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METRIC CONVERSION TABLE 

For those readers who may prefer to use metric units or the International 
System of Units (SI) rather than inch-pound units, conversion factors for 
the terms used in this report are listed below: 

Multiply inch-pound unit 

inch (in.) 
foot (ft) 
mile (mi) 

square mile (mi2) 

gallon (gal) 

pound (lb) 
ounce (oz) 

pound (lb) 

gallon per minute 
(gal/min) 

foot squared per day 
(ft2/d) 

foot per day (ft/d) 

degrees Fahrenheit (°F) 

~ 

Length 

25.40 
0.3048 
1.609 

Area 

2.590 

Volume 

3.785 X lo-3 
3.785 

Mass 

0.454 
28.38 
28.35 X 103 
28.35 X 106 
28.35 X 1Ql2 

Flow 

6.309 X Io-3 
0.06309 

Transmissivity 

0.09290 

Hydraulic conductivity 

0.3048 

Temperature 

To obtain SI unit 

millimeter (mm) 
meter (m) 
kilometer (km) 

square kilometers (km2) 

cubic meter (m3) 
liter (L) 

kilograms (kg) 
gram (g) 
milligram (mg) 
microgram (ug) 
picogram (pg) 

cubic meter per second (m3/s) 
liter per second (L/s) 

meter squared per day 
(m2/d) 

meter per day (m/d) 

1.8 X degrees Celsius (°C) + 32 

National Geodetic Vertical Datum of 1929 (NGVD of 1929).--A geodetic datum 
derived from a general adjustment of the first-order level nets of both 
the United States and Canada formerly called mean sea level. NGVD of 
1929 is referred to as sea level in the text of this report. 

IV 



Investigation of Ethylene Dibromide (EDB) in 
Ground Water in Seminole County, Georgia 

By James B. McConnell, David W. Hicks, Luis E. Lowe, 
Stewart Z. Cohen1, and Andrew P. Jovanovich1 

ABSTRACT 

An investigation of ground water in Seminole County, 
Georgia, for ethylene dibromide (EDB) was conducted in 
August 1983 by the U.S. Geological Survey in cooperation 
with the Exposure Assessment Branch of the U.S. En­
vironmental Protection Agency. The purpose of the in­
vestigation was to determine whether EDB, which was 
previously detected in ground-water samples from four 
neighboring wells, was localized in the vicinity of the wells or 
was more widespread in the ground-water system. 

EDB was detected in 6 of 19 wells sampled. Concentrations 
ranged from 0.03 to 11.8 micrograms per liter. Five of the six 
samples that contained EDB were collected from irrigation 
wells, and one was collected from a domestic well. Concentra­
tions of 4.5 and 11.8 micrograms per liter were found in two 
irrigation wells located near Buck Hole, a sinkhole in a swam­
py depression in central Seminole County. EDB was not 
detected in samples from the remaining 10 irrigation and 3 
domestic wells and the surface-water site (detection level less 
than 0.01 microgram per liter). 

Nine core samples were collected from a borehole near one 
of the irrigation wells that had high EDB concentrations. 
EDB was found in a core sample near the surface and in 
samples from depths of 24 to 25, 34 to 35, and 39 to 40 feet in 
the residuum. EDB concentrations in the core samples 
ranged from 0.06 to 2.4 micrograms per kilogram. 

EDB in the aquifer was found in a 4-square-mile area of the 
county in the vicinity of Buck Hole. EDB application infor­
mation and the local hydrogeology indicate that EDB con­
tamination in ground water in Seminole County probably is 
due to soil fumigation with EDB. Apparently, EDB moves 
downward through the residuum and, through undetermined 
pathways, enters the aquifer. However, because the high con­
centration of EDB in the aquifer seems to be localized in the 
Buck Hole area, the possibility of contamination from an 
EDB fumigant spill cannot be disregarded at this time. 

INTRODUCTION 

In August 1983, the U.S. Geological Survey, in 
cooperation with the U.S. Environmental Protec­
tion Agency (EPA), Exposure Assessment 
Branch, conducted an investigation of ground 
water in Seminole County, Ga., for ethylene 

1U.S. Environmental Protection Agency. 

1 

dibromide or 1,2-dibromoethane (EDB) con­
tamination. EDB is a chemical widely used in the 
United States as a fumigant and a gasoline ad­
ditive. In the highly productive agricultural area 
of southwest Georgia, which includes Seminole 
County, EDB is used as a soil fumigant to control 
nematodes. The purpose of the investigation was 
to determine whether EDB, which was previously 
detected in ground-water samples from four 
neighboring wells, was localized in the vicinity of 
the wells or was more widespread in the ground­
water system. Also, information about the dis­
tribution and concentration of EDB in ground 
water would help to determine the probable 
source of EDB contamination. The study was 
reconnaissance in nature because preliminary 
data were needed as rapidly as possible. In less 
than a month from the initial contact between 
agencies, the investigation was planned and con­
ducted, methods of analysis and quality 
assurance were developed, and a draft report of 
the findings was prepared by the Exposure 
Assessment Branch of EPA. Completion of the 
task in a short time was made possible by a high 
degree of cooperation between EPA, the U.S. 
Geological Survey, the Seminole County 
agricultural extension agent, and the landowners 
in Seminole County. 

BACKGROUND 

Seminole County is within a highly productive, 
4,400-square-mile agricultural area of southwest 
Georgia called the Dougherty Plain (fig. 1). The 
Dougherty Plain can be characterized as having 
both a favorable climate for agriculture and an 
abundant supply of ground water for irrigation. 
In the past decade, increased agricultural growth 
and productivity in the Dougherty Plain have 
resulted in the use of large-scale irrigation 
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systems, multicropping, and increased applica­
tions of EDB and other pesticides. 

