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EXECUTIVE Smt.fARY 

Toddville Operations Center is owned by Duke Power Company and has 
been used to service and store transformers and capacitors since 1956. The 
site is located just inside the city limits in an industrial/residential area 
on the northwest side of Charlotte. 

A CERCLA Site Investigation was initiated after receiving a citizen's 
complaint of possible PCB contamination at the site. A PCB audit conducted at 
this site in 1981 by EPA reportedly did not find any problems. 

On 19 November 1986, NC CERCLA Unit personnel visited the site and 
found several shallow wells still in use adjacent to the site. Two off-site 
wells were sampled. There are two wells on site which have not been used 
since 1971. One of the on-site wells was sampled without purging because of 
its size (8 in. casing, depth greater than 250 ft.). PCB's were detected at 
about 1 ppb in this well. Surface soil samples collected in storage areas 
contained up to 11 ppm PCBs. Subsurface samples (15 to 25 in.) did not 
contain PCBs. 

The underlying bedrock at the site is believed to belong to the 
diorite-granite complex. Saprolite is estimated to be 20 to 30 ft. thick, and 
the water table was measured to be 16 ft. below the surface. 
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BACKGROUND 

Location 

Toddville Operations Center is located in Mecklenburg County just 
northwest of Charlotte, NC at 610 Toddville Road. The coordinates are: 
latitude 35° 16' 32", longitude 80° 54' 58". 

Site Layout 

The site is located on a 115 acre tract of land. It is bordered by 
Toddville Road on the east, a railroad track on the south, undeveloped land on 
the west, and a residential area to the north. There are two on-site wells 
which have been capped since 1971. Capacitors and transformers are stored on 
pallets south and west of the main warehouse building (Figure 1). SUrface 
drainage is southwest (Appendix A- topo map). 

Ownership History 

Duke Power Company has owned and operated the site since 1956 (1). 

Site Use History 

Duke Power has used the site to service and store capacitors and 
transformers for about 30 years (1). PCB containing oil may have been spilled 
or leaked onto the site during this time. 

Permit and Regulatory History 

None identified. 

Remedial Actions to Date 

None identified. 
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Figure 1. Toddville Operations Center partial 
site layout and sampling locations. 
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Summary Trip Report 

On 19 November 1986, Stan Atwood, Jack Butler, and Cheryl McM:>rris, 
NC DHR/DHS CERCLA Unit, conducted an investigation of the Toddville site. We 
arrived at the site at 10:00 a.m. and located the nearest off-site wells. 
Alan Giles, Mecklenburg County Health Department, met us and accompanied us 
throughout the investigation. Two off-site wells, just across Toddville Road 
from the site, were sampled for organic and inorganic contaminants. The exact 
depth of the first well was unknown but was reported to be less than 100 ft. 
The second well was reported to be between 36 and 38 feet deep. Temperature 
and pH measurements for the first well were 15.6°C and 7.06; readings for the 
second well were l6°C and 6.33. Both wells were located within 110 feet of 
the highway (Figure 1). 

At 11:00 a.m. we met with Michael Lascara, Dave Anderson, John Mease, 
Jay Perkins, and Warren Baker of Duke Power Company. They accompanied us 
throughout the remainder of the investigation. Duplicate samples were 
requested and supplied. A prearranged sampling plan was followed. A ten foot 
square was marked at each sampling area. Surface and subsurface samples were 
collected at the corners. 

Background soil samples were collected first. The area sampled is in a 
field north of the site located 42 feet west of Toddville Road and 106 feet 
north of the fence that surrounds the site (Figure 1). SUbsoil samples were 
taken at a depth of 20 inches in red clay with a hand auger. 

An on-site well was uncapped by Duke Power Company personnel to allow 
access to ground water (Figure 1). A teflon bailer was used to collect grab 
samples. The water was silty. Measurements taken included water temperature 
(17.9°C), pH (7.5), well depth (greater than 250ft.), water level (16ft.), 
and casing width (8 in.). 

The final soil sampling locations were near the centers of the storage 
areas on the west and south sides of the warehouse. Both surface and 
subsurface samples were collected. Subsurface samples were taken at depths 
ranging from 15 to 25 inches. Soil texture ranged from yellow loamy clay to 
red clay. Both storage areas were covered with several inches of gravel. 
Photographs were taken at each sampling point. The investigation was 
concluded at 2:00 p.m. 
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ENVIRONMENTAL SETTING 

Topography 

The site is located on about 150 acres of flat terrain. Drainage is to 
the south-southeast. On-site slopes are less than three percent. Surface 
runoff would be minimal, except during heavy storms. Any runoff would flow 
west along the railroad track bordering the site (USGS topo map, Appendix A). 

Surface Waters 

The site is drained by an unnamed tributary of Paw Creek. Paw Creek 
flows into Lake Wylie, an impoundment of the Catawba River. Paw Creek is a 
Class C stream; Lake Wylie is classified WS-III and B (2). 

Geology and Soils 

The rocks underlying the Piedmont can be divided into two groups: 
bedrock and saprolite. Saprolite underlies the land surface and varies in 
thickness from a few feet to more than 100 feet (3). Based on available well 
data, the saprolite is'estimated to be at least 25 to 30 feet thick at the 
site, but it may be more than 50 feet thick (4,5). 

With the exception of the rocks of the Carolina slate belt in the east, 
the rocks of Mecklenburg County belong to the diorite-granite complex or are 
believed to be associated with it. The diorite-granite complex proper covers 
a large area around Charlotte. Granite is probably predominant in the site 
vicinity (5). 

The diorite in a semi-weathered state is a medium-textured rock 
composed predominantly of hornblende and feldspar. The rock granulates 
readily near the surface of the ground. The granite forming the complex with 
the diorite is composed almost entirely of feldspar and quartz. The granite 
also disintegrates readily near the surface (5). 

Hydraulic conductivity of both saprolite and granite bedrock is 
5 ft/day (3). This equals 1.76 x lo-3 em/sec. 

Soils on site, to a depth of 25 inches, ranged from a yellow clay loam 
to red clay (4). Adjacent soils are classified in the Cecil series. 
Typically the surface layer is a yellowish-red sandy clay loam about 6 inches 
thick. The red clay to red clay loam subsoil is 47 inches thick. The 
underlying material to a depth of 65 inches is red and yellow loam. Organic 
content is low in the surface layer and permeability is moderate (lo-3 to 
lo-4 em/sec). The subsoil is strongly acid to very strongly acid (pH 4.5 
to 5.5) (6). It is likely that the original soil has been distributed due to 
excavation and building at the site; therefore, on site soils are classified 
as urban (6). 
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Groundwater 

The ground water system in the Piedmont of North Carolina generally 
consists of a saprolite reservoir overlying a bedrock pipeline (3). As 
discussed above, granite and/or diorite bedrock underlies the site. Although 
well logs were not available for wells sampled at the site, data from wells in 
Mecklenburg County show an average yield of about 14 gpm. Granite aquifers 
yielded an average of 11.5 gpm while diorite aquifers yielded an average of 
17.9 gpm (5). 

The quality of ground water in Mecklenburg County is good. Wells 
penetrating diorite would be expected to contain more dissolved minerals than 
those in granite (5). 

Ground water flow at the site is likely south to southwest toward Paw 
Creek and its tributaries (Topo map -Appendix A). Depth to the water table, 
as measured in an on-site well on 19 November 1986, was 16 feet. This 
probably represents a seasonally low water table. Water levels peak in the 
spring in the Charlotte area (5). 

Climate and Meteorology (7,8) 

(oF) January 

Seasonal Temperatures: Mean Max. so - 54 
32 - 36 
42 - 44 

Precipitation: 

Mean.Min. 
Mean 

(inches) · 
Mean annual precipitation: 
Mean annual evaporation: 
Net annual precipitation: 
Mean annual snowfall: 
1 year 24-hour rainfall: 

July 

88 - 90 
68 - 72 

80 

44 - 48 
40 - 42 

4 - 6 
4 - 6 

3 

Storm Events: Mean days/year with thunderstorms: 40 - 60 
SWat 9 mph Prevailing winds and wind speeds: 

Emissions Inventory Summary for Mecklenburg County (Tons/yr) (9) 

~ 
Particulates 
Sulfur Dioxide 
Nitrogen Oxides 
Volatile Organics & 

Hydrocarbons 
Carbon Monoxide 

Area Sources 
20,657 
3,503 

24,745 
36,601 

156,662 

-s-

Point Sources 
3,335 
3,631 

813 
5,707 

1,758 
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Land Use 

The site is located in an industrial/residential area in northwest 
Charlotte. About 60-65% of the land area within three miles of the site is 
urban; the remaining area is suburban. 

Population Distribution 

The 1980 population density of Mecklenburg County was 766 people per 
square mile; the 1980 density of Charlotte was 2251 (9). The true population 
density of the area surrounding the site would be between these values. The 
following table presents maximum and minimum populations within one, two, and 
three miles of the site based on the above figures. 

Water Supply 

Radius 

1 mile 
2 miles 
3 miles 

Population 
Maximum M[nimum 

7,068 
28,295 
63,636 

2,045 
9,629 

21,655 

Charlotte's water supply is MOuntain Island Lake; however, several 
community and private wells were identified in the site vicinity (Figure 1, 
topo map- Appendix A). Ground water use in this area was based on house 
counts outside the Charlotte water distribution system and data from community 
wells. The total house count (800) was multiplied by 3.8 to derive a 
population figure of 3040 (Topo map, Appendix A; 8). Two community well 
systems identified within the city limits (McClure Circle and Burke MHP) add 
an additional 308 people to the above total (4,10). 

Critical Environments 

None identified. 
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WASTE TYPFS AND QUANfiTIFS 

Waste Quantities 

Unknown. 

Waste Disposal Methods and Locations 

Transformer and capacitor storage areas are marked on Figure 1 and have 
been in use since 1956. Soil contamination likely resulted from leaks or 
servicing equipment at the site. 

Waste Types 

Transformer oils containing PCBs (Appendix B). 

-7-



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

LABORATORY DATA 

Summary 

PCBs were not detected in residential wells, background soil, or 
subsurface soil. Table 1 compares results from split samples for the on-site 
well and surface soils. Sample location 5 is west of the warehouse; location 
6 is south of the warehouse (Figure 1). 

Table 1. Comparison of PCB concentrations from split samples 
Toddville Operations Center 

Concentrations (ppm) 
Location Duke Power NC DHR 

SA 1.10 0.49 
SB 0.89 0.37 
sc 0.28 0.38 
SD 0.33 0.46 
6A 2.5 3.58 
6B 3.6 11.64 
6C 2.8 4.90 
6D 11.0 1c 4.63 
Well 0.00029 0.0012 

* Assumed that samples 6B and 6D were switched by mistake. 

quality Assurance Review 

The on-site well was not purged prior to sampling. A "grab" sample was 
collected with a one liter teflon bailer. The water was silty. 
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TOXICOLOGICAL/CHEMITCAL CHARACTERISTICS 

There are more than 200 possible isomers of PCBs; therefore, toxicity 
and chemical characteristics depend on the form. In addition, most commercial 
PCBs are a mixture of several isomers and may contain trace amounts of 
polychlorinated dibenzofurans (PCDFs) and other contaminants. All PCBs have 
low solubility (0.007 to 5.9 mg/1) and persist in the environment (11). 

Oral LDsos for some Aroclor mixtures range between 4 g/kg and 
11.3 g/kg (slight to moderate acute toxicity). PCBs may affect the skin, 
GI tract, eyes, liver, blood, nervous system, and lymphatic system. They are 
classified as a Group 2B carcinogen (inadequate evidence in humans, sufficient 
evidence in laboratory animals) lll). Current estimates for a lo-o increase 
in lifetime carcinogenic risk, based on drinking water concentrations, range 
from 0.0079 ug/1 to 0.16 ug/1 (12). These estimates are based on a 70 kg 
adult drinking 2 liters of water per day for life. 

There have been two major population exposures to PCBs from 
contaminated rice oil. MOre than 1600 people were exposed between 1968 and 
1975 in Japan, and more than 2000 people were exposed between 1978 and 1983 in 
Taiwan. However, there is increasing evidence that the symptoms of poisoning 
were due to PCDFs in the cooking oil rather than the PCBs (13,14). 

Recently EPA developed some guidelines for PCBs in soil. Removal 
action levels were recommended for chronic and subchronic (10 day) exposures 
according to route of exposure (soil ingestion, inhalation, and dermal contact 
versus inhalation only). Two ppm was the recommended permissible level for 
chronic exposure via inhalation (15). 
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Appendix A 

Maps and Photographs 
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Toddville Operations Center from Roland 
I front yard looking west. 

Background soil sampling location north 
of the site. 
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On-site well north of the warehouse. 

.~.-----·--· --"-·-.·. 

Sampling location west of the warehouse 
looking southeast. 
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Sampling location south of the warehouse 
looking north. 

Sampling location south of the warehouse 
looking south. 
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Laboratory Data 
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January 8, 1987 

DUKE POWER COMPANY 
GENERAL OFFICES 

422 SOUTH CHUR CH STREET 

0HARL01TE,N.C.28242 

Mr. Jack Butler, Environmental Engineer 
CERCL.A. Unit 
Solid and Hazardous Waste Management Branch 
Environmental Health Section 
N.C. Departmentment of Human Resources 
P. 0. Box 2091 
Raleigh, North Carolina 27602-2091 

Re: PCB Sampling at Toddville 
File Nos: ENV-0106 , GAH-0207 

Dear Mr. Butler: 

- ------

TELEPHONE : AREA 70 4 
373 -40 11 

Attached are the detailed re sults of our analyses performed on soil and water 
samples obtained from the Toddville Warehouse Facility . In summary, no PCB concen­
trations were detected in the subsurface soil and wellwater samples . The surface 
soil samples indicated PCB concentrations that were just slightly above detection 
l imits . 

Based on these results, additional samples should not be required. 

We look forward to receiving the results of your analyses when they become avail­
able. If you have any questions or comments about these results, please contact 
me at 704/373-8494. 

Yours truly, 

S. B. Hager, Chief Engineer 
Civil/Environmental Division 

By: ~·; · Hf::w~~~ 
Environmental Affa irs Specialist 

M.A.L'/mdc 

.A.ttachment 

cc w/att: Central Records 
D. W . .A.nderson 
M. A .. Lascara 

-- __ ___) 
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December 10, 1986 

Memo To: D.W. Anderson 

Subject: Analyses of Samples Taken at Toddville Warehouse 
on November 19, 1986 

PARTICIPANTS 
Soil and water samples were taken at the Toddville warehouse 
facility on November 19, 1986. The following people were 
present. 

Mecklenburg Department Of Environmental Health 
Allan Giles 

N. C. Department of Human Resources/DHS/EHS 
Jack Butler 
Stan Atwood 
Sheryl McMorris 

Duke Power Company 
Warren Baker 
David Anderson 
Michael Lascara 
John Mease 
Jay Perkins 

SAMPLING 
Soil samples were taken at three locations: a reference 
area, designated as Location 3, and at two locatio~s <5 and 
6) on the Toddville grounds. Each location was character­
ized by taken 4 surface samples and 4 samples at approxi­
~ately-·20 -inches down~,,.All vegetation was removed.prinr to 
taking a surface sample.~· A stainless steel corer w~s used 
to obtain the 'bottom' samp1es.~ Water samples were taken 
from·a residential.well and from.a capped well on-sit~. 
The on-site ~ell water sample wa~ collected by, taking a grab 
sample at the surface of the water. The depth of the well 
was over 250 feet. Except for the water sample taken at the 
residential well, all samples were taken in duplicate and 
split between Duke Power and the State. The State laboratory 
analyzed the residential well water for pH, metals, vo'latile 
organics and PCB's.· 

ANALYSES 
Th~ following variables were analyzed: 
~qil ~gffi~l~a: PCB's 

Hgi~c ~gffi~l~a: PCB's, Metals, Volatile Organics, pH 



b~~~C~i~C~ 8n~l~~~~: PCB analyses performed on the soil 
samples.were conducted in accordance with EPA Method 8080, 
Organochlorine Pesticides and PCB's, 1984. A GC, equipped 
with an electron capture detector was used to quantitate 
PCB's. PCB analysis of the water sample was conducted in 
accordance with EPA Method 608, Organochlorine Pesticides 
and PCB's, 1982. Volatile organics were sent to Clayton 
Environmental Consultants Inc. The analyses were performed 
by GC/MS following protocol for EPA volatile fractions, 
Method 624. Metal analyses were determined using either 
inductively coupled plasma or graphic furnace atomic 
absorption spectroscopy. Metal analyses were conducted in 
accordance with.EPA Methods for Chemical Analysis of Water 
and Wastes, 1979. 

Samples 6b' and 6d' exhibited an interference peak which 
made PCB identification uncertain. To verify the presence 
or absence of PCB's in the sample GC/MS analyses would be 
needed. 

DATA SUMMARY-PCB 
Data, prior to being subjected to analysis of variance, 
<ANOVA> were tested for outliers. The criteria for 
determining outlier values was based on information received 
from Jack Butler. As a result of subjecting the data to the 
outlier test, the 11 mg/L result obtained at the surface of 
Location 6 was rejected. Consequently, this value was not 
used in the ANDVA. The ANOVA indicated statistical signifi­
cance between location, depth, and the interaction between 
location and depth. Specifically, the surface values were 
statistically different at the locations. No statistical 
difference was indicated at the bottom depth among 
locations. 

The mean concentration was·determined.to get an idea of the 
'tl-ue' concentrat:i•on at each locat·ion .. Results are 1 isted 
bt2low: 

~IBI1Q~ 
3, surface 
3, at 20 inches 

5, surface 
5, at 20 inches 

6, surface 
6, at ~0 inches 

E~~.:?.iQJJIDl 
<0.045 
<0.045 

0.65 
<0.041 

3.0 (5.0 using 11ppm) 
<0.041 

Attached are data analyzed by Duke Power and Clayton 
Environmental Consultants Inc. 
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ATIACHMENT 1 
Total PCB Concnetrations of Soil and Water Samples 

Location 
Surface 

3a 
3b 
3c 
3d 

Sa 
5b 
5c 
5d 

Ga 
Gb 
Gc 
Gd 

3a1 

3b1 

3c1 

3d1 

5a1 

5b1 

5c1 

5d1 

Ga1 

Gb 1 

Gc 1 

6d1 

Bottom(20inches) 

Location 

Well sample 

Concentration(ppm) 

< 0.048 
< 0.045 
< 0.045 
< 0.043 

1.1 
0.89 
0.28 
0.33 

2.5 
3.G 
2.8 

11 

< 0.043 
< 0.042 
< 0.042 
< 0.042 

< 0.041 
< 0.038 
< 0.044 
< 0.041 

< 0.042 
< 0.038 
.,. 0.043 ·, 

< 0.039 

Concentration 

< 0.00029 
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ATTACHMENT 2 

VARIABLE 

Arsenic 
Selenium 
Silver 
Barium 
Padmium 
Chromium 
Copper 
Iron 
Manganese 
Lead 
Zinc 
Mercury 

pH 

Metal and pH Concentrations 

CONCENTRATIONS(ppm) 

< 0.005 
< 0.002 
< 0.0001 

0.13 
0.00054 
0.0037 
0.016 
4.3 
0.040 
0.18 
2.9 

< 0.0001 

7.7 
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CLAYTON ENVIRONHENTAL CONSULTANTS INC • 

Results of Analysis For: DUKE POWER COMPANY 

Project No.: 
Lab No.: 

File No.: 
SaMple Id.: 

37551-17 
508456 
85934 
TDV-111986-5-4V02 

Volatile CoMpounds - Priority Pollutants 

COMPOUND NAME 

Benzene 
BroModichloroMethane 
BroMoforM 
BroMoMethane 
Carbon~ tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
ChloroforM 
ChloroMethane 
OibroMochloroMethane 
1 ,2-Dichloroben:ene 
1 ,3-0ichlorobenzene 
1 ,4-0ichloroben;:ene 
I ,1-0ichloroethane 
1 ,2-0ichloroethane 
1 ,1-0ichloroethene 
trans-1 ,2-0ichloroethene 
I ,2-0ichloropropane 
cis-1 ,3-0ichloropropene 
.trans-1 ,3-Dichloropropene 
Ethyl ben;::ene 
Methylene chloride 

CONCENTRATION ( ug/L) 

·NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

. I ,1 ,2 ,2-Tetrachlor·oethane 
Tetrechloroeth~ne 

NO 
NO 

Toluene 
1 ,1, 1-Trichloroc;tllane 
l , 1 ,2-Trichloroethane 
Tr· i c. h l oroe t hene 
TrichlorofluoroMethane 
Vinyl chloride 

LOO = LiMit of Detection NO = 

tJD 
NO 
NO 
NO 
NO 
NO 

Not Detected at or above LOD 

Analysis perforMed by gas chroMatography/Mass spectroMetry <GC/MS> 

LOO (ug/L) 

5 
5 
5 

10 
5 
5 

10 
10 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 

10 
5 
5 
5 

10 
5 
5 
5 
5 
5 

10 
5 

1121 
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CLAYTON ENVIRONMENTAL CONSULTANTS INC. 

Results of Analysis For: OUKE POWER COMPANY 

Project 
Lab 

File 
Sal"'ple 

-· 
No.: 
No.: 
No.: 
Id.: 

37551-17 
508455 
85933 
TOV-111986-5-4V01 

Volatile CoMpounds - Priority Pollutants 

COMPOUND NAME 

Benzene 
BroModichloroMethane 
BroMoforl'l 
Broi'IOI'Iethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroforl'l 
Chlorol'lethane 
OibroMochloroMethane 
t ,2-0ichlorobenzene 
1 ,3-0ichlorobenzene 
1 ,4-0ichlorobem:ene 
1 ,1-0ichloroethane 
1 ,2-0ichloroethane 
1 ,1-0ichloroethene 
trans-! ,2-Dichloroethene 
1 ,2-0ichloropropane 
cis-1 ,3-0ichloropropene 
trans- 1 ,3-0ichloropropene 

. Ethyl benzene 
Methylene chloride 
1 ,1 ,2 ,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1 ,1 ,!···Trichloroethane 
1 ,1 ,2-Trichloroethal1e 
Trichloroethene 
TrichlorofluoroMethane 
Vinyl chloride 

LOD = LiMit of Detection NO 

CONCENTRATION ( ug/L> 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
rm 
NO 
NO 
NO 

Not Detected at or above LOD 

Analysis perforMed by gas chroMatography/Mass spectroMetry CGC/MS} 

LOO < ug/L > 

5 
5 
5 

10 
5 
5 

10 
10 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 

10 
5 
5 
5 

10 
5 
5 
5 
5 
s 

10 
5 

10 
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CLAYTON ENVIRONMENTAL CONSULTANTS INC. 

Re~ults of Analysis For: DUKE POWER ~OMPANY 

~roject No.: 
Lab No.: 

37551-17 

File No.: 85930 
Sal'lple Id.: LAB BLANK L/W 

Volatile Col'lpounds - Priority Pollutants 

COMPOUND NAME 

Benzene 
Brol'lodichlorol'lethane 
Brol'loforl'l 
Broi'IOI'Iethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroforl'l 
Chlorol'lethane 
Oibrol'lochlorol'lethane 
1 ,2-0ichlorobenzene 
1 ,3-0ichlorobenzene 
1 ,4-0ichlorobenzene 
1 ,1-0ichloroethane 
1 ,2-0ichloroethane 
I ,1-0ichloroethene 
trans-1 ,2-0ichloroethene 
1 ,2-0ichloropropane 
cis-1 ,3-0ichloropropene 
trans-! ,3-0ichloropropene 
Ethyl benzene 
Methylene chloride 
1 , I ,2 ,2-Tetra·chloroethane 
Tetrachloroeihene 
Tc iL:.ene 
l, 1", 1-Tr·ichloroethane 
1 ;1 ,Z-T::>iC"~11croct'·""'ne 
·r~- .i;c ltl oroet henf: 

· TrichlorofluoroMethane 
Vinyl .chloride 

LOO = LiMit of Detection 

CONCENTRATION <ug/L) 

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

··t NO 
NO 
NO 
NO 
NO 
NO 

NO Not Detected at or above LOD 

·Analysis perforl'led by gas chroMatography/l'lass spectroMetry CGC/MS> 

LOO < ug/L > 

5 
5 
5 

10 
5 
5 

10 
10 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 

10 
5 
5 
5 

10 
5 
5 
5 
5 
5 

10 
5 

10 
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I 

ATIACHMENT 1 
Total PCB Concnetrations of Soil and Water Samples 

location 
Surface 

3a 
3b 
3c 
3d 

Sa 
Sb 
Sc 
Sd 

6a 
Gb 
Gc 
Gd 

3a1 

3b1 

3c1 

3d1 

Sa1 

Sb1 

Sc1 

Sd1 

Ga1 

Gb 1 

Gc1 

Gd1 

Bottom(20inches) 

location 

Well sample 

Concentration(ppm) 

< 0.048 
< 0.04S 
< 0.04S 
< 0.043 

1.1. 
0~89 

. 0.28 
0.33 

2.S 
3.G 
2.8 

11 

< 0.043 
< 0.042 
< 0.042 
< 0.042 

< 0.041 
< 0. 038 
< 0.044 
< 0.041 

< 0.042 
< 0.038 
< 0.043 
< 0.039 

Concentration 

< 0.00029 
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ATTACHMENT 2 

VARIABLE 

Arsenic 
Selenium 
Silver 
Barium 
Padmium 

. Chromium 
Copper 
Iron 
Manganese 
Lead · 
Zinc 
Mercury 

pH 

Metal and pH Concentrations 

CONCENTRATIONS(ppm) 

< 0. 005 
< 0.002 
< 0.0001 

0.13 
0.00054 
0.0037 
0.016 
4.3 
0.040 
0.18 
2.9 

< 0.0001 

7.7 
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. ·.: ... CLAYTON ENVIRONMENTAL CONSULTANTS INC • 

Results of Analysis For: DUKE POWER COMPANY 

Project No.: 
Lab No.: 

File No.: 
Sal'lple I d.: 

37551-17 
508456 
85934 
TDV-111986-5-4V02 

Volatile Col'lpounds - Priority Pollutants 

COMPOUND NAME 

Benzene 
Broi'!Odlchlorol'lethane 
Brol'loforl'l 
Brol'lol'lethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroforl'l 
Chlorol"'ethane 
Oibrol"'ochlorol"'ethane 
1 ,2-0ichloroben=ene 
1 ,3-0ichloroben=ene 
1 ,4-0ichloroben;::ene 
1 ,1-0ichloroethane 
I ,2-0ichloroethane 
1 ,1-0J.chloroethene 
trans-1 ,2-0ichloroethene 
1 ,2-Dlchloropropane 
cis-1 ,3-0ichloropropene 
.trans-1 ,3-0ichloropropene 
Ethyl ben;:ene 
Methylene chloride 

. I , 1 ,2 ,2-Tetrachlor·oethane 
Tetrachloroeth~ne 

Toluene 
1,1 ,1-Trichlorocthane 
1 ,1 ,2-Trichloro.;thane 
Trichloroethent: 
Trichlorofluorol"'ethane 
Vinyl chloride 

LOD = Lil'lit of Detection 

CONCENTRATION Cug/L) 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
tJD 
NO 
NO 
NO 
NO 
NO 

NO = Not Detected at or above LCD 

Analysis perforl'led by gas chrol'latography/l'lass spectrol'letry CGC/MS> 

LOO ( ug/L) · 

5 
5 
5 

10 
5 
5 

10 
10 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 

10 
5 
5 
5 

10 
5 
5 
5 
5 
5 

10 
5 

10 
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CLAYTON ENVIRONMENTAL CONSULTANTS INC. 

Results of Analysis For: DUKE POWER COMPANY 
·' 

Project No.: 
Lab No.: 

File No.: 
SaPtp!e Id.: 

Volatile CoPtpounds - Priority Pollutants 

37551-17 
508455 
85933 
TDV-ttt986-5-4V0t 

COMPOUND NAME CONCENTRATION (ug/L) 

Ben:::ene 
BroPtodichloroPtethane 
BroPtoforPt 
BroPtoPtethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
ChloroforPt 
ChloroMethane 
OibroPtochloroMethane 
1 ,2-Dichloroben:ene 
1 ,3-Dichlorobenzene 
1 ,4-Dichloroben=ene 
1 ,1-0ichloroethane 
1 ,2-0ichloroethane 
1 ,1-Dichloroethene 
trans-! ,2-Dichloroethene 
1 ,2-0ichloropropane 
cis-1 ,3-Dichloroproper.e 
trans-! ,3-Dichloropropene 
Ethyl ben=ene 
Methylene chloride 
1 ,1 ,2 ,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1 ,1 ,1 -Trichloroethane 
1 ,1 ,2-Trichloroethalie 
Trichloroethene 
TrichlorofluoroPtethane 
Vinyl chloride 

LOD = LiPtit of Detection NO = 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
rm 
ND 
NO 
NO 

Not Detected at or above LOD 

Analysis perforMed by gas chroMatography/Mass spectroMetry CGC/MS) 

LOD (ug/L > 

5 
5 
5 

10 
5 
5 

10 
10 

5 
10 
5 
5 
5 
5 
5 
5 
5 
5 

10 
5 
5 
5 

10 
5 
5 
5 
5 
5 

10 
5 

10 
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CLAYTON ENUIRON"ENTAL CONSULTANTS INC. 

Results of Analysis For: DUKE POWER COMPANY 

~roject No.: 
Lab No.: 

37551-17 

File No.: B5930 
SaMple Id.: LAB BLANK L/W 

Volatile CoMpounds - Priority Pollutants 

COMPOUND NAME 

Benzene 
BroModichloroMethane 
BroMoforM 
BroMoMethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylv1nyl ether 
ChloroforM 
ChloroMethane 
OibroMochloroMethane 
1 ,2-0ichloroben::ene 
1 ,3-0ichlorobenzene 
1 ,4-0ichlorobenzene 
1 ,1-0ichloroethane 
1 ,2-0ichloroethane 
I ,1-0ichloroethene 
trans-1 ,2-0lchloroethene 
1 ,2-0ichloropropane 
cis -1 ,3-0ichloropropene 
trans-1 ,3-0ichloropropene 
Ethyl ben::ene 
Methylene chloride 
I ,1 ,2 ,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
l ,I ,!-Trichloroethane 
1 ,1 ,2-Tric:-hlcroflt:--.:.ne 
Trichloroethene 
TrichlorofluoroMethane 
Vinyl chloride 

LOO = LiMit of Detection 

CONCENTRATION < ug/L > 

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

·. NO 
NO 
NO 

NO = Not Detected at or above LOD 

Analysis perforMed by gas chroMatography/Mass spectroMetry <GC/MS> 

LOD (ug/L > 

5 
5 
5 

10 
5 
5 

10 
10 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 

10 
5 
5 
5 

10 
5 
5 
5 
5 
5 

10 
5 

10 





i'·· 
··<· .. ·· 

• 1· .. :· 

.. 1 .. . . :-

•• I·· 

. -··.: -~·~···'···· 
. : ·- .. · f: . ~ . . 

•.•. , ~ . • i !) __ ~·. 
(·, ... _, .. 
:~~-~·'}·~<- ... ~-· 
• I' :-. ~ .. -! •> • ~ • 

.. ,• .,_ 

·,._·: 
~ ·· .... . 
·\·\:-... · 
.. :;x:~.::.-::;,> .. · .... ·.\: •. 

;~-;:,·:; '·<;(:. ~- ·.-:; ;•' ; ·.:... 
+ ........ - ....... ., ...... ·' ._. .. .,.,~ .. - ...... -~·-· 

.... 

-~ \. . -~ . . ;_ ~~ (; ... - ... . . . .. . ... . ~ ,. ··:- ............ ,. 

''"?''''"•: 
.'·_;".:····: ·_ •.. 

·, 

I ._' 

i·' 

~.:·.., :' t ··--.-~-
, ... ... ·.· 

< :-:_ .... 

'!·· ·;:• 

):,.<;: .. ' 
. ·.• ....... 

!''. ,,_ .. . '; 
.. ,. •/ 
·.·· . 

·.. ,·' .·:;}~;·v~~.-:~~.:; ~ 

:_(: :·. 
,··:' 

-,: 

··"',-

. .... · ..-~ ~· ... , 
·'.;.' ; __ ;,;,. 

• f.l ..... -~ ·, ' f' ~. ,.. 

t ~-;~;.:{::l~H~-~/· '!;' O 

~ ·: .. 
~~-L :~~·- .. ; ::·~-~-~.':---:~·: ~~. 

:. .- ~ : (.' : 
.. , .. ,· .. ~~ 

t:,:;.~~~J~ r ;;~:;\i:_!s :;.::;.:, 
·::~f~i~.i.·x·;-,:~k~; ;~:.··~<~f.. 

.. ··· 

•' 

· .. '•• 
! -~ ·:· 



---- --· ·-- - ·--

so u ~~ . Dcp-a r trQ!~nt ot i uma 
ll;'ivision of H ealth Services SAMPLE ANALYSES REQUEST 

tate Labor atory o f .' ub ·c 
P. 0 . Box 

•306 N . W ilmingco n 

. /<,_ Rale igh , 

I loce Numb:' b 0110 "?c? I<;! 7 g "/- s: 0 Field S•mple Numbet ~%.7 e-~ ~' ~ 
I Name of Site 70c/dv I II e Cf;ze ycrl, ous Ceet f e v Site Location Ch= Jr I~ 1 e =c / = 

Jonected By S -:1-an A luvo o c/ · lD# ¥ s-' Date Collected /1./o j/, / '0 I 9' cY-'6 . ' Time /tJ IS 
Type of Sample: 

I 
I 

Environmental 

V Groundwater (1) 

--- Surface Water (2) 

__ Soil (3) 

__ Other (4) 

Concentrate 

__ Solid (5) 

__ Liquid (6) 

__ Sludge (7 ) 

__ Oth er (8) 

Comments 

0/e// -t7 I 
7 

INO R G ANIC CHEMISTRY 

E xtractables 

Parameter Resul ts mg/ 1 

R esu l ts m g/ 1 

__ Acid: BIN Ext. 

TOX 

MICR O BIOLOGY 

Parameter 

Par ame ter 

__ Ar6enic 
__ Barium 
__ Cadmium 
__ Chloride 
__ Chromium 
__ Copper 
__ Fluoride 
__ Iron 
__ Lead 
__ Manganese 
__ Mercury 
__ Nitrate 
__ Selenium 

Results mg/ 1 

ORG ANIC CHEMISTRY 

Parameter 

_ EDB 
__ PCB's 
__ Petroleum 
__ Endrin 
__ Lindane 

Resu lts mg/1 

Parameter 

__ Gross Alpha 
__ Gross Beta 

Total 

Parameter 

__ Silver 
__ Sulfates 
__ Zinc 
__ Ph 

__ Conductivity 
__ ms 
__ TOC 

Parameter 

__ Methoxychlor 
__ Toxaphene 
__ 2,4-D 

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

RADIO CHEMJSTR Y 

Results mg, 

R esul ts mg 

Results P Ci/1 

Date Reported :-----------------~ 
IT l ate Recdved 

~a t~: Extracted ---------------=------ Date Anal r..ed _.t.,.,~=-·~l~~~cw.!..--:--::--------~ 

l'eported By 

uHS 3 191 ( Revio><:d 7/85 ) 

Lab Number 

Sol1,1 J nJ Ha:a rdo us Wa ue (Review 7/87) 
~---- --------



·, ,: ~~i:~;,_,;~';>' ',' :: :.: . • ,,, do : ,·.··, 

· , · · · · cht-cunlu~ ;-~l~JH;: ... ' _::_. ;__:...'..;.'---,....--

2 ~=!~-,-~?.;~:~-.;.·~.· ·-_-·~· __ ,._ .. _._. ,-. -~----·-·· 
· ·' · Selenium' •-"·~- ·· "':!·'·" 1 , •. ::.. ···:,, ,.;;;: :.;: •. 

_.sii;~;- _.:-:_ :~:;:·:: ·. _· ______ _ 
_:_~;', ' .... ,~.;~':~-- ,~,~,... ~-·:_._ ... ____ ...;.. __ -_._._·~··· 

'; j- •• :·.~:-:-! ... · •. ..... ~.-:~ .. ~-:-r;· .. -~--? .:. \_·,If: .. ~- ,· /-'. ~-,,- . · ~ :· -~-

"' 1. -; ,. ~ - .r:: : .. , .. •• ~ ~ .. _ ... '" t · .... ; "1" • ·-:. , 1 ..... · ··· r • ~.. :· ·:: -:· ... Jo.: ... ~ ~ ... 

·· ... ':.' 
.. · -··.: ~ .. ' .-· . ~ ' 

-_-,.-;-.-.-•. -.-. -.. -.----.~.~.~.:---.-•• -t.\ 

~- (MF) Coliform Colonies/lOOmls .·· 
~ (MPN) Co~lform Col~nie5/l~mls 

,. • r' ~-' .. ': · ... 

· Parameter 

ORGANIC CHEMISTRY. 

. Parameter -~:--t{:!;:.~iRe&ults:mg/_1/.~~; 

• I "J.,­
'·,< 

____ ._ ___________ ..;, 
~~~•.·.''• h•H'!'".-" J, 1.1, -'~<·-··~··:·~~:.- 1-~.,._.·.-

·,:·::; ::;:~·:::··.;~:-:,, :.:: '.:>:~-.. -. ,.·.--:-.. :~-.. ~:"':· _·,:-·.·_· ~-··_,._._ ... _. -·-·-·· 

l~~;·,~~j:;~·.:/~·~··t:'·.t·~·"''! ~i·>7~~-;~·-!()' r.;:;,..:,·· . . • ....... , 

·' l ~ ~ ·: •_'• 7 -----· '' 

' ~ . : . , . 
·' ~' 

~ ~ ... 

-.'··. 



'·,:··',I ., Co,"·. •,• ·• ·' I I :~ • .,;.· ~ -~t .;., ·-·· ·.~:/ .. :~ :·~~;~:-~ ·:1..-,\';,' 

1-----~------------------+----------'"'"':--:-----:---:-:~--:-17~~.:._--~-~----_;-...:.....:._.;_ __ .·: 
. Re8ults mg/1 .; .. . ' Parameter ... ' ;_· Re.Sulti mgJ 1 :· '' '· .. 1 

; Parameter-.,"-:'· !/ 
. .. .. ,, , .. A . -~· . '.~~~.;t_,~ ...... ~\-: ~~--~.,:,~. ":"" • __ . rseruc . · · ... ___ ..;... ____ _ 

:: ' ·Barium;,~.:> -~:·~· ~ .. :." <'·· '· ,. • • ·• ~,. · · · · 
_·_·. _·Cadmium · . . ·,. _____ .-_· :;...·'_ 

, I"~. ·B ·.· .. 2,, ... ,,_.:.{·:-',.1,.,. :r~:· ~ .......... =~ :.·;·..t~·.:·.;r·_! .. "l·'~ 
~ anu~;. ~-::~-"7,,. ,.-_..:.... ____ .....;_..:...._ 
~Cadmium o• 'J 

~. Chl~rid~-~~;;_,··;_1 :1 t __ ...;__,,._· -· ._. _-' __ 
~Chromium·· '.· ~· ·-·---· .. _._, _.,_ .. _._·_· _ .. _ • ....; ... · 

Chromium ~~-~jj},:_·_· _....;.. __ ....:.._ 
Lead ... · · 

_· _ .. Copper . . . . .. _____ ....;..;...;._'' 
.. -:,...; ;.....-.~~ ;.,~.,~"-~ ,·t, ·:··., Fl "d~ .,-1 .. ·:..-, .... .,.,., ,.!·,..,,.,-.,. ··,,!!_;_v,···. ·~ ·,' .. _·,: 

----------- ~ UOrl e >::~~-''_·.:.;..· ...;..".:.·.;.;'.:.'.:.'-·;._.;.;.:.·...;....:....;_..;... . I ... · _,,.. . . . .,. ___ . ron :; . . ,. , .. . .. _..;.. ___ ...;.. ___ ..;... 
~Lead ,/.-'r ;J :··. ', • J .·,_-_.._· ·--·-· -_•;..._.;_.;_:.:.... ... _._~_-.;..:... 
. '" --· l ., •· \ -J.;,: Jt, .• - ...... ' ..... , • -~-·: -. 'M ·. , 1 ·_ • ·-r ·''··~-., _._. _. _., angane~e~:-1t;:.;;~.;.· _____ .;._ ___ _ 

.. ,-~.- _· Me~c~ry;·; :;,; ::: .. vr~- ~·.; . .' ·. · · ·-' · · 
~Nitrate· ··~-.... ~ ... ....\_•~ ·-:... .... ~.' .. " ··· · ._, ~i (.· ~ ~-: ...... , · . .,.:· t·~- i. 

·::·;:·: .. ~·.~-~~~-~~/;f/:\:·;· ~ .. : · .. ". ___ ,::~_' .. ··.·~.: 

.. , 

MICROBIOLOGY · ·' 
, ..... · .. p . ·, ... · . .;.· ., .... ·:-·L•:··• arameter·-'- ~-··_-,, .. 

~ (MF) Coliform. Colonies/lOOmis ; 
_(MPN) Coliform Colonies/lOOmis::: 
', : ' • •, ( ' ' : .• ~ I • ', ,• :. .o .,, • j , _:' · ,.., {, ~ '

0 
I • - '· ·' • ',• , •• •> ,I. ',: 

r·.' 
;. . .-... 

:,. 

!-· •.' 
I' 

'~' : -. 
_'.; .. 

·-r.-·'·:.'··· , .:·· ;, ~/·~··.·.-.:·~":t .... ,,; r.,,·,·t·~~f·.\~··.:·:.-·' i 

. . . · · < ' Da~~-R~~~tect . . . ... . '· ;~: ~. < .. .- . .. ' 
' ~- . 

__ !_·,.-._._'·_"·,_.~_: _; __ ._ .. _· .. _-. .-.~_·::_._ .. ___ ,_·.--_·;.;. .. :__;.;.:..,_,··_· .;.__ .. 'nare ~alr~ci;flr;)i~·;;\~rfr,.·v~;· ·· · .... ·:· '· ... _ .. ·:.·:: 
.. .•'.····· ..• ,. ·.', .. ;- _.,::-::_. •. . ,. •'·· .,, •. ·. • .. ,-· .... _., ... ',. >_v·:·: ,'. ·.'. ,,,·, b~·~it:Jil3.- •', '" .. · 

rcp~~t_e;d ~.v?.·:-/ ' :-,:· 
0 

• • •; ••• Lab_~umb~~ ..... • :··,, I ,; ,< • • • ',' ,I: ; • 

- DHS 3191CR~viJCd 7/85). · '·· ; . : · , .:. . · ·'· :·(:· .. .. ::, . · 
t." ... ~I•J. 3nJ _H~:a!dous Wane (Review 7/87): . · ·· · ··' , , : / ·· · ' .· l"-; ..... ~ . 
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EXTRACT ABLES FIELD tl 3lf72- 3 '17q "3lf f' 'I 
COMPOUND TYPE ( / ) ( I j ( I ) ( ) 

I UNITS ~)Jg/kg L:\j"g/l~g/kg uq/ f:i)q/kg uq/l uq/kq 
11-nitrosodimethylamine J () - L--1 L-t ~ 
bis(2-chloroethyl)ether f I f 

~ -chlorophenol I 
henol I 

• 3-di ch lorobenzene 
4-dichlorobenzene I I I 2-dichlorobenzene I 

is(2-chloroisopropvl)ether 
hexachloroethane 
~-ni troso-di -n...propyl amine I 

itrobenzene 
isophorone I 
~-nitrophenol I 

4-dimethylphenol 
ois(2-chloroethoxy)methane I I I 
2 4-dichlorophenol I I I 
;,2,4-trichlorobenzene 
ltaphtha 1 ene 
hexachlorobutadiene 

11-chl oro~-cresol I 
lltexachlorocyclopentadiene I 

2,4,6-trichlorophenol I 
?-chloronaphthalene I 
cenaphthylene 
imethyl phthalate 

2 6-dinitrotoluene I 
cenaphthene 'V 

. 4-dinitrophenol ?-0 
2 4-dinitrotoluene ! D I 
1-nitrophenol "'}D 

luorene ji) I 
4-chlorophenylQhenvlether /0 I 
diethyl phthalate / 0 I 

6-dinitro-o-cresol ?0 
iphenylamine ?7) I 

azobenzene ~- v I 
~-bromophenylphenylether /D I I 

exachlorobenzene It) I 
pentachlorophenol 50 I 

l henanthrene )t) I I 
nthracene , o 

dibutyl phthalate / 0 I I 
f1 uoranthene /0 

,. f , I/ 

J - Estimated value . 
K - Actual value is known to be less than value given . 

IlL - Actual value is known to be greater than value given. 
~ - Material was analyzed for but not detected. The number is the Minimum Detection Limit . 

NA - Not analyzed . 
1/ - Tentative identification . 

