


Statistical analyses of the data in Table 8 were done in an attempt to identify the 
possible sources polluting the drinking water supplies. This information is given in Table 9. 
The consumer in general was not conscious about the quality of water he was using, but his 
income had a strong significant correlation (Table 9) with the age of plumbing system and 
the amount of lead in his drinking water. The data of Table 9 indicate that low income 
families generally live in old homes. The use of lead in new home plumbing is strongly 
discouraged by health authorities but it is quite possible that many of the old homes still 
have lead, somewhere, in the plumbing systems responsible for unacceptable lead 
concentrations in some of the waters of low income families. Though hydrogen ion 
concentration did not have any pronounced effect on the iron or manganese content of 
water, the lead concentrations in water increased with increasing hydrogen ion 
concentration. The cadmium content of waters, drawn from old houses, was also 
comparatively high, lending support to the argument (70) that soft water may dissolve 
substantial amounts of cadmium from galvanized pipes in old homes. The data of Table I 0 
suggest that the type of material used in the plumbing services affects water quality. The use 
of plastic pipes in comparatively new homes and possible replacement of some of the rotten 
metal pipes in older homes, improved the quality of water with respect to its contamination 
by lead and cadmium. It can be surmised from the information presented in Tables 9 and I 0 
that at least part of the lead and cadmium got into waters by the corrosion of antiquated 
plumbing systems. Though mercury was detected in 80.9% of the water samples tested, it 
did not bear any significant correlation with water supply well �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�~�e�p�t�h �,� septic 
tank �d�i�s�t�a�~�e�,�e�t�c�.�-�s�u�g�g�e�s�t�i�n�g� that its polluting source may lie outside these factors. The 
analysis of data indicates that high level mercury water samples, generally, came from a 
specific area, figure 6, around Cheraw which has a few textile yarn, ball bearing and tool 
manufacturing plants in the vicinity of the Pee Dee River. 

The presence of manganese in water was iron dependent. There was a significant 
decrease in water iron content as water supply depth increased. There is a negative 
correlation between the income and iron content and a positive correlation between family 
income and well depth, suggesting that high income families tapped deeper water sources, 
generally low in iron and manganese. 

The nitrate, phosphate, chloride and arsenic concentrations of waters generally 
decreased significantly as the distance of the supply source from the septic tank increased. It 
has been reported (69) that septic tank groundwater pollutants can diffuse up to 800 feet 
within 17 hours. This is of special importance for arsenic, contained in substantial 
concentrations (71) in synthetic detergents. Groundwater pollution by septic tanks has been 
reported to be widespread (72) and the data of Table 9 suggest the septic tank as a possible 
source of arsenic in the drinking waters of the rural communities. 
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TABLES 

CHEMICAL AND PHYSICAL CHARACTERISTICS OF DRINKING WATERS 
FROM CHESTERFIELD COUNTY 

Standard Percent Mandatory Percent Exceeding 
Component, ppm Mean, ppm Range, ppm Deviation, ppm Occurrence Health Limit, ppm Health Limits 

Arsenic 0.0638 o.o- 0.617 0.0983 91.2 0,05 45.6 

Cadmium 0.000387 o.o- 0.0032 0.0000844 25.0 0.01 0 

Chloride 7.28 o.o- 54.0 8.63 98.5 250 0 

Copper 0.219 0.0-1.56 0.210 93.6 0.05 1.6 

Fluoride 0.400 o.o- 13.83 1.598 87.6 0.8 22.8 

Iron 0.906 o.o- 12.54 1.827 98.9 0.3 60.7 

.., 
'D Lead 0.0210 o.o- 0.180 0,03113 98.7 0.05 10.3 

Manganese 0.0802 o.o- 0.250 0.0869 92.1 0.05 14.7 

Mercury 0.0087 o.o- 0,076 0.0112 80.9 0.01 13.2 

Nitrates 0.0937 o.o- 13.76 1.811 96.3 45 0 

Phosphate 0.571 o.o- 18.54 1.535 96.3 

Sodium 6.40 0,3- 162.0 14.40 100.0 

Solids 128.5 7- 491 100.1 100.0 500 0 

Zinc 0.823 0- 6.40 3.34 97.4 5 1.6 

------------------------------------------------------------------------------------------------------------------
pH 6.30 4.2-7.8 0.59 ---- 4-8 0 

Turbidity 5.89 0- 97 .s 12.36 85.6 5 25.1 

Units 

lt. Molar 1.59 X 10-6 6.3xlo-5 - 1.58xlo-8 5.11 x to-6 



TABLE9 

LINEAR REGRESSION ANALYSIS OF DATA IN TABLE 8 

Correlation-
X y Coefficient 'r~ S1oee ~.,~ Interceet ~Y~ 

SiS!!ificant at P • 0.01 

Fe (ppm) Depth (ft} -0.225 -3.63 58.5 ft 
Hydrogen Ion (mo1es/L) Pb (ppb) 0.433 1.50 X 106 0.062 ppb 
Fe (ppm) Mn (ppm) 0.261 0.012 0.07 ppm 
Turbidity (unots) Fe (ppm) 0.189 0.657 0.14 ppm 
Income ($/yr) Age (yr) -0.300 -0.116 854 yr 

