analyzed for oot not detected. The nurber is the Hininun Detection limH. 
K.\ - Hot c1Mlyze<j. 
11 - Tentative identificatioo. 
"!!-On I6UX: List of Priority Pollutants. 

N.C. Division of Health Services 

.DHS "'3068-<> (4/86 Laboratory) 

{ ) 

u<J/1 uq/kq 



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

I 
I 

PU«V.SLE ~OS 

(X)fl(UID 

e= rodi fluof'<m!tt\ane 
vinv1 chloride 

IIIIi h 1 oroethane 
~ thvlene chloride 

i ch 1 orof 1 uorarethane 
ethene 1 1-d i ch 1 oro 
ene 1 1-dich1oro-

trans-dich1oroetheoe 
d\ 1 orof 01"11 --

hane, 1 l-dich1oro-
ne 1 1 1- trich1oro-

carbootetrachloride 
I"Cm>di ch 1 oronett\ane 
~ne 1 2--dichloro-
... 3-trans-dich1o 
tri ch 1 oroethy 1 eoe 

1 orodi bl"a!!nett\ane 
zeoe 

ett\ane. 1.1 2-trich1oro-

~~is-dich1UI 
loroethV1 v inv1 ether 

ranofon1 

STATE LABOAATOO'I' OF PUBLIC HEALTH 
DIVISION Of 1-f:ALTH SERVI~S. N.C. DEPARTMENT OF ~ RES<X.IRCES 

P.O. BOX 28047- 306 N. WILMING TON, ST . , RALEIGH, N.C. 27611 

ORGAHIC CHEMICAL ANALYSIS 

lAB HO 7t..C'~/3 <7(' (;:; !5"' 
FIELD I 35"3! 3~-33 

TYPE ( I > < I ) ( ) ( ) 

UNITS ! (\Jg71' vg/ko 1\Jo/tl vqlkq vg/1 JJg/ko IJQ/ 1 )Jg/kg 

;0 '---.---' lA I'---'- LA-
/0 I 
;;;Jo I 
;0 I ' 
;o J 
5 I 

Zf) I I 
5 I I . I I 

I I 

I 

I 

I 

I 

I o 
s-,thane. 1.1 2 2-tetract. 1oro-

heoe tetrach1oro- I I 

luene 
d\ 1 orobenzene ,, 

lthv 1 benzene v v , I 
'7 

Ketone /0 l { I A 

1
-butanone /IJ 

larbondisulfide s 
-hexanone /C) 
~thvl 2-.pentanone jrJ 

ltyrere ~~ 

i nvl acetate /() / 

:-xylenes C-lvln i\ ')' v ,. J 
-o 

- Esttma~ va lue 
( - Actual value is known to be less than value given. 

( ) 
)Jg/ 1 )Jg/l(Q-

..... _ 

1- Actua l val ue · is known to be greater tMn value g i ven . 
- l'(a ter ia I w.1s aM 1 yzed for oot not detec t ed . The nurber i s the Min i1'1'1..111 De tect ioo L iml t. 

&. - ~t ana l yzed . 
II - Tenta t ive iden t i f ic.! t ioo . 
21 - On NROC Li st of Priority Pollutants . 

I .e. Division o f Hea lth Se r v ices 

DH S --:30 68-0 (4/ 86 La bora t o ry) 

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

( ) 

uq/1 uo/ko 
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North CArolina Department of Human Resources "c, ·. c::~~ 

Division of Health Se~iC"es 1:~5 ' ·:. • .... :; !:J .. :. • .. · -.:. 

Occupational Health Laboratory =:;.~· ;·_-: . 

ANAI,YSIS REPORT 

. · . 

I 
]_ 

I 
I 
I 
I 

Date of Analysis:-...!.7~-~5_/_-_~_'t:J _________ _ 

Analyzed By: 

~BORATOR'l 

.I 
I 
I 
I 
I 
'I 
I 

NUMBER 

,.. •t•.,-t ~ 8 
0 • ..-~-..!.. .... 
s·""?ll Q ... ~:;.. -
6',.·'1 ~o .. ,..._,~ 

. 
s~~"1"1 ·-·~ ~ 

6"·"'"1"', • •• .,. 1".11 iwl 

-6 u,.1..,3 
• .. ~ "" 

6~~2.1.~~1: 

·-

. 

"1t.ll. 

SAMPLE NUMBER 

~/ 

~;J, 

~s 

.rr'l 
1/;5. . . 

{t.~ 

#!? 

DESCP.lFilON 

a'r,• -'LrA)o..y- /1~ hN/r'~ 
4~ - ,.A.,~ -.J4P, ~~ 

1/NO... A#'riV" ~Hl"- l'•~n ~ 
~/.l,.;stl- du.-A. UtL . 

Hr-- ~, I),"/;' ~ dtutef> -rlzc. 

u1~ 1 c(,.,·tl'l~ ~·,Cd ~ 
~;.., ~A'),·.....¢ 
~,/-A.,.,,.;~ ~re. ~ ...r ..,._ 
c/,..4t.,...S. ~~ • .sh-t-<cl 

~ ~~~it:lt! ~~~ ~ /&~ 
~-.I-

/UIW'~ ~~~ D'4." t.:Aicl.L 
""-wno-.ef!-- t'Jl;.~,-. h 

v 

. 

. 
.. . 

. 

I ciMtarrs: ~ ""': Ol~k...... .:l: ~:.,., 
Ct\'lltncm~ lfi ·I· ·. 

lc ~HS·F~~ 1440 (Rev. ~-75) 
Occupational Health .. 

. ;. ... 

:·-:.:-.::= ·;:.,.! 
:- . ,. 

. . . 

-~t,vlO 
'"\: 

't, 
~ I .. :c ,.. .l~I'V" 

1111 

R 1:4 r.a tht\c:: I I.J " a.;!VV ~£SULTS lN 

~~ J f2/2tt1 P6. 
~- ~~T/ 

~ ~ US WA~ '\. /I.) I/.,. 11' I I _, 
2o,~oh 

J .. );ll/t; 
t,,-?F7:·= 
~ .. . . . 

IWV5?¢·~ -. ·-r ... r 

,. . 
2b~ 

~/3'/ , . . 

. 
.. .... 

. . . . .. 
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-·· . 
North Carolina Department of Human Resources 

Division of Health Services 
Occupational Health Laboratory 

/~----_ .. ··-~ 

~~ G· ~.~·:.-~;::\ 
' ·;, !.J·- ·.-.-:\ 

ANAI,.YSIS REPORT 

,'·-.. ~ / •. '.5-,5.!' -:_;,\ 
•• • ... I. .,. " •; t,J :--' ._, 

. '::= :· :;:_.-~· ;.~;, 

Company: Paivll±L ~.L,~- Sra ~ ~ Sol'!'#:~fM~=~;f 
Address: ~~-?; Askboco, Nc_ Ra.oclofph Co . ·, · ...... ~-::.:;./. ~~·.:~~- ,_:/ 

_, 

I 
I 
I 
I 
I 
I 

Service Requested: ~o.cl An*&- ~Al S"'-Y=p l0 
Samp~l; Taken On: .. -~ ·:.··g l,. ·. . , - . .. .. . · __ 7 • _ :" . · . By:_.:::L::..:::::W::;..TJ'8w'8~'~:...;;;;;~:;._ ____ .;....._ 

Rc. .. -'D, ~-\ . 
Submitted To Laboratory On: It>- -'tb o- - b-1/.!)!By:. _____ ~.-----

Date of Analysis: /t!J-J:-yt, Date Reported: (tJ-r~ 

Analyzed By:_...,~1/"-.~7?~------------

l,.ABOAATORY SAMPLE NUMBER DESCRIPTION 1~£HARKS 

NUMBER 

~., ...... ,"' 
.) ~ .. ;· {' .... ~J -I!: I S11il in'-_,._ ......... - tsW...~~ 

,_ "' ...... __. P-·. .• d~ J.. 
C!.\c..cq 

6~'~71.1 ~.t.. ~' ~m l'l"ff:'!:! Af~ro.<. 75 feet CJ.~ 
"1 

I 
I ... . . . 

I . 

·I 

. 
.. 

. 

~o~ENTS: )t_,.,J. ~-~ h ~ (!\..c..r(w.. W~:..O 
I .· - ~"-ZF-- . 

NIOSH Analytical Me.thod: Pi'ACAM 173: GE~EBal 

' 

l
tBOCEQURES_EQa_HEieLS£ Filter collection, atauiic 
absorption analysis. 1977. 

REPORTED B 
Chief, Occ 

. 

.. 

RESULTS lN 
~ Pi:J. ;-

/d.h:DDrn 
_/ , 

3?t:J:/)"Tr\. 
' I 

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

. . . 

-. 

.. 

. 
.. •"" 

. . 
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~· I~ ~ ::_ 

I Q 

I I 
i 

I Name of 
System 

I 
I 
-I 

STATE LABORATORY OF PUBLIC HEALTH 
DIVISION OF HEALTH SERVICES 

. N.c. DEPARTMEN:r OF HUMAN RESOURCES TUESDAY JUL1:5 t 

P.O. BOX 28047 - 306 N. WILMINGTON ST .. RALEIGH 27611 

. \ 

INORGANIC CHEMICAL ANALYSES-PRIVATE WATER SYSTEM 

~: 

Complete All Items Above Heavy Line 
(See Instructions on Reverse Side) 

""('. 4:.\ , ••. 

.-· 
Source of Wcuer: 
( ,if Ground 
.( ) Surface 

Source of Sample: 
( ,f!... House Tap 
( ) ~ell Tap 

• . tl· . ....... . .. 

Both 
Purchased 

Treated 

TyE}of Treatment: 
( AJ None 
( ) Chlorinated 

~ ( J Fluoridated 
·~ 

i 
(! ) • 
( ) . Filter~: 

Alum·~ 

.. .. _.. ..... __ 

( ) Ume 
( ) Soda Ash 
( J Polyphosp 
(. ) ; Water Sot 
( ) Other 

:.l· Mooted-. B...,y:;...: :.-;..uo..>.-L..;.;...------ ~;P .. ~~~$ 
l~i~. Date Collected:._~_.,."-----:.-- Time:_....;;..,..._ _____ ~!J.+--T-y-p-e-o-f-A-na-1-ys-is-D-es-ir-e-d-: --------

l ( ) Regular Parameters 
~~tionofSampling P~nt: ~~~~T-~~~-----~~'-~)-~O~p~ti~o~n~ai~P~a~rn~m~e~t~~~s~------~ 

Both 

I~ 
... 

Remarks: 

L§+'t 1P? 1 A&WW *¥G*'Rti&•i M2¥5.f'Hhff& M!c 1d& ;s>;:m; &f a 

Regular Parameters 
Results 

pH ~5 uni&1 Results 

Arsenic < a _._fl L mgll 

Lead <tJ·03 mgll 

Iron . <o.os mg/1 

Manganese ~IJ .o-5 mgll 

Copper -< 0• OS" mg/1 ,.. '· • . ... 
Zinc: .<(..}d):}_ , mg/1 

Cllc:ium .5·8 mg/1 

Magnesium /_. s mg/1 

Hardness·CaC03· ICa, Mgl c:!J mg/1 

Alkalimtv·CaC03 e;J.;z_ mg/1 

Chloride 3 mgll .. 
Color 0 units 

Turbidity Q.3J.. NTU units 

Fluoride <-o.IO mg/1 • 

Date Received --..llliwl&~--=-~-'~'-'QO~-- Date Reported Ju 1 t•,n(l 
' L - ~· · Reported By--------

· ... .J1.4 
Date Analyzed----------- Laboratory Number----------------------

DHS Form· 1441 Rev. 10179 

laboratory HEALTH DEPT. 
··-·- .. _...-~ .... ..._. --

Mildred A. Ke 
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I. REPORT: : 

A site visit was made to this battery/lead and scrap metal Teclaiming operation 
as a result of the Randolph County Health Department's response to a July 171 1981 ·I· .N.C. Division of Health Services~ letter.~nquirying about such operations. This 

t .:-, ...... letter was· sent "to all he~lth departments' throughout the state~···~ The visit was made.:-::.:':"; ....... ..:;.:. 
with Mr. Martin and Mr. Workman of the Randolph County Health Department. Since no Jl one responsible for the operation was home~ no conta~t was made. 

Site Visit Findings 

II This is apparently a small family type battery/lead salvage and reclaiming 
operation which has been in operation for approximately 16 years. It is located on a 
dirt road off Highway 220 in Asheboro. Eleven (11) houses or ~railers are along Jl. the road. Apparently, these families are all related in some ~anner and some are 
involved with the reclaiming operation. There are two large piles of scrap- battery 
casing parts along the road. The largest scrap pile ( 20 feet high x· 75-100 feet in 

I diameter) is located behind a trailer a~d consist mostly of casing bottoms. Next 
to this pile is a well with a work bench built onto the well house. -(A battery 
dripping acid was on the bench.·) The slope of the land is such that any rain run-off 

1 .. ·from the scrap pile could run into a family garden located in a near by field. The 
·.other scrap Jile (30 feet in diameter). is fartl}er down the road and consists mostly of ·· 

.. :~.easing tops. Apparently, lead from the batteries is melted here (possibly to remove ·· · 
~·~.seperator plates), ·since rusted 55-:-g~llon. drums and slag were n~ted. Rain run-off 
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is down a·l 1/2 - 2 feet wide gully~ The gully was followed a short distance 
but it could not be determined where it leads. Broken battery casings are scattered 
along driveways-and the dirt road as fill. It was not apparent how acid from the 
batteries is handled. No containers~ drums~ or tanks were seen in any of the 
areas. 

. At the end of the vis£t~ a wife of one of the men involved with the 
operation came out and said batteries were no longer being reclaimed because 
they found out it would hurt their children. However, some yet to be reclaimed 
batteries were seen. So it is doubtful the ope~ation has completely stopped. 

An initial investigation was conducted by the County Health Department 
in.July~ 1980 in which water samples (from the well and trailer beside the large 
pile of casings) and soil samples were taken. Results of the water samples 
are attached and show normal pH levels and no lead content. No written report of the 
soil samples has been received by the county from the N. c. Division of Health 
Services' Laboratory Sec~ion. Telephoned results of·two (2) soil samples 
showed 3000 ppm and 2500 ppm of lead. Blood samples were also taken on two (2) 
residents and found to be negative. (No numerical results are in the report.) 
These results are also attached. The Solid and Hazardous Waste Section of 
the N. C. Division of Health Services was contacted and has additional information 
pertaining to the operation~. · 

Conclusions .• 

There is a potential for lead exposure to the residents and adverse 
environmental effects are present from the reclaiming process, the storage of 
casings~ the handling of acid~ lead residue on the roads~ driveways and yards~ 
and lead contamination of homes (from clothes and shoes)~ food from gardens 
and water. A coordinated evaluation··should be made by appropriate local and state 
agencies (Randolph County Health Department~ Lead Screening Committee~ and 
Hazardous Waste Section of the N. C. Division of Health Services and the N. c. 
Department of Natural Resources and Community Develop~ent) to determine the 
health and environmental effects of this operation. The Occupational Health 
Branch will provide any technical assistance needed in this evaluation. 

PC:ng 

John "Pat" Curran 
Industrial Hygiene Consultant 
Occupational Health Branch 
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August 13~ 1981 

Dr. Martin P. Hines AUG 1:4 1981. 
Chief, Epidemiology Section 
Department of Human Resources 
Division of Health Services 

. P .0. Box 2091 
Raleigh, NC 27602 

Dear Dr. Hines: 

In reply to your letter.dated July 17, 1981~ we·can supply 
you with the following list or names and results or our 
preliminary investigation: 

Battery Dealers 

Glen Hoskins 
Rt. 7~ Box 376 
Asheboro, NC 27203 
Phone: 625-4510 ~ 

Marvin & Elbert Caviness 
Rt. 7 
Asheboro, NC 27203 
Phone: --625-3230 

Blood Samples Taken 

Rita Williams,. Mother, 08-14-80 - Neg. (9) 
Homer L. Williams, Son, 08-21-80 ~Neg. (11) 

Enclosed you will find copies of water samples, maps, and notes 
from our investigation.. Mr •. Bill Myers, Solid & Hazardous Waste 
Section, phone 733-2178, has additional information regarding 
this operation. · 

If we may be of further service to you regarding this problem, 
please let us know. 

JDW,JR./dlc 

Enclosures 

~ncerely, · 

clr ·V. tJ~- f. 
J. D. Workma~r. 
Sanitarian Supervisor I 

• .... ..... • • 0 
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NOTES 

August 7, 1980 / 

Jim Martin & Robert Tolen vis.ited the :foJ..lol'ling houses _­
:for the purpose Qf notifying.the occupants o:f the possibJ..e 
contamination or lead from being exposed to.the burning 
o:f battery casing & battery casing being used as a :fill 
on drives and yards • 

·;"·House #1 Rita Williams , 

#? House Vacant: However previous occupants· were notified. 

House 
(Hayes) 

#3 Howard Strickland 
House #4 No on-e home. .,_,.J ....Lc.3 

\ 

. 
- t 

.. - .. 

\ 

·' 

........ ·----· .. .;.. .... 
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·· ~rtin, Governor 
Phillip J. Kirk, Jr., Secretary 

Ronald H. Levine, M.D., M.P.H. 
State Health Director 

MEMORAN)UM 

TO: 

FRCJ.1: 

SUBJECT: 

DATE: 

William Meyer, Head 
Solid and Hazardous Waste Management Branch . 

John I. Freeman, D.V.M., M.P.H., Head~~~ 
Environmental Epidemiology Branch~~~-
Battery Dump Site in Randolph County 

October 20, 1986 

The Environmental Epidemiology Branch was recently informed of an area in 
Randolph County that had been used as a dump site for discarded battery 
casings. Several residents of the Ula community haq previously been involved 
in· salvaging lead from the batteries and discarding the casings or crushing 
them to be spread over the dirt road on which the dump is located. The 
operation was discontinued five years ago when the county health department 
became aware of it and explained the hazards to the parties involved. Although 
the problem was brought to the attention of the Solid and Hazardous Waste 
Management Branch in 1981, no further action was taken other than the 
collection of soil and water samples. 

On July 23, 1986, Charlene Wiggins, Lead Epidemiologist with the Environmental 
Epidemiology Branch, visited the site with two representatives of the Randolph 
County Health Department. The scrap pile is located behind a house trailer and 
is approximately 25 feet high and 75 to 100 feet in diameter. It appears to 
mainly be composed of casing bottoms. Farther down the road, a second area 
approximately 40 feet in diameter was found coated in broken pieces of casing 
tops. This was the area originally used to melt the lead from the batteries. 
Small pieces of casings were also observed along the dirt path and the 
driveways along it. 

During the visit, Ms. Wiggins collected soil samples near the scrap pile, the 
area where the lead was melted, and along the road. The lead content in these 
areas ranged from 0.6% to 14.4% (see attached). As you are aware, soil 
containing greater than 0.05% is considered to be a hazard. 

Since children are particularly susceptible to lead poisoning due to their high 
rate of intestinal absorption and natural hand-to-mouth habits, Ms. Wiggins 
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-· 
attempted to identify all children living-along the dirt·roadr. ·Six children 
were identified at the five houses where someone was home. There was no answer 
at the remaining five houses. The parents were·informed of the hazards of lead 
and advised to have their children tested for lead at the-eounty health 
department. All six of these children have been tested·, ·and one wa"""ST'ound to 
have ~lass III lead poisoning (with Class IV bei~he_most severe). This 
child ha? been living in a house trailer which is:Iree of lead hazards for 
approximately one year. Her mother admitted that the child frequently eats 
dirt, and a soil sample collected from her driveway contained 10.6%--leaEI. The 
child is presently being treated at Memorial Hospital in Chapel Hill. 

In further investigation, three more children were found to live in the area. 
The county health department is trying to arrange testing for these children at 
this time. 

Due to the high levels of lead in the soil and the presence of young children 
in the area, the Environmental Epidemiology Branch feels the situation requires 
further discussion with members of the Solid and Hazardous Waste Management 
Branch. Please contact Charlene Wiggins or me at 733~3410 at your earliest 
convenience to arrange a meeting. 

JIF:CW:lp 

Attachment 

c:· Mr. George Elliott, Health Director 
Randolph County Health Department 

( 
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29 April 1987 

TO: File 

FROM: Stan Atwood .J ~ 
RE: Ulah Battery Lead Reclaiming 

I spoke by telephone with Mr. Jerry Dickinson, Chief - Ulah 
Volunteer Fire Department (919) 629-3300. Mr. Dickinson lives about 0.1 miles 
south of the site. He provided the following information: 

1. Elbert and Daisy Caviness probably own most of the property at 
the site. Elbert began the battery operation. 

2. Batteries were broken on site and the acid ran onto the ground. 

3. There was a fire at the site about 8-10 years ago that was 
confined to the casing pile behind the Hoskins home. 

4. Most wells in the area are about 100 feet deep. He dug his own 
well - 83 ft. deep, 40 ft. to bedrock, 55 ft. of water in the 
well, 4 in. diameter. His son, who lives across the street, 
recently had a well dug. He will call me back if he can get 
information on this well. 

s. Some well drillers used in the area include w.w. Maness ·and 
Sons, 464-3633; and Asheboro Well, 625-6374. 

SA/tb/0374b 
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28-29 April 1987 

TO: File 

FROM:· Stan Atwood .J-c,__ 

RE: Surface water use - Ulah Battery Lead Reclaiming. 

On these dates I spoke by telephone with David Slater and Harvey 
Fouts, Randolph County Agricultural Extension Agents (919) 629-2131. They 
provided the following information: 

1. The Little River in the site vicinity is not used for 
irrigation; however, cattle use the water. A tobacco farm in 
the area irrigates from a pond. 

2. The Little River is not likely fished above SR 1127 which is 
more than three miles from the site. 

3. Batteries were generally chopped open with an axe to reclaim the 
lead. The acid ran onto the ground. 

SA/tb/0374b 
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STATE OF NORTH CAROLINA 

DEPARTMENT OF NATURAL AND ECONOMIC RESOURCES 

CLASSIFICATIONS AND W~ER QUALITY STANDARDS 

ASSIGNED TO 

THE WATERS OF THE YADKIN-PEE DEE RIVER BASIN 

DIVISION OF ENVIRONMENTAL MANAGEMENT 

RALEIGH, NORTH CAROLINA 

Reprint from North Carolina Administrative Code: 15 NCAC 2B .0309 
Current Through: June 30, 1981 
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NRCD - ENVIRONMENTAL MANAGEMENT 2B ·. 0300 

.0301 CLASSIFICATIONS; GENERAL 
(a) Schedule of Classifications. The classifications assigned 

to the waters of the State of North Carolina are set forth in the 
schedules of classifications and water quality standards assigned 
to the waters of the river basins of North Carolina, 15 NCAC 2B 
.0302 to .0317. These classifications are based upon the existing 
or contemplated best usage of the various streams and segments of 
streams in the basin, as determined through studies and 
evaluations and the holding of public hearings for consideration 
of the classifications proposed. 

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

(c) Classifications. The classifications assigned to the 
waters of North Carolina are denoted by the letters A-I, A-II, B, 
C, SA, SB, and SC in the column headed "class." These class 
designations refer to the classifications established by the 
Rules, Regulations, Classifications and Water Quality Standards 
Applicable to the surface Waters of North Carolina, as adopted by 
the North Carolina Board of Water and Air Resources on October 13, 
1970, and approved by the Environmental Protection Agency on 
January 20, 1971. A brief explanation of the "best usage" for 
which the waters in each class must be protected is given as 
follows: 

Fresh Waters 

Class A-1: 

Class A-II: 

Class B: 

Class C: 

Tidal Salt Waters 

Class SA: 

Class SB: 

Class SC: 

source of water supply for drinking, culinary, 
or food processing purposes after treatment by 
approved disinfection only, and any other usage 
requiring waters of lower quality; 
source of water supply for drinking, culinary, or 
food processing purposes after approved 
treatment equal to coagulation, sedimentation, 
filtration, and disinfection, etc., and any other 
usage specified by the "C" classification; 
primary recreation and any other usage specified 
by the "C" classification; 
fish and wildlife propagation, secondary 
recreation, agriculture and other 
uses requiring waters of lower quality. 

shellfishing for market purp.oses and any other 
usage specified by the "SB" and "SC" 
classification; 
primary recreation and any other usage specified 
by the 11 SC" classification; 
fish and wildlife propagation, secondary 
recreation, and other uses requiring waters of 
lower quality. 
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NRCD - ENVIRONNENTAL HAN AGEMENT 

Name of St r eam 

Camp B nmch 
Dula Tho r oughfare 
Buffalo Creek 

Description 

From source to Rocky River 

From sour c e to Pee Dee River 
From source to Dula Thoroughfare 

Clas s 

c 

North Prong Buff,. l o 
South Prong Buffalo 

Pr essely Creek 

Creek From source to Buffalo Creek 
Cree k From source to Buffa l o Cre e k 

From source to Pee Dee River 

c 
c 
c 
c 
A- II&B 

tl r o wn Creek 

LiLtle Brown Creek 
Wallace Bra nc h 

Rushing Br anch 
Black Ja c k Br anch 
Big Branch 

Key Branch 
Kell y Branch 

Li c k Creek 
Swa ns Branch 
Ledbetter Branch 
Lit tl e Brovm Cr eek 

LeggeLt Bra nch 
Baileys Branch 
Pinch Gut Cr eek 
Tanyard Branch 

Cr anes Bra nch 
Cab in Branch 
Jacks Branch 
Cabbage Branch 
Goulds Fork 

Roc ky Fo rd Cr eek 
Culpepper Creek 
Grind stone Branch 

Palmetto Bra nch 
Ca nal Branch 

I ngo l d Pond 

Ga ddys Goose Ponds 

Hurri c an e Creek 
Fl a t Fork 

Cedar Creek 
Dry Cree~ ( Andrews Po nd ) 
S link Branch 
Turkey Top Cr eek 
Little Ri ver 

So uth Pro ng Li tt l 0 Rive r 
ScoLt Branch 
Be 11 Branch 

Big Bran ch 
Reedy Creek 
Reed Creek 
Rocky Creek 
Kings Creek 
l.Jagners Br anch 
Wes l ey Dean Branch 

Little River 

Asheworth Branc h 
Suggs Cr eek 
Wards Creek 
\./hi te Oak Cr eek 
West Fork l.itt le Rive r 
West Fork Little Rive r 

lle Lsy Creek 

From N.C .-S . C. State Line t o Pee Dee 
River 
From source to Brown Creek 
Fr om source to Little Brown Creek 
From sourc e t o Brown Creek 
From source to Brown Cree k 
From source to Brown Creek 
From source to Bi g Branch 
From source to Big Branch 
From source to Brown Creek 
From source to Brown Creek 
From source t o Brown Creek 
From sour ce to Brown Creek 
From source to Little Brown Cre ek 
From source to Brown Creek 
From source to Brown Creek 
From source to P inch Gut Creek 
From source t o Brown Cre ek 
From source to Brown Creek 
From source to Brown Creek 
From source to Brown Creek 
From sourc e to Brown Creek 
From source to Goulds For k 
F r om source to Goulds Fork 
Fr om source to Goulds For k 
From source to Brown Creek 
From source t o Palmetto Branc h 
En tire pond and connecting st ream 
to Canal Branch 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Entire pond s and connect ing st ream C 
t o Canal Branch 
From .sourc e t o Brown Cr eek C 
From source t o Bro"rn Creek C 
From source to Pee Dee Ri ver C 
From s ource to Pee Dee River G 
From source to Pee Dee River C 
Fr om source to Pee Dee River C 
Fr om source to Randolph County Lin e C 
From s ource to Little River ' C 
F rom source to South Prong Little R. C 
From source to South P rong Little R. C 
From sou rce to Lit t l e River C 
From source to Little River C 
From sour ce to Littl e River C 
From source to Little River C 
From source to Little Ri ver C 
Fr om source to Little River C 
From source to Little River C 
From Randolph Coun ty Line to Bl.scoe A- Il 
Wat er Suppl y, t wo miles upstream from 
N. C . Hwy . 27 
From source to Lit t l e River 
From source to Little River 
From source t o Li tt l e River 
F r om source to Lit t l e River 
Fr om source to Rando l ph County Line 
Fr om Rando l ph Coun ty Line to Littl e 
River 
From source to West Fork Li ttle 
Ri v e r 

A- ll 
A- Il 
A- Il 
A- ll 
c 
A- II 

A- ll 

Class ific atio n 
Date 

9/1 /74 
9 /1/74 
9/ 1/74 
9 /1/74 
9 /1/74 
4/ 6 / 55 
7/l /7 3 

9/1/74 
9/1/74 
7/1/73 
7/1/73 
7/l /73 
7/1/73 
7 I 1/73 
9/1/74 
7/1/73 
7/1/73 
9/1/74 
9/ 1/74 
7/ 1 /73 
9 /l /74 
9/l/74 
7/1/73 
9 /l/74 
7/l/73 
~/1/74 
9/1/74 
9 /l/74 
9 /l/74 
9/ 1/74 
9 I 1/74 
9 /1/74 
9 /l /74 

9/1/74 

9 /1/74 
9 /1/74 
9 /1/74 
9/ l/74 
9/ l/74 
9 /1/74 
7/1 /73 
9/1/74 
9 I 1 I 74 
9 I 1/74 
9 /1/74 
9/ 1/74 
9/ l/74 
9/1/74 
9 I 1/74 
911/74 
9/1/74 
1/1/ 56 

1/1/ 56 
1/1/ 56 
l/1/ 56 
1/1/ 56 
7/ l/ 73 
l/1/56 

1/1/ 56 

Ref 6 

2B . 0300 

YAD 20 

Index No . 

13-1 7- 46 
13 - l H 
13-Ul - 1 
13-18-l-1 
13-lH-l- 2 
13-1 9 
13-20 

13- 20- 1 
13- 20- l-1 
13 - 20- 2 
13 - 20- 3 
13- 20-4 
13- 20-4- 1 
13- 20-4 - 2 
13 - 20 - 5 
13- 20- 6 
13 - 20 - 7 
13- 20 - fl 
13- 20 - 8 - l 
13-20-9 
13- 20 - 10 
13-20- 10 - l 
13-20-11 
13 - 20 -1 2 
13- 20- 13 
13- 20- 14 
13 - 20- 15 
13 - 20 -1 5- 1 
13 - 20 -1 5- 2 
13- 20-1 5- 3 
13-20-1 6 
13-20- 16- 1 
13 - 20-1 6-l-l 

13-20- 16-l - 2 

13- 20-1 7 
13-20- 18 
13- 21 
13-2 2 
13-23 
13-24 
13- 25 - ( l ) 
13-25- 2 
13 - 25-2 - l 
1 3 - 2~ - 2- 2 

13-25- 3 
13- 25 - 4 
13- 25 - 5 
13 - 25 - 6 
13-25 - 7 
13-25- 8 
13-25- 9 
13-25-00) 

13 - 25 - 11 
lJ-25-1 2 
13- 25 - 13 
13- 25 - 14 
13-25-15- ( I) 
13- 25-l:l-( 2) 

13- 25 - 15 - 3 

~ I 

~ i 
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Figure 31. Map of Randolph County showing the location of wells 
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Randolph County 

(Area 801 square miles; population 61,497} 

Randolph County is the largest and westernmost county in 
the Durham area. It is bounded on the north by Guilford Coun­
ty, on the west by Davidson County, on the south by Montgom­
ery and Moore Counties, and on the east by Chatham and 
Alamance Counties. Asheboro, the county seat, has a population 
of 9,449 and is the largest city in the county. Other population 
centers include Archdale; Liberty, Trinity, Randleman, Staley, 
Ramseur, Franklinville, Coleridge, and Seagrove . 

The county is drained by the Uwharrie, Deep, and Rocky 
Rivers. The topography of Randolph County is rolling to moun­
tainous. The Uwharrie Mountains are the dominant topographic 
feature in the central and south-central parts of the county. 
Streams are deeply incised except for the Uwharrie River, 
which has carved a fairly broad lowland on argillite that is 
less resistant than the surrounding metavolcanic unit. Highest 
elevations are in the Uwharrie Mountains and along the David­
son-Randolph County line. Lowest elevations are at the Uwhar­
rie River in the southwest corner and at the Deep River in the 
southeast corner of the county. 

Randolph County is largely rural but has many textile mills 
and furniture plants, which employ many part-time farmers. 
Agricultural products include small grains, hay, corn, and live­
stock. 

Geology 

Most of Randolph County is underlain by rocks of the meta­
volcanic unit (pl. 2). The metavolcanic unit in the county in­
cludes felsic to mafic tuffs and flows of volcanic origin inter­
bedded with thin beds of argillaceous tuff and graywacke. The 
central part of the county in the south of Asheboro is underlain 
by the more felsic rocks of this unit. 

The metavolcanic unit is overlain by the argillite-graywacke 
unit consisting of argillite, graywacke, graywacke conglomer­
ate, and tuff. Graywacke and graywacke conglomerate are con­
fined to the eastern part of the county. The argillite in the 
western part of the county is more deeply weathered and less 
deformed than elsewhere in the Durham area. 
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The argillite in the southwestern part of the county grades 
upward into the tuffaceous argillite unit. The contact between 
the argillite and tuffaceous argillite is drawn where the more 
massive tuffaceous argillite excee.ds 50 percent of the total. 

The argillite-graywacke unit is overlain by the mafic tuff and 
flow unit. This unit, consisting of coarse andesitic tuffs and 
flows, is present near the axial regions of the argillite-gray­
wacke synclines. Tuffaceous argillite in the western part of the 
county is interbedded with the rocks of the mafic tuff and flow 
unit. This may indicate that the tuffaceous argillite unit is a 
facies of the mafic tuff and flow unit. 

The metavolcanic and argillite-graywacke units have been 
intruded by granite, granodiorite, and gabbro. The large plu­
tonic mass in the northwest corner is chiefly granite. The large 
ones east of Ramseur and west of Liberty are more maftc in 
composition. The argillite-graywacke unit west of Asheboro 
and the metavolcanic unit in the vicinity of Asheboro have 
been intruded by gabbro dikes and sills . Most of the high 
ridges in the western part of the county are capped by gabbro. 

Ground Water 

Most water used for domestic, public, and industrial purposes, 
other than in the towns of Asheboro and Ramseur, is obtained 
from ground water. The town of Liberty, in the eastern part 
of the county, uses ground water from five wells to serve about 
1,500 people. Storage is in one elevated tank having a capacity 
of 275,000 gallons. The water is not treated. Ground water in 
the county comes from secondary openings in the rocks such as 
fractures and planes of schistosity or from the overlying porous 
mantle of soil and weathered rock. Because the depth of dug 
and bored wells in the county is limited by the depth to un­
weathered rock, the dug and bored wells generally go dry dur­
ing . periods of drought. Drilled wells are more dependable 
sources of water in the county, because they are more easily 
constructed below the water table. Drilled wells have the addi­
tional advantage of being less susceptible to contamination by 
surface water. 

Data from 154 wells in Randolph County are summarized in 
table 19. 

Comparison of yields indicates that the metavolcanic unit 

128 

Ref 7 



1 ...... 

:I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. . .... \ . ~-~· ... .:..";. •,.\ ''':;·'" ......... ·::· .. . :.·. 
'· .. · . 

. · .. 
..· .. ·.-.·: : .. :·.: .. . · ... 

·.·.·· ' .. .... . . · .· ..... ···. 

. . 
Table 19. Summary of well data in Randolph County according to rock type 

Yield (gallons per minute) 
Average 

Map unit Number of Average· Per foot depth 
wells of well (feet}_]/ 

Granite and granodiorite 18 7.5 .07 108.4 

Argillite-graywacke 37 8.8 .08 106.1 

Metavolcanic 99 12.9 .13 98.5 

_]/Average water level for wells in Randolph County is 26.7 feet below land surface. 

yields the most water per foot of well in Randolph County. 
However, this is not true of other counties in the Durham area. 
Figures 15 and 16 show that there is a rlirect relationship be­
tween depth of weathered rock and yield in the metavolcanic 
and argillite-graywacke units. The metavolcanic unit in the 
county is deeply weathered and this may account for the higher 
yields; however, the argillite-graywacke unit is also deeply 
weathered except in the southeast corner of the county. Figure 
18 indicates that topography is the most important yield­
controlling factor in the granite ·and granodiorite unit. It is 
apparent that rock type, depth of weathering, and topography 
are among the factors that control the yield in any one locality 
in the county. 

Plate 1 shows the areas distribution of relative yields in the 
Durham area. Comparison of this map with plate 2 shows that 
most of the area underlain by the metavolcanic unit yields 0.1 
gallon per minute per foot of uncased hole. In the unshaded areas 
in Randolph County, a well 80 feet deep that has 30 feet of 
casing should yield 5 gpm or more. Wells in the area.s shown by 
a horizontal-line pattern should yield less than 5 gpm for the 
same well and casing depths. Areas in which yields would be 
expected to be less than 1 gpm under the same set of conditions 
are shown in a crosshatched pattern. 
· Figure 30 consists of two selected hydrographs which illus­
trate the seasonal fluctuation of the water table in Randolph 
County. 
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Figure 30. Selected hydrographs showing seasonal fluctuation of the water 
table in Randolph County. 
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Quality of Water 

Ground water in Randolph County is principally a calcium 
bicarbonate type. Sodium and magnesium bicarbonate, and cal­
cium chloride types also are present. 

Iron concentrations were below the U. S. Public Health Serv­
ice recommendations of 0.3 ppm in 10 out of 17 of the ground 
waters analyzed. Chloride was above 250 ppm in only one 
ground-water sample. Hardness ranged from 8 ppm to 1340 
ppm. 

Analyses of ground water from 20 selected wells is presented 
in table 21. 
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Well 
DO, 

l 

2 

3 

• 4 
• 

5 

6 

7 

8 

9 

10 

11 
12 

l3 

• . 
(Type of well: 

Locatloa • 

. 

3.o mi. w or 
Trini • 

·~· 

4.o ini. E or 
•• I"~ 

~. mi. ·E or 
Archd~e~ 

2.0 mi. N1IJ of 
Level Cross 

1.0 mi: NE or 
Level Cross-

2.8 mi. NW JJt 
Red C'ros 

2.5 mi.· N of 
Libe 

2.~.~· NE or 

4.tm1· or 

Red 
o.8 mi. sw or 

,Red Cros 
3.l.m1. w or 

Red Cros 

. . ."' .. · . ·, 

• 

Table 20. Records of Wells in Randolph County 

(Reported hardness1 H,hard; M,medium; S,soft) 
B, b,<>r• D~ Dr ,drilled. Relative yi,.\d: .!!_llons per minute ., ... foot of uncased hole, 

"T .,. 

Depth RelatlTe 
OWiler Topo~- '1'1P• Depth Dlam• Water-bear~ of Water Yield 7feld Reported 

rapb:r of (ft.) eter material eulnr len I (CPDI) (ralloaa bardneu 
weD (ln.) (ft.) (ft.) per foot) 

Troy Forrester Upland .or .. 19 8 Marie .I'~ 20 40 14 0.24 s 
·flat-

Randolph ·do-· 92 6 Gran! 9 s 
• • 

• • 

J. w. .B-. 25 24 25 ll s· s 

J. R. I 1, 11. .n. lSO 6 so 20 l s 
• 

Lester L. IH11 ·do-- lSO 6 JO 8 M 
• 

Vera ... 65 3 Diori~ so 4 0.27 s -- . 

Tom Hooke ... u8 2 Marie ,,., 16 7 s 

Ray . ·do-· 94 6 . Oranodi I +• 35 s 
' 

• 
' 

Ervin Workman-· n 40 24 I 'l\U'r. ·4o 24 5 s 
• 

R. L. I 1 I 11 182 6 Granodiorite-· lO 35 10+ o.o6 H . 

a. c. --do- .B-. 28 24 Marie 28 l3 ts s 
Charles Field ll7 6 Granodiori 12 ·s 

J. A. >1.ey-· Sl, 1"1 41 36 I Marie 
,,. ... 0 28 4 s 

• 

. 

14 1.6 mi. sw or B~ E. Flat- 120 6 30 ·30+ -------

• 
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• 

• 
• 
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• 

• 

Level Crou-
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• 

' • 

. 
. . 

• 
' . 

• 

• 
• 

. ,·.,, . ..... ~.t-.·~· 
• ' . 

• 

Remub 

Observation 
WllJ 
ana~ sis 
in table. . . 

• 

' 

• 

Re::rt;s~ve 1 
with sana 
iron •. 

• 

• 
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• • . • ...... -! 
. ' I, o 
• • • • .. ---~ . . ' ·. ... . 
.: • . ·.·-i ... •. -... ~ . . . .. .. • • - . ~. 