In Seminole County, the principal crops are 
vegetables, peanuts, soybeans, and pecans during 
the summer months and grains during the winter 
months. EDB (trade names Soilbrom2 and 
Dowfume) is used extensively on vegetable and 
peanut crops and to a lesser extent on soybean 
crops to control nematodes. EDB is applied 
several inches below the soil surface as a liquid at 
the rate of 1 to 2 gal (15 to 30 lbs of active ingre­
dients) per acre. 

Prior to this investigation, a researcher from 
Florida State University, Tallahassee, had de­
tected EDB in water samples collected from three 
irrigation wells and one domestic well south of 
Donalsonville near Buck Hole in Seminole 
County (fig. 8). Buck Hole is one of many 
sinkholes in a swampy depression that is con­
nected to Fishpond drain, a major drainage that 
flows from north to south through the center of 
the county. The researcher initially found EDB in 
water samples from these wells during a method 
development study for synthetic organic com­
pounds. In subsequent sampling, the researcher 
confirmed the presence of EDB in these wells. 
The findings are listed in the following table: 

Well Date !DB 
designation* sampled concentration (ug/L) 

IIHl(VS) October 1981 27.0 
IIH2(W4) do. uo.o 
IIGl do. .s 
IIHl(WS) May 1982 36.0 
BH2(W4) do. 90.0 
BGl do. .3 
BHl(WS) June 1982 27 .o 
BII2(W4) do. u.o 
Do.eatic vell do. .2 

* BH and BG are vell designations used by Florida State University. 
BH uands for Buclt Hole, a sinkhole in a RBIDPY depression in the 
vicinity of the vella aaapled. JIG is a vell owners initials. V 
is the vell designation used by U.s. Geological Survey. 

Two analytical approaches were used by the 
Florida State University researcher to determine 
EDB concentrations in the water samples: extrac­
tion of the sample followed by gas chromato­
graphic analysis of the extract, and a purge-and­
trap technique using a Tenax trap. Detection 
limits were about 0.2 11g/L. 

The University informed the EDB manufac­
turers of the findings in May 1982. The manufac-

f{]se of brand and trade names in this report is for identification 
purposes only and does not constitute endorsement by the U.S. Geological Survey. 
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turers resampled the wells, confirmed the 
presence of EDB in ground water from BH1 and 
BH2, and notified the EPA Office of Pesticide 
Programs of the contamination. The manufac­
turers submitted data to the Office of Pesticide 
Programs in September 1982 that showed EDB 
had been used annually for several years as a soil 
fumigant for control of nematodes in the fields 
where the BH1 and BH2 irrigation wells are 
located. The history of EDB use in the field where 
BG 1 is located is uncertain. The domestic well is 
located in the vicinity of fields where EDB has 
been applied. 

After the contamination was reported, the EPA 
informally requested that the manufacturers 
design and conduct a ground-water-quality 
monitoring study in southwest Georgia, but no 
study has been initiated to date. Recent reports 
of EDB contamination of ground water in 
Florida, Georgia, California, and Hawaii promp­
ted the EPA to conduct its own study in Seminole 
County, Ga, as quickly as possible to better 
define the nature of the contamination problem. 
In August 1983 the U.S. Geological Survey, in 
cooperation with the Exposure Assessment 
Branch of EPA, began an investigation of EDB 
in ground water in Seminole County. 

HYDROGEOLOGY 

PRINCIPAL ARTESIAN AQUIFER 

The source of most domestic, municipal, in­
dustrial, and irrigation water in southwest 
Georgia is the principal artesian aquifer. This car­
bonate aquifer system extends from South Caro­
lina through Florida. In the Dougherty Plain (fig. 
1 ), the upper surface of the aquifer dips generally 
southeastward and ranges from about 300 ft 
above sea level in the northern part of the area to 
about sea level in the southern part (fig. 2). 
However, the surface of the aquifer is highly ir­
regular because of differential weathering and 
solution-cavity collapse. The aquifer ranges in 
thickness from 25 ft on the northwestern edge of 
the Dougherty Plain to more than 350 ft on the 
southern edge (fig. 3). In many areas, the 
limestone is largely fractured, and solutioning 
has created a labyrinth of subterranean channels 
which result in high transmissivities for wells 
that penetrate the channels. Regionally, esti­
mates of transmissivity values range from 3,000 



30' 

Bose from US Geological Survey 
1.250,000 quadrangles 

30' 

-~-~-J 

EXPLANATION 

c=:J AREA OF DOJGHERTY PLAIN 

-100-- STRUCTURE CONTOUR-Shows altotude 
of the top of the principal artesoan aquifer. 
Dashed where approximately located. 
Contour interval 25 feet. National 
Geodetoc Vertocal Datum of 1929 

- BOUNDARY OF SEMINOLE COUNTY 

DATA POINT 

10 15 20 25 30 MILES 

10 20 30 KILOMETERS 

FIGURE 2.-Altitude of the top of the principal artesian aquifer. 

to 300,000 ft2/d (Hayes and others, 1983). (See 
fig. 4.) 