SiS!!ificant at P = 0.05 

w Income ($/yr) Pb (ppb} -0.288 -4.62 X 10-3 51.2 ppb 0 

Distance, ST* (ft) Chloride (ppm) -0.156 -0.96 103.4 ppm 
Distance, ST* (ft) Nitrate (ppm) -0.183 -1.95 118.0 ppm 
Distance, ST* {ft) Phosphate (ppm) -0.187 -4.30 92.5 ppm 
Distance, ST* {ft) Arsenic {ppm) -0.358 -1.90 99.4 ppm 

Non-SiS!!ificant Correlations 

Depth (ft) Income {$/yr) 0.081 7.23 5300 $/yr 
Income ($/yr) Iron (ppm) -0.056 -11.63 4 70.35 ppm 
Income ($/yr) Cadmium (ppb) -0.026 -3.7x1o- 12.50 ppb 
Income ($/yr) Arsenic (ppm) -0.116 -0.0031 8.52 ppm 
Distance, ST* (ft) Mercury {ppb) -0.097 -0.019 9.4 ppb 
Distance, PL* (ft) Chloride (ppm) -0.067 -0.010 46.7 ppm 
Distance, PL* (ft) Nitrate (ppm) -0.070 -0.13 57.4 ppm 
Distance, PL* (ft) Phosphate (ppm) -0.064 -0.97 90.0 ppm 
Distance, PL* {ft) Arsenic (ppm) -0.121 -0.52 18.1 ppm 
Lead, {ppm) Depth (ft) -0.196 -0.128 30.6 ft 
Mercury (ppb) Depth (ft) -0.076 -0.023 9.0 ft 
Age (yrs) Cadmium {ppb) 0.195 3.02 X 10-2 1.3 ppb 

*ST - Septic Tank 



TABLElO 

LEAD AND CADMIUM CONCENTRATIONS AS AFFECTED BY THE TYPES OF PLUMBING MATERIAL 

Plumbing Mean Age, 
Concentration Parts Per Billion ~eeb~ 

Cadmium Lead 
Material Yeara Mean Range Standard Mean Range -Standard 

Deviation Deviation 

~ 
Metal 10.2 20.7 0- 163 29.7 .81 0- 9.0 16.3 
75% Galvanized 

5,5 18.7 0- 73 21.3 .23 0-2.9 0.6 
Plastic 
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Hampton study: A summary of the physical and chemical characteristics of rural potable 
water supplies tested from Hampton County is given in Table II. The majority of the waters 
in this county were slightly alkaline, having an average pH of 7. 7. Microlevels of nitrate, 

phosphate, chloride, fluoride, copper, sodium and zinc were observed but posed no health 
problem to the consumer. High levels of iron and manganese were observed in 41% and 34% 

of the samples respectively. The presence of these elements was a nuisance under certain 

conditions but was not detrimental to health. 

Hampton County samples showed a much lower occurrence of cadmium then did 

samples drawn from Georgetown and Chesterfield Counties. Arsenic levels above the 

mandatory health limit were seen in about 27% of the samples, which was a lower 

percentage than in Chesterfield County samples. Contamination by mercury was observed in 

nearly 17% of the samples, all of which were located in the vicinity of the town of Varnville, 
which is also the location of an electronics firm. Although no detailed study was made, it is 

suspected that the mercury contamination may be due to local factors, similar to those 

discussed in the Chesterfield County section. Lead was found, at least in trace amounts, in 

all the samples but did not exceed the health limits in any of them. 

A statistical analysis of the chemical data from Hampton County indicated the same 
general relationships seen previously in Georgetown and Chesterfield, Table 12. Iron 

concentrations were correlated with income levels, turbidity and the age of the well. 

Chloride concentration decreased with increasing septic tank-to-well distances. Arsenic and 

cadmium concentrations in waters showed a low level of negative sensitivity to increasing 

consumer income. The waters sampled from Hampton County were low in arsenic and lead 

as compared to the other two counties. This change may be related to slightly higher water 

pH in Hampton County. 

