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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter

mile (mi) 1.609 kilometer
acre 4,047 square meter
acre 0.4047 hectare

gallon per minute 0.06309 liter per second
gallon per day (gal/d) 0.003785 cubic meter per day
million gallons per day (Mgal/d; 0.04381 cubic meter per second
cubic foot per day per square foot [(ft 3dy/f?] 0.3048 cubic meter per day per square meter
pound, avoirdupois (Ib) 0.4536 kilogram

Temperature is given in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C) by usc of the
following equation:

°C =5/9 x (°F - 32)

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic datum
derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sca
Level Datum of 1929.

Chemical concentrations and water temperature are given in metric units. Chemical concentration for water is
given in milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams per liter is a unit expressing the
concentration of chemical constituents in solution as well as weight (milligrams) of solute per unit volume (liter) of
water. One thousand micrograms per liter is equivalent to 1 milligram per liter. For concentrations less than
7,000 mg/L, the numerical value is the same as for concentrations in parts per million.

Specific conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius (uS/cm). This
unit is equivalent to micromhos per centimeter at 25 degrees Celsius (umho/cm), formerly used by the U.S. Geological
Survey.

The standard unit for hydraulic conductivity is cubic foot per day per square foot [(f>/d)/ft*]. This mathematical
expression reduces to foot per day (ft/d).
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ADR: Analog-to-digital recorder

AEHA: U.S. Army Environmental Hygiene Agency

APG: Aberdeen Proving Ground

BNA: Base-neutral acid extractable

BZ: An incapacitating agent (3-quinuclidinyl benzilate)

CERCLA: Comprehensive Environmental Response, Compensation, and Liability Act
CN: A tear agent (chloroacetophenone)

CNB: A tear agent (10-percent CN, 45-percent benzene, 45-percent carbon tetrachloride)
CS: A tear agent (0-chlorobenzylidenemalononitrile)

CS-1: CS blended with S-percent silica aerogel

DANC: Decontaminating agent, noncorrosive

DM: Adamsite, a vomiting agent (diphenylaminechloroarsine)

EA 3990: A nerve agent (no common or chemical name available)
EM: Electromagnetic induction

FEMA: Federal Emergency Management Agency

FWA: Freshwater acute

FWC: Freshwater chronic

GB: Sarin, a nerve agent (isopropylmethylphosphonofluoridate)
GC/MS: Gas chromatography/mass spectroscopy

GD: Soman, a nerve agent (pinacolyl methylphosphonofluoridate)
HD: Distilled mustard, a blister agent [bis(2-chloroethyl) sulfide]
HGA: Hydrogeologic assessment

MCL: Maximum Contaminant Level

MCLG: Maximum Contaminant Level Goal

PVC: Polyvinyl chloride

RCRA: Resource Conservation and Recovery Act

RFI. RCRA Facility Investigation

SWA: Saltwater acute

SWC: Saltwater chronic
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SWMU: Solid waste management unit

TOH: Total organic halogens

USATHAMA: U.S. Army Toxic and Hazardous Materials Agency
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for total organic halogens showed poor reproduc-
ibility in samples from wells Q16A and Q18A and
site SW07. The cause of this is unknown.

Several organic compounds were identified in
equipment blanks collected during sampling--
5.4 pg/L bis-(2-ethylhexyl)phthalate on April 11,
0.9 pg/L styrene on April 14, and 28.9 pg/L total
organic halogens on April 18. Methylene chloride
was detected in a trip blank on April 14; however,
no samples from Graces Quarters contained detect-
able levels of this compound.

Physical Properties and Inorganic
Constituents

Physical properties and inorganic constituents
are used to describe the chemical quality of ground
water and surface water. Physical properties
including specific conductance, pH, temperature,
and alkalinity are used to indicate the geochemical
conditions that affect the stability of chemical spe-
cies. Physical properties are measured onsite
because pH and temperature change quickly when
samples are removed from the natural environment.
Major ions are those constituents that are present
naturally, typically in concentrations greater than
1.0 mg/L. However, elevated concentrations of
some ions, including chloride and sodium, can
result from contamination. Trace elements (minor
constituents) can be present naturally in small con-
centrations (less than 1 mg/L); however, increased
concentrations can be derived from contamination
sources or can be found in unique chemical envi-
ronments.

Physical properties and inorganic constituents
were summarized with descriptive statistics for the
discussions that follow. Because concentrations of
some of the constituents were censored (values less
than the detection level), the median, maximum,
and minimum were used to describe the sample
populations. In addition, samples were grouped so
comparisons could be made between samples col-
lected from different environments. The groups
included samples collected from the confined aqui-
fer system (wells Q09B, Q16A, Q18B, Q19A, and
Q20A), samples collected from the surficial aquifer
(all remaining wells), samples collected from
inland surface-water sites (SW04, SW06, SW07,
SW08, SW09, SW10, and SW11), and samples col-
lected from estuarine sites (SW01, SW02, SW03,
and SW(05). Data sets were compared with the Wil-
coxon-Mann-Whitney rank sum test (Iman and
Conover, 1983, p. 280-287), a nonparametric test

that uses ranked data to test the likelihood that the

means of two populations are equal. The level of

significance (two-tailed) used in these comparisons
was 0.05.

Physical Properties

Specific conductance of water samples is a
physical property that is closely related to the con-
centration of dissolved ions in solution. In general,
specific conductance of samples of ground water
from Graces Quarters was low. Specific conduc-
tance of ground-water samples ranged from 41 to
393 uS/cm, with a median value of 129 pS/cm
(table 6). This range is less than the range of spe-
cific conductance measured in samples from
Potomac Group aquifers in the Canal Creek area of
APG (Lorah and Vroblesky, 1989, p. 26-27). Con-
ductance values in the Canal Creek aquifer and the
lower confined aquifer in the Canal Creek study
area ranged from 48 to 4,280 uS/cm, with a median
of 263 uS/cm.

The low specific-conductance values in the
ground-water samples at Graces Quarters indicate
that the ground water generally is unmineralized,
possibly as a result of short ground-water-flow
paths and slow weathering of the geochemically
stable aquifer material. However, the specific con-
ductance of samples from the confined aquifer
system, which has a longer flow path than the sur-
ficial aquifer, was lower than that of samples from
the surficial aquifer. This result indicates that
sources of ionic compounds are present in the sur-
ficial aquifer water that do not affect water in the
confined aquifer system. The sources may be
anthropogenic, such as contamination, or they may
be natural, such as brackish-water intrusion or over-
wash.

Specific conductance of surface-water sam-
ples collected from the estuaries was higher than the
conductance of the inland surface-water samples.
The highest conductance (1,750 uS/cm) was mea-
sured at site SWO0S5 in the Dundee Creek estuary
southwest of Graces Quarters (fig. 4). Specific con-
ductance of water from site SW(5 was much higher
than conductance of water from the Gunpowder
River sites, which ranged from 302 to 368 uS/cm
(table 5a, at the end of the report), possibly because
the surface-water samples were collected after a
storm. The Gunpowder River drains a much larger
watershed than Dundee Creek, and it is likely that
the samples from the Gunpowder River were
diluted by runoff from the storm, whereas the
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Table 6. Range of selected physical properties of and concentrations of major inorganic
constituents in ground-water and surface-water samples, Graces Quarters,
Aberdeen Proving Ground, Md., spring 1989

[Spedific conductance in microsiemens per centimeter at 25 degrees Celsius, pH in standard units, concentrations in milligrams per
liter; <, less than; MCL, Maximum Contaminant Level; SMCL, Secondary Maximum Contaminant Level; MCLG, Maximum
Contaminant Level Goal; * contaminant level exceeded; duplicate and split samples not included]

Number Range

Property or of

constituent Sample type samples Maximum Median Minimum Contaminant level!

Specific conductance  All ground water 30 393 129 41
Surficial ground water 25 393 163 58
Confined ground water 5 90 57 41
All surface water 11 1,750 170 45
Inland surface water 7 212 65 45
Estuarine surface water 4 1,750 344 302

pH All ground water 30 6.85 5.38* 3.94* 6.5-8.5(SMCL)
Surficial ground water 25 6.85 5.33* 3.94*
Confined ground water 5 580* 5.62* 5.13*
All surface water 11 6.91 6.18 4.56
Inland surface water 7 6.54 6.02 4.56
Estuarine surface water 4 6.91 6.64 6.12

Dissolved oxygen All ground water 29 124 4.6 .8
Surficial ground water 24 124 5.0 1.0
Confined ground water 5 9.0 1.5 8
All surface water 10 8.5 7.0 2.1
Inland surface water 6 8.1 6.2 21
Estuarine surface water 4 85 7.8 7.5

Alkalinity All ground water 30 175 8 0
Surficial ground water 25 175 8 0
Confined ground water 5 26 9 3
All surface water 11 65 23 0
Inland surface water 7 65 20 0
Estuarine surface water 4 33 31 10

Calcium All ground water 30 61.0 5.84 1.30
Surficial ground water 25 61.0 6.52 1.30
Confined ground water 5 6.07 2.36 1.67
All surface water 11 29.0 10.6 2.57
Inland surface water 7 29.0 8.42 2.57
Estuarine surface water 4 12.0 114 10.6

Magnesium All ground water 30 9.00 2.64 534
Surficial ground water 25 9.00 3.12 .534
Confined ground water 5 1.10 .956 683
All surface water 11 35.0 4.66 1.43
Inland surface water 7 7.30 2.93 1.43
Estuarine surface water 4 35.0 8.89 7.94
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Table 6. Range of selected physical properties of and concentrations of major inorganic
constituents in ground-water and surface-water samples, Graces Quarters,
Aberdeen Proving Ground, Md., spring 1989--Continued

Number Range
Property or of
constituent Sample type samples Maximum Median Minimum Contaminant level!
Sodium All ground water 30 61.0 7.37 2.26
Surficial ground water 25 61.0 7.88 241
Confined ground water 5 5.49 3.87 2.26
All surface water 11 280 3.03 1.11
Inland surface water 7 19.1 2.71 1.11
Estuarine surface water 4 280 41.9 32.6
Potassium All ground water 30 11.3 1.05 <.375
Surficial ground water 25 11.3 1.03 <.375
Confined ground water 5 3.34 1.87 .557
All surface water 11 13.3 2.45 <.375
Inland surface water 7 4.13 1.73 <.375
Estuarine surface water 4 13.3 3.86 3.27
Chloride All ground water 29 77.0 7.52 <212 250 (SMCL)
Surficial ground water 24 77.0 8.58 <2.12
Confined ground water 5 1.7 4.51 <2.12
All surface water 11 540 2.93 <2.12
Inland surface water 7 55.0 <2.12 <2.12
Estuarine surface water 4 540 90.5 71.0
Nitrite plus All ground water 30 4.30 142 <010 10 (MCL, MCLG)
Nitrate Surficial ground water 25 4.30 140 <.010
Confined ground water 5 2.00 140 <.010
All surface water 11 1.70 .250 <.010
Inland surface water 7 1.70 .013 <.010
Estuarine surface water 4 .990 980 .560
Sulfate All ground water 29 81.7 27.5 <10.0 250 (SMCL)
Surficial ground water 24 817 28.9 10.7 400/500 (Proposed MCL,
Confined ground water 5 11.6 <10.0 <10.0 MCLG)
All surface water 11 91.0 14.9 <10.0
Inland surface water 7 229 11.1 <10.0
Estuarine surface water 4 91.0 17.1 14.9
Silica All ground water 29 247 7.00 1.31
Surficial ground water 24 247 8.05 1.31
Confined ground water 5 6.00 4.45 4.05

1 Contaminant levels established by U.S. Environmental Protection Agency (1989, 1990a through e, 1991a through c, 1992)
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Dundee Creek sample was relatively undiluted by
stormwater runoff.

The pH and alkalinity (in milligrams per liter
as calcium carbonate) of ground-water samples are
shown in figure 25. The pH of more than 90 percent
of the ground-water samples was less than the
SMCL (6.5 to 8.5) established by the USEPA.
These low pH values may be natural; the soils found
on Graces Quarters generally are acidic (Reybold
and Matthews, 1976) and would not be expected to
provide much buffering capacity to the water as it
infiltrates into the aquifers.

Ground-water samples from wells Q06, Q07,
Q08,Q12,Q18A, and Q20B showed the lowest pH
values, ranging from 4.93 to 3.94 (fig. 25). Each of
these wells was completed in the surficial aquifer,
and three of them (wells Q06, Q07, and Q18A)
were located in soils described as very strongly
acidic to extremely acidic (Reybold and Matthews,
1976). Although the samples that exhibited the
lowest pH were from wells completed in the surfi-
cial aquifer, no statistical difference in pH was
found between samples from the surficial aquifer
and the confined aquifer system.