In Seminole County, the top of the aquifer 
ranges from about 100 ft above sea level to sea 
level (fig. 2), and the aquifer ranges in thickness 
from about 125 to 300ft (fig. 3). Transmissivities 

4 

exceed 75,000 ft2/d for almost the entire county 
and may reach 300,000 ft2/d in southern Seminole 
County (fig. 4). Natural rates of water movement 
have not been measured in the study area, but 
they probably are highly variable. For example, 
Hayes and others (1983) reported computed 



85~00' 

v 

Bose from US Geofog1co1 Surve~ 
lo 250,000 quoarongles 

R I n 4 

E XP LAN ATION 

D AREA OF DOUGHERTY PLAIN 

-325- LINE OF APPROXIMATE EOUAL THICKNESS 
OF THE PRINCIPAL ARTESIAN AQUIFER­
Interval 25 leet 

BOUNDARY OF SEMINOLE COUNTY 

DATA POINT 

10 15 20 25 30 MILES 

10 20 30 KILOMETERS 

FIGURE 3.-Approximate thickness of the principal artesian aquifer. 

average velocities of 3 ft/d near the Flint River 
upstream from Bainbridge and 0.2 ft/d in the nor­
them part of the Dougherty Plain, away from 
streams. Average velocities of ground-water flow 
vary greatly in the principal artesian aquifer 
because the limestone acts as both a free-flow 

5 

(channel flow) and a diffuse-flow system. Actual 
ground-water velocity may be more or less than 
the average values, depending on the flow path 
followed and local geohydrologic conditions 
(Hayes and others, 1983). The maximum poten­
tial rate of lateral water movement in the vicinity 
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of an operating well would be several times 
greater than the average velocities. 

The direction of regional ground-water flow 
within the principal artesian aquifer in the study 
area is generally from north to south toward Lake 
Seminole. Flow direction is indicated by the 
potentiometric surface contours shown in figures 
5 and 6: flow direction is generally downgradient, 
perpendicular to the countour lines. Water levels 
shown are typical of the water levels that follow 
low recharge and the irrigation season (fig. 5) and 
that follow winter and early spring recharge prior 
to the irrigation season (fig. 6). The water-level 

6 

fluctuation for any particular year at a site is con­
trolled by the amount of decline during the sum­
mer from pumping, evapotranspiration, and 
stream discharge and by the amount of recharge 
from rainfall during the spring. 

The shape of the potentiometric contours sug­
gests that major streams, including Fishpond 
Drain in central Seminole County, are areas of 
ground-water discharge (streams gain water). 
However, additional water-level data are needed 
to adequately define the potentiometric contours 
in the vicinity of the stream reaches. 
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RESIDUUM 

A sandy-clay residuum overlies the principal 
artesian aquifer, and in Seminole County it 
ranges in thickness from about 50 to 100 ft 
(fig. 7). Water levels in the residuum respond to 

7 

rainfall and are highest in March and April and 
lowest in November and December. According to 
Hayes and others (1983), where the residuum is 
relatively thick and impermeable, the water table 
is believed to be a subdued replica of the topog­
raphy; where the residuum is relatively thin and 
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permeable, the water table is believed to be a sub­
dued but higher replica of the potentiometric sur­
face of the principal artesian aquifer. Trans­
missivities of the residuum, estimated to range 
from 0.002 to 1,000 ft2/d, depend largely on the 
presence or absence of permeable sand lenses, 

8 

which seem to occur more commonly in the upper 
half of the residuum than in the lower half. 
Generally, the lower half of the residuum acts as a 
confining bed. Transmissivities of the residuum 
may increase greatly during periods of high water 
levels as the sand lenses in the upper half of the 
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residuum become saturated. Thus the presence or 
absence of sand lenses in the residuum and the 
height of water levels could have a significant ef­
fect on the movement of contaminants through 
the residuum and into the limestone aquifer. 
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DATA COLLECTION AND ANALYSIS 

On August 17-19, 1983, the U.S. Geological 
Survey collected ground-water samples for EDB 
analysis from 15 irrigation wells and 4 domestic 



wells that tap the principal artesian aquifer. One 
sample of ponded surface water was collected 
from Fishpond Drain near Buck Hole. The loca­
tions of the sampling sites are shown in figure 8. 
In addition, nine core samples for EDB and 
particle-size analysis were collected from a 
42-foot test hole at 4-foot intervals beginning a 
foot below land surface. 

SITE SELECTION 

Selection of sampling sites for EDB was based 
on available information for EDB in ground 
water, hydrogeologic data and soil surveys, EDB 
application information obtained from the county 
agent and landowners, land-use data, and land­
owners cooperation. Land use was determined 
from 1982 high-altitude photographs by the En­
vironmental Photographic Interpretation Center 
of the EPA Office of Research and Development. 
Wells W4(BH2) and W5(BH1), in the vicinity of 
Buck Hole where the highest concentrations of 
EDB in ground water had been reported by 
Florida State University, were selected for 
resampling in this study. Other sites were selec­
ted upgradient and downgradient from Buck 
Hole in fields with different soil types, some of 
which had not received EDB applications. All the 
sites, except one well in southernmost Miller 
County, were in Seminole County. The site selec­
ted for the collection of core samples was about 
150ft south of well W4 (fig. 8). 

METHODS OF SAMPLE COLLECTION 

Ground-water samples from irrigation wells 
were collected at water spigots on the delivery 
lines between the pumps and the sprinkler 
systems. Irrigation systems that were not oper­
ating were started and allowed to pump at a rate 
of several hundred gallons per minute for at least 
15 min. prior to sample collection. Samples from 
domestic wells were also collected at a water 
spigot after about 15 min. of continuous pump­
ing. Domestic wells sampled tapped the same 
aquifer as the irrigation wells, and the water was 
untreated. 

Water samples were collected in 40-mL glass 
vials and sealed with Teflon-lined silicone septa 
and plastic screwcaps. Water was delivered to the 
vials through a piece of small-diameter silicon 
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tubing attached to the spigots. The tubing was 
inserted into the vials and the vials were flushed 
with several volumes of sample water. The tubing 
was then slowly removed while the water was 
flowing to allow the vials to completely fill before 
capping. Care was taken to ensure that the water 
samples were free of air bubbles. To reduce the 
possibility of cross contamination, new tubing 
was used each time a sample was collected. The 
surface-water sample was collected with a brass 
"grab type" sampler and transferred to a 40-mL 
vial through silicon tubing to minimize aeration 
of the sample. The samples were stored in ice un­
til analyzed. 