Pesticidal Contamination 

All the water samples analyzed in the present survey contained micro amounts of 

chlorinated hydrocarbon residues at the parts per trillion (ng/ I) levels as shown in Tables 
13, 14, and 15. The pesticidal residues found in the rural drinking water supplies were 

generally far below the accepted health standards ( 42, 43) and pose no health problem to 

the consumer. The data collected during this survey also point out that the pesticidal 

contamination of the rural water supplies is not as acute as what has been reported for some 
of the nation's surface waters (15). DDT was the most common residue with a 100% 

occurrence. It accounted for 88.9% of the residues in Georgetown County, 32.0% in 

Chesterfield and 29.5% in Hampton. Along with TOE and ODE it comprised 92.7%, 52.6% 

and 44.9% of the total residues in each county respectively. The summarized results in 

Tables 13, 14 and IS do not effectively reflect the differences in pesticidal contamination of 
rural water supplies between the three counties but when the original analytical data were 
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TABLE 11 

CHEMICAL AND PHYSICAL CHARACTERISTICS OF DRINKING WATERS 
FROM HAMPTON COUNTY 

Standard l!er<;Mt Mandatory Percent Exceeding 
Com2onent Mean1 l!l!m Ranse 1 1!1!!!! Deviation1 1!1!!!! Occurrence Health Limit1 1!1!!!! Health Limit 

Arsenic 0,0768 0-0.183 0.2227 90.9 0.05 27.3 

Cadmium 0.0005 0- 0,0013 0.0475 2.4 0,01 o.o 

Chloride 6,27 0- 55 7.40 99.0 250.0 o.o 

Copper 0.0608 0- 0,297 0.0760 97.0 0.05 o.o 

Fluoride 0.306 0-6.2 o. 720 96.0 0.8 6,0 

Iron 0.484 0- 3.66 0,536 99.0 0,3 41.0 

Lead 0.0014 0- 0.0175 0.0032 94.4 0.01 5.4 
..., 

Manganese 0.0431 0- 0.406 0,0479 86.0 0.05 34.0 "" 
Mercury 0.0016 0- 0,024 J.~7 96.7 0.01 16,7 

Nitrates 0.761 0,04- 3. 73 o. 726 100.0 45.0 o.o 

Phosphate 0.2046 0- 4.65 0.556 78.0 

Sodium 1.990 0- 1.60 3.618 99,8 

Solids 157.7 20- 356 63.4 100.0 500,0 o.o 

Zinc 0.354 0- 2.18 0,689 82.0 5..0 o.o 

pH 7.7 4.7-8.1 0.62 ---- 4-8 o.o 

Turbidity 3,99 0-48.7 6.57 92,0 5 19.0 
Units 



TABLE 12 

LINEAR REGRESSION ANALYSIS OF DATA IN TABLE 11 

Y•A+B•X+C•Z 
General Equation 

y A B X c z R@ 

Sia!!ificant at P • 0.01 

l"e, ppm 0.62 ppm 1.4 X 10-3 .21?!!! 
yr 

age of well, yr -0.020 p~ 
10 $/yr 

income, 
103 $/yr 

0.866 

Fe, ppm 0.27 ppm 1.69xl0-3 ~ H+ molesfl 0.062 ~ turbidity, 0.821 
moles 1 unit units 

"' 
Siznificant at P•0.05 

"' c1-, ppm 3.29 ppm -0.12 H!!! septic tank-to-well -------- -------- -0.679 
m distance, m 

Age, yr. 7.56 yr. -0.34 yr age of well, yr 0.33 E well depth, 0.611 
10-' $/yr m 

ID 

Significant at P • 0.10 

Pb, ppb 292 ppb -3.1 ~ well depth, m ------ ------ -0.444 
m 

As, ppb -7.81 ppb 9.2 eeb 
103 $/yr 

income, 103 $/yr ------ ------ 0.351 

Cd, ppb 0.40 ppb -o.o51 eeb 
103 $/yr 

income, 103 $/yr ------ ------ 0.337 

@ Multiple Regression Coefficient 



subjected to statistical analysis- Wilcoxon-Mann-Whitney test (WMW)_ (72), the lindane, 

dieldrin, mirex and total residue levels in water samples drawn from Hampton County were 

significantly higher, at P = 0.0 I. This is especially true of large, commerically run 

agricultural areas. It may be added here that such farms also showed significantly higher 

levels of DDT group, Tables 16, 17 and 18. 

In uncultivated forested areas the total pesticides found in the waters are statistically 

(WMW test) about the same. The waters from Hampton County showed greater 

concentrations of lindane, dieldrin and mirex with correspondingly lower residues for the 
DDT group. The water samples from Georgetown County showed lower concentrations of 

heptachlor but higher levels of DDT group as compared to the other two counties. The most 

striking difference was seen in the case of residential areas. Hampton County waters showed 

higher residue levels for almost every pesticide studied as compared to the water samples 
drawn from Chesterfield and Georgetown. 

The higher residue levels in Hampton County are of concern because the information 
received from the County Extension Services (57) showed that the amount of pesticides, 
particularly DDT and aldrin, used per acre during the last ten years was generally higher in 

Chesterfield County. Since DDT, lindane and dieldrin are the most common pesticide 
residues found in surface waters (IS). It is conceivable that much of the pesticidal residues 

detected in Hampton may have been brought into this area by the incoming surface water. 