~~~/ - On NRDC List of Priority Pollutants . 

lllt .c. V-i_v..W-i_on o6 He.CLLth SVLv-i_ c.e..-6 
VHS 3068 - 0 (4/86 Labo~o~y) 

( ) ( ) 

uq/l ug/kg lJQ/1 lJQ/kg 
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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 CHEMICAL ANALYSIS 

I BASE/NEUTRAL AND ACID LAB NO M31 I~ 6tJ3/ ILf- 60.3/2-L/ 
---=EX=T~RA~C~TM~L~ES~------~F~IE~l~D~#~~3~~: :7~~~~~~33~7~·y~-r~3~0~Y~~V -r--------r-------~--------

COMPOUND TYPE ( I ) ( I ) ( I ) ( ) ( ) ( ) 
UNITS n;-g/~g/kQ tUq/)) \.IQ/kq {llg; j) \.IQ/kg \.IQ/1 \.IQ/kg l!Qil llQ/kg \.IQ/1 \.IQ/kg 

rene 
benzidine 
utyl benzyl phthalate I() I I 
nz(a)anthracene I() I 

chrysene I~ I I 
3 3-dichlorobenzidine 

is(2-ethylhexyl)phthalate 
di-n-octyl phthalate 
benzo(b)fluoranthene 

~nzo(k)fluoranthene 
nzo(a)pyrene 

i ndeno ( 1 2 3-cd) pyrene 
dibenzo(a h)anthracene 
benzo(g h i )perylene 

l aniline 
benzoic acid 
benzy_l a 1 coho 1 

14-chloroaniline 
dibenzofuran 
2-methylnaphthalene 
2-methylphenol 

14-methyl pheno 1 
2-nitroaniline 
3- ni troani 1 i ne 

14-ni troani 1 i ne 
2 4 5-trichlorophenol 

;u 1 

j/) 

; a 
/::> 
;i) 

Ju 
10 
/0 

I I 
I 

l A 

I 

\J( 

I 
I 
I 
I 

'J/ 

I 

I 

I l ----+-----+-------t-----l----t--------+---+----

1 ----+-----+-------t------l----t--------+---+----

IJ- Estimated value . 
K - Actual value is known to be less than value given . 

I 
L - Actua 1 va 1 ue is known to be greater than va 1 ue given . 
U - Material was ana lyzed for but not detected . The number 
NA - Not anal yzed. 
1/ - Tentative identif icat ion . 
~I - On NRDC List of Pr iority Pollutants. 

IN.C. V.{_v-WA..on o0 HeaLth SVLvA..c.e.-6 
VHS 3068-0 (4/86 Labohato~y) ____ __.., ___ 

is the Minimum Detection Limit. 
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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 CHEMICAL ANALYSIS 

PURGEABLE COMPOONDS LAB NO 7 n03 }/ ) (o 031} :j (()().3 1;;;J.3 

FIELD # 3t/7/ 3¥73 J l/8'} 

COMPOOND TYPE J~ ) ( I ) __( 1 ) ( ) 

UNITS (uq! 1 'hJQ/kQ ~1(\g!kg uo/l~ug/kg ug/1 l.IQ/kg 
chlorarethane /U - v.- /A_ f A 
brooonethane JO 
dichlorodifluoromethane .20 
vinvl chloride )tJ 

chloroethane ;tJ 

methylene chloride ? 
trichlorofluorarethane 2.0 
ethene 1 1-dichloro ? 
ethane l 1-dichloro-
1 2 trans-dichloroethene 
chloroform I 
ethane 1 2-dichloro-
ethane 1 l, 1 trichloro-
carbontetrachloride I 
bromodichlorarethane 
orooane 1,2-dichloro- I 
l 3 trans-dichloropropene I 
trichloroethylene 
chlorodibromomethane 
benzene 
ethane, l 1,2 trichloro-
1 3-cis-dichlorooropene w 
2-chloroethvl vinyl ether 7 o 
braooform ? 
ethane 1 l 2 2 tetrachloro- I 
ethene tetrachloro-
toluene 
chlorobenzene 
ethvlbenzene \[{ ~ ·,1/ ' v 

acetone -/0 {)._ /.,(_. (A_ 

2-butanone JO 
carbondisulfide ~ I 
2 hexanone /0 
~thvl 2-Pentanone /{) 

stvrene ) 

vinyl acetate ){) 

xvlenes 7-fnl=,.;"l) 7 \I/ ,v ' 1/ 

J - Est1mated 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 number is the Minimum Detection Limit . 
NA - Not analyzed . 
1/ - Tentative identification. 
~/-On NRDC List of Priority Pollutants . 

I N.C. Division of Health Services 

DHS 3068-D (4/86 Laboratory) 
----------· ·-- ----

( ) ( ) 

uQ/1 ua/ka ua/1 ua/ka 



Results mg/ 1 

. . • < •• ----------

MICROBIOLOGY 

· ·. · Parameter 

__ (MF) Coliform Colonies/lOOmls 
__ (MPN) Coliform Colonies/ lOOrnls 

Parameter _ · Results 'mg/ 1' 

!,./'"Arsenic · ,.. :.;:::o:-tn·· -- · 
~ Barium •! •,· : .• <;\ ~. · < Oo I ~ 
~Cadmium < 07. c;;OY 

__ Chloride ~-·r· . .• : -------:---
:../ ' ·J . ' --4 .<:. ·;cy, & I _ . __ Chromium , ... . ---=-;::;....""'_10..<, _ _._'""'-'----

__ .Copper , 
_ ._Fluoride - '·!:':~ 1 

• ~ ·----------
__ Iron · 
~,./"Lead ??--o> v ·r·: ,:.: .. ... . ; .. ~ --::.....:.=-..~..-----

--Manganese .· .. :~, . -~---:::----:::-::--..; 
~Mercury <O .oo o;;L ' 
_ ' _· Nitrate ·· ·- ~·-"..; :..:: _. __ ,._· .. _. ____ _ 

t/seleni~ 6. o.oo -:;--

ORGANIC CHEMISTRY 

Parameter ·~o :.,, Results rog/1 

_EDB 
__ PCB's 
___ Petroleum . - . 

I • 

__ Endrin .. ,
1 
• .• ~. 

__ Lindane · · - ~-_. _· --------
·' 

Parameter 

__ Gross Alpha 
__ Gross Beta . 

. (. '• 

:. ;, ·.· Parameter. · · · 1 · 

~Silver · ;-. .. ··:·· -=..=..::....::.<:""""-­
__ . Sulfates -;,,~ ·1-'r·: ·. -·-----

·-·~<jll .,$ .... . . ,._ Zi i. ·· . ..,.. - ' ":..:r .. . __ nc., .. -,. ~ .••. .. ( ,, _____ _ 

_ · ___ p11 ~: -~ ;~!:: ~r~~·:;~:~~~------
:...:....:__·eonducti vity , _. ____ _ 

~>'1 . """ _ ·_ros ... ·-- ""' 
.. :.... . l · .:~· ------

_._ ... _ TOC , ~; ;: ,:r.-~n :• ------
- ...... -6"').,. -;.,. 

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

---~:_______ ---------
: -·, ·------- ··--------

r . . ·~ . ·. . 

:.'-·1 Parameter.,, .. ,_ Resulu r.c 

__ Methoxychlor ,·; -----
,.. • - t'' 
__ T oxa.phene · -"..;~ ------
-· _2,4~D -·· ___ _ 
_ · _ 2 ,4,5-TP (sUvex) 

: 

RADIOCHE:NnSTRY 

. Results PCi/ 1 

D ate Reported _r......12,Q,._==·=-5=-~-~- ~::::.._ _______ _ 

_ , j Date Extracted ------------------=----­
tl Reported By 
; ... ' 

• OH$3 191 (Rcvi'Cd7/85) 
-· _ -.Yno.J, il.nJ lli~tgg~~ ~ant ~~ 

Date AnaiY"..ed 

Lab Number 
0231 13 NOV 2186. 



.1 

Parameter . Results mg/1 

Arsenic. : · -------
~Barium<-}~·,;: .. :.·_·_._· __ ·.·-·----

- Cadrriium ~-.:~·:.:.·:~ .': . """"="'--·-·-----
·. Chroml~-.-; .. :,J.~·,. _______ ~ 

.,..,.... , , 1, 

_Lead'_._-:.-/.:\-,_:·.·-·-----­
__ Mercury_;::;;.:,._-; .. :--------

, 

0 s~J~.'1iuffi~~~!~_:.:: :-·-·-·_--___ -_:_.-_.-
-·Silver· • -:- . . · : · ------­

.· .· ... ' .:·.~ :··<.:' . =' f.:-~'; ---------.. :_· .. 

- _., ... ~ •/·',_:·· .... - • • - 0 0 ·.•· •• : 
. ... .... 

---------.. .. . ·~ : . .. . . . : ----------. \ t: . . .. ~ .. ~ ~ .. ·., .. ·•, . : ... · -

,.J. ..... 

:ln . . Parameter ... • 

-~ ~P~T:GCIMS:_.:-;-. -----
r - Ac1d:BIN Ext. 

Results mg/1 

_{11-TOX ... -.· ·_ .. __ -·--· ------
-i 

,. 

:·JI ~-. . , ·' · c-.·:· . . MICROBIOLO~; 
;f • 
; . · .. ,, Parameter.· . .'·. ·.' . ·:· .: · 

:11-- (~F) Coliform. Colonies/lOOmis 
~j -- (MPN) Collfo~ Colonies/lOOmis 
~1- -· 0 • • 

'11 f1 .-
~1 . ' .. · 

. ' 

Parameter 

-&Arsenic 
--Barium - ' , 
...l.L. Cadmium 

· ... Results mg/1 

.. 4.0. t;'l ... 
:- <O.I· ·. 

<::... 6::t cs:>os-
-Chloride . · . .' .. , .. : -~=--~---:---..,:;,/' .. · ' ···"~. ~ ../) ., 
--Chromium . :. -= .... .z-:~·-GJ--'-·--
_.Copper 
~Fluoride ··~·-: ·· "~:._·----:------­
-;;;;rlron 
_Lead. ·' • :• • . :.r· ··., -_"<----:.._tt9_._o_;0=::;.,_. _ 
_. _Mangan~e ---~: _ -~,....---=-~=­
~Mercury . _ .. <a 1'000~-
... Nitrate·< .:':::·:::::.r--~--·~· ~=---
. ./' Seleni~. -~ . •-·-<-~O;...ot'""'lJ;;..;O::;.-...;.::~:.--

ORGANIC CHENnSTRY 

Parameter 

_EDB 
__ PCB's 
_Petroleum 
__ Endrin 

Results mg/1 

·::,'Parameter· .. -~·:·~· Results -rug 

_ .. _Silver·· .. ;.··.·· ·:·-~ ....... ~-..t..-­

---Sulfates .l, • .-:· . .', :: ; ------
' Zin ... ·. ~ :, .. : .. ! • •. 

--.- C .. >iW•••'>•·' • >··\•l-------
-·-·.-,_. Ph_-:::.\.~.<.:;...'----
~ Condu~rlvicy _.,:;._. -----
_.·.:_· _. TDS .. , .. : :·:~:_· ___ _ 

.....:..,_ TOC . .; •• ;.:o~:~f';~·-·-------
• 0 ' ,,~·-~ w'o -----

: _,_. ., 

. ·; ·:. ,.· ----­
' •· i .. . ·.f:.-. -----

I ,' ~ ' • > .·• ! 

. , .· .. Parameter · ~ ·Results ms 

__ Methoxychlor • · ·----­
_:_· ._Toxaphene · · · 
_ .. _. _2,4-D ; . . 

.. -~ ... \~/. 
__ Lindane 

_. __ 2,4,5-TP (silvex) . -----
r .· -·~ . . . . ~~ . --------------
RADIOCHEMISTRY · · ·· · 

,. . Paran:1eter ~ . . . .· . · Results PCi/ 1 · 

--Gross Alpha · · 

'\ -. -.-; <?r.~ ~.~·-_;/).:;·-.-_--::--,-.-.. -------------
. :. : ~ ~ .. 1 :. . . ' ·.i.; ------

•. • .. :' ol. \. 

Date Reported ·--..:/;...;2~--· . .::::::3_,;.__· ~=· ..!lOG:-___ .....,;_ __ _ 

~f.. ate Re~c:i~c;d _ . : : .. -'. 
• t 

Date Extracted-·------------------~--- Date Analy·:ed --------------,;.._--

Jteport~.d ~y·: ... Lab Number 

I · OHS 3191 (Rtvi.:Cd 7/85( .. ; . · 
~ SuliJ anJ Ha:ardous Wane (Review 7/87) · 

023'/ 14 HOV Zl B~ 
,, ..... : 

"'- ~ ... 
-~-~~ . 



·'.i 

. \ 
-i:-' ------­.,.::' ..­-· ...,....-------: ... ~. -----.. ___ .. ----··! ._·_, .. ____ _ 

·.' ~ ~ .- ... 

--- Vl.~ ·.·'" .. : ~.; f...- ~ .-· ~-"'· .... j'( ! •·' ,. -------"-
' ... 

;. _:; ···: t~..,~·. 
· ... ··:,--.----.------ ~- ... ·'· '-

-· ..... 

:: '" P&.T:GC/Ms.:;··'_ .. -._ .. _ ... _._-_. _ .. _._._..... EDB · ·~.· ·· · · · ·.· 

·'·. 'J *~~~rq,_~1Jl~-· ·_ .. _ .. _ .. _ .. :-· _ .. _. ·_· _ ... _._. -~-···-' . ' .. ·.· ~~~~jt'(:~: J,_ .. _·'--·-·'-.. -. ,.-._.-~·--. _· .-... -·.·-, .: 
~Methoxychlor . .-.}.·,· .•... ':'·:' .. -~. 
~Toxaphene .. ~?! . . -.~:' < · · · 
~-2,4-D-~-~:.'~: --':-~-~~l/}.~:.·--··· \~., t-

__ ._._._J_,:_. ____ -·--·-· _ .. ___ ._._-:;...;·;...;· ..;.··-- __ . _ Endrin ·· ·. ·~.·~_-·::.·:_ .. ~··:·.-.----·-; _____ _ 
_-_· _··-·-----·--·~-·--·-----··_.·_·_ ... Lindane - • ;_,_ .. ,, · .. 

-·_. - 2,4,5-TP (silv'~) ~::_,·-._'· _·,_ ·_. __ _ 
r • • .. '.' • ~--~~· :··· .. • : .{"'···~--- • : .-: 

~ .... !>. .• : :,-: -.,~"":-:., • .'·: .... ... .. ~ • • i . ,. 

MICROBIOLOGY.' 

(MF) Coliform· Colonies/lOOmis ,· . 
~ (MPN) Coliform Colonies/lOOmis .:-::.< 

• -... . • ... r,. :-. . .:... J. • , • : • . 

.·. 

t -·· •. 
'\:. .·. 

-~ .. ..: ~--·...... ~ 1 .. ···-.:; : .•. ..:~::·"~ ..... _J_l:; .. ~-.··,.,, .. 
·ra~t~,R~~v;d; --;-~---~-_: ____ ._-._·_: :-~·-... ·-. ____ ......;.. _______ _ 

j· Date Exmcted ______ -_ .. _._ .. _ .. _.· _··-_________ ....:.._ _____ _ 

j ~c:~r~~d,_~t .-.. -... -.. -_. ----,-_, :-: ;-... ;....._· -. -.---------
DHSJI91 CR~Iacd7/8S) : .. ::. 
~,J,J :anJ Ha:ardous Wam (Review 7 /87) ·· 

_•.:··.: 

·. · · · RADIOCHEMISTRY . ~· . -. ,; :: .. ,. 

... · ... Parameter:.: .. x: .. ,>;·; ::; . · __ , ... ·. Re$ults PCi/1 

--Gross Alpha 
-Gross_ Beta, 
. . . ~. . . . . .; .· .. , . ,' _, - . " . 

·;.•·'" _. . ~ 1 • .·. 
; · __ .,, • · • · •· ·.1;) 

-----~.:-~~-.--~,,~t.~i--.-.------------
--·-------

. •. _...; f ·. 
.. .• . . . ·'· ·1"'-:. 

Date R~porred . .- !2..:.. S- Yd t; . ·,_ •'· 

Date Analr..ed · -fT'~-::-r;=~::::--:----------
023 i 15 NDV21 86 

Lab Number 
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STATE OF NORTH CAROLINA 

nm'ARTl"!ENT OF NATURAl. Rl~SOUHC~S AND COM.'lUNlTY D!Wm.OPMENT 

CLASSIFICATIONS AND WATER QUALITY STANDARDS 

ASSICNEI> TO 

TilE WATERS OF THE CATAWBA RIVER BASIN 

DIVISION OF ENVIRONMENTAL t!ANACEMENT 

RALEICII, NORTH CAROLINA 

Reprint from North Carolina AdminiAtrativc Code: 15 NCAC 2D .0308 
Gurn·nt thro~tgl•: s~·plt·mhC'r I, 1981 
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Ref 2 

biR&:O - ENVI RCN~ENT .U t1ANAGEIHNT 'Il5: 02B • 0100 

examiner or examiners, ~ill adopt its final action vith 
!: es pect to t ne ass i g 11 men t of c la s.sifica tion s applicable 
t~ toe waters under co n sideration . The co~mission will 
publish such ~ction. together wit h the effecti e date 
for the application of t hE provisio ns of General 
Statute 143-215.1 and 143-215.2,-a.s amended, as a part 
of the commis sionc .s cfticia l re g · lations. 

j 8) The f i na 1 a c ti on of t h e co Iii rn i s s i c n w i t h respect to the 
assig nm ent ~f class ification itb i ts a c co mpan ying 
standards shal l c onta i n the £ O [~ ission' s conclus i ons 
rel a tive to the v~r-i ous f act o rs gi i en io Genera l 
Statute 1.43-214.1 (d ), a nd shall s pecifically include 
the class or classes tc ~ ·n ·c c. suc h specific a lly 
d esignated a ters i n th~ ~ at e r- e d Qr ater s b .ds s hall 
be ass~gne d on t h e basi s of : est u s~ g E in t he inte rest 
:> f t hE pu l i c .. 
( A) Fresh · · te r Cl c-s s i..::i c. t:i.ous. 

ji Class s-r ; 1::.te r ~ J:_: ro tscte d a s 't:'t.ter 
.:::ut:.-lies Jblt.!l. a [E. .!.r. n- "": · =a.l. c?. '-·a uninna bit e d 
'J ? r:- e d c i ~c. r· l y_ DC.~. ·,• e::. ... &:ad. t t ' r bani ze d) 
\:ct:E:-.3 · :::-C.s; i.!C rei,',: ..:::\'r Ce ~iS CilC..L"g e s C. J: e 

2e:::-rr.i t ted anc ~ . OC "".1. . :;.; d -' r:.c.:_:"er.E;nt t: r og r c. ro s 
tc c or t r nonpo i nt s ur c e ~ol l ·ti c n a r 
r equir 2d; s ~it~ble ~o: ~ ll cl-·ss C us es; 

(ii ~ c·asc ~~ S- .~ ~<.:. ~..:& .:- ~:r,i .:: c -~:::d a s 1-r te:r 
§U?~ 1 ies ~h icn are ~~ lo~ , ~ode r ately 
dev el op e d jur- oanized. a t~ sLe: disc t ar g es 
a ce re~ tri c t e d to p ri~~ ri ~ y domest i c 
\ ! :::. - te\! c. t -= :J = _in ' st.: .:..C\ 1 no 2- p r-o c ess ·· a t e r: s 
speci fically approve d t y t: ~e cc ~i ssion; 
l:_ocal land rra rage ent t:roqra ::a s t o con t rol 
nonr;o i nt so ur c e po l uti cn are _£e g uired; 
su i table tcr all Cla ss C cse.s; 

(i..i.i) Class WS - I 1 I; wate r su p p ly s e g ment vith no 
categ orica l restricti ons o n watershed 
developm en t or ~isc h ~ rges; s u itable for all 
Class C uses; 

tiv) Cl a ss B; suitable fe r s ~i m ming, £rimary 
recreaticn and all Cl s.s C uses; 

jv) c ,ass c; suitable fo r .sec onda ry _recreation 
a n d ti s h pro pagat io n; 

(B) Ti dal Salt \:l a t er Cla.3si fi c- t io ns. 
Ji) c l ass S A; suita ble for c our:1ercial § h e ll-

tis n · ng a nd al l otr,er tidal sa_ t ater uses; 
(ii) Class SB~ suitab l e f)r s iiZm inq ~nd primary 

r e creaticn an d all Class sc uses; 
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NRC D - ENVIRONHENTAL HANAG E~1ENT 

Name of Stream 

Ore Bank Branch 
Lick Run 
Reed Cre ek 
Bradshaw Branch 
Dellinger Branch 

Armstrong Branch 
Crooked Creek 
McClu r e Branch 

Kill ian Cr eek 
Snyder Cr eek 
And er son Cr eek 

Wing a te Cr eek 
Wil kin son C;eek 
Ba l la r d Creek 

Hooper Br anch 
Forn ey Creek 

Stanley Cr e ek 
Sout h St a .le • Cr eek 
Tayl or s Creei<. 

Long Cr eek 

Dixon Br anch 
Vances T~~n La kes 

5'1-·a ringer Lake 

Mc i n t yr e Creek 
Gut t er Br anch 
Gw:! Br anch 
Thomas Po nd 

Fit es Cr eek 

CATAWBA Rl\ ER \Lake hlylie 
be low elevation 570 ) 
Ko r th Car olina port i on 
Unnamed Tribu t ar y a t 

Belmont Abbey Colleg e 
Paw Creek 

Ticer Branch (Tis er 
Branch) 

Little Paw Cr eek 
(Danga Lake) 

Beaverdam Creek 

Legion Lake and 
Shoa f La ke 

St owe Branch 

Neal Br unch (Armour 
Creek) 

South For k Ca ta~ba River 

Henry Fork 
Henry Fork 

Jerry Br anch 
J e rr y Br anch 

Description 

From source to Leepers Creek 
From source to Leepers Creek 
From source to Leepers Creek 
From source to Leepers Creek 
From source to Le epers Creek 
From source to Dellinger Branch 
From source to Leepers Creek 
From source t o Leepers Creek 
From sou r ce to Dutchmans Creek 
From source to Kill ian Creek 
From so ur ce to Killian Creek 
From source to Anderson Creek 
From s ource t o Wingate Creek 
From source to Wi ngate Creek 
From source t o Anderson Creek 
From sour ce t o Killian Creek 
F~om source to Dutchnans Creek 
Fr om s ource t o Dutchmans Creek 
From source to Dutchmans Creek 
From source to La ke l{ylie , Ca t a.,ba 
Ri v er 
Fr cm source to Long Cre ek 
En :: i re l akes and connecting stream 
to Dixon Br anch 
Entir e lake and connec ting stream t o 
Long Creek 
From source to Long Creek 
f r om s ource to Long Cr e ek 
Fran s ource t o Long Creek 
Enti r e pond and connecting str eam 
t o Long Creek 
From source t o Lake Wylie , Ca t awba 
River 
Fr om Inter state Highway 85 Br idge a t 
Be lmont t o No rt h Carolina-South 
Carol i na State Line 
From source t o Lake Wyl i e , Catawba 
River 
From source to Lake Wylie, Ca tawba 
Ri v er 
From sour ce to Paw Creek 

From sourc e to La ke Wylie, Catawba 
River 
From source to Lake Wylie, Catawba 
River 
Entire lake and c onnecting s tream t o 
Beaverdam Cree k 
From source t o Lake Wyl ie, Catawba 
River 
From source t o Lake Wylie , Catawba 
Riv er 
From sourc e t o Cramerton Dam and 
Lake Wy lie at Upper Arm strong Bridge 
From source to Mo r ganton Wa ter Intake 
From Morganton Water In ta ke to Sout h 
Fork Ca t awba River 
From source to Morganton Water I n t ake 
Fr om Morganton Water Inta ke to Henr y 
Fork 

Cla ssification 
Class Date 

c 3/1/62 
c 3/1/62 
c 3/1/62 
c 3/1/62 
c 3/1/62 
c 3/1/62 
c 3/1/6 2 
c 3/1/62 
c 3/1/62 
c 3/1/62 
c 3/l/62 
c 3/1/62 
c 3/1/62 
c 3/1/62 
c 3/1/ 62 
c 3/1/62 
c 3/1/62 
c 3/1/62 
c 3 / 1/ 62 
c 9/1/74 

c 9/1/74 
c 9/1 /74 

c 9/ 1/74 

c 9/1/74 
c 9/1/ 74 
c 9/1/74 
c 9/1/74 

c 9/1/74 

A-II&B 3/1/62 

c 9/1/ 74 

c 9/1/74 

c 9/1/74 

c 9/1/ 74 

c 9/1/74 

c 9/1/74 

c 9/1/74 

c 9/ 1/74 

A- II 3/1/62 

A-I 3/1/62 
c 3/1/62 

A-I 3/1/62 
c 3/1/62 

Ref 2 

2B . 0300 

CTB 14 

Index No . 

11-119-1-5 
11-119-1-6 
11-119-1-7 
11-119-1-8 
11- 119- 1- 9 
11-119-1-9-1 
11-119-1-10 
ll-ll9-l-11 
11-119-2 
11-119-2-1 
11-119-2-2 
11- 11 9- 2- 2-1 
11-119- 2- 2-1-1 
11- 119- 2- 2-1-2 
11- 119- 2-2 -2 
11- 119- 2- 3 
11 - 119- 3 
11- l.l9- 4 
11- 119- 5 
11-1 20 

11 - 120- 1 
11- 1 0- 1- 1 

11 - 120- 2 

ll - 12 C. - 3 
11- 120- 4 
11- 120- 5 
11- 120- 6 

11- 121 

11 - (1 22) 

11 -1 23 

11-12 4 

11-124 -1 

11-12 5 

11-126 

11- 126- 1 

11- 12 7 

11-1 28 

11 - 129 

11- 129- 1- (1) 
11- 129-1-(2) 

11 - 129-1-3- (1) 
11 - 129-1-3-( 2) 



I D>ference Material to Regulation 15 OCAC 2B .0308 catawba River Basin, entitlJ:.::-TIO~' 
I AND WATER QUALITY SI'ANiliiRIE .1\SSIGNED TO~ WA'l'E!lS OF~ CATl\liBI\ RIVER BASIN, has ~CA %.; , 

2-1-86 as follows: . a=en .. 

I Name of Stream 

I om.wm RIVER 

Chestnut Branch (Fork) 

I Clover Patch Branch 

1 
YolD'lgs Fork Creek 

Spring Branch 

I Left Prong catawba River 

Jarrett Creek 

I 
Lost Cove Creek 

I Olrtis Creek 

I 
Bear Drive Branch 

Licklog Branch 

I Big Camp Rock Bra11ch 

Rest Branch 

I Olrtis Creek (including 
proposed 03m and Reservoir) 

I Long Branch 

I Hickory Branch 

Slick Falls Branch 

I Newberry Creek 

I Clute Branch 

~Laurel Jog Creek 

Left Prong Laurel Jog Creek 

I 
I 

Description 

Fran source to Old Fort Finishmg 
Plant water SUpply Intake 

Fran source to Catawba River 

Fran source to catawba River 

Fran source to catawba River 

Fran source to catawba River 

Fran source to catawba River 

Fran source to Old Fort Water Supply 
Intake 

From source to Jarrett Creek 

From source to Long Branch 

From source to CUrtis Creek 

From source to CUrtis Creek 

From source to CUrtis Creek 

From source to CUrtis Creek 

From Long Branch to a point located 
250 feet upstream fran u.s. 
Hwy. 70 Bridge 

Fran source to CUrtis Creek 

Fran source to Long Branch 

Fran source to Olrtis Creek 

From source to Newberry Road Bridge, 
located 1.5 miles more or less 
upstream from CUrtis Creek 

From source to Newberry Creek 

Fran source to Newberry Creek 

From source to Laurel Jog Creek 

-1-

Class 

WS-III Tr 

l'JS-III Tr 

'WS-III Tr 

WS-III Tr 

WS-III Tr 

WS-III' Tr 

WS-I 

WS-I 

WS-I Tr 

WS-I Tr 

WS-I Tr 

WS-I Tr 

WS-I Tr 

lVS-III Tr 

WS-I Tr 

WS-I Tr 

WS-I Tr 

WS-I Tr 

WS-I Tr 

WS-I Tr 

WS-I Tr 

Index No a 

tl-(1) 

11-2 

11-3 

11-4 

11-5 

11-6 

ll-7-1D-(1) 

11-7-10-2 

11-10-(1) 

11-lQ-2 

11-1Q-3 

11-10-4 

11-10-5 

11-10-(6) 

11-lD-7 

11-lD-7-1 

11-lD-8 

11-1Q-9-(1) 

11-10-9-2 

11-10-9-3 

11-10-9-3-1 

I 



Lucky Creek 

I CATM'IBA RIVER (Motmtain 
Island Lake below 

1 
elevation 648) 

Johnson Creek 

I CATNIIDA RIVER (Mountain 
Island Lake below I elevation 648) 

Mc~ell Creek 

I Car Creek 

I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
:I 

CATPWBA RIVER (Lake Wylie 
below ele\~tion 570) 

Harwood Lakes and 
Br inkley Twin Lakes 

Leepers Creek 

Sawmill Branch 

Liprard Creek 

Link Creek 

CAT!MBA.. RIVER (Lake 'h'ylie 
below elevation 570) 
North Carolina portion 

South Fork Catawba River 

Henry Fork 

Jer ry Branch 

He Creek 

Long Branch 

Description Class 

Fran source to Lake Nornan, Catawba WS-III&B 
River 

Fran Co\.Yan' s Ford Dam to Water Intake WS-III 
at River Bend Stearn station 

Fran source to Motmtain Island Lake, WS-III 
catawba River 

Fran Water Intake at River Bend Steam WS-III&B 
station to Motmtain Island Darn 

Fran mouth of Torrence Creek to 
Mountain Island Lake, catawba River 

Fran source to Mountain Island Lake, 
Catawba River 

WS-III 

WS-III 

Fran Mountain Island rem to Interstate \VS-III 
Highway 85 Bridge at Belrront 

Entire lakes and connecting streams 
to Lake Wylie, catawba River 

WS-III 

From source to a point approximately WS-III 
2400 feet upstream from Lincoln County 
SR 1354 at Old Grier Iron Furnace 

Fran source to Leepers Creek WS-III 

Fran soruce to Leepers Creek WS-III 

From source to Lippard Creek WS-III 

From Interstate Highway 85 Bridge at WS-III&B 
Belm:mt to North carolina-south 
Carolina State Line 

From source to Cramerton Dam and Lake 
Wylie at Upper Armstrong Bridge 

From source to Morganton Water Intake 

From source to Morganton vlater Intake 

From source to Morganton Water Intake 

From source to Broughton Hospital 
W:lter Intake 

-6-

'WS-III 

WS-I 

WS-I 

WS-I 

WS-I 

Ref 2 

Index No. 

11-110 

11- (112) 

11-113 

11- (114) 

11-115-(3) 

11-116 

11-(117) 

ll-118 

11-119-l-(1) 

11-119-1-2 

11-119-1-3 

11-119-1-3-1 

11- (1 22) 

11-129 

11-129-1-(1) 

11-129-1-3- (1 

11-129-1-4- (1 ) 

11-129-1-8-(1 
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Rock Units and Aquifers 
in the Piedmont and Mountains 
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The rocks underlying the Piedmont and 
mountains can be divided into two groups: 
(1) bedrock, and (2) saprolite ·cor 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 unnecessa..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 

y 
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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 uni~. 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. --I ; 
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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 
f_ractures 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 water 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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WELL~f!l 

Hydraulic 
conductivity In 

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

IJ 
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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. The 
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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I Hydraulic Conductivity of Selected Rocks 

f 
t Material 

r-Coarse sand ....•..•.•••..•..•...•. 
Medium sand .........•.......•..•. 
sill ............................... . 
Clay . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · Umestone (Castle Hayne) •••••••••• 
Saprolite ••••• • : ••••••• • ••••••••• • • • 
Granite and gnetss ••••••••••••••••• 

~late ••• • • • • • • • • • • • • • • • • • • • • • • • • • • • . 

(ttl day) 

200 
130 

1 
0.001 

300 
5 
5 
3 

Hydraulic conductivity (rounded values) 
· [(gal/day)lfl2] (meters/day) 

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 permeability" and should be used when 
-referring to the water-transmitting characteristic of material in quantitative terms. It is still permissible r 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. 

15~~ . . . 

IY r (1) Solution in feet per day 

[ (Equation) (Q) (A) (dlldh) 

~ 

I r 
t 

I'Y ~ 
I: 

~- I)~ , 
crete ~ r- I 

. f . .. 
rms t 

~I.,. 1r-A\~ 

K = Odl = 150 ft3x_1_ x.1.!!.= 1so ft3 = 150 ft/day 
Adh day ft2 1 ft day ft2 

(2) Conversion of feet per day to gallon~ per day per square foot 

150 ft3 X 7.5 gal = 1 125 (galld)/ft2 
day ft2 ftl 

ff .. 
t ,. 
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~-
f 

f 

I 
r 
t 
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( 

I 
j. 

t 
~ r_ 

I g 
F 
r~. 

13 

[ 

., 
' 
: 



~ 
I I , 
I 
I 

: 
i 

' ' 

Transmissivity 

I 
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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 ofthe material compris­
ing the aquifer multiplied by the thickness of 
the aquifer. Thus · 

T = Kb 

wtiere T·is transmissivity, 
K is hydraulic conductivity, and 
b is aquifer thickne.ss. 

( I) 

As was the case with hydraulic conductivity, 
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) dh = '(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 dt <Jl 
w dh 

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

_ (fP day-1} (ft) _ ~ 
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 Conductivity Thlckne11 Transml11lvlty 
Aquifer (fL/day) (ft.) . (ft2./day) 

Post-Yorktown deposits 50 20 ·. 1000 
Yorktown Formation 50 40 2000 

·castle Hayne Limestone 300 100 30000 
Cretaceous deposits 20 200 4000 
Saprolite 5 50 250 
Granite and gneiss 5 200 1000 

Transmissivity replaces the term "coefficient of transmissibility" because, by convention, 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 = 150ft X 100ft = 15,000 ft2 
. a = Tw dh 15,000 ft2 X 5280 ft X 1 ft = 15,000 ft '· 

day 1 day dl day 1 5280 ft day 

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

15,000 fP X 7.5 gal = 112 500 ·1/d 
day fP • ga ay 

37 
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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 3Q365 

Dear Ms. Smith: 

SUBJECT: Stnmnary Trip Report 

20 November 1986 

Toddville Operations Center NC D981478480 
610 Toddville Road 
Charlotte, NC 28242 

State Health Director 

The Duke Power Toddville Operations Center is located just northwest 
of Charlotte on about 115 acres pf land. The site has been used for about 
30 years to service and store electrical equipment. The oil· used in some of 
the transformers and capacitors serviced on site contained PCB's. There are 
two wells on site which have been capped since 1971. 

On 19 November 1986, Stan Atwood, Jack Butler, and Cheryl McMorris, 
NC DHR/DHS CERCLA Unit, conducted an investigation of the Toddville site. We 
·arrived at the site at 10:00 a.m. and located the nearest off-site wells. 
Alan Giles, Mecklenburg County Health Department, met us and accompanied us 
throughout the investigation. Two off-site·wells; just across Toddville road 
from t~e site, were sampled for organic and inorganic contaminants. The exact 
depth of the first well was unknown but was reported to be less than 100 ft. 
The second well was reported to be between 36 and 38 feet deep. Temperature 
and pH measurements for the first well were 15.6°C and 7.06; readings for the 
second well were l6°C and 6.33. Both wells were located within 110 feet of 
the highway (Figure _1). 

At 11:00 a.m. we met with Michael Lascara, Dave Anderson, John Meau, 
Jay Perkins, and Warren Baker of Duke Power Company. They accompanied us· 
throughout the remainder of the investigation. Duplicate samples were 
requested and supplied. A prearranged sampling plan uas followed. A ten foot 
square was marked at each sampling area. Surface and subsurface samples were 
collected at the corners. 
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MS. Denise Smith 
20 November 1986 
Page 2 

Background soil samples were collected first. The area sampled is 
in a field north of the site located 42 feet west of Toddville road and 
106 feet north of the fence that surrounds the site (Figure 1). Subsoil 
samples were taken at a depth of· 20 inches in red clay with a hand auger. 

An on-site well was uncapped by _Duke Power Company personnel to 
allow access to ground water (Figure 1). A teflon bailer was used ·to collect 
grab samples. The water was silty. Measurements taken included water 
temperature (17.9°C), pH (7.5), well depth (greater than 250ft.), water level 
_(16ft.), and casing width {8 in.). 

The final soil sampling locations were located near the centers of 
storage areas ori the west and south sides of the warehouse. Both surface and 
subsurface samples were collected. Subsurface samples were taken at depths 
ranging from 15 to 25 inches. Soil texture ranged from yellow loamy clay to 
red clay. Both storage areas were covered with several inches of gravel. The 
investigation was concluded at 2:00 p.m. 

A visit was also made to Carolina Water· services at 5701 Westpark 
Drive, Suite 101, Charlotte, NC. They operate more than 30 community well 
systems in Mecklenburg County. We met with Jerry Oliver who supplied us _with 
a list of their systems, locations, and the number of mete~~· He said he 
would mail information on well depths and yields at a later date. Three of 
their systems. are located within three miles of the Toddville site. These are 

·McClure Circle, Trexler Park, and Oakdale which serve 80, 167, and 430 people, 
respectively. 

· If you have any questions, please contact me at (919) 733-2801. 

SA/tb/0342b 

Sincerely, 

Stan Atwood, Toxicologist 
CERCLA Unit . 
Solid and Hazardous Waste Management Branch 
Environmental Health Section 
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GEOLOGY AND GROUND WATER IN THE CHARLOTTE AREA, NoRTH CAROLINA 

most places. The limestone proper is generally less than 100 feet thick, as a result of which its areal ex-

1 tei1t is small. In contrast to the quartzite it weathers readily, forming longitudinal valleys along its strike. 
Keith7 has named this rock the Gaffney marble because of its prominence near Gaffney, S.C. It is most­

I;r gray in color and contains, in addition to calcite and dolomite, such Impurities as quartz, mica, graphite, 

I
. and hornblende. · · 

Diorlte nnd granite complex.-Rocks of the diorite and granite group cover a large area in Cabarrus 
and Mecklenburg Counties, and they also occur in eastern Gaston and Lincoln Counties. They are believed 

I to have a wide distribution outside the Charlotte area, although yery little geological study has been made 
of rocks·of this complex. 

A mafic component, chiefly diorite, and a felsic component, chiefl~~ granite, form this complex, ·(fig. 3), 

I The mafic component varies in composition, being a gabbro in some places and a diorite in others, but, for 
convenience, it is called diorite in this report. The felsic component is granite in all places. 

I 
I 
I 
I 

Residual Soil 

Scale: I inch=/00 feet 

FIGURE 3.-Diagmmmatic sketch showing the relation of granite (G) and dio1·ite (D) in Cabar­
rus and Mecklenbm·g Counties. 

So closely spaced are individual rocks within the complex that not even the larger bodies can be 

I 
"hown on the accompanying maps. It was decided to split the complex proper into two units, one in which 
n1e diorite predominates and the other in which the granite predominates. In using this subdivision the. 
boundaries between these units ~re necessarily arbitrary and somewhat indefinite. 

· The most conspicuous occurrence of the granite is as discrete bodies veining and penetrating the dio-

1 rite in rando~u fashion. Thus, in most places, it is evident that granite was intruded int? the diorite, 
although each type of rock is clearly separated from the other, without any appreciable modification of 
either. · 

I The diorite in a semiweathered state, commonly seen, is a dark-blue or gray medium-textured rock 
composed predominantly of hornblende and feldspar and containing varying amounts of quartz, biotite, 
pyroxene, and other accessory minerals. The rock granulates readily near the surface of the ground, and 

I tpe soil may be c<_>mposed in part of individual hornblende and feldspar crystals typical of the Mecklen-
burg soil types. . · 

The granite forming the complex with the diorite "is light in color, being composed almost entirely of 

I 
feldspar and quartz. Biotite, muscovite, and the accessory minerals common to most granites are not 
conspicuous. Like the diorite with which it is associated, the granite disintegrates readily near the sur-
race; breaking down into pea-size aggregates of quartz and feldspar. . . 

I 
Some of the diorite is strongly schistose and much of the granite is sheared. The wide range in degree 

of metamorphism of the diorite suggests that basic rocks of different ages are included in this complex. 
Laney8 . describes a group of diorite dik~s younger than the granite and diorite and cutting both. 

The source of the granite forming the complex with the diorite is not known. 'It is in contact with 

I a large granite mass near Kannapolis in Cabarrus County and with the syenite ring dike south of Con­
cord. Although differing in general appearance from the other granites of the Charlotte area, general 

. field relations suggest that the various granites may be of the same age. 'Where granite occurs in lesser 

I _:~I 
~op cu .. p. s. . . 
'Laney, F. B., Gold Hill mining district of North Carolina: North Carolina Geol. and Econ. Surrey Bull. 21, p. 56, 1910. 
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GEOLOGY AND GROUND WATER IN THE CHARLOTTE AREA, NORTH CAROLINA 9 

amounts than diorite it appears that-the granite was emplaced after the dio.rite, and this relation may 
exist also in areas wher~ the granite is dominant over the diorite. It is possible that the granite and 
.diorite are genetically related and that the emplacement of the granite followed quickly that of the diorite. 
Although some outcrops show that granite has assimilated the diorite locally, these two rocks normally 
occur as distinct bodies. In places where the granite is subordinate the basic component may be a gabbro, 
suggesting that the diorite of the complex is related to the gabbro-diorite rocks not included in the com­
plex. 

Syenlte.-A more or less circular belt or ring dike of augite-syenite occurs about 4 miles southwest 
of Concord in Cabarrus ·county· (fig. 9). Inside the ring is massive gabbro-diorite. The area is about 6 
miles wide although the width of the ring averages less than 1 mile. 

I 

The rock is described9 as "of uniformly coarse texture over the entire area, of massive structure and 
composed of large bluish gray feldspar individuals, without pronounced crystal outline (allotriomorph­
ic). It contains little of the other minerals, as a rule, but is largely made up of the coarse crystallization 
of feldspar . . . 

" ... The small amount of groundmass present in the rock is coarse-textured and dark gray from the 
proportion of the dark bisilicates present." 

Large boulders, characteristic of the syenite, indicate that ~ertical joints are widely spaced. Its mas­
sh·eness appears to be a factor in its resistance to erosion because it stands slightly higher than the mafic 
and felsic rocks along both the inner and outer edges. The syenite disintegrates readily but decomposes 
~lowly, resulting in a granulated and crumbly weathered rock and soil composed almost entirely of feld­
spar crystals or aggregates. 

In 1944 Dr. William A. White of the University of North Carolina and l\t. J. ·Mundorff mapped the 
,-yenite outcrop in some detail and studied its relation to adjacent rocks. At that time its concentric-ring 
"outline was ascertained-an almost circular ring which is broken 011 the southeast side by gaps that total 
·,,.,., ~!!?.!! 2 "!!l!!ee. '!'he :::-~!::!:.: ~:!thin the ring is, for the most part; gabbro-diorite and that on the outside 
is chiefly the diorite injection complex, there being some granite in the town of Concord. 

The origin· and underground shape of the syenite ring dike are not known. The circular shape of the 
dikE: at the surface suggests that the syenite filled a peripheral fault after the central core had subsided, 
perhaps during .late Palezoic time. The syenite is not interpenetrated by other rocks and is not meta.: 
morphosed. It may be younger than the granites. 

Slates and related 1·o1eanJc rocks.-In the eastern part of Cabarrus and Mecklenburg Counties a series 
·of sedimentary slates is interbedded with volcanic rocks. These rocks form the western edge of a north­
eastward-trending belt that extends across the State and is generally known as the Carolina Slate Belt. 
The ·contained ore deposits, chiefly gold, have led to detailed study of parts of the belt. A part of the belt 
lying in the northeast corner of Cabarrus County and extending into Rowan and Stanly Counties has been 
described by Laney.1o .. 

T.he most common rock of the Slate Belt is a slate that appears to represent sedimentary beds of shale. 
The slate, blue and dense where fresh, shows distinct bedding planes especially near the Cabarrus-Stanly 
County line. The slates and the volcanic rocks that they enclose strike northeastwar~. 

The volcanic rocks, chiefly tuffs of rhyolite and andesite, are interbedded with the slates and grade 
into them. The fine-grained tuff is dense and resembles chert; it grades into the slate and also into 
coarser tuffs which show fragments of coarse feldspar and quartz. 

The rocks of the slate belt represent a period of intermittent \"Olcanic activity. During the active 
intervals lavas of rhyolite and andesite were thrown out. The commingling of volcanic ash and other 
ejecta with some land waste led to the formation of tuffs. During the more quiet inte:r:vals beds of finer 
materials were deposited. Some of the beds, especially the finer tuffs and slates, are believed to have been 
deposited in water. 

I •watson, T. L., and Laney, F. B., The building and ornamental stones of North Carolina: North Carolina Geol. Survey Bull. 2. 
. p. 94, 1906. 

10Laney, F. B., Op. cit., pp. 25-42. 

I 
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The slates are generally regarded as being of pre-Cambrian age. Detailed studies of local areas in 
the slate belt by Laney,11 Pogue,12 and Stuckey,13 and regional im•estigations by King14 indicate that the I age is conjectural. . 

Greenstone scltist.-The greenstone schist crops out in a thin belt extending northeastward through 

I
. the eastern parts of Mecklenburg and Cabarrus Counties. The greenstone includes an assemblage of rocks 

that were mapped together because it is difficult to separate them in the field. All are green in color, 
are slightly to highly schistose, and are mafic rocks of igneous origin. The typical greenstone is fine­
grained and in the more massive facies15 phenocrysts of dark-green hornblende and greenish-yellow epi-

1 dotized feldspars are distinguishable. The rock probably represents a basic lava flow. Along its western 
border the greenstone is coarser and is similar to the schistose diorite with which it is in contact on the 
west side. The contact was not observed, chiefly because of the thick cover of decomposed rock .. 