The pH’s of ground water at Graces Quarters
are similar to values reported for ground-water sam-
ples from the Potomac Group aquifers of Harford
County, Maryland. The range in pH of 18 samples
from the shallow aquifer in the Potomac Group was
4.51 to 7.10, with a median value of 5.32 (Drum-
mond and Blomquist, 1993, p. 101). However, pH
values at Graces Quarters are lower than those of
water from the Potomac Group aquifers at Canal
Creek in the Edgewood Area of APG (Lorah and
Vroblesky, 1989, p. 26-27). The pH of 53 samples
from the Canal Creek aquifer and the lower con-
fined aquifer at Canal Creek ranged from 4.30 to
9.44, with a median of 5.97.

Surface-water samples were slightly less
acidic than ground-water samples. The median pH
of all surface-water samples was 6.18 (table 6). The
median pH of the inland samples (6.02, table 6) was
less than the median pH of estuarine samples (6.64).
The lowest surface-water pH (4.56, table 6) was
recorded for a sample from site SW11 (fig. 4), a
shallow ditch located near well Q07 (fig. 3). The
sample from site SW11 was collected after a storm.
The sample was collected downstream from the
head of the ditch where water welled up from

underground. The sample was collected to repre-
sent subsurface stormflow originating at or near the
disposal area (fig. 2).

Alkalinity is defined as the capacity of solutes
in a solution to react with and neutralize acid (Hem,
1989, p. 106). Alkalinities of ground-water sam-
ples ranged from 0 to 175 mg/L, with a median
value of 8§ mg/L (table 6). There was no statistical
difference between the alkalinity of water from the
surficial aquifer and that of water from the confined
aquifer system. However, alkalinities of water from
wells Q05, Q13, and Q28 in the surficial aquifer
were noticeably high (fig. 25). Well Q05 is located
near an HD test annulus, well Q13 is near the dis-
posal area, and well Q28 is near the perimeter
dump. Sodium hydroxide (NaOH) was a com-
monly used decontaminating agent and may be a
source of increased alkalinity as well as increased
sodium concentrations in water from these wells.

The median alkalinity of the surface-water
samples was 23 mg/L (table 6). Although this value
is apparently higher than the median alkalinity of
ground-water samples, no statistical difference was
shown, probably because the range of alkalinity for
the surface-water samples (0 to 65 mg/L) was
smaller than that for the ground-water samples.
Also, no statistical difference between alkalinity of
the inland surface-water samples and that of the
estuarine samples could be shown with available
data.

Major lons

Laboratory analyses for major inorganic con-
stituents in ground-water and surface-water
samples included those for calcium, magnesium,
sodium, potassium, chloride, nitrite plus nitrate, and
sulfate. Silica analyses were available only for
ground-water samples. Bicarbonate concentrations
were calculated from alkalinity titrations that were
done onsite. The range of values for these constitu-
ents in both ground-water and surface-water
samples is shown in table 6 along with applicable
water-quality regulations. No ground-water or sur-
face-water samples contained major ions in
concentrations exceeding the applicable USEPA
regulations.

Data from all samples for each of the major
ions except silica and bicarbonate were compared
statistically using the Wilcoxon-Mann-Whitney
rank sum test. Samples from the surficial aquifer
were compared to those from the confined aquifer
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system, ground-water samples were compared to
surface-water samples, and inland surface-water
samples were compared to estuarine samples.

Among the ground-water samples, statistical
differences between the surficial aquifer and the
confined aquifer system were found in the distribu-
tions of calcium, magnesium, sodium, and sulfate.
Concentrations of each of these major ions were
higher in the surficial-aquifer samples than they
were in samples from the confined aquifer system.
This result corresponds to the differences in specific
conductance between the surficial aquifer and the
confined aquifer system that were noted earlier.

Statistical differences in ion-concentration dis-
tributions between ground water and surface water
were noted for calcium, magnesium, potassium,
and sulfate. Concentrations of calcium, magne-
sium, and potassium were higher in surface water
than in ground water, whereas sulfate concentra-
tions were higher in ground water. The reasons for
these differences are unknown. There was no sig-
nificant difference in specific conductance between
ground-water and surface-water samples.

Estuarine surface-water samples contained
higher concentrations of magnesium, sodium,
potassium, and chloride than the inland samples.
This result corresponds to the higher specific-con-
ductance values in estuarine samples noted earlier.

The analytical inorganic-constituent data for
each sampling site were reviewed for accuracy with
the ion-balance method described by Hem (1989, p.
164). In this method, the total concentration of
anions (in milliequivalents per liter) is compared to
the total concentration of cations. In natural water,
the sum of cations and anions should be equal.
Because these samples are dilute and because of
analytical limitations, analyses were determined to
be of suitable quality if the concentrations of anions
and cations agreed to within 10 percent. Samples
from three wells (Q01, Q06, and Q07) had balance
errors greater than 10 percent. Samples from four
wells (Q16A, Q18B, Q19A, and Q20A) were so
dilute that the ion balances were affected by the
detection level of the sulfate ion. The sulfate con-
centration in the water samples from these wells
was less than the analytical reporting level of
10 mg/L (milligrams per liter). It is believed that
the inorganic analyses for these samples were valid
because the cation and anion concentrations were

equal in each case if the sulfate concentration was
between 0 and 10 mg/L. Well Q03 was not evalu-
ated because the sample volume was limited, and all
of the anions were not determined.

The distribution of major ions in ground-water
samples from the surficial aquifer is shown by Stiff
diagrams (fig. 26). These diagrams show ion con-
centrations in milliequivalents per liter. Cation
concentrations (sodium, potassium, calcium, and
magnesium) are plotted to the left of the zero verti-
cal axis, and anion concentrations (chloride, nitrate,
bicarbonate, and sulfate) are plotted to the right of
the zero vertical axis. In this figure, sodium and
potassium are plotted together, as are chloride and
nitrate. The shapes of these diagrams show the
dominant ions in the water sample. Comparison of
these diagrams reveals the spatial trends and vari-
ability in major-ion composition.

The variability of chemical composition of the
water samples from the surficial aquifer is illus-
trated in figure 26, and local patterns exist. In
general, many of the samples contained low con-
centrations of major ions. However, total ion
concentrations were higher in ground-water sam-
ples collected near the disposal area (wells Q01,
Q07, Q08, and Q13) and the perimeter dump site
(wells Q27 and Q28). Also, the sample from well
QOS5 contained much higher concentrations of cal-
cium and bicarbonate than samples from other
wells. Elevated total ion concentrations can result
from anthropogenic sources or from dissolution of
aquifer material.

The patterns of major-ion concentrations in
seven ground-water samples from near the disposal
area reflect the complexity of the surficial aquifer in
the uplands and the transition zone. Stiff diagrams
for samples from wells Q01, Q07, and Q08 are sim-
ilar to each other, with greater proportions of
sodium, chloride, and sulfate than for samples from
other nearby wells. These samples also were more
mineralized than samples from other disposal-area
wells, which may have resulted from ground-water
contamination or from more chemical weathering
due to longer ground-water-flow paths. Samples
from wells Q02 and Q09A contained lower ion con-
centrations than the other samples from this area,
with sulfate as the dominant anion. Water levels in
wells Q02 and Q09A varied considerably between
wet and dry seasons (figs. 15 and 16). This varia-
tion and the low ion concentrations in the samples
indicate that these wells are recharged locally and
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that the ground-water-flow paths are fairly short.
Water-level contours also indicate that well Q13 is
downgradient from well Q09A. Well Q13, how-
ever, is screened in the transition zone, and the
underlying confining layer is not well defined. The
sample from well Q13 contained much larger con-
centrations of sodium, potassium, and bicarbonate
than samples from the upland wells. This differ-
ence, which may be due to brackish-water intrusion
or aquifer mineralogy, may indicate that well Q13
is screened in a part of the surficial aquifer that is
hydraulically discontinuous from the part in which
the other wells in the disposal area are screened.

Differences in ion concentrations also were
seen in ground-water samples from wells Q26, Q27,
and Q28 in the lowlands near the perimeter dump.
Ion concentrations in water from well Q27 differed
considerably from those in water from downgradi-
ent wells Q26 and Q28. Water from the down-
gradient wells contained large concentrations of
sodium and bicarbonate (fig. 26). Differences in
major-ion chemistry indicate that these wells are
located along different flow paths or that chemical
changes occur as a result of ground-water contami-
nation or changes in geochemical conditions. The
high sodium and bicarbonate concentrations in
water from wells Q26 and Q28 may have been
caused by the use and burial of the decontaminating
agent sodium hydroxide at the perimeter dump.

Major-ion distributions in the confined aquifer
system can be seen in figure 27. Stiff diagrams for
the five samples from the confined aquifer system
illustrate low ion concentrations for this ground
water; therefore, identification of specific water
types for several of the samples is difficult. The
sample from well Q09B appears to be a dilute cal-
cium bicarbonate-type water. The Stiff diagrams
for the samples from wells Q16A and Q18B are vir-
tually identical and seem to indicate a sodium
chloride-type water. Stiff diagrams for the samples
from wells Q19A and Q20A do not exhibit obvious
water types.

Stiff diagrams for the surface-water samples
are shown in figure 28. This figure illustrates the
differences between sampies from brackish water in
the estuaries and samples from freshwater at inland
sites. Samples from sites SW01, SW02, and SW03
were from the Gunpowder River and contained sim-
ilar ion concentrations (fig. 28). These samples
were dominated by sodium and chloride, as

expected. The sample from site SWO0S5 from
Dundee Creek contained higher ion concentrations
than the other brackish-water samples and also was
a sodium chloride-type water. The inland samples
were more dilute than those from the estuaries.
Samples SW06, SW07, SW09, and SW10 were
dominated by calcium and bicarbonate. The sample
from site SWO08 was a sodium chloride water, and
water from site SW11 seemed to be dominated by
the sulfate anion, with calcium or magnesium as the
predominant cation. The sample from site SW04 in
the bunker was too dilute to classify.

Minor Constituents

Minor constituents measured in ground-water
and surface-water samples include those inorganic
compounds that typically are found in only trace
concentrations except where contamination or
unique geochemical conditions exist. The presence
of minor constituents in water samples from Graces
Quarters is summarized in table 7. The ground-
water samples were filtered onsite through a 0.45-
micrometer filter prior to analysis, so any metals
detected would be present in the dissolved phase
and not complexed with any organic matter or in a
larger colloidal suspension. The surface-water
samples, however, were unfiltered because the
applicable water-quality criteria call for unfiltered
samples. Thus, trace-element concentrations in sur-
face-water samples represent the combination of
dissolved metals, complexes of metals with dis-
solved and suspended organic carbon, and possibly
metals that were adsorbed to suspended sediment.

Ground-water samples were analyzed for 17
trace elements. Antimony, beryllium, cadmium,
selenium, and mercury either were not present in
the ground-water samples, or were present in con-
centrations that were less than the analytical method
reporting level. Barium and manganese were the
only minor constituents detected in all ground-
water samples; iron was present in most of the sam-
ples. Analysis results for arsenic were received for
only eight of the ground-water samples; arsenic was
not detected in any of these samples.