!•. __ \.---4 
'· ; :• .. -iJ • • ..-1 

. ., ... 

{Type of well: 
•• 

Well Location 
DOo • 

l5 Ole nola-----

16 Trin11V'----

17 2.1 mi. sw or 
TriniiV'--

16 4.o llii. s or 

19 
Trinitjy----

.3.4 mi. s or 
TriniiV'----

20 2.6 mi. SE or 
Trinity---

21 2.6 mi. sw or 
• Oienola----

22 2.2 mi• S cit 
Ole nola----

2.3 2S mi. NW or 
Randleman--

24 2.4 mi. N or 
Randleman-

25 .3.0 mi. NE or 
Randleman--

26 2.4 1111. s or 
Red Cros11-

• 27 4~0 mi. w ot 

26 
Liber~----

2.0 mi. or 
Liberty-·--

Table 20. Records of WeJJs in Randolph County (Continued) 

(Reported hardness~ H,hard; M,medium; S,soft) 
B,bored; D,dug; Dr,drilled, Relative yield: gallons per minute per foot of uncased hole.) .. . 

. ' • Relattre Depth 
0WIIer 

. 

Topoc- TJpe Depth Dlam• Water-bearlnc of Water Yield Jlelcl . Reported 
raph7 of (ft.) eter material eulnc lnel (epm) (caliOIIII hardneu 

wen (ln.) (ft.) (ft.) per root) • 
. • 

-t • 
' 

~de R. Spencs nat --B-- . Lh 24 Mafic tui'! · -- Lh 20 6 M ------•• 

6 Randolph Countjy Knoll • -Dr- 400 Granite----~ .30 23 22 o.o6 s 
Schools--- . • 

• 
John .c. Easter --do-=· -do-- 7$ 3 ------do---- 26 10 7 .1.4 s 
J. M. H1U-- -D-- 16 46 Katie tui'!-- 0 36 .3' ---- s 

• 
• 

Mary B:nmso · Slope-- -I>z--- .30 6 az:anite-----· 9 l5 l · o.os· s· 

J. M. Elder---· Hm ... -do- 79 6 ------do----- s 40 6 .o6 H 

Dr. Mclean B. -do- -do-- 90 6 .,. ___ cfo --- l5 -- 4 ;os s 
lea t,h;.----

M. J. Ill. vis---· --do--- -do-- lOO 6 Katie t11f!--- ---- .30 s ------ M 
• 

. 
L. v. Ad1111111-- Low -do-- 214 6 Diorite---- -- 40 lO ------ s 

!lat- • 
• • 

. '-- i""'\' • 
Wood Smith--- Slope -B- ss ·24· .lrg1 1 11 te---- --~ 1.4 ·, 4 ----- s. '-..... .. -· • ·- . 

' • 

c. w. Henley-: Hill--- -Dr-- -•72. 3 Katie tuft--- --- ··-- . 2S ------ s 
' 

v. o. Bouth--· Xne>ll-- •• B-. ' 

.35 24 Felsic turr;... .3$ 6" s • s • -----' ' 

C>.lrtisa I:bdlon- --do-- -DI-- 72 6 Granodiorite 6.3 6 .s o.$6 s 
• . 

George York- am--- -do- 66 6 -•·==dO•••-- .34 22 s .15 s 
. 

' ' 
• 

• 

• 

• 

Rem arb 

Some iron • 

~~rted • 
sis in 

table • 

Observation 
WllJ 
analysiiJ 
bitter 
taste 
reported. 

• • 
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! 
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' • 
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Well 
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Table 20. Records of Wells in Randolph County (Continued) 
1-•. 
'/·' ' . 

~ ., , ' . '. ' -• 
• 

(Reported hardness1 H,hard; M,medium; S,soft) 
• 

. sallons per minute per (Type of well: B,bored; D, dug; Dr, drilled, Relative yield: 
• Depth 

J«atlo11. 0WIIer Topoc· TTP• Depth Dlam• W ater-bearlnc of Water 
raphJ of (fL) eter material culttc leT e) 

... u (ln.) (fL) (fL) 
. 

Liberty----- -Dl--- 299 10 Ma!ic tnt!--- 65 20. 
---do------ ·· - --do-- -do-- 242 10 ----do--- -- lJS .30 
----do------ ~. -do-- 292 8 l2S lS 
----do----- --do-- -do- 221 8 lSO 20 . 
-----do----- --do-- -do-- 600 6 ---do------ 600 12 

• 

.3.0 mi. S of M.M. -do-- 101 6 ----do----- 18 10 
Liberty---· 

H~•· 3 • .3 mi\ SW of H. A. -do-- 68 6 -----do----- ---- ----
Liberty----

Gray~ CMpel- Randolph -do- 22.3 6 --~do------ 32 22 . ,;, , 
2.0 1111 .. ~~~ J. T. -do-- -do-- 72 2 Felsic tuft- u --

Grays . 

Worthville-- Leward Cotton -do-- lOS 6 Mai'ic bltt--- 15 63 
I 11, • 

Randle~~~an---- Commonwealth •lle;y- -do-- 180 6 Felde tJ•f't-- ---- .30 

1.7 1111. w ot Jack 111. ·do-- 12.3 6 Mai'ic turt--- 108 ---
Randleman--

l.o m1. NW ot Randolph Coun ·1-do- lJO 6 ·-----do- - --- ----
Sophia-----

1.7 1111. SWot c. w. --B • 46 24 Sericite 48 .30 
Sophia---- • IChiat···-

• 

. 
o.8 mi. NW ot' -l>.l--- 1.30 2 Mai'ic +>•f't--- ---- -- ,. 

Flint Hill- I"' 

foot of uncased hole,) 

RelatlYe 
Yield ,.told Reported 
(Dill) (pl101111 hanlnea 

per foot) 

40 0.29 --------
15 .72 ------
1S .46 
15 1.00 

100 --------
. 

10 o.12 s 
. 

s s 

16 o.o8 s 

20 s 
• • 

lS o.so -------
20 H 

s o • .3.3 ------
• 

22 -------
3 s . 

l s 

Rem arb 

!Cased with 
slotted 
pipeJ 
analysis 
in table • 

~ome il'on 
reported. 

Observation 
vell. 
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. 
rvation 

'liell • 

• 

wellJ 
ana~sia 
in table. 
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~··.,:· ... 
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Well 
no. 

L4 

4S 

46 

47 

48 

49 

so 
Sl 

52 

53 

S4 

ss 
56 

57 

sa 
• 

. 

. 

. 

• 

(Type of well: 

IecatiOil 

2.0 mi. w ot 
Flint Hill-:. 

14.7 mi. w or 
Flint Hill-

7.4 mi. w ot 
FlintHill-
7 mi. sw or 

. :Flint H1Jl--
13. o mi. $W or 

:Flint Hm--
l3.o mi. s or 

Flint l«ll--
IL 0 mi. ·SW or 
Randle~ 

lh.£ mi •. ~ ot 
Randleman---

13 o mi. ·s or 
Randleman--

j2.2 Dii. SE or 
Worthville--

ILo mi. SW or 
Grays Chapel 

1 mi. H ot. 
lU, 

11 'mi• SE ot 
Grays 
Chapel-····· 

1 .n 1111. N or • 

Chapel---
3.~ 1111. NE or 

Remseur---

• 

• 

Table 20. Records of Wells in Randolph County (Continued) 
• 

.. (Reported hardness1 ll,hard; M,medium; S,soft) 
B,bored; D,dug; Dr,drilled. Relative yield: gallons per minute oft¥ foot of uncased hole,) . 

Depth Relatln 
01111er Topor· Tn>• Depth Dlam- Water-bearhtr of Water Yield . 7leld Reported Remark• 

rapb7 of (ft.) eter material eulnr len! (rpm) (rallono bardnea 
weD (ln.) (ft.) (ft.) per foot) 

· · 2o' 
. 

~1.ope--
• • 

George w. -Dr-- 95 3l Argj J J ita-- ----- 2S 0.33 s 
Spencer---- . . 

• 

L. E. Hoover-- Hil1 -do-- 96 6 
• 20 '. 20 . 12 0.16 s 

Glenn Thomas- -do- -do-. 125 6 do -. '46 ---- s .o.o6 S. 

Billy Loftin- --do- -do • 96 6 Felsic tutr-- 20 - - 20 . 0.26 Mo IL 'taste 
• repo~ted, 

Mt. Pleasant -do- -do•- 122 6 Andesi tic _ '!nf; 6 s o.o4. • ···-- ----,..--
Church--- • and az:g_ID 

$ Robert Crotts- --do-- -~'- ~Sl 24 f ... 37 ··' s s· Argilli and =· ----. tutt------- r --· ·-Willard w. Cox 81 s -Dr-- 91 6 Argillite--- ---· 5o 15 ------ . 

William J. ,, , -do-- 87 2i ----do ---- 50 7 ----- M ----Hylton------ .--.., 
Hal Garner-- -do = 150 4 ' '125 . 10+ 0.40 s ---• ' 1-·· • 

• 

·ss . 
Clurney -do - 70 6 Felsic ccys 4 20 1.25 s Analysis • 

Harzelson-- . 'ttltt----- in table. 
Whites ,, 

-do = 100 6 Marie tutr--- 7 ·) o.o3 ------Memo:rlal • . 
. 

Bap,tist 0 

. . 

C!mrch-----
0 

• 

E. M. Baa a--- ~, -do-- 70 4 Marie ·crystal •• -- )0 6 ----- s 
tu!t------ -. .. , 

J. F. Pugh--- 1_1111. -cio-- 61 .6 
• 

Argillite---- (_6 18 9 0.16 s 
• 

. 

~~!~le • 
J. L. York- -do- 57 6 Marie tutr--- 54 20 6 2.00 -----. 

• . 

--do-
. 

James Hicks--- . -do- ]$0 6 -----do )0 • s o.o4 M --- ----• 
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. 
(Type of \iell: 

' 

Well Locatloa 
no. 

. 

59 2.S mi. W o! 
Staley----

6o Staley-----

61 1.2 mi. s or 

62 
Staley----

.3.8 mi. sw or 

6.3 
Staley---

o.8 mi. NE or 
Ramseur--

• 

64 l.S mi. N or· 
8 emseur--

65 Franlcl:lhville 
66 ----do ----
67 o.S mi. E of 

Cedar Falls 

68 0.3 1111. w or 
Cedar Falla 

69 Central Falla 

70 1,7 mi. s or 
Central Fall 

71 2,5 mi. w or 
Central Fsll 

72 3.8 1111. NW or 
downtown 

• Asheboro--
7.3 5 • .3 1111. s or 

nint am-
74 6,4 mi. 5W of 

nint am-

. . 

• 

Table 20. Records of Wells in Randolph County (Continued) 
• 

(Reported hardness1 H,hard; M,medium; S,soft) 
B,bored; D1dug; Dr,drilled, Relative yield: gallons per minute per foot of uncased hole.) 

Depth Relat!Ye 
Owaer Topor· 1'7P• Depth Dlam- Water-bearlnr of Water Yield rfeld Reported 

raphJ' of (fL) eter material cutnr JeYO! (QIII) (rallou bardneu 
... n (ln.) (fL) (fL) per foot) 

F, F, Pugh---- Upland --Dr-- 65 6 Marie tut! n ----- 4S 5 ------ s .. tlat 
Randolph County H1ll ••• --do-- 8o ---- Felsic turf- ---- .30 8 ----- ------

Schools---
F • M, Lindley- Slope-- -do-- 59 2 Argillite---- --- ---- 4 ----- s 

W, Mike York-- Hill-- -do- 200 4 Granodiorite .32 .32 J.S 0,02 s 
• . ' • v. c. Marley-- --do-- --do-- lS9 6 Argillite---- 4S 

'-· 
.30 20 .17 s 

. w. H, Jones-- Low --do- 65 6 Felsic turf- 28 15 5.S .15 s 
fiat-

Randolph Mil 1s VaJley- --do- 65 6 Marie tutr-- --- ---- 9 ------ s 
Clarence Cheek -do-- --do-- 65 6 ---do----- 40 20 O,'l7 ----- -------
Sapena Mt'g. Co. Slope- --do-- .300 8 Quartz veins --· - 88 .37 ------ -------

in matic 
. tutt-----

Jordan f%>inn~g Valley- --do-- 202 6 Gabbro------ ---- 11 --- s ---- -
Compaey-----

IO.opman Hilla Slope- --do-- 16o 6 Felsic --- ----· 28 ---- -· ---
crystal 
tuft-------

Ralph Swan-- Hill ••• --do-- 89 6 lleyoll te---- --- .35 6 - --- s. 

' 
Joe F, Rich-- -do-- ~do-- 1.3.3 6 Argillite--- ·Bo JO 12 0.2.3 s 

•. 

Bill Bollerd- -do-- -do-- 1.38 6 - ---d 80 Bo 17 .Jo M 

Randolph County Slope --do-- 85 6 ----do-----
Schools--- • --- --- 8 ---- s 

• 

Wade Yonts--- --do- --do-- .36 6 Maf'ic turf-- 4 1 . .3 0.09 H 
• 

• 

•t . : -
- . - - j ....-. 
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Well 
110. 

75 

76 

77 

7a 

79 

ao 
al 
a2 

a3 

84 

as 
a6 

137 

aa 

7 .o 1111. w. or 
Farmer----:. 

5 .5 Iii. NW ot 
.Fa;uar---­

h.a 1111. w or 
. Fl.rmer--
3.1 1111. NW ot 

. Faz1•aa~--
• 

2.2 1111. H ot 
ramer-:.;. .•• 

5.5· 1111. NE ot 
. FUJDe..r--~. = 

4.h 1111. W ot 
·Asheboro-­

AaheporO----

2.0 1111. I ot 
ASheboro=== 

z.a 1111. s or 
. Cedar Fall a 

:.u 1111. sw or 

3.2 1111. SW ot 

• 

• • 

• 

Table 20. Records of Wells in Randolph County (Continued) 
• 

(Reported hardness: H,hard; M,medium; S,soft) . 
~~ Dr drilled. Relative . . gallons per minute per foot of uncased 

• • 

Br1nlc Hunt ==• • 

J. X. BJrn= •• 
• 

R. s. Fer.rer--

R. o. J:atea--

Howard S&ll)e"" 

s. A. Lowe, . 

COlen Auman--

Herbert 
~hep}!erd ·=· 

Blue Mist 
Dri Vlt Inn -­

CJ.age 

John H. 
li1lliama-­

HelV1n's Drive 

Inn--------Ramseur Furni­
ture Co.--

• 

Topoc­
nph:r 

T7Pe 
of .. en. 

Depth 
(ft.) 

am-- -Dr- 66 

-do-- •• B.;. 34 

Slope- -Dz • 39 

Draw-- ~o • 125 

H1JJ=:= =dOu• 2a3 

--do-- ;,.do-- 100. 
. . 

-do- -do-- lla . 

' 
-do--• 

Slope- -do· 
• 

• 

H1JJ- -do--• 
• 

-do-

-do-- -do-

-do-- -do--
• 

Slope- . -do .• 

so 
as 

54 
120 
• 

ao 

sa 

Diam­
eter 
(Ill.) 

'Water·beufnc 
material 

'6 Felaio· 
• 
• 

24 Mario 

6 Mario tn tt 
bre 

6 Mario tutt 

6 

24 

6 

4 Mario 

6 c17stal 

6 

6 

• 6 

' and 

• 

4 Arg1Ui 

• 

• 

$ Arafllite and 

Depth 
of 

culntr 
(fL) 

Water 
JeTe! 
(ft.). 

--- ----
34 15 

4 9 

---- 0 

.----
---

10 

----
32 

• 

46 

2a 
.. ' ~ 

•••• 

• 

• 

., 

'as i 
• 48 . 

20 

20 

• 

--· 
----

• 

'22 
• 

12 
• 

7 

Yield 
<nna) 

s· 

R.latiTe 
7feld 

<callou 
per foot) 

o.lh 

s 

*3 ,_..;_ __ 

M 

s 

J 

a· 

7 

10 

• 
• s 

• • 

1-··--- -----

• • 

• 

• • 

• 

o.2s 

l.oo 

.Oh 
• 

• 

s 
·s 

• ------
s 

--·-
-------.. 

.la . s • 

.lh s 

---·--

\ 
\ 

in table. 
about 

3 gplll ~ 
not 

wellJ · 
ana~ais 
in table 

iron 

. 
• 

in table • 
• • 

well • 

• 



'< 

. , ., . . . . 
· .:· ·· 

. ·. 

;·:· 
.. ··. 

- - -

Well 
no. 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

- - - - - - - - - - - - - - -
Table 20. Records of Wells in Randolph County (Continued) 

(Reported hardness: H,hard; M,medium; S , soft) 
(Type of well: B,bored; D,dug; Dr,drilled. Relative yield· g~llons per minute per foot of uncased hole ) 

Depth Relative 
Location Owner Topog- Type Depth Diam- Wat.er.bearing of Water Yield yield Reported Remarks 

raphy of (ft.) eter materia l cas ing level (gpm) (gallons hardness 
well (in.) (ft.) (ft .) per foot) 

3. 0 mi . S of P. T, Allen--- Hill-- - Dr-- 100 6 Mafic tuff- -- 95 60 10 2. 00 M 
Ramseur---

3. 0 mi. SE of Mrs. Allene - - do--
__ IJ.._ 

51 36 Granodiorite 0 43 3 -------- s 
Ramseur--- Parks----- - -

s.o mi . E of Earnest Burges~ Slope- --B- - 30 24 --- --do---- -- 30 25 1 -------- s 
Ramseur---

5 . 5 mi. SE of I, w. Parks--- --do- - -Dr-- 75 6 Argillite- --- 25 ----- 5 0. 10 s Some iron 
Ramseur--- reported , 

2, 0 mi. NE of H, w. Ferree-- --do- - - do- - 125 6 Mafic tuff--- 18 55 3 . 03 s Analysis 
Coleridge- in table . 

2. 8 mi . N of J. M, Greene-- Knoll- - do-- 47 6 Granodiorite- 37 ----- 12 l. 25 s Do . 
Coleridge- ,. 

Coleridge - - - Randolph County Hill- - - do- - 185 6 Argillite--- - (!5 60 22 .13 --------
Schools-- - --

2. 3 mi •. NW of Francis Byrd-- --do- - -do-- 74. 4 Mafic tuff--- 37 28 7 . ,18 s 
Coleridge-

5.0 mi. NW of Archie 1 , --do-- -do- - 75 6 Phyllite- ---- 45 35 3 .10 s Re ported 
Coleridge- ~ey------ to have 

iron and 
to be 
corrosive , 

6 . 3 mi . W of T, E, Smith--- Draw-- - do-- 72 4 Crystal lithic 21 22 10 • 20 s 
Coleridge- tuff---- - - -

4.5 mi . SE of Evelyn Smith- - Knoll- - do- - 126 4 Mafic tuff--- 26 35 8 . 08 s 
Asheboro--

4.Q mi. E of E, L, Smith--- F1at-- - do-- 71 4 Crystal tuff- 42 28 12 . 42 s 
As heboro--

4.0 mi. SE of G. B. Beeson-- Slope- -do-- 62 4 Crystal lithic 16 22 8 .17 s Analysis 
Asheboro- - tuff------ in table . 

3.0 mi. SE of Coy J. Hill-- -do-- 60 4 Mafic tuff--- 30 17 10 .33 s 
Asheboro-- Hamil ton----

3.5 mi. S of Arthur Johnson - - do- - -do-- so 6 Crystal tuff- 18 ----- 10 . 31 s 
downtown 
As heboro--



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

- ----·- ___ ....._ - - - ------- --~-

Table 20. Records of Wells in Randolph County (Continued) 

(Reported hardness: H,hard ; M,medium ; S,soft) 
(Type of «ell· B bored· D dug· Dr drilled Relati e 1d · 11 

' ' ' ' ' v yte : ga ons per minu te per foo t of uncased ho 1e. ) 

Well Location Owner Topog- Type Depth Diam - Water:benrinl" 
Deplh Relatil'e 

no. 
of Water Yield yield Reported Remarks 

raphy of (ft.) eter material casing level (gpm) (gallons hardness 
well (in.) (ft.) (Ct.) per root) 

104 Asheboro----- H, L, Frye--- -- Hill-- -Dr'-- 75 6 Crystal tuff- - 21 18 3 o. o6 H Reported 
to have . 
iron' and 
to be 

105 2,0 mi. NW. of J , E, Allred- -- --do- - -do-- 76 4 - -----do- - - - - - 60 
acid. 

Ulah--- - ---
35 8 0.50 M Reported 

l o6 4.4 mi. Nil. of 'Walter Ganter-- - -do-- -do- - 100 6 
.corrosive, 

------ do------ ------ ----- 8 ------- M 
Ulah-------

107 3.3 mi. W of John J. Hill-- - Draw-- - do-- llO 6 
Ulah---- - --

- ----do- - - - -- 22 30 2 0. 02 s 
-108 3.5 mi. NE of James Morris--- Upland --B-- 80 24 Argillite--- - -

Fanner----- flat 
,80' 40 1 ------- s 

109 Farmer--- ---- Randolph County Sl ope- - Dr-- 160 
Schools------

6 ----- do----- - 4D 35- 20 0.17 -------
110 3. 0 mi. -W of E, J . Bailey- - - Knoll- - do- - 90 4 Argillite 

Farmer-----
and ------ 6 8 ------- s 

mafic tuff--
lH 3.8 mi, SW of Paul Apple---- - Slope- - do-- 50 6 Gabbro and 

Farmer- ----
------ 3 8 M Water ·rs-

mafic · tuff-- ported to 

112 2.8 mi. SW of E. w. Elliot--- Hill-- - do-- 135 !Argillite-----
be liley. 

Farroor-----
2 35 5 5 0.05 

I 
s Some i ron 

ll3 2.4 mi. SE of T, v. Allman--- Slope- - do-- 99 6 
repor ted , 

Farmer-----
----- do----- - 55 34 25 0.59 s 

114 3.7 mi . SE of Marshall Quick- Knoll- ..:do-- 71 6 C-rystal 
Farmer- ----

tuff-- ------ 23 1.5 ------- s Obse r vation 

ll5 o. 8 .mi . S of l!;rvin Co'le----- Hill-- -do-- 83 6 
well . 

Ulah--- - ---
rystal lithic 4o 20 10 0.23 M 
tuff-- --- ---

.. : 

116 2.4 mi. SE of 
Ulah-------

Mr. Garner- ---- Slope- -do-- 49 4 - - ---do------ .36 ----- 15 1.10 s 

.· . .. 117 4. 3 mi. SE of Richard E, - - do-- .. do-- 85 4 
Ulah------- Taylor ------ -

--- --do-- --- - 70 15 .5 0.33 s 
ll8 6. 3 mi. W of Tom Brown-- - --- Hill-- - - B-- 41 24 

Col eridge--
~rystal ruff-- 41 24 3 ------- s Observation 

l " 
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. Table 20. Records of Wells in Randolph County (Continued) 

(Reported hardness~ H,hard; M,medium; S,soft) ' 
____ <:.;;::..:..;;_o;.f;;...w..;e..;l.,l:i-.;;B;.:.•..;b;.or;;.e;.;d;.:;....;;.D.:.;d;;;u;;:.:....;;.Dr;.:.;•d;;.rilled, Relati~v~e:..z~l~d!,!:_!!~~...P.:;;_!m~i!!nu~t~e~ 

Well 
110. 

119 

120 

121 

122 

.123 

124 

125 

126 

127 

128 

129 

lJO 

lJl 

132 

lJJ 

Locatloll 

• ot 
Coleridge·-.. 

4.5 llli. ~ of 
Coleridge-­

J.S 1111. W. of 
Coleridge--

1.9 1111. sw of 
Co1eridge­

J.l mi; 6 of· 
Co1eridge-

2.7 mi. SE of 
Coleridge--

4.9 mi •• SE of 
Coleridge ... 

5.2 ·mi. SE ot 
. Coleridge--

4.6 ·mi. S o! 
. Coleridge--
1.2 mi. If o! 

'Erect------
2.2 IIi!. W o! · 

Erect------
2.3 ·mi. NW of. 

. Erect------
4•0 1111. N of 

·seagrove---
2. 1· ini. N of 

Seagrove---
2.9 mi. 5 ot 

·u;Lah-------

01111er Topoc• 
nphJ 

Tn• 
of 

weD 

-
Ee A. Bean--- --do-- -
• 

Iuther ~ens-- Flat--

Mrs. Van --ao--
N, L. · 

L. B. Go1na--- Slope­

Albert 'Brown-- Hill­

Ro;y Macon---- --do -
• 

. 
·Clinton S1ope-

'Richardson-
E. E. Hm--

• F, L. --do--

--do--

-do--

• 

Depth 
(fL) 

Dlam• 
eter 
(ln.) 

W ater-bearlnc 
material 

Depth 
of 

caalnr 
(fL) 

91 

32 

24. 

·42 

6o 

36 

6 Felsic --·------

126 

60 

Jl 

24 

6 

6 

6 

6 

611 6 
• 

36 .. 30 

4 

• 

• • --··--·-1 0··----·------

• 

Marie 
arg1lli 

Marie ---1 
• 

Welded flow . . 

34 

l5 

20 . 

53 

Jl 

.30 

36 

JS 

Water Yield 
len! (Qm) 
(fL) 

' • 

11 

12 

l5 

30 

30 

46 

9 

6 

3 

7 

s 
l.S 
o.1 

20 

21 5 

20 
• 

,'32. l 
• 

16 6 61 

60 

40 

4 Lithic ,..., 

24 errs tal U~tt 

----··-1--- 6 

4 40 23 
• 

• 
• 

• 

• 

• 

of UnCSS ed;.,.;:h;:.D,:l.:,e.:.:.,""T ___ . _ _... 

Relatl1'e 
Jfeld 

(callona 
per foot) 

-------
• • 

-----
-----

0.26 

-------

Reported 
hardneu 

s 

s 

s • 
M 

0.09 -------

,00 H 

.72 s 
s 

o.6o s 
s 

• 

o.l6 s 

• 

5 

5 

Remarb 

Analysi~. 
. in tab1 •.. 

• 

LilztY. taste . 
repol'ted • 
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~ Hll 
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-...1' 
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L, . . 
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Table 20. Records of Wells in Randolph County (Continued) 

. ' . 

• • • . • • . • 
(Type of well:' 

(Reporte~ hardness~ H,hard; M,medium; S,aoft) 
B,bored: D;dug; Dr,drilied, Relative yield: gallons ~er minute per foot of uncased hole.) 

• 
Depth RelaUYe 

Well LoeaUon OWDer TopOJ• Type Depth Dlam• Water-bearlnr of Water Yield rleld Reported 
(ft.) material eulnr len! (rpm) (rallona hard DOll no. nphr of eter .... n (ln.) (ft.) (ft.) per foot) 

3.2 mi. sw· of 
-t • 

134 Ervin Parks-- Slope- -Dx--- 15S 6 Cr,ys tal tuff- 17 20 20 • 0.14 M 
Ulah------- . 

. 
. 

1.3S .s mi. SWot High Pines Flat-- -do-- 64 6 Welded now 30 10 s ----- -------Ulah------· • Church----.:.- • tuft------
I • ... 

f•o mi. S of 
/ '\ ·. 

1.36 · Jack Lanlier-- Knoll- -do-• 100 6 Argi 11i te---- I 4S i 3S 4 Oe07 I? 
&.rtha----- ·- ..... 

1.37 .9 nii. sw pf .Roscoe Miller- Flat-- -do-- 100 4 7\t.rfaceous . 6Q 4 6 o.l5 5 
.Martha---- arg:lllite-- ·~ • 

Surratt- -~n.J /-i9) • 

138 ~.·9 mi. •SW of J •. B. Slope- 2S 40 ----do----- 0 l M ------•.../' • L ........ &rtha----- . • 

139 f!•2 mi. ~ of c~ ·A. Lanier--: Knoll- -Dr-- 170 4 Argillite---- 40 ----- Q.~ o.oo --------
· Martha----- --• • 

• 140 j4.4 mi. SE of .a. c. MiJJkan- Hill-- -do-- 12S 6 ----do------ 4oi S1 12 o.14 s . . . ·Martha.:. ..... . .. -. 
• 

141 ) • .3 mi. W of . Arthur HU 1--- . --do-- -do-- 129 6 Cr,y;~tal tuff' 70 ----- s 0.08 --------
Pisgah----- • 

142 ~"•0 nii. W of Lacy Strider-- Flat-- -do-- 100 6 -----do------ 12 7 7 o.o8 s 
Pisgah----.:. 

Oray l.ambert--
• 

14.3 1'-•S ~· E of Slope- -do-- 70 6 -----do------ 15 ---- 8 o. s • 

Pisgah-----. . • 

144 ,6·mi, NW of Gracy Atiman--- Knoll- -do-- 70 6 ---do---- 6o 8 o. 77 s -----
• 

Seagrove--- • 

o.oL l4S ,..s ini. NW of Arthur Latham- Fiat-- -do•- 124 6 Crystal tuff- 28 . .30 s 
Seagrove--- • 

146 t>eagrove----- c. R. Richard- Knoll- -do-- 7S 6 ----do--~-- 40 20 20 o.s M 

• • 

• 

son-.--------
147 F•4 mi. NE of J. E •. Spivey-- Slope- -do-- 40 6 ·-"'---do----- 3S 20 s 1.00 5 

• Seagrove--- • 
. 

• 

• 
" 

• 

' 

. 

• 

.. -~. - ... ··---- '"•'··~···· ·-.-.. ~. --- :wt.,···· '''b' ~,,_----;,;:!!! ,.~-~--~·~·-~~·~~-~·~· ·~--~·~· ~- . _ ·- ~~ . ·~ ·~ .... .._,.. _ _ _ • _ . - " rv·· ,..~. • ·.:. 
.-- - . - -- -

1 ; ·--.. ....... ... ' . . . 

• 

• 

• 

• . . 

• • 

• • • 

• • • 

• 
• • • 

• • 

• 

• 

• • • 

• • 
• • • 
. 
• • 

• • 

• 
• • • • • • 

• .. . 

. 

• 

• 
• . . 

• • • 

• • 

• 

• • I ' . 

• 
• 

• 

• 

• 

Rem arb • 
• • • • 

• 
• 

• 
• 

• 

•• 
Li.zcy. 

'· • . water·· • 

i'llported1 
analysis 
in .table • 
• 

. . • " 

. . 

. 

• 

Analysis. 
·in uble • . 

. . 
. 

.. 
. 

• 

• 

' . 

• . 

Repor~d. · 
to be . . 
corrosive 
to copper. 

• 

• 
• 

• 

• 
• 

• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

• 

• • 
• • • • ••• 
• I o ' ' ' •. .. . .. . .. . 

: • • 0 • 0 • . . . . : • .. ' . . . . . . . . ' . . .. . . . 
• • •• • • • • •• • • . . . . . . ' . 

"! • • • • . • • • • •• • • • • • . . . . . . ~ . . . . 
•• • • 0 •• • • • ·.' • . .. 
• • 

• • • • • • • • • 
• • • •• • • • • • • • . . . . 

• 

• • • 

. ·' . . 
• • • • 

• . .. 
• • • . ' . . ' . . . . . . . . . . . . . . .. . . 

• • • . . . . 
• • • • • • • 

• 0 ·' . \ . . .. . • • l • ' • • ... 

• • • . " 
• • • • 

• • 

• 

• 

• • 
• 

• 

• 

• 

• • • 

• 

. . . 

• 
• • 

• • 

• 

• 

•• 

• 

• 

• . . 

• 

• 

• 

• 

• 

• 

• 
• 

• . 
• 

• • 

• 

• 

• • • • 0 •• 

• • . . 
• • l '. '• ... 

• • . '. . . . . . . 
• • • • • 

• • • 
• ' -• ·i . '· .• '. ... . . . . 
• • • • •• • • 

. .. ~ .. ,. ...... .. . -' 
• I _,: 

• • • i . ... 
,. ·- . . .. 

• . . . ·. . . . -• • • • •• o" I t " . . . - . . • • . 'i . ... . . ' "\ . . . . . -. - .. ... . . .. . .. . ' 
. .. . -• ':.i. .. ' ... 

' . \ . . . 
' .:· .. 

0 • • ~ 
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, ' • •I 
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• • 0 

(T)'Jie of well: 
. 

• 

Well J,oeatiOil 
110. . 

146 ;Erect-------

. r . 

149 2.0 llt.i. SE o.f' 
Erect-----. ' . . 

150 3.4· llli. SE o.f' 
Erect-.,----

151 5.5 .llli. .SE of 
0 

Erect-----• 
152 3.4 ini. S o.f' 

Ei-ect------

153 2. 7 llli: SW o.f' • 

Erect------. 

154 3.·1 mi. SE. o.f' 
Se~grave---

155 Seagrove-----

156 1.8 ini; S o! 
Pisgah-----

157 6,2 llli. SW of 
·Pisgah----

• 

156 5.9 mi. S.of 
Martha-----

• 

Table 20. Records of Wells in Randolph County (Continued) • 

(Reported hardness1 H,hard; M,medium; S,soft) 
B,bored; D;dug; Dr,drilled, Relative.lield: . gallons per minute per foot of uncased hole,) 

OW!Ier 

Lewis . 

• 
Hobert Game 

Fraill( 
• 

Sam 

J. w •. ,, , 
• . 

Eve 1:"11. t t ;ts-

r. L. Ga•1 in· 

Lucks, Inc 
• 

Barnett Payne 
• 

• 

Everett 
0 

Ratio Cranford 

Topor-
raphr 

Slope-· 

,, 

• ,, 
Hil1. 

• 

.na· 
• 

.S1.ope· 

••• Fl.a 

,, 
• 

, 

TJpe 
of 

wen 

-r>z.--

-do--

-do--
• 

-do--

-do--

-do-

--B--
• 

-Dr-,.-

-do--

-do--
• 

-do--

. ' ' . .. ... -

Depth Dlam- Water-bearlnr 
(ft.) eter material 

(ln.) 

0 

102 6 FelSic' tuf'.f'--

9-' 6 -----do-----
• 

71 5 Marie 
0 

argillite--
ss· 6 Marie tuf.f' ---

• 

82 6 Sheared 
felsic tuf'.f' 

111 6 Phyllite-----
• 

. 

54 24 felsic tut.f'--

275 6 Rhyolite-----

103 6 Crystal tut.f'-

95 4 kgillite----
• 

• 

135 4 
• 

: 

Depth 
of 

eulnr 
(ft.) 

16 

90 
.·~. ' . 
L~ . 
-

70 

54 

54 

35 

93 

----• 

---

0 

• .. 
• 

0 

Water 
Jnel 
(ft.) 

• 

40 

I 
25 

0 

0 l9 

20 

37 

• 31 

20 

-----
• 

30 

25 
. 

0 

32 
. . 

Relatln 
Yield Jleld Reported 
(rPm) <rall0110 bal'llneaa 

per foot) 

17 o.2o I . s 
• 

18 3.33 s 
. .o1 --------
• 

4 ----- H 
• 

20 1.66 s 

14. ~24 s 

7• ------ s 
• 0 

25 o.lo -------
20 2.oo- s 

. 

3 ------ ' . 
• 

0 0 .S ------• . 

0 

• 

0 

• 

0 

.. 

Remarks • 

• 0 . 

' • 
0 

• • 

. 
• 

Reported'. 
• 

0 

. ·_to ~ve . 
:iron. 0 
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f Hydraulic Conductivity of Selected Rocks 
I 

t 
Material r 

F • 
Coarse sand •....•....•.••••.•••••• 
Medium sand •••••••..•.•••.••••••• 

Silt .. · · · · · · • • · • · • • · · • • • · · · · · · · · • • • · 
Clay .. · · • • • • · • · • • • · • • · • · • • • • · · · • • • • l.Jmestone (Castle Hayne) •••••••••• 
Saprolite •...•• : • .• • • • · • .. · •• • • •• • • • 
Granite and gne1ss ............... .. 
.!f/ate .•• •• · • · • • • • • • • • • • • • • • • · • • • • • • 

• 

Hydraulic conductivity (rounded values) 
(fUday) · [(gal/day)lft2] (meters/day) 

200 
130 

1 
0.001 

300 
5 
5 
3 

1500 
1000 

5 
0.01 

2000 
50 
50 
25 

60 
40 

0.2 
0.0004 

80 
2 
2 
1 

i. Hydraulic conductivity replaces the term "field coefficient of perfT!eability" and should be used when 
"ttlferring to the water-transmitting characteristic of material in quantitative terms. It is still permissible f refer in qualitative terms to "permeable" and "impermeable" "'!aterial. 
•· 

I ~ROBLEM- Determine the hydraulic conductivity of the confined aquifer shown in the preceding 
\::hawing in both feet per day and gallons per day per square foot. 

150 ft3 ~ . 
)• .. rrt 
I 

P. 
t. 

•· t 
F 

l ectly I: 
ldl), 

. mar- ' 
-:iscreie ~ 

'ldja- . ~ 
• terms t 
?~Per 
1• of 
f ent 

!~se 
·11for 

I 
I 
I 
I 

. 
•>:-. 
;. 

' 

.·1.-··• I • L.'!. · . .;, 
L·~--

(1) Solution in feet per day 

(Equation) (Q) (A) (dl/dh) 

I .._ \~~~ 

K= Odl = 150ft3x_1_x.1J!..= 150fP= 150 ft/day 
Adh day ftz 1 ft day fF . 

(2) Conversion of feet per day to gallons per day per square foot 

150 fP X 7.5 gal = 1125 (gal/d)/ft2 
day ft2 fP 

13 

I ~fa 
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Rock Units and Aquifers 
in the Piedmont and Mountains 

t 
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The rocks underlying the Piedmont and 
mountains can be divided into two groups: 
(1) bedrock, and (2) saprolite (or residuum). 
The saprolite underlies the land surface and 
ranges in thickness from a foot or two near 
bedrock outcrops to more than 100ft. Bedrock 
underlies the saprolite and is the parent rock 
from which the saprolite was derived in the 
process referred to as weathering. 

Many stream valleys, especially those of 
larger streams, are underlain by a layer of 
material similar in composition to saprolite. 
This material, which has been deposited by the 
streams during floods, is correctly referred to 

·. as alluvium. However, to avoid unnecessar-Y 
complications, we will lump the· alluvium in 
with the saprolite for the purpose of this 
discussion. 

The bedrock underlying the Piedmont and 
mountains consists of many diffe.rent types of 
igneous and metamorphosed igneous and 
sedimentary rocks. The Generalized Geologi­
cal Map of North Carolina accompanying the 
discussion of WATER-BEARING ROCKS 
divides the bedrock in the Piedmont and 

v 

, 
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• 

mountains into six units. The 1:500,000 scale 
Geologic Map of North Carolina, published in 
1958, divides the bedrock in the same area into. 
48 different unit~. But, a much larger number of 
units have been identified and are shown on 
large scale geologic maps~ 

The· bedrock units differ from each other In 
mineral composition and other geologic 
characteristics. Fortunately, these differences 
do not result in large differences in hydraulic 
characteristics so that it is possible to combine 
the bedrock units into a relatively small number 
of hydrogeologic units. 

The accompanying map shows the hydro­
geologic units into which the bedrock in the 
Piedmont and mountains has been divided by 
the U.S. Geological Survey and the North 
Carolina Groundwater Section. 

The most productive hydrogeologic units 
are the Great Smoky Mountain belt and the 
Blue Ridge-Inner Piedmont belt. The least 
productive units are the Carolina Slate Belt and 
the Triassic Basins. The Charlotte Belt is 
intermediate in productivity. 
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Ground-Water Situation · 
in the Piedmont and Mountains 

The saprolite (weathered rock) that forms 
the land surface in the Piedmont and 
mountains consists of unconsolidated granu­
lar material. It thus contains water in the pore 
spaces between rock particles. 

The bedrock, on the other hand, does not 
have any significant intergranular .(primary) 
porosity. It contains water, instead, in sheet­
like openings formed along fractures (that is, 
breaks in the otherwi~e"solid" rock). Fractures 
in bedrock are of two types: (1.) joints, which 
are breaks along which there has been no 
differential movement; and (2) faults, which are 
breaks along which the adjacent rocks have 
undergone differential movement. 

Faults are formed during earthquakes and 
generally contain larger and more extensive 
openings than those developed along joints. 
Joints, however, are far more numerous than 
faults. 