Core samples were collected with a split-spoon 
coring device 18 in. long by 2 in. in diameter. A 
truck-mounted flight auger was used to bore to 
the desired sampling depth. After the loose cut­
tings were removed from the hole with the auger, 
the split-spoon was attached to a solid steel rod, 
lowered to the bottom of the hole, and driven into 
the formation. The coring device was then lifted 
to land surface and split apart, and a central sec­
tion of the core (4 to 6 in. long) was removed for 
EDB and particle-size analysis. Core samples for 
EDB analysis were sealed in clean glass jars and 
stored in ice until analyzed. Core samples for 
grain-size analysis were stored in plastic con­
tainers. Before each core sample was collected, 
the core barrel was rinsed with acetone and then 
with chemically pure water. 

During the boring, the cuttings that were re­
moved from the hole were used to describe the 
lithology of the residuum. After the core samples 
were collected, a continuous natural gamma radi­
ation log was made of the hole with a borehole 
geophysical logger according to procedures 
described by Keys and MacCary (1971). Natural 
gamma radiation was detected by a sodium io­
dide crystal that was lowered into the bore hole 
on a wire line. The wire line also served as an elec­
trical connector between the crystal and a strip­
chart recorder at the land surface. The natural 
gamma radiation log supplemented the core data 
by providing additional data to identify sand, 
clay, and limestone in the borehole. 

Guidelines used for the collection of EDB 
samples in ground water were provided by U.S. 
Geological Survey, Water Quality Branch 
Memorandum 83.12, "Guidelines for the Collec­
tion of Ground-Water Samples for the Analysis of 
Organic Compounds.'' Recommended sampling 
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devices could not be used because the samples 
had to be collected from existing irrigation and 
domestic wells. However, the absence of air bub­
bles in the pumped water indicated that the po­
tential loss of EDB due to cavitation or aeration 
by the irrigation or domestic well pumps was 
minimal. 

ANALYTICAL METHODOLOGY FOR 
EDB DETERMINATIONS 

The determination of EDB in both water and 
soil samples was perlormed by dual-capillary­
column electron-capture gas chromatography 
after preconcentration by liquid-liquid extraction 
into hexane. The presence of EDB was confirmed 
by gas chromatography followed by computer­
assisted mass spectrometry (GC/MS), using the 
purge-and-trap method of separation and pre­
concentration as described in EPA method 624 
(U.S. Environmental Protection Agency, 1982). 
The analytical methodology for EDB determina­
tions was developed specifically for this project 
because standard methods were not available. 
The time constraints of the project did not permit 
a complete interlaboratory method validation, 
but spike-recovery data indicated that the 
methods provide accurate and precise EDB data. 

Details of these procedures are described 
below: 

SAMPLE PREPARATION 

For water samples, 2 mL of hexane (pesticide­
analysis quality) was added to 37 mL of water 
sample in the original field-sample vial and 
shaken for 1 min. to extract EDB. A 1-J.tL sub­
sample of the hexane extract was removed for 
analysis using a Hamilton #701N 10-J.tL glass 
syringe. 

For soil samples, approximately 30 g of soil was 
weighed to +0.01 gin a tared 43-mL vial, and suf­
ficient 2-percent (v/v) aqueous solution of 
methanol (pesticide-analysis quality) was added 
to raise the liquid level to the shoulder of the vial. 
The vial was then covered with a Teflon-lined 
silicone septum, capped with a screwcap, and 
agitated for 5 min. to disperse the soil particles. 
Some samples required sonication (Mettler model 
ME4.6) for several minutes for complete disper­
sion. All samples were allowed to stand overnight 
for phase separation. 
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Two milliliters of hexane was added to the vial, 
and the vial was capped and gently agitated for 3 
min. to extract the EDB from the sample into the 
hexane layer. The layers were separated by cen­
trifugation for 6 min. at 900 rpm, and a 1-J.tL 
subsample of the hexane layer was removed for 
analysis using a 1 0-J.tL glass syringe. 

ANALYSIS 

Both water and soil extracts were analyzed by 
isothermal gas chromatography, using a Hewlett­
Packard model 5880 gas chromatograph fitted 
with two capillary columns of differing polarities 
and dual electron-capture detectors. A 1.0-J.t· L 
sample of the hexane extract described above was 
injected onto each of the two capillary columns 
using a 1 to 5 ratio split injection. Column A was 
a 15-m X 0.20-mm i.d. fused silica capillary col­
umn coated with Se-54 silicone. Column B was 
identical to column A but was coated with 
OV -1701 silicone. Column conditions were as 
follows: 

Inlet temperature 
Oven temperature 
Column flow 1 mL/min 
Carrier gas Nitrogen 

Quantification on both columns, accomplished 
with a Hewlett-Packard model3354 data system, 
was based on a single-point calibration. The lower 
of the two EDB concentrations was reported on 
the assumption that the higher concentration 
may result from interference caused by in­
complete chromatographic separation. The detec­
tion limit for this analysis was determined to be 
about 0.02 J.tg/L. 