I Insofar as the capacity to yield ground water is concerned, the greenstone is similar to the rocks of 
the slate belt in structure, ·showing strong scliistoslty and prominent joints transverse to the schistosity. 
It is similar to the diorite in general chemical composition and in the quality of ground water that it ·1 ~~iel.ds. Both the. greenstone and diorite are intruded by granite, whereas the slate is not. 

I GROUND WATER 

Ground water in the Charlotte area is der~ved from precipitation as rain or snow. The average an-
nual precipitation of the area is about 47 inches. . I The surficial materials at many places are relatively impermeable clays, .and the fraction of precip­
i:ation that reaches the water table may be somewhat less than one-third. Thus, recharge to the ground­
.:..-.-ner r·eservoir probably is between 10 and 15 inches per year. Seasonal fluctuations of the water table 

I nre considerable, and there may be considerable change in water level between dry and wet years. How-
. t•Yer. over a period of many years the net change in water level is small, indicating that the average an­

nual discharge of ground water is about equal to the average annual recharge. 

1.· Ground water is discharged by springs and seeps, by evaporation and transpiration, and by wells. 
.:\Iost of the water discharged by springs and seeps enters the streams and maintains their flow during 
periods of fair weather. 

I· OCCURRENCE AND MOVEMENT 

Large quantities of water are contained below the land surface in the openings or interstices in the 

I rocks. These range in size from the .minute pores in clays to large tunnels and caverns in lavas and 
limestones. The interstices in unconsolidated sedimentary rocks, such as gravel, sand, and clay, are pri­
mary interstices consisting of pores or openings between the sand or clay particles~ Crystalline rocks, 

I such as granite, diorite, gneiss, and schist, have little primary pore space between the. component grains. 
The important int~rstices in these rocks are the joints, fractures, cleavage planes, planes of schistosity, 
bedding planes, and solution channels. Consolidated sedimentary rocks have had their primary openings 

I 
reduced by compaction and cementation. However, in these rocks jointing and fracturing have produced 
secondary interstices in which water may accumulate. . . 

The porosity of a rock is the percentage of the total volume that is· occupied by the interstices. The 

I porosity of the"different rock materials covers a wide range, that of some clays, for example, may be more 
than 50 percent, whereas that of some crystalline rocks may be less than 1 percent. The porosity of clean 
sands and gravels generally is between 20 and 40 percent. Sands and clays that are cemented and com-1 pacted to form sandstones and shales have a much lower porosity. 

"Lane..·, F. B., Op. cit., p. 74. 
"Pogue, J. E., Jr., Cid mining district of Davidson County: North Carolina Geol. and Econ. Survey Bull. 22, p. 95, 1910. 

I
. "Stuckey, J. L., The pyrophyllite deposits of North Carolina: North Carolina Dept. Cons. and Dev. Bull. 3i, p. 25, 1928. 

"King, P. B., Tectonic framework of the Southeastern States: Proc. Symposium on the mineral resources of the Southeastern 
t:nited ·States, University of Tennessee Press, Knoxv111e, p. 18, 1949. 

"·Laney, F. B:, Op. cit., p. 43. _ -· 
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GEOLOGY AND GROUND \VATER IN THE CHARLOTTE AREA, NORTH CAROLINA 11 

Many of the secondary interstices in the igneous and metamorphic rocks are formed or enlarged by 
weathering processes near the earth's surface; therefore they decrease in number and size with depth. 
Solution of mineral constituents of the soil and decay of vegetal matter in it may result in a porosity of 50 
percent or more, but the porosity decreases downward in the subsoil and the partially decomposed and dis­
integrated bedrock. The solid bedrock may have a very low porosity. 

A material may have a high porosity and yet yield little water, even though saturated and allowed to 
drain for a· long time. For example, a clay having a porosity of 50 percent might not yield any water 
because of the smalln~ss of the pores, the water ·being retained because of molecular attraction. Some 
water may be retained in a rock also because the pores are isolated or poorly interconnected. The ratio 
of the volume of water that saturated material will yield to the total volume is known as the specific yield 
and is stated as a percentage. 

One of the most important characteristics of an aquifer is its permeability, that is, its relative ability 
to transmit water. Permeability and porosity are not necessarily related; a clay having a porosity of 
50 percent may transmit water very slowly or not at all, whereas a sand or gravel having half the poros­
ity may transmit water with relative rapidity. 

The movement of ground water generally is due to the force of gravity and the velocity of flow varies 
directly with the. hydraulic gradient. Normally the places at which ground water discharges are at lower 
altitudes than the areas of recharge. In a humid region such as the Charlotte area, recharge occurs in 
the interstream areas and the discharge is into streams, lakes, and swamps. Rain falling on the land 
s_urface percolates downward to the water table and then moves laterally toward the points of discharge. 
During the winter arid spring, when the water table is higher, the head is greater; therefore the velocity 
is higher and the volume of ground water discharged is greater than in summer and autumn when the 
water table is lower . 

THE WATER TABLE 

A part of the rain falling on an ·area percolates downward through the soil until it reaches the zone of 
satu.ration. In this zone all the pores and interstices are completely filled with water. The top of the zone 
of saturation is known as the water table, 'vhich is not a stationary s~rface, but one which is continually 
fluctuating, rising during and immediately after periods of rainfall and declining during periods of fair 
weather. In humid regions such as the Charlotte area, the water table is an undulating surface reflecting 
in a subdued way the irregularities of the topography. The relief, that is the difference in altitude between 
high and low points of the water table, generally is mucn less than the relief of the topography. 

· The depth to the water table depends chiefly upon the climate, the topography, and the character of 
the rocks. In the Charlotte area the climate is fairly uniform and the various rocks are similar in regard 
to porosity and permeability, so that differences in depth to the water table depend largely upon topogra­
phy. In valleys the water table generally is at or near the surface; on wide flat uplands the water table 
generally is not· more than a few tens of feet below the surface; and on sharp hills the water table may be 
more than 100 feet below the surface. The relation of the water table to the topography, in homogeneous· 
materials, is sho,,rn in figure 4. · 

FIGURE 4.-Diagmmmatic se"ction illustrating the relation of the 1cater table to the topogmphy. 
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\_Ref~--

. FLUCTUATIONS OF THE WATER TABLE 

I As the source of ground water is precipitation, the water table fluctuates in response to rainfall. How-
e\·er, correlation of the fluctuations with the rainfall is complicated by a number of factors. 

1
- The intensity and duration of the rainfall have a considerable effect on the proportion of water that 

··aches the water table. A heaYy rainfall of short duration may result in a large percentage of surface 
runoff because of the inability of the soil to transmit the water rapidly to the water table. The same amount 

l
of rain, falling during a longer period, may result in ·a much larger proportion of water reaching the water 
able .. However, during the longer period of rainfall there may be an increase in the total amount of water 

-.:Yaporated, reducing to that extent the amount of water reaching the water table. 
The evaporation capaCity of the air which is dependent upon temperature, humidity, and rate of air 

l noYement, determines the rate of evaporation and thus has considerable bearing on the proportion of rain­
·all that may reach the water table. Evaporation records are available for a floating pan on Lake Michie, 

near Durham.1G Average monthly evaporation ranges from 1.44 inches in January to 6.39 inches in July. ·1 Transpiration is an important factor with respect to recharge and discharge of ground-water. Dur~ 
ng spring and summer months large quantities of water are used b~- plants and a considerable part of the 

rainfall is taken from the soil before it can reach the water table. Also, large quantities of ground water 

I re ''"ithdrawn by plants growing in lowlands and swamps. During fall and winter months vegetation re­
;~res much less water. Transpiration probably has greater effect on the proportion of rainfall that 

··caches the water table at various seasons than any other factor in this area. 

I 
·The porosity and permeability of the soil differs from place to place and thus variously affects the pro­

·rtion of rainfall that recharges the ground-water reserYoir. The porosity and permeability may be . 
· .. r:g-ed by rainfall, heavy rains beating down and compacting the soik Type of vegetation and land usage 

I
. ~o· han! considerable effect on the porosity and permeability; intensiYe cultiYation usually reduces both. 

In the Charlotte area water levels begin to decline in April or ::O.Iay, o'ving to the increasing amount of 
··;::~oration and transpiration by plants. Generally this decline continues, interrupted only by minor rises 
'··"' to heavy rainfall, through summer and early autumn, in spite of the fact that the greatest average 

l <·•:'thly rainfall occurs in July and August. In late autumn, generally in Xovember or December, when 
.;:"::t of the vegetation is dormant and the evaporative capacity of the air is low, the water levels begin to rise. 
·:-he ·"·inter rains generally are slow and steady in comparison with the summer rains and are more favor-

1 , ]e for infiltration than the summer rainstorms. The first rains in winter often do not have as much effect 
:: the water table as the later winter and spring rains because of the general deficiency in soil moisture 

1 :·e\·ailing by late autumn. Soil, which consists of varying proportions of fine sand, silt, and clay, holds 

1
:· ·:1siderable amounts cif water in its pore space by' molecular attraction of the particles, and this water does 
:nt percolate downward to the water table. After a long dry period this moisture is depleted, perhaps for 

many feet below the surface, by evaporation and transpiration. Before any water can reach the water table, 
.this 'oil-moisture deficiency must be made up, and sometimes seYeral weeks of winter rains are needed. 

· UTILIZATION OF GROUND WATER . 

In the' Charlotte area water is obtained through dug, bored, or drilled wells or springs. 1. lh1~ wells.-Dug wells listed in this report range in depth from 1i to 100 feet, although the majority 
~tn.• from 25 to 60 feet. The diameter of the curbed wells ranges from 18· to 36 inches, and the diameter 

I ·i· uncurbed weils is somewhat larger. The well with the largest diameter, 120 inches, was dug as a 
-iwft for a mine. 

::\Iany dug wells are curbed \vith stone, brick, clay, or concrete tile, and occasionally wood. Many are 

l llot curbed or lined in any way, and others have only a few joints of tile placed in the bottom, generally 
extendhW a short distance above the water table. 

. The chief advantage of a dug well is its large storage capacity, which helps to afford an adequate ·sup-lply fo~ domes~ic use if the yield is low. . 

'''Hydrologic data on the Neuse Rh·er basin, lSGG-1945, North Carolina Dept. Con~. and DeYel., 1947. 
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MECKLENBURG COUNTY 

I "(Area 542 square miles; population in 1950, 197,052) 

Oeogta}llly anll }lhysiogra}lhy.-Mecklenburg County, in the southeast part of the Charlotte area, is 

I 
the most densely populated county in the area. Charlotte, the only city, is the county seat; it is the largest 
city in the State and had a population of 133,219 according to. the 1950 U. S. census. The county is the 
c-enter of the te~tile industry of the State, many of the mills lying in the close environs of Charlotte. 

That part of the Piedmont Province that includes Mecklenburg County consists of a series of mod-

l erately level interstreaiu areas wliich are appreciably hilly near the larger streams. No hills stand out 
prominently above the general level of the upland. The highest land in the county is near Davidson, in 
the extreme northern part of the county, where the altitude is slightly more than 850 feet above sea level, 

l and the lowest land is on the Catawba River at the South Carolina line, wh~re the altitude is about 520 
feet. 

The western part_ of Mecklenburg County is drained by the Catawba River, whereas the eastern p~rt 

l is drained by smaJI streams tributary to Roch-y River, which itself is in the drainage basin of the Pee Dee 
IliYer. The major divide formed by these drainage systems extends from Davidson in the north through 
Derita to the vicinity of Matthews. The Catawba River flows southward along the western border of the 

l
_·clunty, whereas the Rocky River flows along the northeast part. These rh·ers are only 10 miles apart in 
·lJ-:' northern part of the county, and as a consequence the interstream area is narrow and much dissected. 
1 )n the other hand, Catawba and Rocky Rivers in the southern part of the county are more widely spaced 
'':l1ich results in longer tributaries of lower gradients extending to the major divide. Thus, the topogra-1 ,);y ii1 the southern part is rather gentle. 

nt•ology.-The most striking feature of the geology of :\Iecklenburg County is the near absence of 

1-··!Iistose rocl\:s (fig. 1 i). With the exception of a· thin belt of slat~· rocks in the extreme east, the rocks 
·:· the county are. for the mo~t !l:trt, mm::~ive and are generan~· lacking in regional structural trends. 

_ Rocks of the Carolina slate belt occur in the southeastern part of the county where they extend south-

l
·xard from Cabarrus County. Although .several types of rock occur within the belt only t'vo are shown on 
he accompanying geologic map; they are the greenstone and undifferentiated rocks, including slates and 

associated volcanic; rocks. The slates are generally composed of dense, fine-grained siliceous material. 
.-\t least a part of the slate is well bedded and resembles the slate at- ::\Ionroe,:.:~ which is a distinctive part 

I :;:· the Carolina slate belt. The slates, as a rule, are well jointed and possess a gentler dip than other 
·ocks in the Charlotte area. 

·with the exception of the rocks of the Carolina slate belt in the east, the rocks of l\Iecklenburg County 

l lelong to the diorite-granite complex or are believed to be associated with it. Gabbro-diorite is widely ex­
JOSed along K C. Route 49 south of Shopton in the southwest part of the county. It is a massive medium­

to coarse-grained dark colored igneous rock composed mostly of pyroxene or hornblende and plagioclase 

l ·eldspars. It is exposed in a few road cuts and as isolated boulders above the generally flat land surface. 
t is locally referred_ to as "blackjack" and is the source of the ::\Ieckl.enburg soil type.!!0 The extent of the 

gabbro-diorite to the south in South Carolina is not known, but it is bounded in Mecklenburg County by 

l
··ocks of the diorite-granite complex. · 

The diorite-granite complex proper covers a large area around Charlotte. Bodies of diorite are local­
- Jy s-eparate from bodies of granite, but as a whole the two rocks are too closely intermixed to map sepa-

l
,.ately. Outcrop_s are not common enough to ascertain the predominance of one type over the other except 
n a general way. However, the granite component is everywhere conspicuous and appears to make up 

.h"' greater part of the complex. It appears to be subordinate to the diorite in a band bordering the gab­
hro-diorite in the south and along the Cabarrus County line in the northeast. 

I Rocks in the northern part of the county do no.t fall easily into the classification of rocks des.igned for 
he Charlotte area. They are granitic but contain considerable hornblende and biotite in places. They 

I :·stuckey, J. r .... Personal communication. . -
. ~·Report on :Mecklenburg County Soils, Agriculture, and Industry: North Carolina Dept. Agriculture County Soil Report No. 1, 

.ol. 3S, no. 4, p. 32,1917. . .- · 
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FIGURE 17.-GEOLOGIC MAP OF MECKLENBURG COUNTY. 
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FIGURE 18.-MAP OF MECKLENBURG COUNTY SHOWING LOCATION OF WELLS. 
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are shown on the geologic map of Mecklenburg County as predominantly granite although they contain a 
greater quantity of black minerals than other granites in the Charlotte area. These rocks appear to have 
the same composition as those of the diorite-granite complex if a complete mixing of diorite and granite 
had occurred. Thus this approximate equivalence and the juxtaposition of these rocks suggest that they 
may be genetically related and that the hornblende-biotite granite in the northern part of the county may 
represent a nearly complete mixing of the diorite and granite component~. 

The soil derived from the hornblende-biotite granite has a deeper color than soils from other gran­
ites of the Charlotte area and contains many yellow flakes of vermiculite. 

The rock weathers deeply, owing to the sharp relief in its area of outcrop, thus allowing a thick zone 
of weathering above the general water table. 

Ground water.-Nearly all domestic water supplies and three municipal water supplies are obtained 
from wells (fig. 18). 

Dug wells are extensively used for domestic supplies in rural districts. Normally they are from about ·1 15 to 50 feet deep and 21;2 to 4 feet in diameter. As these wells cannot easily penetrate hard rock, they 
.generally yield adequate water as long as the water table does not fall below the surface of the hard rock, 
or· more specifically as long as the water table does not fall below the bottom of the well. Where the 
bedrock lies at or near the Stlrface, as in much of the area underlain by diorite and gabbro in the south-1 western part of the county, wells may not be dug deep enough to prevent them from going dry during long 
periods of dry weather. · 

Records of more than 245 drilled 'veils are given in the tables of well data for .:uecklenburg County. I ::\Iany of th~se, especially in the rural areas, were core-drilled with chilled shot and are 2 or 3 inches in 
diameter. Their cheapness makes them suitable for domestic use, but inasmuch as 7 or 8 gallons a min-

·u: ~ is the maximum rate at which water can be removed from a 2-inch well by a deep-well pump they are 

I Hot generally used where large supplies of water are desired. :\lost industrial and public-supply wells are 
drilled with a percussion drill and are from 4 to 8 inches in diameter. The large-diametsr wells might 
E'!JCOtmter fractures and cracks than missed by small-diameter wells. Also, more water can be pumped 

1.· from a large~diameter well. Also, pumps with greater capacities can be installed in the larger wells. 

Tile rocl{S penetrated by wells in Mecklenburg County are chiefly granite and diorite. The gabbroid 
rocks, occurring mostly .in the southwestern part of the county, are included, for the purposes of ground-

l .water description, with the diorite. A few wells in the eastern part of the county are drilled in slate but 
complete data on these wells are lacking. As the diorite and granite are rather closely intermingled, some 
wells doubtless penetrate botll rocks. Table 13 presents characteristics of the wells as related to rock 

1 
types and topographic locations. 

I 
1. 

I 
I 
I 

TABLE ·13.-SUlltliARY OF DAT.\ ON WEU.S I::'\" MECE:LE::'\"BURG COUNTY 

ACCORDING TO ROCK TYPE 

Yield I gallons a minute) I Perrent or ..-ells 
A\·erage yielding I gallon X umber or depth 

I I I 
TTPE or Roc~: wells a minute or 

(feet) 
,Range Anrage 

l'er foot ..... 
of ... ell .. ' 

Diorite •••••••••••••••••••••••••••• 41 lli 1-i5 I li.9 I 
0.153 I 2 I 

Granite ................................................ 5~ 12~ 2--65 I u.s I .092 0 

All wells ••••••••••••••••••••••••• 95 132 1-75 I H.3 I .109 I 

1 Drilled wells 2 inches or more in diameter. 

:I 
I 

:1 
.I 
'I 

·I 
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GEOLOGY AND GROUND WATER IN THE CHARLOTTE AREA, NORTH CAROLINA 

SUJUliARY OF DATA OX WELLS IN l\IECKLEXBURG CoUXTY 

(Drilled wells 3 Inches or more In diameter) 

ACCORDING TO ROCK TYPE 

Tield (gallons a minute) 

Number of 
Average 

TrrE or Roc1t depth 

,. Amage 
' wells I 

(feet) 
Range I Per foot 

I of weD 

Diorite •••••••••••••••••••••••••••• 30 155 3- i5 I 22.6 l .147 

Granite •••••••••••••••••••••••••••• 36 136 3-100 I u.s I .109 ! 
All wells ••••••••••••••••••••••••• 66 Hl 3-100 I 18.4 I .128 

I 

ACCORDING TO TOPOGRAPHIC LOCATION 

Yield (gallons a minute) 

Number of 
Average 

TOPOGRAPHIC LOCATION wells 
depth : 
(feet) 

Ran go : .'..T"tra~e 
Per foot 

. of well 

Hill •••••• -······-········ ••••••••• ! 41 I 125 Hi5 8.5 0.068 

nat. ••.••.••••. -----.···-········· 13 I 119 2~0 13.1 .110 

Rlnpe •••••••••••••••••••••••••••••• 19 I JH 2-75 l5.P .110 

Draw ........ ~ .................................................. f 21 I IH. i 5-:'5 ~LP .1;3 
I 

\"nl1r\" I 
I 

p; I----········ I .082 

I 

Perren! of wells 
yielding 1 gallon 

a minute or 
less. 

0 

0 

0 

Percent of wells 
yielding 1 gallon 

a minute or 
less. 

2 

0 

0 

0 

0 

I According to table 13 wells in diorite have greater yield and average yield per foot of well than wells 
.11 granite.· The average yield of all diameters for which information is available in diorite is 17.9 gallons 
., minute as compa'red with an average of 11.5 gallons a minute for wells in granite. If only 3-inch and 

l :trger wells are considered, those in diorite yield 22.6 gallons a minute and those in granite 14.8 gallons 
minute. 

· Although granite occurs extensively throughout the county, the data on wells do not indicate that it 

l ·ields more water at one place than another, if topography is disregarded. The same condition holds true 
or the diorite. According to topographic location, wells on hills yield less water than wells on any other 

topographic site, yielding only .068 gallons a minute per foot of well. This is slightly more than one-third 

-
~f the yield of wells in the most favorable locations, draws, that yield .173 gallon a minute per foot of 
,·ell. Th.us wells in draws have an average depth of 144 feet and an average yield of 24.9 gallons a min­
tte. The average yield might be appreciably higher if only 3-inch and larger wells were considered. 

As no particular part of the county can be designated as unusually poor and no part .as exceptionally 
load, it appears ;;tdvisable to give considerable attention to local conditions in locating a well. West of the 

.-late belt, diorite, the best aquifer, occurs sporadically in almost every square mile. Thus in many cases 
: t is possible to locate a well in the dark-colored diorite or gabbro without sacrificing convenience of loca-

l ion. As topography is an important consideration, the location of wells in lowlands or especially in 
raws should be attempted if relatively large yields are desired. . 

The quality of ground water in Mecklenburg County is good almost everywhere. (See table of anal-

l ·sis.) Analyses of water from wells penetrating granite in Mecklenburg County vary considerably in the 
oncentration of dissolved mineral solids. This is doubtless due to the penetration of one or more small 

bodies of dioritic material in the granite. By virtue of their relatively insoluble mineral constituents the 

l ranites should contain water lower in mineral matter. Analyses of water from wells 27, 133, and 180 
uggest that, although the predominant· rock is granite, a large part of the mineral matter in solution 

comes from dioritic or mafic bodies penetrated by the wells. . · · 

I 
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Well 235, at Pineville, drilled in a large area of dark-colored gabbroid rocks, yields water containing 
395 parts per million dissolved solids. Although this water is considered more or less typical of that in 
gabbro-diorite, it is doubtful if any of the ground waters in the county greatly exceed this in mineral mat­
ter; most of the ground waters should contain much less. 

Temperatures range from 59" to 63" F and average 61" F. 

Munlci}Jal SUJ1plies.-Huntersville, population 763 (1940 census), obtains its supply from deep wells. 
Four deep wells have been drilled for the municipal supply and yields of 5, 9, 22, and 35 gallons a minute 
are reported for individual wells. The well yielding 5 gallons a minute originally yielded 20, and the 
well yielding 9 gallons a minute originally yielded 40. The decline in yields in these two wells may be due 
to interference of wells. In 1945 the average daily use was 30,000 gallons. The water is not treated. The 
chemical quality of the water, as shown by the analysis of well 27, is good. 

Matthews, ·population 486 (1940 census), obtains its water from a deep well drilled in greenstone, 
which yields 20 gallons a minute. The water is not treated. 

\\'ell Ow:<ER 
ftC. i 

RECORDS OF WELLS IX 1\IEC:fiLEXBl..llG COl:"XTY 

I ~ Depth 

' Type of ll of nil 
~<<·II (feet) 

DIIILLEI! 

I 

I • I Total hard-
Diameter Depth of "at•rle\'el 1 16 Jd 

of "ell casiog 'feet belo,.. ! Yidd i ne~s • •)e 
(inches) , (feet) ; surface) I (g.p.m.) l ( e.t. } 

. ' , p.p.m. 

REMARJtS 

I ~-- ,-·--:-:-: I 
I . ~l~ miks :\I;, o{ llunters\·iUe ••• ; 11. G.llradford •••••••• : Shcrril .............. C'r-Dr 160 2 .................. ' ........ ' ............ Granite. Ade<tUate ,·icld. 

' ' : ' I Eli~!.!!)' hard ... atcr. nat. 
Z ' ... :do ........................ R. G. Summers ••••••• Earl Torrence....... C'r·Dr : 83 r,o ' ' ; ............ ' Granite. \\'•ter slightly hrd. 

~ , ~ rnii<·S ::\E of lluntmville ..... , Joho G. C'ald..-•ll 1 I . 
; J.H.Etill..-ell ............................. C'r-Dr ! 70 1 ........ 1. ......... ; 

I l }IJJI. 

2·3 I ............ I Granite. Moderately soft 

I i : I ,..ater. Hill. 

~ .... 

0 

•• d.od ........................ i 0R.~.dBradCford1 ... : 1·.~:· 1
· .................... Cr-Dr I SS 3 

1

: ........ 
1 

.......... 

1 

6+~ ............ Granite: 61\'r. Hard "•ter. 

5 
1 

avr sor1 ...... _. ........... , .. , aVJ son ot oo" w . , I 
_6 ! .... do ........................ l ... :::~~~~~~~~~~~~~~~~ (~~~~~~~~~~~~~~~~~~~ 1 

:::: 16G-:=1 ..... : .... ~~~~~~~~~ ! .•.. ~: ..•. \ 
I 

4 I 65 

! I 
I • I 
.... do........................ Dnidson Ice <!: Fuel 

I 
C'o................. Jim Robbins ........ · Cr-Dr 

Corneliu~..................... Cornelius !-!iUs, Inc ........................ i Cr-Dr 

9 .... do ........................ 
1 
.... do .................................... i Cr-Dr 

10 .... do ........................ j' ••• do................ n·. A. Kirkley ...... i Cr-Dr 

. ! 
11 .... do ............................ do .................... do .............. , Cr-Dr 
12 .... do........................ Gem l'arn l!iUs ........................... ' Cr-Dr 
13 .... do ................. -........... do .................................... i Cr-Dr 
H I!~ miles 'I\. of Cornelius ...... ! Mrs. Mary C. Hager ....................... ! Cr-Dr 
15 1 4!-2 miles W. of Hunters,·ille .... Mrs. J. C. Blythe ......................... ! Dug 
IG 1----do........................ JoeL. Blythe ............................. : Cr-Dr 
17 .... do ........................ J.L. Xorket ... ; .......................... Cr-Dr 
1 ~ 'I 5 miles SlY. of Hunttrs\-ille ... ~. I W. 0. Hollingsworth ....................... : Cr-Dr 
1~ 

1

1 
.... do ... , .................... j Long Creek High : 

• 1 School............. Hickory Drilling Co .. I Dr 
~0 

1 
2 miles S. of Huntcm-illc ....... 

1

1 Prison Camp .............................. ; Cr-Dr 

' I 

~~ i H~ miles S. of Huntem·ille ..... , •••• do .................................... i Cr-Dr 
2~ II J)i miles S. of Huntrnville..... County Sanatorium.- .................... , Dr 
23 .... do ............................ do................ .................... Dr 
24 liuntersville .................. To1111well 1.......... .................... Dr 

Z5 Hunters\'ille ................. . 
26 .... do ....................... . ,. To1111 well 2. ••••••••• Abernathy.......... Dr 

To1111 weD 3.......... Ralph Robbins...... Dr 

100 
liS 

127 
100 

4 
3 

2 
4 

35 ......... . 
90±· ......... . 

" ~-----------

lJ 
15 

so 
60 

8 ........... . 
70 ........... . 

55 4 ........ .......... 50 .......... .. 
PO± 2 ........ .......... 5 ........... . 

160 2 ........ .......... 3~'··-----------
45 2 ........ .......... 3 1 40 
30 2~ 30 23.2~ ........ ! ........... . 

liS 3 100 .......... 5+ 40 
125 2 ........ 

1

.......... 6 I 35 .................................... -------·1 60 

101 ~ ........ .......... 65 1 2s 
225 3 ........ .......... 2)11 100 

g; 3 ........ .......... •H. 65 
120+ 8 16 15 35 
HO+ 8 •••••••• .......... 11 SO 
;o s 40 9 ss 

:10 
97 

8 
5 

100 
97 

30 22 
5 

65 
50 

Hill. 

62W F. WeD st machine 
shop. Draw. 

i ,..ells in group. Aggrepte 
yield l4 g.p.m. to suction 
pump. When drilled 6 of 
the ; wells fio,..ed. Dra'lll', 

Rock at 30 feet. Slope. 
Rock reported at 90 feet. 

Schist. Flat. 
Schist. Flat. 
Schist. Water level 60 feet 

below surface when pumped 
at 20 g. p.m. Flat, 

Schist. Flat, 
Schist. Dra'lll', 

Do. 
Schist. HiD. 
Schisto.e diorite, lliU. 

Do. 
Schistose diorite. Slope. 
Schistose diorite. 

Granite. 62%° F. Hm. 
Granite. 60}-f' F. Rock at 

20 feet. Hill. 
Granite. 593-~° F. Valley. 
62° F. 
63° F. Dra'lll'. 
62° F. Originally 110ft. deep, 

8 in. in diameter. \ielded 
40 g.p.m. Filled 'lll'itb sand 

and was redrilled. Draw. 
62H°F. Ora,.., 
Granite. Originally yielded !!0 

g.p.m. Draw. 

I! 

- :.--
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RECORDS OF 'WELLS L~ 1\IECKLE::s"BUBG COUNTT-Confinued 

I I Total Lard- I 
Depth Diameter Depth of Water len! ness (field 

Type of of well of well casing Jeet below I Yield testa) I 0'R'NER LO<'ATION DRILLER REIURU 

Ill' well (feet) rmches) (feet) !UI'fa<'t) (g,p,m.) (p.p.m.) 

1~:.:-----------------I------------l------------J---- . 1-----J-------:·-----------------------~ 

~; 1 Huntersville •••••••••• ~-····•· Ton well 4 •••••••••• R. E. Faw •••••••••• Dr 190 8 100::1:: 20 35 64 
105 

Analysis. Granite. Draw. 
62° F. Combined )'ield of 10 

wells. 27~ g.p.m. Draw. 
:!~ l •••• dO---···················· Anchor Mills Co ••••••••••••••••••••••••••• Cr-Dr 38-81 2 3S to Sl 5 to 30 27~ 

I ~30~ • ••• do ........................... ~do •• ~ •••••••••••• ~ Robbins............ Dr 
•••• do •••••••••••••••••••••••••••• do................ •••••••••••••••••••• Cr-Dr 

185 
300 or 

400 
72 

140 
~I 

1 
.. , 
uo 

33 

3~ 

1 ... ,;J 

;_;,; 

I 
I 
17 

.)1 

1: ,, 
·.j 

I!< miles N. of Huntersville •••• 
, 1!2 miles N. of Huntersville •••• 
12H miles SE. of Huntmville ••• 

13 n.iles BE. of Huntersville ••••• 

i 2~: miles SE. of Huntersville ••• 
j 3J:i miles SE of Huntersvill• •••• 

G. R. Fleenor ••••••• ~. Sherril ••••••••••••• 
Ralph Johnson •••••••••••••••••••••••••••• 
D. B. Jordan 

J. R. Westbrook, 
tenant ••••••••••••••••••••••••••••••• 

Plantation Pipeline 
Co ••••••••••••••••••••••••••••••••••••• 

F. M. Fit e............ Robbins •••••••••••• 
B. C. Zeigler •••••••••••••••••••••••••••••• 

Cr-Dr 
Cr-Dr 

Dug 

Dr 
Cr-Dr 
Cr-Dr 

4':imilesE.ofHunter"'ille •••• !II.B. Wallace ............................ Cr-Dr 

· :jl~ miles XE. of Derita ........ , ll. \\'.Alexander ........................... Cr-Dr 
.... uo ........................ , James I. Crensha..- •••• \'a. ~lach. Co .•••••• I, Dr 

1 miles XE. of Derita .......... i 0. B. Cochran ............ do .............. Dr 

·:··;] . .,~·-··.--·--·--:·--··-----~ C'lareocc Pender ....... ~ Will Fortner ........ ,/ Cr-Dr 

"'·z c.:le• :\E of Dcr~ta ........ Jlienry Doster ............................. Cr-

62 

260 
116~2 
50+ 

69 

118 
85 

3S 

9G 

1 I Dr .;--·---··r 
~":i !lilies XE. of :s-..... u ........ : Frank Cochran........ Bo,.ers ............. J Cr-Dr 132 
;: ~ ......::_ ::::. ~: :: ..... "':: ............... • :.. '"';;. ~wniu .... ............. 1 ......................................... ] Vug 32!ii 
~!iioiles"E.ofN•"•lL •• ." .... ! J.R.Austin .............................. ~ C'r-Dr 13i 
3' ~ ltilPS "E. of !\ewell ........ : James Cald,.ell....... Bostin ............. Cr-Dr 79 

2 mil•s ";of Xe..-ell ........... f County Home ......... Hinson ............. Dr 162 

.... do .................... .' ... ! \letor Penninger...... Bo..-ers ............ . Cr-Dr ~2 

I 
~ miles X. of :\ewell ........... I X. !II. Christenbury... J. Torrence ....... .. 

.... do ........................ , J. W. Dierstein ........................... . 
Cr-Dr 133 
Cr-Dr 80 

-l!:i miles NW. of NewelL ..... S. P. Moyer ............................. . Cr-Dr 90 
:s-..... u....................... High School. ............................ . Cr-Dr 335 

.... do ............................ do ................................... . Cr-Dr 80 
~·mileS. of SeweD ••••••••••• Mrs. Annie Babh ...... W. A. Kirkley ..... . Cr-Dr 96~ 
5 miles E. of Charlotte......... Galloway Estate •••••••••••••••••••••••••• Cr-Dr 113 
5! 0 milesl\E. of Charlotte..... F. S. Neal Estate ......................... . Cr-Dr 196 
Hi miles NE. of Charlotte •• :·· Mecklenburg Furniture 

I Shop ••••••••••• ~... E. Mullis .......... . 
. s ' ~)'\!miles NE. of Charlotte ..... W. S. Abernathy •••••• Montgomery •••••••• 
:• I ~i miles S'W. of Derita •••••• - J. E. Heafner ............. do ............. . 

Cr-Dr 134 
Cr-Dr 165 
Cr-Dr 130 

,,o 1).1 miles SW. of Derita........ E. T. Robinson........ Everett Mullis •••••• Cr-Dr 116 
1 mi!eSW. of Derita ........... B. J. Hunter .......... Allen (f) ••••••••••• Cr-Dr 380 

Derita....................... Louis G. Rstcli!Ce, Inc.. Bill Brathn......... Cr-Dr 92 to 135 

': .... do ........................ Bob Farington ........ ................................................. Cr-Dr 65 

1:. l4 n.iio E. of Derita ... : ....... H. L Young .......... .. ................................... Dug 38 

Derita ....................... School ............... .. ....... -- .............. ------· ...... Dr 90 
a.', I~ •••• do ........................ B. J. Hunter .......... Ed. Hunter ••••••••• Cr-Dr 92 

"-: 1),2 n.iles NE. of Dtrita ........ C. A. See gar .......... ......... --------------- ..... Cr-Dr 99 

I' 1 mile :::\\1, or Derita .......... J. H. Stevens ••••••••• ................................................ ..... Dug 40 ., 2.1-;i miles NW. of Derita ....... P. J. Penninger ....... --- ......... ---- .............................. Dug 21 
0 ~ miles XW. of Derita ......... J. E. Penninger ••••••• Homer Sherril ••••••• Cr-Dr 125~ 

;J 2!1! miles xw. or Derita ••••• ;. Clyde Hunter ••••••••• Martin ••••••••••••• Cr-Dr H6 I! 1)~ miles N. of Charlotte.-•••• C. E. Collina •••••••••• Robbina •••••••••••• Cr-Dr 113 

I 

3 
2 
2 

40 

8 
3 
2 

2 

2 

2 

2 

3 
30 
2 
4 

10 

2 

2 
2 
2 
3 
3 
3 
2 
2~ 

3 
2 
2 
3 
2 

2 

3 
36 

6 
2 
2 

36 
36 
2 

3 
2 

10-1!! 

12 
10 

70 
35 

100 3 •••••••••••• 

62 5S 

15 
20 45 3 70 

55 

580 

········ ··········j··------
45:::: 15 ! 5 

IS 110 
........ .......... , 12 95 

I 
.................................. I .J-5 50 

Hard nter reported. Draw • 

Granite, HilL 

Granite. Draw. 
61° F. Granite. Hill. 
Diorite. Water contains iron. 

Hill. 
Diorite. Laboratory test. 

"Black jack" soil Draw. 
Diorite, Slope • 
Diorite . Water contains iron. 

Hill. 
Granite. Water contains iron. 

Hill. I I 
....... T ......... · ····· .. ! 65 D~~;;;: ~;i{ F. Adequate 

\ I ........ ,.......... ......... 23i Diorite. (LalJOratory test). 
1 , : I Adequate yield. Draw. 

, S I 85 Diorite. Slope. 
: __ ::_._·:_:_:_:_l·.·_·_;_·_~_:; __ s_··_ ........ J ............ j Diorite. Hill. 

7)-f ............ l Diorite. Slope. 
5S 1' 20 20 

1

, ............ Diorite. Slightly hard water. 
Hill • ....... .!.......... 60 HO Diorite. 61° F. t:se, about 

\ 35,000 to 40,000 gallons a 
1

1 

day. Draw. 
86 23 ' 45 Pumr in basement, 8 feet bt>-

1 ! low surface. Granite. Slope. 
35= ........... 5 75 Granite. Hill. 

........ , 11.5 ! 2,!-Z: 50 Granite. 61~° F. Slope • 

........ 
1
.......... H 65 Diorite. Ifill. 

........ 
1
.......... 8 30 Granite. 62!1' F. Slope. 

•••••••• ;"········ 8 ............ Granite. Slope • 
35 16 8 30 Granite. Hill. 

........ .......... 7 ............ Do. 
22 5-10 45 Flat. 

130 
100 

9 

::~:::·· [~~~~~~~ 
I 
' 
: 21 

36 ! 31.5 

9 60 
12 35 
7 50 
7 55 
3 60 

11 to 35 
each 55 

12 -----·-····· 
15 

.... 6i"" ~----;i·--· i~ ..... 3(i"""' 

........ 1•••••••••• ........ 20 
40 !!3.5 .. ..................... .................................. 
21 

I 
13 I~ 55 

80 12 5 30 

~25 7 ................................. 
40 21 3 65 

nat . 
Draw. 
Draw. 
Granite. Flat. 
61~ F. Rock at 80 feet. 

HilL 

Group of 4 wella used at green· 
houses. Draw. 

Draw • 
60° F. Adequate au p pI y. 

Hill. 
Hill. 
Supplies 2i houses. Hill. 
Draw • 

................................................................... 
Granite. Flat. 
Granite. 62° F. Supplies 3 

buildings. Flat. 
Soft water. Flat. 
Gneiss. Flat. 



I 
I 

I 
I 
I 

I 
I 
I 
I 

I 
I 
1. 

I 
I 
I 
I 

GEOLOGY AND GROUND WATER IN THE CHARLOTTE AREA, NORTH CAROLINA 73 

RECORDS OF WELLS IN lliECKLENDUitG Cot:NT¥-Continued 

w.n \ 
no. j 

LocAnos 
Depth 

Type of of well 
w•D crret) 

Diamettr Depth 
of well casing 
(inches) (feet) 

'1\"attrlev.J 
(feet l.oelow 

aurfuce) 
Ueld 

(g. p.m.) 

Total bard­
ness (field 

test!) 
{p.p.m.) 

REIIARU 

I --·---'--------:-------1------i-------·--------:----1-------
73 i 3'i miles :s. or Charlotte ••••••• 
<t •••• do •• : ••••••••••••••••••••• 
;s 
<6 

3U miles N. or Charlotte ••••••• 
2J-2 miles NE. of Charlotte ••• ~. 

G. V. B~:rris.......... W. A. Ivester ••••••• 
C. T. Stallings •••••••• Robbins •••••••••••• 
.Mra. Eva Mae Ellis •• - •••••••••••••••••••• 
Intentate Granite 

Corporation........ w. A. Kirkley------
7< •••• do •••••••••••••••••••••••••••• do_ •••••••••••••••••• do •••••••••••••• 
;s 2)-2 miles NW. of Charlotte..... G. Y. KeDer ------·--- Hinson ••••••••••••• 
79 •••• do •• ---------------------- Planters Ftrtilizera & 

Ph<isJ>h. Co .•••••••• --------------------
so 3 miles N. ot Charlotlt......... I. T. Hutchison ••••••• --------------------
81 3~~milesNW.o£Charlotte ••••• T.P.Caldwtll •••••••• Montgomery _____ _ 

I 

Cr-Dr 
Cr-Dr 
Cr-Dr 

Cr-Dr 
Cr-Dr 
Dr 

Dug 
Cr-Dr 
Cr-Dr 

48 
7l}i 
96 

165 
200 
190 

31 
110 
158 

S2 I 4 miles N. of Charlotte......... E.' C. Glenn •••••••••• --············-····· Cr-Dr 150 
8314!4 miles N. of Charlotte....... J. W. Buehanan ••••••• ---·-····-------·--· Cr-Dr 85 
84 5H miles N. or Charlotte ••••••• F. W. Dotzer ••••••••••••••••••••••••••••• Cr-Dr 82 
S5 7 mit .. N. of Charlotte ••••••••• P. Y. Humphrey •••••• ~-Stephenson.... Cr-Dr 100 
SIJ ! •••• do •••••••••••••••••••••••• R. W. Pa~~er ••••••••••••• do •••••••••••••• Cr-Dr 140 

~; •••• do ••••••• ~------·········· H. T. Rearis •••••••••••••• do.............. Cr-Dr 
s~ . 31.0 miles NW. of Charlotte ••••• Chadwick-Hookin~ Co .• Sydnor .............. Dr 

I 
I 

~(I : ·4 miles NW. of Charlotte ••••••• !llecklenl•urg Nurseries •••••••••••••••••• :J Cr-Dr 

~0 •••• do •••••••••••••••••••••••• ) Godley Ilros .••••••••• .l .................... ; Cr-Dr 
.~·I 4'.;' miles !\11". of Charlotte •••• , National Car!>on Co .••• i l'i' •• ~. Kirkley •••••• ' Cr-Dr 
:.; •••• do •• ·----~----·· •••••••••• i .... do •••••••••••••••• 

1 
•••• do •••••••••••••• i Cr-Dr 

~~ "ii~:ii~~-~'E:~;-p;~·c;~i;:::J~~~iu;·,\:~j;~·-··· .... do •••••••••••••• i Cr-Dr 

1

1 !Ifill Co............. Srdnor ••••••••••••• ~ Dr 

95 •••• do •••••••••••••••••••••••••••• do................ •••••••••••••••••••• Dr 

~r, : •••• do ••••••••••••••••••••••• .l. ... do •••••••••••••••••••• do.............. Dr 

Leaksrille Woolen I I 
!\!ills Co .••••••••••• Sydnor............. Dr 

. . 
97 ! 1!: miles NE. of Paw C.-ek •••• 

130 
519 

135 

so 
ISO 
135 
!OS 

350 

200 

1,166)-2 

95 ; •••• do •••••••••••••••••••••••••••• do •••••••••••••••••••• do •••••••••••••• Dr 250 

09 ; •••• do •••••••••••••••••••••••••••• do •••••••••••••••• --···-------·-······ Dr 250 

100 •••• do •••••••••••••••••••••••••••• do.................................... Dr 250 

101 Paw Creek ••••••••••• , ••••••• 
102 r •••• do •••••••••••••••••••••••• 

:~~ 1:::::::::::::::::::::::::::::: 
! 

High School.. •••••••• 
Standard Oil Plant •••• 
Shell Oil Plant •••••••• 
.-l.merican Oil Co. 

Carolina Drill. Co.... Dr 
J. S. Hinson •••••••• Dr 
Heater WeD Co...... Dr 

Plant ••••••• ··----· ---·-----·--·-···--· Cr-Dr 
Kendall !\!ills Thrift 

140 
306. 

148 

85 
105. !····do •••••••••••••••••••••••• 

Phnt.............. •••••••••••••••••••• Dr 600 
li!G : •••• do.·-······:···········-· •••• do •••••••••••••••• 

1

.................... Cr-Dr 33 to 65 

107 ! 2 miles!\. or Paw Creek ••••••• ~lcCiure Lumber Co .•• -············-----·· Cr-Dr 115 
HI~ · 3 miles NW. of raw Creek ••••• ~f. L. Dunn •••••••••• Robbins............ Cr-Dr 5t 
IO'J ; 3!0' miles !\W. of l'aw Creek ••• James Costevens...... •••••••••••••••••••• Dug 30 

I 
90 

80 ::: ,.::~:·.~~:.::=.:~::: :: ==~=:::::: .:.:=::::= :1> 
1121.4 miles N'l'i. of Paw Creek ••••• Southern Dyestuff 

Corp .•••••••••••••• Sydnor............. Dr 221 

2 
2 
2 

4 
4 
6 

30 
2 
2 

2 
2 
2 
2 
2 

2 
10 

3 
4 
4 
4 

10 

10 

10 

10 

8 

10-8 

10 

6 
6 
6 

3 

I0-8 
2% 

3 
2 

12 

3 

36 

6 

31 

190 26 

25 

83 30 

78 
99 

85 25 

I 
100 25 

: --------,----------~ 

I .... :~--'~~~~~~~~~~ i 
: :~; 1::::::::::' 
I M ·-········• 

'········ ----------1 

---·-~-- ------·---

15 -----·-··-·· Moderately aoft water. Draw. 
6 •••••••••••• Slightly bard nter. Draw. 

2}i ------·--··- Gneiss.. Hard nter. Hill. 