Fractures (joints and faults) are more 
abundant under valleys, draws, and other 
surface depressions than under hills. In fact, 

27 

geologists assume that it is the presence of 
fractures that determined the position of . 
valleys in the first place. Fractures tend to be 
more closely-spaced and the openings 
developed along them tend to be larger near 
the surface of the bedrock. Most fractures 
appear to be· non water-bearing below a depth 
of 300 to 400ft. Large water-bearing openings, 
penetrated below this depth are probably 
associated with faults. · 

The ground-water system in the Piedmont 
and mountains is recharged by precipitation 
on the interstream areas. A part of the 
precipitation infiltrates through the unsatu­
rated zone to the water table, which normally 
occurs in the saprolite. 

Ground water moves laterally and downward 
through the saprolite to points of ground­
water seepage (springs) on the hillsides and to 
the streams in the adjacent valleys. Some of the 
water In the saprolite also moves downward 
Into the bedrock and, thereafter, through the 
fractures to the adjacent valleys. 
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Hydraulic Characteristics of the 
Piedmont and Mountain 
Ground-Water System 

,..-STORAGE 
IN 

BEDROCK 

BEDROCK 

One of the most basic concepts of ground­
water hydrology is that aquifers function both 
as reservoirs, in which water is in storage, and 
as pipelines, which transmit ~ater from one 
point to another. This is referred to as the 
reservoir-pipeline concept. This concept forms 
a useful basis on which to discuss the hydraulic 
characteristics of the Piedmont and mountain 
ground-water system. 

The reservoir (storage) function of aquifers 
· depends on the porosity. The pipeline function 

depends on the hydraulic conductivity and the 
thickness of the aquifer. The approximate 
range in porosity and hydraulic conductivity 
for the saprolite and bedrock is shown in the 
following table. 

,, 
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WELt---f!t 

Rock type Porosity In percent 
Saprolite 20-30 
Bedrock 0.1-1 

Hydraulic 
conductivity In 
feet per day 
1-20 
1-20 

The above values suggest that the principal 
difference between saprolite and bedrock is in 
water-storage capacity. In other words, the 
saprolite has the capacity to store a much 
larger quantity of water than does the bedrock. 
This is not the entire story, however. 

As we noted above, the capacity of an aquifer 
to transmit water depends both on hydraulic 
conductivity and on aquifer thickness. The part 
of the bedrock containing water-bearing 
fractures is several times thicker than 'the 
saprolite. 

. : 
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We can then, without great error, view the 
ground-water system in the Piedmont and 
mountains as consisting of a saprolite reser­
voir overlying a bedrock pipeline consisting of 
numerous small, interconnected pipes. In the 
vicinity of a pumping well the bedrock 
fractures ("pipes") convey water from the 
saprolite reservoir to the well. 

The yield of a well drawing from fractured 
bedrock depends on several factors. The most 
important of these are believed to be: 

1. The number, size, areal extent, and 
degree of interconnection of the fractures 
penetrated by the well, 

2. The thickness of saturated saprolite in the 
vicinity of the well and the specific yield of 
the saprolite, and 

,, 

29 
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3. The hydraulic conductivity of the sapro­
lite and the nature of the hydraulic con­
nection between the saprolite and the 
bedrock. 

The number and the size of the fractures 
control the rate at which water can enter the 
well. The areal extent and degree of intercon­
nection of the fractures control the size of the 
area_ that supplies water to the well. 

The thickness and the specific yield of the 
saprolite determines the volume of water 
available from storage in the saprolite. Tne 
hydraulic conductivity of the saprolite and the 
nature of the hydraulic connection between 
the saprolite and the bedrock determines the 
'rate at which water can drain from ·the 
saprolite into the bedrock fractures. 
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Transmissivity 

dl= I mile I , 

The capacity of an aquifer to transmit water 
is referred to as its. transmissivity. The 
transmissivity (T) of an aquifer is equal to the 
hydraulic conductivity of the material compris­
ing the aquifer multiplied by the thickness of 
the aquifer. Thus · 

T = Kb 

'«tiere T·is transmissivity, 
K is hydraulic conductivity, and 
b is aquifer thickness. 

(I) 

As was the case with hydraulicconductivity, 
transmissivity is also defined in terms of.a unit 
hydraulic gradient. . ·, 

If we combine equation '1 with Darcy~s law. 
(see HYDRAULIC CONDUCTIVITY), the result 
is an equation that can be'used to calculate the 
quantity of water moving through a width,-w, of 
an aquifer. Thus, 

a = KA dh = K(bw) .Qh. = "(Kb)w dh 
dl dl' dl 

a =Tw dh (2) 
dl 

Equation 2 is also used to calculate transmis­
sivity, where the quantity of .water (a) 
discharging from a known width of aquifer can 
be determined as, for example, with streamflow 
measurements. Rearranging terms, we obtain 

T = a dl <J> 
w dh 

The units of transmissivity, as can be demon­
strated with the preceding equation, are 

_ (fP day-1) (ft) _ __!E. 
, T . - (ft) (ft)' , - day 

Because transmissivity depends both on K 
and b, its value is different in different aquifers 
and from place to place in the same aquifer. 

Average Values of Hydraulic Conductivity, Thickness, and Transmissivity 
for Selected Aquifers In North Carolina 

Hydraulic Conducllvlty Thickness Transmissivity 
Aquifer (ft./day) (ft.) ' (ft2Jday) 

Post-Yorktown deposits 50 2o··. 1000 
Yorktown Formation 50 40 2000 
·castle Hayne Limestone 300 100 30000 
Cretaceous deposits 20 200 4000 
Saprolite 5 . 50 250 
Granite arid gneiss 5 200 '1000 

Transmissivity replaces the term "coefficient of transmissibility" because, byconvention,an aquifer 
is transmissive and the water in it is transmissible. 

PROBLEM- Determine the quantity of water (a) moving through the segment of the confined aquifer 
shown in the preceding drawing in both ft.3/day and gal./day. · 
(1) Calculation of transmissivity (2) Solution In ft.3/day 

T = Kb =. 150 ft X 'tOO ft = '15,000 ft2 
day '1 day 

a = Tw dh _ '15,000 ft2 X 5280 ft X 1 ft = 
dl day 1 5280 ft 

15,000 ft 3· 

day 

37 

(3) Conversion of ft'./day to gal./day 

15,000 fP X 7.5 gal = 112,500 gal/day 
day fP 
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Winter The alternate passage of low- and high-
pressure systems over the state during winter months • 
results in changing weather conditions. Moisture and · 
warmer temperatures are characteristically associated 
with frequently passing low-pressure cells. Lows are 

. followed by polar highs, which bring lower temperatures 

. and clear skies. However, even when under the influence 
of these polar highs, temperatures seldom fall below 1 oo 
F., and midday temperatures reach into the forties, 
making the winter season very tolerable by northern 
standards. 

• 
. 

• 
~---1 -· , . 

January average temperatures shown in Figure 5.2 
illustrate the mildness of winters. Only at the highest ·. 
elevations do temperatures average below freezing. The 
mean temperature for January at Mount Mitchell is 28.7° 
F., the lowest in the state. Yet, at Asheville, located on the 
lee side of the mountains, temperatures for January . 
average 39.4 o F . 

• 

Nowhere else in North Carolina is the local contrast in 
temperatures as great as in the western counties, .. ·• 
Temperature contrasts are least where the climate is 
mildest. Hatteras, on the Outer Banks, has a January 
mean of 48.0° F .• and only thirteen days each year when 
temperatures of 32° F. and below are recorded . 

The tendency for January isotherms to parallel the coast 
shows the influence of the Atlantic Ocean. Wilmington, in 
southeastern North Carolina, the most subtropical area in 
the state, exemplifies the maritime effect. This coastal 
city has a January mean temperature of 47.8° F., and an 
average of only eight days during January when 
temperatures dip to 32° F. or less, as compared with 
eighteen days at Raleigh and nineteen at Asheville . 

In the Piedmont, latitude is the primary control on 
temperature, and the isotherms maintain a zonal pattern . 

· As might be expected, temperature averages lie be­
tween those exhibited by the surrounding regions . 
Charlotte has a mean January temperature of 42.3° F., 
Greensboro, 39.0° F., and Raleigh, 42.7° F . 

However, whereas Asheville averages eighty-three days 
each year when temperatures drop below freezing, 
Winston-Salem has freezing temperatures eighty-eight 
days annually, and Greensboro has eighty-four days with 
freezing temperatures . 
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January Mean Maximum and Minimum 
Temperatures Figure 5.3 illustrates the temperature 
pattern across North Carolina on a typical afternoon of 
the coldest month. The cool waters of the East Coast are 
responsible for the isotherms taking an abrupt inland 
turn to the north before resuming the northeast-southwest 
pattern usually found on temperature maps. This dis- · 
tribution indicates that midday temperatures jn January 
are highest a short distance inland from the coast unlike 
the pattern of mean temperatures that indicates a smooth 
gradient from the coast westward. Also, in the mountains, 
isotherms of mean maximum temperature are more 
numerous and some "islands" or "pockets" of cool 
temperatures exist. The greater ranges of temperature 
are associated with mountain valleys where nights are 
cold and days are warm, causing patterns of maximum 
temperatures to contrast significantly with mean 
temperature distributions. 

The moderating effect of the ocean becomes evident in 
Figure 5.3, where January mean minimum temperatures 
are shown. Isotherms on this map reflect characteristic . 
nighttime temperatures. The pattern reveals that 
temperatures are milder along the coast and decrease 
inland fairly rapidly. Once again, the temperature pattern 
is more complex in the highlands region. Generally, 
mean minimum temperatures are well below freezing in 
the Mountain region. at freezing levels throughout the 
Piedmont, and above freezing in the Coastal Plain. A · · 
comparison of Figures 5.3 and 5.4 indicates that during 
January the daily ra.nge of temperature is about 20" F. 
everywhere in the state. 

Average Annual_Heatlng Degree Days There are 
climatically significant measurements of heat energy 
variation other than the direct determination of tempera­
ture, the cyclical occurrence of certain temperature • . 
levels, or the periodicity of temperature realms. These 
measurements relate to temperature efficiency in terms · 
of human comfort or plant growth. One of these less 
common indexes is the heating degree day. This 
measurement is a cold season index and is based on the 
assumption that a temperature of 65° F. wjthin a building. 
is the minimum thermal threshold for normal human 
comfort:'rtie negative departure of daily mean tempera­
ture from this standard figure is recorded as heating 
degree day units. For example, a daily temperature 
average of 40° F. would be listed as twenty-five heating 
degree days. Developed by heating engineers, this 
index permits a relatively accura!e measurement of fuel 

- consumption, and removes the guesswork from the 
· calculation of fuel needs. The accumulation of heating 

degree day units at given locations is totaled annually 
and averaged for a period of years. To those persons 

· interested in climate, this indirect measurement of heat 
energy provides additional insight into the thermal 
environment. . 
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Figure 5.5. Average Annual Heating Degree Days in N.C. 
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When high-pressure systems (anticyclones) dominate, 
. clear to partly Cloudy weather prevails. Receiving, on the 
average, 50 to 60 percent of total possible sunshine, North 
Carolina receives more hours of winter sunshine than do 
stales to the north and to the immediate west, Sunshine is 
more prevalent in the southeast around Wilmington, and 
diminishes rapidly as the Mountains are approached. The 
Mountains receive about one-third Jess sunshine than 
does the rest of North Carolina. 

Spring For many North Carolinians, this season is the 
most preferable of all. With the northward shifting of the 
noon sun, the storm track normal to North Carolina during 
the winter retreats northward and fewer and fewer cy- · 
clonic storms occur. Cold spells are less numerous and 
periods of high temperatures and balmy days become 

. longer and more pronounced. Rainfall diminishes slightly 
in April, but increases toward the summer as cyclonic ac­
tivity gives way to thundershowers and their heavy down­
pours. Although more precipitation is received in the state 
during May and June, there are fewer hours and days in 
which rainfall occurs, indicating a higher precipitation in­
tensity. 

Mean temperatures range from the fifties in April to the 
seventies in June for all places save those at high eleva­
tions. The days are marked by cool nights and warm after­
noons with relative humidities at optimal levels for human 
comfort~ As the daylight period lengthens, sunshine per­
centages and totals increase to their highest values for the 
year. For the eastern two-thirds of the state, sunshine dur­
ing April, May, and June is received approximately 70 
percent of the time and in amounts exceeding three 
hundred hou.rs for the latter part of the season. 

• 

Average Date of the Last Freeze In Spring As illus­
trated by Figure 5.8, the beginning of the freeze-free sea­
son varies across the state from 1 March to 1 0 May, a dif­
ference in time of over two months. As expected, the 
milder climate along North Carolina's coast engenders 
early dates, whereas the more severe climate of the Moun­
tains retards the start of the freeze-free period longer than 
elsewhere. In most areas of the Coastal Plain, the last 
spring freeze generally occurs by the first of April. The 
Piedmont has its last freezes between 1 and 10 April, 
about ten to fifteen days later than the Coastal Plain. In the. 
Mountains, there is greater variation in mean dates for 
both the beginning and the end of the freeze season. Be- . 
cause air chills more quickly at higher elevations, and 
because cold air is denser than warm air, the cold air 
drains into the valleys where it is contained and continues 
to lose heat by radiation. The result of this process is that 
in certain Mountain areas some valleys are more often 
colder than their slopes at intermediate altitudes. Lying 
between the below-freezing temperatures of the valleys 
and the higher elevations are "verdant" or"thermal" belts. 

• 

• 

Figure 5.7. Average Annual Snowfall In N.C. 
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Figure 5.8. Average Date of Last Freezing Temperature in N.C. 
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Figure 5.10. Mean Maximum July Temperature in N.C. 
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p- ke ons have ger 
and thereby show earlier dates for the end of the freeze 
period than their surroundings. They support frost· , 
susceptible vegetation long after the greenery has 
disappeared in nearby areas. Often in early winter or 
even in midwinter a c_ontrasting belt of green flanked 
above and below by brown may be seen. These green 
belts are characteristically located along slopes that 
face the winter sun, are protected from cold northern 
winds, and have cold air drainage to lower valleys. The 
blossoming of dogwood and redbud moves across the 
'state in a pattern similar to that of the end of the freeze 
season to blanket North Carolinawithcolor and beauty. 

• • 
•• 

Summer Summer is characterized by its high tempera· 
tures. high humidities, high amounts of rainfall, and high 
physiological stress. Except for the amelioration of these 
climatic elements in the Mountains, and the relief 
afforded by sea breezes along the coast, elsewhere in 
the state summer is a season of extremes. Mean monthly 
minimum temperatures for July and August are in the 
upper seventies and eighties and mean maximum 
temperatures reach into the nineties. . . • 

However, to quote a_popular adage, "it's not tho heat but 
the humidity," and North Carolina's temperatures in 
combination with the high water vapor amounts preva­
lent during the summer months are definitely uncomfort­
able. In addition, high sunshine percentages and a 
predominance of southerly winds tend to aggravate an 
already unpleasant climatic condition. Only the periodic 
passage of cool, dry air masses from the north and sea 
breezes in the coastal areas alleviate the discomfort of 
summer weather for North Carolina's low-lying counties . 

July Average Temperatures The pattern of mean 
temperatures in July is similar to the pattern in January 
(Figure s.g), However, in the Piedmont and Coastal 
Plain, isotherms are fewer in number and farther apart. In 
the Mountains, the reverse is true. The widespread 
isotherms east of the Mountains indicate that tempera- · 
ture averages across central and eastern North Carolina · 
exhibit little contrast. From the western Piedmont to the 
coast, the difference in mean temperatures is only 4° F. 
Although the influence of the ocean is not evident in the 
arrangement of isotherms, the high temperatures of the. 
Coastal Plain are made less severe by the cooling power 
of the sea breeze. Hatteras, on the Outer Banks, records 
a temperature of goo F. on the average of only one day 
each year, while Wilmington. a short distance from the 

.coast, has an occurrence of goo F. temperatures about 
twenty-four days annually. In contrast with these loca­
tions, Raleigh and Winston-Salem mean temperatures for 
July are slightly lower, but the average number of days 
on which a temperature of goo F. or a,bove is experienced 
increases to more tha.n forty. . 
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In the Mountains, the effects of altitude reduce mean 
temperature values sharply. The temperature gradient in 
July is even steeper than in January. East to west across 
Caldwell County, mean temperatures drop from 76° F. to 
68° F. and Mount Mitchell remains the coolest site in the 
state with a July average of 59° F. At Asheville, the 
warmest month averages 73.8° F. and. only seven days . 
during the summer show temperatures reaching to 90° F. 
With daily minimum temperatures in the fifties'and sixties 
the allure of the Mountains for summer recreation 
becomes evident. · 

July Average Maximum and Minimum · 
Temperatures The temperatures typically recorded 
during an afternoon in July are shown in Figure 5.1 0. In 
the Coastal Plain, isotherms representing mean maxi­
mum temperature are aligned parallel to the shoreline 

· signifying the effect of the cool ocean and sea breeze. At 
Cape Hatteras, the summer daytime maximum is 84° F. 
Inland, temperatures increase and reach their highest 
values in the Fayetteville area where scorching tempera­
tures in excess of 92° F. are experienced. In the 
Piedmont, maximum temperatures average between 
88° F. and 92° F. Toward the Mountains, midday highs 
drop to more pleasant levels. In Swain and Haywood 
counties, afternoon temperatures are generally in the low 
seventies and most western counties record mean July 
maximums under 80° F. 

Although isotherms of mean minimum temperature ex­
hibit a pattern similar to the pattern of maximum July 

. temperatures, in the outer Coastal Plain absolute tem­
perature values are reversed (Figure 5.11 ). Minimum 
temperatures represent nighttime conditions and their 
distribution indicates that the effect of the ocean is to 
warm adjacent areas. Farther inland, the more rapidly 
cooling land causes the temperatures to be lower. Thus 
the maps showing average July maximum and minimum· 
temperatures portray the daily relative change in influ-­
ence from ocean to land and back again along the 
coastal fringe of North Carolina. Over the Piedmont and 
the Inner Coastal Plain, July average minimums show 
little change with distance, ranging only 4° F. from 66° F. 
to 70° F. In the Mountains, S0° F. and60° F. temperatures 
indicate{he characteristically cool weather associated 
with this region during summer nights. 

Summer is the season of greatest precipitation in North 
Carolina. Thunderstorms are the predominant · 
mechanism for precipitation delivery and occur mainly in 
the afternoon or evening. They come on an average of ten 
to twelve days per month. July and August show the 
highest rainfall amounts with many sections of the state 
reporting 5 to 7 inches of rain for each of these months. 
The coastal region around Wilmington and the south­
western counties are the rainiest areas in the state 
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Figure 5.11. Mean Minimum July Temperature in N.C. 
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having over 8 inches of precipitation and an average of 
fourteen rain days in July. By August the hurricane 
season has arrived and these storm's may contribute a 
significant percentage of rainfall to monthly totals and 
continue to do so well into the fall. 

• 

Average Growing Degree Days Similar in its deriva­
tion to the heating degree day concept, the growing . · 
degree day is based on the positive departure of mean · 
daily temperature from an established temperature value 
representing the start of the active growth period for 
plants. · · · · . · 

• 
• 

. . 
Although each planl'has its own base temperature for 
seed germination and active growth, a mean daily 
temperature of 40° F. will represent the beginning of the 
growth period for most crops. To determine growing 
degree day units for example, a daily mean temperature 
of sao F. will indicate ten growing degree days or a 10° F. 
departure from the base minimum of 40° F. These units 
are then accumulated for the year and averaged over a 
period of time to provide us with the data for preparing 
Figure 5.12. Since each plant requires a certain amount 
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Figure 5.12. ·Average Annual Growing Degree Days 
In N.C. 
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1\u!umn is tho tlricst season o1111o yoar and min! all 
amounts drop below 3 inches throughout centnil and 
eastern North Carolina during October and November. 
Cyclonic activity increases as thunderstorms become 
less frequent until by late November they seldom oq,cur. 

• 
As illustrated in Figure 5.14, freezes begin ~arly in 
October in the Mountains and slowly move eastward 
toward the coast. In early December, the freeze-free 
season reluctantly comes to a close in the Wilmington-: 
Southport area. Deciduous trees begin their dormancy 
period and the color of the state gradually changes from 
the quiet greens of summer to the fiery reds and brilliant 
yellows of fall. By late autumn the highlands, now a 
mottled brown and green, show an occasional sprinkling 
of white as temperatures in the Mountains fall below 

. freezing and the possibility of snow increases. However, 
in the Piedmont and Coastal Plain, tennis, sailing, and 
picnicking, for example, continue into November and 
football games played late in the season are often 

· attended by fans dressed in warm-season attire. 

Annual Precipitation and Humidity 

Although a considerable variation in the distribution of 
rainfall exists throughout the state, everywhere precipita- . 
lion is high (Figure 5.15). In the Coastal Plain, rainfall 
totals average from 44 to 55 inches; the highest amounts 
were received at the Outer Banks. Across the Piedmont 
yearly rainfall averages range from 43 to 48 inches, with 
the northern and southern sectors having the lower totals. 
The greatest variability in rainfall distribution is found in 
the Mountains. Here, south-facing slopes along the North· 
Carolina-South Carolina border receive as much as 80 
inches of precipitation each year. Nearby, Asheville, 
lying in'a sheltered valley, records only 37 inches, the 
lowest rainfall·average reported in the state. More 
commonly, average annual precipitation in the Moun­
tains ranges from 44 to 58 inches. For the state as a 
whole, an average total of 50 Inches is representative. 

The distribution of rainfall throughout the year is reason-· 
ably uniform. Although there are no pronounced wet and 
dry seasons, a profile of average annual precipitation 
indicates a bimodal distribution, i.e., two periods of 
higher rainfall separated by two periods during the year 
when rainfall amounts are lower than the norm. Gener­
ally, the highest precipitation totals are associated with 
the summer months. In the fall, the season of the least 
rainfall, the lowest yearly totals usually occur in October 
or November. Precipitation increases slightly during the 
winter season and then decreases to a secondary low in· 
April. This precipitation regime is common to the state 
and varies only slightly from place to place. 

• 
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Source: U.S. Department of Commerce, Weather and Climate in North Carolina, 1972. 
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Although rainfall is heaviest in the summer, evaporation 
and transpiration losses are also great. Consequently, 
the summer season is deficient in its.!?upply of soil . 
moisture and irrigation·may be required to sustain crop 
needs. 

• 
· Although it is considered to be a wet state, North 

Carolina nevertheless has its occasional"bout with 
drought." Recently, the Piedmont and Inner Coastal Plain 
suffered through an especially severe drought. In 1968, 
negative rainfall departures amounting to as much as 26 
inches were computed by individual stations within this 
area. On the other hand, 1972 proved to be an abnor­
mally wet year. During that year, Raleigh, which has an 
average annual precipitation of 46.35 inches, experi­
enced a total rainfall of 51.74 inches. Raleigh's weather 

· records may be used to illustrate the variations in yearly 
precipitation amounts. In the capital city, a~nual totals 
have varied from a low of 30 inches in 1933 to a high of 
64 inches In 1936. On a monthly basis, rainfall variation 
for July has ranged from 12.36 inches in 1931 to as little 
as 0.38 inches in 1953. Yet precipitation variability in 
North Carolina is moderate compared with those states 
where rainfall totals are significantly less and conse­
quently precipitation patterns and regimes are more 
unpredictable. · · 

I 

• 
• . 

Average Number of Days with o;o.1Jnches of · · 
Precipitation or More Figure 5.16 shows the pattern of 
days with measurable precipitation in North Carolina. 
The Mountains have the greatest number of days with 
measurable precipitation, averaging 10 to 20 more rainy 
days per year than the coast and 20 to 30 days more than 
the southern Piedmont. In the northwest corner of the 
state precipitation occurs 4 out of every 10 days. By 
contrast, the sandhi lis in the Southern Piedmont experi­
ences p~ecipitation on only 30 percent of the days. In 
fact, a"tongue" of fewer rainy days penetrates the state 
from south to north, through North Carolina's central 
counties. For the state as a whole, 125 days with _ .. 
measurable precipitation is a representative figure. · 

· Water Balance 

·The "~etness" or "dryness" of any region Is mirrored by 
its natural vegetation. Indigenous plant life is an indl-

. cator of a region's precipitation effectiveness and its 
capacity to support plant growth. The minimal moisture 
requirements of plant communities are quite specific, 
and in situ vegetation reflects the amounts of water 
annually and seasonally available for its use. Af> the size 
of a bank account depends upon the balance between 

· deposits and withdrawals, so precipitation effectiveness 
• . 
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soil moisture requirement is satisfied, additional precipi­
tation will drain to the underground water table or run off 
the land as surplus water. 

Figure 5.18 provides the water balance deficits for lh.e 
stale and shows that everywhere except for the Asheville 
area and the northern Piedmont, the annual water deficit 

• 
is less than one inch. By contrast, Figure 5.19 gives 
water balance surpluses. Being a wet state, North 
Carolina's water budget indicates surpluses exceeding 
deficits by large amounts. While most of the Piedmont 
and Coastal Plain have surplus water up to 15 inches, the· 
Outer Banks and the Mountains show surpluses above 
15 inches. In the southwest corner of the state, water 
surpluses amount to as much as 30 inches. 

Mean annual evaporation for North Carolina is shown in 
. Figure 5.20. Evaporation rates and totals are related to 
temperature, wind velocity, and relative humidity. Where 
temperatures are highest and humidities lowest, evapo­
ration intensities will be greatest. Since temperatures 
throughout the Coastal Plain and the Piedmont are 
highest for the state and since humidity percentages are 
greater in the vicinity of the ocean, evaporation totals are 
lower in the Mountains and along the coast, and highest 
in the southern Piedmont and Coastal Plain., A compari­
son of the maps showing precipitation, evaporation, 
water surplus, and water deficit will provide the reader 
with a fairly complete picture of North Carolina's water 
balance .. 

· Winds and Storms 

Three types of storms and their associated winds are 
common to North Carolina: cyclonic and convectional 
thunderstorms·, hurricanes, and tornadoes. These storms 
are integral parts of the state's climatic pattern. In • 
analyzing the importance of winds, direction and speed · 
are major considerations. · _ . 

Although prevailing winds (winds that persist in blowing 
from one direction more so than any other) characterize 
given geographical areas, wind direction changes fre­
quently. A northwesterly wind (coming from the rorth­
west) wm be, relatively speaking, a cooling and drying. 
wind, whereas a southeasterly wind will bring warm, · 
moist air to the state. The passage of cyclones and 
anticyclones with their characteristic wind patterns will 
change the wind's direction so that it may come across 
North Carolina from any point of the compass. . . 
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Figure 5.18. Water Balance Deficit In N.C. 
• • 
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• • 
• 

• 

• 

• 

• 
Source: U.S. Department of Commerce, Climatic 
Summary of the U.S., 1972. 
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Figure 5.19. Water Balance Surplus In N.C. 
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Figure 5.20. Mean Annual Evaporation InN .C. 
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The velocity of the wind is relevant to ventilation of air 
pollutants, evaporation rates, and thus cooling and 

· chilling indexes. On those occasions when winds reach 
gale force and higher, their velocities are of singular 
importance because of their destructive capabilities . 

·Damaging winds are usually associated with infrequent 
hurricanes and tornadoes and, at times, with severe 

• 

thunderstorms. 

The prevailing winds and mean wind speeds averaged . 
for the year are given in Figure 5.21. For the eastern 
two-thirds of the state, winds blow most frequently from 
the southwest and south. Throughout the Mountains and 
the western Piedmont, winds prevail from northerly 

• 

• • 

• 

• 

· directions. This annual pattern of prevailing winds 
persists for most months of the year except September 
and October when winds are dominantly from the 
northeast. During these months,' the clockwise flow of air 
from seasonal anticyclones lying pol~ward of North , 
Carolina, and the counterclockwise winds associated W1 

with an increased number of offshore storms cause 1-hl 
northeasterlies to prevail across the state. • .... ! . . • _.I 
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5. 
Wind Speed In N.C. 

• 

' NE • • 

s 

" • 

Source: U.S. Department of Commerce, Climatic Summary of the 
u.s .. 1972. 

Note: Wind speeds are noted in miles per hour. 

• 

Wind speeds have been averaged for each zone of 
prevailing winds. Winds lend to diminish in speed 
westward from the coast where sea breezes and offshore 
storms contribute to velocities that average twelve miles 
per hour. Throughout the Inner Coastal Plain and the 
Piedmont, the !)'lean wind speed is nine miles per hour, 
and in the western counties, representative wind speeds 
are seven and eight miles per hour. On a daily basis, 
wind velocities are lowest before dawn and highest 
around midafternoon. Seasonally, winter, with greater 
temperature and pressure contrasts, shows the most 

. rapid air movement and summer is the time of lowest 
-wind speeds. _· 

Thunderstorms Thunderstorms are vertically de­
veloped storm systems that involve lightning and thun­
der. Produced by instability in the atmosphere, these 
storms are sustained by the conversion of water vapor 
into rain and hail, which causes the release of enormous 
amounts of energy. This energy results in vigorous 
updrafts of rapidly moving air. The intensity and turbu­
lence of an individual thunderstorm is related to the 
degree of atmospheric instability and the supply of latent 
energy released by the condensing of water vapor. In 
structure, the typical thunderstorm is a collection of 
convectiv.e cells each averaging a mile or more in 
diameter/ A cell is comprised of columns of rapidly 
rising air separated and counterbalanced by downdrafts 
of slower moving air. Associated with thunderstorms and 
their bulbous facade are heavy downpours of rain, hail, 
gusty and squally winds, and of course, lightning and 
thunder. 

• 

104 

enhanced by (1) atmospheric instability that is linked to 
high surface temperatures, (2) atmospheric moisture that 
supplies the latent energy requirements, and (3) some 
triggering device to start the convection process, 

. thunderstorms occur more frequently in regions of warm 
temperatures and high humidities. North Carolina's 
climate is conducive to thunderstorm development and 
the stale experiences violent local storms forty to fifty 
days each year. For the United States, Florida and the 

. Gulf Coast lead in the number of days with thunder­
storms. Hero, seventy to ninety days per year with 
thunderstorms is normal. In the northern states and along 
the West Coast, thunderstorm activity drops off because 
of colder temperatures over land and coastal waters. 
North Carolina's pattern of thunderstorm activity shows 
fewest storms off the northeast coast where coastal 
waters also are cooler. Inland, thunderstorms are more 
frequent, increasing to fifty days as the Mountains are 
approached. In the Mountains. the higher frequency of 
storni activity (all types) and the triggering supplied by 
mountain and frontal slopes results in the most thunder­
ous area to be found in the stale (Figure 5.22). 

Hurricanes In the latter half of the year, the United 
States is visited by hurricanes .. Originating over tropical 
oceans as small cyclones, Ul)derfavorable conditions 
hurricanes become large, int~nse storm systems. Their 
winds exceed seventy-five miles per hour and spiral 
counterclockwise around an "eye" of very low pressure. 
Sustained by the ocean that breeds them, these storms 
are driven by the heat released from condensing water 
vapor. Covering tens of thousands of square miles, 
hurricanes move slowly and deliberately, at speeds 
between fifteen and fifty miles per hour, delivering 
prodigious amounts of precipitation to areas over which 
they pass. Moving out of the tropics, hurricanes of the 
Atlantic Ocean generally invade the Gulf of Mexico, or 
veer northward toward the middle latitudes, occasionally 
penetrating the continent, or skirting the coastline as far 
north as New England. Hurricanes are sea monsters and 
diminish in intensity as they move inland and away from 
their source of energy. Although capable of great 
destruction, hurricanes nevertheless benefit the south­
eastern slates to a substantial degree. As the eastern 
states are subject to periodic summer droughts, the vast 
amounts of water delivered to this region by these giant 
tropical storms have served more than once to alleviate 
or terminate the disastrous effects of drought conditions. 

· However, hurricanes are killer storms, and their long­
range benefits are obscured by the more obvious death, 
destruction, and damage accompanying them. On the 
average, the Atlantic Ocean generates six hurricanes a 
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year, but as many as eleven in one year have been 
observed. North Carolina has experienced twelve espe­
cially disastrous hurricanes since 1900. Cape Hatteras, 
extending as it does into the ocean, is affected by 
hurricanes more than any other area of North Care! ina 
(Figure 5.23). Its low-lying sandy surface is especially 
vulnerable to the combined effects of high winds, high 
tides, and flooding associated ~ith these storms. it'll 
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Ta b le 178 

Pert I cu letes 

Aree Point 
County Sources Source a 

Shte Tohl 55},662 222,263 

A l c~HI'Illnce 7' 718 868 
A le)!;endor 2,150 6}} 
Al leghttny 2,168 -
Anson 2,5}7 201 
Ast>e 5,012 422 

Avery 1 '785 78 
Beau fort 5,}}4 I ,079 
Ber t le 2,927 1,688 
Ble den }, 565 IJl 
Bruns.,Jc.k 3,193 91} 

Bunc:onbe 15,626 4,51} 
Burke 5,906 568 
Cllbllrrus 6, 1}6 765 
Col <Nel l 6,070 },850 
c.-n 707 } 

CNteret 1, 949 8 
Cos•ell 2, 4::0 899 
ClltO•be 7 , 5}7 19,614 
Ch.!l t hom 4,994 9 , 679 
Cherckoo ),}}1 50 

Chow on 747 54 
Cloy 2 , 096 -
Cleveland 6,160 l65 
Col utrb us ~.640 1, '06 
Croven 6,501 },)58 

Currber lond 17, 810 586 
Currl tu ck 1,1 00 159 
o...-e 605 5 
Oovl dson 10,207 .l55 
Davie 2,2)) 428 

Dupl in 4,7 89 105 
Durham 10 , 6 24 8}6 
Edg>combe J , J02 ),041 
rc:rsyth 17 ,SJS 528 
rrcnklln 2,8'50 -
Gaston 10,171 7,566 
Gates 1,298 -
Grc hom 842 .. 
Gronvl l le 5, 457 78 
Greene 1,}29 II 

Gu ll ford }),49} 2,702 
Hell fax 5,044 l,l06 
Harnett 5,575 14} 

Heywood 4,4l.C 662 
Henderson 6,841 JOB 

Hort ford 2,065 885 
Hoko 897 Jl 
Hyoo 828 148 
Irede ll 10 ,157 2,169 
Jad.son 4,694 99 ----
JOhnston 7,755 1,671 
Jones 995 -, .. 1,9)6 8 1 
Lenoir J2,>97 <15 1 
L lncoln 2,892 116 

Hd>o...ell 2,645 185 
H<>con },281 16 
Mcdl son J,U4 I 
,.._,rtl n } , 51} }, JJS 
Heck lenburg 20,607 J, }}5 

Ml tche ll 1,591 124 
Hon t gomer-y 1, 949 l65 
Ho<Yo 4, 418 97 
Nosh 5 , J22 559 
New Hano\lor 4,0-4 2 4,675 

Nort·horrpton 2,1 93 2)2 
Ons low 6,007 ::>} 

Orange 6, 169 90 
Pamllco 995 -
Posquotank 1, 506 432 

Pender 2,148 -
rorqulrMns 1, 00 4 21 
Person 4, 221 15 , 8')9 
Pitt S,OSJ m 
Po lk 1,911 J7 

Rando l ph II, 786 SJ 
R 1 chmond 2,98} 21 
Roboson 9, 120 451 
Rock. I nghcm 10 ,052 34, 193 
Row on 7,590 },543 

Rutherfocd 6, 778 2,994 
Slimp son 5,988 101 
Scot lend 1, 780 272 
Stonly ),915 1,186 
Stokes 4,908 ~ .172 

Surry 8,0-47 1,185 
Sw., fn 968 162 
Tr-onsy I von!" 2 , 181 Jl 
Tyrrell 614 } 

Union 6 ,00} 896 

V"nc:e 2, 452 267 
Woke 2'3,5-«l 114 
Worren 2, 761 -
W"s tdngton I, 494 9JO 
W"tQUgo 4,1 43 47 

W&yoe 6,682 29,890 
Wilkes 9, 765 1, 081 
WI I $on 4,)7-4 202 
Yccl(, lfl },292 10 
Yoncey 1,8)1 I} 

EMISSIOOS INVENTORY SUJofAAY liN TONS) 
FROM POINT NIJ MEA SOURCES ,BY CXXINTY 

1979 

Volotf le Organic Canpoonds 
Sulfur Dioxide Nitrogen 0)(fdes and Hyd"ocerbons 

Areo Point Areo Point Aroo Point 
Sources Sources Sources Sources Sources Sources 

4},247 7JI, 157 })4,896 290 ,0Jl '60~7'" 114, 695 

818 1, 428 ~.890 266 11.746 } 

17} 128 1,1'50 }2 1 ,6)4 5J5 
6} - 611 - 924 -

18} 2 1,618 16 2, 700 92 
127 9 1 '1 27 H I, 713 2}1 

89 SJ 799 50 797 8 
}07 21,2l6 2, 7)1 I, 145 -4,271 1} 
144 }16 1,598 J12 2,107 6} 
191 551 1,9}5 99 2, 731 184 
284 16,616 2,818 3,418 3,165 29 ' }59 

1,036 101 ,6'54 8,07J )4,108 17,219 5l6 
435 1,'28 4,066 671 6,3)5 1, 466 
581 2,638 4, 775 1,126 8, 704 998 
581 :lll} ), 408 4)5 4,897 5,680 

10 - 517 - 625 -
270 81 2,269 16 5~080 -
124 - 1,160 - 1,516 -

I, }45 75,JJ8 1,629 )},880 1},9}4 },016 
}49 12,208 2,464 5,352 },999 756 
104 1 1,0')0 6 I~ 7')0 1 

9J 326 795 54 1,405 227 
71 - 1, 200 - 2,076 -

945 406 4,030 929 6, 461 -
)5 1 1,1}~ :S , 116 2,002 4,170 412 
:>}9 6 , 706 3,677 2,6 1 4 6,682 1,043 

1,1 20 2, 927 9, 493 681 17,614 834 
700 - 1,200 2 1, 400 -
104 240 9)2 71 ),926 2 
756 998 6 , JOI 629 10 ,}28 2,410 
149 66 1,259 }I 5,206 181 

27) 76) 2,949 15 • . 3,668 " 778 680 6 , }98 194 11, 90} 70} 
491 407 4,010 81 4,720 1,}67 

2 , 173 s,8.n 16,754 2,152 24 ,1 92 21,488 
181 - 1, 771 - 3,165 8} 

1,145 62,1}0 8,842 29 ,610 15,598 687 
69 - 729 - 740 -
J5 60 }64 19 109 } 

206 720 2,277 1,026 4,01} 515 
87 - 998 - I, JJO -

2, 769 J,DO 20,142 989 .31 ,06.3 14,057 
315 9,556 2,90} 1,485 5,316 }29 
l06 765 3,268 169 4,-'89 5 
285 9,168 1,528 •• 70) S,S31 49 
JJO 2 3,040 211 5, 70) 3 

152 276 1,410 2,615 2, 178 54 
122 19) 919 ,. 1,9.34 -
95 - 814 - },074 -

729 916 4,958 665 9,541 l,o:r; 
153 5 2,007 "' 3,203 6 

420 '"' 4,069 ll '· 726 110 
70 - 662 - 962 -

}29 75 2, 459 25 4,46') 214 

J68 2,979 1,828 ,,094 .,,23 15 
175 714 2,126 IJJ },292 167 

179 1,0-42 1,690 ::1}2 2,698 2}0 
26} - 2,016 - 3,091 -
160 14 1,165 7 1,4 -42 2 
9} 18,647 86} 7, 719 I,O:>J 1,093 

},50} },6)1 24,745 81 J l6,601 5, 707 

106 52 780 1} 745 520 
190 J6 I, 465 Jl 3,}::1} 1} 

265 71 2, 46-4 46 4,295 60 
59~ 1,20} 4, }7J J2J S,567 J09 

1, 080 )5,483 5,411 IJ,157 10,}79 8 ,}44 

144 627 1,607 280 1,999 150 
43S E 4, }26 10 7, 4(] -
})6 1,194 2,929 615 4,846 57 
91 - 77J - 1,635 -

166 140 1,2J8 211 2,-4~ :Jl 

1JO - 1,628 - 1,1)2 -
76 - 755 - 1,065 -

195 JJ, 710 1,5}} 34,50 .. 2,968 59} 
41} 1,580 ),970 312 6,656 JO 
62 ) 4 70) 56 970 -

627 64 ),543 }I 9 , 20) J77 
435 :ll 1,66} 6 4, 786 -
611 6, 4)4 5,~5 2,63 .. 6,985 6)1 
586 7,270 4, 726 },}90 8 , 99} 151 
698 10,791 5,126 4,909 9,062 ll'l 

})I J1 ,612 2,9}0 14,01' 4,911 .l82 
}45 705 J,J11 1)6 4, 8}9 95 
171 585 1,66) 191 },}85 1 , 458 
321 l,JOJ 2, 7-45 :lll5 }, 764 IJO 
186 146,468 1,627 6J,072 2,1 )8 1, 052 

511 1,41} J,906 445 6,3.n 154 
5) - 532 - SJS -

116 007 935 201 1,966 ) 

70 - 627 - 1,1)9 -
5}4 182 4,126 72 6,294 784 

280 66 2,193 }) 3,913 50 
1,8 )9 265 16,875 119 26,854 891 

106 - 1,183 - 1,584 -
622 l!6 1,387 173 2,501 J6 
176 585 1, 509 140 2 , 268 )} 

564 2\,769 5,475 6 , 626 9,911 144 
415 1,014 ),589 327 J, 1}2 189 
5}9 86 -4,449 18 8, 416 16 
189 18 1, 718 4 2,111 -
95 101 771 19 1,02) -

Carbon Monoxl de 

At-eo Point 
S<X~rou Sources 

2,416,68) I J0,670 

~.688 21 
6,880 2 
},9}1 -

10,909 4 
1,'5~ 12 

4,116 7 
19,65 4 51 
11,4}4 101 
12,177 8 
16, 967 10,8 .. 5 

66,409 2,245 
21 , .. 46 109 
45,995 94 
19,740 69 

4,021 -
20,446 2 
6, 4:13 -

40,661 1,9)2 
15, 675 869 

7,010 I 

6,347 4 
17,224 -
15,717 46 
20,162 12,427 
3~, 'SI 4 7,08~ 

90,6}1 74 
4,900 -

14, 0)5 12 
44,}55 IH 
6,9JS 5 

18,942 D 
58,610 15 
21,017 17 
95,7 12 186 
U, 166 -
61 ,1 59 1, 769 

4,217 -
2,231 4 

19,515 188 
7, 06} -

1J9 , 198 495 
15,552 10,410 
24,5}0 14 
17,166 -4},96.4 
21 ,2-E 7 

11,197 Ill 
6,971 ) 

11,06-4 -
J7. 946 114 
18,9.CS 6 

-
24,989 • ,,,71 -15,602 )14 
22.,.70 282 
11, 7)2 1J 

12,728 44 
16,}00 -
1,021 2 
5,528 12,789 

156,662 I, 756 

4,161 1 
9, 172 1} 

18,2 19 9 
Jl,J71 JO 
40,872 855 

10,6}2 43 

-~:~g -
}I 

6,J'i6 -
11,881 40 

12,462 -
5,249 -

11,446 1,92) 
JJ,J56 26 

4,-441 I 

21' 791 -
11,374 so 
.. , ,53.C IH 
)6,'jf3 199 
l>,959 172 

21,356 787 
2),0}6 II 
12,465 22 
17, .. 28 11 , 4}6 
10,278 3,504 

13,729 66 
),190 -
6,691 12 
4, 7'52 -

23,997 7 

16,660 r 
144,690 699 

8,294 -
7, 466 J5 

11,05. 9 

J7. 706 1,619 
17 , 40) 41 
XI, 285 I 
11,255 I 
5,)68 2 

SOORC(: North Carollno Oeport~nt of Nlltu r lll Resources ond CO'nmUnlty Deve lopment, Di vis ion of Envlronrnentlll Monagemont. 