Results of laboratory analyses of surface-water
samples were available for 13 of the 17 trace ele-
ments analyzed in ground-water samples. Missing
trace-clement analyses included those for arsenic,
lead, mercury, and selenium. Beryllium, silver, and
thallium were not detected in any of the surface-
water samples.
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Table 7. Range of concentrations of selected minor inorganic constituents in ground-water and
surface-water samples, Graces Quarters, Aberdeen Proving Ground, Md.,

spring 1989

[Concentrations in micrograms per liter, <, less than; FWA, freshwater acute, FWC, freshwater chronic, MCL, Maximum
Contaminant Level, MCLG, Maximum Contaminant Level Goal, SMCL, Secondary Maximum Contaminant Level; *, contaminant
level exceeded; duplicate and split samples not inciuded]

Concentration range

Sample Number of
Constituent type samples Maximum Median Minimum Contaminant levell
Aluminum  All ground water 30 2,110* <141* <141* 50 to 200 (SMCL)
Surficial ground water 25 2,110 * <141 * <141*
Confined ground water 5 <141* <141* <141*
All surface water 11 13,100 * 667 * <141* 750 (FWA), 87 (FWC)
Inland surface water 7 13,100 * 657 * <141*
Estuarine surface water 4 2,020* 783 * 667 *
Barium All ground water 30 82.8 20.7 8.9 2,000 (MCL, MCLG)
Surficial ground water 25 82.8 29.4 10.8
Confined ground water 5 121 111 89
All surface water 11 72.2 18.2 13.5
Inland surface water 7 72.2 43.0 14.1
Estuarine surface water 4 40.8 16.9 13.5
Cadmium  All ground water 30 <4.01 <4.01 <4.01 5 (MCL, MCLG)
All surface water 11 122 * <4.01* <4.01* 3.9 (FWA), 1.1 (FWC)
Inland surface water 7 <4.01* <4.01* <4.01*
Estuarine surface water 4 122 * <4.01* <4.01*
Chromium  All ground water 30 29.7 <6.02 <6.02 100 (MCL, MCLG)
Surficial ground water 25 29.7 <6.02 <6.02
Confined ground water 5 <6.02 <6.02 <6.02
All surface water 11 16.5* <6.02 <6.02 16 (FWA), 11 (FWQC)
Inland surface water 7 16.1* <6.02 <6.02
Estuarine surface water 4 16.5* 7.80 <6.02
Copper All ground water 30 60.7 16.0 <8.09 1,300 (Proposed MCL, MCLG)
Surficial ground water 25 60.7 16.0 <8.09 1,000 (SMCL)
Confined ground water 5 34.9 9.48 <8.09
All surface water 11 31.2* 12.2* <8.09 18 (FWA), 12 (FWQO)
Inland surface water 7 309+ 11.2 <8.09
Estuarine surface water 4 31.2* 13.8* <8.09
Iron All ground water 30 21,900* 163 <427 300 (SMCL)
Surficial ground water 25 21,900 * 154 <42.7
Confined ground water 5 5710* 650 * <42.7
All surface water 11 13,300 1,270 254
Inland surface water 7 13,300 1,440 254
Estuarine surface water 4 4,020 1,007 642
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Table 7. Range of concentrations of selected minor inorganic constituents in ground-water and
surface-water samples, Graces Quarters, Aberdeen Proving Ground, Md.,
spring 1989--Continued

Concentration range

Sample Number of
Constituent type samples Maximum Median Minimum Contaminant levell
Lead All ground water 30 577+ <1.26 <1.26 15 (MCL), 0 (MCLG)
Surficial ground water 25 57.7* <1.26 <1.26
Confined ground water 5 11.2 <1.26 <1.26
Manganese  All ground water 30 861 * 112.5* 5.59 50 (SMCL)
Surficial ground water 25 861 * 122 % 5.59
Confined ground water 5 276 * 73.9* 29.6
All surface water 11 2,400 131 24.6
Inland surface water 7 2,400 166 54.7
Estuarine surface water 4 211 50.2 24.6
Nickel All ground water 30 272* <34.3 <34.3 100 (Proposed MCL, MCLG)
Surficial ground water 25 272* <34.3 <34.3
Confined ground water 5 <343 <34.3 <343
All surface water 11 53.1 <34.3 <34.3 1,800 (FWA), 96 (FWC)
Inland surface water 7 <34.3 <34.3 <34.3
Estuarine surface water 4 53.1 <34.3 <34.3
Silver All ground water 30 4.99 <4.60 <4.60 50 (MCL), 100 (SMCL)
Surficial ground water 25 <4.60 <4.60 <4.60
Confined ground water 5 499 <4.60 <4.60
All surface water 11 <4.60 * <4.60* <4.60 * 4.1 FWA), 0.12 (FWC)
Thallium All ground water 30 111# <B81.4* <814 * 0.5 MCLG),
Surficial ground water 25 111* <81.4* <814+ 2.0/1.0 (Proposed MCL)
Confined ground water 5 <814 * <814 % <814 *
All surface water 11 <814 * <81.4* <814 * 1,400 (FWA), 40 (FWC)
Zinc All ground water 30 344 31.6 <211 5,000 (SMCL)
Surficial ground water 25 344 25.5 <21.1
Confined ground water 5 69.2 40.8 <211
All surface water 11 75.3 * 34.4 <21.1 320 (FWA), 47 (FWC)
Inland surface water 7 75.3 % 40.0 <21.1
Estuarine surface water 4 65.6 26.4 <211

1 Contaminant levels established by U.S. Environmental Protection Agency (1986, 1989, 1990a through e, 1991a through c,
1992)
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The distributions of minor constituents in
ground water and surface water were compared sta-
tistically. Where data were available, concentration
distributions for each constituent were compared
between the surficial aquifer and confined aquifer
system, between ground water and surface water,
and between inland surface water and estuarine
water.

Few statistically significant differences
between concentration distributions of minor con-
stituents were found. Barium concentrations were
significantly higher in water from the surficial aqui-
fer than in water from the confined aquifer system,
but there were no other differences in the concentra-
tion distributions in ground-water samples. Iron
concentrations in ground water were higher than
those in surface water, but aluminum concentra-
tions in surface water were higher than those in
ground water. There were no significant differ-
ences in minor-ion distributions between inland
surface water and estuarine water.

Water-quality regulations and criteria for
minor constituents were exceeded in several water
samples. The concentrations of some of the minor
constituents probably reflect natural hydrochemical
conditions rather than ground-water contamination.
The presence of minor constituents in each of the
sampled environments is discussed in the following
paragraphs.

Aluminum was detected in 10 ground-water
samples in concentrations greater than the reporting
level of 141 ug/L (table 4b, at the end of the report).
All of the aluminum detections were in water from
the surficial aquifer (table 7). The SMCL for alumi-
num ranges from 50 to 200 ug/L, depending on the
pH of the water. The analytical reporting level for
the water samples was greater than the lower limit
of the SMCL (50 ug/L); 9 of the 10 detections in
ground water were greater than 200 pg/L. The
maximum concentration in ground water (2,110
pg/L) was in water from well Q06.

Aluminum is abundant in feldspars and alumi-
nosilicate minerals, which may have been present in
the aquifer material. The solubility of aluminum is
largely pH-dependent. Acidified water characteris-
tically contains elevated concentrations of dis-
solved aluminum (Drever, 1988, p.210). The pH of
most ground-water samples from Graces Quarters
with detectable aluminum concentrations was less

than 5.5. Also, aluminum has a great affinity to
complex with natural organic acids. Water from
well Q06 contained a total organic carbon concen-
tration of 3.68 mg/L (table 4c, at the end of the
report). Aluminum-organic complexes may have
passed through the filter and been measured as dis-
solved aluminum.

In surface water, aluminum was present at con-
centrations greater than the reporting level of
141 pg/L for water from 10 of the 11 sampling sites
(table 5b, at the end of the report). Because surface-
water samples were unfiltered, the higher concen-
trations of aluminum were most likely the result of
measurement of organic complexes. The pH of
only one water sample, that from site SW11 (alumi-
num concentration 727 ug/L), was low enough (pH
4.56) to affect aluminum solubility.

The most appropriate water-quality criteria for
aluminum in surface water at Graces Quarters are
the freshwater acute (FWA) and freshwater chronic
(FWQ) criteria of 750 ug/L and 87 ug/L, respec-
tively (table 7). Of the seven inland surface-water
samples, one sample (site SW10, aluminum con-
centration 13,100 pg/L) exceeded the FWA
criterion. Water from three of the four estuarine
sites exceeded the FWA criterion for aluminum,
Water from site SW02 contained an aluminum con-
centration of 2,020 ug/L; SW03 contained
815 pg/L; and SWOS contained 751 pg/L (table Sb,
at the end of the report). Because the reporting level
for aluminum was greater than the FWC criterion,
water from all of the surface-water sites potentially
exceeded the criterion.

Barium was present in ground-water and sur-
face-water samples at concentrations ranging from
8.9 t0 82.8 pug/L (table 7). This is much less than the
MCL of 2,000 ug/L. The barium concentrations in
the samples probably can be attributed to natural
geochemical processes.

Cadmium was not detected in any ground-
water samples at a reporting level of 4.01 ug/L.
This reporting level is less than the MCL and
MCLG of 5 pg/L (table 7). In surface-water sam-
ples, cadmium was detected in water from site
SWOI (12.2 pg/L) and site SW03 (4.02 pug/L). Both
of these are estuarine sites. The source of cadmium
in these samples is unknown. The freshwater crite-
ria (FWA =39 ug/L; FWC = 1.1 pg/L) for
cadmium were less than the 4.01 pg/L reporting
level.
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Chromium was detected in concentrations
greater than the reporting level of 6.02 pg/L in
ground-water samples from wells Q14 (7.98 pg/L)
and Q18A (29.7 and 32.0 ug/L). None of the sam-
ples exceeded the 100-ug/L MCL and MCLG.
Chromium is a contaminant typically found leach-
ing from deposits of industrial metals. Con-
centrations of chromium in natural water that has
not been affected by waste disposal commonly are
less than 10 pg/L (Hem, 1989, p. 138). On Graces
Quarters, sources of chromium may include buried
shell fragments, agent containers, and equipment.
No known burial of any of these sources took place
in the areas where chromium was detected in
ground water.

Chromium was detected in concentrations
greater than the reporting level of 6.02 ug/L in four
surface-water samples. Samples from sites SWO01
(16.5 ng/L) and SWO02 (9.57 pg/L) were collected
from the Gunpowder River estuary; samples from
sites SWO08 (7.75 ug/L) and SW10 (16.1 ug/L) were
collected at inland sites. In the estuarine samples,
chromium concentrations exceeded the FWA
(16 pg/L) and FWC (11 pg/L) criteria in water from
site SW01. The chromium concentration in the
inland sample from site SW10 exceeded the FWA
and FWC criteria. Three of the sites where chro-
mium was detected in surface water (SW01, SW02,
and SW10) are located near the disposal area (fig.
2), in which some of the sources of chromium men-
tioned above are likely to have been buried.

Copper was detected above the reporting level
of 8.09 pg/L in water from 25 of the 30 wells that
were sampled. The maximum copper concentration
in a ground-water sample was 60.7 pg/L, which is
much lower than the SMCL of 1,000 pg/L and the
Proposed MCL and MCLG of 1,300 pg/L (table 7).

Concentrations of copper in surface-water
samples were similar to those in ground-water sam-
ples. However, the ambient water-quality criteria
for copper in surface water are much more stringent
than the regulations for copper in drinking water.
Of the inland sites, copper concentrations in the
sample from site SW10 (30.9 pg/L) exceeded the
FWA criterion of 18 ug/L; copper concentrations in
water from sites SW07 (16.2 pg/L), SW10 (30.9
ug/L), and SW11 (12.2 pg/L) exceeded the FWC
criterion of 12 ug/L. The copper concentration in
the duplicate sample at site SW07 (10.9 pg/L) did
not exceed the FWC criterion. Both freshwater cri-
teria were exceeded in water from one estuarine

sampling site in the Gunpowder River (SW01, cop-
per concentration 31.2 pg/L). The FWC for copper
was exceeded at the other two Gunpowder River
sites (SW02, 15.5 pg/L, and SW03, 12.2 ug/L) but
was not exceeded in water from site SW0S5 in
Dundee Creek, where copper was not detected. The
source of copper in these surface-water samples is
unknown.

Iron concentrations in ground-water samples
ranged from less than 42.7 to 21,900 pg/L (table 7).
Samples from 14 of the 30 wells on Graces Quarters
exceeded the SMCL of 300 ng/L for dissolved iron.
The iron is believed to be present naturally. Drum-
mond and Blomquist, (1993, p. 106) report that 35
percent of Coastal Plain ground-water samples
from Harford County exceeded the SMCL for iron.

Many natural sources and forms of iron are
found in the Potomac Group aquifers, including fer-
ric hydroxide, goethite, hematite, iron silicates, and
pyrite (Chapelle, 1985, p. 83). The form of dis-
solved iron or its precipitates is largely controlled
by oxidation-reduction (redox) processes and pH.
Chapelle (1985) also describes the response of iron
to the chemical microenvironment of the Patapsco
aquifer. He presents a stoichiometric model that
demonstrates the precipitation of ferric hydroxide
at the interface of strongly oxidizing and strongly
reducing conditions. Such precipitation has been
noted at the outcrop of the Patapsco and other
Coastal Plain aquifers. Similar cementation is visi-
ble along the eroding cliff face located east of the
disposal area on Graces Quarters. The wide range
of iron concentrations in the ground water and the
presence of iron cementation at the outcrop indicate
that a variety of redox conditions exist within the
aquifer.

The range of iron concentrations in surface-
water samples was 254 to 13,300 ug/L (table 7).
These relatively high values probably result from
the fact that the samples were not filtered before
analysis (samples were not filtered because surface-
water-quality criteria are for unfiltered water). The
iron most likely was complexed with organic mate-
rial in the water. Because this material was not
filtered out when the sample was collected, all of
the complexed iron was reported as dissolved.