Pesticidal pollution of the Savannah River has been reported as early as 1967 (73) and may 

be one of the sources contributing to the local water pollution problems. The higher mirex 

residue in the potable waters of Hampton County may be due to the extensive local use of 

this insecticide for ftre ant control programs (74). 

In order to postulate on the mode of entrance of the pesticidal residues into the well 

water, the samples were divided into different groups depending on the type of well 

construction. The larger (75%) group was the "covered" wells which were generally over 20 

meters in depth, had some type of electrical pumping unit and a solid heavy covering such as 
a metal cap or concrete slab. The only other large group (20%) was the "open" wells which 

seldom exceeded I 5 meters in depth, generally had hand operator delivery systems and had 

little or no protective covering. A statistical (WMW) analysis of the data, summarized in 
Tables 19, 20 and 21, indicated higher residue levels of DDT, dieldrin and lindane in the 

covered wells of all counties. The covered wells of Hampton County also showed higher 

mirex residue levels. The covered wells of Georgetown County had higher concentrations of 
heptachlor- significant at P = 0.1. These results tend to suggest that percolating surface 

water was of little consequence as a pesticidal source directly responsible for polluting the 

groundwater well supplies. Numerous studies have shown that leaching of organochloride 

pesticides through the soil is highly unlikely (47,51,75), but may occur to a very limited 
degree under certain conditions (48,76). Several statistical tests were performed in order to 
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TABLE 13 

ORGANOCHLORIDE PESTICIDE RESIDUE IN POTABLE WATER SUPPLIES 
OF RURAL GEORGETOWN COUNTY, SOUTH CAROLINA 

Comeound Occurrence '7, Mean nz/1 Median nz/1 Ranze nz!l 

Lindane 57.2 3 ND ND- 20 

Heptachlor 47.7 12 ND ND - 127 

Heptachlor 38.1 5 ND ND- 55 Epoxide 

Aldrin 85 . 8 25 10 ND - 178 

Dieldrin 38.1 4 ND ND- 48 

DDT 100.0 542 215 ND- 3079 

DDE 33.4 6 MD ND- 32 

TDE 57.2 17 ND ND- 209 

Methoxychlor o.o --------
Mirex 19.1 @ MD ND- 14 

Total Residue 609 258 23 - 3531 Per Sample 

MD - Not Detected, less than 10 ng/1 
could not be precisely quantified. 

@- less than 3 ng/1 average 
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TABLE 14 

ORGANOCHLORIDE PESTICIDE RESIDUE IN POTABLE WATER SUPPLIES 
OF RURAL CHESTERFIELD COUNTY, SOUTH CAROLINA 

'omi!ound 1. Occurrence Mean n&£1 Median ns/1 Ranse nfj/1 

Lindane 58.3 23 10 ND- 193 

Heptachlor 62.5 15 ND ND • 159 

Heptachlor 41.7 8 ND ND- 90 Epoxide 

Aldrin 58.3 17 ND ND- 191 

Dieldrin 37.5 55 ND ND- 153 

DDT 100.0 261 57 ND- 3307 

DDE 29.2 17 ND ND • 200 

TDE 83.3 284 39 ND- 4333 

Methoxychlor 45.8 33 ND ND- 312 

Mirex 12.5 @ ND ND- 30 

To tal Residue 
Per Sample 715 164 34 - 8513 

ND- Not Detected, less than 10 ng/1 
@ - Less than 3 ng/1 average 
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TABLE 15 

ORGANOCHLORIDE PESTICIDE RESIDUE IN POTABLE WATER SUPPLIES 
OF RURAL HAMPTON COUNTY, SOUTH CAROLINA 

Coml!ound % Occurrence Mean ns/1 Median ns/1 Ranse ns/1 

Lindane 100.0 147 10 ND- 319 

Heptachlor 45.5 9 ND ND- 44 

Heptachlor 63.6 18 10 ND- 87 Epoxide 

Aldrin 27.3 9 ND ND- 56 

Dieldrin 90.9 204 94 ND- 771 

DDT 100.0 264 212 48- 812 

DDE 54.4 8 ND ND- 30 

TDE 45.5 129 ND ND- 779 

Methoxychlor 63.6 23 18 ND- 100 

Mirex 27.7 83 38 ND - 437 

Total Residue 
Per Sample 894 616 365 - 2079 

ND - Not Detected, less than 10 ng/1 
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TABLE16 