35 
35 

10-15 

Granite. Slope. 
Granite. Draw. 
Diorite. Hill. 

5 ------·----- ----------------------------
5 25 Hill. 

Diabase dike. 63° F. Soft 
water. Well was dynamited 
to increase yield. HiD. 

HilL 
HilL 
Diorite. Hill. 

5 ss ----------------------------
6 ............. Xo water until..-eU ..-as drn•-

mit•d. 
5 •••••••••••• Do. Slope. 

100 I E 1 : 63° r. Well at plant 2 sap-

4-5 

6 
IS 

36 

GO 

6S 

671/.,' , I 

\ plic• hoth plants and Ed1ool. 
I Draw. i Du; well. nearly went dry in 
1 IVH-1912. Hill . 

•••••••••••• · ~oft water. Hill. 
s; I 63° F. Company well!. Draw 

•••••••••••• ' t2° F. Company we!l2. Draw 
•••••••••••• : Companr well 3. Slo))e. 

55 

•o .. 

I 

I r,2) ~c F. Company ..:ell 4. 
I Draw. 
! 59°T. Companywell5. T<m­

))eralure taken after pump. 
ing 35 minutes-7/1~ /45. 
Dro .... 

G3° F. Com pan)• well 6. PI:!:> P­
ing Je,·et 173 feet below !ur­
face in 1942. Draw. 

61H°F. Companywell7. Tem­
))erature after pumping 20 
minutes. Draw. 

30 !------------ Company well 1. Not in use. 

1 

:: [~~~~~~~~~ 
I 

Draw. 
Company well 2. Never used 

Water too bard. 
Company well 3. Not used. 

Originally )ielded 100 g. p.m. 
Slope. 30 , ___________ _ 

•••••••• •••••••••• 55 , 40 Draw. 
SO!i 21 36 I ~0 61J.i" F. Draw. 

----···- ········-· --------1 80 

60 • 32 U 1 150 : 63° F. Slope. 
33 to 65 H to 2 H : 6'J 159J.i" F. Group of 6 wells. 

j Valley. 
<6 ••••••••••. 4 •••••••••••• i Gran~ to. llill. 

•••••••• •••••••••• 3 50 / GraDIIe. Flat. 
30 23.0 •••••••••••••••••••• 1 Adequate water supply. Soft 

10 

65 

60 ---------- ··-·::--~ -·--:~-----
1 

water. Flat. 
61}i" F. Granite "ADd". 

Draw. 
Supplies 12 botl!tS. Soft 

water. Hill. 

6Hf F. Laboratory test. 

I. 

I' 
I 

j: ,, 
i: 
I 

'I 

! 
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I~ GEOLOGY AND GROUND WATER IN THE CHARLOTTE AREA, NORTH CAROLINA 

RECORD OF "iELLS IX 1\IECKLE::\"DURO Cot!XTY-Continued 

I 1
• I Total hard-

, .. , I Lomtos 011-~"ER DruLLEa Tn>e of ~!~t D:r::~•r ~:f~: ~~~e~~:;'l Yield ness (field 
·;.:,~ i weU (feet) (inches) (feet) ourfaee) ,

1

· (g.p.ni.) tests) 

1-;---------1·-------1-------l---------.-----;---J--(p_.p_.m._) -1---------
E.l\I. Beaty ________ ···················-l Dug 

; ;.; : 8~4 miles\\", of Charlotte •••••• 
11 ~ : 81-f miles""'· of Charlotte ........ .. 

I
·~ i .... dO---···················· 
•• ' S milt'S '1\". of Charlotte •••••••• 

<1 2 miles '1\". of Charlotte •••••• 
<•.& miles. W. of Chsrlotte •••••• 

Paul Thompson ••••••• Helms ••••••••••••• Cr-Dr 
C. E. Ben:yhiU........ •••••••••••••••••••• Cr-Dr 
Cathey Brothers •••••••••••••••••••••••••• Dr 

Otis Keeter ••••••••••• \\".A Kirkley •••••• Cr-Dr 
(Willamette Park) 

R. A. Suttle •••••••• Ralph Robbill$ •••••• Dr 

39~ 
115 
126 
80 

136 

95 

18 
2 
2 
6 

3 

39H 34.7 

:::::::l:::::::: 
4-5 
5-6 

18 

--------j····-----·· 25 

40 
40 

45 

Granit•. Soft water. Flat. 
Granite. Slope. 
Granit.J Supplies bouse and 

dairy. Hill. 
Rerreational Park. Hill. 

1-. ~!i milt'S W. of Charlotte •••••• 
6 mill'S '1\". of Charlotte •••••••• 
OJ.& mill'S '1\". of Chsrlotte •••••• 

E. E. l\illiams........ •••••••••••••••••••• Cr-Dr 
6 30 Ito to 12 17 

120 95 ;; --·-·;··-- --··;;·r==:::::: -----;·· ------------
Recreations! park. Draw. 
Hill. 
Granite. Hill. E. L. Black........... E..-erett Mullis...... Cr-Dr 

Berryhill High School •• Abernathy •••••••••• Dr 110 6 -------T········- 12 25 Always has furnished adequate 
supply. Fbt. 

I 
I 
I 

5 miles\\". of Chorlotce •••••••• 
~ 1 .i miles W. of Charlotte •••••• 
I miles W. of Charlotte •••••••• 

Douglas Airport....... •••••••••••••••••••• Dr 
J. L. Todd............ •••••••••••••••••••• Cr-Dr 
Pbto-Price High 

SchooL............ •••••••••••••••••••• Dr 
~·;miles W. of Charlotte •••••• American Cyanimide 

~o .•••••••••••••••• Robbins •••••••••••• Dr 
::· mil•• \\".of Charlotte........ Carolina Golf Course ••• -------------------- Dr 
2' :i r:,il<·s W, of Charlotte .. ----~ Southern Engineering 

Co ................. Robbins •••••••••••• Dr 

::
1

" ru.ii<s S\1". of Ch3rootte..... W. "1\". Dnis •• -------·-------------------- Dug 

... d·>------------------------'1 Diamond Point I . .. 
Groc-ery ••••••••••••. \\.A. Kuklry •••••• Cr-Dr 

, !. ltlot!r ..................................... ! SC'hola GreenhoUE4!5 ...... ' ....... do ........................... ~, Cr-Dr 

, .J ...... --------------------: ::;hoo:nith Ca~dy Co .... :--------------------~ Dug 

.. J••------------------------~ Charlotte Pi roe and I 
I Foundry Co ......... I J. S. Hinson ........ ! Dr 

.. •1-J •••••••••••••••••••••••• I' Air Reduction Sales I 
Cc ................. , Sydnor............. Dr 

I .... do •••••••••••••••••••••••• Xational Welding I 
Supply Co .••••••••• W.A. Kirkloy •••••• Cr-Dr 

300 
lSI 

90 

H9 
;o 

225 
IJO 

200 

!50 

I .... do ........ -·······-------- llighland Park !.If;. l 
Co~ Plant 1 •••••••••••••••••••••••••••• Cr-Dr 30 to 80 

... do........................ Highland Park !.lfg. l 
Co................. Ralph Robbins...... Dr ;5 I : :::~~:::::::::::::::::::::::: ::::~::::::::::::::::: '::::~::::::::::::::: ~Dr 30 t!~o 

.:•;! miles E. of Charlotte ••••••• Z. E. Hargett......... •••••••••••••••••••• Dr 

I 11.1 miles SE. of Charlotte •••••• A. C. Roundton ••••••• W. A. Kirkley •••••• Cr-Dr 

. 
-_: _' •.'d•ou.il_•_s_s_E __ ·_.o_f_c __ h_•_r_lo_t_t_e_._·· •• ••••• Pure Oil Co........... Ralph Robbins...... Dr 

Sharon Memorial Park. •••••••••••••••••••• Dr 
. ••• do •••••••••••••••••••••••• Tr. n·. Co..-ington ••••• E. Mullis........... Cr-Dr 

- · ;; :miles SE. or Charlotte...... F. C. Thompson....... \\".A. Kirkley...... Cr-Dr 

I ; :" n.iles SE. of Charlotte...... Hudson Hosiery Co.... '1\". A. Kirkley...... Cr-Dr 
~: z m~lrs SE. of Charlotte ••• , •• I. G. ~-•!lace......... Clayton Cook~---···' Cr-Dr 
, .• ,!niles E. of Charlotte ••••••• Joe,\. !andle •••••••••••••••••••••••••••• • Dug 
.. do ............................ do ••••••••••••••••••••••••••••••••••• .' Cr-Dr 
•. , udks'E. of Charlotte ••••••• Sam '1\"aUace •••••••••••••••••••••••••••••• : Cr-Dr 

I ... do ••••••••••••••••••• :.... \r. T. Harris ............................... Cr-Dr 
... tl .......................... D. B. Wilson......... Glosson •••••••••••• : Cr-Dr 
• :~.ib E. of Charlotte ••••••••• II. G. Russell ••••••••••••• do •••••••••••••• ' Cr-Dr 
.... do........................ C. E. Mo"is •••••••••••••••••••••••••••••• : Cr-Dr 

· · ···mile~ E. of Charlotte ••••••••• S.M. Craig •• _. •••••••• Donaldson.~--------~' Cr-Dr 

I ,.·" 1n1ks E. of CharlQtte....... Harvey MorriS........ Ralph Robbms...... Dr 
· ... do •••••••••••••••••••••••• J. A. Smith ••••••••••• Sam AUen.......... Cr-Dr 
• ; wiles E. of Charlotte......... Hickory Grove 

.SChooL........... lr. A.lfullis •••••••• l Cr-Dr 

-~- •• do ........................ United Arco Service ••• ···········-~·-·····! Cr-Dr 

I 

!50 
<6 
62 

150 
83 
95 
95 
60 
30 
1~0 

200 
85 
85 
60 

190 
95 
IS~~ 

i95 

135 
149 

6 
2 

.............. · ............................................................. .. 
i ................. , ............................................................ .. 
I 

Xot ll$ed. Slope. 
Slope. 

20 •••••••••••• 8lope. 

6 , ________ · --······-- 2S I ~2 
G 

1
......... 1.8 ________ r··-------- Diorite. 

Draw. 

(!ed for coolin~. Draw. 
Adequate supply; soft water • 

Slope. ,: • ·1 :: .. ~. 1- --"- ;-----~- ---

3 ~----c(,--:···;a····:, ~~ ~~ !1--&~'·r:·Si~;;~--------------,2 ,........ .......... 10 ~0 G2° F. Well is abandoned 

ti 

6 

3 

6 
6 
2 

6 
4 
6 
6 
2 
2 
4 
2 
2~ 

2 
2 
2 
2 
2 
4 
2 
5 5/S 
3 

2 
3 

•
1 mine ::haft. Slope. 

20 

85 i····--·-·· 
I 

26 
IS 

lo-15 

50 

IS 

15 

14 
9 

40 

105 

113 

55 

25 60 

20 ------------
30 35 

......................................... -.! .................................... .. 

6 40 
85 15 9 50 
85 IS 15 30 
55 .. 4-5 50 

----~~--:---~~:~--- --·;:~;L~~~~~~~~~~ 
::::6:8:::; :::::8::::: 5! z' ···-----• ·-· 

I 8 !············ 
4!2: 30 :::::::J·••i9"""" 12 35 

90 20 4-5 ------------
128 23 20 35 

100 23.6 8 ------------

18 
5 ------------

30 ······------

62! f' F. Slope. 

62° F. .\nalysio in table. 
Water used for cooling, 
Draw. 

Gl° F. Granite. t"sed for 
coolin~;. Draw. 

Group of 13 wells )-ield 15 
g.p.m. Draw. 

Slope. 
Slope. 
Three groups or six wells each; 

combined yield 40 g.p.m. 
Draw. 

61°).2 F. Granite •. Slope. 
Granite. Slope. 
63° F. Draw. 
Slope. 
Granite. Slope . 
Slope. 
62~~ F. Granite. Draw. 

Well not used. Flat. 
Draw. 
JliU. 
Draw. 
Soft water. Draw. 
Granite. Slope, 
Hill 
Soft water. Slope. 

Hill. 

Flal 
Granite. Draw. 
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GEOLOGY AND GROUND WATER IN THE CHARLOTTE AREA, KORTH CAROLINA 75 

REconns OF "'Er.LS IX ::'llEC'IO.EXIIl'm; Corxn·-Confillllell 

I 
, Total hard- I 

Depth Diantoter ' Drpt!. \Yatrrl<nl 
• ' I lll'SS (fitld ., 
; TrJI!' of of well of well ta>in; , (fret IJ<olow 1 Yield trst•) 

'·''· ' : well (fr<t) (inrhes) rr .. t) ,_· •arfaetl ,~(~.p.m.) 

---------1-------1-------:.1 ____ , ______ :_· -----!·-'"_.p_.m_.)_, _______ _ 

Ow:<ER DRILLER \I'd! LocATIO!'< 

15.• · :p :i milts !\W. of 1\Iint HiD ••••• Clear Cretk 1\e;~o 

Ji'il 

s• i miles XW. of )lint Hill ••••• 
4 miles X\\'. of !\lint Hill ••••••• 
3' .. miles :\E. of 1-lint Ilill.. ••• 

SchooL------------ -------------------- Dr 
Mrs. )!ontie Luras ____ --------------------1 Cr-Dr 

Clear C'rrck Hi,h 
SchooL---------·-- A. E. Bea\'er.------- C'r-Dr 

l\lason \Yallace........ Mullis _____________ ! Cr-Dr 

i•.:: ~:,; mi!rs XI:. oD!int Hill ••••• AUeri and Brooks , 
1 I Ginning Co. ________ --------------------1 C'r-Dr 

to;: ! ~· i miles XE. of )lint Hill ••••••••• do •••• ------------ --------------------' C'r-Dr 
to~.; , •••• do ••••••• ----------------- C. G. Allen----------- -------------------- C'r-Dr 
Jo;-; i 11i mile E. of Mint lliJL •••••• T. S. Houston _________ Glosson .. ________ , __ Cr-Dr 

lf.7 1 .... do ....... ----------------- R. C.llea\·er _________ -------------------- Dug 
l!i.. ~!i:Jt Hill ........................................ I~ingrraft liositr~· 

1-IilL •• ------------ EYerett ~luUis ______ 

1 

C'r-Dr 
jo;r, l .... do ........................ C. J. ~lcEwen •••••••• Duncan ____________ C'r-Dr 

;;n .... do ....... -----------------~ R. J. )lcE~cn & Son .. W. C. )!uUis •• ------, C'r-Dr 
··; .... do,. ______________________ C. J. )leE,.rn ........ --------------------· Du~ 

_ .... do .. ----------------------1 \\', F.llai;lrr~--------! E. )lullis ........... ; C'r-Dr 
.... Jo ........................ 

1 
)!rs· J. \\'. :.lcEweu ••• 1

1

llrayer ....... ------: Cr-1>: 

~ · • n.i.es :;\\',of )lint HilL ••• • E. )I. Gray ________ ;__ )lullis .. _________ __j C'r-Dr 

: , ,.,::.' XE. <•f :.la:·!.<·ws ..... L. H. Yawlle ......... , E. )lullis •• ---------·: Cr-D: 
· ·, 11."·; E. o! )bt:;n,-> ....... : D. B. Ciu•·rr ---------- · Sam Allrn .......... ' Cr-D: 
:.·_._,,_ "'·----··--------·---- E. )L Rl'tolron ........ ! \r. DouaiJ>an ...... C'r-llr 

....• i .......................... ' L.JL Yandl<·-- _______ ; Alt<'rnathy.......... C'r-1·: 

... ·'''' ..................... _' .... d•J ... ,. ........... ; 1\'ill.:llullis ......... C:r-1>: 
J ·------------------------ .... rlo ________________ ; \ralrer AL<-r~31hy ___ Dr 

I j 
; I 

..... d''--·---------------------1 C. L. Xral.. •••••••••• BrnArrock ........ ! Dr 

I 
.... do ....................... J ll. D. Fundrrl•urk _____ \\'. AIJ<-rnath\-...... 1 Dr 

· I · . I 
• • _ .Jo .. ___ .... ------.------- _,---.do _____ ----------- ---.do______________ Dr 

.... !-1 ........................ 1 )btthc,.·s Sr·hooJ_ _____ II_ ... do .............. l Dr 
. : I 

-~~ .... -io ....... -----------------1 Town •••• ------------ Ben Arrock ••• ,----1 Dr 

• ,.. :'._mil·: ~n·. oDia:thrws .... j Carlyle Thompson ___ __! Sam AUon •••• ------1 Dr 
·•l .• :.1l•·s :\\\.of )latth•ws ...... J. B. Fowler •••••••••• -------------------- Dr 
1 '5 ' 5: 2 mil·o. SE. of Char:o:te ______ J. J. Aker•------------ Ralph Robbins ...... ! Dr 
l'r. .... do ________________________ John L.Huntcr ••••••• \\',A. Kirkler------~ Dr 

1 '!:; 
1 

...... do.............................................. T. \Y. Pritchard.............. Ralph RobLios............ Dr 
1 ;;;.;. ! ; ::.!Jf:'s ~E. of Ch:ulott~................ F. W. Alexander............ ........................................ Cr-Dr 
; "• : .1 c.ile• '1'1'. ,,f .:llatth•ws........ Providenre School ..... --------------------~ Cr-Dr 
J~·" , ;;t; ml!cs W. of !<fat thews ______ , Eli B. Springs _________ Ben Arcock ________ Dr 
1:-l .... do ........ ---------------- .... do ________________ W.A. Kirkley ______ C'r-Dr 

~~~~ o, ~.l~ll's S_. of C'harlotte ......... J C. R. Coll~ns__________ Montgomer): -------- Cr-Dr 
I'··· f. ::~lr< ::-.of C'harlotte _________ 

1 

C. R. Collms .......... Ralph RoLLms ...... Dr 
i\'1 .... do ....... ----------------- ____ do ________________ Ben Aycock........ Dr 

:: • .; 5' ~ wil··• S. of Charlotte _______ 
1 

Sharon SchooL ••••••• -------------------- Dr 
I,;: 5 ::.ilt~ f!. of Ch:.trlottL ................ 

1
. Sprin~ide Dair~· ............ RobLins.......................... Cr-Dr 

·' 7 ~ .• Ulii-:~ X~. or Pirwri!!e ....... lllarkey Brt)S. Xurserr, 
· I Inc ...... ---------- -------------------- Dug 

:. , __ ;v. :\E. of Pine,·il!<-------- Dr. A. ~1. Whisnant ... -------------------- C'r-Dr 

':•:• .... ~n .. ---------------·-------~----do ................ -------------------- C'r-Dr 

~110 .... do ........ ---------------- •••• do ________________ Ralph Robbins------ Dr 

~Ill .... do .• ---------------------- •••• do •••• -------·---- W. A. Kirkl•r------ C'r-Dr 
:?o:! s:.; mile~:\'. or Pinr\-ille .......... ~Irs. Eunirf' E. Smith ................................. .. 
~11:; 4', r.1lh :\.of PinrYi~e------- Dr. T. X. Rrrd ....... --------------------
~111 ~ ::.:los X. of Pine\;lle ••• ------~ H. B. Smith.--------- W. A. Kirkler. -----

Du~ 

Cr-Dr 
Cr-Dr 

91 
235 
170 

110 

178 
13! 
100 
100.'·:!· 
43 

110 
ISO 
so 
:;3 

155 
~HI 

105 

)(Ill 

1:!;) 
;1 

200 

JCO 

275 

50 
95 

165 
96 
u; 
165 
100 
190 
]50 
ISO 
to 

100 
G5 

13i 

2S 
139 

209 

10~ 

!?G:! 
65 

200 
HO 

6 
2 

3 

2 
30 

2 
30 

3 

3 

3 

3 

I 

,--------! ---------- 60 
3 

2-3 

12-15 

12 
5 
4 

Draw. 
Soft water. HilL 
Granite. Soft water. IlilL 

Hill. 

------------ Slate. Xot in u•e. Slope. 
50 Flat. 

------------ Slate. Soft water. F!at. 

i ------------ HilL 
39.0; 1-------- ------------ HilL 

I 
~~~~~~~: ::::~~~~~:: ~ ~~~~~~;~~~~~: -~;E·--------------------

_,_, ---------- --------'------------: Hill. 
HIO I~ 5 ! ............ ! Softwat<r. 8lope. 

................ .................... 5-G : ..................... i Dyn:uuiad l'odl to inrr<·a~~ 

;(I 

5fJ 

.;o 

110 

1' 

]I .:~ 

)~ 

I . __________________ ! 

......... : ...... ...................... ! 

' ! yirld. i;lopc. 
5 ...................... 1 SiuJ•C. 
5 55 : IIi!!. 
ii 50 i ~liiJil:. 
21 t ...................... : ~oft watt·r. Slope. 

lfi-I2 ..................... Dt), 
:!II •J.J \\"dJ ~t ~·i.I~D • 
5.j r:-t'fJ fo: doiJIC'~tie U5:t'S: a:.: 

s~·itnrt1!IJ; J)(l()l. GrH:.• 
&toht. Draw. , I 

~.) ! ...................... Gr,'('u~tC!J~. FFed for don:~!-
1 tic u:te: ~nd swimming r•v:..:. 

DrJW, 
I~ 61 .-\nalysi> in ·tol,!c. Suppli•.! 

i six hu~it.~·::::~s aud four familit-:. 
1 j Granite. Draw • 

7 :------------ \\'ell n: staLle. Graui:~ • 
1 I Draw. 

55 ' 'Yl'll tlyr::.<1t.ite-t! to inC"rt·2l:;. 
yirlJ. 

20 i------------ Green•toue. Di•tribution De~ 
I yet ins:alled. 81ope. 

5 '------------ Granite. Hill • 
60 Hill. 

5 5/8 110 ----------• 35 ns Diorite. Slope. 
3 ·--------· 36.iS i________ 45 Diorite. Flat. 

5 5/L------- ----------1 15 ------------ Granite. Slope. 

; ;:::~=::~ ~~~==~~:=~1 : -----~~----- -~~~~~-----------------------
;

6 • ____ s_o_ • , 17 to 20 I 6
1

0! 150 Draw. 
------------ Grrt·nstone. F.at. 

60 Diorite. Hill. ss ----;()-- ---is~oo--1 s ____________ slope. 

6 3 ; IS !------------ Gabbro. Draw. 
6 -------- ---------- 15 ,------------- Flat. 
3 3Z 6 ;------------~,. Soft ,.·ator. Slope. 

:.:o :25 15.02 ' ................ ~ 45 GrrrustoM·.! Flat. 
2 ........ ---------- 4 i------------' Diorite •• \Laudoued:not suE-

j I dent water. Hill. 
3 --------- ---------- S-10 •------------ Diorite • .\Landonrtl; puru]oe:! 

5 5 'S --------· H . 20 45 
4-3 '-------- ----------! 12 ------------
4$ ,. 65 : 47.0 :-------- ------------3 ________ , __________ ! 5 85 

---------- -------- __________ ;________ 35 
I . I 

6and. HilL 
Diorite. Draw. 
Diorite. ~ope. 

Soft water. Hill. 
Granite. llill. 
Hill. 

.; 
'• 'i 

!. 
il 
li 

'I 

I 
I 
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GEOLOGY AND GROUND WATER IN THE CHARLOTTE AREA, NORTH CAROLINA 

RECORD OF WELLS IN 1\IECXLENBURG COUNTY-Continued 

DRILLER 

Depth 
Type or of well 

well (feet) 

Diameter 
or well 

("mcbts) 

Dept Water level 
casing (feet below Yield 
(feet) surface) (g.p.m.) 

Total hard· 
ness (field 

tests) 
(p.p.m.) 

REIUUI 

I --1----------l-------l------il---l--------------l----l---------

205 

I 
!!06 
20; 
203 
209 
210 

I 
!!II 
212 
213 
2H 
215 

I !!16 
~r; 

!!IS 
219 

I 
:::!1 
.......... 

I 
, ... ... 
::1 
:·:.:5 
..:.,:;i 

I .::.!-:. 

~~9 

z ·~··· 

I ~:ll 
:;;;! 
.. ~ .... 
u••• ....... 
;!:_.5 

I 
I 
I 
I 
I 
I 
I. 

I 

5~~ mi:es SW. of Charlotte ••••• Ebenezer Presb)1erian 
Churth ••••••••••••• W. A. Kirkley •••••• Cr-Dr 

•••• do_ •••••••••••••••••••••• H. R. Mauney •••••••• ......................................... Cr-Dr · 
4U miles SW. of Charlotte ••••• C. X". Baker ••••• : •••• W. A. Kirkley •••••• Cr-Dr 
4!1 milts sw. or Charlotte ••••• J. H. Huntley ••••••••• -- ..................................... Dug 
4!: miles SW. of Charlotte ••••• Mrs. L. J. Eller ••••••• W. A. Kirkley •••••• Cr-Dr 

•••• do •••••••••••••••••••••••• F. D. Hemphill ••••••• Hurley Helms ••••••• Cr-Dr 
6J{miles SW. of Charlotte ••••• E. L. Jenkins ••••••••• W. A- Kirkley •••••• Cr-Dr 

•••• do_ •••••••••••••••••••••• A. l". Deal. •••••••••• .......................................... Cr-Dr 
5~: milts SW. of Charlotte ••••• Edwin Bruton •••••••• E. Mullis ••••••••••• Cr-Dr 
6 miles SW. or Charlotte ••••••• R. S. Smith ••••••••••• W. A. Kirkley •••••• Cr-Dr 
6!1 miles SW. of Charlotte ••••• H. B. Hunter ••••••••• Montgomery •••••••• Cr-Dr 
5:{ milts SW. of Charlotte ••••• J. N. Herron •••••••••• W. A. Kirkley •••••• Cr-Dr 
6 }£ 1Dl1es SW. of Charlutte ••••• J. T. Greenwood •••••• ......................................... Dug 
3H miles~. of Pineville ••••••• W.B.T. Radio Station. Montgomery·-····· Cr-Dr 
4 miles XW. of Pineville ••••••• Arrowood •••••••••••• Abernathy •••••••••• Dr 

3~ < milos NW. o£ Pineville..... U.S. Rubber Co. 
Shell Loadin; Plant.. W. A. Kirkley...... Cr-Dr 

•••• do •• _ ••••••••••••••••••••••••• do •••••••••••••••••••• do •••••••••••••• 
I ; !:lilt'S sw. or Charlot!<....... !.lil<• Amanda Coffey... Tom Allen •••••••••• 

I' _;;• rnilos S\Y. 01 Charlotte ••••• R. A. Gri•:r ••••••••••••••••••••••••••••••• 
•••• do........................ ~Irs. F. K Hyrum ••••••••••••••••••••••••• 

1

9'imil•sSW.o£Charlotto ••••• l SamudKoox ••••••••••••••••••••••••••••• 
~~" ruilr• ~\Y. of Pino,·illc. __ •• , ~- ~'- B•J:;J •••••••••••••••••••••••••••••• 
.. , ~ '1 • • • • ., I u·, m1.!S !\II. or PwonUo ••••••••••••••••••••••••••••••••••••••••••••••• 

I 8 !:ill•• ~w. o! Pineville •••• ·--1 o_ B. Knox ••• •••••••• Charles Mont-
. j gomery ••••••••••• 
! S'; miles ~W. or Pine,1ll• ••••• Island Point Club ••••••••• do •••••••••••••• 
i S ciJ~ ~'IY. of Pinenll•....... R. S. Smith........... Ralph Robbins •••••• 
! 6 rr.il"' W. of Pinn-iUe ••••••••• J. R. Smith ••••••••••• ···---~---·········· l s~: _miles_W. of_ Pin~'·ille....... W. C. Stroup......... Montgomery •••••••• 
1 6 r.:les "- of Pineville......... It !-t. Black..-.lder •••••••• do •••••••••••••• 
i PU.e,-ille ••••••••••••••••••••• J.E.!-t.Davenport ••••••••••••••••••••••• 
1·-·-do ........................ Town •••••••••••••••••••••••••••••••••••• 

Cr-Dr 
Cr-Dr 
Cr-Dr 
Cr-Dr 
Duo 
Dug 
Du~ 

Cr-Vr 
Cr-Dr 
Dr 
Bored 
Cr-Dr 
Cr-Dr 
Dr 
Dr 

', 4 miles SE. of Pineville ••••••••• James K. Hall •••••••••••••••••••••••••••• Dr 
4li miles SE. of Pineville....... R. G. Bryant......... Robbins & Wilson... Cr-Dr 
3~< miles SE. or Pinn·ille....... ~Irs. E. E. ~iven •••••••••••••••••••••••••• Dug 
Hi miles 81\". of :Matthews ••••• J.J. Grier •••••••••••••••••••••••••••••••• Bored 
a;< miles Sir. of Matthews..... J. lit. Knox........... •••••••••••••••••••• Dug 

21-5 miles SW. of 1\tattbe..-s..... W. N' _ !.tcKee......... Abernl!thy •••••••••• Cr-Dr 
12H miles SW. or Mattbe,..s ••••• Presley Smith-••••••• C. C. Montgomery •• Cr-Dr 

156 3 
125 2 
93 4 
26 36 

145 4 
90 2 
92 3 
88 2 

lOS :! 
108 4 
204 3 
127)1 3 
48 35 

225 3 
286 6 

196 

00::1: •••••••••• 

20 
u 

60 •••••••••• 

50 •••••••••• 

6 

8 
2-3 

18 
5 

10 
5 

7-8 
3 
8 

6-8 

35 

35 
30 
30 
25 
45 

45 
&o 
60 
50 

:........ ~2.il •••••••• -··········· !-------· ...................... . 
I 20 •••••••••• 

I I 
........ 1 12 
. ! 

7-8 
16 

40 

261 

145 3 ; •••••••• ! 12 30 •••••••••••• 
112 ~ so '.......... 5 60 

62° F. Slope. 
Moderately soft water. Slope. 
Tested at 10 g.p.m. HID. 
Hill 
Slope. 
Slope. 
Draw •. 
Diorite. Flat. 
Diorite. Draw. 
Diorite. Hili. 
62° F. Diorite. Hill. 
Hill. 
Diorite. Ifill. 
Slope. 
623•° F. Laboratory te.t. 

Draw. 

Gabbro. Well capped: no: 
used. Flat. 

Gabbro. Flat • 
61° F. 

'---i~-- ··--:~---- :::::::: :~~~;~~;;~~~· ~~~~~~~~ ~~::~~~:~::: -~:~E--~if········--···· 
2~ • 3(• •••••••• : 10.55 ,-········ 125 Gabbro. 
I,-".................. 1Lo9 185 Gabbro. Has always Curnisb. 

110 
100 
181 
52 

128 
t•s 
132 
134 

90 
132 
38 
32 
39 

236 
86 

2 ' 
5 5/~ •••• 53""~""""""···-

12 s• i 43.05 
3 so i 20 
2 
6 

2 
2 

36 
12 
36 

90 i 42 
38 . 31.95 
32 I 23.74 

:···:~:--,: ___ ::~:: .. 
75 ·······-·· 

3 20 
2 105 

25 •••••••••••• 

15 
3-l 
;s 
i5 

25 
20 

234 

5 ······-····· 
5 35 

5 
8-10 

20 
25 

45 

ed adequate supply • 

Diorite. Hill. 
Do. 
Do. 

Granite. 
6~}2° F. Granite. Hill. 
Granite. Hill. 
Srbistose diorite Slope. 
G2).i° F. Schistose d i o ri I e. 

Analysis. Draw. 
Granite. llill. 

Do. 
Adequate yield. Draw. 
Hill-
Well more than &o years old; 

has never gone dry. Flat. 
Granite. Hill. 
Granite. 
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GEOLOGY AND GROUND WATER IN THE CHARLOTTE AREA, NORTH CAROLINA 

A...,ALYSES OF Gnorsn "'ATEII nw:~r 1\IECKLEXBt"RG Cot:XTY,1 N. C. 

(Numbers at heads of columns correspond to numbers in table of well data) 
(parts per million) 

S'iliea (SiO:) ••••••••••••••••••••••••••••••••••••••••••• 

Iron CF•l---················-··········----·-·------· 
Calcium (Ca) •••••••••••••••••••••••••••••••••••••••••• 
Magnesium (Mg) ••••••••••••••••••••••••••••••••••••••• 
Sodium and potassium (XA+K) ••••••••••••••••••••••••• 

Carbonate (CO:)-·-·····-·-·-·····-·-··------·-······-­
Bicarbonate (HCO:) •••••••••••••••••••••••••••••••••••• 

Sulfate (SOo) ••••••••••••• -·--··-··············------·· 
Chloride (CI)---·····-·-·-··-·----·-····-··-·········· 
fluoride (F)··---------..... ___ .........•... _--··-· ... _ 

27 

35 
.I2 

16 
. (:5.8 s.; 

0 
70 
3.9 
4.5 

.1 

I33 

37 
.15 

29 
9.8 

11 
0 

!OS 
29 
10 

.1 

ISO 235 

39 60 
.06 

IS 55 
(5.8 26 

~~-2 20 
0 

62 ISS 
2.8 9~ 

12 22 
.2 

.09 

.5 
Nitrate (NO,) •••••••••••••••••••••••••••••••••••••••••• 
Dissolved solids •••••••••••••••••••••••••••••••••••••••• 

10 
120 

3.5 10 6.0 
159 139 395 

' Total h3rdness as CaCO, •••••••••••••••••••••••••••••••• 64 113 61 2H 

Date of colleetion ...................................... 

1 

6!12!45 •m.-~s 6/25.'~5 F, '25 ·~~ 

POLK COUNTY 

(Area 234 square miles; population in 1950, 11,627) 

77 

G('og-rnphy l.lll(l physiog-raphy.-Polk County forms the southwestern corner of the area included in 

l ·.ilis report (figs. 1 and 20). Agriculture, which is favored by the relatively high annual rainfall distribut­
··<1 throughout the ~·ear, is the principal industry in the county. Severe droughts are extremely rare. The 
\\'ater power afforded by the swift-flowing streams is an asset of the county. . 

I 
. · The southern and eastern parts, including about three-fourths of the county, lie in the Piedmont Pia­
lean. This section is an undulating upland which is more hilly toward the west than toward the east. 
The general altitude of the Plateau is about 1,000 feet above sea level. 

Joining the Piedmont Plateau on the west and north and rising rather abruptly above it is a part of I the Blue Ridge province. The topography of the latter area is decidedly hilly and is generally unsuited for 
farming. At least two of the peaks in the county are more than 3,200 feet above sea level. 

As the Blue Ridge province forms a major drainage divide in the northwestern section the streams 

I follow devious but prevailingly southeastern courses toward the Broad River. The heavy rainfall pro­
duces considerable water for the numerous streams that arise within the county. The streams have cut 
rather deep valleys below the general upland level and their steep gradients allow them to erode the I land readily. 

· (icolog-y.-A striking feature of the geology of Polk County is the absence of homogeneous rocks (fig. 
1 ~~). Despite the great depth of weathering outcrops of rocks are more common than in other counties of I ihe Charlotte area, mving to the hilly topography. 

The western and eastern parts of Polk County are underlain by a great series of rocks of which blo-
t ite granite gneiss and schist are the most prevelant. These rocks have a persistent northeast trend. 

I Granite, pegmatite, and mica schist are profusely interlayered with (he granite gneiss and are locally pre­
dominant. Also common in this series is hornblende gneiss, which occurs as thin beds generally con­

. formable with the foliation of the granite gneiss. The amount of hornblende gneiss in this series varies 

I. tonsiderably from place to place. 
Hornblende gneiss forms the predominant rock in a belt extending northeastward from Tryon through 

::um Spring to the :Rutherford County line. It has a prevailingly black color where fresh, but as generally 

I. 

i 

I 
I 

I 
I' 
I' 

I 

I 

I 
I. 
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. I 
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~ ECKLENBURG COUNTY, NORTH CAROLINA 

Typically, the surface layer is yellowish brown sandy 
loam about 8 inches thick. The subsoil is 35 inches thick. 
The upper part is brownish yellow sandy loam, the 
middle part is yellowish brown clay, and the lower part is 
brownish yellow clay. The underlying material to a depth 
of 66 inches is red , brownish yellow, and white sandy 
clay loam. 

Included with this soil in mapping are a few eroded 
areas where the surface layer is sandy clay loam and a 
few areas of similar soils that have a clayey subsoil 
slightly less than 24 inches thick. Also included are a few 
intermingled areas of Cecil and Vance soils. The includ­
ed areas, each less than 5 acres, make up 1 0 to 20 
percent of this map unit. 

The organic matter content is low in the surface layer 
of this Appling soil. Permeability is moderate, the availa­

. ble water capacity is medium, the shrink-swell potential 
is moderate, and surface runoff is medium. The subsoil 
is strongly acid or very strongly acid . Depth to bedrock is 

ore than 60 inches. The water table is below 6 feet. 
Most of the acreage is used a.s cropland (fig. 1 ). Some 

areas are used for hay or pasture. The rest is forested. 
his soil has high potential for corn. soybeans. small 

grain, pasture , hay, and horticultural crops. Good tilth 
can be maintained by return ing crop res id e to the soil. 
:=r sion is a hazard if cu ltivated crops are grow n. Min i­
Mum tillage and the use of cover crops, including 
g·asses and legumes, reduce runoff and help to con tro l 
erosion. 

This soil has moderately high potential fo r broadleat 
ana need leleaf trees. The dominant trees are yellow-

oplar, sweetgum, hickory, ash, white oak, red oak, lob­
lolly pine, and shortleaf pine. The main understory spe­
cies are dogwood, sourwood, redbud , and black cherry. 
There are no significant limitations in woodland use and 
management. · 

This soil has high potential for most urban uses. The 
moderate permeability is a limitation for septic tank ab­
sorption fields. This limitation can generally be overcome 
by modifying the field or by increasing the size of the 
absorption area, or both. The potential is dominantly high 
for recreation. _ 

The capability subclass is lie . The woodl and group is 
3o. 

ApD- App ling sandy loam, 8 to 15 percent slopes. 
Thi s we ll drained soil is on side slopes on the uplands. 

apped areas are commonly oblong and ra nge from 4 
t 25 acres. 

Typically, the surface layer is yellowish brown sandy 
loam about 8 inches thick. The subsoil is 35 inches thick. 
The upper part is brownish ye llow sandy loam, the 
mic;idle part is ye llowish brown clay, and the lower part is 
brownish yellow clay. The underlying materia l to a depth 
of 66 inches is red , brownish yellow, and white sandy 
clay loam. 

L_ - ----------- ·-·----- --
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Included with this soi l in mapping are a few eroded 
areas where the surface layer is sandy clay loam and a 
few areas of similar soils that have a clayey subsoil 
slightly less than 24 inches thick. Also included are a few 
intermingled areas of Cecil and Vance soils. The includ­
ed areas, each less than 5 acres, make up 10 to 20 
percent of th is map unit. 

The organic matter content is low in the surface layer 
of this Appling soi l. Permeability is moderate, the availa­
ble water capacity is medium, the shrink-swell potential 
is moderate , and surface runoff is medium. The subsoil 
is strongly acid or very strongly acid. Depth to bedrock is 
more than 60 inches. The water table is below 6 feet. 

Most of the acreage is forest. The rest is used for 
crops, hay, or pasture. 

This soil has moderate potential for corn, soybeans, 
small grain, pasture , hay, and horticultural crops. Good 
ti lth can be maintained by returning crop residue to the 
soil. Erosion is a hazard if cultivated crops are grown. 
Minimum til lage or the use of cover crops, . includ ing 
grasses and legumes, he lp to control erosion in cultivat­
ed areas. 

The potentia l is moderate ly high for broadleaf and 
needle lea' trees. Dominant trees are yellow-poplar, 
sweetgu , hickory, ash, white oak, red oak , loblol ly pine, 
and shorlleaf pine. The main understory species are 
dogwood. sourw od, redbud , black cherry , and sassa­
fras. There are no signif ican t limitations in wood land use 
and management. 

This soil has on ly moderate potenti al fo r most urban 
uses because of the sl ope and the moderate permeabil ­
ity. The slope limitation can be reduced or modified by 
special plann ing, design, and maintenance. The moder­
ate permeabili ty is a limitation for septic tank absorption 
fie lds. This limitation can generally be overcome by 
modifyi ng the field or by increasing the size of the ab­
sorption area, or both. Erosion is a hazard if the ground 
cover is removed. The potential is low for playgrounds 
because of the slope. It is high for paths and trails and 
moderate for most other kinds of recreation. 

The capability subclass is IVe. The wood land group is 
3o. 

CeB2-Cecil sandy clay loam, 2 to 8 percent 
slopes, eroded. This wel l drained soil is on broad, 
smooth ridges on the uplands. Mapped areas are oval 
and range from 6 to more than 1 ,000 acres . 

T pically, the suriace layer is yellowish red sandy clay 
loam about 6 inch es thick. The subsoil is 4 7 inches th ick. 
The uppe par is red c lay, and the lower part is red d ay 
loam. The underlyi ng material to a depth of 65 inches is 
red and ye llow loam. 

Included with this soil in mapping are a few uneroded 
areas where the surface layer is brown sandy loam and 
a few areas of soils that are simi lar to the Cecil soils but 
have a clayey subsoi l less than 24 inches thick. Also 
included are many areas of rills and shallow gullies , a 
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few areas of soils that are less acid than the Cecil soil, 

I ~nd a few intermingled areas of Appling, Mecklenburg, 
and Vance soils. The included areas, each less than 5 
acres, make up to 35 percent of this map unit. 

I The organic matter content is low in the surface layer 
of this Cecil soil. Permeability is moderate, the available 
water capacity_ is medium, the shrink-swell potential is 

I 
moderate, and surface runoff is medium. The subsoil is 
strongly acid or very strongly acid. Depth to bedrock is 
more than 60 inches. The water table is below 6 feet. 
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Most of the acreage is used as cropland. Some areas 
are used for hay and pasture. The rest is forested. 

This soil has moderate potential for corn, soybeans, 
small grain, pasture, hay (fig. 2), and horticultural crops. 
Keeping this soil in good tilth is difficult because the 
surface layer is thin. The surface layer commonly forms 
a crust as it dries after a hard rain and becomes cloddy 
if worked when wet, both of which affect germination 
and cause poor or uneven crop growth. Minimum tillage, 
the return of crop residue to the soil, and the use of 
cover crops, including grasses and legumes, improve 
tilth, reduce runoff, and help to control erosion. . 

The potential is moderate for broadleaf and needleleaf 
:·ees. The dominant trees are loblolly pine, shortleaf 
;:-ine, and Virginia pine. The main understory species are 
_Gog1•:ood, sourwood,. redbud, and black cherry. The 
-::ayey subsoil is the main limitation in woodland use and 

This soil has hlgh potential for most urban uses. The 
moderate permeability is a limitation for .septic tank ab­
sorption fields. This limitation can generally be overcome 
by modifying the field or by increasing the size of the 
absorption area,· or both. The potential is dominantly 
moderate for recreation because of the clayey subsoil. 

The capability subclass is llle. The woodland group is 
.4c. 

Ce02-Cecll sandy clay loam, 8 to 15 percent 
slopes, eroded. This we!l drained soil is on side slopes 
on the uplands. Mapped areas are oblong and range . 
from 6 to 1 00 acres. 

Typically, the surface. iayer is yellowish red sandy clay 
loam about 6 inches thick. The·subsoil is 47 inches thick. 
The upper part is red clay, and the lower part is red clay 
loam. The underlying material to a depth of 65 inches is 
red and yellow .loam. 
· Included with this soil in mapping are a few uneroded 
areas where the surface layer is thicker and browner 
than is typical and a few areas of similar soils that have 
a clayey subsoil less than 24 inches thick. Also included 
are many areas of rills and shallow gullies, a few areas 
of soils that are less acid than the Cecil soils, and a few 
intermingled areas of Appling, Mecklenburg, and Vance 
soils. The included areas, each less than 5 acres, make 
up 1 0 to 35 percent of this map unit. 

The organic matter content is low in the surface layer 
of this Cecil soil. Permeability is moderate, the available 
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water capacity is medium, the shrink-swell potential is 
moderate, and surface runoff is medium. The subsoil is 
strongly acid or very strongly acid. Depth to bedrock is 
more than 60 inches. The water table is below 6 feet. 

Most of the acreage is used for hay or pasture. Some 
areas are used as cropland. The rest is forested. 

This soil has moderate potentlal for corn, soybeans, 
small grain, pasture, hay, and horticultural crops. Be­
cause the surface layer is thin, this soil is difficult to keep 
in good tilth. Additional erosion is a severe hazard where 
cultivated crops are grown. Minimum tillage, the return of 
crop residue to the soil, ·and the use of cover crops, 
including grasses .and legumes, improve tilth, reduce 
runoff, and help to control erosion. 

The potential is moderate for broadleaf and needleleaf 
trees. The dominant trees are loblolly pine, shortleaf 
pine, and Virginia pine. The main understory species are 
dogwood, sourwood, redbud, and black cherry. The 
clayey subsoil is the main limitation in woodland use and 
management. 

This soil has only moderate potential for most urban 
uses because of the slope and the moderate permeabil­
ity. The slope limitation can be reduced or modified by 
special planning, design, or maintenance. The moderate 
permeability is a limitation for septic tank absorption 
fields. This limitation can generally be overcome by 
modifying the field or by increasing the size of the ab­
sorption area, or both. Erosion is a hazard if the ground 
cover is removed. The potential is dominantly moderate 
for recreation because of the slope and the clayey sub­
soil. 

The capability subclass is VIe. The woodland group is 
4c. 