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

Ref 11 
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Table 16 

Oenstty<e> 

County 1960 1970 

.. State Total 93 104 

Alamance 197 226 
Alexander 61 75 
Alleghany J4 36 
Anson 47 44 
Ashe 46 46 

Avery 49 52 
Beaufort 43 44 
Bertie :35 29 
Bladen 33 30 
Brunswick 2J 28 

Buncombe 202 221 
Burke 104 118 
Ceberrus 189 206 
Coldwell 104 121 
Camden 23. 23 

Carteret 52 59 
caswell 46 45 
Cetewbe 180 231 
Chat hem 38 42 
Cherokee 36 36 

Chow en 65 62 
Clay 26 25 
Cleve lend 142 155 
Colurrbus · 52 50 

• Creven 81 89 

CumberltJnd 225 324 
Currituck 24 28 
Dcre 15 18 
Devldson 146 174 
Davie 63 71 

Duplin 49 47 
Durhem 375 450 
Edgecombe 106 10:5 
Forsyth 447 513 
Franklin 58 55 

GtJSton 355 417 
Gates 27 25 
Grahem 22 22 
Gran'lllle 61 61 
Greene 62 56 

Guilford 379 441 
Hallfex 82 7J 
Harnett 80 82 
Haywood 73. 76 
Honderson 95 113 

Hertford 64 69 
Hoke 50 42 
Hyde 9 9 
Iredell 106 126 
Jackson :56 44 

1980 

120 

229 
97 
41 

. 48 
52 

58 
49 
30 
:35 
42 

244 
144 
236 
144 
24 

78 
49 

266 
47 
42 

69 
31 

178 
54 

101 

376 
43 
J4 

207 
92 

50 
513 
111 
592 

61 

455 
26 
25 
64 
61 

487 
76 
99 
84 

156 

66 
52 
9 

144 
53 

PCPULATION DENSITY HID lAND MEA BY COUNTY 
1960, 1970 AND 1980 

1980 
Lend 
Aree 

(Sq. HI.) County 

48,843 

4JJ Johns1on 
259 Jones 
234 Lee 
533 Lenoir 
426 Lincoln 

247 . McDowell 
826 HliCOn 
701 Madison 
879 Martin 
861 Mecklenburg 

659 Mitchell 
505 Montgomery 
364 Moore 
471 Nash 
241 New Henover 

525 Northempton 
427 Onslow 
396 ()-enge 
708 Pamllco 
452' ·Pasquotenk 

181 Pender 
214 Perqulmens 
468 Person 
939 Pitt 
702 Polk . 
657 RtJndolph 
256 Rlchnond 
391 Robeson 
548 Rockingham 
267 Rowen 

819 Rutherford 
298 Sempson 
506 Scot lend 
412 Stanly 
494 stokes 

. 
357 Surry 
338 Swain 
289 Transylvania 
534 Tyrrell 
266 Union 

651 Vance 
724 Wake 
601 W.rren 
555 WtJShlngton 
375 WtJteuge 

356 Weyne 
391 Wilkes 
624 Wilson 
574 Yedkln 
490 Yancey 

\~f 11 

Density( e) 1980 
Lend 
Aree 

1960 1970 1980 (Sq. HI.) 

79 77 89 795 
24 21 21 470 

104 119 142 259 
141 136 149 402 
94 tto 142 298 

61 70 eo 437 
29 .31 39 517 
36 36 37 451 
56 54 56 461-

502 669 766 528 

6J 63 65 222 
38 39 46 490 
48 55 72 701 nt 109 124 540 

370 449 559 185 

50 43 42 538 
114 135 148 763 
108 144 193 400 

29 28 31 .341 
112 118 125 228 

22 21 25 875 
35 J4 39 246 
66 65 73 398 

107 113 137 656 
49 49 55 238 

77 96 116 789 
82 84 95 477 
94 89 107 949 

122 127 147 569 
160 172 191 519 

eo 84 95 ~8 
50 ·48 53 947 
79 84 101 319 

102 108 123 396 
49 52 73 452 

90 96 110 539 
16 17 20 526 
43 52 62 378 
t1 to 10 407 
70 86· 110 639 

129 1.31 148 249 
196 267 353 854 
44 37 38 427 
40 41 45 332 
55 74 101 314 

148 153 175 554 
59 65-;:. • 78 752 

155 153 169 374 
68 73 85 3:56 
45 40 48 314 

(a) Population per squere mile of land crea. Lend area calculations for 1960 and 1970 differ slightly from those~ 
1980. 

SOORCE: u.s. Depertment of Cormlerc:e, Bureeu of the Census. 
Offlce of State Budget and Menagement, Reseerch and Pl~nnlng Services. 
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- -Table 8 

County 

State Total 

Alamance 
Alexander 
Alleghany 
Anson 
Ashe 

Avery 
Beaufort 
Bertie 
Bladen 
Brunswick 

8uncon'be 
Burke 
Cabarrus 
Caldwell 
Camden 

Clll"teret 
Caswell 
Catawba .. 
Chatham 
Cherokee 

ChOw an 
Cley 
Cleveland 
Columbus 
Craven 

Cul!berlantl 
Currltucl\ 
Oare 
Davidson 
Davie 

Ouplln 
Durham 
Edgecon'be 
Fors~th 
Fran lin 

Gaston 
. Gates 

Graham 
Granville 
Greene 

Gull ford 
Hall fall 
Her nett 
Heywood 
Henderson 

Hertford 
Hoke 
Hyde 
Iredell 
Jock son 

- - -·- - - - - - - -
1950 1960 

Percent Percent 

Urban Rural Urban Rural 

)3,7J 66o)J ».5J 60.5. 

41.5 58.5 "·2 48.8 - 100.0 - 100.0 - 1oo.o - 100.0 
12.7 87o) 15.0 85.0 - 1oo.o - roo.o 

- 1oo.o - too.o 
32.9 67o1 27.6 72·4 - 100.0 - too.o - 1oo.o - 100.0 - 1oo.o - roo.o 

47.0 53.0 52.7 47o) 
24.) ,,,, :u.o 11·0 
66o0 )4.0 67.7 J2,) 
18.2 81.8 26.0 74o0 - 100.0 - 1oo.o 

.36·2 6).8 JI,O 69.0 - 1oo.o - 1oo.o 
Jl,7 66o) 44.1 ,.9 
9.8 90.2 16.6 8).4 - 1oo.o - 1oo.o 

)5,6 64.4 JB,(I 62.0 - 1oo.o - 1oo.o ,,,, 64o7 J8,9 61.1 
8.4 91.6 9.6 90o4 

32.4 67.6 26.7 ,,,, 
»·1 60.3 47.) 52.7 - 100.0 - 1oo.o - too.o - 1oo.o 
:19·7 60o:l 39.4 60o6 - IOOoO - 1oo.o 

- too.o o.1 99o9 
20o2 79o8 75.6 24o4 
40.7 59o) 42.9 57ol 
65.8 34·2 69.2 3o.e 
e.1 91.9 10.0 90.0 

,,2 44·8 61.8 38·2 - 1oo.o - 1oo.o . too.o - 1oo.o 
21.0 79·0 21.1 7Bo9 - too.o - 1oo.o 

66.0 )4.0 76ol 2).9 
24.1 75o9 32·7 67o3 

20·' 79t7 22·3 77o7 
27ol 72·9 28ol 71 ,, 
19.7 80·3 l6o3 83o7 

l6o7 8'·3 Jlo8 68o2 - 100o0 l8o7 Slol - too.o - 100.0 
42.7 57·3 42o8 57·2 

- .1oo.o - 1oo.o 

lJR8AH NO RUML. DISTRISUTiat ~ 1lf£ PCPULATION ~ laTH c:Ma.IMA CCUMTIES 
YEARS 1950, 1960, 1970, 1980 

t97o'•' 1980 1950 1960 
Percent Percent Percent Percent 

Urban Rural Urban Rural County Urban Rural Urban Rural 

45.5J 54.5J 48.oJ 52.0J 

60.9 39.1. 64·6 35.4 Johnston 12·5 87.5 19.9 eo. I - 100.0 ).4 96.6 Jones - 1oo.o - roo.o - 100.0 - roo.o Lee 42.6 57.4 46o1 ,,g 
16.9 8J,1 16.4 8lo6 Lenoir )9.9 60.1 44o9 ,,1 - 100.0 - roo.o Lincoln 19.7 eo.:s 19.8 ll0o2 

- 100.0 - 1oo.o Md)ovell 21 ,g 78.1 l2o5 . 87o5 
24.9 75.1 20.9 79.1 Mecon - 1oo.o - too.o - IOO.O - 100.0 Madison - roo.o - 100.0 - 100.0 11.6 e8.4 Mlll"tln n.e 82.2 25.5 74.5 - 100.0 12.) 87.7 Mecklenburg 71 ,, 28.5 7Bo0 22.0 

52o2 47.8 62\9 37·1 Mitchell - 100.0 18.0 82·0 
28.5 71.5 )4.8 65·2 Montgomery - 100.0 - 1oo.o 
64.0 J6,Q 62.6 )7.4 Moore 12.9 B7ol 14·2 85.8 
J0,9 69.1 28.4 11·6 Nash 24.7 75ol 28·4 11·6 - 100.0 - 100·0 New Hanover 71.2 28.8 69·0 Jl,o 

27o2 72.8 19.9 eo.1 Northampton - 100.0 - 1oo.o - 100.0 - 100.0 Onslow 1s.2 81.8 20·5 79·5 
42.9 ,,,, ,,8 44.2 crange 26.7 ,,,, 29·) 10·1 
15.9 84.1 "'' 86·7 Plll'llllco - loo.o - too.o - 1oo.o - 1oo.o Pasquohn~ 52.1 47.9 54.9 ,,6 

44.3 ,,,, 42.7 57·3 Pender - 1oo.o - 100.0 - 1oo.o - 100·0 Perqulmans - 1oo.o - 1oo.o 
34.0 66.0 28o5 71.5 Person 17.7 82.) 19·5 eo., 

8.9 91.1 16·2 83.8 Pitt J0,8 69.2 42.8 57·2 
55.2 u.s 49o6 50·4 Polk - 1oo.o - 100.0 

76.1 23.9 86.6 1J,4 Randolph 15.2 84.8 25·3 74o7 - 100.0 - 1oo.o Richmond 34.) 65o7 ,,6 66.4 - 100.0 - 100.0 Robeson 10.5 89.5 20.) 79o7 
,, .1 62.9 ,.4 66.6 Rocking hem 38·5 61o5 41.1 58o9 
13.4 86.6 10.7 89o:l Rowan 41.1 58o9 47·2 52o8 

14.9 85.1 l4o2 85.8 Rutherford l3o4 66o6 "·1 68.9 
75.9 24.1 eo.2 19.8 Sempson e.g 9lo1 "'' 84o5 
47.1 52.9 45o9 54.1 Scotland 27ol 72o9 32o7 67o3 
68.8 llo2 75·2 24.8 Stanly Jl,e 68.2 )0.0 70o0 
11.0 89.0 10.8 89.2 Stokes - 1oo.o - 100.0 

71.0 29.0 69·1 J0,9 Surry 28.4 71.6 20.6 79.4 - 100.0 - 100.0 Swain - 1oo.o - 1oo.o 

- 100.0 - 100.0 TransTivenla 25o7 74o3 29.7 70.3 
32.7 67o3 34·8 65.2 Tyrre I - 100.0 - 1oo.o - 1oo.o - 1oo.o Union 24.1 75o9 24.4 75.6 

76.7 2J,J 75·9 24.1 vance ,.,, 65o7 )9.8 60.2 
)6.5 63.5 J7o1 C52o9 Wake ,,,, 46·9 63·2 .)6.8 
2Zo5 71o5 2Jo0 n.o Werrtn - 1oo.o - 100.0. 
27.9 72ol 24·5 ,,,, Washington )4.0 66o0 34o6 65o4 
28.0 72o0 19•4 80.6 Weteuge l6o2 SloB 21·0 19.0 . 
.36.6 63.4 Jlo8 66.2 w;rne )9.2 60o8 40·8 59.2 
19.3 eo.7 17·8 82.2 WI kes 9o7 90o3 9o3 90.7 - too.o - 100.0 Wilson -42.2 57o8 49o8 50.2 
44.2 ,,8 lJoO 67.0 Yadkln - too.o - 1oo.o - 1oo.o - too.o Yancey - 1oo.o - 1oo.o 

- - -
1970Cal 1980 
Percent Percent 

Urban Rural Urban Rural 

22.9 77.1 26.8 7lo2 - roo.o - 100.0 
38.5 6lo5 40.2 59.8 
45.0 ,,o 47.4 52·6 
16.2 83o8 "'' 8Bo5 

30.6 69o4 10.5 89.5 - 100.0 1J,1 86.9 - 100.0 - 100.0 
26.6 73.4 23.7 76.3 
19.6 20·4 87.6 12.4 

- 100.0 - 1oo.o - 1oo.o u.o 8e.o 
15.2 84.8 23·8 76o2 
32.2 67.8 40.0 60.0 
69.5 )0.5 86.7 ,,, 
- 100.0 - 100.0 

57·' 42.5 64.6 35.4 
50.) 49.7 57.5 42o5 - 100.0 - 1oo.o 
52.4 46.4 49.2. 50.8 

- 100.0 o.t 99.9 - too.o - 100.0 
20.7 79ol 25 .. 8 74.2 
50.0 50.0 49.7 50o) - 100.0 - 1oo.o 

J0,2 69.8 J0,3- 69.7 
JJ,4 66.6 40.0. 60.0 
27.) 12·1 29.3 70.7 
44.7 ,,, 40.3 59.7 
42.1 57o9 44.2 55.8 

:so.1 69o9 28.6 ,, .. 
15.9 84o1 15·2 84.8 
l2o9 67.1 J6,0 64.0 
26.0 74o0 31• I 68.9 - 1oo.o 26.5 7J,5 

25.0 75o0 16o3 8Jo7 - 100.0 - too.o 
26.6 7Jo4 22·7 77o) - too.o - 100.0 
25·3 74.7 2lo7 7BoJ 

42.5 57o5 J6,8 63.2 
69.6 )0.4 71·8 28.2 - 100·0 - 100.0 
34.0 66·0 J0,9 69.1 
37.4 62o6 32·2 67o8 

46.7 ,,, 64·4 ,.6 
6.8 93o2 10o9 .B9ol 

51.1 48.9 , .. , 45·' - too.o - too.o - too.o · - too.o 

Cal Urban-rural perc:entaoes for 1970 wert not corrected for all thOse counties which had population cxrrec:tlons after the 1970 urban-rural figures were 
published but were corrected In selected counties by the Bureou of the Censu1o 

SOURCEa Office of State Budget and Management, Research and Plonnlng Services, 
u.s. Oepartrnant of commerce, Bureau or the Census, 

-
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5 January 1987 

TO: File 

FROM: Stan Atwood 

RE: Asheboro water distribution 

·I spoke with Randy Macon at the Asheboro water plant (919) 626-1200. 
The city water lines extend south on US 220 to Hawthorne Road. This is about 
two miles north of the Ulah Battery Site. 

SA/tb/0323b 
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5/01/87 W0-118 COM PWS w/IN SPEC. GRID fO STA • P G E 0001 • 

PWIO PWMANA E P'..JMAARf.:O PWMAPNU P PLSOC1 P WP LP OPL P\\IPLTYPE PWPl..ACTV PWPLLAT1 PWPLLON1 ., 
0276121 ICKORY LANE MH COMMINITY 919 4983089 G 000000038 c A 0353930 0795240 
0276126 KINGSBURY f'HP 919 8737429 G 000000090 c 
0276128 LEROY'S TP 919 6291319 G 000000088 c 

0353555 0794845 
0353945 0794935 • 

0276144 WHITE OAK fi1HP 919 6291319 G 0 0000182 c A 0353725 0794930 
0276151 PINEWOOD COU TRY CLUB WA SYS 919 29913 25 G 000000203 c 
0276155 SOl.'THWEST fo!HP 919 6295978 G c 00000056 c 

A 0353b50 0794920 
A 0353840 0795145 • 

0276165 HERITAGE WEST 919 2991325 G 000000040 c A 0353925 0795240 
0276169 ROCKWOOD PARK ~A SYS 919 6254515 G 00000 0 147 c A 0353920 0794850 • 
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U1i.ited States ~eparttne~1t ·of the Interior 
FISH AND.WILDLIFE SERVICE 

jRe£1_4_ 

ENDANGERED SPECIES FIELD STATION 
100 OTIS STREET. ROOM 224 

ASH.EVILLE. NORTH CAROLINA 28801 

June 21, 1985 

Ms. Pat Derosa . 
Solid and Hazardous Waste Management Branch 
Envirbnmental Health Secti6h· 
North Carolina Department of Human Resources 
P. 0. Box 2091 . 
Raleigh~ North Carolina ·27602 

Dear Ms. Derosa~ 

In response to your telephone conversation with·John Fridell on May 30, 1985, 
we are enclosing ~~e f~llowing· items of information: 

A. North Carolina county di stributJon records of Federally listed, 
proposed and.status revi~~ species, 

B. map of the critical habitat of the threatened:spotfin chub: 
(Hybopsis monacha), 

C. map ·of· the critical habitat of mountain golden heather (Hudsonia 
montana), and 

D. copY of the U.S. Fish. and Wi.ldl ife Service interagency Section 7 
consultation process _guidelines (included for your information) 

Th~ abbreviations following the species names on the North C~rolina species 
distribution records (A. above) indicate Federal status, i.e., E- endangered, 
T - threatened, PE - proposed endangered, PT - proposed thr~atened and SR -
under status review. Status r-eview species are not legally protected under the 
Endangered Species Act. However, they are subject to -being 1 i sted and agencies . 
should be cognizant of their potential presence in a projec~ area~ 

Since additions and deletions are made to the list of species on a regular 
basis, questions re~arding updates of the list should b~ made to ·this office. 

t~e hope this information wi 11 be of use to you. If we can be of any further 
assistance, please call John Fridell or Nora Murdock at (704) 259-0321. 

Sincerely yours, 
. \ \ ~,.-) 

~\)(1/i~~ \ -'<~ 
Warren T. Parker 
Field Supervisor 

\ 

• f,. 
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Spotfin Chub 

-:- -
Mountain Golden 

Heather 

1 inch = npprox. 53 miles 

- - - - - - - - - - - - -· . 
CRITICAL liADil'A'fS OF FEDERALLY LISl'ED 

ENDANGERED SPECIES'IN NC 
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5/78 

:.: . . 

NORI.'H CAIDLTh!A - Critical Habitat 

Hylx>psis rronacha, "spotfin chub" 

Maa:m and SWain Counties. Little Tennessee River, nain channel fran 
the backwaters of Fontana lake upstream to the North carolina-Georgia 
state line. 

... -- ... 

t1l 

Swain~;-­----..;-=:; Co. 
i ..... ,. 

.. 
l 

.,.. f:lay ~~----- __ :::::'\..-~~~-~-
------~ l Rabun Co. 

Town1 Co. 
1 

\ 
I .,..--___. 

NORTH CAROLINA ------------
GEORGIA 

I 

;,_f.·' 

~. .· 
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· NORTH CAROLINA - Critical Habitat 

Hudsonia montana~ "mountain golden· heather" 

Burke County. The area bounded by the following: on the west by the 
2200' contour; on the east by the linville Gorge Wilderness 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 Chimneys"--then 
follow the 3400' contour north until it reintersects.the Wilderness 
Boundary--then follow the Wilderness Boundary again northward until it 
intersects the 3200.' contour extending west from its intersection with 
the Wilderness Boundary until it begins to turn south--at this point the 
Boundary extends due east until it intersects the 2200' contour. 

PISGAH 

i 
L ___ ---------' 
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12 August 1986 

TO: CERCLA Unit Staff 

FRm1: Pat DeRosa X\) 
RE: Critical Habitats of Federally Listed Endangered Species in N.C. 

I spoke by telephone today with John Fridell, US Fish and lYildlife 
Ser-vice (704) 259-0321 to request an update on critical habitats in NC. 
}rr. Fridel! informed me that the only change since our previous correspondence 
of June 21~ 1985 has been a "Proposal to List the Cape Fear Shiner as an 
Endangered Species with Critical Habitats" in NC. (FR Vol. 51, No. 133, 
July 11, 1986)~ A copy of the proposed rule is attached for your information. 

PD/tb/022lb 
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li~f 15 I 25222 · . F~de.ral Register/ Vol. 51, No. 133-/ Friday, July 11, 1986 / Proposed Rules · 

..,.,.._:...~~~--~ .. ,..~ ......... ....._..,_":.,._·~'Oatlo--W..~~~-.....,..~~~-~~"«'ft'OI~•"~""~~- - .. -;,.-.o.~JW"-"SIIIIWIJ~.o,.~---.~# . .....,.*""'~~,.ws: 

I 
Public Conuncnts Solicited 

I 

The Endangered Species Acl proddes 
for a public hearing on this p;oposal. if 
requested. Requests must be filed \\'ithin 
45 days of the date of the proposal. Such 
requests must be made in wri~ing and 
addressed to the Endangered Species 
Field Oifice, 100 Otis Street. Room 224, 

Snelson. F.F. 1971. Notropls meklstocho!as. a 
r.cw crprinid fish endemic to the Cape Fear 
Ri\·er basin. No:th Carolina. Copeia 
1971:449452. 

Author 

The Service intends that any final 
action from this proposal will be as 
ac~u:-nte and as effective as possible. 
Titerefore, any comments or suggestions 
from the public, other concerned 
governmental agencies, the scientific 
community, industry, or any other 
interested party concerning any aspect 
of this proposal arc hereby solicited. · 
Comments particularly ~rc sought · . 

· Ashet"ille. North Carolina 2ZS01. 

The primarj author of this.proposed 
rule is Richard G. Biggins, Endangered 
Species Field Office, 100 Otis Street. 
Room 224. "Asheville, North Carolina 
2?S01 (iW/.259-0321 or FrS 67Z-Q321~. I 

I 
I· 

concerning: · . 
(1) Biologkal. commercial trade, or 

other relevant data concerning any. ·. 
threat (or lack thereof) to this species: 

{2) The location of any additional 

National Endronmental Policy Act 

The Fish and Wildlife Ser."ice has 
determined that an Environmental 
Assessment. as defined under L~e 
authority o£ th-e National Environmental 
Policy Act of 1969, need not be prepared 
in connection with regulations adopted 

List of Subjects in SO CFR Part 17 · ·· · 

Endangered and threa!ened"wildlife, 
Fish, Marine· mammals, Plants · . ·· 
(agriculture). ' · ~ ·.· .. ~: ·'·' ' 
Propos~d Regulations Promulgation. 

pursuant to section 4(a) of the 
Endangered Species Act of 1973, as PART 17-:-£AMENDED] • 

amended. A notice outlining the Accordingly. it is hereby proposed to 

I 

· populations of this species and the 
reasons why any habitat should or 
should not be determined to be critical 
habita_t as provided by section 4 of the 
Act· · 
... ·(J) Additional inio~~tion·~onceming 
the range and distribution of this .... · · , 

Service's reasons for this determination· amend Part 17, Subchapter B of Chapter 
. was published in the Federal Register on r, Title so of the Code of Federal 
October~· 1983 (48 ~ 49~44}. . .. Regulations, as set forth below: . . · .. . 

-: 

... species; . 
· References Cited· :-· · 1. The authority citation for Part 17- .... :; 

· continues to read as follows: · · · 

I (4) current or planned activities in the 
subject_area and their,possible impacts 

. _ · · on this speCies; and · ·. . . 
• . (5} Any foreseeable economic-and · · . ·a: -. othe~ impacts resulting from the. . . . . . 

. ·proposed desi.gnation.of critical habitat.: 
; . Final promulgation of the regulations ·. 

: ... · on this sp"ecies will take into · ·. '_ ... 

I . ·consideration the comments. and any· ·. 
.. · additional information received by the ·. 

Service. and such. communications IllaY.· , · 
lead to adoption of a fmal regulation :: 
.that d~ffers from thi~ proposal · 

. ;. 

North CarolL'la Department of Natural . • . 
Resources and Community Development. .: . . Authonty: Pub. L 93-205, 87 Stat. 884; Pub. 

· · 1933. Status of Water Resources in the · · l.. 94-359. ro Stat. 911: Pub, I.. ~2:92 Stat. 
. ·ea F Ri ·B • 135 3751: Pub. I.. ~159, 93 Stat. 1225; Pub. I.. 97-

pe ear ver asl.ll. PP· · · ' · o.; S L 11 (16 U.S C. 531 t ) · 
Pottem.. G.B.. and M. T. Huish. lSSS. Status . · · · 3 • 96 .1~ .H . .'· 1 t; ~q._ • · · . 

siuvey of the Ca!>e Fear shiner (Not:vpis .. . . ·2. It is_ proposed to amend § 17.1~(h) . :· 
mek.istocholas). US. Fish and Wildlife .. · ~ : by adding the following, in· alphabetical . . 
Service Contract No.14-16-0009-1522..44 · order tinder "FISHES," to the List of· - :~.~ .· · 
pp. . ... : ·, ·.; Endangered and Threatened Wildlife:· -: · ·: : · 

· PotteiD. G.B.. and M. T. Huish. 1985. ·. · ·. : • • ·. :·' · · . . · • · !. · .: : . ' ; ·.:· 

Suppll:iment to the status survey of the · · § 17.11 Endangered ~d_threat~ned ·• 
Cape Feaishiner"(Nolrtipls me.lcistocholcis) • . wlk:!llfe. ·: .':-: ·.. ·· · .. > ~- ·.:::::.· .. • 

U.S. Fish and Wildlife Service Contract No. * * * • * ·-.· ·. ·· 
14-1~1522. 11 pp. . (h) ~ ~ *. • • • • . .•• . • .•.. 

Status 

·.-.·. ~ ~ 
___________ # __ ._·~·-·~~~--·-·--~~--------~·. 

I· . Conmon~ ., 
:· 

. .. FCSHE:s .. 

t.hir-oet. Cape Fe.M_·-·-~-- Nofropis mel<ist~--- ~-~ CNCI-------·· En:ire'----- E---

I .. · .... 
-··. 3: It i~ furth~r proposed to ~mend .- · ·· · Deep River, th~n· downstream in th.e · . 

§ 17.95(e) by adding critical habitat o£ · Deep River (approximately"2.6) in 

I . ' the .. Cape Fear shiner," in the same Chatham and Lee CoWlties, to a point 
alphabetical order as the species occurs 0.3 river miles below the Moncure, North 
in § 17.11(h). . . . _ . . Carolina, U.S. Geological Survey Gaging 

miles of Fork Creek. from a point 0.1 · · 
creek ~iles upstream of Randolph · . .­
County Road 2873 Bridge downstream to 
the Deep Ri\'er then dov·mstream 
appoximately 4.1 miles to the Deep 
River in Randolph and Moore Counties, 
North Carolina. to a point 2.5 river miles 
below Moore County Road 1456 Bridge . I 

I 
I 
I 
I 

§ "i7.95 Critical habitat-fish and wildlife. 

(e) • • ~ 
• * • 
Cape Fear Shin~"r·, 

(Notrapis mekistocholas) 

(1) North Carolina. Chatham County. 
App:-oximately 4.1 miles of the Rocky 
River from North Carolina State 
Highway 902 Bridge downstream to 
Chatham County Road 1010 Bridge: 

(Z) North Carolina. Chatham and Lee 
Counties. Approximately 0.5 miles of 
Dear Creek, from Chatham County Road 
!156 I3ridge downstream to the Rocky 
River, tho:n dowotstream in the Rocky 
River (cpproximately 4.2 miles) to the 

Station: and . · 
(3) North Carolina. Randolph and 

Moore CoWl lies. Approximately 1.5 
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I Constituent elements include clean 
trea:ns with gra\·el, cobble, and boulder 

substrates with pools, riffles, shallow 
n:ns and slackwater areas with large 

l ock 9ulcrops and side channels and, 
·Ools with water of good ql}ality with 

;elati\·eiy Jow silt loads. . . . . . 
I D:sted: lvfay 30, 1S88 . 

• Dz.niel Smith; 
A:::t!ng Assistant Secretary for Fish and. 

l'~dlife ond Parks. · · . · 
D~c. 86-~5&43 Filed 7-10-&5; 8~4~ amJ 
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Ref. 16 

30 April 1987 

TO: File 

ER<l1: Stan Atwood ,J_ ~ 
RE: Ulah Battery Lead Reclaiming 

I called Jim Martin, Randolph Cotmty Health Department, about 
results for samples collected at the referenced site in 1980. Six soil 
samples and two samples of battery casing chips were collected. Mr. Martin 
said that lab sheets were never forwarded to their office. Results were 
received over the telephone. The soil samples averaged 3000 ppm lead and the 
battecy casing chips averaged 2580 ppm lead. He said be would forward copies 
of the hand written notes in their files concerning this matter. 

SA/tb/0234b 
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North Carolina Department of Human Resources 
Division of Health Services 

P.O. Box 2091 • Raleigh, North Carolina 27602·2091 

James G. Martin, Governor 
Phillip J. Kirk, Jr., Secretary 

Ronald H. Levine, M.D., M.P.H. 

Ms. Denise Smith 
EPA NC CERCLA Project Officer 
EPA Region IV Waste Division 
345 Courtland Street, N.E. 
Atlanta, GA 30365 

Dear Ms. Smith: 

30 January 1987 

SUBJECT: Summary Trip Report , 
Ulah Battery Lead Reclaiming NC D981864614 
Asheboro, NC 

State Health Director 

The subject site is located in a residential area about two miles 
south of Asheboro, NC. Between the mid 1960's and about 1980, lead from 
automobile batteries was reclaimed on site. The residents all use ground 
water. 

On 29 January 1987 a CERCLA site investigation was conducted at this 
site by Stan Atwood and Jack Butler. The County Health Department was 
contacted prior to the visit and a meeting was arranged for 10:00 a.m. on the 
29th. Arrangements were also made to pick up a copy of the Asheboro water 
distribution map at the city water department. 

The water distribution map was picked up at 9:30 a.m. We then met 
with Jim Martin, Sanitarian Supervisor; J.D. Smith, Sanitarian; Galenda 
Sandlin, County Nurse; and Yvonne Chilcoat, Director Public Health Division; 
at the Health Department. We briefly discussed the site history and the 
sampling plans before driving to the site at 10:30. 

Figure 1 is a sketch of the site layout and sampling locations. A 
pile of battery casings (approx. 100 ft. x 30 ft. x 15 ft.) is located within 
·20ft. of the nearest well. There is a small drainage ditch along the western 
edge of the pile. Livestock (chickens, turkeys, and goats) are kept in pens 
adjacent to the disposal area. 
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Ms. Denise Smith 
30·January 1987 
Pag.e 2 

Two wells were sampled during the inspection (Figure 1). 
Conductivity and pH readings for the Hammond well were.73.5 and 7.27. 
Readings for the Caviness well were 175.3 and 6.68. This well was reported to 
be about 150 feet deep. We were unable to sample the well nearest the 
disposal area, hoWever, it will be sampled by Randolph County Health 
Department personnel. 

We then drove to the stream draining the site. Upstream and 
downstream sediment samples were collected. An additional battery casing 
disposal area (measuring about 150 feet long, 10 to 60 feet wide, and 3 to 10 
feet deep) was discovered_about 200 feet above the stream. 

Photographs of the sampling points and the site in general were 
taken, including both disposal areas. The investigation was concluded at 
12:30 p.m. 

If you have any questions, please contact me at (919) 733-2801. 

SA/tb/0338b 

Sincerely, 

Stan Atwood, Toxicologist 
CERCLA Unit 
Solid and Hazardous Waste Management Branch 
Environmental Health Section 

\ 
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6 November 1986 

TO: File 

FROM: Stan Atwood ,J_c,_ 
RE: Randolph County Battery Site 

I spoke by telephone with Charlene Wiggins, Lead Epidemiologist, 
Environmental Epidemiology Branch, (919) 733-3410; about the subject site~ 

One 4 year old child in the site vicinity was found to have elevated blood 
lead levels (PbB) and elevated free erythrocyte protoporphyrin levels (FEP)~ These 
levels were 4~-50 ug/dl (low 20's normal) and 140-150 ug/dl (35 normal)~ 

The site is located south of Asheboro just off US 220 near the Ulah 
community on SR 1219. 

SA/tb/0342b 
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Ref 19 

22 January 1986 

TO: File 

FROM: Mary Giguere 

RE: h i Ulah Battery Lead Reclaiming r~ 
NC D981864614 
Sample Preservation 

Any well or ground water samples that are taken for volatile organic 
analyses, that have no visible sediment, will be preserved with 4 drops of 
hydrochloric (HCl) acid . Any well or ground water samples taken for metal 
analyses, that contain no visible sediment, will be preserved with 3 ml of 
nitric acid . If the pH of the metals samples is not less than 2, acid will be 
added until the pH is less than 2 and greater than 1 (1 '}pHL,. 2). Samples with 
3 m1 of nitric acid will be marked with a check mark on the sample container 
cap. Any sample with more than 3 ml of nitric acid will be labeled with the 
amount of acid added. 

Goggles and gloves will be worn while measuring acids and collecting 
samples. Pasteur pipets will be used for measuring the hydrochloric acid. 
These can been disposed of after rinsing. Graduated pipets will be used for 
the nitric acid. These will be rinsed and returned to the equipment room. 

MG/tb/0354b 

/ --------- - ----
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Ref 20 

Casarett and Doull' s 

TOXICOLOGY 
The Basic Science of Poisons 

THIRD EDITION 

Macmillan Publishing Company 
New York 

Collier Macmillan Canada, Inc. 
Toronto 

Collier Macmillan Publishers 
London 

. ·~ 
. ! 

•,, 

·'·• 
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REF z.o 
598 TOXIC AGENTS 

skin. Allergic chromium skin reactions readily 
occur with exposure and are independent of 
dose. Trivalent chromium compounds are con­
siderably less toxic than the hexavalent com­
pounds and are neither irritating nor corrosive. 
Nevertheless. nearly all workers in industries 
are exposed to both forms of chromium com­
pounds, and at present, there is no information 
as to whether there is a gradient of risk from 
predominant exposure to hexavalent or insolu­
ble forms of chromium to exposure to soluble 
trivalent forms. In a recent review, Norseth 
(1981) suggests that if there are similar increased 
risks in both groups, as estimated from the death 
rates, trivalent chromium should be considered 
as an equally potent carcinogen as are the hexa­
valent compounds. 

Whether chromium compounds cause cancer 
at sites other than the respiratory tract is not 
clear. A slight increase in cancer of the gastroin­
testinal tract has been reported in other studies, 
but each involved only small groups of workers. 

Animal studies support the notion that the 
most potent carcinogenic chromium compounds 
are the slightly soluble hexavalent compounds. 
Studies on in vitro bacterial systems, however, 
show no difference between soluble and slightly 
soluble compounds. Trivalent chromium salts 
have little or no mutagenic activity in bacterial 
systems. Since there is preferred uptake of the 
hexavalent form by cells and it is the trivalent 
form that is metabolically active and binds with 
nucleic acids within the cell. it has been sug­
gested that the causative agent in chromium 
mutagenesis is trivalent chromium bound to ge­
netic material after reduction of the hexavalent 
form (Norseth. 1981). 

Human Body Burden. Tissue concentrations 
of chromium in the general population have con­
siderable geographic variation. as high as 7 p.g/ 
kg in lungs of persons in New York or Chicago 
with lower concentrations in liver and kidney 
(Schroeder et al., l962a). In persons without 
excess exposure, blood chromium concentration 
is between 20 and 30 p.g/liter and is evenly dis­
tributed between erythrocytes and plasma. With 
occupational exposure, increase in blood chro­
mium is related to increase in chromium in red 
blood cells. Urinary excretion is generally less 
than l 0 p.g/day in the absence of excess expo­
sure (Underwood, 1977). 

Lead 

If we were to judge of the interest excited by any 
medical subject by the number of writings to which 
it has given birth. we could not but regard the 
poisoning by lead as the most important to be 
known of all those that have been treated of, up to 
the present time. 

0RFILA, 1817 

Lead, the most ubiquitous toxic metal, is de­
tectable in practically all phases of the inert en­
vironment and in all biologic systems. Because it 
is toxic to most living things at high exposures 
and there is no demonstrated biologic need, the 
major issue regarding lead is at what dose does it 
become toxic. Specific concerns vary with the 
age and circumstances of the host, and the ma.ior 
risk is toxicity to the nervous system. Several 
reviews and multiauthored books on the toxicol­
ogy oflead are available (NAS, 1972; Goyer and 
Rhyne. 1973: WHO, 1977b; Nriagu, 1978: Sin­
ghal and Thomas, 1980: Needleman, 1980; 
Chisolm and O'Hara, 1982; Rutter and Jones, 
1983). 

Sources. The principal route of exposure is 
food, but it is usually environmental and pre­
sumably controllable sources that produce ex­
cess exposure and toxic effects. These sources 
include lead-based indoor paint in old dwellings, 
lead in air from combustion of lead-containing 
auto exhausts or industrial emissions, lead­
based paint, hand-to-mouth activities of young 
children living in polluted environments, and, 
less commonly, lead dust brought home by in­
dustrial workers on their clothes and shoes, and 
lead-glazed earthen ware. 