ORGANOCHLORIDE PESTICIDE RESIDUE IN DRINKING WATERS FROM DIFFERENT 
LAND USE AREAS OF GEORGETOWN COUNTY, SOUI'H CAROLINA 

Agriculture Forest Residential 
ng/1 ng/1 ng/1 

Compound ~ ~ Range ~~ Range ~ ~ Range 

Lindane 3 ND ND- 18 5 ND ND- 20 @ ND ND 

Heptachlor 19 ND ND· 127 @ ND ND- 10 8 5 ND- 19 

Heptachlor 
6 ND ND- 55 5 ND ND- 23 3 ND ND- 16 Epoxide 

Aldrin 18 5 ND- 72 35 5 ND- 178 30 13 ND- 92 

~ Dieldrin 6 ND ND· 48 @ ND ND @ ND ND 

DDT 395 161 ND • 3079 938 555 35 - 3036 353 600 261 - 659 

DDE 4 ND ND- 23 9 ND ND· 32 3 ND ND- 18 

TDE 30 ND ND- 209 12 ND ND- 49 5 ND ND- 13 

Methoxychlor @ ND ND @ ND ND @ ND @ 

Mirex @ ND ND- 127 @ ND ND @ ND ND- 10 

Total Residues 
Per Sample 472 142 35 - 3531 998 526 39 - 3313 402 435 60 - 680 

Agricu1 ture: Extensive area of a few crops for commercial use 
Forest : Uncultivated forest land 
Residential: Large areas of several private dwellings per hectare 
@ • less than 3 ng/1 average 
ND • Not Detected, less than 10 ng/1 



TABLE 17 

ORGANOCHLORIDE PESTICIDE RESIDUE IN DRINKING WATERS FROM DIFFERENT 
LAND USE AREAS OF CHESTERFIELD COUNTY, SOUTH CAROLINA 

Agriculture Forest Residential 
ng/1 ng/1 ng/1 

f~mpound ~ ~ Range Mean ~ Range ~ Median Range 

Undane 37 5 ND - 142 17 ND ND- 74 9 16 ND- 54 

Heptachlor s ND ND - 159 20 10 ND - 100 3 ND ND- 27 

Heptachlor 8 10 ND- 90 3 
Epoxide 

ND ND- 21 @ ND ND- 10 

Aldrin 6 ND ND- 23 46 12 ND - 191 @ 5 ND - 26 

~ Dieldrin 21 ND ND- 86 156 ND ND - 868 5 34 ND- 93 

DDT 79 49 15 - 3307 233 125 ND - 653 93 55 20 - 180 

DDE 26 ND ND - 200 9 ND ND- 40 37 ND ND - 112 

TDE 66 45 ND - 4333 237 24 ND - 690 25 ND ND - 115 

Methoxychlor 3 ND ND- 32 41 ND ND - 195 49 ND ND - 146 

Mirex 4 ND ND- 30 4 BD ND- 30 @ JID ND 

Total Residue 
Per Sample 257 22 23 - 8543 764 157 33 - 2158 221 145 46 - 482 

Agriculture: Extensive area of a few crops for commercial use 
Forest: Uncultivated forest land 
Residential: Large areas of several private dwellings per hectare 
@: Less than 3 ng/1 average 
ND: Not Detected, less than 10 ng/1 



TABLE 18 

ORGANOCHLORIDE PESTICIDE RESIDUE IN DRINKING WATERS FROM DIFFERENT 
LAND USE AREAS OF HAMPTON COUNTY, SOUTII CAROLINA 

Agriculture Forest Residential 
ng/1 ng/1 ng/1 

Compound Mean ~ Range ~ ~ Range ~ ~ Range 

Lindane 102 157 10 - 272 171 90 10- 94 176 215 137- 319 

Heptachlor 7 ND ND- 25 5 ND ND- 25 22 ND ND- 45 

Heptachlor 
Epoxide 

6 10 ND- 87 32 16 ND- 52 6 5 ND- 10 

Aldrin 14 ND ND- 56 8 ND ND- 56 @ ND ND 

~ Dieldrin 188 145 10- 340 239 62 59- 154 150 208 ND- 301 N 

DDT 317 197 48-812 150 112 so- 226 443 278 164- 722 

DDE 8 ND ND- 27 8 ND ND- 29 6 10 ND- 30 

TDE 156 ND ND- 588 3 ND ND- 35 392 ND ND- 779 

Methoxychlor 10 18 ND- 27 29 ND ND- 100 34 5 ND- 69 

Mirex 33 38 ND- 72 69 72 ND- 184 218 ND ND- 437 

Total Residue 
Per Sample 841 523 410- 1851 715 616 410- 365 1449 819 817- 2079 

Agriculture: Extensive areas of a few crops for commercial use 
Forest: Uncultivated forest land 
Residential: Large areas of several private dwellings per hectare 
@: Less than 3 ng/1 average 
ND: Not Detected, less than 10 ng/1 