CuB-Cecil-Urban land complex, 2 to 8 percent 
slopes. This map unit consists of areas of Cecil soils 
and areas of Urban land primarily in the suburban areas 
of Charlotte. These areas are too small and too intricate­
ly mixed to be mapped separately. The undisturbed Cecil 
soil makes up 50 to 70 percent of each area, and Urban 
land makes up 15 to 35 percent. The rest of this unit 
consists of areas where most of the natural soil has 
been altered or covered as the result of grading and 
digging. · 

The undisturbed Cecil soil is well drained. Typically, 
the surface layer is yellowish red sandy clay loam about 
6 inches thick. The subsoil is 47 inches thick. The upper 
part is red clay, and the lower part is red clay loam. The 
underlying material to a depth of 65 inches is red and 
yellow loam. 

The organic matter content is low in the surface layer 
of this Cecil soil. Permeability is moderate, the available 
water capacity is medium, the shrink-swell potential is 
moderate, and surface runoff is medium. The subsoil is 
strongly acid or very strongly acid. Depth to bedrock is 
more than 60 inches. The water table is below 6 feet. 
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Ur-Urban land. This map unit consists of areas 
where more than 85 percent of the surface area is cov­
ered with asphalt, concrete, buildings, or other impervi­
ous cover. Most of the soil material has been cut, fil led, 
and graded , and the natural characteristics altered or 
destroyed. The rest is small lawns or shrub gardens near 
buildings, sidewalks, and parking lots. 

Most areas are in or near the business district of 
Charlotte . Isolated areas mapped are more than 5 acres. 

The main problem created in areas of Urban 1and is 
that the very high vo lume of surface runoff can cause 
flooding in low-lying areas downstream. 

Examining and identifying the soils in this unit is im­
practical. Careful onsite investigation is needed to deter­
mine the suitability of any particular area for any pro­
posed use. 

VaS-Vance sandy loam, 2 to 8 percent slopes. 
This well drained soil is on broad ridges and side slopes 
of the uplands. Mapped areas are commonly oblong and 
range from 4 to 40 acres. 

Typically, the surface layer is yellowish brown sandy 
loam about 8 inches thick . The subsoil is strong brown 
clay 25 inches thick . The underlying material to a depth 
of 50 inches is mottled strong brown, yellow, and red 
clay loam and loam. 

Included with this soil in mapping are a few areas of 
simi lar soils that are less acid than the Vance soil and a 
few eroded areas where the surface layer is sandy clay 
loam or clay loam. Also included are small areas of 
Appling, Enon, and Helena soils. The included soils 
make up about 1 0 to 25 percent of this map unit. 

The organic matter content is· low in the surface layer 
of this Vance soil. Permeability is slow, the available 
water capacity is medium, the shrink -swell potential is 
moderate, and surface runoff is medium. The subsoil is 
strongly acid or very strongly acid. Depth to bedrock is 
below 60 inches. The water table is below 6 feet. 

Most of the acreage is used for crops, hay, and pas­
ture . Some areas are woodland. 

This soil has moderately high potential for most crops. 
Erosion is a hazard if cultivated crops are grown. As the 
original surface layer is lost, the underlying sticky subsoil 
becomes part of the plow layer. This process lowers the 
overall tilth . Minimum tillage , the return of crop residue to 
the soil, and the use of cover crops, including grasses 
and legumes, reduce runoff and help to control erosion. 

Thi s soil has moderately high potential for broadleaf 
and needleleaf trees. The dominant trees are loblolly 
pine, Virginia pine, sweetgum, sycamore, white oak, and 
yellow-poplar. The dominant understory species are dog­
wood, redbud, holly, sourwood, and black cherry. There 
are no significant limitations in woodland use or manage­
ment. 

This soil has low potential for most urban uses be­
cause of the slow permeability and the low strength . The 
slow permeabi lity significantly limits the absorption of 
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effluent in septic tank absorption fields. This limitat ion 
general ly can be overcome by modifying the fie ld or by 
increasing the size of the absorption area, or both. Cor­
rective measures commonly used for low strength are 
increasing the size of the foot ings and, where appropri­
ate, placing structures on slabs. The potential is only 
moderate for camp areas and playgrounds because of 
the slow permeability. It is high for most other kind s o f 
recreation. 

The capability subclass is llle . The woodland group is 
3o. 

VaD-Vance sandy loam, 8 to 15 percent slopes. 
This well drained soi l is on side slopes on the uplands. 
Mapped areas are oblong and range from 4 to 25 acres. 

Typically, the surface layer is yellowish brown sandy 
loam about 8 inches th ick. The subsoil is strong brown 
clay 25 inches thick . The underlying materia l to a depth 
of 50 inches is mottled strong brown, yellow, and red 
clay loam and loam. 

Included with th is soil in mapping are a few areas of 
similar soils that are less acid than the Vance soil and a 
few eroded areas where the surface layer is sandy clay 
loam or clay loam. Also included are small areas of 
Appling, Enon, and Helena soi ls. The included soils 
make up about 10 to 25 percent of this map unit. 

The organic matter content is low in the surface layer 
of this Vance soil. Permeability is slow, the available 
water capacity is medium, the shrink-swell poten tia l is 
moderate, and surface runoff is rapid. The subsoil is 
strongly acid or very strongly acid . Depth to bedrock is 
below 60 inches. The water table is be low 6 feet. 

Most of the acreage is woodland. Some areas are 
used for crops, hay, and pasture. 

This soil has moderately high potential for most crops. 
Good tilth can be main tained by returning crop residue to· 
the soil. Surface runoff and erosion are hazards if culti­
vated crops are grown. Minimum tillage or the use of 
cover crops, including grasses and legumes. l1elps to 
control erosion in cul tivated areas. 

This soil has moderately high potential for broadleaf 
and needleleaf trees. The dominant trees are loblolly 
pine, Vi rginia pine, sweetgum, sycamore, white oak, and 
yellow-poplar. The dominant understory species are dog­
wood, redbud, holly, sourwood. and black cherry. There 
are no significant limitations in wood land use or manage­
ment. 

The potential for most urban uses is low because of 
the slow permeability, the slope, and the low streng h. 
The slow permeability significantly limits the absorption 
of effluent in sep tic tank absorption fields. This limi ta ion 
genera lly can be overcome by modifying the field or by 
increasing the size of the absorption area , or both. The 
slope limitat ion can be reduced or modified b, specia 
planning, design, and maintenance. Corrective measure ~ 
commonly used for low strength are increasing the sizE 
of the footings and, where appropriate, placing s tr uc t u re ~ 
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R layer.-Consolidated rock beneath the soi l. The 
rock common ly underlies a C horizon, but can be 
directly below an A or a B horizon. 

Humus. The well decomposed, more or less stable part 
of the organic matter in mineral soils. 

Hydrologic soil groups. Refers to soils grouped accord­
ing to their runoff-producing characteristics . The 
chief consideration is the inherent capacity of .soil 
bare of vegetation to permit infiltration. The slope 
and the kind of plant cover are not considered, but 
are separate factors in predicting runoff. Soils are 
assigned to four groups. In group A are soils having 
a high infiltration rate when thoroughly wet and 
having a low runoff potential. They are mainly deep, 
well drained, and sandy or gravelly. In group D, at 
the other extreme, are soils having a very slow infil­
tration rate and thus a high runoff potential. They 
have a claypan or clay layer at or near the surface, 
have a permanent high water table, or are shallow 
over nearly impervious bedrock or other material. A 
soil is assigned to two hydrologic groups if par of 
the acreage is artificially drained and part is un­
drained. 

Infil trati on. The downwarc entry of water into the imme­
diate surface of soi l or other material , as contrasted 
with percoiation, which is movement of water 
through soil layers or materia l. 

Leaching. The removal of soluble material from soil or 
other material by percolating water. 

iquid lim it. The moistu e content at which the soil 
passes from a plastic to a liquid state . 

oam. Soil material that is 7 to 27 percent clay partic les, 
28 to 50 percent silt particles, and less than 52 
perce t sand particles. 

ow strength. Inadequate strength for supporting loads. 
~."in era l soi l. Soil that is mainly mineral material and low 

in organic material. Its bulk density is greater than 
that of organic soil. 

Minimum tillage. Only the ti ll age essential to crop pro­
duction and prevention of soi l damage. 

Morphology, soil. The physical makeup of the soil, in­
cluding the texture, structure, porosity, consistence, 
color, and other physical, mineral, and biological 
properties of the various horizons, and the thickness 
and arrangement of those horizons in the soil pro­
file . 

Mottling, soil. Irregular spots of different colors that vary 
in number and size. Mottling general ly indicates poor 
aeration and impeded drainage. Descriptive terms 
are as fo llows: abundance- few, common, and 
many, size- fine, medium, and coarse; and con­
trast-faint, distinct, and prominent. The size mea­
surements are of the diameter along the greatest 
dimension. Fine indicates less than 5 millimeters 
'(about 0.2 inch) ; medium , from 5 to 15 millimeters 
(about 0.2 to 0.6 inch) ; and coarse, more than 15 
millimeters (about 0.6 inch) . 
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Parent material. The great variety of unconsolidated 
organic and mineral material in which soil forms. 
Consolidated bedrock is not yet parent material by 
this concept. 

Pedon. The smallest volume that can be called "a soil. " 
A pedon is three dimensional and large enough to 
permit study of all horizons. Its area ranges from 
about 1 0 to 1 00 square feet ( 1 square meter to 1 0 
square meters) , depending on the variability of the 
soil. 

Percolation. The downward movement of water through 
the soil. 

Permeability. The quality that enables the soil to trans­
mit water or air, measured as the number of inches 
per hour that water moves through the soil. Terms 
describing permeability are very slow (less than 0.06 
inch), slow (0.06 to 0.20 inch) , moderately slow (0.2 
to 0.6 inch), moderate (0 .6 to 2.0 inches), moderate­
ly rapid (2.0 to 6.0 inches) , rapid (6.0 to 20 inches), 
and very rapid (more than 20 inches). 

Phase, soil. A subdivision of a soi l series or other unit in 
he soil c lassification system based on differe ces in 

t e s il that affect its ma age ent. A soii series, f r 
exa le, may be divided into phases on the bases 
of differences in slope, s on iness, thickness, or 
so e other characteristic that affects management. 
These differences are too small to justify seoarate 
series. 

pH valu e. (See Reaction, soil). A numerical designatio 
of acidi y and alkalinity in soil. 

Plast ici t y ind ex. The numerical difference between the 
liq id limit and the plastic limit; the rc:nge of moisture 
content with in which the soi l remains plastic . 

Plasti c limit. The moisture content a which a soil 
changes from a semisolid to a plastic state. 

Prod uct iv ity (soil ). The capability of a soil for produci ng 
a specified plant or sequence of plants under a 
specified system of management. Productiv ity is 
measured in terms of output, or harvest, in relation 
to input. 

Profile, soil. A vertical section of the soil extending 
through all its horizons and into the parent material. 

Reaction , soil. The degree of acidity or alkalinity of a 
soi l, expressed in pH values. A soi l that tests to pH 
7.0 is described as precisely neutral in reaction be­
cause it is neither acid nor alkal ine. The degree of 
acidity or alkalinity is expressed as-

pH 
Extreme! acid ................ .. ... ....... .. .... .... ....... ... Below t.5 
Very strongly acid .... .. .. .. ........... .... ... .. ..... .. ... ... 4.5 to 5.0 
Strong! acid .. .. ... ... .. ............. .. ... .. ..... ..... .. ...... .. 5.1 to 5.5 
Medium acid .. ................ .. ...... ......... ............. .. ... 5.6 to 6.0 
Slightly acid .... .. .. ............ ........ .. .. .... .. ..... .. ..... .... . 6.1 to 6.5 

eutral. .. ........................ .. .................................. 6.6 to 7.3 
Mildly alkal ine ................... ........ .. .... .. ........... ... .. 7.4 to 7.8 
t oderately alkaline ..... .... ....... .... ... ........... .. ...... 7.9 to 8.4 
Strongly alkaline ... ... .... ....... .. ....... .. ................ .. . 8.5 to 9.0 
Very strongly alkaline .. .. ......... .... .. .... .... .. . 9.1 and higher 
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Source: U.S. Department of Commerce, Weather end Climate in North Ceroline, 1972. 

.. 
Figure 5.3; Mean Maximum Temperature in N.C. 

JANUARY 

Degrees Fahrenheit 

58 and above 

Source: U.S. Department of Commorce, Weather end Climete in North Corol/na, 1972. 
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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 aoo 
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. .. ·-·-·-~ , .. 
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 
aver~ge 39.4° 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 4 7.8° 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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Temperatures Figure 5.3 illustrates the temperature 
pattern across North Cnrolina 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 in January 
are highest a short distance i·nland 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 patlerns 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 me milder along the coast and decrease 
inland fairly rapidly. Once again, the temperature patlern 
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 stale. 

Average Annual Heating Degree Days There are 
climatically si gni.ficant 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 ternis · 
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. within a building 
is the minimum thermal threshold for normal human · 
comfort: The negative departure of daily mean tempera­
ture from this standard figure is recorded as healing 
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 accurate 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. . 

- - -

Degrees Fahrenheit 

Sourco: U.S. Dcpartm~nt of Commerce, Weather and Climate in North Carolina, 1972. 

Figure 5.5. Average Annual Heating Degree Days In N.C. 
:' 
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Total Heating Degrees Annually 
(Fahrc~hcit) 

/ . ,·· 5,500·6,000 

•f . 5,000-5,000 
., . .,:' 4,500-5,000 

J" 

Source: U.S. Department or Commerce, Weather .and ClimtJte in North CtJrolina, 19n. 
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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 
states to the north and to the immediate west, Sunshine is 
more prevalent in the southeast around Wilmington, an~ 
diminishes rapidly as the Mountains are approached. The 
Mountains receive about one-third less 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 Juno, there are fewer hours and days in 
which rainfall occurs, indicating a higher precipitation in­
tensity. 

Moan 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 stale, sunshine dur­
ing April, May, and June is received approximately 70 
percent of the limo and In amounts exceeding three 
hu~drcd hours 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 10 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 r~tards 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 conlained 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. 

- - - -

Source: U.S. Department of Commerce, Climatologicsl Summary, 1966. 

Rguro 5.8. Average Date of last Freezing Temperature In N.C. 

, .. 
before Mar. 12 

Source: U.S. Department of. Commerce, Weather and Climattt in North CtJro!inll, 1972. 
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Source: U.S. Department of Commerce, Weather and Climate in North Carolina, 1972. 

Figure 5.10. Mean Maximum July Temperature In N.C. 
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period than their surroundings. They support frost­
susceptible vegetnlion long alter the greenery has 
disappeared in nearby areas. Orten In early winter or 
even in midwinter a c.onlrasting 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 
slate in a pattern similar to that of the end of the freeze 
season to blanket North Carolina with color 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 slate summer is a season of extremes. Mean monthly 
minimum temperatures lor 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 the 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 lend 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 5.9). 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- · 
lure 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 90° F. on the average of only one day 
each year, while Wilmington, a short distance from the 

. coast, has an occurrence ol90° F. temperatures about 
twenty-four days annually. In contrast with these toea- . 
lions. Raleigh and Winston-Salem mean temperatures for 
July are slightly lower, but the average number of days 
on which a temperature ol90° F. or above is experienced 
increases to more than forty. 
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-·! M(-ns,t-ccls-lud~ce r- - - - - -lr:!mpcmlurc V<llues shnrply. The tern perature gradient in 
.July is even sleeper than in January. East to west across 
Ci11dwell 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 arternoon 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, arternoon 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
pemture values aro reversed (Figure 5.11 ). Minimum 
temperatures represent nighllime 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 dally 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 
lillie change with distance, ranging only 4" F. from 66" F. 
to 70" F. In the Mountains, 50" F. and 60" F. temperatures 
indicate the 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 como on an average of len 
to twelve days per monlh. July and August show the 
highest rainfall amounts with many sections of lhe slate 
reporting 51o 7 inches ol rain for each olthese months. 
The coastal region around Wilmington and the south­
western counties are the rainiest areas in lhe stale 

Degrees Fahrenheit 

64·68 
60·64 

56·60 

Source: U.S. Department of Commerce, Weather and Climate in North Carolina, 19n. 
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having over 8 inches 'or precipitation and an average of 
fourteen rain days in July. By August the hurricane 
season has arrived and these storms 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 o( the active growth period for 
plants. 

Although each plant 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 50" F. will indicate len growing degree days or a 1 oo 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 

Figure 5.12. Average Annual Growing Degree Days 
lnN.C. . 

Total Degrees Annually 

",!. ·~ 8,000 and above 
(" •. 7,000-8,000 

6,000-7,000 

5,000-6,000 

4,000·5,000 
bolow4,000 

. ' 

Source: U.S. Department of Commerce, Climatological Summary, 1966. 
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Cyclonic activity increases as thunderstorms become 
loss frequent until by late November they seldom oq,cur. 

As illustrated in Figure 5.14, freezes begin early in 
October !n 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 slate 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 while 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 
rninfall exists throughout the stnlo, everywhere precipita­
tion is high (Figure 5.15). In the Coastal Plain, rainfall 
totals average from 44to 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 
Cnrolina-South Carolina border receive as much as 80 
inches of prccipilnlion oach year. Nomby, Asheville, 
l~,ing in'a sheltered valley, records only 37 inches, the 
lowest rainfall average reported In the slate. More 
commonly, avera go annual procipitalion in the Moun­
tains ranges from 44 to 58 Inches. For tho stnlo 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 stale 
and varies only sl ighlly from place to place. 

Source: U.S. Doportmont of Commerce, Weather Rnd Climate in North Carofinll, t9n, 

Although rainfall is heaviest in the summer, evaporation 
and transpiration losse's are also great. Consequently, 
the summer season is deficient in its.~upply of soil 
moisture and irrigntlon may be required to sustain crop 
needs. 

Although it is considered to be a wet stale, North 
Carolina nevertheless has lis occasional "bout with 
drought." Rocently, 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 lhe 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 51.7 4 inches. Raleigh's weather 
records may be used to illustrate the variations In yearly 
precipitation amounts. In the capital city, annual 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 lillie 
as 0.38 inches in 1953. Yet precipitation variability In 
North Carolina is moderate compared with those stales 
where rainfall totals are significantly less and conse­
quently precipitation patterns and regimes are more 
unpredictable. · 

Average Number of Days with o:o11nches 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 procipilalion, 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 olthe 
slate procipilation occurs 4 out of ovory 10 days. By 
contrast, the sandhi lis in the Southern Piedmont experi­
ences precipitation on only 30 percent of the days. In 
fact, a "longue" of fewer rainy days penetrates the slate 
from south to north, through North Carolina's central 
counli es. For ttie slate as a whole, 125 days with . 
measurable precipitation is a representative figure. 

· Water Balance 

·The "wetness" or "dryness" of any region is mirrored by 
its natural vegetation. lndigenou~ plant life is an lndi· 
cator of a region's precipitation effectiveness and its 
capacity to support plant growth. The minimal moisture 
requirements of plant communities are quite speciric, 
and in situ vegetation reflects the amounts of water 
annually and seasonally available for its use. A$ the size 
of a bank account depends upon the balance between 
depOsits and withdrawals, so precipitation effectiveness 
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tali on will drain to the underground water table or run olf 
the land as surplus water. 

Figure 5.16 provides the water balance deficits for th.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, Figu're 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 Mounlafns 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 stale 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 arc 
conu11on to North Carolina: cyclonic and convoclional 
thundcrr.lorms, hurricnnos, nnd tornadoes. Thoso storms 
are integral parts of the stale's climatic pattern. In · • 
analyzing the importance of winds, direction and speed . 
nrc 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'J1orlh­
west) will be, relatively speaking, a cooling and drying 
wind, whereas a southeasterly wind will bring warm, 
moist air to the stale. 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. 

[J] 1 inch and above . 

D below 1 inch 

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

Rgure 5.19. Water Balance Surplus in N.C. 

Number of Inches· 
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': , 

Source: U.S. Department of Commerce, Climatic 
Summary of the U.S., 1972. 
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Source: U.S, Department of Commerce, Clime tic Summery o'f the 
U.S .. 1972. 

The velocity of the wind is relevant to venlilalion of air 
pollutants, evaporation rates, and thu!l cooling and 
chilling Indexes. On those occasions when winds reach 
gale force anti higher, their veloclllos uro of singular 
importance been use of thoir dcstructivo capnbilltios. 
Damaging winds are usually associated with infrequent 
hurricanes and tornadoes and, at limes, 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 !llOSt 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 poleward of North 
Carolina, and the counterclockwise winds associated 
with an increased number of offshore storms cause 
northeasterlies to prevail.across the state. ;J: 
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Sou reo: U.S. DeJ!Brtmcnt of Commerce, Climatic Summary of ths 
u.s .. 1972. 

Note: Wind speeds are noted in miles per hour. 

Wind speeds have been averaged for each zone of 
prevailing winds. Winds tend 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 r:nean 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 
tompornturo ~nd prosr.uro 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 
convecti~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. 
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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 lo thunderstorm development and 
!He slate experiences violent local storms forty to filty 
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 lo fifty days as the Mountains are 
approached. In the Mountains, the higher frequency of 
storm activity (all types) and the triggering supplied by 
mountain and frontal slopes results in the most thunder­
ous area to be found in the state (Figure 5.22). 

Hurricanes In the latter half of the year, the United 
Stales is visited by hurricanes. Originating over tropical 
oceans as small cyclones, ur]der favorable conditions 
hurricanes become large, lnl~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 nnd doliborntely, at speeds 
between fifteen and fifty miles per hour, delivering 
prodigious amounts of precipilalion to areas over which 
they pass. Moving out ol 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 stales to a substantial degree. As the eastern 
slates are subject lo 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 generales six hurricanes a 

~igulllllilllf. ~o N~r of~ wit­
TWftm! o rst"""' 

I· 

••• -*' 

Source: Glenn T. Trewartha, Arthur H. Robinson, and Edwin H. 
Hammond, eds., Elements of Geography, 5th ed.INew York: 
McGraw·Hill Book Co., 19671. 

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 Norlh 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 with these storms. 
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Table 16 

Denslty<e > 

County 1960 1970 1980 

State Total 93 104 120 

Alamance 197 226 229 
Alexander 61 75 97 
All eghany 34 36 41 
Anson 47 44 48 
Ashe 46 46 52 

Avery 49 52 58 
Beaufort 43 44 49 
Bertie 35 29 30 
Bladen 33 30 35 
Brunswick 23 28 42 

Buncombe 202 221 244 
Burke 104 118 144 
Cabarrus 189 206 236 
Caldwell 104 121 144 
Camden 23 23 24 

Carteret 52 59 78 
Caswell 46 45 49 
Catawba 180 231 266 
Chatham 38 42 47 
Cherokee 36 36 42 

Chow an 65 62 69 
Clay 26 25 31 
Cleveland 142 155 178 
Columbus 52 50 54 
Craven B1 89 101 

Cumberland 225 324 376 
Curr ituck 24 28 43 
Dare 15 18 34 
Davidson 146 174 207 
Davie 63 71 92 

Dup II n 49 47 50 
Durham 375 450 513 
Edgecombe 106 103 111 
Forsyth 447 513 592 
Frank I In 58 55 61 

Gaston 355 417 455 
Gates 27 25 26 
Gr aham 22 22 25 
Granv II le 61 61 64 
Greene 62 56 61 

Gu II ford 379 441 487 
Hall fax 82 73 76 
H~rnett 80 82 99 
Haywood 73 76 84 
Henderson 95 113 156 

Hertford 64 69 66 
Hoke 50 42 52 
Hyde 9 9 9 
Iredell 106 126 144 
Jackson 36 44 53 

POPULATION DENS ITY AND LAND AAEA BY COUNTY 
1960, 1970 AND 1980 

1980 
Lend 
Aree 

(Sq. MI.) County 

48,843 

433 Johnston 
259 Jones 
234 Lee 
533 Leno i r 
426 Linco ln 

247 McDowel l 
826 Macon 
701 Mad I son 
879 Marti n 
861 Meek lenburg 

659 Mitchell 
505 Mont gomer y 
364 Moore 
471 Nash 
241 New Ha nover 

525 Northampton 
427 Onslow 
396 Orange 
70B Pamllco 
452 ·Pasq uot ank 

181 Pender 
214 Perqul mans 
468 Person 
939 Pitt 
702 Po l k 

657 Randolph 
256 Rlchrrond 
391 Robeson 
548 Rocking ham 
26 7 Rowan 

819 Ruther for d 
298 Sampson 
506 Scotland 
412 Stanl y 
494 Stokes 

357 Sur ry 
338 Swa in 
289 Tr ansy lva nia 
534 Tyrr e l l 
266 Uni on 

651 Vance 
724 Wake 
601 War re n 
555 Wash lngton 
375 Watooga 

356 Wayne 
39 1 WI I kes 
624 WII son 
574 Yedkl n 
490 Ya ncey 

1960 

79 
24 

104 
141 

94 

61 
29 
38 
56 

502 

63 
38 
48 

111 
370 

50 
114 
108 

29 
112 

22 
35 
66 

107 
49 

77 
82 
94 

122 
160 

BO 
50 
79 

102 
49 

90 
16 
43 
11 
70 

129 
196 

44 
40 
55 

148 
59 

15 5 
68 
45 

1980 
Dens lty<e> Lend 

Aree 
1970 1980 <Sq. MI . ) 

77 89 795 
21 21 470 

119 142 259 
138 149 402 
110 142 298 

70 80 437 
31 39 517 
36 37 451 
54 56 461-

669 766 528 

63 65 222 
39 46 490 
55 72 701 

109 124 540 
449 559 185 

43 42 538 
135 148 763 
144 193 400 

28 31 341 
118 125 228 

21 25 875 
34 39 246 
65 73 398 

113 137 656 
49 55 238 

96 116 789 
84 95 477 
89 107 949 

127 147 569 
172 191 519 

84 95 568 
48 53 947 
84 101 319 

lOB 123 396 
52 73 452 

96 110 539 
17 20 526 
52 62 378 
10 10 407 
86 110 639 

131 148 249 
267 353 854 

37 38 427 
41 45 332 
74 101 314 

153 175 554 
65 78 752 

153 169 374 
73 85 336 
40 48 314 

(a) Population per squa r e mi le of la nd area. Land ar ea calculations fo r 1960 and 1970 differ sl ightly from those for 
1980. 

SOURCE: u.s. Department of Commerce, Bureau of the Cens us. 
Off ice of State Budget and Management, Research and P lanning Serv ices. 
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Table 18 

Piece 

Ahosk le 
A l bemarl e 
Apex 
Archdale 
Asheboro 
Ashev II le 
Ayden 
Beaufort 
Be l mont 

Benson 
Bessemer CIty 
B l ack Mount ll ln 
Bonnie Doone <COP> 
Boone 
Br e vard 
Brogden (COP l 
Burlington 
Butner <COP > 

Camp Lej eune Centra l (COP ) 
Canton 
Car r bor o 
Cary 
Chape l Hill 
Charlotte ... 'If" 

Cherryville 
Cl ayton 
C lemmons ! COP ) 

C II nton 
Concord 
Conover 
Da ll as 
Dav i dson 
Dunn 
Durh am 
Eas t Flllt Rock (CDP > 
East Rock in gham ! COP ) 

Eden 
Edenton 
E II zabeth CIty 
E II zabethtown 
E l k in 
E lon Co ll ege 
Elroy (COP ) 
Enf i e l d 
Enka <COP > 

Enochv llle ! COP ) 
Erwin 
Fair mont 
Fa lrp l ll ln s <COP ) 
F ar mv II le 
F llyettev I I le 
Fores t CIty 
Fort Br agg <COP > 
Fr ank lin 

Fuqully - Var I na 
Garner 
Gast on i a 
G l bsonv I li e 
Gl en Raven (COP ) 
Go l dsbor o 
Gorman (COP ) 
Gr .Jha m 

_ _____r..c.._, _~ • .J ' ·· Vt..:c_ -

- - - - - - -
POPULATION DENSITY(o) Cl' PLACES WITH 2,500 OR MORE lt-IW!ITANTS 

YEARS 1960, 1970 A~ 1960 

1960 1970 1960 Piece 

3,274 2, 667 1,660 Lunt>erton 
2,151 I , 916 I ,035 Medl son 
1, 052 ~ 1' 139 Mal den 
1, 382 1' 130 94 2 Marl on 
2,1 9 7 2,076 1,387 Mar-Mac (COP ) 
2, 774 2,587 1,867 Masonboro (COP) 
2,072 2, 029 1,617 Maxton 
5,644 3,062 1, 594 Mayoda n 
2,635 2,292 1 '772 Mebane 

2,355 1'1'\ 2,146 Mint Hill 
1, 2 17 1, 58 1 1,496 Mocksvill e 
1, 313 1, 001 972 Monr oe 

953 ~ 1 '700 Moores vII le 
2,304 2,245 2, 682 Morehead CIty 
2,857 2, 497 2, 047 Morganton 

1'1'\ r-ot\ 1 , 35B Mount Ai ry 
2,677 2, 364 2,23 1 Mount Ho lly 

1'1'\ 1, 220 1, 514 Mount Oil ve 

1'1'\ 2, 107 1, 636 Murfreesboro 
973 2,715 2, 437 Myrtle Gr ove (COP ) 

2,653 1 , 265 (b) 2, 934 Nas hv II le 
1,243 1,1 6 1 2,176 New Bern <COP > 
3,592 3, 274 2, 594 New Hope <COP ) (Wilke County l 
3,199 3, 173 2,25 1 New Hope (COP ) (Wayne County ) 
2, 576 1 , B13 1 '794 New Ri ver Stlltlon (COP) 
1, 660 1, 939 1, 023 Newton 

1'1'\ 1'1'\ 705 North Be l mont <COP > 

2,467 2, 105 1, 678 North w I I kesboro 
3, 632 2, 6 76 2,017 Ogde n ! COP ) 

2, 65 1 2, 237 I ,249 Ox f ord 
1, 721 2,136 2, 366 Parkwood ! COP l 
2, 573 1,466 1, 350 Pent>r oke 
3,1 53 2,025 1, 867 P inehurst (COP) 
3, 676 2, 606 2,484 Pine Valley !COP ) 

822 938 990 P iney Green-White Oak <COP ) 

2,676 2,362 1,442 P l yrrouth 

1'1'\ 1, 356 1, 339 Pop l ll r Tent <COP ) 
2,026 1, 362 1,488 Pumpk in Center (COP ) 

3,4 30 2, 6 14 2, 980 Raeford 
2, 32 1 1'1'\ 986 Ra te l gh 

896 906 752 Red SprIngs 
2,1 40 1'1'\ 2, 394 Reidsville 

1'1'\ 1'1'\ 590 Roa noke Rap I ds 
2,482 2, 727 2,496 Rock ingham 

1'1'\ 1'1'\ 843 Rocky Mount 

~ 1'1'\ 696 Rosewood (COP > 
2,449 2,1 94 1 '766 Roxboro 
1, 203 1' 767 1,477 Rutherf ordton 

1'1'\ 1'1'\ 634 St. St ephe ns ! COP ) 
3,075 2,458 2, 241 Sa lem (COP ) <Burke County) 
3,205 2,287 1, 803 Soli sbury 
1, 681 825 1, 220 Sanfor d 

1'1'\ 2, 701 2,213 Scot I and Neck 
701 1'1'\ 852 Seagat e <COP > 

1, 093 1' 192 972 Se lma 
1, 726 2,140 2,1 43 She I by 
3, 584 2, 369 2,1 81 Sil er Ci ty 
1' 784 NA 1 '791 S II ve r Lake !COP ) 
1, 05 1 1, 499 672 Sm l th fI e l d 
4,067 2, 979 2, 213 Southern PI nes 

NA 1'1'\ 256 South Gaston i a (COP > 
2,340 2, 335 1, 007 South Go l dsbor o <COP> 

_ __ 1_._4()'L_ ____ ~ 992 Southport 
-- ------- ----· 

- - - - - -
1960 1970 1960 

2, 634 3,1 41 1, 6 14 
2, 731 ~ 510 
~ ~ I , 26 7 

2,5 73 2,362 2, 047 
1'1'\ 1'1'\ 732 
1'1'\ 1'1'\ 616 

1, 950 1'1'\ 1, 595 
3, 3BO 2, B75 1 '7 51 
1, 689 1'1'\ 1, 855 

1'1'\ 1'1'\ 574 
74 3 790 733 

1 '727 1 '736 1, 620 
2,096 1,95 7 1, 624 
3, 72 2 3,489 2, 160 
2, 355 1, 841 1, 012 
2, 822 1, 592 1,4 30 
2,1 25 1,459 1, 562 
3,115 2,730 2, 43B 

1, 888 2,339 1 '769 
1'1'\ 1'1'\ 36 1 

2, 372 ~ 1 ' 275 
6,267 3, B56 2, 510 

1'1'\ 1'1'\ 602 
1'1'\ 1'1'\ 942 
1'1'\ 1 '1 92 711 

2,0 16 2,9 10 I , 566 
1, 026 1, 096 1 '170 

976 74 6 724 
1'1'\ 1'1'\ 574 

2, 25 1 1,795 2, 001 
1'1'\ 1'1'\ 1 '71 0 

1, 524 ~ 3,373 
934 1'1'\ 135 

1'1'\ 1'1'\ 929 
1'1'\ 1'1'\ 556 

1 '728 1,540 1, 203 

1'1'\ 1'1'\ 46 1 
1'1'\ 1'1'\ 852 

1' 176 1' 178 1, 344 
2,787 2,706 2,793 
2,5 16 1,990 1,202 
1,677 1,794 1, 666 
2,562 2, 289 2, 014 
1,969 1 '773 1, 627 
3,457 2, 765 2, 26 1 

1'1'\ 1'1'\ 564 
2,14 5 2,238 2,036 
1, 305 1, 248 1, 374 

1'1'\ 1'1'\ 900 
NA NA 601 

3,435 2, 649 1,7 18 
2,785 2, 663 1 ' 252 
2,704 2, 39 1 1, 889 

1'1'\ 1'1'\ 815 

2, 585 2, 904 2, 38 1 
2, 493 2, 206 1,986 
1' 14 2 1 ' 172 1' 11 2 
~ N\ 54 1 

2, 781 2, 08 7 1' 157 
1' 18 1 1' 142 1 '1 19 
1, 344 NA 1,362 

NA Nil 79 1 
1, 07 1 N~ 1, 569 
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Table 17 8 

Partlculato.s 

for•• Point 
Coun ty Sour 013s Sour (::IDs 

Stnto To tol 55},662 222 , 26} 

11\n o•.Ju'ICO 7,71 8 868 
AIO III'IIldof" 2, 150 6Jl 
111\ ogh t~ny 1 ,1 68 -
Ans on 2, 5.l1 101 

' '"" 5, 022 U2 

Avor't 1, 785 78 
Do ou fOr"t 5 , }.) .4 1,079 
Ol'Y t h, 2, 927 1, 688 
O ltH~on 3, 565 I JJ 
Orunswl clil J, l9 ) 91J 

Bunconbe 15, 026 4, '}2} 
OUrko '}, 906 568 
Ccbnrru5 6,1 )6 765 
Cnl dwe ll 6,070 J, O'}O 
c ....... 10 1 ' 
Ct'lf" t eret 1, 949 8 
cn, .. o ll 2,4 .1) 899 
Cn tft., tut 7, '} J1 19, 814 
Ctlnt hnlll 4, 99 4 9,679 
Chordo.oo ),))2 50 

Chownn 141 ,. 
Clny 2 , 096 -
Cl.,votand 6 ,1 60 ,., 
ColullilUS '}, 8 40 1, <06 
Crll "~" 6 , , 0 1 

'· ,8 

CuMJnrlnnd 17, 0 10 566 
Curr l t ud. 1,1 00 159 ..... 605 ' Onvl d-'on 10, 20 7 ,, 
O n v l ~t 2, 1}) .,. 
Dup lin A, l 09 105 
Our ht'IIR 10 , 624 8J6 
(d!J')COfl'bo ), )02 J, OA I 
f (ll"'5 y l h 17,0:.0 528 
rrnnklln 2 , 0') 0 -
GM t on 10 , 171 7, '}66 
Cnt os 1, 196 -
Grnh n111 042 .. 
Grt~n v llla ~. 4~ 7 78 
Gr oono 1,)29 II 

Gu l l for d J J, 49 ) 2 ,102 
tln ll ft'lx ~ , OA ot I , J06 
ll or no'tt ~ . ~ 75 10 
tl t~y"ood ..... , .. 682 
Hondorson 6,0ot2 .l06 

llort ford 2, 005 885 
lloto.o 09 7 " llycb 818 146 
l r edlt ll 10 , 151 1,169 
J ecll.son 4,69A 99 

Jdlt~tfon 
1, "' 

1,671 
Jono• .., 
Loo 1, 9 J6 81 
lonolr ) 2, '}97 45 1 
lincoln 2,892 116 

HcOowo ll 2,6<4'} 185 
H.-tcon J , 20 2 16 
~dlson ' · 444 I 
MM" tln ,,,, J,n8 
Hock lenbttrg 20 , 60 7 J,H5 

HI tchol1 1,'}9 1 124 
f.kln i !JO'I'Or"'f 1,949 ,., ,_.. 4,41 8 97 
Nt~sh '} , l12 559 
No w llnnover 4,0 ot 2 4,675 

Nor thnl!lp fQrl 1 ,19) 2l2 
Ons low 6 , 00 7 ,. 
Orat~ go 6 ,1 69 90 
Pnmllco 995 
Pns q uo tt'lnk 1,'}06 4J2 

PonOOr 2, 240 
ror qu i~~W~ns 1,004 21 
Por s on A, 121 15 , 859 
Pitt 0,053 m 
Po lk 1,917 " 
11endo l ph II, 786 ., 
Rl ch ii!Ofl d 2 , 9 0 ) 21 
Robos on 9,120 452 
Rock lngha,. 10,05 2 )ot, l9) 
R01t t1n 7, 590 ) , '}40 

nuthorford 6,170 2 , 99-t 
SNI'IJlSOO 5,900 101 
Sco t lnnd 1, 700 212 
S l nn ly ) ,9 15 1, 200 
s to«os 4, 906 :JJ, 172 

Surry 8 , 0ot7 1, 28'} 
Swn1n 900 102 
Tr nnsy l.,anl• 1,1 0 1 " Tyr rol l 67< ' Union 6 ,00.) 896 

Vnnce 2,452 267 
Wnko ~ . 54) 214 
Wt~rr~tn 2, 76 1 
WM hl ngton 1,.494 9JO 
Wnl nuge 4, 1U " 
Wt'lyne 6 , 6 02 29 , 090 
Wilkes 9 , 76'} 1,081 
Wll s011 A, )H 202 
Yn~ ln },291 10 
hncey 1,8)1 I} 

EMISSIOOS INVENTORY SU~Y (IH TOHSJ 
f ROM PO l~ N#J AAEA SOURCES.BY OOOHTY 

\919 

Su lfur- Olo»elde Nitrogen 0 111ldl!ls 
Vo l at ile Organic COIIJXlllmd• 

end Hyct-OCOf'"bon s 

for•· Point Ioree Poin t for•• Point 
Sources Sour08s Sour on Sources SourOts Sources 

43 , 2 ~7 7JI,157 ,~. 896 290,0, 560,734 114, 695 

8 18 1,.4 20 5,090 266 11, 740 ' "' 128 1,1 50 }2 1,6 .) 4 '"' 6J - 611 - 914 -
18 J 2 1, 618 16 2, 100 92 
127 9 1,127 ,. 1,71.1 >)I 

89 8J 199 50 19 1 6 
:xn 21, 2!6 2, 73 1 1,145 <t,217 >J 
Itt )1 6 1, 598 Jl 2 2, 107 ., 
191 '" 1,935 99 1 , 1.)\ 18< 
28 4 16,6 16 2,618 3, 418 .),70' 29 , YJ9 

1,0 )6 101, 6H e,on )4,1 00 17,219 ,,. ..,, 1,'}28 ~.066 6 71 6 , ) )5 I , -C9 6 
561 2,6~ <4, 77'} 1,1 26 8 , 70 <4 998 
58 1 :>!} '·""" 4J'J 4, 89 7 , , 680 

(1 - "' - 025 

270 Bl 2,269 16 '} ,000 -
12< - 1,160 - 1, '}1 6 -

1,)4'} 7'},J:JJ 7,829 JJ, BOO I J ,9 J .C ), 0 16 ,., 12, 208 1, .t6 ~ '· "2 J,999 7>6 
lOt I 1,0'}0 6 I , , 0 I 

9) ,,. 195 ,. '·.co' "' 71 - 1, 200 - 2, 07 G -
945 406 4,0)() 929 6,4G I -
J6 1 7, 7)'} ),216 2,002 A,17 0 "' )}9 6, 706 ),617 2,6 14 6 , 682 I,O <C 

t, 120 2, 927 9,<'1J 661 17 ,624 8J4 
>oo - 1, 200 2 I,AOO -
104 2<0 9}2 71 ),926 2 
156 998 6 , )01 629 1o. nu 2,A70 
149 66 1,2'}9 " , , 706 10 1 

"' 76 ) 2,9A9 15< J, 66B .. 
710 000 6,J98 194 12 , 90 ) 70 J 
., I .,, A, 0 10 81 ... 720 1,)61 

2 , 173 '},8J7 16,7 '} -t 2 , 1'}2 2A, I92 21, M'I B 
16 1 1,771 ) , 16 '} 8J 

'·' "' 62, 1.>0 8 ,8.C2 29 ,6 10 1'} , , 98 66 1 
69 - 129 - 740 -
}') 60 )6 4 19 41 9 ' 206 720 2,277 1,018 .c , OI J '" 87 - 998 - l, l.lO -

2, 769 J ,l)O 20,142 989 JI,06J 14, 0'57 

'" 9, 556 2 , 90) 2 , 48'} '} ,JI6 ,,. 
J06 765 J, 268 169 " · 40 9 ' 285 9 , 768 2,~18 4,70) 5, '} )1 ~ 
)10 2 ) , 040 2B ,,70) J 

152 216 l, otiO 2,6 1'} 2, 77 8 ,. 
122 19 J 979 " I,BH -
95 - 814 - J , OH -

729 916 4,958 .. , 9 ,HI 1,0~ 
15} ' 2,007 )0 ) ,20) 6 

.,. 
"" A,Oll9 )I ,,116 ,. . 

10 062 .. , ,,. 
" 2, "' 9 " 4, -465 ,,. 

}68 2,979 2.628 1,09 4 4,,21 " 215 "' 2 ,1 26 11l J, 292 167 

179 1,0.C2 1,690 "' 2,698 2)0 

28J 2 , 016 ), 09 1 
160 14 I, 16 '} 1 1,H2 2 
9J 18,6.C7 863 7,11 9 I,O.D 1,09) 

J,'}OJ J,6JI 2ot,7ot5 BIJ ~ .601 '· 70 7 

106 52 700 " 
,., 520 

190 }6 1, .465 " '·'" " 285 11 2, 46 -t ., 4. 295 60 ,.. 1,20) .c, .nJ )2} 8, 56 7 m 
1,080 J6 , 48 J 5 ,411 u, 15 7 10 , )79 B,J H 

Itt 621 1,607 280 1,999 150 

"'' 
., 4, )26 10 7,A .0 ,,. 1, 194 2,919 615 A, 8 46 " 9 1 '" 1, 6)'} 

166 140 1,2.JO 211 ] ,A)') Jl 

I JO 1,628 2,1}2 
16 "' 1, 065 

195 n, 1 10 1, 5 )) )4 ,'}0-t 2 , 960 ,., 
"' 1,500 ),970 Jl2 6 ,6'}6 .lO 
02 ,. 70) ,. 910 

621 6 < '·'"' " 9 , 20 ) Jl1 ..,, Jl 2 , 66 ) 8 A, 186 
621 6,U4 5,)6'} 2,6)4 0 , 985 6 )1 

506 7, 270 4, 726 J , J90 8, 99 ) 1'l l 
690 10,791 '· 126 4, 909 9 ,062 "" 
Jll n, 6 71 2,9}0 U ,Oil 4,9 12 .JI2 
)45 705 ),)2 1 IJ6 4, UJ9 ., 
171 ,., 1, 66) 19 1 J , JO :I 2,4, 0 

'" 2,)07 2,14'} :>!5 '· 76 -t l .lO 
186 1"6 , <468 I ,627 61,072 1 ,1 Jll 1,052 

52 1 1,41) ), 900 "' 6, J) J "' " '" RYI 
116 601 9 JO 201 1,96 0 

70 621 1,1 YJ ,,. 182 4,1 26 12 b ,794 , .. 
280 66 2 ,1 9 ) " .), C) I J 50 

1, 8 39 26 5 16,875 119 26 , 85 -t 891 
lOB 1,1 0 ) 1, )0 4 
622 ,. I, J0 7 11J 2 , 501 J6 
176 ,., 1,509 I tO 1 , 260 " , .. 2\,769 '},47 5 6,828 9 , 9 22 ,.. 
"' 1,074 ) , 589 )21 ),7 ) 2 189 
5}'} .. 4,449 18 e, ott 6 16 
189 18 I, 718 • 1,111 
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TO: 

FROM: 

RE: 

I -
.
1 Ref 10 

31 December 1986 

File 

Stan Atwood 

Community water systems within three miles of Toddville Operations 
Center. 