The total daily intake of lead for an adult in the 
United States varies from less than 0.1 mg/day 
to more than 2 mg/day (Kehoe, 1961: NAS. 
1972). The major source of daily intake oflead in 
adults and children (without excess exposure) is 
food and beverages. Lead content offood is ex­
tremely variable, but there are practically no 
lead-free food items. The average adult diet con­
tains from 150 p.g/day, 0.75 to 120 p.g/day for 
infants and small children. Most municipal water 
supplies measured at the tap contain less than 
the WHO-recommended limit of 0.05 p.g/ml, so 
that daily intake from water is usually about 
10 p.g, and unlikely to be more than 20 p.g. 

Air is a third source of lead exposure for per­
sons in the general population. Concentrations 
of lead in air vary widely and may be lower than 
1.0 p.g/m3 in rural areas to 10 p.g/m3 in certain 
urban environments. For the contemporary ur­
banite. the magnitude of respired lead is about 
one-half the intake from the diet. 

Disposition. The gastrointestinal absorption 
of lead is influenced by a large number of factors 
of which age and nutritional factors are of partic­
ular importance. Adults absorb 5 to 15 percent 
of ingested lead and usually retain less than 5 
percent of what is absorbed. Children are known 
to have a greater absorption of lead than adults; 
one study found an average net absorption of 
41.5 percent and 31.8 percent net retention in 
infants on regular diets. 

Lead in the atmosphere exists either in solid 
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TOXIC EFFECTS OF METALS 599 

forms, dust or particulates of lead dioxide, or in 
the form of vapors, particularly alkyl lead that 
has escaped by evaporation from automobile 
fuel systems. 

Lead absorption by the lungs also depends on 
a number of factors in addition to concentration. 
These include volume of air respired per day, 
whether the lead is in particle or vapor form, and 
size distribution of lead-containing particles. 
Only a very minor fraction of particles over 
0.5 p.m in mean maximal external diameter are 
retained in the lung but are cleared from the res­
piratory track and swallowed. However, the 
percentage of particles less than 0.5 p.m retained 
in the lung increases with reduction in particle 
size. About 90 percent of lead particles in ambi­
ent air that are deposited in the lungs are small 
enough to be retained. Absorption of retained 
lead through alveoli is relatively efficient and 
complete. 

More than 90 percent oflead in blood is in the 
red blood cells. There seem to be at least two 
ma.ior compartments for lead in the red blood 
cell. one associated with the membrane and the 
other with hemoglobin (Barltrop and Smith; 
1971). Small fractions may be related to other 
red blood cell components. Plasma ligands are 
not well defined, but it has been suggested that 

· plasma and serum may contain diffusible frac­
tions of lead in equilibrium with soft tissue or 
end-organ binding sites for lead. This fraction is 
difficult to measure accurately, but there is an 
equilibrium between red cell and plasma lead. 

Blood lead levels are a good indicator of re­
cent exposure to lead and are influenced by in­
halation and ingestion. A number of recent stud­
ies suggest that inhalation of air containing 
1 11-g/m3 in respirable particles will increase 
blood lead concentrations by about 1 p.g/dl when 
air lead concentrations are in the range of 1 to 
5 p.g/m3 (WHO, 1977b). 

Lead in blood varies with age (Figure 19-3) 
(Mahaffey et al., 1982). Children under seven 
years of age have significantly higher blood lead 
levels than older children, and there is no differ­
ence between boys and girls under age 12. Blood 
lead levels decline during adolescence probably 
related to bone growth and deposition of lead in 
bones with calcium. Blood lead levels are lower 
in adult females than adult males. 

The total body burden of lead may be divided 
into at least two kinetic pools, which have differ­
ent rates of turnover. The largest and kinetically 
slowest pool is the skeleton with a half-life of 
more than 20 years and a much more labile soft 
tissue pool. The total lifetime accumulation of 
lead may be about 200 mg and over 500 mg for 
an occupationally exposed worker. Kidney lead 
accumulates with age; lead in lung does not 

~ 22 
Cl 

..=. 20 
c 
.Q 18 

~ 16 ' ... 
c 
~ 14 
c 
8 12 

~ 10 
.!!! 
"0 8 
0 

:E 6 
c 
"' 

Blood lead levels by sex and age: 
United States. NHANES II, 1976-1980 

... --------------------------~ ,.. Males ,, 
...... ,' 

......... ,~ 

~ o· 10 20 30 40 so 60 10 
Age in Years 

Figure 19-3. National estimates of blood lead 
levels in the United States. (From Mahaffey. 
K. R.; Annest, J. L.; Roberts, J.; and Murphy, 
R. S.: Estimates of blood lead levels: United 
States 1976-1980. Association with selected 
demographic and socioeconomic factors. N. 
Engl. J. Med •• 307:573-79, 1982. Reprinted by 
permission of The New England Journal of Medi­
cine.) 

change. Lead in the central nervous system 
tends to concentrate in gray matter and certain 
nuclei. The highest concentrations are in the 
hippocampus, followed by cerebellum, cerebral 
cortex, and medulla. Cortical white matter 
seems to contain the least amount, but these 
comments are based on only a few reported 
human and animal studies. 

Renal excretion oflead is usually with glomer­
ular filtrate with some renal tubular resorption. 
With elevated blood lead levels, excretion may 
be augmented by transtubular transport. 

Placental transfer of lead occurs. Cord blood 
generally correlates with maternal blood lead 
levels but is slightly lower. It is interesting that 
maternal blood lead decreases during preg­
nancy, suggesting that maternal lead is trans­
ferred to the fetus or excreted in some way. 

Toxicity. The topic of greatest interest at the 
present time concerns the maximal level of lead 
exposure in the neonatal and young child that 
does not produce a cognitive or motor neuro­
logic deficit. For the adult excess occupational 
exposure or even accidental exposure. the con­
cerns are peripheral neuropathy and/or chronic 
nephropathy. Effects on the heme system pro~ 
vide biochemical indicators of lead exposure in 
the absence of chemically detectable effects. but 
anemia due to lead exposure is uncommon with­
out other detectable effects or other synergistic 
factors. Other target organs are the gastrointes~ 
tina\ and reproductive systems. 

Nearly all environmental exposure to lead is 
to inorganic compounds. even lead in food. Or­
ganolead exposures, including tetraethyl lead, 
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have unique toxicologic patterns and will be dis­
cussed later. 

Neurologic Effects. The central nervous sys­
tem (CNS) effects of lead are the most signifi­
cant in terms of human health and performance 
(Needleman, 1980; Rutter and Jones, 1983). 
Manifestations of CNS effects are encephalopa­
thy and/or peripheral neuropathy. Symptomatic 
encephalopathy is almost always a disease of 
childhood and varies from ataxia to stupor, 
coma. and convulsions. This form oflead intoxi­
cation has decreased appreciably in North 
America over the past 20 years with better un­
derstanding of factors that contribute to lead 
toxicity. particularly reduction of lead exposure 
in children. Morphologic effects of lead on the 
brain are nonspecific. Lead encephalopathy is 
accompanied by severe cerebral edema, in­
crease in cerebral spinal fluid pressure, prolifer­
ation and swelling of endothelial cells in capillar­
ies and arterioles, proliferation of glial cells, 
neuronal degeneration, and areas of focal corti­
cal necrosis in fatal cases. 

The pathogenesis of neuronal damage in lead 
encephalopathy is not well understood. In se­
vere cases, there are obvious changes in hemo­
dynamics (cerebral edema) and cellular hypoxia, 
but it is now apparent that there is a direct effect 
of lead on neuronal and possibly synaptic trans­
mission at levels of lead exposure that do not 
produce apparent symptoms of intoxication. 
These effects are termed "low-level lead toxic­
ity" because they are believed to be associated 
with blood lead levels of approximately 30 to 
50 p.g/dl or possibly even lower bloodlead lev­
els. These effects are also termed "subclinical 
lead toxicity" because they can only be detected 
by assessment of neuropsychologic behavior, 
such as hyperactivity, poor classroom behavior 
(decreased attention span), and even small dec­
rements (point average in group studies) of four 
to five in I.Q. scores (Needleman et a/., 1979). 
Studies by others confirm the subclinical detri­
mental effects on I.Q., but possibly occurring at 
somewhat higher blood lead levels than found by 
Needleman (Emhardt et al., 1981). However, 
that low-level lead exposure (blood lead, 30 to 
50 p.g/dl) does, indeed, affect CNS function is 
further supported by the finding of changes in 
EEG brain wave patterns and CNS evoked po­
tential responses in children displaying neuro­
psychologic deficits (Burchfield et a/., 1980). 
Neurochemical studies in experimental models 
have shown that lead in the absence of morpho­
logic changes does produce deficits in neuro­
transmission through inhibition of cholinergic 
function, possibly by reduction of extracellular 
calcium. Other noted changes in neurotransmit­
ter function include impairment of dopamine 

uptake by synaptosomes and impairment of the 
function of the inhibitory neurotransmitter .,._ 
aminobutyric acid. 

Peripheral neuropathy is a classic manifesta- . 
tion of lead toxicity, particularly the footdrop : 
and wristdrop that characterized the house . 
painter and other workers with excessive occu- ,. 
pational exposure to lead more than a half- · 
century ago <Thomas, 1904). Segmental demye •. 
lination and possibly axonal degeneration follow '·l 
lead-induced Schwann cell degeneration (Lam- ) 
pert and Schochet, 1968). Wallerian degenera- ·~ 
tion of posterior roots of sciatic and tibial nerves·.:; 
is possible, but sensory nerves are less sensitive J 
to lead than motor nerve structure and function .~ 
(Schlaepfer, 1969). Motor nerve dysfunction ,"\ 
assessed clinically by electrophysiologic meas: } 
urement of nerve conduction velocities, has :~ 
been shown to occur with blood lead levels in·: 
the 50 to 70 p.g/dl range or lower (Seppalainen et ~ 
a/., 1975). . .' :~ 

Hematologic Effects. Lead has multiple,, 
hematologic effects. In lead-induced anemia, the ~ 
red blood cells are microcytic and hypochronic;"~ 
as in iron deficiency, and usually there are in-\~ 
creased numbers of reticulocytes with basoi,l~ 
philic stippling. This morphologic characteristic'g 
has long been recognized as a feature of lead- it 
induced anemia and in the past (pre-World]' 
War II), it was employed as a method of moni..:~1 
toring workers in the lead industry (McCord et.i 
a/., 1935). •!l~ 

The test is no longer useful because it is now:~ 
known to be nonspecific and, most important, it.~ 
is an uncommon occurrence with blood lead~ 
below 80 p.g/dl, which is considerably above the;~ 
present-day permissible industrial standard.\'!); 
Basophilic stippling results from inhibition ofth~){ 
enzyme pyrimidine-S-nucleotidase (Paglia et al.~f~ 
1975), which cleaves residual nucleotide chain~N 
remaining in erythrocytes after extrusion of theZ 
nucleus. The activity of this enzyme is de£~ 
creased in persons with elevated blood lead lev3\~ 
els even when stippling is not morphologicall~,l, 
evident. .\·· 

The anemia that occurs in lead poisoning ~ 
suits from two basic defects: shortened e~ 
cyte life-span and impairment of heme synthef~. 
sis. Shortened life-span of the red bloo~ cell i~, · 
thought to be due to increased mechamcal fui~ 
gility of the cell membrane. The biochemical~ 
basis for this effect is not known but is accom~}J 
panied by inhibition of sodium- and potassium~ 
dependent ATPase's (Hemberg eta/., 1967).·;,~ 

A schematic presentation of effects of lead onj 
heme synthesis is shown in Figure 19-4. Proba.!~ 
bly the sensitive effect is inhibition of s.;;,' 
aminolevulinic acid dehydratase (ALA-D), re-·.; 
suiting in a negative exponential relationshiP_ 
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MITOCHONDRION 

Heme 
Oxidase 

(Microsomal) 

®siLIRUBIN 
+ 
Fe 

HEME Cytoch-C 

CO PRO---
Fi~:ure 19-4. Scheme of heme synthesis showing sites where lead has an effect. COA. coenzyme A; 
AI.A-S. aminolevulinic acid synthetase; ALA. d-aminolevulinic acid; ALA-D. aminoleuvulinic acid 
o.:hydrdtase: PBG, porphobilinogen: UROPOR. uroporphYrinogen: COPRO, coproporphyrinogen: 
COI'R0-0, coproporphyrinogen oxidase: FERRO-C. Ferrochelatase: CYTOCH-C, cytochrome c: 
@. site for lead effect. 

between ALA-D and blood lead. There is also 
depression of coproporphYrinogen oxidase, re­
,ulting in increased coproporphyrin activity. 
l.c:td also decreases ferrochelatase activity. 
This enzyme catalyzes the incorporation of the 
ferrous ion into the porphyrin ring structure. 
llcssis and Jensen (1965) have shown that iron in 
the form of apoferritin and ferruginous micelles 
m:tY <tccumulate in mitochondria of bone mar­
ww reticulocytes from lead-poisoned rats. Fail­
ure to insert iron into protoporphyrin results in 
depressed heme formation. The excess proto­
porphyrin takes the place of heme in the hemo­
~:lubin molecule and, as the red blood cells con­
raining protoporphyrin circulate, zinc is chelated 
at the center of the molecule at the site usually 
uccupied by iron. Red blood cells containing 
zinc-protoporphyrin are intensely fluorescent 
and may be used to diagnose lead toxicity. De­
pressed heme synthesis is thought to be the 
~timulus for increasing the rate of activity of the 
first step in the heme SYnthetic pathway. 8-
aminolevulinic acid synthetase, by virtue of neg­
ative feedback control as proposed by Granick 
and Levere (1964). As a consequence, the in­
creased production of d-aminolevulinic acid and 
decreased activity of ALA-D result in a marked 
increase in circulating blood levels and urinary 
excretion of d-ALA. Prefeeding oflead to exper­
imental animals also raises heme oxygenase ac­
tivity, resulting in some increase in bilirubin for­
mation. The change in rates of activity of these 
enzymes by lead produces a dose-related altera­
tion in activity of affected enzymes, but anemia 
unly occurs in very marked lead toxicity. The 
changes in enzyme activities, particularly 
ALA-D in peripheral blood and excretion of 
ALA in urine, correlate very closely with actual 
hlood lead levels and serve as early biochemical 
indices of lead effect. 

Renal Effects. Toxicologic effects of lead on 
the kidney divide into two major concerns: re­
versible renal tubular dysfunction that occurs 
mostly in children with acute exposure to lead, 
usually associated with overt central nervous 
system effects, and irreversible chronic intersti­
tial nephropathy characterized by vascular scle­
rosis, tubular cell atrophy, interstitial fibrosis, 
and glomerular sclerosis (Goyer, 1971a). It is 
most often seen in workmen with years of expo­
sure to lead. In the early stages of excess lead 
exposure, morphologic and functional changes 
in the kidney are confined to the renal tubules 
and are most pronounced in proximal tubular 
cells. 

A pathognomonic feature of lead poisoning is 
the presence of characteristic nuclear inclusions 
bodies (Goyer, 197lb). By light microscopy the 
inclusions are dense, homogeneous eosinophilic 
bodies. They are acid-fast when stained with 
carbolfuchsin. Ultrastructurally the bodies have 
a dense central core and outer fibrillarY region, 
as shown in Figure 19-5. The bodies are com­
posed of a lead-protein complex (Moore et a/., 
1973). The protein is acidic and contains large 
amounts of aspartic and glutamic acids and little 
cystine. It is suggested that lead binds loosely to 
the carboxyl groups of the acidic amino acids. 
Most of the lead in the tubular cell is bound to 
the inclusion body. The sequestering of lead in 
these complexes may protect more susceptible 
organelles like mitochondria and endoplasmic 
reticulum (Goyer, 1971b). 

Experimental studies have shown that nuclear 
inclusion bodies are the earliest evidence oflead 
exposure and may be observed before any of the 
functional changes are detectable. Cells contain­
ing inclusion bodies are usually swollen and con­
tain altered mitochondria. It has been shown 
that mitochondria isolated from kidneys of rats 
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Figure 19-5. Lead-induced inclusion bodies in 
nucleus of renal tubular lining cell. 

with lead toxicity have impaired oxidative and 
phosphorylative abilities. This may in part be 
responsible for the decrease in reabsorptive 
functions of proximal tubular cells. Experimen­
tal animals and people, that is, children and 
workmen with early exposure to lead, have a 
generalized amino aciduria, glycosuria, and hy­
perphosphaturia, and probably some impair­
ment of sodium reabsorption. Some indirect evi­
dence for an effect oflead on sodium transport is 
found in the clinical observation that the renin­
aldosterone response to sodium deprivation is 
altered in people with lead intoxication 
(Sandstead et al., 1970). 

The pathogenesis of the inclusion bodies may 
be related to renal tubular cell transport and ex­
cretion of lead. Treatment of lead-exposed ani­
mals with chelating agents such as EDTA is ac­
companied by a sudden spike of urinary lead, 
which is maximum 12 to 24 hours after treatment 
(Goyer and Wilson, 1975). Also, no inclusion 
bodies can be found by morphologic study of 
renal tubular cells after EDTA therapy. The 
bodies may also be found intact in the urinary 
sediment of workmen with heavy exposure to 
lead (Schumann et a/., 1980). The bodies ac­
count for the maior fraction of intracellular lead, 
and their loss in the urine may reflect a major 
pathway for lead excretion. 

With continued exposure to lead there is a 
gradual change in morphology beginning with 
the appearance of peritubular and peri­
glomerular fibrosis, particularly in the deep cor­
tex of juxtamedullary zone (Goyer, 1971a). This 
is accompanied by atrophy of some tubules and 
hyperplasia of others. There are also fewer in-

' " 
elusion bodies present in the advanced stages of ':t 
lead-induced nephrosclerosis, and it may be t 
impossible to find any inclusion bodies in lead- .:~ 
induced nephrosclerosis. Recognition of inter­
stitial fibrosis induced by lead, therefore. from 
any other forms of interstitial fibrosis is not pos­
sible morphologically, but must be made from 
history and knowledge of progression of the dis­
ease if this is available. 

The most important feature of the changes 
associated with acute lead nephropathy is that 
they are reversible. either by reduction of lead 
exposure or by chelation therapy. but the pro­
gression into interstitial fibrosis is not reversi­
ble. It is very important, therefore, to diagnose 
this disorder as early as possible so that expo­
sure to lead can be discontinued and decrease in 
function halted. At the present time there is no 
single definitive diagnostic test that will recog­
nize lead-induced interstitial nephropathy ex­
cept possibly renal biopsy, but this is not a prac­
tical measure. There have been several clinical 
studies in recent years of renal function in work­
men with long-term occupational exposure to 
lead (Wedeen et a/., 1979; Litis et al., 1979: 

\ 

Hong et al., 1980). If looked at together. the 
conclusion is reached that an early functional 
accompaniment of interstitial fibrosis is a reduc­
tion in glomerular filtration rate. 

'•· 

The relationship between chronic lead expo­
sure and gouty nephropathy, suggested more 
than a hundred years ago by the English physi­
cian Garrod, has received recent support from 
studies showing that gout patients with renal dis­
ease have a greater chelate-provoked lead ex­
cretion than do renal patients without gout 
(Batuman et al., 1981). Lead reduces uric acid 
excretion (Emerson, 1963). Elevated blood uric 
acid has been demonstrated in rats with chronic 
lead nephropathy (Goyer, 1971a). 

The relationship between lead and hyperten­
sion is uncertain; it has been associated with 
lead poisoning in a number of studies but not in 
others. The second National Health and Nutri­
tion Examination Survey (1976-1980) found a 
statistically significant relationship between 
blood pressure and blood lead levels in white 
males age 40-59 years (Pirkle et al. 1985). Hy­
pertension may follow the vascular changes 
associated with lead-induced chronic renal dis· 
ease, or changes in renin-angiotensin· 
aldosterone metabolism (Sandstead, 1970: Vic· 
tery et al., 1982). 

Carcinogenesis. The possible. carcinogenic 
effects of lead have been receiving increasina 
attention (IARC. 1980). It is clear that lead can 
induce cancer in kidneys of rodents fed hid~ 
doses of lead (Moore and Meredith, 1979). On 
the other hand, the evidence that lead is carcino-
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.,. 11 i.: to humans is very limited. A study of 
~ ... rkmcn in England many years ago with occu­
p;1tional ex~osure to lead did ~?t show an in­
.:r.·as.:d incrdence of cancer (Dmgwall-Fordyce 
;111 .1 Lane. 1963). A more recent study of causes 
,,f mortalitY in 7000 lead workers in the United 
Stat.:s showed a slight excess of deaths from 
.:.1n.:.:r <Cooper and Gaffey, 1975), but the statis-
11.:;11 significance of these findings has been de-
1•.1t.:d IKang er a/., 1980; Cooper. 1980). The 
nh"t common tumors found were of the respira­
t.•n· and digestive systems, not the kidney. 
llct~n:\'er. case reports of renal adenocarcinoma 
111 \\orkmen with prolonged occupational expo­
'un: to lead have appeared (Baker et a/., 1980; 
l.iJi,. I<JR I). 

t JtiiC'r Effects. Severe lead toxicity has long 
t•.·en known to cause sterility, abortion, and 
rw.utatal mortality and morbidity. Studies have 
.krn•mstrated gametotoxic effects in both male 
.m.l female animals. However, the impact oflev­
,.,, ,,f lead exposure occurring in today's society 
1111 reproductive effects is uncertain. The great­
l''' concern is for intrauterine effects on the un­
'""'rn fetus. Umbilical cord blood levels are the 
,amc as those of mother's blood, and because of 
the greater sensitivity of the fetus, pregnancy 
mu,t he regarded as a period of increased sus­
,·.·ptihility to lead. 

:\ few clinical studies have found increased 
.:hromosomal defects in workers with blood lead 
lncb above 60 ~-tg/dl (Oeknudt et a/., 1977). 
1·.' peri mental studies suggest that lead alters the 
Immoral immune system and lead-induced im­
munosuppression occurs at low dosages in ex­
rcrimental animals in which there is no apparent 
e\idcncc of toxicity (Koller et al .• 1983.) Also. 
drildren with asymptomatic increase in blood 
kad levels appear to have more frequent febrile 
rllness <Perlstein and Attala, 1966). 

l.cad lines (Burton's lines) or purple-blue dis­
.:ol,tr.ttion of gingiva is a classical feature of se­
\'Cfc lead toxicity in children with lead encepha­
'••rathy. However. this feature of lead toxicity 
;" well as the presence of lead lines at the epi­
Phl·scal margins of long bones seen on x-rays of 
L"hildren with severe lead exposure are uncom­
mon loday. 

lllt(•raction with Other Minerals. Lead toxic­
Ill· is enhanced by dietary deficiencies in cal­
l"ium and iron and possibly zinc (Mahaffey and 
~lichaelson, 1980). The increased lead suscepti­
hilitr found in animals on low calcium regimes is 
'"'t a direct effect of calcium intake but of in­
l"rt::<~scd lead retention associated with decreased 
rt:nal excretion of lead. In children, elevated 
hlood lead is associated with decreased levels of 
~'·hrdroxyvitamin D (synthesized in liver) and 
l·tu.::!5-dihydroxyvitamin D (synthesized in kid-

ney). Iron deficiency is thought to increase gas­
trointestinal absorption of lead but does not 
otherwise affect lead metabolism. Relationships 
between lead and zinc have been studies in ex­
perimental animals and veterinary practice. Ani­
mals fed diets low in zinc accumulate greater 
amounts of lead in bones. Extra zinc in the diet 
has been found to protect horses grazing on 
lead-contaminated pastures from clinical mani­
festations of lead toxicity. 

Organolead Compounds. Alkyl lead com­
pounds used as gasoline additives. tetraethyl 
and tetramethyl lead, are rapidly absorbed into 
the nervous system and are much more severe 
neurotoxins on an equivalent dose basis than 
inorganic lead. Although these compounds may 
be emitted in small amounts from automobile 
exhaust, they degrade rapidly in the atmos­
phere. However. the practice of young people 
sniffing gasoline for psychodelic effects is par­
ticularly hazardous. Experimental studies have 
shown that tetraethyl lead is converted to 
triethyllead and inorganic lead. Triethyllead is 
relatively stable and becomes rapidly distributed 
between brain. liver, kidney, and blood 
(Cremer, 1959). 

Biologic Indicators of Lead Toxicity. The 
most serious effects of lead are related to the 
central nervous system. although other effects 
such as chronic nephropathy may be important 
in some individuals with chronic exposure to 
high lead levels. Effects on heme synthesis are 
less evident from a clinical viewpoint. but these 
are the effects that in biochemical terms are best 
understood. With continual improvement in in­
dustrial hygiene and consciousness and control 
of potential environmental exposures to lead, 
concern for recognition of lead poisoning, in 
terms of traditional clinical signs and symptoms. 
is less relevant now than the matter of interpre­
tation of more subtle neurologic and biochemical 
effects. Table 19-5 shows blood lead levels 
below which various parameters of lead toxicity 
are not detected. Blood lead level greater than 
80 ~-tg/dl is usually associated with clinical symp­
toms. Persons with blood lead levels above 
60 ~-tg/dl may also have clinical manifestations of 
lead poisoning. particularly in terms of minimal 
brain dysfunction. For these reasons children 
with blood levels in this range are sometimes 
treated with chelating agents. However, effects 
of lead on heme synthesis. along with increased 
urinary excretion of c5-ALA, are associated with 
blood lead levels of 40 ~-tg/dl. 

Heme Metabolism. The ALA-D activitY of 
peripheral red blood cells may currently be the 
most sensitive biochemical parameter affected 
by lead. Samples collected from both children 
and adults have shown a negative correlation 



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

604 TOXIC AGENTS Ref 20 
Table 19-5. BLOOD LEAD LEVELS BELOW WIIICII TilE 

LISTED EFFECTS HAVE NOT BEEN DETECTED* 

BLOOD LEVELS 
<~-ts pb/d() EFFECT POPULATION 

>10 
20-25 
20-30 
25-35 
30-40 
40 

Erythrocyte ALA-D inhibition 
FEPt 

Adults. children 
Children 

FEP 
FEP 
Erythrocyte ATPase inhibition 
ALA excretion in urine 

Adult, female 
Adult, male 
General 
Adults, children 
Adults 40 CP excretion in urine 

Anemia Children 40 
40-50 
50 
50-60 
60-70 
60-70 

Peripheral neuropathY 
Anemia 

Adults 
Adults 

>80 

Minimal brain dysfunction 
Minimal brain dysfunction 
Encephalopathy 
Encephalopathy 

Children 
Adults 
Children 
Adults 

• From WHO Environmental Health Criteria 3. Lt!ad. World Health Organization. 
Geneva, 19TI. 

t FEP, free erythrocyte protoPOrphYrin (see Figure 19-4). 

between the log of A LA-D activity and the blood 
lead concentration over a range to below 20 JLg/ 
dl. At present they are considered chemical ef­
fects of lead rather than adverse health effects. 
However, children with blood lead levels less 
than 40 JLg/dl exhibit behavioral and fine-motor 
changes. Therefore, the maximum blood lead 
level that is not associated with harmful effects 
is not known. It may, indeed, differ for different 
segments of the population. Furthermore, blood 
lead levels and alterations in heme metabolism 
are indicative of recent exposure but do not re­
flect past exposure or body burden and may not 
correlate with the appearance and persistence of 
chronic effects of lead that are due to tissue lev­
els. This is particularly true of irreversible ef­
fects on the central nervous system and kidney. 

Chelatable Lead. Urinary excretion of lead 
after chelation with EDTA or penicillamine re­
flects the mobilizable pool of lead located in soft 
tissue. Urinary excretion of lead in the 24-hour 
period after administration of the chelating agent 
correlates with blood lead levels for persons in 
the steady state, without unusual past or recent 
exposure to lead. However, for persons exposed 
to excess lead for one year or more, urinary ex­
cretion of lead is considerably greater. It has 
been estimated that nearly 20 percent of the 
body burden of lead is mobilized into the urine 
during the 24-hour period after an iniection of 
40 mg of CaNa2 EDTA per kilogram body 
weight (Araki and Ushig, 1982). 

Lead in Teeth. Lead concentration in cir­
cumpulpal dentine of deciduous teeth has been 
proposed as a method for estimating exposure to 
lead during childhood. It has been shown that 
dentine lead content is dose dependent and not 

reduced by chelation. The distribution of lead in 
various components of the tooth including en­
amel, root dentine, and coronal dentine is simi· 
lar. However, lead content in secondary or cir­
cumpulpal dentine, the area of dentine adjacent 
to pulp and in immediate contact with blood. is 
higher than in other areas of the tooth and seems 
to reflect actual exposure to lead throughout the 
life of the tooth. Several studies now have found 
substantially higher dentine levels in teeth from 
urban children living in deteriorated housing or 
attending school in proximity to a maior manu· 
facturer of paint and lead products than in teeth 
from children considered to be at low risk for 
lead exposure (Shapiro et at •• 1975). 

Treatment. Treatment of lead toxicity inust 
go beyond medical care for specific tissue and 
organ effects and chelation of lead. For both 
asymptomatic excess exposure to lead as well as 
the symptomatic child or worker with occupa­
tional exposure the sources oflead must be iden· 
tified and controlled. For the child, this might 
involve a review of life-style including diet. par· 
ticularly iron deficiency, type of dwelling, play 
habits, and pica. Treatment might involve social 
services, modification of dwelling, and parent 
education. For the workman, industrial hygiene 
practices must be reviewed including appropri· 
ate environmental and biologic monitoring and 
deficiencies corrected. One must always be 
aware of the relationship between occupation 
and the home. Practices of changing or washing 
contaminated workclothes must be reviewed. 
and potential sources of transfer of metal and 
contamination need to be corrected. 

Chelation usually has a role in the treatment of 
the symptomatic worker or child. Institution of 
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chelation therapy is probably warranted in 
workmen with blood lead levels over 60 p.g/ 
100 ml, but this determination must be made 
after assessment of exposure factors including 
biologic estimates of clinical and biochemical 
parameters of toxicity. 

For children, criteria have been established 
that may serve as guidelines to assist in evaluat­
ing the individual case (Chisolm and O'Hara. 
1982). These include blood lead levels from 
JO p.g/dl up to 60 JLg/dl depending on FEP levels. 
and results of a lead mobilization test. 

Also. cautionary measures for the safe use of 
chelating agents have been expressed particu­
larlY for Ca EDTA (Litis and Fischbein, 1976). 
Serum blood urea nitrogen and creatinine are 
followed as indicators of renal function, and 
serum calcium is measured to monitor untoward 
effects of EDTA. In children with severe lead 
poisoning including encephalopathy, the mortal­
ity rate may be 25 to 38 percent when EDTA or 
IJAL is used singly; combination therapy of 
EDTA and BAL has been shown to be effective 
in reducing mortality. 

Mercury 
No other metal better illustrates the diversity 

uf effects caused by different biochemical forms 
than does mercury. On the basis of toxicologic 
characteristics, there are three forms of mer­
cury: elemental, inorganic, and organic com­
pounds. The mlijor source of mercury is the nat­
ural degassing of the earth's crust. including 
land areas, rivers. and the ocean. and is esti­
mated to be in the order of25,000 to 150,000 tons 
per year (WHO, 1976; Goldwater and Stopford, 
1977: NRCC. 1979). Metallic mercury in the 
atmosphere represents the mlijor pathway of 
~:tubal transport of mercury. Although 
:mthropogenic sources of mercury have reached 
ahuut 8000 to 10,000 tons per year since 1973, 
nunanthropogenic sources are the predominat­
ing factors. Nevertheless, mining, smelting, and 
industrial discharge have been factors in envi­
ronmental contamination in the past. For in­
'tance. it is estimated that loss in water effiuent 
from chloralkali plants, one of the largest users 
uf mercury, has been reduced by 99 percent in 
recent years. Also. the use of mercury in the 
paper rulp industries has been reduced dramati­
.:all~· and has been banned in Sweden sit'lce 1966. '. 
Industrial activities not directly employing mer­
.:ui-r or mercury products give rise to substantial 
411antities of this metal. Fossil fuel may contain 
a, much as I PPm of mercury, and it is estimated 
that about 5000 tons of mercury per year may be 
emitted from burning coal, natural gas, and the 
relining of petroleum products. Calculations 
ba,ed on mercury content of the Greenland ice-

cap show an increase from the year 1900 to the 
present day and suggest that the increment is 
related to increase in background levels in rain­
water and is related to man-made release. As 
much as one-third of atmospheric mercury may 
be due to industrial release of organic or inor­
ganic forms. Regardless of source, both organic 
and inorganic forms of mercury may undergo 
environmental transformation. Metallic mercury 
may be oxidized to inorganic divalent mercury. 
particularly in the presence of organic material 
such as in the aquatic environment. Divalent 
inorganic mercury may. in turn. be reduced to 
metallic mercury when conditions are appropri­
ate for reducing reactions to occur. This is an 
important conversion in terms of the global 
cycle of mercury and a potential source of mer­
cury vapor that may be released to the earth's 
atmosphere. A second potential conversion of 
divalent mercury is methylation to dimethyl 
mercury by anaerobic bacteria This may diffuse 
into the atmosphere and return to earth crust or 
bodies of water as methyl mercury in rainfall. If 
taken up by fish in the food chain, it may eventu­
ally cycle through humans. 

Disposition. Toxicity of various forms or salts 
of mercury is related to cationic mercury per se 
whereas solubility, biotransformation, and tis­
sue distribution are influenced by valence state 
and anionic component (Suzuki, 1977; Berlin, 
1983; and Clarkson. 1983). Metallic or elemental 
mercury volatilizes to mercury vapor at ambient 
air temperatures, and most human exposure is 
by inhalation. Mercury vapor readily diffuses 
across the alveolar membrane and is lipid solu­
ble so that it has an affinity for red blood cells 
and central nervous system. Metallic mercury, 
such as may be swallowed from a broken ther­
mometer, is only slowly absorbed by the gastro­
intestinal tract (0.01 percent) at a rate related to 
the vaporization of the elemental mercury and is 
generally thought to be of no toxicologic conse­
quence. 

Inorganic mercury salts may be divalent (mer­
curic) or monovalent (mercurous). Gastrointes­
tinal absorption of inorganic salts of mercury 
from food is less than 15 percent in mice and 
about 7 percent in a study of human volunteers, 
whereas absorption of methyl mercury is in the 
order of 90 to 95 percent. Distnbution between 
red blood cells and plasma also differs. For inor­
ganic mercury salts cell-plasma ratio ranges 
from a high of two with high exposure to less 
than one, but for methyl mercury it is about ten. 
The distribution ratio of the two forms of mer­
cury between hair and blood also differs; for 
organic mercury it is about 250. 

Kidneys contain the greatest concentrations 
of mercury following exposure to inorganic salts 
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I Ref. 21 · 

flncerualla and toeoalla "'"' com.monJ7 aeeD 8clent1tle n1del>oe ... ue<U that chest X· (31 When respirators are used toLl>"~--.-
In chronic arsenical pol.soalnc and ere coo- ~ and oputum C7toloa should be u<ed ~ plement enr!neerlng and "'or'- practice 
slderod to be a c!lao>O<tle aoc:ompan!meDt ot Cl'ther u oc:reenln« testa for June tesU for controls to_ comply vdth the PEL and 
~~niTn:;m~rpnle anenlc com- =~ ~!!, ~~~~ all the requlrement.s of paragraph en· 
pounds 1a the most common eawe of ebron· testa are to be performed nery II% monU.. have been met. employee exposun, for 
lc polsonlne In the tndUstrlal sltuaUon. Thla on wonen wbo"'"' u J'e&n or &ae or olc:l<r the purpose or determining .... hether 
eondlUD!ll.s dlvlded Into three phases bued or have woned 1n the reculated area for 10 the employer has romp lied "''lth the -
on lima and rymptoma. or more J'e&R. Since the testa ..._ to be PEL. may be considered to be at the 

Flnt Phase: Tbe wort.er eompiA!i>o of complemenl.&rJ'. It m&J' be lldn.ntaceous to lc\·el pro\1ded by the protection (actor 
weakness. losa or appetite, oome nausea. oe> alternate the test Procedure&. Por tnstu>ee. of the resplntor (or those periods the 
eallonal 'I'OmltlnL a """"" of bea~ea In ebeot X·r&J'V could be obtained In June and respirator Is worn. Those ~rlods may 
the vtomaeh, and some cl1&nbea. December and r;putum CJ"toloct .. could be be avenged ..;th exposure leveL' 

Second Pb.ue: Tbe wort.er eomptalna of obtained tn W&I'Cb and September. Padlltl.. during periods when respirators are 
eonlunet!vttla,. a eat.arrbal ot&te of the tor~ Decea&r7 dl&cD05Ue tn1'elt1p-
mueous membran .. or the aooe. lar7a%. and tlon abou14 be readll7 an.ll&ble u weD u not ,..om to determine the employee'5 
resptratorJ" pusace. eo.,..._ boaneaeso. and cheot. PllJ'IIldAm. ~ nd!olocUta. pa. dally TWA exposure, 
mUd ltuheobroDCbltl.s m&J' occur. hrfon.- tholoclata and lmmuaothen.DIIU to pronde (d) EZJ>Osure monitoring. Cll ~-
tlon of the aua1 aeptum Ia common. and Ia an. .. ,_...,. treatment~ al <II For the purposes of p~ph 
probab17 the moct tJ'Pieal leotoa of tbe tFR Doc. 'll-ltlT~ l"Ued &-3-'l&; 11.1)(1 am] Cdl. employee exposure l.s that expo. 
~~-~!!.~4 .. -tn~l~~...!!: [§19lO.lOl8 added at 43 F.R. sure v;hleh would occur U the employ· 
..--- - ,.._,wuw ~~ ~ ~-- -- ~were not wlnr t! respirator. 
matolc1ando.Uerctclntn>e.areeommoll. 19624 May 5 1978• generally <Ill With the exception of monitor· 

Tb1rc1 Pb.ue: Tbe wort.er eomplAJDa ot ' ' ' Inc under Panu&Ph Cdl<31. the em· 
.,..,;~tomsotpertpberalaeurltll.tniUa117of effective August 1, 1978.] plo"er shall collect full shift Cfor at 
banda &Dd feet. wt:lcb Ia e:aenUa117 oeDIOrJ'. · • 
·lnmore..,..,reeuea.motor~occur, fltlO.IOU Lead. least 'l continuous hours) penonal 
the tint musel .. atteeted are usual!7 the i/-o_ • r samples lncludlnc at least one sample 
ioe U1eusD,.. and the peroi>d. In o!ll7 the '-3Dtion: pans o standara stayed- for each shift for each Job classiflc:a· 
- .......,. cueo wm J>1.1'a171W ot nesOJ see foreword. -tlon In each work areL 
mti .. IUclof~~!~ _!!!&, or or the uten10r mua- Ca) s- an4 ap;pltcaUon. CU nus <Uil Full shl!t personal samples shall 

............ - --..- be representative of the monlt.ored 
U.-er cl&maae from ebronlc aroenteal pol- section applies to all occupational e:r· employee's rerul&r. dally exposure to 

80Dinc Ia sUD debatec1. and u J'Ct the qu.,._ posure to lead. except u provided In lead. 
Ucm Ia ~ ID c:uea of chronic and par&rraph Cal<21. C21 lnftial delennination. Each em• 
=~"b..'":e~ to~~ {2) 'Ibll•ectlan doe• Dot apply to the ployer ,..ho has a workplace or work 
- EB:O eb&DnL 'lb- flnCIIDP. bowner. c:onatruct!OD mduatry ar to qricultural operation covered by . thl.s standard 
are DOW l&r'cd7 dlocounted and the EB:O operat!ODI covered by Z9 CfR Part 1928. shall determine If any exployee may 
t:::"..::....."'":.~::=~": [§ 1910.1025(a)(2) amended !':tl~~~~ to lead at or above the 

lo.Uoaofanelllctrtoldcle and other IDOrPA- at 44 F .R. 50338, August (3) Ba.sU of(nflial IIUtnmfnation. m 
~~=~=-~ 28, 1979.] The employer.shall monitor employee 
esoea have a .. _reiiO&Ilt effect upoa the boae Cb) ...,,. Ui • •cU 1 1• ('Xposures and shall base lnltlal deter· 

-.. ......, •" oru. .. on eft means mlnatlons on the empJoyee exposure 
==-~"::~~poles!&. of botb et7lhro- emth ployee fex~ • .-lthtoout realpbord to monltorlnr result.s and any of the fol· 

- • e use o resp.,...tors. an r me lo..;nr. rele\·ant considerations: 
concentration of lead of 30 mlpo- (Al Any Information. obscn-ations. 
rrams per euble m~ter of alr <30 "'' or calculations ,..hlch ,.·ould lndlcat~' 
m'J ave~ over an 1-hour period. 