CONFIRMATION 

The gas-chromatographic analysis was con­
firmed in samples found to contain the highest 
concentrations of EDB by use of a Hewlett­
Packard model 5992A gas chromatograph/mass 
spectrometer (GC/MS). A purge-and-trap sampl­
ing system (EPA method 624) (U.S. Environmen­
tal Protection Agency, 1982) was used to isolate 
EDB from the water samples or from the 
2-percent methanol-water leachates of the soil 
samples. Intermediate concentrations (0.05 to 1.0 
J.tg/L) were confirmed and quantified by the 
selected-ion-monitoring (SIM) mode using the 
mass-1 07 ion. Higher concentrations (greater 
than 1.0 J.tg/L) were confirmed in the full-scan 



mode. Fluorobenzene was added to all samples as 
a surrogate. 3 

Analytical conditions were as follows: 
Column: 1.8-m X 2-mm i.d., 1-percent SP-1000 on 80/100 
mesh Carbopak B 

Sparging time 
Injection port temperature 
Initial oven temperature 
Initial hold time 
Temperature ramp rate 
Final oven temperature 
Run time 

QUALITY ASSURANCE 

80°C 
2.5 min 
16°C/min 
22ooc 
12 min 

For water samples, the gas chromatograph was 
calibrated daily using a standard solution con­
taining 43.4 pg/p.L of EDB in hexane. Calibra­
tion was checked with the same standard solution 
at least twice daily. 

Spiked reagent water samples, prepared in the 
laboratory by pipetting microliter quantities of a 
solution of EDB in methanol into 37 mL of water 
contained in sample vials, were analyzed and con­
firmed by the same methods used to analyze the 
samples. Recovery data for extraction and purge­
and-trap methodologies are reported in the 
following table: 

Recovery data for laboratory prepared spikes 

Extraction aethodo1ogy 
EDB concentrations (ug/L) 

Purge-and-trap methodology 
EDB concentrations (ug/L) 

~ ~ 

2.2 
2.2 

10.8 
10.8 
21.8 
21.8 
13 

.21 

.085 

.013 
• 21 
.036 
.036 
.036 
.036 
.036 
.036 

2.0 
2.0 
9.1 
9.6 

18.4 
17.4 
11.8 

.22 

.06 

.026 

.16 

.044 

.044 

.043 

.044 

.038 

.034 

~ ~ 

0.17 
.17 
.17 
.17 
.34 
.34 
.68 
.51 
.51 
.51 
.51 

0.15 
.17 
.16 
.14 
.29 
• 39 
.67 
.48 
.48 
.65 
.49 

Laboratory and field blanks were analyzed with 
the samples, and EDB was not detected in either 
set of blanks. Fluorobenzene was added to all 

•A surrogate is a compound which is similar in physical and chemical properties 
to the analytes of interest. Surrogates may be added to every sample to provide 
quality control by monitoring for matrix effects and for gross sample-processing 
errors. 
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samples as a surrogate prior to GC/MS confirma­
tion. Recoveries fell within the acceptable limits 
(70-110 percent) described in EPA method 624 
(U.S. Environmental Protection Agency, 1982). 

Duplicate water samples were collected from 
five wells in the field and analyzed as blind 
samples by the laboratory. Results of blind 
duplicate analyses were as follows: 

Blind duplicate analyses 

[ND; not detected; concentrations were less than 0.01 ug/L detection limit.) 

EDB (us/L) 

Electron capture Single ion monitoring 
detector .. as spectrometry 

W4 4.5 
4.4 

W6 .06 0.07 
.12 .06 

WlO ND 
ND 

Wl7 ND 
ND 

Wl8 ND 
ND 

Standard solutions for soil samples were 
prepared and used as described for water 
samples. Spikes were not used for soil samples. 

DATA PRESENTATION 

Sampling locations, land-surface altitudes, 
available well construction data, and pumping 
information are listed in table 1. EDB application 
information and soil charateristics are shown 
in tables 2 and 3, respectively. The results of 
the water-sample analyses for EDB are listed in 
table 4 . 

A synopsis of data gathered during this study 
is presented in figure 9. Included in figure 9 are 
map locations of sample sites, EDB concentra­
tions in water samples, and information on land 
use, soil permeability, crop type, and EDB ap­
plications. Potential nonagricultural sources of 
ground-water contamination such as gasoline 
storage tanks and the Seminole County landfill 
are also shown. 

WELL DEPTHS AND YIELDS 

Irrigation and domestic wells in the study area 
commonly are 150 to 200 ft deep (see table 1). 



TABLE !.-Location and information for wells sampled 
[Sample site: numbers used to identify wells in report and to locate wells on map in fig. 8. Use: I, irrigation; D, domestic] 

Sample Latitude (N.) Longitude (W.) County Quadrangle Land surface Well 
site (7 .S min) altitude Depth Casing Yield Use 

(ft above NGVD (ft) depth (e~al/min) 
of 1929) (ft) 

Wl 31°03'30" 084°44'17" Seminole Boy kin - - I 
W2 31°01'12" 084°46'S6" do. Donalsonville East - - - - D 
W3 30°S9'00" 084°4S'36" do. Desser 122 200 60 1,200 I 
W4(1)* 30°S6'17" 084°S0'02" do. do. us 160 60 1,200 I 
W4(2) 30°S6'17" 084°S0'02" do. do. us 160 60 1,200 I 
W4(3) 30°S6'17" 084°S0'02" do. do. llS 160 60 1,200 I 
ws 30°S6'17" 084°Sl'22" do. do. 112 140 - 1,200 I 
W6 30°S7'S8" 084°S3'10" do. Steam Mill 122 200 130 1,200 1 
W7 30°S3'30" 084°48'20" do. Desser 108 23S lOS 1,200 I 
W8 30°S4'06" 084°48'10-" do. do. us - - - I 
W9 30°54'39" 084°48'42" do. do. 111 200 140 1,200 I 
WlO 31°06'19" 084°51'27" Miller Donalsonville East 164 - - - I 
Wll 31°04'06" 084°S7'24" Seminole Donalsonville West 161 175 - 550 1 
Wl2 31°00'29" 084°59'18" do. do. 134 195 90 1,300 1 
Wl3 30°57'55" 084°52'01" do. Desser 112 - - - D 
W14 30°56'33" 084°51'27" do. do. 122 - - - D 
Wl5 30°55'10" 084°53'41" do. Stream Mill 118 H5 - 650 1 
Wl6 30°54'01" 084°55'31" do. do. 138 - - I - D 
Wl7 30°53'10" 084°55'24" do. do. 157 250 124 1,400 I 
Wl8 30°51'40" 084°46'31" do, Reynoldsville 110 - - - 1 
Wl9 30°53'35" 084°54'05" do. Stream Mill 111 - - - 1 

* Numbers (1), (2), {3) indicate samples we~e collected after 5, 15, and 25 minutes of pumping, respectively. 