Lead was detected in concentrations greater
than 1.26 pg/L in samples from 12 of the 30 wells
(table 4b, at the end of the report). Water in the
duplicate samples from one well (Q18A, 57.7 and
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96.6 ng/L) exceeded the MCL action level of
15 ug/L. However, the MCLG for lead in drinking
water is zero (table 7).

The sources of lead in the ground-water sam-
ples are unknown. The samples that exceeded the
MCL (duplicate samples from well Q18A) had low
pH and alkalinity, which can increase the solubility
of lead in water (Hem, 1989, p. 144). Itis possible
that practices during the chemical testing period
increased the lead concentrations in ground water at
Graces Quarters. However, it is also possible that
concentrations of lead in these samples is not signif-
icantly different from background concentrations of
lead in water. Hem (1989, p. 144) indicates that
concentrations of lead in rain and snow can exceed
100 pg/L in areas subject to substantial air pollu-
tion.

Manganese was detected in samples from all
wells on Graces Quarters (table 4b, at the end of the
report). Concentrations of dissolved manganese
exceeded the SMCL of 50 pg/L in 20 of the 30
wells, including 3 of the wells screened in the con-
fined aquifer system (well Q09B, 276 ug/L; well
Q16A, 73.9 and 72.6 pg/L; and well Q19A,

192 pg/L). Drummond and Blomquist (1993,

p. 106) report that manganese concentrations
exceeded the SMCL in 52 percent of the Coastal
Plain wells in Harford County. Manganese
response is similar to iron response in the ground-
water system in that the speciation of the oxides of
manganese is sensitive to pH and oxidation-reduc-
tion conditions. Manganese concentrations in
surface water at Graces Quarters ranged from 24.6
to 2,400 pg/L, with the higher values generally in
the inland samples. Sources of manganese include
the dissolution of manganese-bearing minerals in
the aquifer matrix and riverbed sediment (Drum-
mond and Blomquist, 1993, p. 106).

Nickel was detected in concentrations above
the reporting level of 34.3 ug/L in samples from
wells Q06 (272 pg/L), Q07 (103 pg/L), and Q11
(77.6 and 80 pg/L). These wells are screened in the
surficial aquifer and are located throughout the
study area along different flow paths. The Proposed
MCL and MCLG for nickel is 100 ug/L (table 7).
Nickel commonly is associated with iron and man-
ganese oxides (Hem, 1989, p. 159) but also
commonly is used in stainless steel and in numerous
alloys. Nickel in water samples from wells Q07 and
Q11, both of which had low pH’s, may be derived

from buried containers and shell fragments in the
disposal area and Graces Quarters dump. No
known buried sources of nickel exist near well Q06.

Nickel was detected in only one surface-water
sample (site SW(01, 53.1 pg/L) in a concentration
greater than the reporting level of 34.3 ug/L. This
sample was from a site on the Gunpowder River.
Neither of the freshwater criteria for nickel (table 7)
was exceeded in surface-water samples.

Silver was detected at concentrations just
above the reporting level of 4.60 pg/L in wells
Q16A (4.68 pug/L) and Q20A (4.99 ng/L) in the
confined aquifer system. Silver was not detected in
the duplicate sample from well Q16A orany sample
from the surficial aquifer. The MCL for silver is
50 pg/L; the SMCL is 100 pg/L (table 7).

In surface water, silver was not detected above
the reporting level of 4.60 pg/L. However, the
applicable water-quality criteria are less than the
reporting level for silver in surface water (table 7).
Therefore, meaningful comparisons of silver con-
centrations in surface water to the water-quality
criteria are impossible.

Thallium was detected in water from well Q15,
at the southern end of the primary test area, at a con-
centration of 111 pg/L. This concentration is only
slightly greater than the reporting level of
81.4 pg/L. Thallium was not detected in the con-
fined aquifer system. The drinking-water regula-
tions for thallium (0.5 pg/L MCLG; 2.0/1.0 pg/L
Proposed MCL) are much lower than the analytical
reporting level in the ground-water samples.

Thallium was not detected in surface water in
concentrations greater than the reporting level of
81.4 pug/L. The reporting level for thallium was
greater than the FWC criterion of 40 pg/L (table 7).

Thallium is relatively insoluble in water and is
very toxic. The use of thallium in chemical agents
is not documented; however, thallium has been
used in rodenticides, fungicides, and insecticides,
and as catalyzing agents for organic reactions
(Lucius and others, 1989, p. 434). Because many
warfare agents resemble pesticides, any number of
these products could be the source of thallium in
this area.
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Zinc was detected in water from 20 wells with
a maximum concentration of 344 ug/L., which is far
less than the SMCL of 5,000 pg/L. Samples from
four of the five wells screened in the confined aqui-
fer system contained detectable concentrations of
zinc. The reporting level for zinc in ground-water
samples was 21.1 pg/L.

Zinc concentrations in surface-water samples
ranged from less than the 21.1 ug/L reporting level
to 75.3 ng/L. The FWA criterion of 320 ug/L was
not exceeded in any of the surface-water samples;
however, the FWC criterion (47 ug/L) was
exceeded in samples from estuarine site SWO01 in
the Gunpowder River (65.6 ug/L) and in samples
from inland sites SW07 (55.4 and 64.5 pg/L),
SW10 (48.6 ug/L), and SW11 (75.3 pg/L).

Organic Constituents

Fifteen organic compounds were identified in
ground-water and surface-water samples from
Graces Quarters (table 8). Three classes of volatile
organic hydrocarbons (chlorinated alkanes, chlori-
nated alkenes, and aromatics) were present. Also,
four semivolatile organic compounds were identi-
fied, and several unknown organic compounds
were detected. Tables 4¢c and 4d at the end of the
report list the results of all volatile and semivolatile
organic chemical analyses of ground-water sam-
ples. Tables Sc and 5d at the end of the report list the
results for surface-water samples. Tables 4¢ and Se
at the end of the report list the detections of
unknown organic compounds in ground-water and
surface-water samples.

The presence and distribution of each ofthe 15
identified organic compounds are discussed in the
following sections. The spatial distribution of
ground-water samples makes it difficult to assess
accurately the extent of ground-water contamina-
tion. However, several areas that may require more
extensive sampling to define the extent of contami-
nation have been identified. Water from wells in
seven of the nine areas of potential environmental
contamination designated for chemical monitoring
contained detectable concentrations of organic
chemicals. In general, the concentrations of organic
contaminants were less than the MCL’s, and they
were on the order of tenths of micrograms per liter
to tens of micrograms per liter. Water from well
Q14, however, contained several volatile organic
compounds in concentrations as high as 6,000 pug/L
(table 4c, at the end of the report).

Organic compounds typically are present in
trace concentrations, and sampling for these com-
pounds is difficult because of possible sample
contamination and volatilization. To help measure
concentrations of these compounds, other indica-
tors of volatile organic compounds also were
measured, including total organic halogens (TOH)
and total organic carbon. The TOH analysis mea-
sures the concentration of halogens associated with
hydrocarbons present in a water sample. Thus, this
analysis measures a broad spectrum of the primary
types of organic compounds identified by the more
compound-specific gas chromatography/mass
spectroscopy (GC/MS) analysis of volatile organic
compounds. In contrast to the GC/MS results, TOH
analysis results were greater than the detection level
of 5.0 pug/L in 26 of the 30 ground-water samples
and in all of the surface-water samples. Concentra-
tions in all ground-water samples were less than
67.1 ug/L, except in the sample from well Q14
(TOH concentration 14,800 pug/L). Concentrations
of total organic halogens in surface-water samples
ranged from 6.20 to 112 pg/L (table 5c, at the end
of the report).

Total organic carbon is a gross measure of the
total organic material dissolved and suspended in
solution, including chlorinated hydrocarbons, oil,
grease, and natural organic material such as tannic
and fulvic acids. In shallow ground and surface
waters, the natural carbon compounds commonly
are present in greater concentrations than are
anthropogenic carbon compounds. Of 30 ground-
water samples, 20 contained less than 1 mg/L total
organic carbon. Water from well Q14, in which
volatile organic compounds in excess of 5§ mg/L
were detected, was one of the samples in which the
concentration of total organic carbon was less than
1 mg/L; therefore, total organic carbon is not a suit-
able indicator of organic contamination at this site.
Total organic carbon concentrations in surface-
water samples ranged from 3.67 to 20.8 mg/L.

Chlorinated Alkanes

Chlorinated alkanes are saturated, straight-
chained hydrocarbons in which chloride substitutes
for hydrogen atoms in the hydrocarbon structure.
Water samples from nine wells and two samples of
surface water from six areas on Graces Quarters
contained detectable concentrations of chlorinated
alkanes. These compounds were present in a wide
range of concentrations, but detections were limited
to the surficial-aquifer and surface-water samples.
The distribution of chlorinated alkanes in water
samples is shown in figure 29.
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Table 8. Locations and concentrations of selected organic compounds detected in ground-water
and surface-water samples, Graces Quarters, Aberdeen Proving Ground, Md.,

spring 1989

[MCL, Maximum Contaminant Level; MCLG, Maximum Contaminant Level Goal; concentrations in micrograms per liter (Lg/L); *,
sites where Maximum Contaminant Level was equaled or exceeded; HD, distilled mustard}

Sample Number of Concentration Location and site number where detected

Compound type range (figs. 3 and 4)

CHLORINATED ALKANES

Carbon tetrachloride Ground water 0.64-6,000 Disposal area (well Q03)

(5.0 pg/L MCL; Primary test area (well Q14*)
0 ug/L MCLG)! Test-site dump (well Q25)

Chloroform Ground water .93-100 Disposal area (wells Q08, Q13)

(100 pg/L MCL) Primary test area (well Q14*)
HD test annuli (well Q18B)
Test-site dump (well Q25)

1,1,2,2-Tetra- Ground water 4.0-2,000 Disposal area (well Q09A)

chloroethane Primary test area (well Q14)
Test-site dump (well Q25)
Perimeter dump (well Q27)
Bunker (well Q22)

CHLORINATED ALKENES

1,1-Dichloroethylene Ground water .57 Disposal area (well Q03)
(7.0 pg/L MCL, MCLG)

1,2-Dichloroethylene Ground water 2.1-34 Primary test area (well Q15)
(70.0 ug/L MCL, MCLG) Perimeter dump (well Q27)

Trichloroethylene Ground water .5-1,000 Primary test area (well Q14*)
(5.0 pg/L MCL; Test-site dump (well Q25*)

0 ng/LMCLG) Perimeter dump (well Q27)

AROMATICS

Benzene Ground water 94 Disposal area (well Q08)

(5.0 pg/L MCL;
0 pg/L MCLG)

Ethylbenzene Ground water 32 Disposal area (well Q08)
(7.0 pg/L MCL, MCLG)

Toluene Ground water 13 Disposal area (well Q08)
(1,000 pg/L MCL, MCLG)

Xylenes Ground water .80-17 Disposal area (well Q08)
(10,000 pg/L MCL, Perimeter dump (well Q26)
MCLG)

Phenols Surface water 9.43-17.6 Perimeter dump (site SW08)

Graces Quarters dump (site SW09)
Disposal area (site SW10)
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Table 8. Locations and concentrations of selected organic compounds detected in ground-water
and surface-water samples, Graces Quarters, Aberdeen Proving Ground, Md.,

spring 1989--Continued

Sample Number of Concentration Location and site number where detected

Compound type detections

range

(figs. 3 and 4)

SEMIVOLATILE ORGANIC COMPOUNDS

Bis(2-ethylhexyl)
phthalate

Ground water

Surface water

1,2-Epoxycyclo- Ground water

hexene

2-Ethyl-1-hexanol Ground water

Tridecane Ground water

5.4-300

4.5-7.5

1.0-2.0

3.0

10

Primary test area (wells Q15, Q16A, Q16B)

HD test annuli (well Q18B)

Uplands (confined aquifer system) (well Q19A)
Perimeter dump (wells Q26, Q28)

Service area (well Q20A)

Perimeter dump (site SW03)
Bunker (site SW04)

Primary test area (site SW06)

HD test annuli (site SW07)

Graces Quarters dump (site SW09)

Perimeter dump (well Q28)
HD test annuli (well Q18B)
Test-site dump (well Q24)
Primary test area (well Q14)
Disposal area (well Q07)

Primary test area (well Q16A)
Uplands (confined aquifer system) (well Q19A)
HD test annuli (well Q18B)

Disposal area (well Q03)

1 Contaminant levels established by U.S. Environmental Protection Agency (1989, 1990a, b, ¢, and e, 1991a, 1992).
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Carbon Tetrachloride

Carbon tetrachloride was identified in three
ground-water samples in concentrations of (.64 to
6,000 pg/L (table 8). The wells in which carbon tet-
rachloride was detected are located in the primary
test area (well Q14), in the test-site dump (well
Q25), and near the disposal area (well Q03); the
highest concentration was present in water from
well Q14. Lower concentrations of carbon tetra-
chloride were detected in the sample from well
QO03, near the disposal area, and in well Q25, down-
gradient from the test site dump. These wells
contained carbon tetrachloride concentrations of
0.64 and 0.70 pg/L, respectively (less than the MCL
of 5.0 ug/L for carbon tetrachloride). The MCLG
for carbon tetrachloride is zero.