Jlmuocunrr 
D11mw1. Jl. D. 1KO. Arxnlc:; chrOnic 

hiiDWIIDto:tleatlon. J. Ocx:uP. Med. 2:UT. 
l:lklDs. B. Jl. lt51. Tbe ChemlstrJ' of ID· 
~ Toldooloa. 2:nd ed. John WIICJ' and 
Soas. New Tor\:. 
Bolmq~ L. 1151. Occupational anenleal 

dermalJU.: a atud.J amcmc empJo7ees at a 
copper~ omelttnc worb lneludlnc ln•eatl· 
pUoaa of 1t1n res.euona to contact With V• 
eoDie OOIDPOUD4s. Act&. Derm. VenereaL 
(Supp. 2«1 :U:l. 

Plato. 8.. S.. and C. 1L MeOW. 1153. W 
eealc trioxide eltPQ&ure In tndust.rr. lDd. 
lied. 8urL 22:28L 

Plato. 8. S.. and E. W. Nelson. tiTS. Ar· 
....te toldeoloa and tnduatrlal upoeun: 
Almu. :Rn. Phatmacol ToldeoL 18:95. 

Vallee,. Jl. L... D. D. Ulmer, and W. E. C. 
Wader. tHO. Arsenic toldeoloa and blo­
ebem!IU7. AKA AI'Cb. lDdust. Health 
21:132.. 

m. ~ CTTOU>OT • 

Sput.um C..., t.e coDeeted bJ' aerosol lnh&­
l&tkla duslnc the medleal exam or bJ' q>OD­

t.u>eaua eut:r morn~ne eourh at bome. 
Sputum Ia ladueed b7 traruOral lnhalatloa 
or an aerooollzed oolutlon of etrht per cent 
(I percent! oodlum chloride tn .,...ter. Afte!' 
lnhallnr u frw u thne to five breath.• the 
... ~Ject uauall7 :rteldl an adequate oputum. 
.All aputum ohould be coDeded cllnetl7 Into 
11Ln7 percent C60 pereeatl aloohoL 

• Assistant Secretary" means the As· emplo>:ee ex~ure to lead; • 
stst.a.nt Secfttan' of Labor for Oecupa· (B) Any prt'VIous meas~mncnu of a.r~ 
Uonal Sa.fet:r and Health. U.S. Depan- lead; and '!'casurcmcnts ofau~ lead~ m 
ment of Labo~. or destrnee. the precedin& year If the sampl1111 and analytical 

-Director" means the Dlrt'Ctor. Na· metho<ls used meet the aCC\Ira"?' and ~onfidenee 
Uonal Institute for Oceupatlona:· ~Is of paraJtapb (di(9J of this secuon: aad 
Safety and Health CNJOSHI. u.s. De· (CI Any employee complaints of 
panment of Health. Education. an:l s>·mptoms "''hieh may be attrlbutabl~ 
Welfare. or desl~:t~ee. to exposure to. ltad. 

"Lead" means 1:!\etalllc lead. all 1n0 ,. (fil Monltonn~r to: t_he Initial deter· 
ranlc lead compounds. and orcanlc mlnatlon may be llmtted to a repre· 
lead soaps. Excluded from thl.s definl· sentatl\'e sample of the exposed em~ 
t.Jon are all other orcanle lead c:ol:'l· PIO)'ees ,.·ho the employer reasonably 
:>eunds. belie\·es are exposed to th~ createst 

(cl Pnmwillle QJ>Osure limit (PEL I. airborne con«ntratlons of lead In thP 
Ul The emplo>·er shall assure that no· ~:orkplaee. . . 
employee 1.s exposed to lead at coneen· Cwl M~uremen1 of 11rbome lead mad~ m the 
tratlons creater than fifty mlcroCTL-ns prec:edin& 12 months may be used to sausfy the, 
per cubic meter' or a1r (50 I'Cim'J a\·er· requirementtomonitorundcrpara,raph(d)(3)(i) 
aged 0\"er an 8-hour ~rtod. if the samplin& and a.Wytical metho<ls used meet 

l21 U an employee 1.s exposed to lead the accuracy and confidence levels of paraarapll 
for more than 8 hours In any ... ·ork tdK91 of this section. 
day, the permissible exposure limit. as C•ll'ositiw i"itiDI d~t~NrliMtiott 111111 ilfitiaf 
a time welrhted avera~:e lTWAI for "'ottitori"l· (i) Where a determination con· 
that day, shall be redu~ aeeordtnt '9 ducted under paraera;>hs (d)(lJ and (di(]J of this 
the follo,.1nc formula: _ ~ion shows the possibility of any employa: 

Maximum cw-nnlsstblf' limit Cln ,.c! exposure at or &bo\"e tht action level. the 
m•J •400-houn worked tn the da)·. employer shall condua monilonnc which ls 

102S(d}{4) 
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makes contact with the skin. 
unacceptable stress to breathing in some 
workers with underlying 
cardiopulmonary impairment. difficulty 
in providing adequate fit. the tendency 
for respirators to create additional 
hazards by interfering with vision. 
hearing. and mobility. and the 
difficulties of assuring the maximum 
effectiveness of a complicated work 
practice program involving respirators. 
Respirators do, however. serve a useful 
function where engir.eering and work 
practice controls are inadequate by 
providing supplementary. Interim. or 
short-term protection. provided they are 
properly selected for the environment in 
which the employee will be working. 
properly fitted to the employee. 
maintained and cleaned periodically, 
and worn by the employee when 
required. 

In Its final standard on occupational 
exposure to Inorganic lead. OSHA has 
prohibited prophylactic chelation. 
Diagnostic and therapeutic chelation are 
pennined only under the supervision of 
a lic~:nsed physician with appropriate 
medical monitoring in an acceptable 
clinical setting. The decision to Initiate 
chelation therapy must be made on an 
Individual basis and take Into account 
the severity or symptoms felt to be a 
result of lead toxicity along with blood 
lead levels. ZPP levels. and other 
laboratory tests as appropriate. EDTA 
and penicillamine which are the primary 
chelating agents used In the therapy of 
occupational lead poisoning have 
significant potential side effects and 
their use must be justified on the basis 
or expected benefits to the worker. 

Unless frank and severe symptoms are 
present. therapeutic chelation Is not 
recommended given the opportunity to 
remove a worker from exposure and 
allow the body to naturally excrete 
accumulated lead. As a diagnostic aid. 
the chelation mobilization test using 
CA-EDTA has limited applicability. 
According to some Investigators. the test 
can differentiate between lead-Induced 
and other nephropathies. The test may 
also provide an estimation of the mobile 
fraction of the total body lead burden. 

Employers are required to assure that 
accurate records are maintained on 
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exposure monitoring. medical 
surveillance. and medical removal for 
each employee. Exposure monitoring 
and medical surveillance records must 
be kept for 40 years or the duration or 
employment plus ZO years. whichever is 
longer, while medical removal records 
must be maintained for the duration of 
~mployment. All records required under 
1hc ''andud mus1 be m;adc a'•J.ilablc upon 
request to the Assistant Secretary of 
labor for Occupational Safety and 
llealth and the Director o£ the National 
ln<titute for Occupational Safety and 
llo!:thh. Employers must also make 
environmental and biological monitoring 
and medical removal recortls available 
to affected employees and to former 
err.ployees or their authorized employe,. 
representatives. Employees or their 
specifically designated representath·es 
have access to their entire medical 
surveillance records. 

In addition. the standard requires that 
the employer Inform all workers 
exposed to lead at or above the action 
level or the provl•ions or the standard 
and all its appendices. the purpose and 
description or medical surveillance and 
provisions for medical removal 
protection If temporary removal Is 
required. An understanding of the 
potential health effects or lead expos uri' 
by all exposed employ.,es along with 
ru!l understanding of thdr rights under 
t!:P.Iead standard is ess'!ntial for an 
O!ff,>eth·e monitoring prcgrdm. 

II Aclvcrse heclth effects of inorganiC' 
l<'(ld 

Although the toxicit;· of le:~d has been 
bilwn for :!.000 years. the knowled~:e of 
tht> complex relationship between lead 
exposure and human response is still 
hl'ing refined. Significant research into 
the toxic properties <'f lead continues 
throughout the world, and It should be 
anticipated that o••r un3Pr!tandin:; of 
thresholds of effecb and margins or 
sufety will be Improved in future ;·cars. 
The provisions Of the lead Elandard art' 
founded on two prime rned!cal 
judgments: first. the prrvenlion of 
adverse health effects from expcsure to 
lead throughout a working lifetime 
requires that worker blood lead le•·els 
be maintained at or below 40 1'&/100 g 
and second. the blood lead levels or 

workers. male or fem~le. who intend to 
parent in the n~ar futur~ should Ill' 
maintained below 30 l'!!ill)() '!to 
minimize adverse rerroductf\·e health 
dfecls to the parents and dl'vP.Iopinll 
fetus. The adverse effects of ll'ad on 
reproduction are br.ing acti..-ely 
researched and OSlli\ encoura~es thP. 
physician to remain abr~ast of recent 

· developments in the area to best advis~ 
prr.gnant •vorkers or worl<Prs pl.mnin~ 
tn conceive childrl'n. 

The spectrum of health effects caused 
hy lead ~xposure cun be subdivtdcd into 
ft~e de..-elopmental stag .. s: normal. 
physiological changes of uncertain 
s:gnificance. pathophysiolol:ical 
changes. overt symptor.ts (morloidity). 
and mortality. Wit!lin this process there 
ate no sharp distinctions. but rather a 
continuum of effe!:ts. Doc:1do~ries 
between categoriP.s overlap due lo L>,e 
Wtde \'llrialtOn of indi\·iduaJ rl'~ronseS 
and e>.pusures in the working 
J"lpulation. OSHA'~> <ievei<>pment c! tht 
lead standard focusrd on 
petthophysio!ogic._1 d1.1ng•:s as \\'&:!1 as 
later stages or dhea.e. 

l.JII!me S}·nthesi:;/nh•bi:icu:. The 
e:Jrliest demonstrated crr~ct of lead 
in\'nl\'cS its abilltv to inhibit at h"•' lw<' 
enzymes of the h~:ne synthesis i'llthw~ty 
~I very low bloot! !e•·~ts.Jr:hillllinn of 
delta aminolevu!!:no; .add (!,.hydras•• 
(AlA-D) which cat:Jiyzes ti:e 
CO!l\'ersion o£ delta·aminoJI!\'UJinic ucid 
(ALA) to protoporph)·rin I. obst-rv"d at 
a blood lead lt!vel below zo p.r:/:CO l! 
whole blood. At a blood icad le•·ei of ~0 · 
u~/lt'll g, more Ibn~'(. of t~e 
Jtflpulation would h:n~ 70' .. ir.hshauun ol 
ALA-D. There is ar: "'PO!'II'r:tt:tl 
incrr.ase in AW\ cxcrcu,.,n ~t nirJiJci lt:iHI 
lc•·cls ~realer than -1<) t.~fltl!J g. 

Another enz~·m<'. li:rrod•~latas~ i> 
a~so inhib:ted at low(,:'-···".!: •.. -.: :.!o.c!:\. 
Inhibition or fcrrocht:!ilt.Jsr !eu:!.i :u 
incrr..,sed !reP. erylhro"ytP 
proto;JCrph}·rin (FEPI ir: th•' !.ln··t! whi:!: 
car. then bind to 7.inc to 'idll ~·~• 
protnporph}nn. At a bio;>lll<·:.J ir•·~l of 
:iO 1'~/100 g or ~reatr·r. nearly t••• .: t.l" 
lhe poput.ation wi~l b.t'\·e .. n ~r,t;1·,~a.')•! tn 

FEP. There is also an E:o.pnm:~!lui 
rel-.tionship betwr.en blood j.,~d l•,.cls 
s:r~~ter than 40 l'r./lOO ~ &:td tnc 
ass..,ciated ZPP l~:vel. \\:hkh ha> i.:.Jtu 
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the development of the Zl'P screemng 
test for lead exposure. 

While the significance of these effecrs 
·is subject to debate. it is OSHA's 
position that tl:ese enzyme disturbances 
are early sta~es of a disease process 
\vhich may eventually result in the 
clinical symptoms oflead poisomng. 
Whether or nor the effects do prog~f'SS 
M the later stages of clinical di•ease. 
disruption of these enzyme processes 
over a working lifetime is considered to 
be a material impairment of health. 

One of lhp e\·entual results of !~ad­
induced inhibition of enzymes in the 
heme synthesis pathway is anemia 
which can be asymptomatic if mild but 
associated with a wide array of 
symptoms including dizziness, fatigue. 
and tachycardia when more severe. 
Studies have indicated that lead levels 
as low as SO l'g/100 g can be associated 
,.ith a definite decreased hemoglobin. 
although most cases oflead-induced 
anemia. as well as shortened red-i:eU 
survival limes. oc:cur at lead levels 
exceeding 80 p.g/100 g. Inhibited 
hemoglobin syntheshr is more common 
In chronic cases whereas shortened 
erythrocyte life span Is more common in 
acute cases. 

In lead-induced anemlas. there Is 
usually a reticulocytosis along with the 
presence of basophilic stippling. and 
rin)ted sideroillasts. althouRh none of the 
abo\·e are patil~"l!omcnic for lead­
Induced anemia. 

2. N~?uro!ogical Effects. Inorganic lead 
has been found to have toxic effects on 
both the central and peripheral nen-ous 
systems. The earliest stages of iead­
in::luct:d centre.! nE:rvous svstem efiects 
rlf$t manifest themselves in th .. form of 
behavioral dist-.ubances and central 
nervous S)·stem symptoms including 
irritability, restlessness, Insomnia and 
other sleep disturbances. fatigue, 
vertigo. headache. poor memory, tremor. 
depression. and apathy. With more 
severe exposure. symptoms can pr~ess 
to drowsiness. stupor. hailucinations. 
delerium, convulsions and coma. 

The most Se\'ere and acute form of 
lead poisoning wh1ch usuallr follows 
in11estion or mhalatlon of large amour.ts 
of lead is acute encephalopathy which 
may arise precipitously ,.ith the onset of 
intractable seir..1res. coma. 

CONTROL 

cardiorespiratory arrest. and death 
within ~II hours. 

While there is disagreement about 
what exposure levels are r.eeded to 
produce the earliest symptoms. most 
e~pcr!s agree that S)'tnptoms defmitely 
can occur at blood lead levels of 60 ,...g/ 
100 g "'hole blood and therefore 
recommend a ~0 p.g/100 g maximum. 
The central nervous system effects 
freq:~ently are not reversible following 
discontinued exposl!l'e cr chelation 
t!:crapy and when improvement does 
:~ccur, it is almost always only partial. 

The peripheral neuropathy resulting 
from lead exposure chara~terislically 
involves only motor function with 
minimal sensory damage and has a 
marked predilection for the extensor 
muscles of the most active ex:tremily. 
The peripheral neuropathy can occur 
•vith varying degrees cf se•·erity. The 
earliest and mildest form which can be 
detected in workers with blood lead 
!e•·cls liS low dS 50 p.g/100 g Is 
manifested by $lowing of motor nerve 
conduction velocity often without 
clinical symptoms. With progression of 
the neuropathy there Is development of 
painless extensor muscle weakness 
usually Involving the extensor muscles 
of the fingers and band In the most 
active upper extremity. followed In 
se\·ere cases by wrist drop or, much less 
cormnonly. foot drop. 

In addition to slowing of nerve 
conduction. electrom)·ographical studies 
In pahents wilh blood lead levels 
g~eatcr than SO p.g/100 g h11ve · 
demor.stra led a cfucrea se in the number 
o' acting motor cnit potentials. an 
i;,cre;;n in tt.e du~11tlon of motor unit 
;:o•>lenu .. ls. and s;xmtaneous 
;;atbological activity Including 
i:urlllations and fasciculadons. Whether 
these effects occur at leveis of 40 p.g/100 
:. 1s unc!Nermined. 

W'ltile the peri.,heral ceuropathles can 
,_,._,ulonally be reversed with therapy, 
r-;~ain such recovery Is not assured 
:::o:licuJ .. rly in the more severe 
r..:"Jropatbies and often Improvement Is 
:~nly partial The laclc of reversibility Is 
felt to be due In part to segmental 
de:nve!il)atlon. 

3. Gastrointestinal. Lead may also 
affect the gastrointestinal system 
r~oduclng abdominzl colic or diffuse 

i 
i 

l 
! 
i. 
r 

aodominal pain. constipation. 
o'>•lipalion. dial7'hea. anorexia. nausea 
a:~d vomiling.lfoad colic rarely develops 
~~ blpod lead levels below 80 1'~/100 g. 

4. RenaL Reoal toxicity represents one 
of the most serious health effects of lead 
poisoning. In the early stages of disease 
nuclear inclusion bodies can frequently 
be identified In proximal renal tubular 
c••lls. Renal function remains normal 
a:~d the changes in this stage are 
p:obably reversible. With more 
advanced disease there is progressive 
interstitial fibrosis and Impaired renal 
f~;nction. Eventually extensive 
interstitial fibrosis ensues with sclerotic: 
glomeruli and dilated and atrophied 
prox:imal tubules: all represent end stage 
l<idney disease. Azotemia can be 
progressive. eventually resulting in frank 
uremia necessitating dialysis. There Is 
occasionally associated hypertension 
and hyperuricemia with _or without gout. 

Early lddney dlsease Is difficult to 
detect. The urinalysis Is normal In early 
lead nephropathy and the blood urea 
nitrogen and serum creatinine Increase 
only when two-thin!s of Jddney function 
is lost. Meuurement or creatinine 
clearance can often detect earlier 
disease as can other methods or 
measurement of glome:ular filtration 
rate. An abnormal Ca-EDTA 
mobilization test bas been used to 
differentiate between lead-Induced acd 
other nephropathies. but this procedure 
Is not widely accepted. A form or 
Fanconi syndrome with aminoaciduria. 
glycosuria. and byperphospbaturla 
lndlcatlng severe Injury to the proximal 
renal tubules Is occasionally seen In 
children. 

5. Reproductive effects. Exposure to 
lead can have serious effects on 
reproductive function In both males and 
females. In male workers exposed to 
lead there can be a decrease ln sexual 
drive, Impotence, decreased ability to 
prod!lce healthy sperm. and sterility. 
Malformed sperm (teratospermia}, 
decreased number of sperm 

(bypospermla). and sperm with 
decreased motility (asthenospermla) can 
all occur. Teratospermia bas been noted 
at mean blood lead levels of 53 p.g/100 g 
and bypospermla and asthenospermla at 
41 p.g/100 g. Furthermore. there appears 

to be a dose-respOnse rela tionshlp for 
teratospermia In lead exposed workers. 
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400 GENERAL INDUSTRY STANDARDS 

Women exposed to lead may 
experience menstrual disturbances 

_Including dysmenorrhea, menorrhagia 
and amenorrhea. Following exposure to 
lead. women have a higher frequency of 
sterility, premature births, epontaneoue 
miscarriages, and stillbirths. 

Germ cells can be affected by lead 
and cause genetic damage In the egg or 
sperm cells before conception and result 
in failure to implant. miscarriage. 
stillbirth. or birth defects. 

Infants of mothers with lead poisoning 
have a higher mortality during the first 
year and 1uffer from lowered birth 
weights. slower growth. and nervous 
system disorders. 

Lead can pass through the placental 
barrier and lead levels in the mother'a 
blood are comparable to concentrations· 
o( lead In the umbilical cord at birth. 
Traruplacental passage becomes 
detectable at 12-14 weeb or gestation 
and Increases until birth. 

There Is little direct data on damage 
to the fetus from exposure to lead but It 
Is generally assumed that the fetus and 
newborn would be at least as 
-.usceptlble to neurological damage as 
young children. Blood lead levels of 50-
eo f'g/100 gin children can cause 
aignificant neurobehaviorallmpalrmenta 
and there Is evidence or hyperactivity at 
bloocllevels allow u 2S p.g/100 g. 
Given the overall body or literature 
concerning the adverse health effecta of 
lead In children. OSHA feeb that tha 
blood lead level in children should be 
maintained below 30 pg/100 1 with a 

r.opulatlon mean of 15 pg/100 g. Blood 
ead levels In the fetus and newborn 

likewise ahould not exceed 30 pg/100 g. 

Because oflead'a ability to pau 
through the placental barrier and abo 
because or the demonstrated adverse 
effects of lead on reproductive function 
In both the male and female as well a1 
the risk of genetic damage of lead on 
both the ovum and aperm. OSHA 
recommends a 30 pg/100 g maximum 
permissible blood lead level In both 
males and females who wish to bear 
children. 

6. Other toxic e/fecU. Debate and 
research continue on the effects of lead 
on the human body. Hypertension ha1 
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frequently been noted In occupationally 
expos..! individuals although it is 
difficult to assess whether this Is due to 
!earl's adverse effects on the lr.idney or If 
some other mechanism b Involved. 
Vascular and electrocardiogarphic 
changes have been detected but have 
not been well characterized. Lead is 
thought to impair thyroid function and 
interfere with the pituitary-adrenal a~is 
hut again these cffects have not hP.r.n 
well defin'Cd. 

Ill. Medico/ Evoluotion 

The most important principle in 
e\·aluating a worker (or any 
oa:upalional disease including lead 
poisoning is a high Index of suspicinn ''" 
the part of the ex,.mining physician. /\s 
discussed in Section 2, lead can affect 
numerous org3n systems and produce a 
wide array of signs and symptoms. most 
of whkh are non-specific and suhtle in 
nature at least In the early stages of 
disease. Unless serious concern for lead 
toxicity Is present. many of the early 
clues to diagnosif may easily be 
ovett?o>ked. 

listing of all previous employment with 
information on work processes. 
exposure to fumes or dust. known 
exposures to lead or other toxic 
aubstances. respiratory protection used. 
end previous medical rurveillance 
should all be included In the worker' a 
record. Where exposure to lead is 
suspected. information concerning on­
the-job pers:>nal hygiene, smoking or 
eating habits In work areas. laundry 
procedures. and use or any protective 
clothing or respiratory protection 
equipment should be noted. A comp.lete 
work history is essential in the med•cal 
ev;,luation of a worker with suspected 
lead toxicitj', especially when long term 
effects such as neurotoxicity and 
nephrotoxicity are considered. 

The medical history Is also o·r 
fundamental Importance and should 
include a listing of all past and current 
medical conditions. current medications 
including proprietary druglntalr.e. 
previous surgeries and hospitalizations. 
allergies, smoklng history, alcohol 
consumption, and also non~ccupallonal 
lead exposures such as hobbies 
(hunting, riflery). Also 'known childhood 
exposures ahould be elicited. Any 
previous history of hematological. 
neurological. sastrointestinal, renal. 
psychological. gynecological. genetic. or 
reproductive problems should be 
specifically noted. 

A careful and complete review of 
systems must be performed to assesa 
both recognized complaints and subtle 
or slowly acquired symptoms wruch the 
work1:r might not appreciate as beins 
significant. The review of symptoms 
should Include the following: 

Thf' crucial initial step In the medical 
evalu.llinn lr recognizing that a worker's 
employment can result In exposure to 
lead. 1'he worlr.er will frequently be able 
tu define expos&Orel to lead and lead 
t:nnt4inlng materials but often will not 
"ulur:teer this information unlesa 
spN.iCically aslr.O!d.ln other situations 
th" wurler may not know of any 
e•pusures to lead but the suspicion 
might be rais(:d on the part of the 
physician bec-.ause o( the Industry or 
occupation of the worker. Potential 
oe<:upational exposure to lead and Its 
t:umpounds occur In at least 120 
occ:upations,lncludinglead amelling. the General-weight loss. fatigue. 
manufacture of lead atorage batteries. decreased appetite. 
the manufacture of lead plgmenta and 
products contalnlng pigments, 1older Head. Eyes, Ears. Nose. Throat 
manufacture. shipbuilding and ahlp (HEENT)-headaches. visual 
repair, auto manufacturing, Construction. disturbances or decreased visual acuity, 
and pllinlifiR. ' heari:lg deficits or tinnitus. pigmentation 

Once the possibility for lead exposure 
is raised. the focus can then be directed 
toward eliciting Information from the 
medical history, physical exaui. and 
finally from laboratory data to evaluate 
the worker for potential lead toxicity, 

o( the oral mucosa, or metallic taste In 
mouth. 

Cardio-pulmonary-shortness of 
breath. cough. chest pains, palpitations. 
or orthopnea. 

Gastrointestinal-nausea, vomiting. 
heartburn. abdominal pain. constipation 
or diartbea. 

A complete and detailed work history Neurologlc-lrritability,lnsomnla. 
is important in the Initial evaluation. A weakness (fatigue). dizziness. loss of 
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memory, confusion. hallucinations, 
incoordination, ataxia. decreased 
stren"gth in hands or feet. disturbances 
in gait, difficulty in climbing stairs. or 
seizures. ' 

Hematologic-pallor, easy fatigability, 
:.bnormal blood loss, melena. 

Reproductive (male and female ar.d 
spouse where relevant)-history of 
infertility. Impotence, toss of libido. 
abnormal menstrual periods, history of 
miscarriages, stillbirths. -or children with 
birth defects. 

Musculo-skeletal-muscle and joint 
pains. 

The physical examination should 
emphasize the neurolcgical 
gastrointestinal and cardiovascular 
systems. The worker's weight and blood 
pressure should be recorded and the 
oral mucosa checked for pigmentation 
characteristic of a possible Burtonian or 
lead line on the gingiva. It should be 
noted, however, that the lead line may 
not be present even in severe lead 
poisoninc if coocl oral hyJicne Is 
practiced. 

The presence of pallor on skin 
examination may Indicate an anemia, 
which If severe might also be associated 
with a tachycardia. If an anemia Is 
suspected. an active search for blood 
loss should be undertaken Including 
potential blood loss through the 
gastrointestinal tracL 

A complete neurological examination 
should Include an adequate mental 
status evaluation Including a search for 
behavioral and psychological 
disturbances. memory testing. 
evaluation for Irritability, Insomnia, 
hallucinations. and mental clouding. 
Galt and coordination should be 
examined along with close observation 
for tremor. A detailed evaluation of 
peripheral nerve functlollincludlng 
careful sensory and motor function 
testing Is warranted. Strength testing 
particularly of extensor muscle groups 
of all extremities Is of fundamental 
Importance. 

Cianlal nerve evaluation sho~ld also 
be Included In the routine examination. 

The abdominal examination should 
Include auscultation for bowel sounds 
and abdominal bruits and palpation for 
organomegaly, masses, and diffuse 
abdominal tenderness. 

Cardiovascular examination should 
evaluate possible early signs of 
congestive heart failure. Pulmonary 
status should be addressed particularly 
if respirator protection is contemplated. 

As part of the medical evaluation. the 
lead standard requires the following 
laboratory studies: 

1. Blood lead level 
2. Hemoglobin and hematocrit 

determinations. red cell indices. and 
examination or the peripheral blood 
smear to evaluate red blood cell 
morphology 

3. Blood urea nitrogen 
4. Serum creatinine 
5. Routine urinalysis with microscopic 

examination. 
6. A zinc protoporphyrin level (This 

requirement Is currently not In effect 
due to the pending litigation, but Is 
recommended nonethelessl. 

In addition to the above. the physician 
Is authorized to order any further 
laboratory or other tests which he or she 
deems necessary In accordance with · 
sound medical practice. The eva lua Uon 
must also Include pregnancy testing or 
laboratory evaluation of male fertility If 
requested b~ the employee. 

Additional tests which are probably 
not warranted on a routine basis but 
may be appropriate when blood lead 
and ZPP levels are equivocal include 
delta amlnolewlinlc acid and 
coproporphyrin Concentrations In the 
urine. and dark-field illumination for 
detection ofbasophUic stippling In red 
blood cells. 

U an auemla Is detected further 
studies Including a careful examination 
of the peripheral smear, reticulocyte 
count. stool for occult blood. serum Iron. 
total Iron binding capacity, bUirubln. 
and. If appropriate, vitamin B1Z and 
folate may be of value In attempting to 
Identify the cause of the arwmla. 

li a peripheral neuropathy Is 
suspected. nerve conduction studies are 
warranted both for diagnosis and as a 
basis to monitor any therapy. 

If renal disease Is questioned. a Z4 
hour urine collection for aeatlnlne 
clearance, protein, and electrolytes may 
be Indicated. Elevated uric add levels 
may result from lead-induced renal 
disease and a serum uric acid level 

might be performed. 
An electrocardiogram and chest x-ray 

may be obtained as deemed appropriate. 

Sophisticated and highly specialized 
testing should not be done routinely and 
where indicated should be under the 
direction or a specialist. 

IV. Laboratory Evaluation 

The blood lead l~vel at present 
remains the single most important te·st to 
monitor lead exposure and Is the tP.s\ 
used In the medical surveillance 
program under the lead standard to 
guide employee medical removaL The 
ZPP which has several advantages over 
the blood lead level is, due to the 
pending litigation. not required under 
the standard. Because of Its relatively 
recent development and the lack of 
extensive data concerning Its 
lnterpreta lion, the ZPP currently 
remains an ancillary tesL 

This section will discuss the blood 
lead level and ZPP In detaU and will 
outline their relative advantages and 
disadvantages. Other blood tests 
currently available to evaluate lead 
exposure will also ~ reviewed. 

The blood lead level Is a good Index 
of current or recent lead absorption 
when there Is no anemia present and 
when the worker has not taken any 
chelating agents. However, blood lead 
levels along with urinary lead levels do 
not necessarily Indicate the total body 
burden of lead and are not adequate 
measures of past exposure. One reason 
for this Is that lead has a high afl'ullty 

for bone and up to 9001. o£ tlie body' a 
total lead Is deposited there. A very 
Important component of the total lead 
body burden Is lead In son tissue (liver, 
kidney, and brain). 1bls fraction of the 
lead body burden, the biologically active 
lead. is not entirely reflected by blood 
lead levels since It Is a function of the 
dynamics of lead absorption. 
distribution. deposition In bone and 

excretion. Following discontinuation of 
exposure to lead. the excess body 
burden Is only slowly mobilized from 
bone and other relatively stable body 
stores and excreted. Consequently, a 
high blood lead level may only represent 
recent heavy e:ocposure to lead without a 
significant total body excess and 
likewise a low blood lead level does not 
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Lead. alloys and inorganic compounds 

Lead, alloys and inorganic compounds 

Lead (Pb) 
a.w. 207.2 
sp.gr. 11.3 
m.p. 327 ·c 
b.p. 1 525 ·c 
slightly soluble in water in the presence of nitrates. ammonium 

salts and carbon dioxide; the calcium carbonates in hard 
water form a deposit on exposed lead thus preventing 
solution 

a blue-grey metal which tarnishes in moist air; it is very soft and 
malleable. and is easily cast. moulded and extruded. 

TWA OSHA 0.05 mg/m3 

TLV ACGIH 0.15 mg/m3 

STEL ACGIH 0.45 mg/m3 

MAC USSR 0.01 mg/m3 

Further information is provided in LEAD CONTROL IN THE 
WORKING ENVIRONMENT. 

Sources. Lead ores are found in many parts of the world. 
The richest ore is galena (lead sulphide) and this is the 
main commercial source of lead., Other lead ores include 
cerussite (carbonate). anglesite (sulphate). corcoite 
(chromate). wulfenite (molybdate). pyromorphite 
(phosphate). mutlockite (chloride). vanadinite (van­
adate).-ln many cases the lead ores may also contain 
other toxic metals. 

Production. Lead minerals are separated from gangue 
and other materials in the ore by dry crushing. wet 
grinding (to produce a slurry). gravity classification and 
flotation. The liberated lead minerals are smelted by a 
three-stage process of charge preparation (blending. 
conditioning. etc.). blast sintering and blast furnace 
reduction. The blast-furnace bullion is then refined by 
the removal of copper. tin. arsenic. antimony. zinc. silver 
and bismuth. 

Uses. Metallic lead is used in the form of sheeting or 
pipes where pliability and resistance to corrosion are 
required such as in chemical plant and the building 
industry; it is used also for cable sheathing. as an 
ingredient in solder. and as a filler in the automobile 
industry. It is a valuable shielding material for ionising 
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Figure 1. Exposure-response relationship in a secondary lead 
smelter. 

1200 

radiations. It is used for metallising to provide protective 
coatings. in the manufacture of storage batteries and as 
a heat treatment bath in wire drawing. Lead is present in 
a variety of alloys and its compounds are prepared and 
used in large quantities in many industries. 

Lead alloys 

Other metals such as antimony, arsenic, tin and bismuth 
may be added to lead to improve its mechanical or 
chemical properties. and lead itself may be added to 
alloys such as brass. bronze and steel. to obtain certain 
desirable characteristics. 

Lead compounds 

Space is not available to describe the very large number 
of organic and inorganic lead compounds encountered 
in industry. However. the common inorganic com­
pounds include lead monoxide (PbO). lead dioxide 
(Pb02). lead tetroxide (Pb3 04). lead sesquioxide 
(Pb20 3 ).1ead carbonate, lead sulphate. lead chromates. 
lead arsenate. lead chloride. lead silicate and lead azide. 
The organic compounds of industrial importance include 
tetramethyllead. tetraethyllead. lead acetate. lead 
phthalate. lead salicylate. lead stearate. lead palmitate. 
lead oleate. and lead naphthenate. 

For certain lead compounds of particular importance 
see the separate articles: LEAD ARSENATE: LEAD. ALKYL 
COMPOUNDS; EXPLOSIVES INDUSTRY (lead azide}. 

Uses. About 40% of lead is used as a metal. 25% in alloys 
and 35% in chemical compounds. Lead oxides are used 
in the plates of electric batteries and accumulators (PbO 
and Pb3 0 4). as compounding agents in rubber manu­
facture (PbO). as paint ingredients (Pb3 0 4 ) and as 
constituents of glazes. enamels and glass. 

Lead salts form the basis of many paints and pigments: 
lead carbonate and lead sulphate are used as white 
pigments and the lead chromates provide chrome 
yellow. chrome orange. chrome red and chrome green. 
Lead arsenate is an insecticide. lead sulphate is used in 
rubber compounding, lead acetate has important uses in 
the chemical industry, lead naphthenate is an extensively 
used dryer and tetraethyllead is an antiknock additive for 
gasoline. 

HAZARDS 
The prime hazard of lead is its toxicity. Clinical lead 
poisoning has always been one of the most important 
occupational diseases. Medico-technical prevention has 
resulted in a considerable decrease in notified cases and 
also in less serious clinical manifestations. However. in 
the past decade it has become evident that adverse 
neurophysiological effects on the nervous system. 
resulting in minor brain dysfunction and in impaired 
motor conduction velocity in peripheral nerves. already 
occur at exposure levels hitherto regarded as acceptable . 
Moreover. the potential adverse effects on offspring of 
pregnant workers has led to separate recommendations 
for acceptability of exposure of female workers of fertile 
age . 

Occupational exposure. Industrial consumption of lead 
is increasing and traditional consumers are being 
supplemented by new users such as the plastics industry. 
Hazardous exposure to lead, therefore. occurs in many 
occupations. 

In lead mining a considerable proportion of lead 
absorption occurs through the alimentary tract and 
consequently the extent of the hazard in this industry 
depends. to some extent on the solubility of ores being 
worked. The lead sulphide (PbS) in galena is insoluble 
and absorption from the lung is limited; however. in the 
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stomach. some lead sulphide may be converted to 
slightly soluble lead chloride which may then be 
absorbed in moderate quantities. 

In lead smelting the main hazards are the lead dust 
produced during crushing and dry grinding ,operations, 
and lead fume and lead oxide encountered in sintering, 
blast-furnace reduction and refining. 

Lead sheet and pjpe are used principally for the 
construction of equipment for storing and handling 
sulphuric acid. The use of lead for water and town gas 
pipes is limited nowadays. If lead is worked at 
temperatures below 500 ·c. as in soldering. the risk of 
fume exposure is minimal; however. in lead welding, 
higher flame temperatures are used and the danger is 
higher. The spray coating of metals with molten lead is 
dangerous since it gives rise to dust and fume at high 
temperatures. Cable sheathing is believed to involve little 
or no risk. 

The demolition of steel structures such a·s bridges and 
ships that have been painted with lead-based paints 
frequently gives rise to cases of lead poisoning. 

Other activities in which lead exposure may occur are 
dealt with in the articles: AUTOMOBILE INDUSTRY; BAT­
TERIES AND ACCUMULATORS; GLASS INDUSTRY; PAINTS, 
LACQUERS AND VARNISHES; PAINTING AND ·vARNISHING; 
POTTERY INDUSTRY; PRINTING, PUBLISHING AND ALLIED IN­
DUSTRIES; WIREWORKS. 

Absorption. Inorganic lead compounds enter into the 
body primarily by inhalation and ingestion; penetration 
of the skin is a factor only in the case of organic 
compounds. 

Gastric hydrochloric acid may promote intestinal 
absorption but most ingested lead is excreted in the 
faeces. Secondary ingestion may occur if lead trapped in 
the upper respiratory tract is subsequently swallowed; 
this is particularly the case with larger particles. 

The main route of entry in industry is the respiratory 
tract. A certain amount may be absorbed in the air 
passages. but the main portion is taken up by the 
pulmonary bloodstream. The degree of absorption 
depends on the proportion of the dust accounted for by 
particles less than 5 J.lm in size and the exposed worker's 
respiratory minute volume. Increased workload therefore 
results in higher lead absorption. Although the respirat­
ory tract is the main route of entry. poor work hygiene. 
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Figure 2. Exposure-response relationship in a cable factory. 
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smoking during work (pollution of tobacco; polluted 
fingers while smoking). poor personal hygiene may 
considerably increase total exposure mainly by the oral 
route. This is one of the reasons why the correlation 
between the concentration of lead in workroom air and 
lead in blood levels often is very poor. certainly on an 
individual basis. 

Lead absorbed by the pulmonary bloodstream is 
transported to various organs and tissues. More than 
90% of the lead in the blood will be held by the 
erythrocytes but lead has a preference for the bone and 
accumulates in bone tissue. Regular ingestion of about 
0.6 mg of lead per day constituted the borderline of lead 
exposure that may be experienced without apparent 
increase in the body burden of lead. Excretion takes place 
both in urine and faeces. Lead in faeces is derived mainly 
from non-absorbed lead; lead in urine therefore provides 
a much better measure of absorption. The lead content in 
faeces may be used as a criterion for malingering since a 
faeces lead concentration of 4 mg/1 00 g. 4 weeks after 
hazardous lead exposure. may be regarded as proof of 
wilful ingestion. Blood-lead and urine-lead values 
provide a direct and reliable quantitative indication of 
lead exposure but only indirect evidence of lead effect. 
Lead passes the placenta and is also excreted by breast 
milk. This may lead to exposure of the fetus in utero and 
of the suckling infant. 

Pharmacotoxic effects. Inorganic lead causes contrac­
tion of the peripheral vascular system and affects the 
blood and blood-forming tissues (bone marrow). The 
"normal" cases of lead poisoning in industry always 
include haemopoietic effects; these occur very early, 
before the appearance of symptoms or signs and. 
therefore. are important for diagnosis. Lead shortens the 
life of erythrocytes and impairs haemoglobin synthesis. 

The activity of the enzyme S-aminolaevulinic acid (o­
ALA dehydratase is reduced. resulting in increased o­
ALA in blood and urine; in addition there is a further 
disturbance in porphyrin metabolism. particularly in the 
uptake of Fe++ in protoporphyrin IX. As a consequence, 
increased lead absorption results in: 

(a) decreased activity of S-ALA dehydratase; 

. {b) increased o-ALA in serum and urine; 

(c) increased protoporphyrin (PP) in erythrocytes; 

(d) increased coproporphyrin (mainly ether-
extractable coproporphyrin Ill in urine); 

(e) decreased content of haemoglobin; 

(f) decreased number of erythrocytes and shortened 
life span; 

(g) increased number of reticulocytes (young eryth­
rocytes); 

(h) increased number of basophil punctated eryth­
rocytes (manifestation of degenerated regenera­
tion); 

(i) increase of Fe in serum. 

Occupational history. and haemopoietic changes are 
the prime elements in diagnosis. In particular. the 
haemopoietic changes are apparent before the signs and 
symptoms and they also provide quantitative informa­
tion on exposure intensity. Removal from exposure 
results in the disappearance of haemopoietic effects. 
However. the disappearance is relatively slow and 
haemopoietic examination will still be of a diagnostic 
value even several weeks after termination of exposure. 