TABLE 2.-EDB application near wells sampled 

lallple alta IDB application 

Vl Pint applied in 1983. 

V2 Applied on -•rby Uelu. 

W3 Applied ill 1979 elld 1983. 

V4 Applied -ally. 

V5 Appli-ed anaually. 

V6 Applied twice yearly a1nce 1979. 

V7 Applied alliBially 81nce 1979. 

V8 Land recently cleared; first applied 1n 1983. 

V9 Land recently cleared; ne.ar applied. 

VlO Applied allllll&l.ly to -arby field. 

Vll Applied annually aacept for 1983. 

Vl2 Applied allllUally. 

Vll Applied to nearby fielda. 

Vl4 Applied aDDUally to -•rby field, 

Vl5 Pint applied in 1983. 

Vl6 Applied annually. 

Vl7 Applied annually. 

Vl8 Applied annually. 

Vl9 llever applied, 
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Wells generally are cased to the top of the 
limestone and are open-hole from the top of 
the limestone to the bottom of the well. Yields 
of 1,200 gallmin from the irrigation wells are 
common. 

USE OF EDB 

EDB has been applied for several years to 
many fields throughout Seminole County (table 
2). Water samples were collected at wells W9, and 
Wl9, which are located in fields where EDB has 
never been applied, and at wells WI, W8, and 
Wl5, which are located on recently cleared land 
where EDB was applied only in 1983. The history 
of EDB use was obtained from the county agent 
and farmers, based on their recollections. 

SOIL CHARACTERISTICS 

Soils in Seminole County and throughout a 
large part of the Dougherty Plain consist of sand, 
sandy-clay, and clay and are low in organic mat­
ter. The characteristics of major soil types in 
Seminole County are shown in table 3. These data 
were developed by the U.S. Department of 
Agriculture Soil Conservation Service (Middleton 



Sample Soil 
site number 

W2, WlO, Wl2 1 
WlS, Wl6, Wl7 
Wl9 

W3, W4, W9 2 

Wl, WS, W7 3 
W8, Wl4, Wl8 

Wll 4 

W6, Wl3 5 

6 

TABLE 3.-Soil survey information for Seminole County 
(Data from Middleton and Smith, 1976] 

Soil association Soil description Soil organic 
content 

Tifton-Norfolk-Grady Well drained clay Low to moderate 
loam 

Wagram-Troup Well drained upland Low 
loamy sand 

Lucy-Orangeburg Well drained loamy Low 
sand 

Meggett-Grady Poorly drained loam Low to moderate 
over sandy clay 

Goldsboro-Irvington-Grady Well drained sandy Low 
loam over sandy clay 
loam 

Angie-Riverview-Congaree Well drained sandy Low 
loam and silty clay 
loam 

I 
Perm~ability 

(in./hr) 

lloderate 
(0.6-6.0) 

Moderate to rapid 
(0.6-20.0) 

Moderate to rapid 
(0.6-20.0) 

Slow 
(0.06-2.0) 

Moderate 
(0.6-6.0) 

Slow 
( .06-2.0) 

TABLE 4.-Concentration of EDB (ethylene dibromide) in 
samples from study area 

area of Fishpond Drain. Concentrations at wells 
W 4 (BH2) and W5 (BH1), east and west of Buck 
Hole, were 7.1 and 11.8 p.g/L, respectively, 
much higher than at the other wells sampled. 
However, concentrations at these two sites have 
decreased substantially since May 1982. (See 
table in "Background" section.) 

[Sample site number: number used to identify well or surface-water sample 
site in report and to locate site on map in fig. 8. Superscript a 
indicates domestic well. ND, not detected (concentrations were less than 
0.01 ~IL)] 

Sample Latitude (N.) Longitude (V.) Suple !.DB 
aite collection concentration 

number date (ug/L) 

V1 31"03 '30" 084"44'17" Aug. 17, 1983 ND 
w2a 31"01'12" 084"46' 56" do ND 
V3 30"59 '00" 084"45'36" do ND 
V4(1)* 30"56 1 17" 084"50'02" do 7.1 
V4(2) 30"56 117" 084'50'02" do 5.4 
V4(3) 30"56'17" 084"50'02" do 4.5 
vs 30"56'17" 084"51'22" do 11.8 
V6 30"57. 58" 084"53'10" do .06 
V7 30"53 1 30" 084"48 1 20" do .03 
V8 30"54 1 06" 084°48 I 10" do ND 
V9 30"54 '39" 084"48 1 42" do .03 
WlO 31"06 1 19" 084"51 1 27" Aug. 18, 1983 ND 
Vll 31"04 106" 084"57 1 24" do ND 
Wl2 31"00' 29" 084"59 '18" do ND 
wna 30"57'55" 084"52 '01" do ND 
Wl48 30'56. 33" 084 "51 '27" do .03 
Wl5 30"55 '10" 084"53'41" do ND 
Wl68 30"54'01" 084"55 I 31" do ND 
Wl7 30"53 '10" 084"55'24" do NO 
Wl8 30"51 '40" 084"46'31" do NO 
Wl9 30" 53'35" 084"54 '05" Aug. 19, 1983 liD 
51 30"56'37" 084"50'48" Aug. 17, 1983 ND 

*Numbers (1), (2), (3) indicate aamplea were collected after 5, H, and 25 
minutes of pumping, respectively. 

and Smith, 1976) and consider only the upper 60 
to 80 in. of soil. 