TABLE 19 

ORGANOCHLORIDE PESTICIDE RESIDUE IN DRINKING WATERS FROM 
DIFFERENT WELL TYPES IN GEORGETOWN COUNTY, 

SOUTH CAROLINA 

Open Well Covered Well 

Comeound ~ 
ng/1 
~ Range ~ 

n~/1 
~ Range 

Lindane @ ND ND 4 ND ND - 20 

Heptachlor @ ND ND- 10 14 5 ND- 127 

Heptachlor @ ND ND-11 6 ND ND- 55 
Epoxide 

Aldrin 6 ND ND- 16 30 12 ND - 178 

Dieldrin 3 ND ND- 10 4 ND ND- 48 

DDT 205 30 25 - 735 622 247 ND- 3079 

DDE 12 5 ND- 32 15 ND ND- 57 

TDE 10 5 ND- 41 19 ND ND - 209 

Methoxychlor @ ND ND @ ND ND 

Mirex @ ND ND @ ND ND 

Total Residue 232 72 ND- 747 698 305 23 - 3531 Per Sample 

@- less than 3 ng/1 
ND - Not Detected, less than 10 ng/1 
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TABLE20 

ORGANOCHLORIDE PESTICIDE RESIDUE IN DRINKING WATERS FROM 
DIFFERENT WELL TYPES IN CHESTERFIELD COUNTY, 

SOUTH CAROLINA 

Open Wells Covered Wells 
ng/1 ng/1 

Comeound ~ Median Range ~ ~ Range 

Lindane 42 ND ND- 193 17 16 ND- 74 

Heptachlor 7 5 ND- 19 10 5 ND- 159 

Heptachlor 
Epoxide 

4 ND ND- 10 4 ND ND- 90 

Aldrin 5 ND ND- 23 21 10 ND- 191 

Dieldrin @ ND ND 70 ND ND- 868 

DDT 72 57 14 - 134 144 89 13 - 3307 

DDE @ ND ND 11 ND ND- 200 

TDE 42 32 ND- 121 126 39 ND- 4333 

Methoxychlor 4 ND ND- 10 25 ND ND- 312 

Mirex 5 ND ND @ ND ND- 30 

Total Residue 
Per Sample 180 140 34 - 389 430 205 23 - 8543 

@ - Less than 3 ng/1 average 
ND- Not Detected, less than 10 ng/1 
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TABLE 21 

ORGANOCHLORIDE PESnQDE RESIDUE IN DRINKING WATERS FROM 
DIFFERENT WELL TYPES IN HAMPTON COUNTY, 

SOU'Ilf CAROLINA 

Open Wells Covered Wells 
ng/1 ng/1 

Comeound ~ ~ Range ~ ~ Range 

Lindane 146 90 10 - 172 147 163 59 - 319 

Heptachlor 7 ND ND- 25 10 ND ND- 44 

Heptachlor 20 16 ND- 52 17 10 ND- 87 Epoxide 

Aldrin 14 ND ND- 56 6 Nil ND- 40 

Dieldrin 168 62 10 - 145 225 232 ND - 370 

DDT 191 197 ND- 35 306 188 28 - 815 

DDE 3 ND ND• 14 10 5 ND- 30 

TDE 9 ND 48- 226 198 ND ND- 799 

Methoxychlor @ ND ND- 21 36 17 ND- 100 

Mirex 69 72 38 - 184 91 12 ND- 437 

Total Residue 
Per Sample 628 437 410 - 616 1047 816 365 - 2079 

@: Less than 3 ng/1 average 
ND: Not Detected, less than 10 ng/1 
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see if any correlation could be observed between the residue levels and well depth or the 

residue levels and septic tank distance from the water source, but none pointed out any 

significant differences. In a few cases the consumer was not knowledgeable about his well 

characteristics and the well depth information supplied in connection with this study may 

not be accurate in some cases. 

Statistical regression analyses were done for the pesticidal data and are presented in 

Tables 22, 23 and 24. A positive correlation between the total amount of residue per sample 

and turbidity was observed; however, this correlation was stronger in Georgetown and 

Chesterfield Counties. This would indicate that at least part of the residue is adsorbed onto 

either clay particles or organic material suspended in the water (77). It should be noted that 

all the residue levels observed are well within the solubility limits of the various pesticides 

(15). 

The initial degradation of DDT generally is either by dechlorination to TDE or 

dehydrochlorination to DDE (77). This latter reaction may occur enzymically and is specific 

for the p,p isomer of DDT (78), or can occur non-enzymically under alkaline conditions 

particularly in the presence of iron (77). In most of the samples tested, the ratio between 

the p,p and o,p-isomers of DDE were approximately the same as the ratio between the DDT 

isomers. A regression analysis for the concentration of DDE as a function of pH and DDT 

concentration indicated a positive correlation between these factors for all counties. These 

factors and the presence of iron in most of the water samples suggest that non-enzymatic 

reactions were playing a predominant role for the degradation of DDT under the conditions 

prevalent in these soils. TDE concentration when correlated to pH and DDT concentration 

showed a positive correlation with DDT and a negative correlation with pH, suggesting that 

under low pH conditions the degradation of DDT to TDE is favored. This inference is 

supported by the data in Tables 13, 14 and 15. Chesterfield County, Table 14, with an 

average pH of 6.2, had a TDE concentration of more than twice that of Hampton with an 

average pH of 7.5, though the DDT concentrations in both the counties is about the same. 