Signs and symptoms. Lead poisoning displays a great 
variety of signs and symptoms. almost none of them 
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typical. Full-blown poisoning has become relatively 
unusual. Most ofthe signs and symptoms range between 
impaired physiological functioning of organ systems. 
impaired subjective health. and definite diseases of 
moderate. and sometimes serious. rarely fatal character. 

The chief early symptoms are a fall-off in physical 
fitness. fatigue. sleep disturbance. headache. aching 
bones and muscles. digestive symptoms. particularly 
obstipation (not diarrhoea). stomach pains and de­
creased appetite. If the level of sickness absence due to 
gastrointestinal disorders in a lead processing industry is 
higherthan that due to respiratory disease. the possibility 
of excessive lead absorption amongst workers should be 
suspected. 

The above-mentioned early symptoms are non­
specific. and can be considered only as signs of 
poisoning if working conditions and laboratory inves­
tigations also point to increased lead absorption. These 
symptoms are reversible and a complete recovery is 
possible. By means of interviews of exposed groups of 
workers in recent years an increased prevalence of a 
variety of non-specific symptoms have been observed: 
fatigue. disturbed sleep. forgetfulness. alienation and 
restlessness. 

The subjective symptoms may be accompanied and 
even preceded by non-specific objective signs. either 
observed in medical examination. or only to be measured 
on a group basis by sophisticated psychophysiological 
and neurophysiological tests. As objective signs. 
observed in medical examination. can be mentioned: 
palloroftheskin (vasoconstriction); Burton or"blue"line 
which consists of a deposit of dark blue-grey PbS in the 
gums about 1 mm from the margin (not in edentulous 
gums); in marked prolonged exposure a decrease in the 
strength of the hand-grip. The lead line only indicates 
increased absorption. and should not be regarded as an 
effect as such; it usually occurs when dental hygiene is 
poor.l ncreased gum pigmentation in non-White subjects 
should not be mistaken for a lead line. With sophisticated 
tests non-specific impairment of. for example. visual­
motorfunction (eye-hand co-ordination. visual reaction 
time). impaired intellectual functions. and decreased 
motor conduction velocity have been demonstrated. 

If a worker with the above-mentioned symptoms 
remains exposed to undue amounts of lead. the disease 
may progress to greater severity, manifesting itself in the 
gastrointestinal tract and in the peripheral and central 
nervous system. Most important is lead colic. very 
intense periodical abdominal cramps. associated with 
severe obstipation. and possibly with sickness and 
vomiting. If further lead intake is prevented. symptoms 
regress and prognosis is favourable. Many cases are 
wrongly diagnosed as surgical disease. particularly 
appendicitis. Colic occurs particularly in the first 2 years 
of exposure; drinking bouts and sports activities during 
weekends may precipitate an attack due to mobilisation 
of lead from accumulations. 

A typical disease of the peripheral nervous system is 
lead paralysis. especially in the most active muscles. 
including paralysis of the radial nerve with "wrist drop". 
The afferent nerves are not affected; there is no loss of 
sensation and no pain. Paralysis usually occurs after 
many years of increased lead absorption. often preceded 
by one or more colics. Recovery is slow. and not always 
complete. The disease is now rather unusual due to 
improved standards of industrial hygiene. 

A very serious manifestation is encephalopathy­
severe headache. convulsions as in epilepsy. coma. 
delirium. possibly death. Fortunately it has become very 
rare. Workers who recover from lead-induced disorders 
of the peripheral or central nervous system should not be 
re-exposed to lead. 
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A slight hypertension due to vascular contractions is 
frequently found in cases of acute lead poisoning such as 
colic. This is a completely reversible change in blood 
pressure. A permanent hypertension associated with 
arteriosclerosis of blood vessels and renal sclerosis may 
ultimately occur after long-term. intense exposure 
accompanied by various acute poisonings. Recently a 
few studies indicated impairment of renal function. 
evidenced by increased levels of uric acid in the blood. 

Exposure-effect/response relationships 

One should distinguish between biological indicators of 
exposure and health effects. 

Lead absorbed through the lungs and the gastrointes­
tinal tract is at first taken up into the blood. and from this 
it is distributed to various organs. and partly excreted. It 
is deposited to a large extent in the bone compacta. from 
which it is hardly released. The lead in blood level (PbB 
in J.lg/1 00 ml) is the best indicator of total exposure. In 
non-occupationally exposed adults the individual PbB 
levels usually do not exceed 25-30 J.lg/1 00 mi. and are 
normally 15-25 J.lg/1 00 mi. Pb in urine levels (PbU) 
normally do not exceed 65 J.lg/1. Increased occupational 
exposure increases the PbB (and PbU) levels. but PbB 
does not continue to increase with continuing exposure: 
after 3-6 months the PbB levels can be used as an 
indicator of total exposure over the last 2-3 months 
(work. food. beverages. etc.). With increasing intensity 
of exposure the equilibrium level of PbB increases. and 
health effects may occur: more effects and more serious 
effects at higher PbB levels. The PbB level as such does 
not indicate the health status. but it predicts the health 
risk. i.e. the probability that certain effects will exist or 
will occur in the future if exposure goes on. The PbB level 
P.rovides a better indicator of exposure (and of health 
risk) than the PbU level. because the concentration in 
urine depends upon diuresis and specific gravity; 
moreover. samples of urine easily become contaminated. 
In the last decade measurement of the PbB level has 
become the indicator of choice to assess exposure and 
health risk. However. it should be emphasised that the 
analysis requires high-level analytical techniques; it can 
only be carried out in well equipped laboratories and by 
well trained personnel. 

The no-adverse-response levels (i.e. the effect men­
tioned will very probably not occur if exposure does not 
exceed the given PbB levels) in adults can be sum­
marised as follows (adapted from WHO. 1977 and WHO. 
1980) (the figures refer to exposure level: PbB in Jlg/ 
100 ml): 
decrease of P-ALA-D in erythrocytes 5-1 0 
increase of protoporphyrin in erythrocytes 25-30 
(males); 20-25 (females) 
increase of ALA or coproporphyrin in urine 35-45 
(males); 30-40 (females) 
decrease of Hb 60-80 
peripheral nervous system 
- decreased motor conduction velocity 40-50 
- paralysis > 80 
central nervous system 
- minor brain dysfunction > 50 

encephalopathia > 80 
- non-specific symptoms > 50 
- brain dysfunction in fetus and infant > 30 
kidney 
- impaired function > 60 
chromosomal anomalies > 30-40 
A more detailed panorama of lead effects at various PbB 



levels will be found in LEAD CONTROL IN THE WORKING 
ENVIRONMENT. Adult females (and also fetus and infant) 
respond with disturbed haemsynthesis (evidenced by 
increased protoporphyrin (PP) for free erythrocytepor­
phyrin ( FEP) or zincprotoporphyrin (ZPP)) at lower PbB 
levels than adult males. Disregarding the early effect on 
ALA-D as not significant for health. it can be concluded 
that effects on organ functions will not occur if PP (FEP. 
ZPP) levels in erythrocytes (or whole blood) do not 
increase or only slightly increase. 

At an individual PbB of 70 J!Q/1 00 ml in males there is 
an increased risk of: marked increase of PP (FEP. ZPP): 
in some individuals maybe slight decrease of Hb; 
functional impairment of central and peripheral nervous 
system; non-specific symptoms; impaired kidney func­
tion; maybe chromosomal anomalies: but hardly any risk 
of clinically manifest disease. 

The PbB levels given should not be regarded as an 
absolute yardstick: the sequence over time (increase. 
decrease. stable) is more important than a single value. 
The evaluation of the health status requires a full medical 
examination. and measurement of at least PbB. Hb and 
FEP or ZPP. 

Increase of PP (FEP) occurs in overexposure to lead. 
in iron-deficiency and in some rare diseases of the 
porphyrogenic system; increased ZPP occurs in Pb 
overexposure and in Fe deficiency. Because increase of 
FEP (ZPP) is the first early health-relevant effect of lead. 
and because prevention of marked increase of FEP/ZPP 
also prevents the development of serious effects. the 
evaluation of the health risk of lead-exposed workers 
should make full use of these parameters. In recent years 
an automated ZPP-haematofluorimeter has been de­
veloped. which presents the ZPP level within 5 seconds; 
this measurement can be carried out by technicians after 
a simple training: moreover. only a few drops of blood are 
needed. . 

Figure 1 presents an example of an exposure (PbB)­
response (ZPP) relationship in a group of workers from 
a secondary smelter; figure 2 presents an example from 
a group of subjects in a cable factory. The second figure 
shows that only one worker with PbB of 45 J!g/1 00 ml 
had an increased ZPP; figure 1. with PbB levels up to 
about 90 J!g/1 00 ml shows that ZPP is increased in the 
large majority of workers: however. at PbB < 40 Jlg/ 
100 mi. ZPP > 3 J.lg/g Hb hardly occurs. If in subjects 
who have not been previously exposed to lead. and with 
a pre-employment level of ZPP ~ 2 J.lg/g Hb. ZPP during 
employment does not exceed 3 Jlg/g Hb. then there is 
hardly any risk of increase of PbB > 40 Jtg/1 00 mi. 
Therefore. frequent monitoring of total exposure by 
means of ZPP-measurement can greatly contribute to 
prevention of overexposure in previously non-exposed 
workers. In a cross-sectional study in already long-term 
exposed subjects. PbB has to be measured. except when 
ZPP does not exceed or hardly exceeds 3 Jlg/g Hb in all 
subjects. · 

The introduction of ZPP-measurement in the medical 
surveillance of workers has made evaluation of health 
risk much easier than in previous years when one relied 
on the much more sophisticated measurement of ALA­
U. FEP or PP. However. in the case of markedly increased 
ZPP levels. measurement of PbB has still to take place. 
The old-time periodical measurement of basophilpunc­
tated erythrocytes has become obsolete. 

Personal factors. Lead poisoning arises from the body's 
incapacity to cope with an increased absorption of lead 
and many conditions influence both the biological 
capacity and the rate of absorption. 

In young subjects (already in utero) the health risk is 
higher than in adults. At term the PbB level in the blood 
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of the mother and in cord blood is about the same. but the 
fetus has a higher health risk than the mother. In the older 
literature an increased abortion risk has been reported. 
Nowadays the risk of impaired development of the 
central nervous system is decisive for the acceptable 
exposure of the mother (see LEAD CONTROL IN THE 
WORKING ENVIRONMENT). 

Pre-existent disease is a factor which increases 
susceptibility. Infectious diseases. such as influenza. 
may mobilise deposited lead. Nervous system disorders. 
gastrointestinal affections and anaemia probably in­
crease the risk of poisoning. Chronic bronchitis may 
increase local resorption in the respiratory tract and 
disturb the normal clearing mechanism of the ciliated 
epithelium. Mental attitude and intelligence determine 
personal hygiene. For this reason alcoholics provide a 
high-risk group. Respiration by mouth instead of by 
nose. and nail-biting. increase lead uptake. 

In addition to the above-mentioned predispositions. 
mainly determining the capacity to deal with lead. one 
should take into account certain personal influences on 
lead uptake: personal hygiene. use of respirators. 
smoking in the working quarters. eating habits. and the 
wearing of dirty clothes outside working hours. 

Another important factor is the level of energy 
expenditure: the product of concentration in air and of 
respiratory minute volume determines lead uptake. The 
effect of working overtime is to increase exposure time 
and reduce recovery time. 

The above-mentioned examples give some indication 
of the possibilities of increased lead burden. many of 
which are associated with the individual characteristics 
of the worker. For this reason the evaluation of these 
possibilities involves the personal examination of each 
worker and the operations he has to perform. 

Industrial lead exposure in former jobs may consider­
ably increase the risk of poisoning; pre-employment 
examination should always take this into account. 

Exposure time. This is much more complicated than 
official personnel records indicate. Only time analysis in 
the workplace can yield relevant data. The worker may 
move around the department or the factory; a job with 
frequent changes in posture (turning. bending) results in 
exposure to a great range of concentrations. A represen­
tative measure of lead intake is almost impossible to 
obtain without the use of a personal sampler applied for 
many hours and for many days. . 

Haber's Law (E = KCT). in which K (Haber's constant) 
is an index of toxicity. is not valid for lead poisoning: the 
effect (E) is not directly dependent on the product of 
concentration in air (C) and exposure time (T). In 
workers exposed .for more than about 6 months the 
biological parameters are much more dependent on C 
than on T. because lead is a cumulative poison. i.e. the 
body burden reaches a certain level mainly determined 
by daily uptake. · 

Particle size. Since the most important route of lead 
absorption is by the lungs. the particle size of industrial 
lead dust is of considerable significance and this 
depends on the nature of the operation giving rise to the 
dust. Fine dust of respirable particle size is produced by 
processes such as the pulverising and blending ·of lead 
colours. the abrasive working of lead-based fillers in 
automobile bodies and the dry rubbing-down of lead 
paint. The exhaust gases of gasoline engines yield lead 
chloride and lead bromide particles of 1 Jlm diameter. The 
larger particles. however. may be ingested and be 
absorbed via the stomach. A more informative picture of 
the hazard associated with a sample of lead dust might be 
given by including a size distribution as well as a total 
lead determination. But this information is probably 
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Lead alloys and inorganic compounds 

more important for the research investigator than for the 
field hygienist. 

Solubility. Some authors attach great importance to the 
type of lead compound. since the solubility of different 
coml?ounds in water and biological fluids varies 
considerably. This is a consideration that has to be 
applied with caution. however. Hydrochloric acid in the 
stomach and carbonic acid in the lungs may convert 
insoluble compounds into soluble products. Neverthe­
less. the introduction of insoluble. fritted lead 
polysilicates as glazes in the pottery industry has greatly 
reduced the risk of lead poisoning. 

In general. except where favourable properties have 
been clearly established. as in the case of polysilicates. all 
lead compounds should be regarded as potentially 
hazardous. 

Metallic lead. Unless it is in the form affine dust contact 
'-:'ith metallic l~ad at normal temperatures does'not give 
rrse to a considerable health hazard. If metallic lead is 
heated to 550 ·c. however, lead vapour will be evolved 
and will become oxidised. This is a condition that is liable 
to be present in metal refining. the melting of bronze and 
brass._ the spraying of metallic lead. lead burning. 
chem1cal plant plumbing. ship breaking. and the 
burning, cutting and welding of steel structures coated 
with paints containing lead tetroxide. 

SAFETY AND HEALTH MEASURES 
The object of precautions is first to prevent the inhalation 
of lead and secondly to prevent its ingestion. 

These objects are most effectively achieved by the 
substitution of a less toxic substance for the lead 
compound. The use of lead polysilicates in the potteries 
has already been mentioned. The avoidance of lead 
ca~b~nate paints for the painting of the interiors of 
buiJdrngs h~s proved_ very effective in reducing painters' 
colrc; effective s_ubstltl;'tes for lea~ for this purpose have 
become so read1ly ava1lable that 1t has been considered 
re~sonable in some countries to prohibit the use of lead 
parnt for the interiors of buildings. 

Even if it is not possible to avoid the use of lead itself 
it max still be possi~l~ to avoid dust. Water sprays may be 
used rn large quant1t1es to prevent the formation of dust 
and ~o prevent it from becoming airborne. In lead 
smeltrng. the ore and the scrap may be treated in this way 
and the floors on which it has been lying may be kept 
wet. Unfortunately, there is always a potential source of 
dust in these circumstances if ever the treated material or 
floors are allowed to become dry. In some few instances. 
arrangements are made to ensure that the dust will be 
coarse rather than fine. Instead of smoothing off the 
leaded parts of automobile bodies by discing, a much 
coarser dust which drops immediately to the ground is 
produced by hand filing. In spite of the slow. onerous 
!lature of this operation it is sometimes adopted in the 
rnterest of avoiding unhealthy conditions. 

Conditions were improved when the constituents of 
lead paint were supplied in the form of paste instead of 
dry powder so that dust would not be formed in the 
co~rse of mixing. In preparation for repainting. old lead­
parnted surfaces are rubbed down by a wet process and 
not by a dry one to prevent dust from becoming airborne. 

There are still. however. a very large number of 
processes in which lead material is necessarily present in 
a dry _dusty con~ition. This dust must be prevented from 
ent~rrng the a1r of an occupied workroom. This is 
a~~1eved by conducting the dusty operations in con­
ditions of enclosure and exhaust ventilation. Efficient 
e~haust draught should be provided at hoppers. chutes. 
m1xers. crushers. sieves. grinding mills (even when 
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grinding in oil) "':'here lead colours including lead 
chromates are berng made and manipulated_ This 
requirement applies to other lead compounds as well as 
those used for pigments. Proper enclosure and exhaust 
should be provided for every lead melting pot where the 
temperature of the lead is raised above 550 ·c. whether 
the process is that of smelting or use of the lead. Further 
no skimmings of dross from the molten lead should be 
removed from the exhaust except in suitable covered 
receptacles. 

Workers who are exposed to lead in any of its forms 
should wear personal protective equipment. which 
should be washed or renewed at least once a week. 
Protective clothing made of certain man-made fibres 
retains much Jess dust than cotton overalls and should be 
used where the conditions of work render it possible; 
turn-ups. pleats and pockets in which lead dust may 
collect should be avoided. 

_Cloakroom accommodation should be provided for 
th1s personal protective equipment with separate ac­
commodation. for clothing taken off during working 
hours. Wash_rng ~ccommodation. including bathing 
accommodation w1th warm water. should be provided 
an~ used. Time ~hould be allowed for washing before 
eatrng. Ar!an~emen~s ~~auld be made to prohibit eating 
and smokrng rn thev1crn1ty of lead processes and suitable 
messrooms should be provided. 

_It is essential that the rooms and the plant associated 
wrth lead processes should be kept clean by continuous 
cleaning either by a wet process or by vacuum cleaners. 
Where. in spite of these precautions. workers may still be 
exposed ~o lead. respiratory protective equipment should 
be prov1ded and properly maintained. Supervision 
should ensure that this equipment is maintained in a 
cJean and efficient condition and that it is used· when 
necessary (see LEAD CONTROL IN THE WORKING ENVIRON­
MENT). 

Medical prevention. Periodic medical examination 
should involve measurement of health risk (PbS). and of 
health effects (ZPP. Hb. physical examination). Pre­
employment examination should include measurement 
of PbS. ZPP. Hb. Individual data should be grouped 
accor~in!;J !O (sub-) department. processes. etc. More­
over. rnd1v1dual data should be followed up over time 
and for each worker exposure/effect-time diagrams 
should be drawn. The periodic examination also 
provides an opportunity to keep check on individual 
workers who require special attention: poor work or 
personal hygiene. occurrence of non-lead related 
diseases. recovery after overexposure. 
Alt~ough prev~ntion should be primarily based upon 

technical prev~nt1ve meas~res. the primary yardstick for 
overexposure IS the lead m blood level (if adequately 
measured). WHO (1980) recommended that in adult 
male workers a PbS of 40 JlQ/1 00 ml should not be 
exceeded. and in female workers of fertile age a PbS of 
30 Jlg/1 00 mi. If PbS exceeds these levels. technical and 
personal preventive measures should be undertaken The 
PbS limits recommended by WHO (1980) were health­
based. and did not take into account economic or 
technical feasibility. Because there usually is a poor 
correlation between the lead in air and in blood levels. 
~'!e cannot rely_ on the lead in air levels alone. although 
rt rs true that w1th decreasing lead in air levels the PbS 
levels on a group basis. but not necessarily in all 
individual workers. will also decrease. 

ZIELHUIS. R. L. 

"Lead" .. Hernbe~g. ?· Occupational medicine: principles and 
practical applicatwns. Zenz. C. (ed.). (Chicago. Year Book 
Medical Publishers. 1975). 



"Lead''. Tsuchija, K. Handbook on toxicology of metals. 
Friberg. L: Nordberg. G. F.: Vouk. V. B. (eds.). (Amsterdam. 
Elsevier. 1979), 710 p. Ill us. Ref. 

Lead. Environmental health criteria 3 (Geneva. World Health 
Organisation. 1977). 160 p. lllus. 573 ref. 

Recommended health-based limits in occupational exposure to 
heavy metals. Technical report series 647 (Geneva. World 
Health Organisation. 1980). 116 p. Ref. 

Lead arsenate 
There are three kinds of lead arsenate: neutral 
type-Pb3(As04b; acid type-PbHAs04; basic 
type-Pb 5 0H(As04b. The acid type is the most stable 
and most widely used. Its physical and chemical 
properties are: 

lead arsenate (PbHAs04 ) 

m.w. 327 
sp.gr. 5.79 
m.p. 270 ·c (decomposes) 
insoluble in water: soluble in dilute nitric acid and in caustic 

alkalis 
a heavy, white powder, containing about 60% lead and 21.5% 

arsenic: on heating it emits toxic fumes. 
TWA OSHA 0.01 mg/m3 

TLV ACGIH 0.15 mg/m3 

STELACGIH 0.45 mg/m3 

IDLH ,300 mg/m3 

MAC USSR 0.01 mg/m3 (the same figure for all inorganic 
lead compounds) 

Production. Lead arsenate is produced by the reaction of 
arsenic acid with lead oxide. An arsenic acid solution is 
added to lead oxide in water, in a reaction vessel and 
stirred in the presence of nitric acid at a temperature of 
45 ·c. The reaction . 

PbO + 2NH03 = Pb(N03b + H20 
Pb(N03b + H3As04 = PbHAs04 + 2HN03 

is exothermic. with a temperature rise to 60 ·c at the 
endpoint of the reaction. Precipitated PbHAs04 is 
filtered, dried at a temperature of 1 00-11 0 ·c and 
powdered to a size of 300 mesh. This acid lead arsenate 
contains 0.2-0.4% soluble arsenic (As20 5 ), 31-32.5% 
total arsenic and 62% lead. A flow chart of the 
manufacturing process of lead arsenate is given in 
figure 1. 

Uses. Lead arsenate has been used as a pesticide for 
mandibulate-types of insects since 1892. It is. however. 
prone to produce residues of soluble arsenic which 
become phytotoxic to plant bodies and, since the 
Second World War. it has been replaced with the 
organosynthetic pesticides. especially organophos­
phorous compounds. The toxic effect is particularly 
pronounced in insects with alkali digestive juices. 

For agricultural application. a solution of 25-38 g of 
lead arsenate in 10 I of water is made up. To reduce the 
phytotoxic action. lime-bordeau liquid or up to twice the 
quantity of lime is added. 

HAZARDS 
In industry, inhalation and in agriculture. accidental 
ingestion seem to be the most common modes of entry. 
Poisoning may occur during both the manufacture and 
application of lead arsenate insecticide. In the body, the 
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accumulated in body tissues. Lead and arsenic excretion 
is mainly via the kidney, with arsenic disappearing from 
the urine more quickly than lead. 

Symptoms and signs. Both lead and arsenic are toxic to 
humans but there is a divergence of opinion as to 
whether the lead or the arsenic plays a more important 
role in the symptoms of lead arsenate poisoning. 
However. both lead and/or arsenic poisoning may occur 
and it is reported that in acute poisoning the arsenic 
symptoms predominate whereas prolonged inhalation of 
lead arsenate may induce the clinical picture of lead 
poisoning. 

Acute symptoms. which occur rapidly after exposure 
to toxic doses. include nausea. vomiting. abdominal 
pain. watery diarrhoea or on the contrary constipation. 
muscular cramps, excitation and disorientation. Chronic 
poisoning is manifested by anorexia. weakness. weight 
loss. pallor. diarrhoea or constipation. colic. peripheral 
neuritis. hepatitis and nephritis. Skin disorders are 
characteristic of arsenic exposure. particularly in the 
chronic stage. In the acute stage. contact dermatitis may 
sometimes be observed. Chronic cutaneous manifesta­
tions are diffuse pigmentation appearing in 1 to 2 years 
after arsenic exposure. then corn-like punctate hyper­
keratotic lesions appearing mainly on the palms and 
soles. and Bowen's lesions occurring after several years 
or more. Lead arsenate dust may cause ulceration and 
perforation of the nasal septum. Epidemiological and 
case studies have suggested the carcinogenic hazard of 
chronic exposure to arsenic among workers manufactur­
ing lead arsenate or orchard workers spraying lead 
arsenate. As the latency period is prolonged until the 
occurrence of cancers of skin and internal organs. 
follow-up medical examination should be continued. 

. Examination of punctate basophilia. coproporphyri­
nuria. lead and arsenic content of blood and urine and of 
arsenic content of hair are valuable aids to diagnosis. 

compound is broken down. absorbed and excreted or Figure 1. Manufacture of lead arsenate. 
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line, and ethyl acetate. Aash point 21 0" F (99° C). 
Combustible. 

Grades: 95% min. 
Containers: Steel drums; carboys; tank cars. 
Hazard: May be injurious to eyes. 
Use: Manufacture of synthetic rubber and plastics, 
also in the synthesis of pharmaceuticals, and in 
insecticides and fungicides; nonionic detergent. 

See also thiol. 

Iaury! methacrylate CH2:C(CHJ)COO(CH2)11 CHJ. 
The commercial material is a mixture, containing 
also lower and higher fatty derivatives. Boiling 
range 272-344° C; density 0.868 g/ ml; flash point 
270" F (132° C) (COC). Combustible. Probably low 
toxicity. 

Containers: Drums. 
Uses: Polymerizable monomer for plastics, molding 
powders, solvent coatings, adhesives, oil additives; 
emulsions for textile, leather, and paper finishing. 
See also acrylic resin. 

lauryl pyridinium chloride ~H,NCIC12H2,· 
Properties: Mottled tan semisolid .. Soluble in water 
and organic solvents. Flashpoint 347°F (175°q; 
combustible. 

Grade: Technical, contains higher and lower fatty 
acid derivatives. 

Uses: Cationic detergent; dispersing and wetting 
agent; ingredient of fungicides and bactericides .. 

lauryl pyridinium 5-chloro-2-benzothiazyl sulfide. 
See "Vancide 26EC." 

lautal. A hard aluminum alloy containing 4-S% 
copper, l.S-2% silicon and fractional percentages of 
other metals such as iron, manganese, or mag­
nesium. 

"Lauxein."58 Trademark for casein and soybean ad­
hesives, dry powders good for low-temperature 
applications and glue bonding where water-resis­
tance is desired. 

Containers: Multiwall bags and fiber drums. 
Uses: Bonding and cold-setting glues used in the 
manufacture of plywood furniture. 

"Lauxite."58 Trademark for a series of urea, phenolic, 
melamine and resorcinol resins. Available as dry 
powders or liquids. Used for bonding, cold-setting 
and impregnating adhesives and glues for furniture, 
plywood and aircraft; hot and cold pressing; radio 
frequency equipment; molding of diversified com­
ponents from granulated wood. 

lavandin oil. See lavender oil. 

lavender oil. An essential oil used in perfumery. 35% 
ester content as linalyl acetate required. Terpene less 
grade has about twice the concentration of the 
natural oil. 

"Lavenol."188 Trademark for a series of synthetic 
lavender oil substitutes of various types. 

I 

iRe£25-

Lavoisier, Antoine Laurent ( 1743-1794). French chetn. 
ist generally regarded as the "father .. of chemist~)· 
His .. Traite Elementaire de Chimie" ( 1789) listed 3( 
elements, clarified the nomenclature of acids, base, 
and salts, and described the composition of numer. 
ous organic substances. He erroneously belie\'td 
that oxygen is the characteristic element of acids 
However, his fundamental work on combustiori,!as 
a result of which he identified and named nitrogec 
(azote), and on the separation of hydrogen fro121 
water by a unique reduction experiment carried out 
in a heated gun barrel, earned him a leading positioa 
among early chemists. (See also Mendeleef). ;; j. 

~ 

lawrencium Lr A synthetic radioactive element will 
atomic number 103, discovered in 1961. Atomk 
weight 2S7. Only one other isotope is known(2S6). 
the 2S7 isotope has a half-life of 8 seconds. It baa 
been made by bombarding californium with 
ions. It exhibits alpha radiation. See actinide 

lay-up. In the reinforced plastics industry, a 
used to refer to placement of the reinforcing 
rial in the mold. 

LC,o (lethal concentration, SO%). That ~ ........ ,y 

substance administered by inhalation that is 
sary to kill SO% of test animals exposed to it 
specified time. This test applies not only to ~~; .. ~~4 ... 
vapors but to fume, dusts and other pa ..... UII .... 

suspended in air. 

LCL. Abbreviation for "less than carload lot"; 
by shippers, traffic managers, railroads, etc. . 

LD,o (lethal dose, SO%). That quantity of a 
stance administered either orally or by skin 
necessary to kill 50% of exposed animals in 
tory tests within a specified time. A suPI·W•II!l! 
having an LD,o of Jess than 50 mg per kg 
weight is rated highly toxic by toxicologists. 

leaching. See solvent extraction. 

lead Pb (from Latin plumbum). Metallic elt~~~.!l 
atomic number 82, Group IV A of the .... r1ooae 
Atomic weight 207 .2; valences 2, 4; 4 stable iSOIICIPIIJi 
The isotopes are the end products of the 
of natural radioactive elements ·--":,._11'! 
thorium (208), and actinium (207). 

Properties: Heavy, ductile, soft gray 
1 I.3S; m.p. 327.4°C; b.p. 175S°C; soluble 
nitric acid; insoluble in water but dissolves., ....... ,... 
water containing a weak acid; resists COirtOtll!l!ll 
relatively impenetrable to radiation. Poor•clec-~ 
conductor; good sound and vibration 
Non-combustible. 

Occurrence: U.S., Mexico, Canada, S. ~~;I 
Australia, Africa, Europe. 

Derivation: Roasting and reduction of 
sufide), anglesite (lead sulfate), and ~niJSSI1~ ... \'!~ 
carbonate). Also from scrap. · 

Purification method: Desilvering (Parkes 
electrolytic refining (Betts process); .. vt-oa:diiJII!!l: 
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cical refining (Harris process). Bismuth is removed 
h\' Betterton-Kroll process. . . 

(ir.ades: High purity (less than 10 ppm tmpunty); 
pure (99.9+); powdered (99% pure); pig lead; paste. 

Fllfms available: Ingots. sheet. pipe. shot. buckl~s or 
straps. grids. rod. wire. etc.; paste; powder; smgle 
l·rvsta Is. 
11a~.ard: Toxic by ingestion and inhalation of dust or 
fume. Tolerance (as Pb). (fumes and dusts. and 
inorganic compounds) 0.15 mg per cubic m~ter of 
air. For ambient air the EPA standard 1~ 1.5 
micrograms per cubic meter. A cumulative potson. 
FDA ret;ulations require zero lead content in foods 
;md 0.05% in house paints. . . 

,. ,cs: Storage batteries; tetraethyllead (gasohne addt-
11,c); radiation shielding; cable covering; ammuni­
tulll: chemical reaction equipment (piping, tank 
Jmings. etc.); solder and fusible alloys; type metal; 
,ihr~~tion damping in heavy construction; foil; bab­
h•t and other bearing alloys. 

h11 further information refer to Lead Industries 
·\ssociation, 292 Madison Ave., New York. 

lrad acetate (sugar of lead) Pb(C2H302)2-3H20. 
l'r11perties: White crystals or flakes (commercial 
~~r;1des are frequently brown or gray lumps). Sweet­
.,h t;tste. Absorbs carbon dioxide wheri exposed to 
. ur. hccoming insoluble in water. Soluble in water; 
,J.!o!htly soluble in alcohol; freely soluble iJ!glycerol. 
'I' J!r. 2.50; m.p. loses H20 at 75° C; at 2000 C 
.hum poses; b.p. (anhydrous) 2800 C. Combustible. 

I )rrJ\";ttion: By the action of acetic acid on litharge or 
:!un lead plates. 

c .:..,Jr,: Powdered; granular; crystals; flakes; C.P. 
• "nt;tint·rs: Multiwall paper sacks; drums; carloads. 
ll.ar.nd: Highly toxic by ingestion, inhalation, skin 
~h,urption. Use may be restricted. 

r •n Dyeing of textiles; waterproofing; varnishes; 
;~.1.1 driers; chrome pigments; gold cyanidation 
i'!"•ns; insecticide; antifouling paints; analytical 
:~ .t~:rnt; hair dye. 
'~•ppm~ regulations: (Air) Poison label. 

Ned •lk~l. mixed. A mixture containing various 
::orthyl 01nd ethyl derivatives of tetraethyllead and 
~'l:.arncthyllead. Thus methyl triethyllead, dimethyl 
c!:rthyl lead and ethyl trimethyl lead may all be 
i'!ncnt with or without tetraethyl and tetramethyl 
if' at! 

Ha:.artl ., oxic by ingestion and skin absorption. 
l "' -\nttknock agents in aviation gasoline. 

., .. •ntimnnate (Naples yellow; antimony yellow) 
r-..,.,hr1, 1• 

'"''':V!:•n c)range-yellow powder. Insoluble in wa­
. "' ';- ~:r. 6.58 (200 C). Noncombustible. 
• .. "" 

2
::un· Interaction of solutions of lead nitrate 

~-~ ='"'~.a''•um antimonate, concentration and crys­
·"·-=.1!!nn 

tt.,a.,! lu,ic hy inhalation. Tolerance (as Pb), 0.15 
. ~ 1 ;"~ 'llhJC meter of air. 

,.. : \·.a·n I 
• • 

1"1o! ~ ass. crockery and porcelain. 

605 \Te£25 LEAD BROMIDE 

lead arsenate (lead orthoarsenate) Pb1(As04)2. 
Properties: White crystals. Soluble in nitric acid; 
insoluble in water; sp. gr. 5.8; m.p. 1042° C (decom-
poses). · 

Derivation: By the action of a soluble lead salt on a 
solution of sodium arsenate, concentration and 
crystallization. 

Uses: [nsecticide; herbicide. 
Hazard: Highly toxic. Tolerance (as Pb), 0.15 mg per 
cubic meter of air. A carcinogen. 

Shipping regulations: (Rail. Air) Poison label. 

lead arsenite Pb(As~)2. 
Properties: White powder; soluble in nitric acid; 
insoluble in water. Sp. gr. 5.85. 

Hazard: Highly toxic. 
Use: Insecticide. 
Shipping regulations: (Rail, Air) Poison label. 

lead azide Pb(N1h. 
Properties: Colorless needles; an initiating explosive. 
Should always be handled submerged in water. 

Derivation: Reaction of sodium azide with a lead salt. 
Hazard: Severe explosion risk; detonates at 3500 C 
(6600F). Highly toxic. Tolerance (as Pb), 0.15 mg 
per cubic meter of air. · 

Use: Primary detonating compound for high explo­
sives . 

Shipping regulations: (Rail) Explosive A label. Not 
Not acceptable passenger. (Air) Not accepted. 

Note: Explosions have occurred in cases where azide 
compounds have reacted with the lead in plumbing 
after being washed down sinks. 

lead-base Babbitt. See Babbitt metal. 

lead biorthophosphate. See lead phosphate, dibasic. 

lead blue. A term applied to galena to distinguish it 
fr~m white lead ore. It is also applied to blue basic 
lead sulfate. 

lead borate Pb(B02h" H20. . . . . 
Properties: White powder. Soluble m ddute rutnc 
acid· insoluble in water. Sp. gr. 5.598; m.p. 1600C . . 
(loses water). Noncombusttbl~. . 

Derivation: Interaction of soluttons oflead hydroXtde 
and boric acid, with subsequent crystallization. 

Hazard: Highly toxic by inhalation. Tolerance, 0.15 
mg per cubic meter of air. . 

Uses: Varnish and paint drier; waterproofing pamts; 
lead glass; electrically conductive ceramic coatings. 

lead borosilicate. A constituent of optical glass, 
composed of a mixture of the borate and silicate of 
lead. 

·lead bromate Pb(Br01h · H20. 
Properties: Colorless crystals. Soluble in hot water; 
·sp. gr. 5.53; decompose~ at abo.ut 180: C. . 
Hazard: Highly toxic by mhalatton or mgestton. 

lead bromide PbBr2. 
Properties: White powder. Slightly soluble in hot 
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Site Inspection Form 
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I 
POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA 01 STATE I 02 SITE NUMBER 
SITE INSPECTION REPORT NC D981864614 

PART 1 ·SITE LOCATION AND INSPECTION INFORMATION I 
II. SITE NAME AND LOCATION 
01 SITE NAME (l~ot,co'""""',OI'dOJC--otoJto} 02 STREET, ROUTE NO .. OR SPECIFIC LOCATION IOENTIAER 

Ulah Battery Lead Reclaiming . Rt. 7 I 
03CITY 0. STATE' 05 ZIP CODE .106COUNTY 

.rJ08CONG Asheboro NC 27203 · Randolph cooe DIST 

_76 04 
09 COORDINATES 

1 o79 
.11 0 TYPE OF OWNERSHIP (Chock on•l 

35 ~~o· L~QfS ~A. PRIVATE 0 B. FEDERAL 0 C. STATE 0 D. COUNTY 0 E. MUNICIPAL . . 0 F. OTHER OG.UNKNOWN 
I 

Ill. INSPECTION INFORMATION 
01 DATE OF INSPECTION 02SITESTATUS 03 YEARS OF OPERATION 

1 I 29
1 

87 .. 0 ACTIVE 1965 I 1981 _UNKNOWN 
MONTH .. DAY YEAR I:NNACTIVE BEGINNING YEAR ENDING YEAR 

I. 
04 AGENCY PERFORMING INSPECTION (Chock lllftlol _,1 

OA.EPA 0 B. EPA CONTRACTOR· 0 C. MUNICIPAL 0 D. MUNICIPAL CONTRACTOR 

:{S E.STATE 0 F.STATECONTRACToR 
(-otlltm} (-otlltm} 

OG.OTHER 
(N-011imij (Spocltyl 

I 
05 CHIEF INSPECTOR canTLE 07 ORGANIZATION ~89fr~'3~280 Stan Atwood . Toxicologist S&HW 

09 OTHER INSPECTORS En~mnental Engineer 11~~ 12 TELEPHONE NO. 

Jack Butler (91, 733-:-280 
I 
I Jirn.Martin Sanitaripn Supervisor Health Dept. c91~ 629-213 

J.D. Smith Sanitarian Health Dept. c91~ 629-213 

Galenda Sandlin Nurse County 
( ) 

I 
Yvenne Chilcoat Director Public Health 

( ) I 
13 SITE REPRESENTATIVES INTERVIEWED 14nTLE 15AODRESS 18 TELEPHONE NO 

rash "" Rt. 7, Box 280 Asheboro ( ) 

Daisy caviness Rt. 7, Box 381 Asheboro ~19,625-2330 I 
I ( ) 

·. ( ) 

( ) I 
I ( ) 

17 ACCESS GAINED BY 18 ~E OF INSPECTION 19 WEATHER CONDITIONS 
(Ctlockono} 

[XPERMISSION 1000-1230 SUnny and cold I 
OWARRANT 

IV.INFORMA TION AVAILABLE FROM 
01 CONTACT 02 OF (Ageney!Oip-.otfottl 

~!!f~!!2131 Jim Martin Randolph eo. Health Dept. ( l I 
I 

04 PERSON RESPONSIBLE FOR SITE INSPECTION FORM 05AGENCY 08 ORGANIZATION 07 TELEPHONE NO. OS DATE 

Stan A~ NC DHR/DHS S&HW (919) 733-280 5 06 87 
I I 

MONTH DAY YEAR 

EPA FORM 2070.13(7 81) 

I 



.. I .I 
I 

POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT Of.fC'TEIOn1)Ta~e~~14 
PART 2- W ~STE JNFORMATION I 

II. WASTE STATES, QUANTITIES, AND CHARACTERISTICS 
01 PHYSICAL STATES (Che<:kalrh•toppJy} 02 WASTE QUANTITY AT SITE 03 WASTE CHARACTERISTICS (Ch<rek •I thai apply} 

(Aieo~sures of waste quantities 

~ A.SOUO LJ E. SLURRY musr N /ndepenaenll ~A. TOXIC 0 E. SOLUBLE 0 1. HIGHLY VOLATILE 

0 B. POWDER, ANES I.Xf.UOUIO TONS 
B. CORROSIVE . 0 F. INFECTIOUS 0 J. EXPLOSIVE 

l1C.SLUOGE OG.GAS 1400 
0 C. RADIOACTIVE 0 G. FLAMMABLE 0 K. REACTIVE 

CUBIC YAROS ""V :lti'J 0. PERSISTENT ~H. IGNITABLE 0 L.INCOMPATIBLE 

U D. OTHER 
0 M. NOT APPUCABLE 

rspeclfrJ NO. OF DRUMS 

I 
I 

Ill. WASTE TYPE 

CATEGORY SUBSTANCE NAME 01 c:;ROSS AMOUNT io2 UNIT OF MEASURE 03COMMENTS 

SLU SLUDGE I 
OLW OILY WASTE 

SOL SOLVENTS 

PSO PESTICIDES I 
occ OTHER ORGANIC CHEMICALS 

IOC INORGANIC CHEMICALS 

ACO ACIDS Unknown Batterv Acid 
BAS BASES 

I 
MES HEAVY METALS Unknown Lead melted, batterv casings, 

IV. HAZARDOUS SUBSTANCES (See AppertdU fotmoat lrequsntly Cited CAS Numbers} burned or stored in waste piles 
01 CATEGORY 02 SUBSTANCE NAME 03 CAS NUMBER 04 STORAGE/DISPOSAL METHOD 05 CONCENTRATION 06 MEASURE OF 

CONCENTRATION 
I 

IACU ::iuJ.:tur~c Ac~a i/bbl:l-~j-~ UnKnown 
J.V.ll;!;;:) Lea a i/':I.:S~-!;1~-.1 ::>o~.L .to .11:1~ I 

I 
I 
I 
I 

V. FEEDSTOCKS IS.•APP•ndl•fotCASNumbersJ 

CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER I 
FOS FOS 

FOS FOS 

FOS FOS I 
FOS FOS 

VI. SOURCES bF INFORMATION rene spocHic reterences. e.p., srare "••· aamp~e •""'rsrs. reponsJ 

1. Pennanent files, Solid & Hazardous Waste Managerrent Branch, Raleigh, NC I 
2. Jim Martin, Sanitarian Su:pervisor, Randolph County Health Dept. 
3. USGS Topo map, Asheboro Quadrangle, 1970. 