ANALYSIS OF WATER SAMPLES 

EDB was found in 6 of 19 wells (table 4). The 
highest concentrations of EDB in ground water 
in Seminole County were found in the Buck Hole 
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At well W 4, three samples were collected in suc­
cession after 5, 15, and 25 min. of continuous 
pumping. During this period, concentrations of 
EDB decreased from 7.1 to 4.5 p.g/L. A decrease 
in concentrations with increased pumping time 
would be expected where high levels of contami­
nant are localized. 

North of Buck Hole (upgradient in the aquifer), 
EDB concentrations in ground water were much 
less than at wells W 4 and W5 and in most 
samples were below the level of detection (less 
than 0.01 p.g!L). The concentration at well W14, 
a domestic well about one-half mile north of well 
W5, was roughly 400 times lower than at well 
W5. The concentration in well W13, a domestic 
well about 3 mi north-northwest of well W5, was 
below the level of detection. At well W6, about 4 
mi northwest of well W5, the concentration was 
about 200 times less than at well W5. EDB was 
not detected in the remaining six wells to the 
north. A sample of ponded surface water collected 
from Fishpond Drain near Buck Hole did not con­
tain detectable levels of EDB. South of Buck 
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Hole (downgradient in the aquifer) concentrations 
in ground water at most wells were below the 
detection level. Exceptions were at wells W7 and 
W9. Concentrations of EDB at these two wells 
were 0.03 p.g/L. Interestingly, the concentration 
at well W8, which is between wells W7 and W9, 
was below the detection level even though EDB 
was applied to the field surrounding well W8 in 
1983. 

RESIDUUM CORE ANALYSIS 

The results of the EDB and particle-size 
analyses of core samples collected about 150 ft 
south of well W 4 are shown in table 5. A litho­
logic description of material extracted from the 
borehole and a natural gamma radiation log of the 
hole are presented in figures 10 and 11, respec­
tively. 

EDB was detected in core samples collected at 
a depth of 1.5 ft and at interals between 24 and 
25, 34 and 35, and 39 and 40 ft. The highest con­
centration was 2.4 p.g/kg in the 1.5-foot sample, 
and the second highest (1.1 p.g/kg) was just 
above the limestone at 39-40 ft. Core composi­
tion data, the lithologic description of the re­
siduum material, and the natural gamma log in­
dicate the presence of clay layers at this site. The 
percentage of clay is relatively high at depths of 6 
to 8 ft and 29 to 35 ft. At a depth of about 32 ft, a 
large quantity of water entered the hole and the 
water level rose to within about 12 ft of land sur­
face. The samples from the intervals above 32 ft 
were collected before the water level rose in the 
hole and therefore were not contaminated by 
water from deeper in the residuum. Core samples 
collected at the intervals of 34 to 35 ft and 39 to 
40 ft were saturated with water. 

DISCUSSION 

Data indicate that EDB contamination of the 
principal artesian aquifer in the Seminole County 
study area most likely is from nonpoint sources 
related to agricultural use. Analysis of core 
samples from the borehole near well W 4 indicates 
the presence of EDB at various depths in the 
residuum. Apparently, EDB applied to soil 
moves downward through the residuum and, 
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TABLE 5.-Concentration of EDB (ethylene dibromide) 
in core samples and composition of core samples 
from the residuum c6re hole near Buck Hole 

[Sample depth is depth below land surface. Particle size classification, 
in millimeters: sand, 2.000-0.062; silt, 0.062-0.004; clay, <0.004. ND, 
not detected (concentrations were less than 0.05 Jtg/kg)) 

Sample EDB concentration Percent Percent Percent 
depth (ug/kg) sand silt clay 
(ft) 

1.5 2.4 87 7 6 
5-6 ND 40 2 58 
9-10 ND 63 4 33 

14-15 ND 50 3 47 
19-20 ND 54 4 42 
24-25 .12 50 10 40 
29-30 ND 34 6 60 
34-35 .06 39 4 57 
39-40 1.1 42 26 32 

through undetermined pathways, enters the 
aquifer. 

Leachate from the county landfill and spills 
from gasoline storage tanks and from barrels of 
EDB fumigant are other possible sources of EDB 
contamination. Contamination of the aquifer 
from the county-managed landfill is not likely 
because the distribution of EDB in the aquifer is 
not consistent with regional ground-water flow 
patterns at the landfill location and because 
pesticides are not permitted in the landfill. Con­
tamination from gasoline spills is not evident, ac­
cording to data collected by a Florida State 
University researcher. Ground-water samples col­
lected from wells near Buck Hole in 1981 and 
analyzed by Florida State University for organic 
compounds did not contain gasoline. No signifi­
cant spills of EDB fumigant in the area has been 
reported. However, contamination of the ground 
water from a spill cannot be entirely ruled out at 
this time. 

EDB contamination of the ground water in 
Seminole County seems to be most prevalent in 
the vicinity of the swampy area of Fishpond drain 
near Buck Hole. The high concentrations of EDB 
found in ground-water samples adjacent to Buck 
Hole (wells W4 and W5) suggest that the aquifer 
in this area is particularly sensitive to EDB use. 
Concentrations of EDB in ground-water samples 
collected from wells W6, W7, and W18, which are 
in areas having similar EDB usage and soil 
permeability, were many times lower than at 
wells W 4 and W5 (tables 2 and 3, fig. 9). 

The local hydrogeology adds to the contamina­
tion potential of the aquifer in the swampy area of 
fishpond drain. Potentiometric-surface contours 
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LITHOLOGY THICKNESS, 
IN FEET 

~ .......... ] 0-1.5 

1.5-4.5 

DESCRIPTION 

Brown-gray medium quartz sand containing organic silty material. 