The situation appeared to be more complex in Georgetown County where the regression 

analysis showed a poor fit and comparatively lower sensitivity to pH changes. 

Two other relatively common reactions are the epoxidation of aldrin and heptachlor to 

dieldrin and heptachlor epoxide respectively (77). The relative amounts of heptachlor and 

heptachlor epoxide showed a strong correlation in Chesterfield County, fair correlation in 

Georgetown, but very little in Hampton, suggesting either a lack of organisms capable of 

carrying out an epoxidation reaction or, more likely, anaerobic soil conditions in Hampton 

County hampering this reaction, as it does require molecular oxygen. The conversion of 

aldrin to dieldrin is very similar to the conversion of heptachlor to heptachlor epoxide; 

however, the former reaction may be reversible by certain microorganisms under anaerobic 

conditions, (79). This contention is supported to a limited degree by the information 

presented in Tables 19, 20 and 21 which showed moderate correlations between aldrin and 
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TABLE 22 

LINEAR REGRESSION ANALYSIS FOR PESTICIDE RESIDUES FOUND IN RURAL 
DRINKING WATER SUPPLIES IN GEORGETOWN COUNTY, SOUTH CAROLINA 

Y=A+B•X+C·Z 
General Equation 

y A B X c 

Total Pesticide 
.£1!..L Residue Per Sample, ppt 3, ppt 0•51 unit Turbidity, units 

DDE, ppt o, ppt 0.27 DDT, ppt 4.82, ppt 

Heptachlor epoxide, ppt 0, ppt 0,40 Heptachlor, ppt 

Aldrin, ppt 3, ppt 0.02 Dieldrin, ppt 

TDE, ppt 1, ppt 0.04 DDT, ppt -3.54, ppt 

@ - Multiple Regression Coefficient 

z ~ 

0.55 

pH 0.82 

0,89 

0.01 

pH 0. 75 
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TABLE23 

LINEAR REGRESSION ANALYSIS FOR PESTICIDE RESIDUES FOUND IN RURAL 
DRINKING WATER SUPPLIES IN CHESTERFIELD COUNTY, 

SOUTH CAROLINA 

YeA+B • X+C.Z 
General Equation 

y A B X c 

Total Pesticide 
Residue Per Sample, ppt 199, ppt 31.3 .£2!_ Turbidity, units 

unit 

DDE, ppt -7. ppt 1.31 DDT, ppt 8,44, ppt 

Heptachlor epoxide, ppt 2, ppt 0.44 Heptachlor, ppt 

Aldrin, ppt 5, ppt 0.22 Dieldrin, ppt 

TDE, ppt o, ppt 1.31 DDT, ppt -9.60, ppt 

@: Multiple Correlation Coefficient 

z R@ 

0.57 

pH 0,97 

0.80 

0.91 

pH 0.97 
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TABLE24 

LINEAR REGRESSION ANALYSIS FOR PESTICIDE RESIDUES FOUND IN RURAL 
DRINKING WATER SUPPLIES IN HAMPTON COUNTY, SOUTH CAROLINA 

Y•A+B•X+C•Z 
General Equation 

y A B X c 

Total Pesticide 
Residue Per Sample, ppt 658, ppt 79.8, .e£L Turbidity, units ----unit 

DDE, ppt -7, ppt 1,12 DDT, ppt 8.40, ppt 

Heptachlor epoxide, ppt 14, ppb 0.37 Heptachlor, ppt ----
Aldrin, ppt 0, ppt 0.04 Dieldrin, ppt ----
TDE, ppt -3, ppt 0.95 DDT, ppt -16.5, ppt 

@: Multiple Correlation Coefficient 

z # 

--- 0.35 

pH 0,98 

--- 0,80 

--- 0.92 

pH 0.93 



dieldrin in Chesterfield and Hampton Counties. In these two cases the correlations are 
stronger than the ones observed for heptachlor and heptachlor epoxide. 

Robins and Kriz (47) have stated that the single most important factor influencing the 

persistence of insecticides in soils, and therefore possibly in ground waters, is the chemical 

nature of the pesticides. Since the chlorinated hydrocarbons have been heavily used for 

many years and are persistent in nature, to a certain degree, it is likely that they could be 

some of the first compounds to reach subsurface waters. The direct movement of these 
compounds through a soil column is highly unlikely, but there is a possibility that water 

under certain conditions may transport soil particles containing pesticides (77, 80, 81) into 

subsurface water, through cracks, crevices or animal burrows in the soil. However, the 
extent of pesticides estimated in all groundwater, about 2.5 x 10 7 pounds, (48) appears to 

be excessive, if this were the only carrier mechanism in operation. 