Carbon tetrachloride was used for a number of
purposes in the processing and handling of chemi-
cal agents. Its greatest use in the Graces Quarters
area probably was as a decontaminating agent or as
a solvent for chemical-agent mixtures. Lorah and
Vroblesky (1989, p. 69) reported the use of carbon
tetrachloride to decontaminate equipment and spills
of mustard during World War II. Carbon tetrachlo-
ride also may have been used to decontaminate the
ground and equipment following testing activities
on Graces Quarters; additionally, it was used as a
solvent in the tear-gas mixture CNB. Any testing of
CNB or disposal of equipment used in CNB testing
may have resulted in the presence of carbon tetra-
chloride in ground water.

The high concentration of carbon tetrachloride
in the water sample from well Q14 indicates that a
point source of contamination may exist at or near
this well. However, an electromagnetic survey and
a survey of historical aerial photographs did not
produce evidence of burial pits that may act as a
point source of carbon tetrachloride and other
organic chemicals to well Q14. Therefore, the
organic contamination in well Q14 may be related
to surficial testing and decontamination of chemical
agents within the primary test area. If organic
chemicals were applied to the ground surface dur-
ing testing or decontamination, they might have
migrated downward into the aquifer because the
soil encountered during drilling at well Q14 was
sandy and would not be expected to impede con-
taminant migration. More extensive sampling and
analysis in the primary test area is required to define
further the source and extent of contamination at
this site.

Chloroform

Chloroform was detected in five ground-water
samples in concentrations of 0.93 to 100 pg/L (table
8). Water from two wells in the disposal area (wells
Q08 and Q13) and from one well each near the test
site dump (well Q25), primary test area (well Q14),
and HD test annuli (well Q18B) contained some
chloroform (fig. 29). The concentration of chloro-
form in the sample from well Q14 equaled the
MCL, which is 100 pg/L (table 8).

The use of chloroform as a chemical agent,
solvent, and decontaminating agent is not docu-
mented. However, Nemeth (1989, p. 147) indicates
that chloroform and dye were used to simulate
chemical agents in tests on Carroll Island. Similar
testing may have caused chloroform contamination
in the ground water at Graces Quarters. Also, chlo-
roform can be formed as a product of hydro-
genolysis of carbon tetrachloride (Lorah and Vrob-
lesky, 1989, p. 86). The presence of chloroform in
the sample from well Q18B was unexpected
because this well is screened in the confined aquifer
system and the shallow well at this site showed no
sign of contamination. Contamination during sam-
pling or analysis may have resulted in the small
concentration (1.5 pg/L) of chloroform in this sam-
ple.

1,1,2,2-Tetrachloroethane

Samples from five wells (Q09A, Q14, Q22,
Q25, and Q27) located in five different areas (dis-
posal area, primary test area, bunker, test-site dump,
and perimeter dump) contained detectable concen-
trations of 1,1,2,2-tetrachloroethane (fig. 29).
Concentrations in ground-water ranged from 4.0 to
2,000 pg/L (table 8).

The compound 1,1,2,2-tetrachloroethane has
had many uses as a solvent and as a decontamina-
tion agent. The primary application of 1,1,2,2,-
tetrachloroethane on Graces Quarters probably
would have been as a solvent in the decontaminat-
ing agent DANC (decontamination-agent non-
corrosive), which was reported to contain 90 to 95
percent 1,1,2,2,-tetrachloroethane mixed with a
chlorinating compound (Nemeth, 1989, p. 177).
The decontaminant DANC was used to neutralize
mustard, lewisite, and VX by chlorination, and it
also may have been used to chlorinate other chemi-
cal agents (Nemeth, 1989, p. 178). Contamination
detected in water from well Q14 is most likely from
the use of DANC to decontaminate the primary test
area following chemical-agent testing.
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Chlorinated Alkenes

Chlorinated alkenes are straight-chained
hydrocarbons that are similar in structure to the
alkanes. Alkenes, however, are unsaturated hydro-
carbons and contain carbon-carbon double bonds.
Chlorinated alkenes were present in ground-water
samples from four of the potentially contaminated
areas on Graces Quarters (table 8; fig. 29). These
areas include the disposal area (well Q03), the
perimeter dump (well Q27), the test-site dump (well
Q25), and the primary test area (wells Q14 and
Q15). The compounds detected are 1,1-dichloro-
ethylene, 1,2-dichloroethylene, and trichloroethyl-
ene.

1,1-Dichioroethylene

Only one ground-water sample contained a
detectable concentration of 1,1-dichloroethylene.
The sample from well Q03, located downgradient
from the disposal area, contained this compound in
a concentration 0f 0.57 pg/L. The MCL and MCLG
for 1,1-dichloroethylene is 7.0 pug/L (table 8). The
source of 1,1-dichloroethylene in this sample is
unknown. No other nearby wells contained detect-
able concentrations of this compound, so the
contamination may have come from an isolated
source close to well Q03. Lorah and Vroblesky
(1989, p. 87) describe an abiotic process in which
1,1-dichloroethylene is a secondary product of the
dehydrohalogenation of 1,1,2-trichloroethane. This
process, however, is presumed to occur slowly. The
parent compounds of this reaction were detected in
low concentrations in water from well Q09A in the
disposal area, and in surface-water samples col-
lected near the disposal area.

1,2-Dichioroethylene

The compound 1,2-dichloroethylene was
detected in water from well Q15 (3.4 pg/L), at the
southern end of the primary test area, and in water
from well Q27 (2.1 pug/L), downgradient from the
perimeter dump (fig. 29; table 8). These concentra-
tions are considerably less than the MCL and
MCLG of 70 ng/L. This compound was not com-
monly used in chemical or decontaminating agents
but may be formed as a secondary contaminant by
dihalo-elimination (the loss of two halogen atoms
from adjacent carbons on a polyhalogenated
alkane) of tetrachlorocthane (Lorah and Vroblesky,
1989, p. 88).

Trichloroethylene

Trichloroethylene is a widely used degreasing
agent that can be expected to be found as a contam-
inant in ground water at any location where metal
equipment may have been cleaned and maintained.
Trichloroethylene was detected in water samples
from three wells on Graces Quarters, in the test-site
dump, the perimeter dump, and the primary test
area, in concentrations ranging from 0.5 to
1,000 pg/L (table 8). Samples from wells Q25
(9 ng/L) and Q14 (1,000 pg/L) exceeded the MCL
of 5.0 ug/L. The MCLG for trichloroethylene is
Zero.

No documented records regarding the use of
trichloroethylene as a solvent for chemical agents or
as a decontaminating agent are available. However,
because of its wide use in maintenance and metal
cleaning, low levels of contamination in the dump
areas in which maintenance supplies may have been
buried can be expected. The elevated concentration
in the sample from well Q14 is not explained easily
because no known dumping or burial occurred near
this well. The contamination may have resuited
from the breakdown of other chlorinated hydrocar-
bons that were used as solvents and decon-
taminating agents. Dehydrohalogenation of
1,1,2,2-trichloroethane can produce trichloroethyl-
ene (Lorah and Vroblesky, 1989, p. 87). Samples
from all three wells on Graces Quarters in which
trichloroethylene was detected also contained
1,1,2,2-trichloroethane.

Aromatic Compounds

Aromatic compounds are characterized by
their cyclic structure of six carbon atoms in what is
termed a "benzene ring". In the benzene ring, each
carbon atom bonds with a free hydrogen atom and
two other carbon atoms by a double and a single
bond. Aromatic compounds are noted for their pun-
gent gasoline-like odor.

Aromatic compounds were detected in
ground-water samples from two wells on Graces
Quarters, wells Q08 and Q26, located in the dis-
posal area and perimeter dump, respectively (fig.
29). Water from well Q08 contained benzene, eth-
ylbenzene, toluene, and xylenes, whereas water
from well Q26 contained only xylenes. None of the
aromatic compounds detected were in concentra-
tions greater than the MCL regulations established
by the USEPA (table 8); however, the MCLG of
benzene is zero.
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Aromatic compounds, including those
detected in water from well Q08, commonly are
used as solvents and are present in many fuel prod-
ucts both before and after combustion. The most
notable use of benzene at the Edgewood Arsenal
was as a product in the manufacture of CN (tear
gas). Following chemical testing, used equipment
and containers often were decontaminated by open-
pit burning. Volatile fuels, such as gasoline and
napalm, were used to initiate the burning (Nemeth,
1989, p. 175). Because open-pit burning produces
less heat than incineration, residual material from
both fuel and chemical agents may have persisted
after burning. Also, vegetation was controlled with
field burning. As with open-pit burning, volatile
fuels were used to initiate and control the burning,.
The four aromatic compounds detected in water
from well Q08 may have been residue from burning
during disposal activities.

Well Q26 is located downgradient from the
perimeter dump; the water sample from the well
contained 0.80 pg/L xylenes--much lower than the
17 ug/L found in water from well Q08. No other
contaminants of any type were identified in water
from this well. The source of the xylenes is
unknown; contamination may have occurred during
sample collection and analysis.

Phenols were detected in three surface-water
samples in concentrations of 9.43 to 17.6 pg/L
(table 8). Phenols have no documented use in the
manufacture or decontamination of chemical agents
or as solvents. However, phenols are present in
many products, including disinfectants and petro-
leum products. Phenols were not detected in any
ground-water samples. No USEPA regulations
have been established for phenols in water.

Phenols were detected near the disposal area in
surface water from SW10 (17.6 ug/L), near the
Graces Quarters dump in water from site SW09
(9.43 pg/L), and near the perimeter dump in water
from site SWO08 (10.7 ug/L). In all cases, phenols
may have originated from buried waste or from
phenolic residues left in the soils following burning
or pesticide application.

Semivolatile Organic Compounds

Semivolatile organic compounds are those
compounds that do not readily volatilize under
atmospheric conditions. This class of compounds
also is termed "BNA's" (base-neutral acid-extract-
ables) because of their analytical properties. Three

semivolatile compounds were detected as part of
the BNA analysis of surface-water samples. Bis(2-
ethylhexyl) phthalate was detected in eight ground-
water and five surface-water samples. Three
ground-water samples contained detectable concen-
trations of 2-ethyl-1-hexanol. Five ground-water
samples contained detectable concentrations of
1,2-epoxycyclohexene. Tridecane was detected in
one ground-water sample (fig. 30). No USEPA
water-quality regulations have been established for
these constituents.

Bis(2-ethylhexyl) phthalate

Bis(2-ethylhexyl) phthalate was found in eight
ground-water samples at concentrations ranging
from 5.4 to 300 ng/L and in five surface-water sam-
ples at concentrations ranging from 4.5 to 7.5 ug/L.
The highest concentration (300 pug/L) was detected
in a sample from well Q19A, which is screened in
the confined aquifer system north of all known test-
ing and disposal areas. The hydraulic head in this
well is affected by offsite pumpage, so it is possible
that the well is located along a flow path from one
of the testing or disposal areas. However, the con-
centration of bis(2-ethylhexyl) phthalate in this
sample was two orders of magnitude higher than the
concentration in water from any other well on
Graces Quarters, and the well is screened beneath a
100-ft confining unit. Therefore, it is considered
unlikely that this detection represented the true con-
centration of the compound in ground water at this
well.

Bis(2-ethylhexyl) phthalate was found in the
primary test area in the water samples from wells
Q15 and Q16B, which are screened in the surficial
aquifer, and in the sample from well Q16A, which
is screened in the uppermost confined aquifer.
Detections also were noted in water from well
Q20A in the confined aquifer system at the service
area, in water from well Q18B in the confined aqui-
fer system at the HD test annuli, and in water from
wells Q26 and Q28 in the surficial aquifer at the
perimeter dump. Bis(2-ethylhexyl) phthalate also
was detected in five surface-water samples from
near the bunker (site SW04), the primary test area
(site SW06), the HD test annuli (site SW07), the
Graces Quarters dump (site SW09), and the Gun-
powder River estuary near the perimeter dump (site
SWO03).