Pale yellow medium to coarse quartz sand containing silt. 

J ~-6.0 Pale orange silty clay containing medium to coarse quartz sand 
~ and trace amounts of iron oxide. 

J 6.0-11 Gray and brown silty clay containing very-fine, well-rounded 
quartz sand. The sand size increases at a depth of 8 feet below 

~ 
land surface. 

J 11-17 
Red silty clay containing fine to medium, poorly sorted quartz sand 
and trace amounts of iron oxide nodules. 

J 20-32 

Material is very dry. 

Red silty clay containing medium quartz sand and trace amounts 
of iron oxide. Material is very tight and dry. 

Red silty clay containing very-fine, well-rounded quartz sand. 

Gray-brown silty clay containing fine to medium, well-rounded, 
poorly sorted quartz sand. 
The layer is very tight. 

34-40.5 
Gray-brown silty clay containing very-fine, poorly sorted quartz 
sand. Material is very tight and probably would inhibit any 
vertical migration of water. 

40.5-42 Limestone 

EXPLANATION 

] - Indicates core-sample interval 

F:?;.:~~-:~"] Sand 

~- ·. =J Silt, clay, and sand 

~Limestone 

FIGURE 10.-Lithologic description of the residuum at the coring site near Buck Hole. 
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FIGURE 11.-Natural gamma log of the residuum core hole near Buck Hole. 

(figs. 5 and 6) suggest that the aquifer discharges 
into Fishpond Drain. Sinkholes, which are preva­
lent throughout this area, act as vertical conduits 
connecting the principal artesian aquifer, the 
water-table aquifer, and the surface-water 
drainage system. During the summer and fall, 
pumping temporarily lowers the water level local­
ly in the aquifer, and ground-water discharge to 
Fishpond Drain decreases or ceases. A lowering 
of the water level may accelerate the downward 
movement of water and contaminants from the 
overlying residuum into the aquifer. 

Lithologic data obtained at the coring site near 
well W 4 indicate the presence of clay layers in the 
residuum. A layer of dense clay exists just above 
the top of the aquifer between depths of about 29 
and 35 ft below land surface. The clay layers 
would probabiy retard the downward movement 
of contaminated water into the aquifer. Perhaps 
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EDB that was applied to fields reached the 
aquifer by moving laterally downgradient 
through permeable zones in the residuum toward 
Fishpond Drain and Buck Hole or other sinkholes 
where the absence of clay permitted it to flow 
directly into the aquifer. 

Possibly, EDB in the residuum moved down 
the annular spaces between the well casings and 
the surrounding soil and residuum at wells where 
the annular spaces were not sealed with grout 
during construction. The contamination of 
ground water by EDB at wells W6, W7, and W9 
may have resulted from leakage of locally applied 
EDB downward through the residuum, or from 
movement of EDB downward through the an­
nular spaces between the well casings and the 
residuum into the aquifer. Contamination at wells 
W7 and W9 also may have been from the move­
ment of a plume of EDB in the ground water from 



the Buck Hole area to those wells. Ground-water­
level data are not available to define hydraulic 
gradients during periods of heavy pumping. 
These data are needed to assess the direction of 
movement of a potential contaminant plume. 
Movement of a contaminant plume southward 
from the Buck Hole area is plausible because that 
is the natural direction of ground-water flow. The 
presence of a plume to the south of Buck Hole is 
suggested by the low concentration of EDB 
detected at well W9, which is in a new field where 
EDB has never been applied. However, no EDB 
was found in the ground water at well W8 three­
fourths of a mile southeast. Farther south, EDB 
was detected at well W7, where applications of 
EDB have been made one or two times annually 
since 1979. Locally applied EDB, rather than a 
plume, may have been the source of contamina­
tion at well W7. 

NEED FOR ADDITIONAL STUDY 

Data are needed that will describe the 
pathways and rates of movement of contam­
inants into the aquifer and their fate in the 
ground-water system. These data will provide in­
formation that can be used to assess potential 
contamination problems from pesticide use in 
Seminole County and other areas having similar 
hydrogeology. 

Data that will provide information on the 
pathways, rates of movement, and fate of con­
taminants in the study area could be obtained by: 
(1) sampling a network of residuum and aquifer 
wells and surface-water sites for EDB, (2) measur­
ing ground-water levels in the residuum and the 
aquifer to define the local seasonal hydraulic gra­
dients during pumping, and (3) collecting resid­
uum core data to describe local lithology and to 
determine EDB concentrations in the residuum. 

CONCLUSIONS 

Contamination of the aquifer with EDB seems 
to be limited to about a 4-square-mile area in cen­
tral Seminole County in the vicinity of Buck 
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Hole. Five of the six wells contaminated with 
EDB are within high EDB-use areas where the 
soil permeability ranges from moderate to rapid. 
The sixth well, W9, is in an area having moderate 
to rapid soil permeability and is downgradient 
from high-use areas. Considering the contamina­
tion pattern, the soil-core data, local hydro­
geology, the location of the county landfill with 
regard to the area of contamination, and the lack 
of evidence of gasoline spills, the ground-water 
contamination in Seminole County probably is 
due to soil fumigation with EDB. However, 
because the high concentrations of EDB in the 
aquifer seems to be localized in the Buck Hole 
area, the possibility of contamination from an 
EDB fumigant spill cannot be disregarded at this 
time. 

The levels of EDB found in this study are repre­
sentative of a single point in time. It is likely that 
repetitive sampling would show significant tem­
poral variability, particularly on a seasonal basis, 
owing to the high transmissivities, seasonal fluc­
tuations in water levels and recharge rates, and 
seasonal variations in irrigation withdrawals. 
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