A computer search by Leon Pryor, Water Supply Branch, listed six 
community well systems within an approximate four mile grid of the Toddville 
site as follows: 

Name 

Burke MiP 
Lakeside MiP 
McClure Circle 
Norman M-IP 
Trexler Park 
Providence West 

Population Served 

228 
250 
70 
68 

200 
196 

Follow up calls and file searches found that three of the above 
systems (Lakeside MHP, Norman MHP, and Providence West) were not located 
within a three mile radius of the site. 

SA/tb/0193b 



I 
I 
I 
I ) 

I 

I I . 

~~~~ 
I ·~~~ 

·~ I ·' ~ ~ :-.. <•. 

"~" 

I \:, 
·\) . 

I ~ 
'\ 

I 
~ 
~ 
0 

' 

I ~ 

I 
I 
I 
I 
I 
... 

IARC MONOGRAPHS 
ON THE 

·EVALUATION OF THE 
CARCINOGENIC RISK 

OF CHEMICALS TO HUMANS 

Polychlorinated biphenyls 
and 

Polybrominated biphenyls 

VOLUME 18 

This publication represents the views and expert opinions 
of two IARC Working Groups on the 

Evaluation of the Carcinogenic Risk of Chemicals to Humans 
which met in Lyon. 

10-15 October 1977 
and 

6-13 June 1978 

October 1978 

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER 



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

I 

I 
POLYCHLORINATED BIPHENYLS 

2,2',3,4,4',5,5'-Heptachlorobiphenyl 

Chern. Abstr. Services Reg. No.: 35065-29-3 
Chern. Abstr. Name: 2,2',3,4,4',5,5'~Heptachloro-l,l'-biphenyl 

Synonyms 

Chlorinated biphenyl; chlorinated diphenyl; chlorobiphenyl; 
PCB; PCBs; polychlorinated biphenyl; polychlorobiphenyl 

Trade names (The producing country is given in parentheses) 

Aroclor (USA); Chlorextol (USA); Clophen (FRG); Dykanol (USA); 
Fenclor (Italy); Inerteen (USA); Kanechlor (Japan); ~oflamol 
(USA); Phenoclor (France); Pyralene 1 (France); Pyranol (USA); 
Santotherm (Japan); Sovol (USSR); Therminol 1 {USA) 

The approximate molecular compositions of some coL~ercial PCB 
mixtures are listed in Table 1. 

1.2 Structural and molecular formulae and r.olecular weight 

The structural formula of the unsubstituted biphenyl with the 
numbering of the carbon atoms in the ring is given below. 

3 2 2' 3' 4®-\®4' 
5 6 6' 5' 

Chlorobiphenyl c12u9c1 Hol. wt: 188.i 

Dichlorobiphenyl Cl2H8Cl2 " 223.1 

Trichlorobiphenyl Cl2H7Cl3 " 257.6 

Tetrachlorobiphenyl Cl2H6Cl4 " 292.0 

Pentachlorobiphenyl Cl2H5Cl5 " 326 • .!; 

Hexachlorobiphenyl Cl2H4Cl6 " 360.9 

Heptachlorobiphenyl Cl2H3Cl7 " 395.3 

Octachlorobiphenyl Cl2H2Cl8 " 329.7 

Nonachlorobiphenyl c12HC19 " 364.1 

Decachlorobiphenyl c12c11o " 398.5 

In all, there are 209 possible PCB isomers (Fig. 1). 

1These products, as now formulated, no longer contain ?CBs. 

47 

'. 



Tahlc 1 

Approximate weight percentages of chloroblphenyls in some conunercial PCB mixturesa 

Number Aroc1ors b Kanech1ors Fencl ora 
of 

1260d 
Fenc1or 

chlorines 1221° 1232 1016 1242° 1248 1254° KC-300 KC-400 KC-500 (Denmark) 

0 11 7 6 Tr Tr - - - Tr - - - - - - -
1 51 51 26 1 1 1 Tr - Tr - - - - - - -
2 32 38 29 20 16 l7 4 1 0.5 - - - 17 3 - -
3 4 3 24 57 49 40 39 23 1 - 0.5 - 60 33 5 -
4 2 - 15 21 25 32 42 50 21 16 36 - 23 44 27 -
5 0.5 - 0.5 1 8 10 14 20 48 60 45 12 0.6 16 55 -
6 - - - Tr 1 0.5 - 1 23 23 18 46 - 5 13 -
1 - - - - Tr - - - 6 1 1 35 - - - -
8 - - - - - - - - - - - 6 - - - -
9 - - - - - - - - - - - - - - - -

10 - - - - - - - - - - - - - - - 100 

ll ) 
1,r:rorn Nisbet (1976a 

Th" Aroclor number dcsfgn:rtlons cunnlnt of two rmrts: lhL' fln;t tw<> •II1:Jtu, 12, .lndJcntc th:lt the molecule 111 n 
biphenyl (earlier product11, no longer available, were r<!prcscntt!d by 54 for terpheny1s and 25 and 44 for blends 
of biphenyls and terphenyls), Tire second two digits, J2, 42, 54, etc., represent the approximate weight per 
cent of chlorine in the product, The only exception to thls is Aroclor 1016, which is a biphenyl containing 

0 
41% chlorine by wefght. 

Jlnformation derived fron. several sources 
Phenoclor DP6 (from France) and Clophen A60 (from the Federal Republic of Germany) are almost identical in 

compollition to Aroclor 1260, 
Tr = trace 

1-''1:1 §?,...:) 0 ........ ....,'1:1 ll> ll> ....,'1:1 n,.. 1-' 

..... '"' ll> '"' :::t: '1 '"' 
1-1'1011l::r'::r' . 

1/) l1l 1-' 0"00 s;: 0 0 ro ro >1 >1 ro ro w 
rtlll'<l-'ll>rtS't:l u ... E1 ..... 
l1l l1l l1l ::l N l1l E! 1-' .......... '1 

19 ~ P.::lt't (-lof-'o01-f .......... O"ro n ;]! "1 
• ,.. ::r' ~ n ::l • .~ :.<.O'<!Illl>t't 

• 1-' ::r' l1l l1l '"' 
z s;: 

-co 

-
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POLYCHLORINATED BIPHENYLS 

a Figure 1 

Numbers of combinations, according to possible distributions 
of chlorine atoms in the two rings of the biphenyl 

No. of chlorine 
atoms on ring A 

0 1 2 3 4 5 

0 1 3 6 6 3 1 

1 6 18 18 9 3 

No. of chlorine 2 21 36 18 6 
atoms on ring B 

3 21 18 6 

4 6 3 

.) 1 

From Hutzinger et aZ., 1974a 

1.3 Chemical and physical properties 

The outstanding physical and chemical characteristics of PCBs are 
their thermal stability, resistance to oxidation, acids, bases and other 
chemical agents, as well as their excellent dielectric (insulating) pro­
perties. Chlorobiphenyls are colourless crystals t~hen isola:ed in pure 
form by recrystallization from suitable solvents. Co~ercial products 
are liquids because the melting point is depressed when PCB c~~?onents 

49 

are mixed. The solubility of PCBs in "t..·ater, an ir::?ortant ph:;sical 
property from an environmental point of view, is extremely lc~; it ranges 
from 0.007-5.9 mg/1 for the chlorobiphenyl isomers that occur co~only 
(Hutzinger et aZ., 1974a). However, all PCBs are soluble in oils and 
organic solvents. Other physical properties of 38 PCBs are given in 
Table 2; the physical properties of some Aroclors are given in Table 3. 
Only those chlorobiphenyls that have been properly characterized and are 
present in significant concentrations in commercial PCB forr::~lations are 
listed. 

,., 
I ~ I 

. i 
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The·PCBs are chemically very inert and are stable to conditions of 
hydrolysis and oxidation encountered in industrial use. Photochemical 
degradation may be one route of their breakdo~~ in the environment: 
photochemical experiments conducted under simulated natural conditions 
on a number of pure chlorobiphenyls and on commercial PCB preparations 
have indicated several degradative reactions, such as dechlorination, 
polymerization and solvolysis (Hutzinger et aZ., 1972a). 

0 Heating of Aroclor 1248 at 300 C in an atmosphere of oxygen has 
been found to yield about 1000 ppm polychlorodibenzofurans (PCDFs). 
}tajor components were dichloro- and trichlorodibenzofurans (Morita et aZ., 
1978). 

For data on the persistence of these compounds in the environment, 
see section 2.2. 

1.4 Technical products and impurities 

Contamination of PCB mixtures with polychlorinated cibenzofurans 
(PCDFs) and polychlorinated naphthalenes: 

Two reviews on PCDFs have been published re~ently (3user, 1978; 
IARC, 1978a). 

Vos et c:Z. (1970) ~·lere able to identify tetrachlorocibenzofurans, 
pentachlorodibenzofurans as well as chlorinated napht~alenes in samples 
of Phenoclor DP-6 and Clophen A-60 (both 607. chlorine), but not in a 
sample of Aroclor 1260. Bowes et aZ. (1975) exa=ined ·samples of Aroclor 
1248, 1254 and 1260 produced in 1969, samples of Aroclor 1254 from 1970 
and Aroclor 1016 from 1972 and the samples of Aroclor 1260, Phenoclor DP-6 
and Clophen A-60 that had previously been analysed by Vos.e~ aZ. (1970); 
they found PCDFs in all Aroclor preparations except Aroclor 1016 and in 
Clophen A-60 and Phenoclor DP-6 (Table 4). 

Nagayama et aZ. (1976) found detectable levels (1-17 ~g/g) of PCDFs 
in samples of Kanechlor (see Table 5); Roach & Pomerantz (1974) found 
varying concentrations of PCDFs in Kanechlor 400. 

Nagayama et aZ. (1976) found about 5 ~g/g PCDFs in 3 samples of 
'Yusho oil' that were contaminated with Kanechlor 400; the major consti­
tuents were tetra- and pentachlorodibenzofurans. Rappe et c:Z. (1977) 
recently confirmed by capillary gas chromatography-mass fragmentography 
that 2,3,7,8-tetrachlorodibenzofuran was one of the main PCDFs in 1Yusho 
oil'. 

PC 

Aroclor 12 
Aroclor 12 
Aroclor 12 
Aroclor 12 
Aroclor 12 
Aroclor 10 
Clophen A­
Phenoclor 

ND = not d a Expressed 
b percent 

From Bowe 

Kanechlor 

300 
400 
500 
600 

c 

a 
bFrom Naga 
Calculate 

°Calculate 
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PCB 

Aroclor 1248 
Aroclor 1254 
Aroclor 1254 
Aroclor 1260 
Aroclor 1260 
Aroclor 1016 
Clophen A-60 
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POLYCHLORINATED BIPHENYLS 

Table 4 

Concentrations of chlorinated dibenzofurans~ 
in Aroclor, Clophen and Phenoclor~ 

4-Cl 5-Cl 6-Cl 

(1969) 0.5(25) 1.2(60) 0.3(15) 
(1969) 0.1(6) 0.2(12) 1.4(82) 
(1970) 0.2(13) 0.4(27) 0.9 (60) 
(1969) 0.1(10) 0.4(40) 0.5(50) 
(lot AK3) 0.2(25) 0.3(38) 0.3(38) 
(1972) ND ND . ~Hl 

1.4(17) 5.0(59) 2.2(26) 
Phenoclor DP-6 0.7(5) 10.0(74) 2.9(:!1) 

-Total 

2.0 
1.7 
1.5 
1.0 
0.8 
-

8.4 
13.6 

~~ = not detected (<0.001 ~g/g) 
L·Expressed as ~g/g PCB. Values in parentheses r.::prese:nt q,;ant:i.ty as 
;, percentage of total dibenzofurans. 
~From Bowes et at. (1975) 

Table 5 

Concentrations of chlorinated dibenzofurans in ~an.::chlorsa 

. ~~~ 

53 

Kanechlor Chlorodibenzofurans Concentration 

Di- Tri- Tetra- Penta-

300 + + 
400 + + + + 
500 + + 
600 + + 

a bFrom Nagayama et at. (1976) 
Calculated from peak heights a Calculated by perchlorination method 

(~g/g) 

Hex a- Hepta- b a 

1 1.5 
18 17 

+ + 4 2.5 
+ + 5 3 
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POLYCHLORINATED BIPHENYLS 67 

as adenofibrosis were observed in all 22 mice fed Aroclor 1254 continuously 
for 11 months. No hepatomas were seen in controls (Kimbrough & Linder, 
1974). 

Rat: Groups of 10 male and 10 female 3-4-week-old Sheroan rats were 
fed o:-Io, 100, 500 or 1000 mg Aroclor 1260/kg diet or 0, 20, 100 or 500 
mg Aroclor 1254/kg of diet for 8 months. Several animals given the two 
highest dose levels died before 6 months. In animals fed Aroclor 1260, 
lesions described as adenofibrosis of the liver occurred in 2 males fed 
1000 mg/kg and in 1, 1 and 4 females fed 100, 500 and 1000 cg/kg, respec­
tively. A higher incidence of this lesion occurred in rats fed Aroclor 
1254, i.e., in 10 males and 9 females fed 500 mg/kg and in 1 male and 7 
females fed 100 mg/kg (Kimbrough et aZ., 1972). 

A group of 10 male and 10 female 10-week-old Donryu rats were fed 
38.5-616 mg Kanechlor 400/kg of diet for 400 days; a control group of 5 
males and 5 females received a basal diet. llultiple adenorna:ous nodules 
of the liver were observed in 6/10 treated females; these lesions did 
not occur in male rats nor in the controls (Kimura & Baba, 1973). 

Groups of 30 8-week-old male ~istar rats were fed Kanec~lor 300, 400 
or 500 at levels of O, 100, 500 or 1000 mg/kg of diet. The ::anechlors 
produced cholangiofibrosis in 2/15, 2/10 and 4/13 rats, respectively, when 
fed at the 1000 mg/kg level, while lower doses were ineffective. Hepatic 
nodular hyperplasia occurred with all 3 compounds, the incidence increasing 
with degree of chlorination and with concentration in the diet: 100 mg/kg 
Kanechlor 300 produced hyperplasia in 1/22 animals; 100 mg/kg Kanechlor 
400 in 2/16, and 1000 rng/kg Kanechlor 400 in 3/10; and with Kanechlor 500, 
100 mg/kg produced hyperplasia in 3/25, 500 mg/kg in 5/16 and 1000 mg/kg 
in 5/13 animals (Ito et aZ., 1974). 

A group of 200 3-4-week-old female Sherman rats were fed a diet con­
taining 100 mg Aroclor 1260/kg of diet for 21-22 months; 200 female rats 
served as controls. The authors calculated that the PCB intake declined 
from 11.6 mg/kg bw/day during the first week of exposure to 6.1 mg/kg bw/ 
day at 3 months of exposure and to 4.3 mg/kg bw/day at 20 mo~ths. Twenty­
six of 184 exposed rats had hepatocellular carcinomas, and 1L4/184 had 
liver lesions described as neoplastic nodules. One hepatocellular carci­
noma and no neoplastic nodules were observed among 173 control rats. The 
incidence of extrahepatic tumours did not differ between the treated and 
control rats (Kimbrough et aZ., 1975). 

3.2 Other relevant biological data 

(~) Experimental systems 

(i) Toxic effects 

LDso's for the various Aroclors are summarized in Table 8. }lore 
detailed reports on the acute toxic effects of PCBs are given by Allen & 

,I 
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Table 8 

LDso (mg/kg bw) of Aroclor mixtures 

Species (route) 1221 1232 

Mouse (oral)a 

Rat (oral) b 4000° 4500° 

Adult rat (oral)e 

Weanling rat (oral)f 

Adult rat (l.v.)f 

JO-Ilay-old rat (oral)!] 

120-Day-old rat (oral)!7 

Rabbit (skin) b 
2000-3200° 1300-2000° 

(111.0) 

a 
1From Tanaka nt at. (1969) 
~~·rom ran<'l on lla7.nrdous Trnc<' Suhstnncrs (1972) 
,f.dmlnlstratlon of undilut<'d compound 

Atlmlnlstratlon of 50% oolution in corn oil 
J:.rom Klmhrnur,h (19711) 

From Linder at at. (1974) 
!7From Grant & Phillips (1974) 

1242 1248 

8700° 11,000(! 

800-1300° ll00-1300c 

1254 1260 1262 

2000 
11,300d lO,OOOd -

4000-10,000 4000-10,000 

1300 1300 

)50 

1300-1400 

2000-2500 

1300-2000d 1300-3200d 
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Table 9 

Responses of primates and rats to PCBs 

Response 

Susceptibility to toxicity 

Acne 

Hyperpigmentation of skin 

Alopecia 

Hyperactive Ueibomian glands 

Conjunctivitis 

Oedema of eyelids 

Subcutaneous oedema 

Keratin cysts in hair follicles 

Hyperplasia of hair follicle 
epithelium 

Gastric hyperplasia 

Thymic atrophy 

Hepatic hypertrophy 

Liver enzyme change 

Decreased no. of red-blood cells 

Decreased haemoglobin 

Serum hyperlipidaemia 

Leucocytosis 

High 

Yes 

Yes 

NA 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

NA 

Yes 

Yes 

Yes 

Yes 

b lionkey 

High 

Yes 

O:lly infants 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

?.ypolipidae:::ia 

Yes 

Hoderate 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

No 

No 

Yes 

No 

~A = not available 
bFrom Kuratsune (1972) 
aFrom Allen (1975); Allen & Norback (1976); Allen et 
From Allen & Abrahamson (1973); Allen et al. (1976) 

a:. (1974a) 

Mon 
develope 
subcutan 
hypoprot 
Allen et 

Gen 
& de Roi 
1971) an 
atrophy 
was seen 
to alter 

In 
nodules 
tres (Al 
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an oestr 
fed Aroc 
steroids 
bleeding 

No 
lated me 
were inv 

Ual 
Aroclor 
mortalit 
spring w 
were fed 
reduced 
Followin 
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spring s 
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500 mg K 
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3'-methyl-4-dimethylaminoazobenze, N-2-fluorenylacetamide and N-nitrosodi­
ethylamine when given orally with these compounds to rats (}~kiura et al., 
1974). Kanechlor 400 and 500 enhanced the hepatocarcinogenicity of a-BHC 
in mice (Nagasaki et al., 1975). 

(viii) Mutagenicity 

Two PCB mixtures (Aroc1or 1221 and Aroc1or 1268), 2,2',5,5'-tetra­
chlorobipheny1 and 4-chlorobiphenyl were tested in Eal~or.el:~ typhimu~~um 
TA1538 in the presence of a microsomal activation system from rabbit liver. 
Only 4-chlorobiphenyl and Aroclor 1221 were significantly mutagenic 
(Wyndham et at., 1976). 

Aroc1or 1242 when·given as a single oral dose of 1250, 2500 or 5000 
mg/kg bw or as 4 daily doses of 500 mg/kg bw/day did not produce signifi­
cant chromqsomal abnormalities in rat bone marro~ or sper=atogonia. Simi­
larly,. 5 oral doses of 75, 150 or 300 mg/kg bw/ day Aroclor 1254 cid not 
produce significant chromosomal abnormalities in rat bone L-arrow (Green 
et al., 1973, 1975a). 

Single oral doses of 625, 1250 or 2500 mg/kg b~ or 5 daily doses of 
125 or 250 mg/kg bw Aroclor 1242 did not increase the nu~ber of dead itplan­
tations in rats. Aroclor 1254, \vhen given to rats by oral intubation in 5 
daily doses of 75, 150 or 300 r.:g/kg bw or when fed at a Cie:ary level of 25 
or 100 T!lg/kg of diet for 70 days, did not cause an increase in do::~inant 
lethal T!!Utations (Green et al., 1975b). 

Hoopingarner et al. (1972) observed no chror.:osoT!lal aberrations in 
human lymphocyte cultures exposed to 100 mg/kg Aroclor 1254. 

Clophen 30 and Clophen 50 had no genetic effect in :~oz~phi:a nelan­
ogas~er; tests involved determination of loss of sex chror.:osomes and of 
non-disjunction (Nilsson & Ramel, 1974). 

Peakall et al. (1972) have reported that embryos from second genera­
tion ring doves fed 10 mg Aroclor 1234/kg of diet exhibited chro=.osomal 
aberrations. 

(~) Humans 

(i) Toxic effects 

A comparison of the toxic effects of PCBs in humans and anir.:als is 
given in Table 9. 

Between March 1968 and April 1975, 1291 cases of 'Yusho' (literally, 
'oil disease') were reported in the western part of Japan in persons found 
or presumed to have ingested rice oil contaminated ~ith Kanechlor 400 
(Higuchi, 1976; Kuratsune et al., 1976). In the initial (1968) outbreak, 
samples of oil were found to contain 800-1000 mg/kg PCB and some up to 3000 

mg/kg ( 
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mg/kg (Kuratsune, 1976), and 5 mg/kg polychlorinated dibenzofurans (PCDFs) 
(Kuratsune et aZ., 1976). Thus, the PCB that contaminated the rice con­
tained about 250 times more PCDFs than do normal PCBs. More than ten dif­
ferent PCDFs were found, the most abundant of which was the 2,3,7,8-tetra­
chlorinated compound (Rappe et aZ., 1977); however, tissue samples from 
Yusho patients contained predominantly penta- and hexachloro derivatives · 
of unknown structure (Nagayama et aZ., 1977). The average total intake of 
Kanechlor 400 in a group of 146 patients who used the most highly contami­
nated oil was estimated to be 2.0 g (10 mg PCDF), and the minimal amount 
of Kanechlor 400 ingested was 0.5 g (Kuratsune, 1976). 

The most common clinical features in the early phase of Yusho inclu­
ded ocular discharge and swelling of the upper eyelids, dermatological 
symptoms, mainly associated with follicular keratosis (Urabe & Koda, 1976), 
and various nervous and general symptoms (Kuratsune, 1976). In addition, 
the following were described: hypertriglyceridaemia with normal plasma 
cholesterol, adrenocortical and ovarian dysfunction, bronchitis (cough and 
phlegm), hepatomegaly, hypobilirubinaemia, low im=.unoglobulin levels and 
(possibly) disturbed calcium metabolism (Hirayama, 1976) (see Table 9). 
The most marked dermatological and ophthalmic manifestations gradually 
improved over the years following exposure (Kuratsune e~ c~ .• 1976). 

By ~lay 1974, 24 Yusho patients had died. Five of the cead patients 
were autopsied between 12 and 46 months after the first appearance of skin 
lesions. A stillborn baby was also autopsied 4 months after the appearance 
of skin lesions in the mother. Histopathological changes li~ely to be due 
to PCB ingestion included hyperkeratosis of the hair follicles and increased 
melanin pigment in the basal layer of the epidermis. In addition, 3 of 5 
autopsied patients had proliferation of the duct epithelium of the oesopha­
geal glands (Kikuchi & Masuda, 1976). Detectable levels of PCBs were 
present, particular in fatty tissue (Kuratsune, 1976). 

Kuroki & }!asuda (1977) found pronounced differences in the levels of 
various PCBs in Yusho patients and in normal persons. In the blood of 
Yusho patients, the PCB found most abundantly is the 2,2',3,!.,4',5-hexa­
chlorobiphenyl, and that in normal persons 2,3',4,4',5-pentachlorobiphenyl. 

Nagayama et aZ. (1977) analysed the liver of a man thought to have 
ingested 560 mg Kanechlor-400 and 2.8 mg PCDFs. ~ben this patient died, 
approximately 44 months after use of the toxic rice oil had been discon­
tinued, it was found that 0.22% of the ingested PCDFs but only 0.011% of 
the ingested PCBs remained in the liver. 

Industrial exposure to PCBs and/or chlorinated naphthalenes has resul­
ted in chloracne (Drinker et aZ., 1937; Greenburg et cZ., 1939; Jones & 
Alden, 1936; Heigs et aZ., 1954; Sch\,artz, 1936, 1943). Three fatal cases 
were reported among seven workers Hith jaundice who \vere exposed to PCBs 
and/or chlorinated naphthalenes; one patient also had chloracne, acute 
yellow liver atrophy and cirrhosis, and one other also had acute yellow 
liver atrophy (Drinker et aZ., 1937). 
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The highest levels of PCBs in 73 Finnish autopsy cases studied were 
found in the liver or adipose tissue of three persons who had died of 
cancer: 1 of lung cancer, 1 of leukaemia and 1 of liver cancer (Hattula 
et al., 1976). 

(ii) Exposure ir: u:=e!'o and during lactation 

A study was made of the infants of 11 nothers affected by Yusho and 
of 2 unaffected wives of patients; 2 of the Yusho mothers had stillbirths. 
The average amount of oil ingested by the mothers during pregnancy ranged 
from 0.3-2.6 litres. Ten of the babies had greyish or dark-brown pigmen­
tation of the skin, and 5 had similar pig~entation of the gingiva and/or 
nails; increased ocular discharge was present in 9; and 12 of the 13 
infants were small when conpared with the national average ('Funatsu et al., 
1972; Kikuchi et al., 1969; Kuratsune, 1976; Taki £t .-:.l., 1969). Histo­
logical.exarninations of one stillborn baby and of :our cf the small babies 
shm•ed hyperkeratosis and atrophy of the epidernis and cystic dilatation 
:Jf the hair follicles, particularly of the head. There ~,·as also a marked 
increase in melanin pigment in the basal :ells of :he epidercis. Detect­
able but low levels of PCBs (0.1-1.8 mg/k; o~ fat basis) were present in 
the :nt:!senteric fat, skin and liver (Kikuchi & Hasuca, 1976; !~ikuchi 

at ~:., 1969). Babies born to patients even 3 years after severe PCB 
e}:posure tended to show pig~entation of the skin on the back and the gin­
giva, although the degree cf pigmentaticn ;:as less than :hat of babie"s born 
to the same mothers up to one year after the poisoning (r:uratsune, 1976). 

Hothers' milk contaminated with PCBs also appears to be a source of 
exposure for infants: one baby showed signs of Yusho even though the 
mother had ingested the contaminated rice oil only after the baby was 
delivered. The infant began to show signs after 3-4 months of breast feed­
ing (Kuratsune, 1976; Yoshimura, 1974). 

Developmental abnormalities have also been observed in PCB-intoxicated 
infants. Premature eruption of teeth was observed in 2 cases, and larger 
frontal and occipital fontanelles, exophthal~os and the ~aintenance of an 
abnormally wide sagittal suture were observed in 3 others. ~o other 
obvious malformations were found (Funatsu ~tal., 1972). 

3.3 Case reports and epidemiological studies 1 

Deaths that occurred up to 5! years after first exposure to PCBs 
(September, 1973) among 1200 Yusho patients in Japan [see section 3.2 (£)] 
were reported by Kuratsune (1976) and Urabe (1974). ~ine (4li,) of 22 
deaths were due to malignant neoplasms. Three of the tu~ours occurred in 

1The Horking Group was a1,rare of tl·lO retrospective n:o:rtality studies 
in progress of a cohort of ~orkers exposed occupationallv to PCBs (tumours 
at all sites) (IARC, 1978c). · 
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the stomach, one in the liver (with cirrhosis), t~o in the lungs and one 
in the breast, and two were malignant lymphomas. An additional liver 
cancer was mentioned in connection with one of the sto~ach cancers, but 
it is not clear whether this was an additional primary cancer or a m~tas­
tasis from the stomach. No estimate was given from population rates of 
the numbers or types of tumours expected in this group. In 1975, 29 deaths 
were reported among 1291 Yusho patients, but causes of death were not given 
(Kuratsune, 1976; Ornae, 1975). 

In another report (Bahn et al., 1976, 1977), t~o malignant melanomas 
were diagnosed in 31 workers heavily exposed to Aroclor 1254 and probably 
to other chemicals [It was estimated from the data of the Third National 
Cancer Survey (National Cancer Institute, 1975) that 0.04 malignant mela­
nomas would have been expected in this group of individuals]. Among 41 
other workers also, but less heavily exposed to A"oclor 1254, one addi­
tional melanoma was diagnosed. Among the 31 heavily e}:posed \vorkers, 
three other individuals developed 4 cancers at ott2r sites, including 2 
in the pancreas. 

4. Summary of Data Re?orted and :::·.,.;.:ua:ion: 

4.1 Experimental data 

Five polychlorinated biphenyl =ixtures have ~ee~ tested in mice 
and/or rats only by oral administration. Kanechl~r 50G and ~reeler 1254 
are carcinogenic in mice, and Aroclor 1260 is carcinogenic in rats; all 
induced benign and malignant liver-cell tumours. In an experiment in rats 
of only one year's duration, Kanechlor 500, 400 ·a~d 300 induced liver 
lesions described as multiple hyperplastic nodules. 

1 Subsequent to the finalization of this monogra?h by the \·:or king Group 
in October 1977, the Secretariat became aware of a study carried out under 
the NCI Bioassay Programme (NCI, 1978). Groups o: 24 ~ale and 24 female 
Fischer 344 rats were given Aroclor 1254 at concentrations of 25, 50 or 
100 mg/kg of diet for 104-105 weeks, when surviving animals were killed. 
No statistically significant differences between tucour incidences in 
experimental and control animals were seen. Ho~ve·;er, a few carcinomas 
and adenocarcinomas of the gastrointestinal tract ~ere observed in treated 
animals; no such tumours occurred in controls. ~ep~tocellular hyperplastic 
nodules were observed in 11/48, 17/~6 and 29/48 treated anicals, compared 
with none in controls. 
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by Hideaki Miyata, * Sigehiko Fukushima, *Takas hi Kashimoto* 
and Nobuharu Kunita* 

All five samples of oil im-ohoed in the recent Yu-Cheng outbreak were hea,·ily contaminated with PCBs, 
PCQs and PCDFs at le,·els, on the average, of 62, 20 and 0.14 ppm, respecth·ely. The samples not only had 
roughly one-tenth of the contamination by PCBs, PCQs and PCDFs but also three to four times lower 
ratios of PCQs and PCDFs to PCBs than samples of oil involved in Yusho in Japan. PCBs, PCQs and 
PCDFs present were ~II composed of similar congeners to the ones found in the Yusho specimens, though 
some ,·ariation of the component ratios of PCBs and PCDFs were observed. 

On the other hand, fi,·e patients with Yusho who died 1 to 10 years following poisoning had markedly 
higher tissue levels of PCDFs and PCQs than did a worker occupationally exposed to PCBs. Taking great 
differences in the process of the healing and the tissue Je,·els of PCBs, PCQs and PCDFs between the two 
poisoning cases into consideration, PCDFs and PCQs-especially the former-and not PCBs are deduced 

· to be strongly associated with the de,·elopment of Yusho. 

Introduction 
In 1968, Yusho occurred in tll,e western part of Japan 

as a result_ of ingestion of a rice-bran cooking oil 
contaminated with a polycholorinated biphenyl (PCB) 
product. This occurrence affected about 1800 people and 
was clinically characterized by acnelike dermal lesions 
and a variety of constitutional symptoms (1). Many 
patients have been suffering from it for over 10 years, 
though the blood levels of PCBs declined rapidly once 
oil ingestion was terminated and 5 years later were only 
a few times larger than those of unexposed persons (2). 
On the other hand, in the cases of workers occupa­
tionally exposed to PCBs, only a minority had mild 
dermal lesions, despite high PCB levels in the blood. 
Discontinuation of handling PCBs resulted in the rapid 
disappearance of dermal symptoms in the occupationally 
exposed group (8,4). Thus, Yusho is clearly sympto­
~atically different from the occupational PCB poisoning. 
In Japan, however, there has been a tendency to treat 
cases of the latter or the effect of PCBs as general 
environmental pollutants as being identical to Yusho. 

In 1979, another Yusholike disease (Yu-Cheng) oc­
curred in central Taiwan, the Republic of China, with a 
similar cause as in the case of Yusho (5). About 1700 
persons have been suffering from obstinate symptoms 
as in the Japanese patients. 

*Osaka Prefectural Institute of Public Health, 1-3-69, Nakarnichi, 
Higashinari:Ku, Osaka 537, Japan. 

The purpose of our study is to clarify etiologically the 
difference between both Yusho and Yu-Cheng on the 
_one hand and simple PCB poisoning on the other. 

Experimental and Materials 
Five samples of rice-bran oil involved in the Yu­

Cheng outbreak, which had been used in Hui-Ming 
School for Blindness and by the families of the poisoned 
patients in Taitung Country were collected in 1979. 
Their production dates were not laiown. They were 
kindly presented by Dr. T. C. Thng, Faculty of Medicine, 
National Taiwan University, and Dr. C. W. Huang, 
Department of Chemistry, Chung-Yuan University. 
Samples of the liver and adipose tissue or intestine of 
five Yusho patients taken at autopsy were obtained from 
Dr. L Taki, Faculty of Medicine, Kyushu University. 
The tissues of normal individuals were obtained at 
autopsy after accidental death in September 1978. The 
milk of a female worker occupationally exposed to PCBs 
was collected for· analysis in October 1977, 11 years 
after she discontinued handling PCBs. 

Chemicals 
p- and m-Quaterphenyls were purchased from Ana­

labs Inc. (North Haven, CT, USA). o-Quaterphenyl was 
obtained from Wako Pure Chemical Co. Ltd. (Osaka, 
Japan). o,m'-, o,p'-an'd m,p'-Quaterphenylswerekindly 
donated by Dr. A. Mochiike, Hiroshima Prefectural 
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Institute of Health. A polychlorinated dibenzofuran 
(PCDF) mixture containing 46.3 to 56.8 wt-% chlorine 
was purchased from Wako Pure Chemical Co. Ltd. The 
2,3,6,8-tetrachloro-, 2,3, 7 ,8-tetrachloro-, 1,2,4, 7 ,8-pen­
L.achloro-, and 2,3,4, 7,8-pentachlorodibenzofurans were 
kindly presented by Dr. Masuda, Daiichi College Phar­
maceutical Sciences. Florisil· (60-100 mesh) was acti­
Yated at 130°C overnight. Alumina (neutral, activation: 
I) was obtained from Merck Co. Ltd. (Darmstadt, West 
Germany), and· its water content was adjusted to 0.8%. 
Solvents, reagents, and the polychlorinated quater­
phenyl (PCQ) standard used here are described else­
where (6). 

Analytical Procedure 
The sample was analyzed for PCBs, PCQs and 

PCDFs according to a modified method described 
previously (6). The method was essentially an alkaline 
saponification of the sample (5 g) in 50 mL of 1 N KOH 
alcoholic solution for 1 hr under refluxing followed by 
extraction with n-hexane and differential fractionation 
of PCBs, PCQs and PCDFs with solvents of n-hexane 
(60 mL), 4% diethyl ether in n-hexane (40 mL), and 
acetone (80 mL), respectively, on a Florisil column (6 g, 
1 em !D). The first fraction contained PCBs, the second 
PCQs and the third PCDFs. Quantification of PCBs 
f(lllowed the procedure reported previously (6). A half 

·aliquot of the second eluate was analyzed qualitath·el~· 
by GC-:MS. The rest was perchlorinated \\ith antimon~· 
pentachlolide and qualitatively analyzed by ECD-GC 
according to our previous method (6). The PCDF 

fraction was further purified on an almina column and 
analyzed by ECD-GC and GC-MS. 

Results and Discussion 

Comparison of PCBs, PCQs and·PCDFs 
in Yus~o and Yu-Cheng Oils 

Chen et al. (7) have already determined PCBs and 
PCDFs in five samples of Yu-Cheng oil collected from a 
factory and school cafeterias and families of the poisoned 
patients in Taichung Country. They, however, failed to 
give quantitatiYe data on PCQs for lack of standard 
compounds, despite their confirming the presence of 
PCQs by GC-1\lS fragmentography. In this study, we 
performed qualitative analysis for all PCBs, PCQs and 
PCDFs in another specimen of Yu-Cheng oil and 
investigated qualitath·ely and quantitatively the chemi­
cals in this oil and the oil involved in Yusho. 

As shown in Table 1, all five samples of Yu-Cheng oil 
collected from Hui-Ming school and the victims' homes 
were heaYily contaminated with PCBs, PCQs and 
PCDFs at aYerage levels of 62, 20, 0.14 ppm, respec­
tively. The contamination by PCBs and PCDFs was of 
the same order as that (on that average 80 and 0.29 
ppm. repectively, for PCBs and PCDFs) reported by 
Chen et al. ( i). In addition, the concentration ratio (2.4 
x 10-3) ofPCDFs to PCBs was rather close to the value 
(3.6 x 10-3) reported by Chen. In the Yusho incident, 
most of the patients were reported to be residents of 
Fukuoka and Nagasaki Prefectures and to have ingested 

Table 1. Concentrations of PCBs, PCQs and PCDFs and their ratios in \'arious materials. 

PCBs, PCQs, PCDFs. PCQs!PCBs, PCDFs!PCBs, 
S?.mple ppm ppm ppm g/g g/g 

Yu-Cheng oil 
Y-1• 51 10 0.14 2.0x 10'1 2.7 X }(r'l 
).':.2b 54 18 0.10 3.3 x w-1 1.9 X 1<r'l 
Y-3b 69 24 0.18 3.5 x w-1 2.6 X 1<r'l 
Y-4• 22 9 - < 4.1 X 10""1 

Y-5b 113 38 - c 3.4 X 10""1 

A\'erage 62 20 0.14 3.3 X 10""1 2.4 X l<r'l 
Yusho oild 

Feb. 5, 1968" 968 866 7.40 8.9 X 1()""1 7.6 X l<r'l 
Feb. 9, 1968" 151 490 1.90 3.2 1.3 X 10""2 

Feb. 10, 1968" 155 536 2.25 3.5 1.4 X 10""2 

A\·erage 430 630 3.85 1.5 9.0 X 1<r'l 

Ksnechlor 400d 999,800 209 33 2.1 X 1(14 3.3 X to-s 
l 1sed Kanechlor 400d 

U-1r 968,400 31,000 510 3.2 X 1()""2 5.2 X }(14 
U-2g 999,000 690 2i7 6.9 X }(14 2.8X 1(14 
U-3h 961,900 28,000 20 2.9 X 1()""2 2.1 X to-s 

A·:erage 979,800 19,00 269 2.0 X 1()""2 2.7x 1(14 

a.bSamples collected from a school cafeteria and victims' home, respectiYelj~ 
•No analysis. · 
dData in our early study (8). 
"Production date. · 
r,g.hKanechlor 400 used as a heat exchanger liquid for 14 years at 180-2io•c, for 3 years at 200-22o•c, and under unknown condition, 

respectivelj~ 
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Table 2. Component ratio (%) of PCBs in samples of Yu·Cheng 
and Yusho oils. 

Number of chlorine 

Sample 3 4 5 6 7 8 

Yu-Cheng oil 
Y-1 2 33 36 19 10 0 
Y-2 2 34 36 19 10 0 
Y-3 1 31 39 19 10 0 
Y-4 2 32 39 18 9 0 
Y-5 2 32 39 18 9 0 

Yusho causal oil 
Feb, 5, 1968 8. 45 32 12 4 0 
Feb. 9, 1968 6 39 32 15 8 0 
Feb. 10, 1968 3 33 38 17 8 0 
Feb. 15, 1958 8 34 34 16 8 0 

Unused Kanechlor 400 22 59 18 0 0 0 

bottled and canned products containing a rice-bran oil 
manufactured on February 5, 1968, until the middle of 

· the same month by K-Company (9). Although the 
number of Yu-Cheng samples examined was limited, 
from our analytical data and H1ose of Chen et al. (7), 
the~· were found to have only roughly one-tenth of the 
contamination by PCBs, PCQs and PCDFs found in the 
Japanese Yusho samples (Table 1). 

Both the Yusho and Yu-Cheng oils were reported to 
be contaminated \\ith PCB products which had been 
qsed as a heat exchange liquid in the deodorization 
process of the oil (7,9). In the case in Japan, Kanechlor 
-WO (Kanegafuchi Chemical Industry Co. Ltd., Japan; 
chlorine content: 48 wt-%) had been used as the 
medium. ·when Kanechlor 400 (KC-400) is heated, as in 
use as a heat exchanger, for a prolonged period at 
temperatures exceeding 200°C, both PCQs and PCDFs 
are generated thermochemically from PCBs, resulting 
ii1 the elevated levels of PCQs and PCDFs compared to 
the original. sample (8) (see Table 1). Yusho samples, 
however, further had concentration ratios of PCQs and 
PCDFs to PCBs higher than did the used PCB products 
(Table 1). Our early study (10) revealed that the 
phenomenon was produced during the deodorization 
process at a temperature of230°C at a reduced pressure 
of 2-3 mm Hg because of a difference in the vapor 
pressure of PCBs, PCQs, PCDFs (PCBs > PCDFs > > 
PCQs). Yu-Cheng samples were also found to have 
higher concentration ratios (3.3 x 10-1 and 2.4 x 10-3, 
respectively) of PCQs and PCDFs to PCBs than those 
(2.0 x 10-2 and 2. 7 x 1~, respectively) of used 
Kanechlor 400s (Table 1). This might be attributed to 
the same cause as seen in the Yusho case. 

As shown in Table 2, Yusho samples contained quite 
different compositions ofPCBs from that of the original 
Kanechlor 400, sho"ing the higher chlorinated biphenyl 
congeners than tetrachlorinated biphenyl to increase in 
relative quantit~~ This was also found to occur during 
the d.eodorization process due to a great difference in 
the evaporation rate of the various PCB congeners 
from the processed oil (10). The composition of PCBs 
varied depending on the production date (Table 2), 
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FIGURE 1. Capilla_r:.· GC chromatograms, PCDFs in Yarious mate­
rials: (A.B> PCDFs from the lh·er and adipose ti~sue. respecth·ely. 
of a decea;:ed pa1:ient "i:h Yusho (case 1 ir. Table 3): (C.D) PCDFs 
from a sample of Yusho oil manufactured on February 5, 1968. and 
from a sample of Yu-Cheng oil. respectiwly. :\umbers aboYe the 
peaks desigr.ate the m::nber of chlorine substi:uents as derh·ed 
from GC-:\lS. Peaks a. b. c and d were identified as 2.3.6,8-tetra· 
chloro-, 2.3. 7.8-t.:trachl :•1-o-. 1,2,,1, i.S-per.:acnlv!'O-. ancl2.3.4.i.S­
pentachlorinated.dibenzofuran isomers. respecti·•ely: peaks e and f 
were deduced to be 1.2.3,,1,7,8-hexachloro- and 1.2.3,6.7,8-hexa­
chlorinated isomer!:-. re::pecth·eJ~·. from the da:a of Rappe et al. 
(16). GC conditions: Ya.>ian Aerograph 2100 gas chromatograph 
equipped \\i:h f.?Xi-ECD: column. 25 m OY-li capillar:> column: 
column, injector and detector temperatures 2.3fJ, 2,10 and 3oo•c. 
respectiYely: carrier gas. :\'2 (1 mL-'lnin). 

presumably due to a difference in the deodorizing 
conditions, especiall~· deodorizing temperature. On the 
contrary, the Yu-Cheng specimens contained almost 
uniform compositions of PCBs in each of them (Table 2), 
indicating that the deodorizing conditions were constant 
thoughout the period "·hen the PCB heat exchanger 
was leaking into the processed oil. PCBs present were 
composed of relatiYely larger quantities of higher 
chlorinated isomers than those in a Yusho oil of February 
5, 1968, which was responsible for the majority of 

·victims in Fuh-uoka Prefecture and rather ·similar to 
the oil produced on February 10, 1968 (Table 2). 

As shown in Figure 1, both Yusho and Yu-Cheng 