Several of the detections of bis(2-ethylhexyl)
phthalate mentioned are suspect. Duplicate sam-
ples were collected at well Q16A, and bis(2-ethyl-
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hexyl) phthalate was detected in one but not the
other. Inaddition, the compound was detected inan
equipment wash blank at a concentration of

5.4 pg/L the same day that wells Q15, Q16A,
Q16B, and Q20A were sampled. The concentration
of bis(2-ethylhexyl) phthalate in those samples
ranged from 5.4 to 8.7 ug/L. This indicates that the
detections may have resulted from contaminated
sampling equipment or wash water.

Phthalates commonly are used as plasticizers
in polymers of vinyl chloride, propylene, ethylene,
and styrene (Smith and others, 1988, p. 56) Phtha-
lates are poorly soluble in water and tend to
partition with sediment and lipids (Smith and oth-
ers, 1988, p. 58). It is possible that, because of the
ubiquitous nature of phthalates, the presence of
bis(2-cthylhexyl) phthalate in samples from Graces
Quarters is unrelated to any chemical testing or dis-
posal activities. Well-construction materials,
water-sample containers, and atmospheric deposi-
tion from distant sources may have contributed to
the concentrations detected on Graces Quarters.
Although the use of phthalates is undocumented in
chemical-agent manufacture, the chemical proper-
ties of phthalates make them well suited for use as
thickeners and as stabilizers for the chemical agents
that were tested at Graces Quarters. Phthalates arc
stable in the environment. If they were used in
chemical agents, they would be expected to be
present throughout the ground water and surface
water of Graces Quarters and to be sorbed to the
sediment.

1,2-Epoxycyclohexene

Five ground-water samples contained detect-
able concentrations (1.0 to 2.0 pg/L) of 1,2-
epoxycyclohexene (table 8). The samples were
from wells located in five of the potentially contam-
inated areas, including the perimeter dump (well
Q28), the HD test annuli (well Q18B), the disposal
arca (well Q07), the test-site dump (well Q24), and
the primary test area (well Q14). No USEPA regu-
lations exist concerning the presence of this com-
pound in water. Cyclohexene is used in organic
synthesis and can be found in coal tar and as a sta-
bilizer in fuels. Because of the spatial extent of 1,2-
epoxycyclohexene and the low concentrations
detected, the presence of this compound may indi-
cate sample contamination during sampling and
analysis. More sampling may be required to verify
the presence of 1,2-epoxycyclohexene in the
ground water at Graces Quarters.

2-Ethyl-1-hexanol

The compound 2-cthyl-1-hexanol was
detected in three ground-water samples from the
confined aquifer system. The compound was
detected in samples from wells Q16A (3.0 ug/L),
Q18B (3.0 ug/L), and Q19A (3.0 pg/L). One of the
wells (Q19A) is screened in the confined aquifer
system in the uplands beneath a thick clay confining
layer. No known sources of 2-ethyl-1-hexanol are
in the Graces Quarters area, and the compound was
not detected in the surficial aquifer. The low con-
centrations of this compound in water from the
confined aquifer system may result from contami-
nation during the collection, processing, or
handling of the samples.

Tridecane

Tridecane is a 13-carbon alkane (straight-
chained saturated hydrocarbon) that was detected in
water from well Q03 at a concentration of
10.0 pg/L. The source of the tridecane in this sam-
ple is unknown. Water from well Q03 also con-
tained detectable concentrations of carbon tetra-
chloride, and the tridecane may have come from the
same localized source. However, this value may be
anomalous and a result of laboratory contamina-
tion. Further sampling may be necessary to verify
the presence of tridecane in water from this well.
No MCL or Proposed MCL for tridecane in drink-
ing water has been established by the USEPA.

SUMMARY AND CONCLUSIONS

Graces Quarters was used for open-air testing
of chemical-warfare agents from the late 1940's
until 1971. Testing took place in three areas known
as the primary test area, the HD test annuli, and the
secondary test area. Disposal of waste from test
activities took place in at least four areas known as
the disposal area, the Graces Quarters dump, the
test-site dump, and the perimeter dump.

The Graces Quarters peninsula is located in the
Atlantic Coastal Plain Physiographic Province and
is underlain by Cretaceous sediment of the Potomac
Group. The Potomac Group sediment consists of
unconsolidated clay, sand, and silt most likely of
continental origin. The rock unit of the Potomac
Group that crops out on Graces Quarters is the
Patapsco Formation.
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Surface water in the area consists mainly of the
estuarine tributaries of the Chesapeake Bay that sur-
round Graces Quarters, along with ponding,
intermittent runoff, and tidal marshes. Soils on
Graces Quarters are classified into two general soil
associations, the Mattapex-Barclay-Othello associ-
ation and the Sassafras-Woodstown-Fallsington
association. The soils on Graces Quarters range
from poorly drained to well drained and are
strongly acidic to extremely acidic.

The aquifers and confining units identified on
Graces Quarters include the surficial aquifer, the
upper confining unit, and one or more confined
aquifers and lower confining units. The local aqui-
fer system is complex because of the lenticular
nature of the Patapsco Formation sediment on
Graces Quarters. Because the system is complex,
definition of the aquifers and confining units is dif-
ficult. However, the available borehole and
topographic data allow the peninsula to be divided
into three hydrogeologic areas: the uplands, which
are discontinuous areas characterized by a thick,
dense clay at or near the land surface; the transition
zone, which is gently sloping and adjacent to the
uplands; and the lowlands, which are flat and low-
lying. The dense clay is either less well-defined or
is present at greater depth, and the sediments are
sandier in the transition zone and lowlands than in
the uplands.

The surficial aquifer consists of sand, silt, and
clay, and ranges in thickness from near 0 to almost
70 ft. Hydraulic head in the surficial aquifer is
affected by the hydrogeologic framework and by
recharge, discharge, and evapotranspiration. There
are no known pumpage effects on the surficial aqui-
fer. During spring 1988, which was a wet time of
year, the hydraulic head was highest at two sites
(the disposal area and the bunker) within the
uplands. Hydraulic-head gradients between these
areas and the adjoining transition zone were steep,
indicating low hydraulic conductivity between the
uplands and the transition zone in these areas. Dur-
ing fall 1988, some of the wells in upland parts of
the surficial aquifer went dry.

Flow directions in the surficial aquifer on
Graces Quarters varied with space and time. At the
disposal area, flow during spring 1988 was away
from the area in all directions except northwest;
during fall 1988, the aquifer in the disposal area was
nearly dry. At the bunker, hydraulic head was high
during spring and fall, and flow directions were to

the south, west, and east. At the Graces Quarters
dump, flow directions seemed to converge on an
area west of the dump. If a breach exists in the
upper confining unit in this area, the surficial aqui-
fer at this location would represent a recharge zone
for the underlying confined aquifer system.
Another explanation is that the hydraulic head in
the surficial aquifer at the bunker site has little
effect on flow direction in this area. If this is the
case, the likely flow direction in this area is to the
west.

At the test-site dump in the primary test area,
ground water may flow in several directions,
including toward the cliff face east of the site. At
the perimeter dump, flow direction varies with time.
The perimeter dump site appears to be an area of
ground-water discharge because there is evidence
of an upward hydraulic gradient within the surficial
aquifer. During the fall, the hydraulic head in the
surficial aquifer at the perimeter dump declines
below sea level, indicating that ground water is
affected by evapotranspiration in this area.

Horizontal hydraulic conductivity in the surfi-
cial aquifer ranged from less than 0.02 to 24 fv/d.
The hydraulic conductivity calculated from slug
tests was within ranges commonly measured in the
aquifer materials in which the wells were screened.

The upper confining unit on Graces Quarters
consists of what appears to be two different clay
units. One of the clay units was present at altitudes
above sea level and was more than 100 ft thick in
the uplands. In the transition zone and lowlands,
the clay that comprises the upper confining unit is
less dense and possibly less continuous than the
clay in the uplands. The clay within the transition
zone and lowlands ranged in thickness from 20 to
65 ft in the boreholes in which it was present. The
upper confining unit probably is not continuous
over the entire study area. Available data from
boreholes in the transition zone indicate the possi-
ble presence of breaches in the upper confining unit
in that area.

The confined aquifer system at Graces Quar-
ters was encountered at five borehole locations;
however, the thickness of the aquifer system was
not defined. The aquifer system consists of layers
of interbedded sand and clay. The confined aquifer
system beneath the uplands most likely is different
from the confined aquifer system beneath the low-
lands. This is apparent from the stratigraphic
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position of the lithologic units and the patterns of
hydraulic-head fluctuations observed within the
two parts of the aquifer. The hydraulic head in the
lowlands showed a seasonal and tidal fluctuation.
The hydraulic head in the uplands showed tidal
fluctuation, but also was affected by pumpage from
an unknown location. Horizontal hydraulic con-
ductivity in the lowlands part of the confined
aquifer system ranged from 1 to 68 ft/d. In the
uplands part of the confined aquifer system, deter-
mination of hydraulic conductivity in the two
boreholes was impossible as a result of the presence
of residual bentonite mud from drilling.

Water from 30 wells and 11 surface-water sites
was sampled for chemical analysis to determine the
extent of contamination on Graces Quarters. Of the
30 wells, 25 were screened in the surficial aquifer
and 5 were screened in the confined aquifer system.
Seven of the 11 surface-water sampling sites were
located in ponds, marshes, and ditches on the inland
part of the peninsula; the other 4 surface-water sites
were located in the estuaries surrounding Graces
Quarters.

Sampling sites were located primarily to detect
contamination from the nine areas that were identi-
fied as potential contaminant sources. Possible
sources of ground-water contamination at the test
sites include infiltration of chemical-warfare agents
or decontaminating agents applied to the ground
surface during testing activities. The decontaminat-
ing agents often contained chlorinating compounds
mixed with organic solvents. Chemical contamina-
tion in the disposal areas may have originated from
buried chemical-agent test equipment and supplies,
which would have been decontaminated by a num-
ber of measures including burning and chemical
treatment. Also, containers of untreated chemical
agents may be buried at these sites.

Ground-water and surface-water samples were
analyzed for a wide range of properties and inor-
ganic and organic constituents, including physical
properties, major ions, minor constituents, and vol-
atile and semivolatile organic compounds. The
results of the analyses were compared with applica-
ble USEPA water-quality regulations and criteria to
determine the suitability of the water as a resource
and with published and unpublished data from stud-
ies in similar environments to determine whether
concentrations were significantly different from
expected background conditions.

The physical properties measured for this
study were specific conductance, pH, and alkalin-
ity. In ground-water samples, specific conductance
ranged from 41 to 393 uS/cm, with a median of
129 uS/cm. These relatively low values resulted
from slow weathering of the unreactive and
geochemically stable aquifer material. Specific
conductance of water samples from the confined
aquifer system were lower than those of the surfi-
cial-aquifer samples. Ground-water samples at
Graces Quarters tended to be acidic and poorly
buffered. Median pH and alkalinity values were
5.38 units and 8 mg/L, respectively. The pH’s of
more than 90 percent of the ground-water samples
were lower than the SMCL (6.5 to 8.5) established
by the USEPA for drinking water. Alkalinity in
ground-water samples ranged from 0 to 175 mg/L.
Samples from three wells (Q05, Q13, and Q28) in
three different areas (the HD test annuli, the dis-
posal area, and the perimeter dump) contained
alkalinity concentrations that were higher than
those in most of the other samples. Sodium hydrox-
ide, a commonly used decontaminating agent, may
have been the source of the increased alkalinity in
water from these wells.

Specific conductance in surface-water samples
ranged from 45 to 1,750 uS/cm; the higher values
were associated with brackish-water sites in the
Gunpowder River and Dundee Creek. The highest
specific conductance in surface water was mea-
sured in the sample from Dundee Creek. Specific
conductance of the Gunpowder River samples was
lower than the conductance of the sample from
Dundee Creek, possibly as a result of an antecedent
storm that caused an influx of freshwater into the
Gunpowder River estuary but had less effect on the
Dundee Creek estuary, which has a much smaller
watershed area than the Gunpowder River.

Surface-water samples were slightly less
acidic than ground-water samples (median pH
6.18), but the alkalinity distribution was not signif-
icantly different from the ground-water alkalinity
distribution. The median alkalinity in surface-
water samples was 23 mg/L (compared to 8§ mg/L
for ground water), but the range in alkalinity of sur-
face-water samples (0 to 65 mg/L) was smaller than
the range in alkalinity of ground-water samples.