The movement of pesticides from their point of application to well waters is a very 

complex process and needs further investigation. The data presented here show that the 

pesticidal residue levels found in the potable waters of all counties are variable and some of 

the local environmental conditions, other than the level of pesticides used in agricultural 
operations, may have some bearing. It will be difficult to draw any general conclusion, from 

this study, applicable at the national level. 

50 



SUMMARY 

Four hundred sixty-ilight water samples were randomly drawn from the potable water 

supply sources of the rural communities in Georgetown, Chesterfield and Hampton Counties 

of South Carolina. About I 0% of the population was sampled. The samples collected were 

thoroughly evaluated for biological, chemical and pesticidal contamination to ascertain if 

the drinking waters met the federally recommended criteria of health standards. The 

attempt was also made to identify the sources polluting the non-public water supplies. 

Biological Pollution 

Aerobacter aerogenes and Aerobacter cloacae (l.A.C.) were the most common group 

organisms detected in the rural water supplies and only 2% of the supplies were acceptable. 

If the l.A.C. group organisms are ignored, because soil, water, vegetation, etc. are their 

natural habitat and these bacteria are likely to be present in unchlorinated waters, more 

than 50% of the drinking waters met the water quality standards established by health 

agencies. The biological data were subjected to statistical analysis. It seemed that the 

bacterial counts were related to water supply source depth and its distance from the septic 

tank. Generally Escherichia coli (£.,~ group organisms decreased with increasing well 

depth and its distance from the septic tank. The type of well had little influence in 

maintaining good quality drinking water but a few public water supplies examined were 

quite superior to the non-public water supply sources. Consequently, it is suggested that to 

assure good quality drinking water for the rural population, community public water 

supplies should be encouraged. The South Carolina State Department of Health and 

Environmental Control has been supplied with this information. It agreed to take necessary 

steps towards alleviating the bacterial contamination of these drinking water supplies. 

Physical and Chemical Characteristics 

Total solids, chlorides, copper, phosphorous, manganese and nitrates were examined in 

all the water samples collected. The concentrations of each one of these components were 

well below the health limits. Iron was found to be a great nuisance in the majority of the 

samples. Most of the people complained about the inconvenience caused by rust in their 

waters. Arsenic was ubiquitous. About 90% of the samples tested had variable amounts of 

arsenic, and 24% exceeded the upper health limit. Micro quantities of lead and mercury 
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were found in some of the samples tested and a few water supplies exceeded the health 

limits. Lead was more common in Chesterfield County than in the other two. The waters 

with unacceptable mercury concentrations came from specific areas bordering industrial 

complexes in Chesterfield and Hampton Counties. The information on lead pollution of 

drinking water supplies has also been supplied to the South Carolina State Department of 

Health and Environmental Control for its consideration. Generally the drinking water 

quality of Georgetown County was better than that of Chesterfield and Hampton Counties. 

Antiquated plumbing in old homes and acidic waters were at least partially responsible for 

lead, cadmium and iron in the drinking water supplies. The presence of arsenic, nitrate, 

phosphate and chloride was directly related to the septic tank distance from the water 

supply source. Their concentrations significantly decreased as the well distance from the 

septic tank increased. Generally the higher income group population had deeper wells and 

comparatively better quality water. 

Pesticidal Contamination 

Only I 0% of the water samples collected were selected for pesticidal analysis. The data 

presented here indicated that micro quantities of chlorinated hydrocarbons were found in 

every sample, but the concentrations were always below the pesticidal limits established by 

health agencies. Generally the water samples representing Hampton County had higher levels 

of chlorinated hydrocarbon contamination than those of Georgetown and Chesterfield 

Counties. It seemed that the accumulation of these pesticides in the groundwater in the 

areas under investigation was a part of general pesticidal pollution across the nation rather 

than due to the local use of pesticides. 
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RECOMMENDATIONS 

I. To assure good quality drinking water for the rural population, community public 

water supply systems should be encouraged. 

2. Plastic pipes in water supply systems, especially in softwater areas, should be used to 

eliminate possible potential metallic contamination from pipes,joints and goose-necks 
in the plumbing systems. 

3. In rural areas where public water supplies are not feasible, greater attention must be 
paid for proper construction and installation of wells in accordance with the suggested 

guidelines of the South Carolina State Department of Health and Environmental 

Control. 

4. Careful attention should be paid to the location of drinking water supply source with 
respect to the septic tank distance. Hydraulic gradient and soil characteristics should 

be taken into consideration for such evaluations. 

5. Further research on the mode of diffusion, degradation and percolation of septic tank 

pollutants through soil is strongly urged. 

6. Pesticides are present in the groundwater but their transport mechanism through the 

soil is very poorly understood. Further research in this area is badly needed, both for 

the scientific knowledge and to better evaluate the potential health hazard. 
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