specimens contained numerous isomers oftrichlorinated 
to hexachl01inated · dibenzofurans. A comparison be­
tween the gas chromatographic pattern of the PCDFs 
found in the two samples showed similatities although in 
some different proportions of seYeral congeners. It is 
noteworthy that 2,3. 7,8-tetrachloro-, 2,3,4,7,8-penta­
chloro-, and 1,2,3,4.7,8-hexachlorinated dibenzofuran 
isomers were largely present in both purified sample 
extracts of both Yusho and Yu-Cheng oil, because they 
were all confirmed to be highly toxic (11,12). 

Figure 2 shows GC-MS chromatograms showing the 
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FlGt;RE 2. GC-l\IS chromatograms -sho\\ing elution of PCQs in 
sample:: ofYusho and Yu-Cheng cils: (A,B) PCQs from a sample of 

· Yu::ho oil manufactured on February 5, 1968, and from a sample of 
Yu-Cheng oil, respecth·elr. GC-:'IIS conditions: Hewlett Packard 
5ilOA gas chromatograph.JEOL DX 300 mass spectrometer; 
column, 0.5 m x 2.2 mm glass column containing 2% OV-210 on 
Gaschrum Q (100'120); column injection, and ion !"ource tern~ .• 
2i0, 270, and 290°C, respecth·ely. electron energy, 70 eV; 
acceierator voltage, ::s.u kV; camer gas, He2 (30 mL/min). 

elutions of tetra- to decachlolinated -quaterphenyl, 
respective!~·, in Yusho and Yu-Cheng oils. Each GC-MS 
chromatogram showed an unseparated broad peak, 
because of the· failure to separate individual PCQ 
isomers on the GC column; in all there may exist more 
than hundreds of thousands of congeners. As shown in 

. Figure 2, the oils involved in both incidents contained 
similar compositions of PCQs including hexachlolinated 
thrqugh octachlorinated congeners as the major compo­
nents. In our study (10), no PCQ congeners were 
removed from the processed oil in the deodorization 
tank during the deodorization process. Therefore, the 
compositions of PCQs present in the two oils might be 
identical to those ·in the original PCB products used as 
heat exchanger liquid for the deodorization of the 
respective oils. 

· An aliquot of pmified PCQ extract from both oils was 
· perchlorinated with antimony pentachloride in order to 
convert the n}lmerous PCQ congeners into si.x octadeca­
chlorinated quaterphenyls (C24C118, molecular weight: 
92i). Mter perchlorination, three peaks showed up in 
gas chromatograms as illustrated in Figure 3. The first 
the second and the third peaks were identified as their 
retention time, ion clustering due to the chlorine isotope 
and the major fragmentation products (M + - Cl, M + -
2Cl, M + - 4Cl, etc.) compared to authentic standards for 
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FIGURE 3. Gas chromatograms of PCQs in various materials after 
perchlorination: (A,B) perchlorinated PCQs from the adipose 
tissue and lh·er, respectively, of deceased patient \\ith Yusho (case 
1, Table 3) perchlorinated PCQs from a sample of Yusho oil 
produced on February 5, 1968, and from a sample ofYu-Cheng oil, 
respectively. GC condition: Shimadza GC-6A gas chromatograph 
eqipped \\ith 63~i-ECD; column, 0.5 m x 2.6 mm glas column 
containing 2% SE-54 on Gaschrom Q (100/120); column injector 
and detector temperatures. 290, 300 and aoo·c. respectively; 
carrier gas, N2 (40 mL!min) . 

octadecachlorinated o-quaterphenyl, a complex of octa­
decachlorinated o,m'- and o,p' isomers and a complex of 

· octadecachlorinated m-, m,p'- and p-isomers. A similar 
result was reported in PCQs from a sample of used 
Kanechlor 400 by Mochiike et al. (14), indicating the 
concentration ratios of octadecachlorinated o- isomer, 
o,p'-, + o,m'- isomer, p- isomer, o,p'- isomer, and m­
isomer to be 9.2, 57.8, 0.6, 16. 7, and 16. 7%, respectively. 
As shown in Figure 3, gas chromatographic patterns of 
perchlorinated PCQs were strikingly similar for the 
Yusho and Yu-Cheng samples, suggesting PCQs from 
both samples to have similar ratios of the six types in 
their basic makeup. 

'Thking all the above results into consideration, PCBs, 
PCQs and PCDFs in the Yu-Cheng samples were 
composed of similar congeners to the respective ones 
found in the Yusho oils, though some variations of the 
component ratios of PCBs and PCDFs were observed. 
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~dble 3. Concentrations of PCBs, PCDFs, and, PCQs in the 
tissues of Yusho patients, unexposed individuals and in the milk 

fat of a worker occupationally exposed to PCBs. 

Time 
after 

exposure 
Case Age Sex ~T. 

Yusho patients 
1 .,. _., l\1 1 

2 46 F 4 

3 72 l\1 7 

4 59 111 9 

5 59 l\1 9 

Unexposed individuals 
A\·g. 53 1\t,F 

PCB worker 
37 F 11 

Tissue 
(or fluid) 

Adipose tissue 
Liver 
Adipose tissue 
Liver 
Intestine 
Liver 
Intestine 
Liver 
Intestine 
Lh·er 

Adipose tissue 
Liver 

Milk fat 

Concentration, ppb 

PCBs' PCDFs PCQs• 

5090 5.3 2400 
226 70.1 218 

6091 9.6 1444 
68 15.5 144 

3472 2.5 17i0 
114 6.2 51.7 

3630 2.2 416 
64 6.1 6.3 

1273 0.2 24.5 
18 0.02 0.97 

803b 0.019b 1.53b 
33b 0.006b 0.41b 

6241 0.02 0.2 

•nata in our early study (15). • 
"A\·erage concentration from 14 persons. 

Differences in the Amounts of Tissue 
PCBs, PCQs and PCDFs in Exposed and 
.Unexposed 'Vorkers 

The concentrations of PCBs in the tissues of patients 
\\ith Yusho (cases 1 and 2) who died within a few vears 
following poisoning were only several times tho.se in 
unexposed indh·iduals (Table 3). The tissue level 
graduall~· decreased with time following the intoxi­
cation, and in one patient (case 5) who died in 19i9, the 
level was close to that of the control group. The levels of 
PCQs and PCDFs, as well as PCBs, in the tissues of 
deceased patients gradually declined subsequent to the 
incident (Table 3). The tissue levels of PCQs and 
PCDFs, as well as PCBs, however remained extremly 
elevated for 10 years compared to those of the control 
group. For example, even a patient (case 4) who died 9 
years following poisoning, had a PCDF level1016 times 
higher and PCQ level 15 times higher in his liver than 
did unexpsed individuals. On the other hand, in an 
exposed worker (Table 3) diagnosed as a case of an 
occupational PCB poisoning, the dermal lesions­
chloracne and dark-colored pigmentation-disappeared 
quickly after discontinuation of handling PCBs. Even 11 
years after the termination of exposure, however, the 
level of PCBs in her milk fat was fairly high, whereas 
the level of PCDFs or PCQs was similar or lower, 
respectively, compared to that in the adipose tissue of 
the control individuals. Therefore, the high contamina­
tion by PCQs and PCDFs is thought to be characteristic 
of Yusho patients. 

A rapid reversal of clinical symptoms after termina­
tion of PCB exposure was reported as common in 
occupationally exposed workers whose daily intake 

(4-12 mg) (3) of PCBs was similar in quantity to that 
(7.9 mg) (16) ingested by Yusho patients, despite high 
blood levels of PCBs as much as 10 to 100 times that of 
the control (3,.0. 

From all the above facts, PCDFs and PCQs (other 
than PCBs) are deduced to be strongly associated with 
the development of Yusho. 

When compared to original PCDFs ingested by the 
patients which contained 20 to 40 congeners, their 
number in the tissues was markedly decreased to about 
10 (Fig. 1). The tissue PCDFs were composed of 
2,3,4,7,8-pentachloro- and 1,2,3,4,7,8-hexachloro iso­
mers as the major components and 2,3,6,8-tetrachloro-, 
2,3,7,8-tetrachloro-, 1,2,4, 7,8-pentachloro-, and 1,2,4, 
6, 7,8-hexachloro- isomers as the minor components. 
A similar result was also reported in the adipose tissue 
and liver of a deceased patient "\\ith Yusho by Rappe et 
al. (16). Considering the extremely high toxicity (11 ,12) 
and strong hepatropism (Table 3) (1f2,16,1i) of the two 
major constituents, they might be responsible agents 
for the lingering symptoms seen in the patients. 

PCQs in the liver of deceased patients gave a much 
broader gas chromatographic peak including highly 
chlminated quaterphenyl congeners, while in the adi­
pose tissue there was a sharper peak composed of 
mainly lower chlorinated congeners. After perchlori­
nation. there was also a difference in the gas chromato­
graphic pattern of the t\\·o tissues. showing an increase 
of the third peak in the lh·er and first peak in the 
adipose tissue compared to that of the original PCQs 
(Fig. 3). In our expeliment (18), both after and before 
perchlorination, the gas chromatographic pattern of 
PCQs retained in the treated monkeys' body varied from 
tissue to tissue. showing to be distinguishable from the 
case of PCBs. 

From these results. the tissue distribution of PCQs is 
surmised to be closely related not onl~· to the number of 
chlo1ine substitution but also to the nature of the 
carboc~·lic structure. 

The authors thank Dr. T. C. Thng, Faculty of Medicine, National 
Taiwan Unh·ersity, and Dr. C. ": Huang, Department of Chemistry, 
Chung-Yuan Christian University, for prO\;ding samples of Yu-Cheng 
oil; Dr. I. Taki. Faculty of Medicine, Kyushu University, for tissue 
samples of patients ,,;th Yusho; Dr. Y. !\lasuda, Daiichi College 

. of Pharmaceutical Sciences, for PCDF isomers; and Dr. A. Mochiike, 
Hiroshima Prefectural Institute of Health, for quaterphenyl stan­
dards. 
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Biological Effect of PCBs, PCQs and 
PCDFs. Present in the Oil Causing Yus~o 
and Yu-Cheng 
by Nobuharu Kun_ita, * Shinjiro Hori, * Hirotaka Obana, * 
Toru Otake,* Hiroshi Nishimura,* Takashi Kashimoto* 
and Nobuko lkegamit 

1\Iale Sprague-Dawley rats were daily given orally for 22 days a regimen consisting of polychlori­
nated biphenyls (PCBs), 1 mg/day; polychlorinated quaterphenyls CPCQsJ. 1 mg/day; polychlorinated 
dibenzofurans CPCDFs), 10 11g/day; or a mixture of PCBs, PCQs and PCDFs (l\Iix-1, 1 mg + 1 mg + 
10 J.l.g/day). 

Female Cynomolgus monkeys were daily administered PCBs (5 mg), PCQs (5 mg) or a mixture 
C'\Iix-2) containing 5 mg PCBs + 20 11g PCDFs for 20 weeks. The PCBs, and PCDFs had the components 
of PCBs, PCQs and PCDFs similar to those contained in Japanese Yusho oils, respectively. 

The PCB-treated rats and monkeys showed hepatic hypertrophy, immunosuppression and increased 
drug-metabolizing enzyme activities in hepatic microsomes, but were de,·oid of the dermal symptoms 
characteristic of Yusho. PCQs caused an increase in drug-metabolizing enzyme activities in hepatic 
microsomes and immunosuppression in monkeys, but these effects were much smaller than those 
found with PCBs treatment. 

On the other hand, treatment with PCDF or l\lix-1 or :mx-2 caused hypertrophy of the Ih·er, 
immunosuppression, increase in drug-metabolizing enzyme activities of hepatic microsome to much 
greater extent than obsen·ed with PCBs, being more than 100 times as effecth·e as PCBs. In addition 
PCDFs and the mixtures containing PCDFs caused weight loss and thymic atrophy. 

PCDFs and ::mx-2-treated monkeys showed the dermal symptoms that are characteristic of Yusho 
patients but were not observed in monkeys treated with PCBs and PCQs alone. These results suggest 
that PCDFs are the primary causative agent of Yusho. 

Introduction 
Yusho is a complicated polychlorinated biphenyl (PCB) 

poisoning (1), since PCBs, which have been regarded as 
the principal causative substance of this poisoning, are 
composed of a number of isomers of different nature,· 
and since the toxic rice oil causing Yusho contains, in 
addition, polychlorinated quaterphenyls (PCQs).(Q) and 
highly toxic polychlorinated dibenzofurans (PCDFs) (8). 
Recently, .it has been found that PCB isomers vary 
greatly in toxicity (4-6). Moreover, PCQs (7) and 
PCDFs (8) have been detected in samples of blood and 
some organs of patients with Yusho. 

Therefore, to understand the nature of the chemical 

1National Osaka Hospital, 1, Hoenzaka, Higashi-Ku, Osaka 540, 
Japan. 

• Osaka Prefectural Institute of Public Health, 1-3-69, Nakamich, 
Higashinari-Ku, Osaka 537, Japan. 

substances responsible for Yusho, PCB, PCQ and 
PCDF samples resembling in composition the PCBs, 
PCQs and PCDFs found in the toxic rice oil were 
prepared in our laboratory by distilling KC-400 under 
reduced pressure. The present paper reports an exper­
imental study of the toxicity of these PCBs, PCQs and 
PCDFs to rats and monkeys and presents a possible 
interpretation of human intoxication by the polychlori­
nated compounds. 

Experimental 

Rats 
Male Sprague-Dawley rats (5 weeks old, weighing 

about 150 g) were raised in stainless-steel cages "ithout 
bedding in an air-conditioned room with water and rat 
chow (Oriental Yeast Co. Ltd., Japan) ad libitum. 
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For oral administration, the PCBs, PCQs, PCDFs or 
Mix-1 were dissolved in olive oil. The daily dose of each 
sample of PCBs, PCQs, PCDFs or mix is listed in Table 
1. All rats were observed daily for evidence of changes 

"in demeanor and appearance. Body weights were re­
corded daily during treatment and thereafter. Each 
group was divided into five subgroups of six each and 
sacrificed at 5, 10 and 22 days of treatment and 10 and 
24 days after ~essation of treatment. 

Monkeys 
Ten female Cynomolugus monkeys (M acaca fascicu­

laris) weighing approximately 2.5 kg were obtained 
from Malaya, and reared for 3 months in individual 
cages in air-conditioned rooms before starting experi­
ments. During the 20-week experimental period, mon­
keys were daily fed bread (30 g), monkey chow (100 g, 
Oriental Yeast Co., Japan) and bananas (50 g), and were 
given water ad libitum. 

For oral administration, the PCBs, PCQs, PCDFs 
.and Mix-2 were dissolved in olive oil, and the daily dose 
(Table 1) was injected into a piece of banana (50 g) gi\·en 
to the monkeys once a day,. except Sundays, for 20 
weeks. 

The monkeys were observed daily for physical and 
clinical signs, and were weighed and bled at 4-\\·eek 
inten·als throughout the experimental feeding period. 
"Finally the~· were examined by autops~· for pathologic 
chang-es in their internal ore-ans. The monkevs fed 
PCDFs (Nos. 4, 5 and 6) were killed in week 16, because 
the~· appeared to be close to death. 

Chemicals 
KC-400 and PY-PCQs were obtained from Kanegafu­

chi Chemical Ind. Co. (Kyogo, Japan). 

PY-PCBs and PY-:PCDFs were prepared from a 
KC-400 as described in Table 1 and the previous report 
(9). 

PY-PCBs, PY-PCQs and PY-PCDFs had composition 
of PCBs, PCQs and PCDFs similar to those contained 
in the Japanese toxic rice oils. Mixture 1 (abbreviated 
Mix-1) was a complex mixture of PY-PCBs, PY-PCQs 
and PY-PCDFs in proportions of 1:1:0.01 (the approxi­
mate proportion of these compounds in toxic rice oil), 
and Mixtures 2 (abbreviated Mix-2) was a complex of 
PY-PCBs and PY-PCDFs, 1:0.0004. 

Immunization and Assay for Anti-Sheep 
Red Blood Cell (SRBC) Antibodies 

All rats or monkeys were immunized three times with 
0.5 mL and 1.5 mL of 10% SRBC in physiological saline. 
Blood samples were collected 12 days after each immuni­
cation. Serum samples were stored at - 20°C until as­
sayed for anti-SRBC antibody and immunoglobulin 
(lgG) levels. 

The hemolvsin titer was measured bv 100% hemolvsis 
method (10): The quantitation of lgG was carried.out 
according to the method described by Otake et al. (11). 

Enzyme Assays 
Microsomal protein concentration was measured ac­

cording to the method of Lowry et al. (12). Cytochrome 
P-450 content was determined by the method of Omura 
and Sato (13). Microsomal .N-demethylation of aminopy­
rine and O-de methylation of p-nitroanisole and NADPH­
cytochrome c reductase were quantified by the method 
described the previous report (14). Benzo(a)pyrene 
hydroxylase activity was measured by the method of 
Nebert and Gelboin (15). 

Table 1. Experimental groups. 

Animal 

Rats• 

Compounds 

PY-PCBsb 
PY-PCQs• 
PY-PCDFsd 
1\lix-l (PY-PCBs + PY-PCQs + PY-PCDFs)e 

. None (control) 

Daily dose fed 
per animal 

1 mg 
l mg 

10 JJ.g 
1 mg + 1 mg + 10 JJ.g 

Feeding 
periods 

22 days 
22 days 
22 days 
22 days 
22 days 

:\Ionkevsr 
X~. 1 PY-PCBs 5 mg 20 weeks 
Xos. 2,3 PY-PCQs 5 mg 20 weeks 
Xos. 4,5,6 PY-PCDFs 20 JJ.g 16 weeks~" 
Xos. 7 Mix-2h 5 mg 20 weeks 
Xos. 8,9,10 None (control) 20 weeks 

•:.tale Sprague:Dawley rats (5 weeks old); six rats per group. 
bp).:pcBs were prepared from KC-400 by distillation under reduced pressure; PCDFs and PCQs were removed by Florisil column 

chromatograph~: The composition of PCBs in the PY-PCBs is similar to that of the PCB-contaminated Kanemi rice oil sample which caused Yusho 
(tbxic rice om. 

•The composition of PCQ in the PY-PCQs is similar to that of the PCQ-contaminated toxic rice oil. _ 
dPY-PCDFs were prepared from KC-400 by distillation under reduced pressure and PCBs and PCQs were removed by Florisil column 

chromatography. The composition of PCDF in the PY-PCDFs is similar to that of the PCDF:contaminated toxic rice oil. 
•)Jix-1 is similar to the proportions df PCBs, ·PCQs and PCDFs in the toxic rice oil. 
rFemale Cynomolgus monkeys wr:ighing approximately 2.5 kg. 
~":\Ionkeys 4, 5, and 6 became moribund and were killed on week 16 of feeding. 
h:\lix-2 is the PY-PCBs \\ith PCDFs of 400 ppm. 
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Results 

·Rat 
The inhibition of the increase in body weight was 

noted only in the PY-PCDFs group and Mix-1 group 
"ith PY-PCDFs. The tendency continued also following 
discontinuance of administration. 

Changes in the weight ratios of the organs were noted 
for the liver and the thymus: namely, the ratio for th.e 
liver increased in each group except for the PY-PCQs 
group, especially in the Mix-1 group. On the other hand, 
marked atrophy of the thymus was noted in the PY­
PCDFs group and Mix-1 group. This atrophy was still 
obsen·ed on the day 24· after administration was 
discontinued. 

The PY-PCBs group showed increased alkaline phos­
phatase (AlP), glutamic oxaloacetic transaminase (GOT) 
and cholesterol levels. B~· contrast, the Mix-1 group (a 
toxic rice oil minic) showed a significant decrease in 
glutamic p~-ruvic transaminase (GPT) and a significant 
increase in cholesterol level. The groups administered 
PCBs, PCQs and PCDFs showed no significant increase 
in triglycerides, a ,·alue which was reported to increase 
in Yusho patients, but the Mix-1 group showed a 
sit:nificant increase in that value. 
~Rats of each group were immunized three times with 

. SBRC and 12 days after each challenge their ability to 
produce anti-SRBC antibody and blood IgG level was 
determined. The suppression of the anti-SRBC anti­
body production was seen on day 22 of administration in 
the groups of l\lix-1, PY-PCBs and PY-PCDFs, among 
which the l\lix-1 group showed the most marked 
suppression:. Blood IgG level and leukocytes also tended 
to decrease. In addition the suppression was still noted 

· even on day 24 after discontinuance of administration of 
the toxic oil components. On the contrary, the PY-PCQs 
group scarcely exhibited suppression of the anti-SRBC 
antibody production (Fig. 1). · 
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F!Gl'RE 1. Effects of PY-PCBs, PY-PCQs, PY-PCDFs and Mix-1 on 
hemolvsin titer of rats. Rats were immunized three times with 0.5 
mL of 10% SRBC in physiological saline and blood samples were 
collected 12 days after each immunization. PY-PCBs (1 mg/day), 
PY-PCQs (1 mg/day), PY-PCDFs (10 11g/day) or MLx-1 (PY-PCBs 1 
mg + PY-PCQs 1 mg + PY-PCDFs 10 11-g/day) were gi\'en orally to 

· each rat. 
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FIGURE 2. Comparative effects of pretreatment \\ith PY-PCBs, 
PY-PCQs, PY..PCDFs and ::\lix-1 on Ih·er enzyme acthities in rats. 
PY-PCBs (1 mg day), Pl:PCQs (1 rng/day), Pl:PCDFs (10 11-gldayl 
or Mix-1 (Pl:PCB;: 1 mg + PY·PCQs 1 mg + Pl:PCDFs 10 
11-g/day) were given orally to each rat. 

Figure 2 shows the actiYities of induction of hepatic 
microsomal drug metabolizing enz~'Jl1es. PCBs increased 
the actiYity of cytochrome P-450, p-nitroanisole 0-deme­
thylase, aminopyrine X-demethylase and benzo(a) p~·­
rene hydroxylase. The pattern of the enzyme induction 
showed a mixture of phenobarbital (PB)- and 3-meth~·l­
cholanthrene C\lC)-types, in good agreement with the 
observed shift of the absorption maximum to 449 nm in 
the CO-difference spectra. The enzyme-inducing ability 
of PCQs was weaker than that of other test substances 
and shO\\'ed a mixed-type induction of PB and MC. 
PCDFs strongly induced benzo(a)p~Tene hydroxylase, 
sho\\ing 1\IC-type induction, whereas Mix-1 showed 
strong inducing effects upon all the enzymes. 

The effects of PCQs on rats were far weaker than 
those of PCBs. PCDFs, however, had intensive effects 
on rats, despite the fact that the dose was only 
one-hundredth that of PY-PCBs or PY-PCQs. In other 
words, the toxicity of PY-PCDFs in rats is 100 times 
that of PCBs or PCQs. However, even with PCDFs and 
Mix-1 it was not possible to evoke cutaneous symptqms 
such as the dermal acneform lesions characteristic of 
Yusho . 

Therefore, we studied the influence of Yusho-related 
compounds on female monkeys which were assumed to 
be more susceptible to PCBs than rats and attempted to 
reproduce Yusho s~'Tl1ptoms in these animals. ' 

Monkey 
Monkeys treated \\ith Mix-2 and PCDFs showed a 

decrease in body weight; approximately a 15% decrease 
in both groups 12 weeks after the beginning of the 
experiment. The food consumption of these monkeys 

•. 
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during the experimental perod was not different from 
that of the monkeys fed PCBs, PCQs and control 
monkeys. The monkeys on PCBs and PCQs kept the 
initial body weight or had a slight weight gain. 

Figure 3 shows the organ weight per unit body weight 
- of monkeys and activities of hepatic drug-metabolizing 

enzymes. Among the organs tested, liver was the most 
profoundly influenced by the test substances. The 
l\lix-2-treated monkey showed markedly increased liver 
weight, about 2.4 times that of control monkeys, and 
also showed hyPertrophy of kidney and spleen. Further, 
PCDF-treated monkeys .showed . greater hypertrophy 
of spleen than was found in other test animals. 

As shown in Figure 3, activities of cytochrome P-450, 
benzo(a)pyrene hydroxylase and aminopyrine N-deme­
thylase increased in all the monkeys except PCDF­
treated monkeys. In particular, this tendency was the 
most marked with the Mix-2 animal. In contrast, in 
monkeys fed PCDFs, the activities of cytochrome 
P-450, aminopyrine N-demethylase, and benzo(a)pyrene 
hydroxylase were 80, 50 and 50%, respectively, of those 
of the control monkeys. We consider the observed low 
enzvmatic acth·ities of PCDF-treated monkeys were 
due to the extreme asthenia of these monkeys at the 
time of dissection. 
. On immunological studJ; Mix-2 and PY-PCB-treated 

monkeys sho,ved marked suppression of anti-SRBC 
antibody production, the antibody titer being less than 
5 before the second immuization. The monkey fed PCBs 
(\\ithout PCDFs) showed increased antibody produc­
tinn ::~ftPr thP ~Pr.nncl immnni7.::~tinn, while administra-

Relative weight 
to control<l.O> 
2.0 l.O· 0 

l!i:!i!iJ K i ~ney 
Em Liver 

~Spleen 

Relat1~e activitY 
to control<l. O> 

0 1.0 2.0 

~ Cytochrom P-450 

[!iJjJJ Aminopyrine N-demethyl ase 

l!iJBenzo(a)pyrene hydroxylase 

FIGURE 3. Comparative effects of pretreatment \\ith PY-PCBs, 
POY..PCQs, PY..PCDFs and Mix-2 on liver enzyme acthities and 
organ weights in monkeys. PY-PCBs (5 mg/day), PY-PCQs (5 
mg/day) or Mix-2 (5 mg/day) were given orally for 20 weeks. 
PY-PCDFs (20 11-g/day) were given orally for 16 weeks. 

tion of Mix-2 (\\ith PCDFs) caused suppression of 
antibody-producing ability throughout the experimental 
period (Fig. 4). Further, in contrast to monkeys treated 
v.ith PY-PCBs, PY-PCDF-treated monkeys showed con­
tinuous decrease in antibody production v.ith time, 
reaching about the same extent of suppression after 16 
weeks as that of Mi.x-2-treated monkeJ~ PCQs were also 
found to suppress antibody-producing ability (Fig. 4). 

Monkeys treated v.ith PY..PCDFs or Mix-2 (v.ith 
PCDF) showed hair loss, periorbital edema, Meibomian 
retention cysts, and acneforms lesions on faces-all 
characteristic symptoms of Yusho disease. Further, 
these monkeys showed the enlargement ofhyperkeratino­
sis oi pilar pores, and the degeneration of hair root on 
the dorsal skin. 

In contrast, the control monkeys and those treated 
with PY-PCBs or PY..PCQs did not show any of the 
clinical symptoms characteristic of Yusho as were 
observed in monkeys treated with PY-PCDFs and Mix-2 
(v.ith PCDFs). 

Discussion 
It is well known that PCBs have a strong inducing 

effect on the drug-metabolizing enzymes of hepatic 
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FIGURE 4. Effects of Pl:PCBs, PY-PCQs, PY-PCDFs and Mix-2 
feeding on anti-SRBC antibody. :Monkeys were immunized \\ith 1.5 
mL of 10% SRBC in physiological saline on days 16, 44 and 72 of 
feeding. The blood samples were collected 12 days after each 
immunization. PY-PCBs (5 mg/day), PY-PCQs (5 mg/day) or Mix-2 
(5 mg/~ay) were given orally for 20 weeks. PY-PCDFs (20 IJ.g/day) 
were g~ven orally for 16 weeks. 
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microsomes (16,17), and Kanechlor and other PCB 
products are mixtures of phenobarbital (PB) and 3-
methylcholanthrene (MC) type PCBs (16). Recently, 
Yoshimura et al. (4) demonstrated that MC-type PCBs 
exhibited marked toxic effects that PB-type PCBs did 
not share: hypertrophy of liver and atrophy of thymus. 
They also clearly showed a positive correlation between 
the ability of MC-type PCBs to induce activity of liver 
enzymes and toxicit~~ The present study revealed that 
PY:PCBs, which have similar composition to the PCBs 
in the toxic rice oil, have mixed type inducing ability, as 
is the case with commercial PCB products. The enzyme­
inducing ability of PY-PCBs is stronger than that of 
KC-400 as judged by our experiments with KC-400 
administered to rats (unpublished data) and monkeys 
(9,14). PY-PCQs, which have similar composition to 
PCQs in the toxic rice oil, also caused enzyme induction 
of the same type as PY-PCBs, but to a much smaller 
extent. On the other hand, PY-PCDFs and mixtures 

. containing PCDFs (Mix-1 and Mix-2) caused MC-type 
enzyme induction and further brought about decrease 
in body weight and marked atrophy of thymus which 
were not observed in PY-PCB- or PY-PCQ-treated 
animals. These results are consistent with the report of 
Yoshimura et al. (4) described above. 
· Loose et al. (18) reported that administration of 

Aroclor ·to mice caused a decrease in anti-SRBC 
antibody-producing ability and serum IgG level. The 
present study demonstrates the suppression of immune 
s~·stem in PY-PCB-treated rats and monkeys, in agree­
ment with the report of Loose (18) and Thomas (19). 
The fact that PY-PCQ-treated monkey showed suppres­
sion of anti-SRBC antibody-producing ability that was 
not obser\'ed in similarlY treated rats indicates that 
monkeys are highly susceptible to these organochlorine 
compounds. Administration to rats and monkeys of 
PY-PCDFs of composition analogous to that of PCDFs 
in the toxic rice oil produced more marked immunosup­
pression than PY-PCBs, in spite of the too:fold differ­
ence in amount administered. 

As demonstrated above, PY-PCDFs and Mix-1 exhib­
ited marked effects on rats with respect to body weight 
increase, immunosuppression, enzyme induction, and 
blood biochemical finding, but the dermal symptoms 
characteristic of Yusho patients could not be observed. 
However, administration of PY:PCDFs and Mix-2 to · 
monkeys made it possible to reproduce Yusho symptoms. 
Thus, administration of PY-PCBs or PY:PCQs alone to 

· monkeys did not cause Yusho symptoms. These results 
indicate that PCDFs are the compounds responsible for 
the developoment of Yusho symptoms. 

In our experiments, the calculated doses of PY:PCBs 
and PY:PCDFs required for the induction of the dermal 
symptoms in monkey fed ~Iix-2, as converted to the dose 
per average human body weight (50 kg), were 600 mg 
ang 2.4 mg. Hayabuchi et al. (20) who investigated the 
biochemical aspects, estimated the critical doses as 466 
mg for PCBs, 439 mg for PCQs, and 2.5 mg for PCDFs, 
which values agree quite well with the data from 

monke~·s. Further, even administration of PY-PCDFs 
alone caused Yusho s~'mptoms, while administration to 
monkeys of PY:PCBs or PY-PCQs which contained no 
PCDFs did not cause Yusho s~'IDptoms even at a dose 
approximately 13 times the dose ingested by Yusho 
patients. 

Hara et al. (21) and other investigators (Q2) reported 
that the clinical s~'IDptoms of patients occupationally 
exposed to PCBs were much milder than those of Yusho 
patients, and the blood PCB composition of the former 
patients was clearly different from that of Yusho 
patients. Further, Yu-Cheng patients of Taiwan show 
much graver symptoms than the patients occupationally 
exposed to PCBs, in spite of the fact that the blood PCB 
level of the former is less than or at most in the same 
range as that of the latter (22,28). 

The present study with monkeys clearly indicates 
that the observed differences between the s~'IDptoms of 
the patients occupationally exposed to PCBs and Yusho 
patients are due not to a difference in the composition 
between commercial PCB products and toxic rice oil, 
but to the presence of PCDFs in the toxic rice oil and 
suggests that PCDFs are the primary causative agents 
of Yusho. 
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Attached is a letter titled, •Recxmnendation. m Removal Action Level for 
K!B's in Soil Based on Bealth Effect.• Sites contaminated with · 
polycholorinated biphenyls (PCBs) are regulated under CERC!IA. 

If there are any questions regarding this letter, please feel free to 
~of"'./ staff at (404) 347-7603 • 

otis Johnson, Jr. 

Attacbtent. 
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. RECOMMENDAT-IOt{_ ON REMOVAL ACTION. LEVEL FOR 

. 

.S\V\~rv 
·f)\\' -

~)v,....,:\.[\~ 
PCBs IN SOIL \ \" • 

.. BASED ON HEALTH EFFECT ~~ 
•· This memo sets forth the advisory limitations of polychlo~inated b~eny1s 

(PCBs) in soi,. considered penni ssible in protecting the health of the public . / . 

affected by contaminated sites regulated under CERCLA. This is prepared in 

response to a request by the Office of Emergency and Remedial Response to 

provide a recommendation concerning the limitations based on exposure and 

health assessments as described in.detail in the draft Office of Health and 

Environmental Assessment (OH~A) report entit~ ed "Development of Health ~dvi series 

·for Polychlorinated Biphenyls. (PCBs)" ?ated July 25, 1985, updated as ''Development 
,. "' 

of Advisory Levels for Polychlorinated Biphenyls {PCB) Cleanup" in December 
. 

1985; ·and subsequently revised to delete the 1-day advisory levels and to 

include the 10-day advisory levels. 

:1 ·. 
:.-.; 

Human intakes of PCBs from drinking water and sojl are assumed to occur 

independent of each other, because drinking water can come from a clean public ,=., . 
. :-... .. water system. The main .focus of .this exposure analysis is to .define the levels 

:::i ~~-. Of PCBs whi i:h wii 1-,requi re. Soil rem'oval action or up to which the soil shou1 d 

:: .... ~e cleaned. The OHEA report summarizes ten-day, noncancer, and long-term onco-
. . . 

··genic advisory levels fo~ PCB cleanup in ~erms of the ranges of the permissible 

PCB concentration in soil. These ranges resulted due to sev~ral types of 

· ·cc:mnerci al PCBs evaluated with different vapor pressures and the variations_ in 

I· soiJ -air partition coefficients of PCBs affecting their envi ronmenta1 di stribu-

·tion. One-day and long-term noncancer advisory levels could not be developed. 

I . at this time mainly due to lack of health effect information. 
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The pennissible Pea levels in soil are obtained by setting ·the average 

. ·-
daily intake rates from pertinent pathways for short-term .and long-term 

·I 
I 

exposures equal ·to·acceptable intake rates corresponding to each exposure . . .. 
period. The 1~vels thus estimated may represent the minimum levels to Which 

PCBs ·must be "cleaned up not to exceed the acceptab 1 e intake rates. The accept-

able intake rates are determined by analyzing anim~~ data for short-term and 

I chr.onic health effects. Estimation of the combined intake.·rates fran all 
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pathways considered requires exposure eva1uati"ons which include the use of 

fate and transport models to estimate exposure concentrations. The pathways 

·considered in evaluating exposures relative to soil PCB limits are inge~tion 

of soil, inh_alation of contaminated air·, dermal contact with contarni.nated 

soil, and ingestion. of contaminated food. Since soil ingestion occurs only 

during childhood, exposure occurring during this period needs to be averaged 

over an individual's lifetime to estimate the daily inta~e rate for lifetime 

exposure. 

The depletion of PCBs from soil caused by volatilization is accounted for 
.. 

in the exposure analysis by solving a partial differential equation simulating 

PCB vapor diffusion through the soil air-phase pores, and the distribution. of 

PCBs between air and soil phases. Boundary conditions assume that the air-

. phase resistance is relatively small compared to the diffusional resistance in 

the so.il_ ai r:-phase pores. The ·available experimental data .reasonably follow 

the time-emission rate relationship predicted from the models based on this 

assumption. Since the depletion rate varies over time, it is averaged over the 
. 

exposure period. Depletion averaged over a time should lead to a lesser 

inhalation exposure than that based on the model assuming that depletion-does 

·not· occur. 
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For the-purpose of.applying different levels of stringency for PCB cleanup 

fran soils,· the areas of potential exposure·s are classified into. two categories 

a~~ording to the types of exposure pathways.· The most stringent requiremen~s 
. . 

for protecting human health are applied to-the.area where exposure pathways are 

soil· ingestion, i nhal_ at ion, and dennal ·contact. The 1 es_s stringent requi rsnents 

.are applied to .. the area where-human exposure occurs by inhalation only. In the 

fanner case, related human activi-ties and the likelihood of human contact with 

contaminants are highest, and hence, in a11 likelihood the affected population 

is located on the contaminated site. Examples include areas occupying residen­

·tial communities. In the latter case, there is no likelihood of humanlcontact 

with the contaminated soil ,.t~e entrance to the cont~~inated site i~ prohibited 

or the area is remqtely located fran human population. Prohibition of entrance 

to the site could-require special precautionary measures such as installing 

fences. 

Permissible levels of PCBs in soil can be determined on a site-specific 

basis as a function of the type of PCBs at the site, soil-air partitioning 

characteristics, and potential of human ingestion and dermal contact. Since 

the application of the methodology is cumbersome, if not difficult, for use. in 

each site evaluation, the limitations set forth in this memo are intended to 

alleviate such burden on regulators within the framework of stringency require- ·· 

ments _enumer~ted above·. However, each regulator may perfor.m site-specific· 

evaluation; once detailed info~ation is available. 

The attached table shows advisory values for soil according to the classes 
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permissible· PCB concentraiion in soil are selected fo~ long-tenn .advisory 
. ' 

J~:vels; these may .be most: applicable to sites ab_andoned some t_ime ago. The 

lower limits are selected for 10-day advispry levels because the PCB depletion 

will be sm~11 during the short-ter:m period. The permissible PCB levels in soil 

for lifetime intake are based on the current Agency. policy recommending the 

upper bound estimate of 10-6 risk for known or suspected carcinogens to protect 

the· public in .. populated areas. 

For the area subject to potential of exposure by soil ingestion,. i nhal at ion, 

. and dermal contact, the 10:..day noncancer advisory level is 42 ug/g if the site 
~- . ... 

beccxnes accessible to popul.~~ion imnediately after spill or cleanup. The 

long-term oncogenic health advisory corresponding to the upper bound estimate 

. for 10·6 risk is 6 ug/~ with at least 25 on (10 inches) thick soil cover material 

~nitially free of PCB contamination below the detection limit (nonmally about 

0.1 ug/g). The use of soil or its equivalent cover material will· reduce the· 

health risk by an order of magnitude (i.e., from 10-S to lo-6). 

Advisory levels for PCB cleanup for the other areas assume that exposure 

pathways are tota.l ly by inhalation. Since the remotely located area-cann~t be 

completely inaccessible to human activities, because maintenance pe~onnel or 

on-site .workers should be present on the facility or near the property fence 

area, permissible levels for ~his"area are ass~ed to be the same as those 

. based on o_n-site inhalation only. If any other pathways ·are a possibility, 

a case-by-case assessment will be needed to arrive at an acceptable level of 

-PCBS in soil. 

The 10-day advisory level for on-site exposure by inhalation only is 
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47 ug/g if.exposure occurs immediately after spill or clean-up. The long-te~ . . -
. . 

.. advisory 1 evel s are 2 ug/g _when no cove;- is applied and 20 ug/g when at 1 east 

25.-on thick soil cover or equivalent rr.nterial initially free of P:Bs (or below . . -

the detection. limit) is used. Althoush a higher permissible level may be 

theoretical iy possible ·for some ·pcss ,· as shown in the OHEA report when soil 