The major-ion chemistry of ground water at
Graces Quarters varied spatially and with depth.
The variability of major-ion chemistry probably is
related to the complexity of the local geology and
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flow paths. Calcium, magnesium, sodium, and sul-
fate concentrations were significantly higher in
samples from the surficial aquifer than in samples
from the confined aquifer system. In general, many
of the ground-water samples from both aquifers
contained low concentrations of major ions. How-
ever, some surficial-aquifer samples collected near
the disposal area and the perimeter dump contained
higher total ion concentrations than the rest of the
samples. Also, increased concentrations of bicar-
bonate and sodium in wells Q26 and Q28 near the
perimeter dump may have resulted from historical
use of sodium hydroxide as a decontamination
agent.

Surface-water samples generally contained
higher concentrations of calcium, magnesium, and
potassium than did ground-water samples. How-
ever, sulfate concentrations in surface water
generally were lower than the concentrations in
ground water. As expected, concentrations of sev-
eral of the major ions were significantly higher in
the estuarine surface-water samples than in the
inland surface-water samples.

Trace elements (minor constituents) were
determined in both ground-water and surface-water
samples. Concentrations of the minor constituents
in ground-water samples were compared to USEPA
drinking-water regulations (MCL, SMCL, and Pro-
posed MCL); concentrations in surface-water
samples were compared to Federal ambient water-
quality criteria for freshwater (FWA and FWC).

In ground water, the health-based MCL drink-
ing-water regulation for lead was exceeded in one
sample (well Q18A) from the surficial aquifer at
one of the HD test annuli. The SMCL regulations,
which are aesthetically based, were exceeded in at
least 9 samples for aluminum, in 14 samples for
iron, and in 20 samples for manganese. All of the
wells in which aluminum was detected were
screened in the surficial aquifer. These wells were
located at or near the disposal area; at the Graces
Quarters dump; at or near the HD test annuli; and at
the secondary test area, the bunker, and the perime-
ter dump. The iron and manganese concentrations
detected in the ground-water samples are similar to
those found in other Potomac Group aquifers and
may be present naturally.

Surface-water criteria were exceeded for sev-
eral of the minor constituents. The FWA criterion
for aluminum was exceeded in water from one of
the seven inland sites (site SW10, near the disposal
area) and three of the four estuarine sites (SW02,
SWO03, and SW05). The FWC criterion for alumi-
num was less than the reporting level in surface
water. Cadmium was detected at two estuarine sites
in the Gunpowder River (sites SWO01 and SW03),
but the FWA and FWC criteria were less than the
reporting level for cadmium. Chromium was
detected in water from two sites in the Gunpowder
River (sites SWO01 and SW02) and in water from
two inland sites (SW08 in the primary test area and
SW10 near the disposal area). Of these detections,
water from one estuarine site (SWO01) exceeded the
FWA and FWC criteria, and water from one inland
site (SW10) exceeded the FWC and FWA criteria.
The FWA for copper was exceeded in water from
one inland site (SW10) and one estuarine site
(SWO01), and the FWC was exceeded in water from
three inland sites (SW07, which may be downgradi-
ent from one of the HD test annuli, and SW10 and
SW11, near the disposal area) and in water from
three estuarine sites (SWO01, SW02, and SW03).
Silver and thallium were not detected in any sur-
face-water samples, but the reporting levels were
less than both criteria for silver and the FWC for
thallium. The FWC criterion for zinc was exceeded
in one estuarine sample (site SWO01) and three
inland samples (sites SW07, SW10, and SW11).

Sampling and analysis of ground-water and
surface-water samples included volatile and semi-
volatile organic compounds. Three classes of vola-
tile organic compounds were identified in ground-
water and surface-water samples. These include
chlorinated alkanes, chlorinated alkenes, and aro-
matic hydrocarbons. Volatile organic compounds
were identified in seven of the nine potentially con-
taminated areas on Graces Quarters in
concentrations ranging from 0.5 to 6,000 pg/L.
Also, four semivolatile organic compounds were
identified. These compounds were bis(2-cthyl-
hexyl) phthalate, 1,2-epoxycyclohexene, 2-cthyl-1-
hexanol, and tridecane. Samples from two wells
(Q14 in the primary testarea and Q25 at the test-site
dump) exceeded MCL regulations for organic com-
pounds in drinking water. The sample from well
Q14 exceeded the MCL for carbon tetrachloride,
chloroform, and trichloroethylene; the sample from
well Q25 exceeded the MCL for trichloroethylene.
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The highest concentration of volatile organic
compounds was present in a water sample from
well Q14 in the primary test area. Water from this
well also contained the widest variety of com-
pounds. The compounds detected include carbon
tetrachloride (6,000 pg/L), chloroform (100 pg/L),
1,1,2,2-tetrachloroethane (2,000 pg/L), and trichlo-
roethylene (1,000 pg/L). These compounds were
used commonly as solvents for chemical agents and
decontaminating agents. They also may be prod-
ucts of the degradation of other solvents. Because
preliminary assessments showed no buried source
of contamination in the vicinity of well Q14, the
contamination is presumed to result from surface
application during chemical testing. More informa-
tion is required to determine the extent of
contamination in the primary test area.

Comparatively low concentrations of volatile
organic compounds (0.5 to 17 pg/L) were detected
in areas near the test-site dump, perimeter dump,
disposal area, HD test annuli, Graces Quarters
dump, and bunker. Because the ground-water-flow
system near these sites is complex, the extent and
direction of contaminant migration cannot be ascer-
tained at this time. Water from well Q25 at the test-
site dump and well Q27 near the perimeter dump
contained detectable concentrations of 1,2-dichlo-
roethylene. Chloroform was detected in water from
five wells, including wells Q08, Q14, Q25, Q13,
and Q18A.

Detections of aromatic hydrocarbons were
limited to water from well Q08 in the disposal area

and well Q26 at the perimeter dump. Benzene,
ethylbenzene, toluene, and xylenes were detected in
water from well Q08, and xylenes were detected in
water from well Q26. The concentrations did not
exceed the MCL’s for these compounds.

Four semivolatile organic compounds were
detected in ground-water and surface-water sam-
ples. Bis(2-ethylhexyl) phthalate was detected in
eight ground-water samples from the surficial and
confined aquifers in concentrations ranging from
5.4 t0 300 pg/L and in five surface-water samples
(in the estuary at site SW03 and at inland sites
SWO04, SW06, SW07, and SW09) in concentrations
ranging from 4.5 to 7.5 ug/L. The highest concen-
tration was detected in water from well Q19A,
which is screened in the confined aquifer system
north of all known testing and disposal areas.
Although their use at Graces Quarters is undocu-
mented, phthalates may have been used in chemical
agents as plasticizers. The compound 2-ethvI-1-
hexanol was detected at a concentration of 3.0 pg/L
in water from wells Q16A, Q18B, and Q19A com-
pleted in the confined aquifer system; 1,2-epoxy-
cyclohexane was detected in water from wells Q07
(2.0 pg/L), Q14 (2.0 pg/L), Q24 (1.0 pg/L), and
Q28 (4.0 pg/L) in the surficial aquifer, and well
Q18B (1.0 pg/L) in the confined aquifer; and tride-
cane (10.0 pg/L) was detected in well Q03 in the
surficial aquifer. Sources of these compounds have
not been determined; it is possible that the samples
were contaminated during handling.
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Table 4a. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground,Md., spring 1989--
Physical properties, major dissolved constituents, and nutrients

[uS/cm, microsiemens per centimeter at 25 “C; "C, degrees Celsius; mg/L, milligrams per liter;—, missing data; <, less than;

D, duplicate sample; S, split sample]

Well Specific Temper- Calcium Magnesium  Sodium  Potassium
no. Sampling conductance pH ature Oxygen (mg/L  (mg/L (mg/L (mg/L
(fig. 3) date (uS/cm) (units) (°C) (mg/L) asCa) as Mg) as Na) as K)
Surficial-aquifer samples

Qo1 04-13-89 177 5.01 100 29 5.00 6.37 124 <0.375
Q02 04-13-89 78 5.18 115 85 4.83 222 530 <375
Qo3 04-17-89 226 5.68 14.0 7.0 8.21 4.03 257 9.14
Q05 04-19-89 393 6.22 10.0 75 61.0 9.00 241 2.44
Qo6 04-19-89 211 451 11.0 22 15.0 3.62 739 1.25
Qo7 04-13-89 219 3.94 10.0 18 3.94 511 190 .854
Qo8 04-13-89 204 4.88 105 93 7.36 4.01 231 <375
QA 04-17-89 84 5.47 120 - 6.00 3.1 413 1.08
Q10 04-17-89 88 5.41 16.0 20 2.05 1.37 7.27 1.27
on 04-18-89 58 5.05 150 46 1.30 534 7.35 2.00
Q11 () 04-18-89 58 5.05 150 46 1.4 67 77 1.8
Q12 04-18-89 126 4.72 135 46 6.77 5.45 4.70 2.57
Q13 04-18-89 173 6.66 16.0 24 183 .942 126 11.3
Q14 04-13-89 264 511 115 10 8.74 5.96 26.6 1.03
Q15 04-11-89 335 5.63 100 46 10.6 7.22 214 <.375
Q16B 04-11-89 101 5.15 85 124 11.6 1.52 3.10 <375
Q17 04-19-89 113 5.90 110 9.4 10.8 1.80 7.86 1.05
Q18A 04-14-89 111 493 105 5.0 9.00 2.83 3.04 1.01
Q18A (D) 04-14-89 111 4.93 105 5.0 8.87 2.87 281 .706
Q208 04-11-89 97 493 100 9.0 10.7 1.23 271 <375
Q21 04-17-89 163 5.07 10.5 84 6.52 8.00 6.68 1.65
Q21 (S) 04-18-89 163 5.07 105 8.4 7.2 8.8 6.8 21
Q22 04-18-89 102 5.51 11.5 5.0 3.15 1.72 129 1.18
Q24 04-13-89 180 533 120 6.7 4.28 246 219 141
Q25 04-13-89 141 5.67 135 35 5.68 3.12 7.88 .606
Q26 04-12-89 132 632 110 9.9 295 3.86 153 <.375
Q27 04-11-89 179 535 10.0 5.0 411 6.05 16.2 <375
Q28 04-12-89 258 6.85 110 45 3.00 1.02 61.0 .780
Confined-aquifer-system samples

QO09B 04-19-89 90 5.80 135 8 6.07 1.04 3.87 2.26
Q16A 04-11-89 66 513 11.5 30 2.36 1.10 5.49 3.34
Q16A (D) 04-11-89 66 513 115 3.0 2.21 1.16 5.48 3.18
Q18B 04-14-89 57 5.40 120 15 2.04 .956 522 1.87
Q19A 04-14-89 4 5.69 13.0 14 1.67 690 2.26 .557
Q20A 04-11-89 56 5.62 120 9.0 4.63 683 3.40 1.20
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Table 4a. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground,Md., spring 1989--
Physical properties, major dissolved constituents, and nutrients--Continued

Alka- Bicar- Chlo- Fluo-
Well linity bonate Sulfate ride ride Bromide  Silica Nitrogen
no. (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L as
(fig. 3) as CaCO3) as HCO;) asSOy) asCl) asPF) as Br) as Si0,) NO, +NO3 )

Surficial-aquifer samples

Q0 5 6 626 315 <1.23 <1.0 19.0 0.144
Qo2 8 9 20.6 3.63 <123 <1.0 6.50 075
Qo3 25 30 - - - - - 130
Q05 175 213 26.7 <212 <1.23 <10 2.00 350
Qo6 0 0 817 120 <123 <1.0 7.00 <010
Qo7 0 0 28.8 46.0 <123 <1.0 24.7 <.010
Qo8 4 5 67.8 105 <123 <1.0 9.30 125
QO9A 7 8 21.7 257 <123 <1.0 4.55 330
Q10 13 16 17.4 6.66 <1.23 <1.0 11.0 140
Qn 1 2 122 711 <1.23 <10 10.0 092
Q11 () 1 2 12 63 .10 <.01 22 100
Q12 2 3 275 8.06 <1.23 <10 7.00 430
Q13 69 84 10.7 13 <1.23 <1.0 16.5 -400
Q14 10 12 36.0 49.0 <1.23 <10 8.80 930
Q15 25 31 281 770 <1.23 <1.0 7.70 <.010
Q16B 9 11 29.0 3.40 <1.23 <1.0 270 192
Q17 29 35 19.0 2.66 <1.23 <1.0 1.31 180
Q18A 4 5 29.8 2.86 <1.23 <1.0 250 120
Q18A (D) 4 5 304 2.84 <1.23 <1.0 250 130
Q20B 3 3 29.1 3.40 <123 <1.0 3.10 .023
Q21 5 6 46.7 6.56 <123 <1.0 11.0 220
Q21 (5 5 6 47 6.1 10 .01 23 -
Q22 21 25 207 315 <1.23 <10 6.50 .700
Q24 2 2 51.1 9.09 <1.23 <10 14.0 01
Q% 12 15 318 121 <1.23 <1.0 9.20 034
Q26 14 17 19.9 159 <1.23 <1.0 6.80 <.010
Q27 3 4 38.0 26.9 <1.23 <1.0 14.0 <010
Q28 71 86 29.7 12.8 <1.23 <1.0 8.40 014
Confined-aquifer-system samples