I 
EPA FORM 2070·13(7·81) 

I 



I ! . 

I 
POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 0N&"TEI ¥Jgm~m4 
PART 3- DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS I 

II. HAZARDOUS CONDITIONS AND INCIDENTS 

01 IXA.GROUNDWATERCONTAMINATION 02 0 OBSERVED(DATE: I ~POTENTIAL 0 AllEGED 
03 POPULATION POTENTJALL Y AFFECTED: 04 NARRATIVE DESCRIPTION I .. 

I 
Leaching of ·soil contamination 

01 ~.SURFACEWATERCONTAMINATION 02 0 OBSERVED(DATE: I ~POTENTIAL 0 AllEGED 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

Runoff to Little River I 
01 0 C. CONTAMINATION OF AIR 02 0 OBSERVED(DATE: I 0 POTENTIAL 0 AllEGED 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
I 

01 0 D. FIRE/EXPLOSIVE CONDITIONS 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 ALLEGED 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

.. I 

01 ~E. DIRECT CONTACT 02 0 OBSERVED (DATE: I ~POTENTIAL 0 ALLEGED I 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

People living. at the site, particularly children, can easily contact the 
contaminated soil.· ; I 

01 [XF. CONTAMINATION OF SOIL 02 i:ltOBSERVED (DATE: 7-23-86 I 0 POTENTIAL 0 AllEGED 
03 AREA POTENTIALL V AFFECTED: 04 NARRATIVE DESCRIPTION .. (Actw•J 

I Lead content· in soil as high a~ 14.4% 

01 Xl G. DRINKING WATER CONTAMINATION 02 0 OBSERVED (DATE: I ~POTENTIAL 0 AllEGED 
03 POPULATION POTENTI~Ll Y AFFECTED: 04 NARRATIVE DESCRIPTION 

All residents .near. the .site rely on wells for drinking water. I. 
01 0 H. WORKER EXPOSURE/INJURY · 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 ALLEGED 
03 WORKERSPOTENTIALL Y AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
I ! ' 

01 :gJ I. POPULATION EXPOSURE/INJURY 02 0 OBSERVED (DATE: I 0 POTENTIAL. OALLEGED 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

One four-year old girl living at the site was found to have eleVa.ted blood lead. I 
I 

EPA FORM 2070-13 (7·81) 

I 



I 
I 

POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT ON~ ATE I'B~'lf:{ff~~g 14 
PART 3- DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS I 

II. HAZARDOUS CONDITIONS AND INCIDENTS tcontmuedl 

01 0 J. DAMAGE TO FLORA 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 AllEGED 
04 NARRATIVE DESCRIPTION I 

01 0 K. DAMAGE TO FAUNA 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 AllEGED 
I 

04 NARRATIVE DESCRIPTION ttncwe -..etsl ot species/ 

I 
01 0 L CONTAMINATION OF FOOD CHAIN 02 0 OBSERVED (DATE: I 0 POTENTIAL · 0 AllEGED 
04 NARRATIVE DESCRIPTION I 
01 0 M.UNSTABLECONT~INMENTOFWASTES 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 AllEGED I 

(Spills!Runolf!Stondlng llqulrh, blktns/ drums.l 

03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
01 0 N. DAM.AGE TO OFFSITE PROPERTY 02 0 OBSERVED (DATE: I · 0 POTENTIAL 0 AllEGED 
04 NARRATIVE DESCRIPTION I 
01 0 O.CONTAMINATIONOFSEWERS,STORMDRAINS, WWTPs 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 AllEGED 
04 NARRATIVE DESCRIPJION I 

I 
01 0 P. ILLEGAUUNAUTHORIZED DUMPING 02 0 OBSERVED(DATE: I 0 POTENTIAL 0 AllEGED 
04 NARRATIVE DESCRIPTION 

.. .. I 
. 05 DESCRIPTION OF ANY OTHER KNOWN, POTENTIAL, OR ALLEGED HAZARDS I 

Ill. TOTAL POPULATION POTENTIALLY AFFECTED: 
I 

IV. COMMENTS 

I 
.. 

V. SOURCES OF INFORMATION (Cn• op~Hoc releronces. • g. slate/Hes. sample onalrs<S, ••~"''" I 
I As previously cited. 
; I . - ... .. .. . . 

I. 
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I 
POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

oEPA. SITE INSPECTION 01 STATE I 02SITENUMBER 
NC 0981864614 

PART 4 ·PERMIT AND DESCRIPTIVE INFORMATION 

II. PERMIT INFORMATION I 
01 TYPE OF PERMIT ISSUED 02 PERMIT NUMBER 03 DATE ISSUED 04 EXPIRATION DATE OS COMMENTS 

{Ct~ec• .. lhlt IDt>/y} 

OA. NPDES I 
DB. UIC 

DC. AIR 

DO. RCRA 

DE. RCRAINTERIMSTATUS · 
I 

0 F. SPCC PLAN 

D G. STATE1SpKHyJ 

D H. l0CAL1s-:ifrl I 
D I. OTHERrs-:•rl 

~J. NONE 

Ill. SITE DESCRIPTION I 
01 STORAGE/DISPOSAL tCflec• .. IIIII .,ppy} . · 02AMOUNT 03 UNIT OF MEASURE 04 TREAllAEN!ICh ... alllllf_,.l OS OTHER 

D A. SURFACE IMPOUNDMENT 
yeP' D A.INCENERATION ~ A. BUILDINGS ON SfTE IJ{B.PILES ..._ ·1400 

D B. UNDERGROUND INJECTION I 
0 C. DRUMS, ABOVE GROUND 0 C. CHEMICAUPHYSICAL 
0 D. TANK, ABOVEGROUND 0 D. BIOLOGICAL 
DE. TANK, BELOW GROUND DE. WASTE OIL PROCESSING 06 AREA OF SITE . 

0 F. lANDFILl 0 F.SOLVENTRECOVERY I 
D G.LANDFARM 0 G. OTHER RECVCUNG/RECOVERY 20 (ActNJ 

D H. OPEN DUMP 0 H. OTHER 
D I. OTHER (SpKiry} 

ls-:.trl I 
07COMMENTS 

Lead reclaimed from autarobile batteries. Battery casings burned, used to 
pave driveways, or piled up on site. There are two large piles of battery casings I 
on site. 

I '· 

IV. CONTAINMENT 
01 CONTAINMENT OF WASTEStCflechllol 

OA.ADEQUATE,SECUAE DB. MODERATE 0 C. INADEQUATE, POOR ::lfJ D. INSECURE, UNSOlJND, DANGEROUS 

. 02 DESCRIPTION OF DRUMS, DIKING, LINERS, .BARRIERS, ETC. 

' 
None I 

I V. ACCESSIBILITY 

01 WASTE EASILY ACCESSIBLE: XJ YES DNO 
·02COMMENTS 

I One waste pil.e is just behind a hare, heavy soil contamination near several hares. 

VI. SOURCES OF INFORMATION (Cio s~WIC '"'"'""cos. e.g. stololilos •• _,. 1110/ys/s. III>Ot!Sl 

I 
. 

" 

As previously cited 

I EPAFORM2070·13 (7·811 

I 
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&EPA 
POTENTIAL HAZARDOUS WASTE SITE J.JDENTJFJCATJON 

SITE INSPECTION REPORT 01 STATEr2SITENUMBER 
NC 0981864614 

PART 5 ·WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA 

II. DRINKING WATER SUPPLY 

I 
I 

01 TYPE OF DRINKING SUPPLY 02STATUS 03 DISTANCE TO SITE 
ta..ct osopplab/o) 

SURFACE WELL ENDANGERED AFFECTED MONITORED 1 '. 
I 

COMMUNITY A.O B,x:J A.O 8.0 c.o A. 
0 (mil 

NON-COMMUNITY c.o D:XJ D.::@ E.O F.O B. (mil 

Ill. GROUNDWATER I 
01 GROUNDWATER USE IN VICINITY (Chock one) 

XJ A. ONLY SOURCE FOR DRINKING 0 B. DRINKING 0 C. COMMERCIAL. INDUSTRIAL, IRRIGATION 0 D. NOT USED, UNIJSEABlE 
(Other aourcesavdMJ/e) (Lin/red ottr.r aoutces anllable) 

COMMERCIAL, INDUSTRIAL, IRRIGATION 
(No ou..r w•er aoun:•s a~~alablel I 

02 POPULATION SERVED BY GROUND WATER > 3000 03 DISTANCE TO NEAREST DRINKING WATER WELL 0 (ml) 

04 DEPTH TO GROUNDWATER . 05 DIRECTION OF GROUNDWATER FLOW 08 DEPTH TO AOUIFE!t 07 POTENTIAL YIELD 08 SOLE SOURCE AQUIFER 
OF CONCERN OF AQUIFER 

I 
25 (ft) west 25 

(ft) 
IS: YES DNO 

·(gpd) 

09 DESCRIPTION OF WELLS (lncWingusooge. depttr, Mdlocotlon relotlveloi>C>PUMUOn Md buldJngoJ I 
I 

10 RECHARGE AREA 11 DISCHARGE AREA 

181 YES COMMENTS DYES COMMENTS 

ONO ONO I 
IV. SURFACE WATER 

01 SURFACEWATEAUSEtChkkoneJ 

0 A. RESERVOIR, RECREATION 0 B. IRRIGATION, ECONOMICALLY 0 C. COMMERCIAL, INDUSTRIAL XI D. NOT CURRENTLY USED 
DRINKING WATER SOURCE IMPORTANT RESOURCES 

02 AFFECTEDIPOTENTIALL Y AFFECTED BODIES OF WATER 

NAME: AFFECTED DISTANCE TO SITE I 
Little River 1 0 (mil 

0 (mil 

0 (ml) 

V. DEMOGRAPHIC AND PROPERTY INFORMATION 

01 TOTAL POPULATION WITHIN 02 DISTANCE TO NEAREST POPULATION 

ONE B2 MILE OF SITE TWO ~~'d'S OF SITE THRE~2\ffiLES OF SITE 0 A. 0 . e. c. (ml) 
NO. Of PERSONS ~.OF ~ERSONS NO. OF PERSONS 

03 NUMBER OF BUILDINGS WITHIN TWO 121 MILES OF SITE 04 DISTANCE TO NEAREST OFF·SITE BUILDING I 
700 0 

(ml) 

05 POPULATION WITHIN VICINITY OF SITE (Pro 'lido no""tive do scription of natura of population wnhtn 01etnn~ of aha, e.g .. turol, rit<tge. tlensoly -ted urben oroo) 

Population is rural, the town of Asheboro is located about 2 miles north of I 
the site. 

I 

EPA FORM 2070·13 (7·811 
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I. IDENTIFICATION 

&EPA 
POTENTIAL HAZARDOUS WASTE SITE 

SITE INSPECTION REPORT 01 STATEl02 SITE NUMBER 

NC 10981864614 
PART 5 ·WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA 

VI. ENVIRONMENTAL INFORMATION 
01 PERMEABIUTY OF UNSATURATED ZONE (Check Mol 

0 A. 10-e- 10-8 em/see 0 B. 10-4- 10-8 em/sec !XC. 10-4- 10-3 em/sec 0 D. GREATER THAN 10-3 em/see 

02 PERMEABIUTY OF BEDROCK (Chock Me) 

0 A. IMPERMEABLE 0 B.RELATIVELYIMPERMEABLE ~C. RELATIVELY PERMEABLE 0 D.VERYPERMEABLE 
(Lo .. INtt 10-Bomlsec} (lo-4- lo-lcmt .. cl (lo-z- I0-4 cmtoocl (Ckulot,_ lo-Zt:tn~ooc) 

03 DEPTH TO BEDROCK 04 DEPTH OF CONTAMINATED SOIL ZONE OS SOIL pH 

40 (It) 1ft) 

06 NET PRECIPITATION . 07 ONE YEAR 24 HOUR RAINFALL OS SLOPE 

_______ (in) . (In) 
~E SLOPE I DIRECTION OF SITE SLOPE f TERRAIN AVERAGE SLOPE 

. % West . 1 8 % 

09 FLOOD POTENTIAL 

SITE IS IN YEAR FLOODPLAIN 

11 DISTANCE TO WETLANDS 15 aero-~ 

ESTUARINE 

A. (mil B. 
13 LAND USE IN VICINITY. 

DISTANCE TO: 

COMMERCIAUINDUSTRIAL 

L5 A. _____ (ml) 

10 

0 SITE IS ON BARRIER ISLAND, COASTAL HIGH HAZARD AREA. RIVERINE FLOODWAY 

12 DISTANCE TO CRITICAL HABITAT lot__.., rpocloal 

OTHER _____ (ml) 

(ml) ENDANGERED SPECIES: 

RESIDENTIAL AREAS; NATIONAUSTATE PARKS, 
FORESTS, OR W1LDUFE RESERVES 

AGRICULTURAL LANDS 
PRIME AG LAND AG LAND 

0.5 0 B. _____ (ml) c. _____ (mll D. _____ (ml} 

14 DESCRIPTION OF SITE IN RELATION TO SURROUNDING TOPOGRAPHY 

The site is located on a 5% slope. The lower end of the site is about 
20 feet higher than the nearest stream bed. 

VII. SOURCES OF INFOR,MATION tCII• ~ !!'"'"ncos. o.g .• "'"'""'""·-.,..,.., •• reports/ 
.1.. fi;:) tJ..I..- .y ............. ~. • 

2. Clay et aL, 1975. North Carolina Atlas: Portrait of a Chancq-mg Southem State 
3. Heath, R.C. 1980. Basic Elements of Ground-Water Hydrology mth Reference to 

conditions in North Carolina. 

EPAFORM2070 13(7 81) 



POTENTIAL HAZARDOUS WASTE SITE 
I. IDENTIFICATION 

&EPA 01 STATE,02 SITE NUMBER 
SITE INSPECTION REPORT NC 0981864614 

PART 6 ·SAMPLE AND FIELD INFORMATION 

IL SAMPLES TAKEN 
01 NUMBER OF 02 SAMPLES SENT TO 03 ESTIMATED DATE 

SAMPLE TYPE SAMPLES TAKEN RESULTS AVAilABLE 

GROUNDWATER 3 NC Laboratory of Public HEALTH 2te7~: -
SURFACE WATER 2 II 2/87 

WASTE 

AIR 

RUNOFF 

SPILL 

'SOIL 

VEGETATION 

.OTHER 

Ill. FIELD MEASUREMENTS TAKEN 
01 TYPE 02COMMENTS 

pH, conductivity, and temperature readings were taken for 

water samples. 

IV. PHOTOGRAPHS AND MAPS 

01 TYPE i:N3ROUNO 0 AERIAL I 02 IN CUSTODY OF NC c:RRCI8 llni:t 
(Homo ol OIJIOII/llllon or lndMduaq 

03 MAPS I 04 LOCATION OF MAPS 
Rl YES Included with rep::>rt 

· DNO 

V. OTHER FIELD OAT A COLLECTED tPmvklo .. ,.~~v. dosctfptlonl 

VI. SOURCES OF INFORMATION rene rpecifierotoroncos. o.g., .rare riles. '"'""'••••rvs;s, reports/ 

As previously cited. 

EPA FORM 2070·13 (7·81) 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 01 STATE r2 SITE NUMBER 

NC D981864614 
PART 7 ·OWNER INFORMATION I 

II. CURRENT OWNER(S) PARENT COMPANY fHopj>/icol>lol 

"1NAME 02 D+B NUMBER 08 NAME 09D+BNUMBER 

Elbert caviness I 
03 STREET ADDRESS (1'.0. SO•, RFO I, ok:.J 

104SICCODE 10 STREET ADDRESS(I'.O. SO•. RFOI. ole.J r1SICCODE 

Rt. 7, Box 381 
~5CITY 

·rocTATE 
07ZIPCOOE 12 CITY r3STATE 14ZJPCODE 

-Asheboro 27203 I 
01NAME 02 O+B NUMBER 08 NAME 09D+BNUMBER 

Glen Ho~s 
03 STREET ADDRESSfi'.O. SO., RFOI,otc.} 

.r4SICCODE 
10 STREET ADDRESS 11'.0. so., RFO 1. ole.) 

r1SICCODE 
Rt. 7 ,·Box 376 

OS CITY ~~STATE 071-PCODE 12CITY r3STATE 14ZJPCODE 

Asheboro NC 7203 

I 
I 

01NAME 02D+BNUMBER 08NAME 09 D+B NUMBER 

I 03 STREET ADDRESS (1'.0. SO•, RFO I, ore.) r4SICCODE 10 STREET ADDRESS (1'.0. SO<, RFO I, otc.} r1SICCODE 

I 
05CITY r8STATE 07 ZIP CODE 12CITY r3STA~ 14ZIPCOOE .. 

01NAME 02 D+B NUMBER OS NAME 09D+BNUMBER 

I 03 STREET ADDRESS (P.O. SO<, RFD I, ole.) r4SICCODE 10 STREET ADDRESSIP.O. SO•. RFO#. ole.} 
r1SICCODE 

. 05CITY 
. r8STAT 07 ZIP CODE 12CITY r3STATE 14ZIPCODE • 

Ill PREVIOUS OWNER(S) ru.1..--lhiJ. IV. REALTY OWNER(S) ,,.,._,.,,.1,__,.11 I 
01NAME 02 O+B NUMBER 01NAME 02D+BNUMBER 

03 STREET ADDRESS (P.O. SO.. RFO #, ok:.) I 04 s~c co_oE 03 STREET ADDRESSIP.O. SO•. RFDI,olo.} ·I 04 SIC CODE .. I 
05CITY reSTATE 07ZIP~DE 05CITY 

.106STATE 
07ZJPCODE 

01 NAME . ' 02D+BNUMBER 01NAME 02 D+B NUMBER I 
.. 

.. 

03 STREET ADDRESS 11'.0. so.. RFD '·ole.) r4SICCODE 03 STREET ADORESStP.O. SO•. RFDI, otc.} ·r4SICCODE 

05CITY r6STA~ OTZIPCODE OS CITY reSTATE OTZIPCODE 

01NAME 02 O+BNUMBER 01NAME 02 O+B NUMBER I 

I 

03 STREET ADDRESS(P.O. SO•. RFq#, ole.} 
.. 

~o~srccooe 03 STREET ADDRESS (P.O. SO<, RFO I, otc.) 104SICCOOE 

05CITY . reSTATE 07 ZIP CODE OS CITY reSTATE 07 ZIP CODE 

V. SOURCES OF INFORMATION rc•• spoctrtc ,.,.,...., •• , o.g., .,.,. , ... _,. ono~rm. ropottsJ 

. 

I 

I 
1. As previously cited. 
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I 

POTENTIAL HAZARDOUS WASTE SITE I.IDENTIFICAnON 

&EPA SITE INSPECTION REPORT 01 SMc_FIO~~g~tf614 
PART 8 ·OPERATOR INFORMATION I 

II. CURRENT OPERATOR (Pto- • dlff;,.nr ltom o""'o~ OPERATOR'S PARENT COMPANY tllappllcebieJ 

01NAME r2 D+B NUMBER 10NAME r 1 D+B NUMJ3ER 
None . - I 

03 STREET ADDRESS (P.O. Bo<, RFD I, etc.) 104SICCODE 12 STREET ADDRESS (P.O. Bo<, RFD I, otc.} r3SICCODE 

05CITY r6 STATEr7 ZIP CODE 14CITY r5STATEr6ZIPCODE 
•. 

06 YEARS OF OPERATION I 09 NAME OF OWNER 

I 
I 

Ill. PREVIOUS OPERATOR(S) (Listmottreeentlltot;PIO'Adoonlr•dtfforenrttomo..,.rJ PREVIOUS OPERATORS' PARENT COMPANIES tllappllcableJ 

01NAME I 02 D+B NUMBER 10NAME r1 D+BNUMBER I 
03 STREET ADDRESS (P.O. BoJC. RFDI,ore.} r4SICCODE 12 STREET ADDRESS (P.O. eo., RFD I, ore.} 

r3SICCOOE . . 
OS CITY r S~ATE r7 ZIP CODE 

14CITY r5STATEr6ZIPCODE 

08 YEARS OF OPERATION I 09. ~AME OF OWNER DURING THIS PERIOD I 
01 NAME r2 D+B NUMBER 10NAME r 11~+B NUMBER 

Same as owner 
03 STREET ADDRESS (P.O. Bo<, RFD I, ore.} 104SICCODE 12 STREET ADDRESS (P.O. Bo<, RFD I, ore.} r3SICCODE I 
05CITY J06 STATE r7 ZIP CODE 14CITY 

r5STATEr6ZIPCOOE I 
06 YEARS OF OPERATION J09 N~~ OF OWNER DURING THIS PERIOD 

01NAME r~D:BNUMBER 10NAME r1 D+BNUMBER I 
03 STREET ADDRESS (P.O. Bo<, RFDI, ore.} 104SICCODE 12 STREET ADDRESS (P.O. Bo<, RFD I, ore.} r3SICCOOE 

05CITY r6 STATE 

1

07 ZIP CODE 14CITY rssrATEI16Z1PCODE 

08YEARSOFOPERATION .I 09 NAME OF~WNER DU~THIS PERIOD 
.. 

. . 

I 
I 

IV. SOURCES OF INFORMATION (Cirupec/lk ,.,.,.,. ... · •. 11 •• ttoto ,.., ump~e -ym, ,_,., 

I .. 

As previously cited·. I 
\ 

I 
' I 

EPAFORM2070·13 (7·811 

I 



I 
I 

POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 0 WC'rel oifgg i'irg5f614. 
PART 9- GENERATOR/TRANSPORTER INFORMATION I 

II. ON-SITE GENERATOR 

·I 01NAME 02 O+B NUMBER 

03 STREET ADDRESS (P.O. SoJ<. RFO#, ore.) 104SICCODE 

OS CITY r6STATE 07ZIPCODE I 
Ill. OFF-51TE GENERATOR(S) 
01NAME 02 O+ B NUMBER 01NAME 02 D+B NUMBER I 
03 STREET ADDRESS (P.O. So•. RFO I, ole./ 104SICCODE 03 STREET ADDRESS (P.O. So•, RFO #,ole.) 

I04SICCODE 

05C1TY 106STATE 07ZIPCOOE 05C1TY r6STATE 07 ZIP CODE 

01NAME 02D+BNUMBER 01NAME 02 D+B NUMBER 

I 
I 

03 STREET ADDRESS (P.O. So•. RFOI, Ole./ 
• r4SICCODE 03 STREET ADDRESS (P.O. So•, liFO I, ole.) . r4SICCODE 

05C1TY 106STATE 07 ZIP CODE 05C1TY r6STATE 07ZIPCODE 

IV. TRANSPORTER(S) 
01NAME 02 O+B NUMBER 01NAME 02 D+B NUMBER 

I 
I 
I 03 STREET ADDRESS (P.O. So•, RFO 11, ole./ I 0.4 SIC CODE 0~ STREET ADDRESS (P.O. BoJ<.IIFD#, Ole.) 

104SICCOOE 

I 
05C1TY 106STATE 07 ZIP CODE 05C1TY 106STATE 07ZIPCODE 

. 
01NAME 02 0+ B NUMBER 01NAME 02 D+B NUMBER 

I 
03 STREET ADDRESS (P.O. So•. RFD I, ole./ 104SICCOOE 03 STREET ADDRESS (P.O. So•. RFO I, ore./ 104SICCOD~ 

05C1TY r6STATE 07 ZIP CODE 05C1TY 106 STATE 07 ZIP CODE 

V. SOURCES OF INFORMATION tao,_ roreroncos. e.g., .,,,o ''"'· ,amp~o_,,,., re(JOtttJ I 
I 
I. 
I 
I 

EPA FORM 2070 13 (7 81) 



.. ·.· · .. ·I 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 01 STATEr2 SITE NUMBER 
NC D981864614 

- PART 10 ·PAST RESPONSE ACTIVITIES I 
II. PAST RESPONSE ACTtVmES 

01 0 A. WATER SUPPLY CLOSED 02DATE 03AGENCY 
04 DESCRIPTION I 
01 0 B. TEMPORARY WATER SUPPLY PROVIDED 02DATE 03AGENCY 
04 DESCRIPTION 

I 
01 0 C. PERMANENT WATER SUPPLY PROVIDED 02DATE 03AGENCY 
04 DESCRIPTION 

01 0 D. SPILLED MATERIAL REMOVED 02DATE 03AGENCY I 
04 DESCRIPTION 

I 

01 0 E. CONTAMINATED SOIL REMOVED 02DATE 03AGENCY 
04 DESCRIPTION 

I 
01.0 F. WASTE REPACKAGED 02DATE 03AGENCY 
04 DESCRIPTION I 
01 0 G. WASTE DISPOSED ELSEWHERE 02DATE 03AGENCY 
04 DESCRIPTION I 
01 0 H. ON SITE BUF!IAL 02DATE 03AGENCY 
04 DESCRIPTION I 

. 01 0 I. IN SITU CHEMICAL TREATMENT 02DATE 03AGE~Y 
04 DESCRIPTION I 
01 0 J. IN SITU BIOLOGICAL TREATMENT 02DATE 03AGENCY 
04 DESCRIPTION 

-
01 0 K. IN SITU PHYSICAL TREATMENT 02DATE 03AGENCY 

I 
04 DESCRIPTION 

01 0 L ENCAPSULATION 02DATE 03AGENCY I 
04 DESCRIPTION .. 

01 0 M. EMERGENCY WA:>'TE TREATMENT 02DATE 03AGENCY 
.. 04 DESCRIPTION . I 
01 0 N. CUTOFF WALLS 02DATE 03AGENCY 
04 DESCRIPTION • I 
01 0 0. EMERGENCY DIKING/SURFACE WATER DIVERSION 02DATE 03AGENCY 
04 DESCRIPTION I 
01 0 P. CUl;OFF TRENCHES/SUMP 02 DATE 03AGENCY 
04 DESCRIPTION I 
01 0 0. SUBSURFACE CUTOFF WALL 020ATE 03AGENCY 
04 DESCRIPTION 

I 
EPA FORM 207().13(7·81) 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
t 

• ..,. r, 

POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 01 STAi 02 SITE NUMBER 
NC 0981864614 

PART10·PASTRESPONSEACTIVITIES 

II PAST RESPONSE ACTIVITIES tconfktuedJ 

01 0 R. BARRIER WAL.i.s CONSTRUCTED 02DATE OJ AGENCY 
04 DESCRIPTION 

01 0 S. CAPPING/COVERING 02DATE OJ AGENCY 
04 DESCRIPTION 

01 0 T. BULK TANKAGE REPAIRED 02DATE OJ AGENCY 
04 DESCRIPTION 

01 0 U.GROUTCURTAINCONSTRUCTED 02DATE OJ AGENCY 
04 DESCRIPTION 

01 0 V. BOTTOM SEAL£0 020ATE 03AQENCY 
04 DESCRIPTlON 

01 0 W. GAS CONTROL 02DATE OJ AGENCY 
04 DESCRIPTION 

01 0 X. ARE CONTROL 02DATE OJ AGENCY 
04 DESCRIPTlON 

01 0 Y. LEACHATE TREATMENT 02DATE OJ AGENCY 
04 DESCRIPTlON 

01 0 Z. AREA EVACUATED 02DATE OJ AGENCY 
04 DESCRIPTION 

01 0 1. ACCESS TO SITE RESTRICTED 02DATE OJ AGENCY 
04 DESCRIPTION 

01 0 2. POPULATION RELOCATED 02DATE OJ AGENCY 
04 DESCRIPTION . 
01 0 3. OTHER REMEDIAL ACTMTIES 02DATE OJ AGENCY 
04 DESCRIPTION 

.. 

, . . 

Ill. SOURCES OF INFORMATION rCI!esp.clflc ,.,.,., •••• e.g .• arote tr~es •• .,. on•'•*· ,.,.,,w 

EPA FORM 2070.13 (7 81) 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 0NcrATEjo))~fs~l614 
PART 11 ·ENFORCEMENT INFORMATION 

I 
II. ENFORCEMENT INFORMATION 

01 PAST AEGutATOAYfENFOACEMENT ACTlON 0 YES X:J NO - I 
02 OESCAIPTION OF FEDERAL. STATE, LOCAL REGULATORY/ENFORCEMENT ACTION 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Ill. SOURCES OF INFORMATION rCJt• spec/lie rotoroncos. o.g., ,,.,. "••· ,_,. on.otrsis. reports) 
I 
I 

EPA FOAM 2070-13 (7·81) I 
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Appendix E 

Site Safety Plan 



I 
I 

SITE SAFETY PLAN 

I A. GENERAL INFORMATION 

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

Site Name Ulah Battery Lead Reclaiming Site Number NC D981864614 
Date 1/16/87 Location SR 1219 

Asheboro, NC 27203 

X SI Other Purpose of Visit __ __;PA ---
Proposed Date of Inspection _1;;.:/.-.2-"7-=-/...;;..87"-----------
Date of Briefing _....;:1:.:../..;;;2~3/:..-8;;..;7 _______ _ 

Priority Ranking Low 

Site Investigation Team 
Personnel 

Stan Atwood 
Jack Butler 

----=Medium _x __ High 

Responsibilities 

Sampling 
Sampling 

~ 
PLAN PREPARATION: 
Prepared By Marr Giguere ~ ~ 
Approved By cll.eL- ~~ 

~ 
B. SITE/WASTE CHARACTERISTICS 

X Solid Gas Waste Type(s) _ __;Liquid _ __;Sludge ---
Charactei-istics Corrosive Ignitable Radioactive 

-__,.,V,-ol:atile X Toxic Reactive Other 

List Known or Suspected Hazards (physical,chemical biological or radioactive) 
on Site and their toxicological effects. Also, if known, list chemical amounts 

HAZARD 
Lead, metallic lead 
lead oxide - inhalation 
and ingestion 

EFFECT(S) 
lassitude, pallor, abdominal pain 
GI, CNS, kidneys, blood, and gums are affected. 



I 
I 

Facility Description: Size approx. 5 acres Buildings 10 homes 

I Disposal Methods Being Investigated surface disposal of battery cases and 
spillage of lead from·a lead reclaiming operation. 

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

Unusual Features on Site (dike integrity, power lines, terrain etc~): 
Two large piles of battery casings on site - one is 25' high and 75' x 100' 

r 
in diameter, the other 40' in diameter~ 

History of the Site: Site was used from 1965 to 1981 as a lead reclaiming 
operation~ Batteries were broken on site and lead plates melted in a 55 gallon 
drum. The battery casings were burned, used as road fill or just piled up~ 
Previous samples have shown·lead levels in the soil from 0~6 to 14~4%~ 

C. HAZARD EVALUATION 

This site has a high Pb contamination. The Pb can be ingested or inhaled~ 
Ingestion can be easily prevented and inhalation should not pose a hazard 
because the sampling to take place on site is drinking·water wells·and stream 
stream sediment samples. This site can be sampled in Level D. When preserving 
samples be sure to wear goggles and P.E. gloves. Efforts should be made to 
keep clothes free of lead contamination. 

D. WORK PLAN INSTRUCTION 

Map or Sketch Attached? Yes 
Perimeter Identified? No 
Command Post Identifie~d-:::'?;.;.;;...~N:-o-
Zones of Contamination Identified? No 

Personal Protective Equipment 

Level of Protection ___ A B __ .....; ___ c X D __ ___,; 

Modifications goggles, P.E. gloves, rubber boots, and tyveks (tyvek is 
optional). 



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

Surveillance Equipment: 
___ HNu Detector Tubes and Pumps 

02 Meter ___ Explosimeter 
(Radiation Monitor) ___ TLD 

Decontamination Procedures 

__ Level A 

Level B --

Level C ---

X Level D 

Segregated equipment drop, boot cover and glove wash, boot 
cover and glove rinse, tape removal, suit and hard hat 
removal~ SCBA backpack removal, inner glove wash, inner 
glove removal, inner clothing removal, field wash, redress 

Segregated equipment drop, boot cover and glove wash,boot 
cover and glove rinse, tape removal~ boot cover removal 
outer glove removal, suit/safety removal~ SCBA backpack 
removal~ inner glove wash, inner glove rinse, facepiece 
removal, inner glove removal, inner clothing removal, field 
wash, redress. 

Segregated equipment drop, boot cover and glove wash, boot 
cover and glove rinse, tape removal, boot cover removal, 
outer glove removal,suit/safety boot wash, suit/safety boot 
rinse (Canister or Mask Change), safety boot removal, splash 
suit removal, inner glove wash, inner glove rinse, facepiece 
removal, inner glove removal, inner clothing removal. field 
wash redress. 

Boot rinse. Gloves and tyveks should be bagged and.disposed 
of. 

Modifications ______________________________ __ 

Work Schedule/ Limitations _....;S::.:amp=;..=l;.:i:::lng~;L...;t:;.;:o:......:;t.:::;ak:.::e::......~:p;..=l;.:a;.:ce=-=-: --.~:P;.:r.=.i v.:..;a=..t:;.;:e;.....::d.=.r=ink=i:.::n;gg._wa=t;..;e;;.:r;..... 
wells and stream sediment. 

I EMERGENCY PRECAUTIONS 

I 
I 
I 

Acute Exposure Symptoms 
Eyes 
Skin 
Ingestion 

Inhalation 

First Aid 
flush immediately 
soap and water wash 
medical attention 

medical attention 



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

Hospital (Address and Phone Number) 
Randolph Hospital 
Fayetteville Road, Asheboro, NC 

Emergency Transportation Systems (Phone Numbers) 
Fire use 911 -
Ambulance use 911 

Rescue Squad _ _;u;;;;;:s;;..;;e;....;..91:;;.;1=-------------
Emergency Route to Hospital Take SR 1219 to Bus~ Rd. 220 take a left and take 
BR 220 into Asheboro past US 64 and past Salisbury St (Highway 42)~ 
Hospital will be on the left in 2 to 3 blocks. 

PREVAILING WEATHER CONDITIONS AND FORECAST -------------

EQUIPMENT CHECKLIST 

Air purifying respirator X First Aid Kit 
Cartridges for respirator. X 3 gal. Distilled H20 
3M 8710 Respirator X Personal Protective 
02 Indicator Clothing 
Detector Tube & Pump X Boots or Boot Covers 

---Eye Wash Unit X Coveralls (tyvek) 
--.~- H Nu X Eye Protection 

X pH Meter Hard Hat 
--- Explosimeter X Decontamination 
___ Radioactive Monitor Materials. (soap & water) 

ASHEVILLE 
704-255-4490 

CHARLOTTE 
704-379-5827 

DURHAM 
1-800-672-1697 

GREENSBORO 
919-379-4105 

1-800-722-2222 

Poison Control Center - State Coordinator 

Duke University Medical Center 
Telephone: 1-800-672-1697 

Box 3024 
Durham, NC 27710 

Western NC Poison 
Control Center 
Memorial Mission Hosp. 
509 Biltmore Ave. 28801 

Mercy Hospital 
2001 Vail Ave, 28207 

Duke Univ Medical Center 
Box 3007, 27710 

Moses Cone Hospital 
1200 N. Elm St, 27420 

HENDERSONVILLE 
704-693-6522 

Ext. 555, 556 

HICKORY 
704-322-6649 

JACKSONVILLE 
919-577-2555 

WilMINGTON 
919-343-7046 

Margaret R. Pardee 
Memorial Hospital 
Fleming St.,-28739 

Catawba Mem. Hosp. 
Fairgrove Chur. Rd 28601 

Onslow Mem. Hospital 
Western Blvd. 28540 

New Hanover Mem~ Hospital 
2131 S. 17th St, 28401 



0 N C 

LOCAT ION 

FARMER Q U A DRA N G L E 
NORTH CAROLINA- RANDOLPH CO. UNITED STATES 

7.5 MINUTE SERIES (TOPOGRAPHIC)DEPARTMENT OF THE INTERIOR 
NW/4 A~"'-<>O=>--.LS QUADRANGLE 

1974 

LEGEND 

Corporate Limits 
Water Lines 
Water Intake 

Carmunity Wells:'® 
1. Hickory Lane Mil Carmuni ty 
2. Kingsbury MHP 
3. Leroy'B TP 
4. White Oak MHP 
5. Pin~ Country Club 
6 . Southwest MHP 
7. Heritage West 
8. ~Park 

D / 

GEOLOGICAL SURVEY 

Mapped edoled, and pub loshed by t he Geologocal Survey 

Pnmary h1ghway, 1-,ght duty road, hard or : antral by USGS, NOS/ NOAA, and North Carol1na Geode tiC Survey 

ha rd surface 1m proved surface ~~~~~Topography by photogrammetr1c methods from aenal photographs 
taken 1973 Fre id checked 1973 

Secondary h1ghway , 
hard surface -~--- Un improved road ~ ~ = = - =~= r rojeCIIOn and 10,000 foot gnd ticks North Caro lma coordma te 

--, 0 S t R t iystem {Lambert conformal con1c) Q Interstate Route ..J U S Route ta e ou e 1000 metre Un1versa l Transverse Mercator gnd t1cks, 
wne 17, show n m blue 1927 North Amencan datu m 

E L EAZE R, N . C . 
SW/4 ASHEBORO I S QUA DR ANGLE 

N3530- W7952 5 /7 5 

1973 

AMS 5055 HI SW- SERlES V842 

, 
"" ~-

'"' 80 MILS 0 ' 41 
12 MI LS 

UTM GRID AND 1973 MAG NETIC NORTH 
DECLI NATIO N AT CENTER OF SH EET 

STAT E OF NORTH CAROLINA 
DEPARTMENT OF. NATURAL AND ECONOMIC RESOURCES 

RALEIGH, NORTH CAROLINA 

, SCALE I 24 000 

'===c===EC=e===c==='~==EC==c=~==~==~'c=====================================31 MILE 
1000 1000 2000 -3000 4000 5000 6000 

CON TO UR INT ERVAL 10 FEET 
NAT IONAL GEODETIC VERTICAL DATUM OF 1929 

TiiS MAP CO MP LIES WITH NATIONAL MA P ACCURACY STANDARDS 

FCR SALE BY U S GEOLOGICAL SURVEY, RESTO N, VIRG INIA 22092 

7000 FEET 

A FOLDE DESCRIBING TOPOGRAPHIC MAPS AND SYMBOLS IS AVAILABLE ON REQUEST 

~ 
QUADRANGLE LOCATION 

lY/U 
PHOTOAEVISED 1981 

ASHEBORO QUADRANGLE 
NORTH CA ROLINA-RANDOLPH CO 

7.5 MINUTE SE RIES (TOPOGRAPHIC) 
NE/ 4 ASHEBORO IS QUADRANGLE 

ROAD CLASSIFICATION 

Pnmary h1ghway, 
hard surface ____ _ 

Secondary highway, 
hard surface 

Q 1 nterstate Ro ute 

Light duty road , hard or 
1m proved surface 

Un1m proved road =~==-=="'"' 

Ou S Route Q state Ro ute 

SEAGROVE, N.C. 
SE/4 ASHEBORO 15 QUADRANGLE 

N3530 - W7945/7 5 

1973 

AMS 5055 111 SE-SERJES V842 
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ULAH BATTERY LEAD RH LAI1"··11NG 
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