cover is used, capillary tension b2tw~en contaminant and soil could cause the 

contaminant level to rise towards the soil surface, and result in emission 

rates higher than what can be predicted from the soil cover thickness applied. 

Currently, no comprehensive data base exists to evaluate the effect of capillary 
. . j . 

tension on the extent of emission rate i~~rease. Until this un~ertainty is 

better defined, it is diffi'COlt to assess how a level higher than. 20 ug/g will 

cause unacceptable exposures for on-site inhalation once a 25 em cover has been 

applied. 
. 

Lack of health effect data prevents development of 1-day advisory levels • 

In the absence of such data, it is recommended that the 10-day advisories be 

also used as the 1-day advisory levels. 

A need may arise for applying less stringent risk requirements for some 

areas such as sparsely-populated or remotelylocated areas. Some contaminated 

areas may be made inaccessible to the public so that population could be subject· 

to off-site inhalation rather than on-:site inhalation. These are a :few examples 

for·which·soil PCB levels hi.gher than_ tho_se_ shown in the· attached ~able could be 

allowed: This situation needs to be evaluated on a case-by-case basis. For 

. example, if·the acceptable level is considered at 10-S risk for the area remotely 

1 ocated, the cleanup 1 evel can be as high as 20 ug/g without applying cove.r 

material. 

5 
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REC~MENDE-0. ADVISORY LEVELS FOR PCB CLEI\fWP FROM SOIL 
·-

Permissible Levels (ug/g) for Area According to 
Route of Human 
Exposure 10-Day Advisory Chronic Intake Advisorya 

No Cover 25 em Cover 

Soil lngestionl Inhalation, 
Dennal Contacto 

Inhalation Onlyd 

acorresponding to 10·6 risk •. 

42 

47 

bExposure is assumed to occuf'on the contaminated site. 

0.6 

2 

CAdvisory levels for chronic intake based on applying 25 em of clean 
cover containing PCBs below detection limit (about 0.1 ppm}. 

dsased on inhalation exposure on site or at the fence line. 

6 

6C 

20C 
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OEPA 
POTENTIAL HAZARDOUS WASTE SITE L IDENTIFICATION 

SI.TE INSPECTION REPORT 
01 ST1.TET02 Sire NUMBER 

NC D.9814 7~_480 
PART 1 ·SITE LOCATION AND INSPECTION INFORMATION 

II. SITE tlAME AND LOCATION 
01 SITE N-'ME (Lopar.-.OtGUe"'r,.,.,..,.oloAt} 02 STREET, ROUTE NO., OR SPECIFIC LOC-' TION IOEHTIAER 

.. 

Toddville Operations Center· 610 Toddville Road 
O:!CITY c. ST1.TE I 05ZIPCOOE I OS COUNTY. r7~08CON3 
Charlotte NC 28242 · Mecklenburg_ · cooe OtST 

60 9 
09 COORDINATES 

I 
.110TYPEOF0WNERSHIP(Ct>Kt""o} 

LAmvoE LONGITVOE ~A.PRIVATE 0 B. FEDERAL 0 C. STATE 0 D. COUNTY 0 E.MUNICI?Al. 
.3.5_ J.6._ .3.2.._. 8..0 ~ ..5..8.. 0 F. OTHER OG.UNKNOWN 

Ill. INSPECTION INFORMATION 
.. 

01 DATE OF INSPECTION 02 SITE STATUS 03 YEARS OF OPERA T10N 

11 I 12L86 0 ACTIVE 1956 I llt:esent _UNKNOWN 
loiOt•TH •. DAY YEAR 0 IN.l.C11VE BEGINNING YEAR ENDING YEAR 

~C4 I'.GI:NCY Pi:.RFORMING INSPECTION (Cto.ct .. 11>01 OUJIT} 

OJ.... EPA 0 B. EPA CONTRACTOR· 0 C. MUNICIPAl. 0 D.MUNICIPALCONTRACTOR 

)(E. STATE 
11<-o/l.nnJ 1-o/Tmt/ 

0 F. STATE CONTRACTOR OG.OTHER 
INMMolllt'ln} ISDoCIIy) 

1.15 Ct'loEF INSPECTOR 05llTLE 07 ORGANIZATION OS TELEPHOf.IE NO. 

Jack Butler . Environmental.Engineer S&HW Mgmt. · Br. ~19)733-2801 
09 OTHER lf\ISPECTORS 10Tm..E 

' 
110RG.ANlZAllON t 2 TELEPHONE NO. 

Stan Atwood Toxicologist ·. II ( ) 
II 

Cheryl. McMorris Environmental Chemist II fl. 

. ( ) 

Alan Giles Sanitarian Mecklenburg 
(·7od Env. Health .376-4603 

( ) 

I . 

~3 ~ITE REI"RE.SENTATIVES INTERVIEWED 

( ) 

14Tm..E 15AOORESS D}f1'e Power Company · t 6 TELEPHONE NO 

jMichael Lascara P. 0. Bm("33189 Charlotte (704 ~72-5201 

Anderson 
. II c7o~ 373-4976 Dave 

John Mease· II 

( ) 

Jay Perkins II ( ) 

Warren·Baker II 
( ) 

( . ) 

I , 7 ,>.c.;:;E ss G.&JNE.D BY 
t"'-<• .... ) 

18 ll~E OF INSPECTION 19 WEATHER CONOITlONS 

0 P!:RMlSSION 1015-1400 sun~y SO's 0 W.,RRANT 
' 

J!Y.INFORMATION A Y AILABLE FROM 
I C.1 CO!•iTACT 02 OF (A~ytOrpMlzOIIOII) 03 TELEPHONE NO. 

!Joe Harwood. Env. Affairs Spec. Duke Power Co. (7041 373-8494 
(14 PERSO'-' RESPONSISLE FOR SITE INSPECTION FORM 051.GEHCY. 08 ORGANIZATION 07 TELEPHONE NO. 08Do\TE 

Stan Atwood ~C DHR/DHS S&HW-CERCLA (919) 733-2801 2 l27 l 87 
loiONn1 DA T YEA.II 

~ 
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~EPA 
POTENTIAL HAZARDOUS WASTE SITE LIOENTI.FICATION 

SITE INSPECTION REPORT 01 STATE102 SITE NUMBER 

PART 2 • W ~STE INFORMATION Nr. D981478480 . 
II. WASTE ST A iES, QUANTITIES, AND CHARACTERISTICS 

I 
I 

01 PHYSICA!.STATES rCM<:•oot1>otopplyJ 02 WASTE QUANTITY AT SITE 03 W~TE CHARACTERISTICS IC:hoc• .. "'"' 01>D'tl 
fllua.I'U olwurt 0.....,11141 

)(A. TOXIC D A.SOUO )i::E. SLURRY 
mu•l H lrw1•tH"rl•"ll 0 E. SOLUBLE 0 I. HIGHLY VOlA TilE 

D B. POWDER. FINES F.UOUIO TONS 
D B. CORROSIVE D F. INFECTIOUS D J. EXPLOSIVE 

DC. SLUDGE 0 G. GAS 0 C. RADIOACTIVE 0 G. FlAMMABLE 0 K. REACTIVE 

CUBIC YAROS unknown J(O. PERSISTENT 0 H. IGNITABLE 0 L INCOMPAnBLE 

0 D. OTHER 
D M. NOT APPUCABLE 

I 
,_,, NO. OF DRUMS 

Ill. WASTE TYPE I 
CATEGORY SUBSTANCE NAME 01 GROSS AMOUNT 02 UNIT OF MEASURE 03COMMENTS 

SLU SLUDGE 

OLW OILY WASTE unknown tfransformer oil I 
SOL SOLVENTS 

PSO PESTICIDES 

occ OTHER ORGANIC CHEMICALS unknown lPcBs in oil I 
IOC ·INORGANIC CHEMICALS 

ACO ACIDS 

BAS BASES I 
MES HEAVY METALS 

IV. HAZARDOUS SUBSTANCES rsu Appondu tonr100r lreQUonrtyca.d CAS HvmberoJ 

01 CATEGORY 02 SUBS'T ANCE NAME 03 CAS NUMBER 0( STORAGEfOISPOSAL METHOD 05 CONCENTRAnON 06 MEASURE OF 
CONCENTRATlON I 

or.r. Pr.Ri:; 1111F.-~e::.-~ ~n-111~ ..:~ .. ~ ....... ~~..-~"""' ~ ..... n ~-11 nnm 
-~. 

I 

.. J I 
I 

'. - I. 
V. FEEDSTOCKS (S.oAppon~,.fotCASHumboro) 

CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER I 
FDS FOS 

FOS FOS 

FOS FOS I 
· FDS FOS 

VI.·SOURCES OF INFORMATION rt:•• -•*"''"'"'""• ... •.o .. .,.,. t•••· ,....,,. •~••r•••. ••oo"'' 
1. Permanent files, Solid & Hazardous Waste Mgmt. Br. ,CERCLA Unit, Raleigh, NC 

I 
2. USGS 7.5' Quad., Mountain Island Lake--1969 

I 
EPA FORM 2070·13(7·81) I 
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&EPA 
POTENTIAL HAZARDOUS WASTE SITE L IDENTIFICATION 

SITE INSPECTION REPORT 01 STATE I 02 SCTE NUMBeR 
NC D981478480 

PART 3 ·DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS .. 

II. HAZARDOUS CONDITIONS AND INCIDENTS 

01 )(A. GROUNDWATER CONTAMINATION 02 0 OBsERVED (DATE: . l 0 POTENllAL ·'K.:AUFGEO 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

Site has been used to store transformers for 30 years. Grab sample from on-site well. ~. 
contained detectable level of. PCBs. (Nlppb} •. 

......... 

010 B. SURFACE WATER CONTAMINATION 02 0 OBSERVED (DATE: l 0 POTENllAl. 0 AllEGED 
03 POPULATION POTENTIALLY AFFECTED: .. 04 NARRATIVE DESCRIPTION 

' 

01 0 C. CONTAMINATION OF AIR .. 02 0 OBSERVED (DATE: l 0 POTENTIAl. 0 AllEGED 
03 POPULATION POTENTlALL Y AFFECTED: 04 NARRATIVE DESCRIPTION 

.. 
.. 

-

01 0 0. FIRE/EXPLOSIVE CONDffiONS 02 0 OBSERVED (DATE: l 0 POTENTIAL 0 AllEGED 
03 POPULATION POTENTlALL Y AFFECTED: 04 NARRATIVE DESCRIPTION 

. I 

. · 01 0 E. DIRECT CONTACT 02 0 OBSERVED (DATE: ) 0 POTENTIAL 0 AllEGED 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

.. 
; 

.. 

01 xF. CONTAMINATION OF SOIL 02 M OBSERVED (DATE:ll 19 86 ) 0 POTENTIAL 0 AllEGED 
03 AREA POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

.. .. ,,.,.,, .. 
"\JP to llppm PC~s measured in surface soil . 

.. 
·. 

' 
~~G,DRINKING WATER CONTAMINATION 02 0 OBSERVED (DATe: l X POTENTIAL 0 AllEGED 
0 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

Several drinking wat~~ we~ls are located near the site:...-about 2500 people within 3 miles 
of the site using ground water 

01 )(H. WORKER EXPOSURE/INJURY 02 0 OBSERVED (DATE: l )( POTENllAl. . 0 Au.EGED 
03 WORKERS POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

Contact with oil, comtaminated soil, or inhalation_ of vapqrs pnd dusts . . 
01 0 I. POPULATION EXPOSURE/INJURY 02 0 OBSERVED (DATE: ) 0 POTENTIAl.. 0 AU.EGED 
03 POPULATION POTENTlALL Y AFFECTED: 04 NARRATIVE DESCRIPTION 

. . 

EPA FOAM 2070·1317·81) 
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~EPA 
POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

SITE INSPECTION REPORT 0\ STATE,02 SITE NUMBER 

PART 3 ·DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS NC D981478480 . 
11. HAZARDOUS CONDITIONS AND INCIDENTS te-•-1 

I 
I 

01 0 J. DAMAGE TO FLORA 02 0 OBSERVED (DATE: l D POTENTlAl. 0 AllEGED 
04 NARRATIVE DESCRIPTION 

I 

I 
01 0 K. DAMAGE TO FAUNA 02 0 OBSERVED (DATE: l [J POTENTIAL 0 AllEGED 
04 NI-RRAllVE DESCRIPTION ,,.,,.,.,.,..,..,,Jolap.c~rJ I 

I· 01 o L co>m,.:,<Al10N OF FOOD CHAIN 

. 

. 
02 0 OBSERVED (DATE: I 0 POTEtmAl· 0 AllEGED 

04 HARRA TIVE DESCRIPTION 

I 

01 D M. UNSTABLE CONTAINMENT OF WASTES 02 0 OBSERVED (DATE: l 0 'POTENTIAL 0 AllEGED 
ISrASIIWno"·'St•M~ttg llot.HtJs. L•"·~ rlhi'NJ I 

03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
01 0 N. DAM.AGE TO OFFSITE PROPERTY 02 0 OBSERVED (DATE: l · 0 POTENTIAL D ALLEGED 
04 NARRATIVE DESCRIPTION 

I 
01 D. 0. CONTAMINATION OF SE_WERS, STORM DRAINS, WWTPs 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 ALLEGED 
04 NARRATIVE DESCRIPTJON I 

-I 
0\ 0 P. ILLEGAUUNAUTHORIZEO DUMPING 02 0 OBSERVED {DATE: l [)POTENTIAL 0 ALLEGED 
04 NARRATIVE DESCRIPTION 

I 
. 05 DESCRIPTION OF ANY OTHER KNOWN, POTENTIAL. OR ALLEGED HAZARDS I 

I 
Ill. TOTAL POPULATION POTENTIALLY AFFECTED: 

IV. COMMENTS .I 
As previously cited . 

I 
V. SOURCES OF INFORMATIONrc•••~>ec•-c••'•'•""••·• p,.,.,,,..,_,._,..,.,,,,.., ... <,, 

I 
I 

-··· I 
I I 
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I ~EPA 

POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

SITE INSPECTION 01 STATE I 02 SITE NUMBER 

NC D981478480 
PART 4 ·PERMIT AND DESCRIPTIVE INFORMATION 

II. PERMIT INFORMATION " •. 

01 TYPE OF PERMIT ISSUED 02 PERMIT NUMBER 03 DATE ISSUED 04 EXPIR.C..TIONOATE OS COMMENTS 
ICMot .. IMI ODDly] 

I 
.. 

OA. NPDES 

[}B. UIC I 
DC. AIFI 

OD. RCRA 

0 E. FICRA INTERIM STATUS I 
OF. SPCCPLAN 

0 G. STATE 1s~e>trl 

0 H. LOCAL1~.~,1 I 
01. OTHER tSD.e•rl 

~J. NONE 

Ill. SITE DESCRIPTION I 
01 STORAGEIOISPOSAL tCh•o• or"''' opplfl 02AMOUNT 03 UNIT OF MEASURE 04 TREATMENT tCJtoc• •' ,.., &PPirl OS OTHER 

0 A. SURFACE IMPOUNDMENT 0 A.INCENERATION ~A. BUILDINGS ON SITE 0 B. PILES 0 B. UNDERGROUND INJECTION 
0 C. DRUMS, ABOVE GROUND 

. 
0 C. CHEMICAUPHYSICAL 

I 
0 D. TANK, ABOVEGROUND 0 D. BIOLOGICAL 
0 E. TANK, BELOW GROUND 0 E. WASTE OIL PROCESSING oe AREA OF SITE • 

0 F. LANDFILL 0 F. SOLVENT RECOVERY I 
0 G. LANOFARM 0 G. OTHER RECYCUNG/RECOVERY. 115 

1"-1 
0 H. OPEN DUMP 0 H. OTHER 
0 I. OTHER ISDKJrrl 

ISD••~rl 

07COJ.lMENTS 

Site is used to store and ·service transformers and capacit6rs. · S.oil contamination 
has resulted from-past leaks, spills, or surface application·of PCB containing oils. I 

I 
IV. CONTAINMENT 

01 CONTAINMENT OF WASTESICM••..,•J 

0 A. ADEQUATE. SECURE fM' B. MODERATE 0 C. INADEQUATE. POOR 0 D. INSECURE. UNSOUND, DANGEROUS I .. 
02 D!OSCRIPTION OF DRUMS, DIKING, UNERS, BARRIERS, ETC •. . ' 

I None. 
' 

: 

I 
V. ACCESSIBILITY 

01 WASTE EASILY ACCESSIBLE: 0 YES MNo 
02COMMENTS I 
Property is fenced. 

I VI. S 0 U R C ES 0 F INFORMATION tCooo~•*oe rot.,onoor. o.Q. ot•t• IH&. ,omp~. on•'r•••· '"""n') 

I 
As previously cited. 

I EPAFORM2070·1317·81) 
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OEPA POTENTIAL HAZARDOUS WASTE SITE I. IDENTJFJCA. TJON 

SITE INSPECTION REPORT 01 STATE~~ SITE NUMBER 
NC 981478480 

PART 5 ·WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA 

I 
II. DRINKING WATER. SUPPLY 

01 lYPE OF ORINKING SUPPLY 02ST.I.TUS • 03 DISTANCE TO SITE 
~ctosll#t>llooi>IIJ 

I 
SURFACE WELL ENDANGERED AFFECTED MONITORED 

COMMUNITY A}( e. ;fir A.O B.O c.o A. 1.2 
(ml) 

NON-COMMUNITY c.o D.}( o.'li( E.D F.O B. 0 (rnl) 
I 

Ill. GROUNDWATER 

01 GROU:"'OW.I. TER USE IN VICINITY rc .. ct -1 

0 A.. ONLY SOURCE FOR DRINKING }(e. ORINKING 0 C. COMMERCI.I.L INDUSTRIAL IAAI::i.I.TlON 0 0. NOT USED, UNUSEABLE 
rou..rooweu ·-J (Urrtlr~ otMt 1'04/tc.fr • .,.,.::M/ 

I 
COMMERCI.aJ.. INOUSTRI.t.l.. IRRIGATION 
(No orher wel•r aourc•s•.,. .. ~J I 

02 POPUUTION SERVED BY GROUND WATER 25QQ 03 OIST ANCE TO NEAAEST ORINKING WATER WELl.,.... 0 • 0 2 (ml) 

Ot O::PTHTOGROUNOWATER 05 DIRECTION OF GROUNDWATER FLOW 06 DEPTH TO AQUIFER 07 POTENTI"'L YIELD 08 SOU! S9URCE .I.OUIFER 
OF CONCERN CFAOUIFER 

)it YES 16 (It) SE ]6 (It) (gpd) 
DNO 

I 
D9 DESCRIPTION OF WEU.S llr>c~ .,,,,,., t1opt1t, ort<l ~tiott rolotW.to ,.,..,iott-_,go) 

Shallow wells (35 to 100 ft deep) located across the street from the site.which serve I 
single family homes·. On-site well no longer used: depth 250ft., water level 16 ft, 
located north of transformer storage area • I 

10 RECH.I.F\GE AREA . 11 OISCHAAGE AREA 

WYes COMMENTS DYES COMMENi5 

D.NO Interstream area DNO 

' I 
IV. SURFACE WATER 

01 SURFACEWATERUSEtChoct-1 
. 

0 A. RESERVOIR, RECREATION 0 B. IRRIGATION, ECONOMICALLY 0 C. COMMERCII,.!., li~DUSTRIAL ){D. NOT CURRENTLY USED 
DRINKING WATER SOURCE IMPORTANT RESOURCES 

I 
-

02 AFFECTEO.'POTENTIAU Y AFFECTED BODIES OF WATER 

NAME: AFFECTED DISTANCE TO SITE 
I 

Paw Creek 
--·-- 0 

0.5 
(ml) _. ___ o 
(ml) I __ o 
(mi) 

V. DEMOGRAPHIC AND PROPERTY INFORMATION 

01 TOT~.L POPULATION WITHIN 
'··--c 1:. '"'"' ::E TO NEAREST POPULATION I 

ONE I 1) MILE OF SITE TWO (2) MILES OF SITE THREE (3) MILES OF SITE 

A. 2000-7000 B. 26QQ-28QQQ c. 2160Q-63600 0.02 (ml) 
NO. OF PERSONS NO. OF PERSONS NO OF PERSONS .. --

03 NUMBEI'I OF BUILDINGS WITHIN TWO 121 MILES OF SITE Ool OIST-'NCETONE-'Rf •. ~: 'C~r·SITi:"BUILDING I 
1000+ 0.02 (ml) 

05 POPULATION WITHIN VICINITY OF SITE (l'ro.tdo ,..,,.,;,. tJuenpr- ol ,..,u,. or po,.,..rOOII .. n,... ..eio#r of dt. o.p., Mol, ..,.P• -f "' ·tr poP<J'•t•~ ont..o .... , I 
Population is largely urban with approximately 65% of the area within three miles of the 
site inside the Charlotte city limits. The remaining 35% is suburban with some rural 
residential areas. I 

. . I 
~· .. 

El'-' FORM 2070·13 (7·81) 
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1-
I POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 01 STATE,02 SITE HUMBER 

PART 5 ·WATER, DEMOGRAPHIC, A.ND ENVIRONMENTAL DATA NC D981478480 
. . .. 

VI. ENVIRONMENTAL INFORMATION. I 
01 PERMEoi.BIUlY OF UN Sol. lURA TEO ZONE IChKt onoJ .. . . 

0 A.1o-e- 10-e cmls&c: b' a. 1 o-• - 1 o-e em/sec X c. 1 o-•- , o-3 em/sec 0 0. GREATER THAN 1 o-:s em/sec . .. 
~ . . . 

02 PERMEABIUTY OF BEDROCK tCMcJ< OM/ I 
0 A. IMPERMEABLE 0 B. RELATIVELY IMPERMEABLE tl( C. RELATIVELY PERMEABLE 0 0. VERY PERMEABLE 

tLon ~~wo 1 o· • cmto.c) . r•o-4 - 1o·• cwv•ocJ (lo·Z • 10·• ~mi•KI tG-uror....,IO•Zcm'IOC/ 

03 DEPTH TO BEDROCK 04 DEPTH OF CONT oi.MINol. TEO SOIL ZONE OS SOIL. pH I 
, ..V40 '1 4.5-5.5 (ft) (ft) 

06 NET PRECIPITATION 07 ONE YEoi.R 24 HOUR AAINFAU. OS SLOPE 
srre SLOPE 

1 
DIRECTION OF srrE SLOPE j TERRAJN AVERAGE SLOPE 

5 (in) . ~ 3' (in) .c:.3 % SSE 5 
" 

I 
09 FLOOD POTENTIAl. 10 

0 SCTE IS ON BARRIER ISLAND, COASTAL HIGH HAZARD AREA, RIVERINE FLOODWAY 
SrTEISIN YEAR FLOODPLAIN· 

11 DISTANCE TO WETLANDS 15 •••• _.,_,, 1 2 ~1ST ANCE TO CRITICoi.L Hoi.BfT AT lol-."floro<J..,.cio~l 

ESTUARINE OTHER (ml) I 
A. (ml) B. (ml) ENDANGERED SPECIES: None identified. 

13 Loi.NO USE IN VICINITY. I 
DISTANCE TO: 

RESIDENTIAL AREAS; NATIONAL/STATE PARKS, AGRICULTURAL LANDS 

I 
COMMERCIAL/INDUSTRIAL FORESTS, OR WILOUFE RESERVES PRIME AG LAND AGLANO 

-

A. ·0 (ml) B. 0.02 (ml) c. (ml) 0. 3 (rnl) 

I 1 c DESCRIPTION OF SITE IN REU TION TO SURROUNDING TOPOGRAPHY 

The site has been grad~d flat. Areas east and north of the site are higher; 
areas south and west are lower. 

' . I . 

I , 

. ' 

I 
I .. 

I 

I 

VII. SOURCES OF INFORMATION tCr• ·~";c,.,., ...... •·P··••••• , .... .-••• ,,,.,,.,.,.,., 
1. As previously cited. 
2. Clay et al. 1975. North Carolina Atlas: Portrait of a Changing Southern State. 

3. USGS & NC NRCD. 1980. Basic Elements of Ground-Water Hydrology with Reference to 
Conditions in North Carolina. 

4. Soil Survey of Mecklenburg County. '1977 0 Soil Conservation Service. 

I 

I EPAFORM2070·13(7·811 



POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

8EPA SITE INSPECTION REPORT 01 STA,02sm:NUM&R 

NC D981478480 
PART 6 ·SAMPLE AND FJELD INFORMATION . 

II. SAMPLES TAKEN 
01 NUMBER OF 02 SAMPL.f.S SENT TO 03 ESTIMATED DATE 

S~MPLETYPE SAMPLES TAKEN RESULTSAV~ 

' 
;,;} 

GROUNDWATER 3 NC Laboratorv ~f· Public Health 1-87 
SURFACE WATER 

. 
WASTE 

AIR 

RUNOFF 

SPill. 

SOIL 
24 NC T.>'l'hn'l'">'lt-nrv n-F 'Pn'hl i" ll,:>>'ll t-'h 1-87 

VEGETATION 

OTHER 
.. 

Ill. FIELD MEASUREMEtlTS TAKEN 

01 TYPE 02 COMMENTS 

PH 

TJ>"h=~r t:emnerat:nre 

. water level 

-

IV. PHOTOGRAPHS AND MAPS 

01 TYPE ¢ GROUND 0 AERIAL I 02 IN CUSTODY OF NC CERCLA llnit. SQlid and 
(Name ot orp•nu•tc" or lftf1ttlitJwf) 

Haz. Ha:;;te Mgrnt. Bra 
03 MAPS 04 LOCATION OF MAPS 

~YES Included mtb :t:epo:t:t ONO 

V. OTHER FIELD DATA COLLECTED tPro""'• ,..,..,,..~•!•'*>,_1 

.. 

VI. SOURCES OF INFORMATION tcno .,.cilie••'•••••••·•·P··"''•'•'••· u=•••••'t"•·••~><>n•J 

1. Permanent files, NC Solid and Hazardous Waste Mgrnt. Branch, CERCLA Unit, Raleigh, NC. 
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~EPA 

POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

SITE INSPECTION REPORT 01 STATE 102 SITE NUMBER 

PART 7 ·OWNER INFORMATION NC D981478480 . 
II. CURRENT OWNER(S) PAREHTCOMPANYfll_,__l I 
~~NAME 02 O+B NUMBER 08 NAME 0!1 O+B NUMBER 

DUke Power Co. 
03 STREET ADDRESS r.o.o. &or, IIFD t, ore./ 104SICCOOE 10 STREET ADDRESS r.o.o. &or. liFO'· oro.J I'' SIC CODE 

P.O. Box 33189 
I 

OS CITY ·reSTATE 07 ZIP CODE 12 CITY r3 STATE UZIPCOOE 

·charlotte NC 28242 
01NAME 02 0+8 NUMBER 08 NAME 09 D+ B NUMBER 

I 
I 03 STREET ADDRESS 1.0.0. &or,IIFD 1, orc.J r4SICCO~ 1 0 STREET ADDRESS r.o.o. &or. liFO'. orcJ I"SICCOOE 

OS CITY reSTATE D7 ZIP CODE 12 CITY T3STATE 14 ZJPCOOE . . 

01 NAME 02 0+ B NUMBER 08NAME 09 0+ 8 NUMBER .I 
I 03 STREET ADDRESS !P.O. &or, liFO,, ore.} 104SICCODE 10 STREET ADDRESS 11'.0. &oa,IIFD I, orcJ r1SICCOOE 

OS CITY reSTATE 07 ZJPCODE 12 CITY -r3STATE 14ZJPCOOE 

01 NAME 02 O+B NUMBER 08 NAME D90+BNUMBER I 
I 03 STREET AODRESSrP.O Boa,IIFDI. ore./ r4SICCODE 1 0 STREET ADDRESS (P.O. Boa, RFD ',ore./ J1SICCOOE 

O!>CITY . reSTAT 07 ZJPCODE 12 CITY r~STATE 14ZJPCOOE 

Ill. PREVIOUS OWNER(S) I!Ar,.,.r••e.,.rlinrl- IV. REALTY OWHER(S) rw~o~>~o: .. tmorrrKontrnl/ I 
01 NAME 02 0+8 NU~BER 01 NAME 02 0+ B NUMBER 

I 03 STREET ADDRESSrP.O. &or,IIFDt,ore./ I 04 SI.C CODE 03 STREET ADDRESSri'.O.Boa,IIFDt,otcJ ·I 04 SIC CODE 

0!> CITY reSTATE 07ZIPCODE O!>CITY 
.106STATE 07ZJPCODE 

01 NAME 02 O+B NUMBER 01NAME 02 O+B NUMBER I 
I 03 STREET ADDRESS !P.O. Boa. IIFD I. ore.} 104SICCODE 03 STREET ADDRESS 11'.0. Bo<, IIFD 1. orcJ 104SICCODE 

05 CITY reSTA~ 07 ZIP CODE 05CITY reSTATE OTZIPCODE 

01 NAME 02 0+ B NUMBER 01 NAME 02 D+B NUMB~R I 
Q3 STREET ADDRESS (P.O. Boa,IIFQ.I. ore./ r~SICCODE 03 STREET AODRESS(I'.O. &or, liFO I, otc.J 104SICCOOE -

O!>CITY - reSTATE 07ZIPCODE 05 CITY reSTATE 07 ZJPCODE 

V; SOURCES OF INFORMATION rc .. wo.wc '"'•••roc••· o.o .. 11110 '""'· aomc~o .,,.,,,,., ropona1 

I 
I 

As previously cited. . I 
I EPA FORM 2070-13(7·61) 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

$EPA SITE INSPECTION REPORT 01 ST.C.TE,02SITE~UMBER. 

PART 8 ·OPERATOR INFORMATION NC D981478480 

II. CURRENT OPERATOR tPmr'Jdt 'cNtf .,., II'Oifl • .,.,., OPERATOR'S PARENT COMPANY fit..,,. ... ,., 

I· 
I 

01 N.c.ME 
r2 O~B N~MB.ER·. 10N.C.ME I" O+BNUM~ER. 

Toddville Operations Center Duke Power Co. 
03 STREET AtiDRESS (1'.0. Bor.IIFD I. ere.} I 04 SIC CODE. 12 STREET ADDRESS fP.O. Bor.IIFOI.erc.J 13SICCODE 

610 Toddville Road P.O. Box 33189 
OS CITY · r6S!I'.TEr7ZIPCOOE u c:rTY r5 STI'.TEr 6 ZIP CODE 

Charlotte NC 28242 Charlotte NC 28242. 

I 
I 

08 YEI'.RSOF OPERATION I 09 NI'.ME OF OWNER 
.. 

I 
Ill. PREVIOUS OPERATOR(S)tL.IsllftOOirKonllllt:P'D""'•only;tlllletOn!lrom_,.., PREVIOUS OPERATORS' PARENT COMPANI.ES rrt-a~>~eJ 

01 N.c.ME . r2 0+8 NUMBER 10N"ME r1 O+BNUMBER. I 
03 STREET ADDRESS /1'.0. Bo._IIFOI. ore.} r4SICCOOE 1 2 STREET ADDRESS /P.O. Bo<.IIFD '·ore.} 13 SIC CODE 

OS CITY rs s~ "TE I D7 ZIP C<?DE 
14CITY r5STI'.TE,16ZIPCOOE I 

08 YEARS OF OPf'l" TION I 09 NAME OF OWNER DURING THIS PERIOD 

I: 
01 NI'.ME r2 D+B NU~BER 10NI'.ME -111 Do+ B NUMSER. 

03 STREET I'.CDRESS(P.O. Boz.IIFDI.ere.} r4SICCODE 12 STREET ADDRESS fi'.O. Bo._II~DI. ot~.l 13SICCODE 

.. 
I 

CSCITY r6ST.ATJ07 ZIP CODE 14 CITY r~STATEr6ZIPCODE I 
06 YE'.ARS OF OPERI'. TION I 09 NAME OF OWNER ~URING THIS PERIOD 

01 NAJ.:E r2 0+ B NUMBER 10NAME I,, O+B NUM!lER 

.. 
I 

03 STREET AOORESSri'.O. Bo<.IIFDI. ere.} 104SICCODE 1 2 STREET ADDRESS (1'.0. Bo•. IIFD 1. ore.} r3SICCOOE I 
OS CITY r6STATE,07 ZIP CODE UCITY r5STATEI'6 ZIP CODE . ' 

0~ YEAAS OF OPER ... TION. I 09 ~I'.ME OF OWNER DURING THIS PERIOD 1-
1'1. SOURCES OF INFORMATION rCJr• opKIIJc reto•oncea. e.g .• or•r• ,..,. ump~o ..w,,,.. ••Dort~l I 

As previously cited. 

I 
I 
I I 
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I 
POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

~EPA ·siTE INSPECTION REPORT 01 STAT£,02SITENUMBER • . .. 
PART 9 • GENERATORITRANSPORTER INFORMATION 

NC D981478480 
.. I 

II. ON·SITE GENERATOR .. .. 

I 
01NAME 02 0+8 NUMBER 

03 STREET ADDRESS (P.O. Bo.l, fiFO I, ore.} 104SICCODE 

OS CITY re STATE 07 ZIP CODE I 
Ill. OFF·SITE GENERATOR(S) 
01 NAME 02 O+B NUMBER 01 NAME 02 D+B NUMBER I 

I 03 STREET ADDRESS (P.O. So .. fiFOI,oteJ 104SICCODE 03 STREET ADDRESS {P.O. So•. "FOI, etc,J J04SICCOOE 

OS CITY reSTATE 07ZIPCODE OS CITY r!ISTATE 07ZIPCOOE 

01NAME 02 D+B NUMBER 01NAME 02 D+B NUMBER 

I 03 STREET ADDRESS (P.O. Bo.l, fiFO I, olcJ . I 04 SIC CODE 03 STREET ADDRESS (P.O. Bo•.IIFOI, etcJ 104SICCODE 

OS CITY reSTATE 07ZIPCODE OS CITY r6STATE 07ZIPCOOE 

IV. TRANSPORTER(S) I 
0\NAME 02 O+B NUMBER 01 NAME 02 D+B NUMBER 

I 03 STREET ADDRESS !P.O. so,, fiFO I, ole./ I o_• s1c cooE 03 STREET ADDRESS (P.O. 8o&, fiFOI,otc.} .I 04 SIC CODE 

OS CITY . r6STATE 07 ZIP CODE OS CITY reSTATE 07 ZIPCOOE 

.. I 
01 NAME 02 O+B NUMBER D1 NAME 02 0+ B NUMBER 

/ .-· 
/ 

03 STREET ADDRESS !P.O. Bo•.IIFO I, ole.) r4SICCODE 03 STREET ADDRESS tP.O.I!D•. fiFOI,oiC.} . r•srccoo: 
.. 

I 
I OS CITY re STATE 07 ZIP CODE . OS CITY re S_T ATE 07 ZIP CODE 

I 
v. SOURCES OF INFORMATION rc .. IPocJI<C ••I•••····· o.p., ••••• ,. ................ ,. ... roportl) 

I 
I 
I . . 
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a EPA 
POTENTIAL HAZARDOUS WASTE SITE 

SITE INSPECTION REPORT 
PART 10 ·PAST RESPONSE AClWITIES 

II. PAST RESPONSE ACTIVITIES 

01 0 A. WATER SUPPLY CLOSED 02DATE 
04 DESCRIPTION 

01 0 B. TEMPORARY WATER SUPPLY PROVIDED 02DATE 
04 DESCRIPTION 

01 0 C. PERMANENT WATER SUPPLY PROVIDED 02DATE 
04 DESCRIPTION .. 

01 0 D. SPILLED MATERIAL REMOVED 02 DATE 
04 DESCRlPTION 

01 0 E. CONTAMINATED SOIL REMOVED 02DATE 
04 DESCRIPTION 

01 0 F. WASTE REPACKAGED 02DATE 
04 DESCRIPTION 

01 0 G. WASTE DISPOSED ELSEWHERE 02DATE 
04 DESCRlPTION 

01 0 H. ON STTE BURIAL 02DATE 
04 DESCRIPTION 

-

01 0 I. IN SITU CHEMICAL TREATMENT 02DATE 
04 DESCRIPTION 

01 0 J. IN SITU BIOLOGICAL TREATMENT 020ATE 
04 DESCRIPTION 

01 0 K. IN SITU PHYSICAL TREATMENT 02DATE 
· 04 DESCRIPTION 

01 0 L ENCAPSULATION 02DATE 
04 DE~RIPTION . 
01 0 M. EMERGENCY WASTE TREATMENT 02DATE 
04 DESCRIPTION 

01 0 N. CUTbFF WALLS 02DATE 
04 DESCRIPTION 

01 0 0. EMERGENCY DIKI~G/SURFACE WATER DIVERSION 02DATE 
04 DESCRIPTION 

01 0 P. CUTOFF TRENCHES/SUMP 020ATE 
04 DESCRIPTION 

01 0 0. SUBSURFACE CUTOFF WALL 02DATE 
04 DESCRIPTION 

EPA FORM 2070.1 317·81) 
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03AGENCY 

03AGENCY 

03AGENCY 

03AGENCY 

03AGENCY 

03AGENCY 
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03AGENCY 

03AGEt:!CY 

03AGENCY 

03AGENCY 

. 03AGENCY 

· 03AGENCY 

03AGENCY 

03AGENCY 

03AGENCY 

03AGENCY 

I. IDENTIFICATION 

01 ST"TI:I02 SITE NUMB;ER 

NC D981478480 .. 
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&EPA 
POTENTIAL HAZARDOUS WASTE SITE l.JDENTJFJCATION 

SITE INSPECTION REPORT 01 STAIJ 02 SliE NUMSER 

I PART 10 ·PAST RESPONSE ACTIVITIES NC D981478480 . 
II PAST RESPONSE ACTIVITIESte..,r"-<fJ 

01 0 R. BARRIER WAU.S CONSTRUCTED 02DATE 03AGENCY 

I 
04 DESCRIPTION 

01 0 S. CAPPING/COVERING 02 DATE 03AGENCY 

I 
04 DESCRIPTION 

01 0 T. BULK TANKAGE REPAIRED 02DATE 03AGENCY 
04 DESCRIPTION 

I 01 0 U. GROUT CURTAIN CONSTRUCTED 02 DATE 03AGENCY 
04 DESCRIPTION 

I 01 8 V. BOTTOM SEALED 020ATE 03A~ENCY 
04 DESCRIPTION 

I 01 0 W. GAS CONTROL 02 DATE 03AGENCY 
04 DESCRIPTION 

.. 

I 01 0 X. FIRE CONTROL 02 DATE 03AGENCY 
04 DESCRIPTION 

I 01 0 Y. LEACHATE TREATMENT 02 DATE 03AGENCY 
04 DESCRIPTION 

I 01 0 Z. AREA EVACUATED 02DATE 03AGENCY 
0~ DESCRI~TION 

\I 
01 0 1. ACCESS TO SITE RESTRICTED 02DATE 03AGENCY 
04 DESCRIPTION 

01 0 2. POPULATION RELOCATED 020ATE 03AGENCY 

I 
04 DESCRIPTION .. 

01 0 3. OTHER REMEDIAL ACTIVITIES 02DATE 03AGENCY 

I 
04 DESCRIPTION 

I 
I 
I Ill. SOURCES OF INFORMATION tCir•rt>ocdctot•••~•••· t p .• ll•t• , .. ,: u"''>>• •M'""· topo•ul 

·. 

I 
I"" FORI.I 2070·13 (7·81) 



&EPA 
II. ENFORCEMENT INFORMATION 

·.POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT 

PART 11 -ENFORCEMENT INFORMATION 

01 :OAST REGULATORY/ENFORCEMENT AC'TlON 0 YES ]z{NO 

OZ OESCR!PTION OF FEDERAL, STATE, LOCAL REGULATORY/ENFORCEMENT ACTION 

IlL SOURCES OF INFORMATION tC•• ao.c•.c•••••oneoa, o.p., ,,.,, '"'· ''""''''""''''· '""""') 

EPA FORM 2070.13 (7·81) 
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I. IDENTIFICA. TION 
01 STATEI02 SITE NuMaER 

NC D981478480 
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Appendix E 

Site Safety Plan 
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SITE SAFETY PLAN 
A. GENERAL INFORMATION 

Site Name Toddville Operations Center 
Location 610 Toddville Road 

Charlotte NC 

Purpose of Visit _____ ....;PA __ .;;.;;X __ ...:SI 

Site Number NC D981478480 
Date 9/29/86 

___ Other 

Proposed Date of Inspection --=1=1~/~19~/~8~6~----------

Date of Briefing ---=1=1/~1~8/~8~6~--------

Priority Ranking -----
Site Investigation Team 

Personnel 

Stan Atwood 

Jack Butler 

Cheryl McMorris 

Low X Medium ----High 

Responsibilities 

Sampling 

Sampling 

Sampling 

PLAN PREPARATION: C1 H 
Prepared By -------L----~~--+-~---------------

11 Approved By --~~~~~~~~~~--------------

II 
I 
II 
I 
I 
II 
I 
I 

B. SITE/WASTE CHARACTERISTICS 

Waste Type(s) Solid ---X Liquid __ ....;Sludge ___ Gas 

Characteristics ____ Corrosive ____ Ignitable Radioactive ___ .....; 
Reactive Other ___ _.....; Volatile X Toxic ----

List Known or Suspected Hazards (physical,chemical biological or radioactive) 
on Site and their toxicological effects. Also, if known, list chemical amounts 

HAZARD EFFECT(S) 
PCB's mild hydrocarbon odor, irritating to eyes and 

skin, see attached sheets for more information 
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Facility Description: Size 115 acres Buildings --~1~w~a~r-e~h~o~u~s-e~----

Disposal Methods Being Investigated --~s~u~r~f~a~c~e~c~o~n~t~a~m~i~n~a~t~i~o~n~------------------

Unusual Features on Site (dike integrity, power lines, terrain etc.): 

History of the Site: For approx. 30 years this site has been used by Duke 

Power. An area of several acres has been used to store capacitors and 

transformers. In the past the capacitors and transformers were reported to 

contain fluid with high concentrations of PCB's. There is no record of burial 

on this site. 

C. HAZARD EVALUATION 

Sampling is to include well samples, surface and subsurface soil samples and 

surface run-off water. The wells will be uncapped by Duke Power personnel. 

All sampling on this site can be done in Level D. Skin and clothing protection 

will be worn when collecting soil and surface water samples. Goggles will also 

be worn for any sample collected where acid is used as a preservative. 

D. WORK PLAN INSTRUCTION 

Map or Sketch Attached? --~N~o __ __ 
Perimeter Identified? --~N~o ____ _ 
Command Post Identified? No 
Zones of Contamination Identified? No 

Personal Protective Equipment 

Level of Protection ----~A 
______ .B ______ c 

---=X--~D 

Modifications Protection for skin and clothing while collecting soil and 

surface water samples: saranex tyvek, boots, PE gloves. 



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

Surveillance Equipment: 

------- H Nu 
Explosimeter 

Detector Tubes and Pumps 
02 Meter 

------- TLD {Radiation Monitor) 

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. 

Segregated equipment drop. boot and glove wash, boot and 
glove rinse. 

Modifications --~d~i~s~p~o~s~e~o~f~t~r~a~s~h~o~n~s~i~t~e~i~f~p~o~s~s~1~·b~l~e~·--------------------------

Work Schedule/ Limitations Auger sampling should be done in teams of two. 

EMERGENCY PRECAUTIONS 

Acute Exposure Symptoms 

eyes 

skin 

inhalation 

ingestion 

First Aid 

flush with water 

soap and water wash 

fresh air and artificial resp. 

medical attention 
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Hospital (Address and Phone Number) 

Mercy Hospital (704) 379-5827 

2001 Vail Avenue, Charlotte, NC 

Emergency Transportation Systems (Phone Numbers) 
Fire use 911 

Ambulance use 911 

Rescue Squad --~u=s=e~9~11~------------------------
Emergency Route to Hospital Take Toddville Rd. back to Hwy. 27. Take Hwy. 27 

I into Charlotte. Freedom Dr. & Independence Blvd. come together (called 

Independence Blvd.). Take the east Morehead St. exit ((Hwy. 521). Take a 

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

left onto Queen's Road, this becomes Hawthorne. Take a right onto 5th st. 

Hospital will be on the right. SEE ATTACHED MAP. 

PREVAILING WEATHER CONDITIONS AND FORECAST Partly cloudy with highs in the 60's 

and lows in the 40's. 

EQUIPMENT CHECKLIST 

Air purifying respirator 
Cartridges for respirator 
3M 8710 Respirator 
02 Indicator 

------- Detector Tube & Pump 
--~X~-- Eye Wash Unit 

H Nu ------- pH Meter 
Explosimeter 

_______ Radioactive Monitor 

X First Aid Kit 
X 3 gal. Distilled H20 

--~X~--- Personal Protective 
Clothing 

--~x _____ Boots or Boot Covers 
X Coveralls (tyvek) 
X Eye Protection 

-------- Hard Hat 
-------- Decontamination 

Materials. 
Poison Control Center - State Coordinator 

ASHEVILLE 
704-255-4490 

CHARLOTTE 
704-379-5827 

DURHAM 
1-800-672-1697 

GREENSBORO 

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 

HENDERSONVILLE 
704-693-6522 

Ext. 555, 556 

HICKORY 
704-322-6649 

JACKSONVILLE 
919-577-2555 

WILMINGTON 

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 
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CHLORODIPHENYL / 189 

I. CHEMICAL IDENTITY· 
Common name: Chlorodiphenyl (42% chlorine) 
Formula: C..Jt9CJ., (approxim.at('~Y) 
~f\\111\S rt;t~cl\IOf"anatcxf btphe.f\Yk .PC.B 
CA'$~t:Xt .t~~ 
·C.nrcino&-ren: IARC animal, positive· 

II. REGULATORY INFORMATION 
Hazardous substance: EPA. 
Hazardous waste: EPA 
DOT Hazard Class: ORM-E .· 

Ill. PHYSICAL CHARACTERISTICS 
Boiling point: 325-366 C (617-691 F) 
Specific gravity: 1.38 \ 
Vapor density: At boiling point, 8.9 
Melting point: -19 C (-2 F) 
Vapor pr~ssure: at 20 C, 0.001 mm Hg 
Solubility in water: at 20 C, insoluble 
Evaporation rate: Much less than 1 . 
Appearance and odor: Colorless to 

. ~ydrocarbon odor. 

IV. PHYSICAL HAZARDS 
Flash' point: 176 C (349 F) · 

dark liquid with 

Autoignition temperature: None to boiling point 
Flammable limits in air(% by vol.): Data not available. 
Extinguishants: Foam, dry chemical, carbon dioxide. 

V. HEALTH HAZARDS 

a mild 

Irritation of the eyes, nose, and throat, and an acne-like rash. May 
also injure liver. Repeated skin contact may cause skin irritation. 
Has caused liver tumors and adverse reproductive effects in 
experimental animals . 

VI. EMERGENCY FIRST AID 
Eyes: Wash with large amounts of water, lifting the lids occasional­

ly. Get medical attention as soon . as possible. Do not wear 
contacts when working with the substance. 

Skin: Wash with soap· or mild detergent. Remove contaminated 
clothing. If there is skin irritation, get medical attention. 

Breathing: Move patient to fresh air. Perform artificial respiration 
if needed. Keep patient warm and at rest. Get medical attention 
as soon as possible. 

! . 

,. 

,. l 
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.._,,~ .. 11CAL SAFETY 1JA'l'A 

Swallowing: Get medical attention immediately. If not available, 
induce vomiting mechanically with finger or by giving syrup of. 
ipecac. 

VII. PERMISSIBLE EXPOSURE LIMIT 

OSHA TWA: 1 mg/m3 

ACGIH STEL: 2 mg/m3 · 

IDLH: 10 mg/m3 

VIII. PRECAUTIONS FOR USE AND SAFE HANDLING 

. ... 
:t·•. 

Conditions contributing to instability: Heat. 
Incompatibilities: Contact with strong oxidizers may cause fires and 

explosions. . · 
Hazardous decomposition products: Toxic gases (such as hydrogen 

chloride and carbon monoxide) may be released in a fire. 
Special precautions: Will attack some forms of plastics, rubber, and 

coatings. 

.. 
IX. SPILL, LEAK, AND DISPOSAL PROCEDURES 

Persons not wearing protective equipment and clothing should stay 
out of spill area. Remove all ignition sources .. Ventilate area. 
Reclaim or collect by absorbing in vermiculite, dry sand, earth, or 
a similar material. · 

·i :·· 

X. PROTECTIVE EQUIPMENT 

Impervious clothing, gloves, face shields (eight-inch minimum) to 
prevent prolonged or repeated skin contact. Contaminated cloth­
ing should be removed and not reworn until cleaned. Splash-proof 
safety goggles where there i~ danger of eye contact. ~, · .· · 

Respirators­
;' • ' ~ •• r •. 

< 10 mg/m3
: SAF; SCBAF 

>10 mg/m3
: SCBAF:PD, PP; comb SAF:PD, PP,CF.w/SCBA:PD, 

pp . ' 
.\ 

Fire fighting: SCBAF:PD, PP 
Escape: Any gas mask providing 

escape SCBA. 
protection against , pesticides;. 

,;• 

I. CHEMICA 

Cornmonnm 
Formula: C12 

Synonyms: P 
CAS No.: 13v 
Carcinogen: 

II. REGULAT 

Hazardous s 
Hazardousw 
DOT Hazard 

Ill. PHYSICA 

Boiling point 
Specific gravi 
Vapor densit 
Melting poin 
Vapor pressu 
Solubility in 
Evaporation 1 
Appearance 

hydrocarbo 

IV. PHYSICA 

Flash point: 2 
Autoignition 
Flammable li 
Extinguish an 

V. HEALTH H 

Irritation oft 
also injure 

VI. EMERGEN 

Eyes: Wash\ 
ly. Get rn 
contacts wh 

Skin: Wash 
clothing. If 

Breathing: M 
if needed. 
as soon ns 1 
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CHLORODIPHENYL / 191 

I. CHEMICAL IDENTITY· ' .... ·: 

Common name: Chlorodiphenyl (54% chlorine) 
Formula: Ct:HsCls {approximately) 
Synonyms: Polychlorinated biphenyl; PCB 
CAS No.: 1336-36-3 
Carcinogen: IARC animal positive·.· 

II. REGULATORY INFORMATION 

Hm·.ardous substance: EPA 
Hazardous waste: EPA 
DOT Hazard Class: ORM-E 

. ' I • 

'. 

Ill. PHYSICAL CHARACTERISTICS 

Boiling point: 365-390 C (689-734 F) 
Specific gravity: 1.5 
Vapor density~ At boiling point, 11.2 
Melting point: 10 C (50 F) (pour point) 
Vapor pressure: at 20 C, 0.00006 mm Hg 
Solubility in water: at 20 C, insoluble 
Evaporation rate: Much less than 1 
Appearance and odor: Pale yellow· viscous 

·hydrocarbon odor .. 

IV. PHYSICAL HAZARDS 

Flash point: 222 C (432 F) 

liquid with a mild 

Autoignition temperature: None to boiling point 
Flammable limits in air(% by vol.): Data not available 
Extinguishants: Foam, dry chemical, carbon dioxide. 

·.· 

V. HEALTH HAZARDS 

Irritation of the eyes, nose, and throat, and an acne-like rash. May 
also injure liver. Repeated skin contact may cause skin irritation. 

VI. EMERGENCY FIRST AID 

Eyes: Wash with large ~ounts.ofwater, lifting the lids occasi~nal­
ly. Get medical attention as soon as possible. Do not wear 
contacts when working with the substance. 

Skin: Wash with soap or mild detergent.· Remove co'ntaminated 
clothing. If there is skin irritation, get medical attention.· 

Breathing: Move patient to fresh air. Perform artificial respiration 
if needed. Keep patient warm and at rest. Get medical attention 
as soon as possible. 
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Swallowing: Get medical attention immediately; If not available, 
induce vomiting mechanically with finger. o_r .bY giving syrup, of 
ipecac. . . . .. ~ .. ··!·:· , .. ' . .':. · .. ·' ·i 

VIII. PRECAUTIONS FOR USE AND SAFE HANDLING 

Conditions contributing to instability: Heat. 
Incompatibilities: Contact with strong oxiruzers may cause fires and 

explosions. . . 
Hazardous decomposition products: Toxic gases (such as. hydrogen 

chloride and carbon monoxide) may be released in a fire. , : . 
Special precautions: Will attack some forms of plastics, rubber,·and 

coatings. ,. · . \ •, · ... · .. :. , 
, f ': .'.- .;.:._. -._ •• 

IX. SPILL, LEAK, AND DISPOSAL PROCEDURES ; :. : ;. . .· ; • . . . . . 

Persons not wearing protective equipment and clothing should stay 
out of spill area. Remove all ignition sources. Ventilate area. 
Reclaim or collect by absorbing in vermiculite, dry sand, earth, or 
a similar material. , . : .. . . . .. . . ; . , . . ... 

· X. PROTECTIVE EQUIPMENT 

• 

Impervious clothing, gloves, face shields (eight-inch 'minimum) to 
prevent prolonged or repeated skin contact. Contaminated cloth­
ing should be removed and not reworn until cleaned. Splash-proof 
safety goggles where there is danger of eye contact ... ; .: •' .. ,i ,. 

. J : I ' • ' ' • • I : o;' • ' • I )' ~- ,. o ~ : ! • ./ ,~ ' -' ( ! "• • • • ' ; / J;. • o ' l d 

Respirators-

<6 mg/rrl3:.SAF; SCBAF -· - :-·~ _. · ~-·· _: .. : .··,·. .. . 
>5 mg/m3

: SCBAF:PD, PP; comb SAF:PD, PP,CF w/SCBA:PD, PP 
Fire fighting: SCBAF:PD, PP . . . . . . . ·• . . . :: . • . 
Escape: Any gas mask providing . protectio~· against· pesticides; 

escape SCBA. . . . . . ·,., · .: ._., ... 
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