QU9B 26 32 116 3.18 <1.23 <1.0 4.10 <.010
Q16A 5 6 <10.0 11.7 <1.23 <1.0 6.00 1.40
Q16A (D) 5 6 <100 114 <1.23 <1.0 6.00 1.60
Q18B 3 3 <10.0 752 <123 <10 4.05 1.90
Q19A 13 16 <100 <212 <1.23 <1.0 5.00 <010
Q20A 9 n <100 451 <123 <1.0 4.45 2.00
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Table 4b. Results of chemical analyses of water from selected wells on Graces Quarters,

Aberdeen Proving Ground,Md., spring 1989--

Minor constituents
[All concentrations are for dissolved constituents in micrograms per liter; --, missing data; <, less than; D, duplicate sample; S, split
sample]
Well Alum- Anti- Beryl- Chro-
no. Sampling inum mony Arsenic  Barium  lium Cadmium mium Copper
(fig. 3) date (as AD) (asSb)  (as As) (as Ba) (as Be) (as Cd) (as Cr) (as Cu)
Surficial-aquifer samples
Q01 04-13-89 301 <38 - 294 <5 <4.01 <6.02 24.8
Q02 04-13-89 <141 <38 - 163 <5 <4.01 <6.02 16.0
QO3 04-17-89 <141 <38 - 29.8 <5 <4.01 <6.02 16.0
Q05 04-19-89 <141 <38 - 19.7 <5 <4.01 <6.02 18.1
QU6 04-19-89 2,110 <38 - 328 <5 <4.01 <6.02 213
Qo7 04-13-89 354 <38 - 47.1 <5 <4.01 <6.02 16.8
Qo8 04-13-89 191 <38 - 38.1 <5 <4.01 <6.02 203
QU9A 04-17-89 464 <38 - 34.0 <5 <4.01 <6.02 11.6
Q10 04-17-89 <141 <38 -- 14.6 <5 <4.01 <6.02 16.5
Q11 04-18-89 <141 <38 - 303 <5 <4.01 <6.02 59.0
Q11 (S 04-18-89 40 <1 <1 34 <5 <1 <5 20
Q12 04-18-89 232 <38 - 75.0 <5 <4.01 <6.02 23.8
Q13 04-18-89 <141 <38 - 828 <5 <4.01 <6.02 24.2
Q14 04-13-89 <141 <38 - 38.6 <5 <4.01 798 18.2
Q15 04-11-89 <141 <38 <254 435 <5 <4.01 <6.02 <8.09
Q16B 04-11-89 <141 <38 <2.54 157 <5 <4.01 <6.02 8.38
Q17 04-19-89 <141 <38 - 122 <5 <4.01 <6.02 25.4
Q18A 04-14-89 339 <38 - 317 <5 <4.01 297 11.2
Q18A (D) 04-14-89 352 <38 - 43.2 <5 <4.01 320 11.2
Q20B 04-11-89 <141 <38 <254 117 <5 <4.01 <6.02 <8.09
Q21 04-17-89 268 <38 - 21.7 <5 <4.01 <6.02 8.38
Q21 (S) 04-18-89 210 <1 <1 26 <5 <1 <5 20
Q22 04-18-89 293 <38 - 17.6 <5 <4.01 <6.02 60.7
Q24 04-13-89 <141 <38 - 26.4 <5 <4.01 <6.02 123
Q25 04-13-89 <141 <38 - 337 <5 <4.01 <6.02 11.0
Q26 04-12-89 <141 <38 <2.54 10.8 <5 <4.01 <6.02 9.44
Q27 04-11-89 <141 <38 <2.54 149 <5 <4.01 <6.02 <8.09
Q28 04-12-89 423 <38 <254 108 <5 <4.01 <6.02 9.14
Confined-aquifer-system samples
QUIB 04-19-89 <141 <38 - 12.1 <5 <4.01 <6.02 <8.09
Q16A 04-11-89 <141 <38 -- 98 <5 <4.01 <6.02 9.48
Q16A (D) 04-11-89 <141 <38 <2.54 9.8 <5 <4.01 <6.02 <8.09
Q18B 04-14-89 <141 <38 - 119 <5 <4,01 <6.02 238
Q19A 04-14-89 <141 <38 - 89 <5 <4.01 <6.02 349
Q20A 04-11-89 <141 <38 <254 11.1 <5 <4.01 <6.02 <8.09
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Table 4b. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground,Md., spring 1989--
Minor constituents--Continued

Well Manga- Sele- Thal-
no. Iron Lead nese Mercury  Nickel nium Silver lium Zinc
(fig. 3) (as Fe) (as Pb) (asMn) (asHg) (as Ni) (as Se) (as Ag) (asTl)  (asZn)

Surficial-aquifer samples

Qo1 <42.7 3.14 149 <0.243 <343 <3.02 <4.60 <81.4 57.5
Qo2 48.5 <1.26 47.6 <.243 <343 <3.02 <4.60 <81.4 295
Qo3 <42.7 <1.26 27.7 <.243 <343 <3.02 <4.60 <81.4 60.6
Q05 84.2 <1.26 18.6 <.243 <343 <3.02 <4.60 <81.4 <21.1
Qo6 3,410 2.28 68.5 <.243 272 <3.02 <4.60 <81.4 344

Qo7 540 <1.26 861 <.243 103 <3.02 <4.60 <81.4 101

Q08 <42.7 1.63 161 <243 <343 <3.02 <4.60 <81.4 255
Q09A 301 1.52 38.9 <.243 <343 <3.02 <4.60 <81.4 33.6
Q10 4,980 <1.26 803 <.243 <34.3 <3.02 <4.60 <81.4 67.0
on 154 <1.26 715 <.243 77.6 <3.02 <4.60 <81.4 54.7
Q11 () 110 <10 51 - 80 <1 2.0 - 56

Q12 66.5 <1.26 194 <.243 <34.3 <3.02 <4.60 <81.4 25.1
Q13 309 <1.26 n <243 <34.3 <3.02 <4.60 <81.4 <211
Q14 <42.7 <1.26 171 <.243 <34.3 <3.02 <4.60 <81.4 96.2
Q15 21,900 <1.26 139 <.243 <343 <3.02 <4.60 111 <21.1
Q16B 129 <1.26 559 <.243 <34.3 <3.02 <4.60 <81.4 <21.1
Q17 <42.7 <1.26 10.6 <.243 <343 <3.02 <4.60 <81.4 <211
Q18A <42.7 57.7 122 <.243 <343 <3.02 <4.60 <81.4 <21.1
Q18A (D) <427 96.6 119 <.243 <343 <3.02 <4.60 <81.4 <21.1
Q20B <42.7 9.98 128 <.243 <343 <3.02 <4.60 <81.4 <21.1
Q21 <427 5.31 303 <.243 <343 <3.02 <4.60 <81.4 22.6
Q21 (5) 16 20 31 <1 10 <1 1.0 - 27

Q22 320 1.95 246 <.243 <34.3 <3.02 <4.60 <81.4 <21.1
Q24 579 228 96.6 <.243 <343 <3.02 <4.60 <81.4 42.6
Q25 5,720 3.36 232 <.243 <34.3 <3.02 <4.60 <81.4 42.0
Q26 172 <1.26 328 <.243 <343 <3.02 <4.60 <81.4 <21.1
Q27 2,240 <1.26 213 <.243 <343 <3.02 <4.60 <81.4 55.2
Q28 654 <1.26 103 <.243 <343 <3.02 <4.60 <81.4 <21.1

Confined-aquifer-system samples

QUIB 5,710 <1.26 276 <.243 <34.3 <3.02 <4.60 <81.4 <21.1
Q16A 650 1.41 73.9 <.243 <343 <3.02 4.68 <81.4 40.8
QI16A (D) 859 <1.26 726 <243 <343 <3.02 <4.60 <81.4 36.8
Q18B <42.7 11.2 43.2 <.243 <34.3 <3.02 <4.60 <81.4 69.2
QI9A 3,510 <1.26 192 <.243 <34.3 <3.02 <4.60 <81.4 57.5
Q20A <42.7 <1.26 29.6 <.243 <343 <3.02 4.99 <81.4 39.7
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Table 4c. Results of chemical analyses of water from selected wells on Graces Quarters,

[Concentrations in micrograms per liter unless specified. mg/L, milligrams per liter; --, missing data; <, less than; D, duplicate
sample; S, split sample]

Aberdeen Proving Ground, Md., spring 1989--
Volatile organic compounds and total organic halogens

Carbon,

organic, Phenols, Bromo- Carbon
Well total non- Halide, di- tetra-
no. Sampling (mg/L specific, total chloro- Bromo-  chlo- Chloro-
(fig. 3) date as Q) total organic Benzene methane form ride benzene
Surficial-aquifer samples
Qo1 04-13-89 1.80 <7.12 242 <0.50 <0.59 <2.6 <0.58 <0.50
Q02 04-13-89 2.77 <7.12 14.7 <50 <59 <2.6 <58 <50
Qo3 04-17-89 1.7 <7.12 243 <.50 <.59 <26 64 <50
Q05 04-19-89 2.15 <7.12 6.20 <.50 <.59 <2.6 <58 <.50
Qo6 04-19-89 3.68 <712 63.2 <.50 <.59 <2.6 <58 <50
Qo7 04-13-89 <1.00 <7.12 40.0 <.50 <.59 <2.6 <58 <50
Qo8 04-13-89 147 <7.12 252 94 <.59 <2.6 <58 <50
QO9A 04-17-89 5.00 <7.12 515 <.50 <.59 <2.6 <58 <50
Q10 04-17-89 <1.00 <712 12.2 <50 <.59 <2.6 <.58 <50
Q11 04-18-89 <1.00 <7.12 114 <.50 <.59 <2.6 <58 <.50
Q11 (S) 04-18-89 - - - <3.0 <3.0 <3.0 <3.0 <3.0
Q12 04-18-89 <1.00 <7.12 6.38 <.50 <.59 <26 <58 <50
Q13 04-18-89 <1.00 <7.12 8.96 <.50 <.59 <2.6 <58 <50
Q14 04-13-89 <1.00 <7.12 14,800 <50 <60 <300 6,000 <50
Q15 04-11-89 <1.00 <7.12 394 <.50 <.59 <2.6 <58 <50
Q16B 04-11-89 <1.00 <7.12 169 <.50 <.59 <26 <.58 <50
Q17 04-19-89 <1.00 <712 <5.00 <.50 <.59 <2.6 <.58 <50
Q18A 04-14-89 1.15 <7.12 <5.00 <.50 <.59 <2.6 <.58 <.50
Q18A (D) 04-14-89 <1.00 <7.12 218 <.50 <.59 <2.6 <58 <50
Q20B 04-11-89 <1.00 <7.12 249 <.50 <.59 <2.6 <.58 <.50
Q21 04-17-89 <1.00 <7.12 <5.00 <.50 <.59 <26 <.58 <.50
Q21 (D) 04-17-89 1.97 <7.12 <5.00 <.50 <.59 <2.6 <58 <.50
Q21 () 04-18-89 1.9 - - 3.0 <3.0 <3.0 <3.0 <3.0
Q22 04-18-89 7.64 <7.12 954 <.50 <.59 <2.6 <58 <50
Q24 04-13-89 <1.00 <7.12 11.4 <.50 <.59 <2.6 <58 <50
Q25 04-13-89 <1.00 <7.12 25.1 <.50 <.59 <2.6 70 <50
Q26 04-12-89 2.43 <7.12 58.9 <.50 <.59 <2.6 <58 <50
Q27 04-11-89 <1.00 <7.12 21.2 <.50 <.59 <2.6 <.58 <50
Q28 04-12-89 3.66 <7.12 67.1 <.50 <.59 <2.6 <.58 <50
Confined-aquifer-system samples
Q09B 04-19-89 <1.00 <7.12 33.0 <50 <.59 <2.6 <.58 <.50
Q16A 04-11-89 <1.00 <7.12 10.1 <.50 <.59 <2.6 <.58 <.50
Q16A (D) 04-11-89 <1.00 <7.12 <5.00 <.50 <.59 <2.6 <58 <.50
Q18B 04-14-89 <1.00 <7.12 10.8 <.50 <.59 <2.6 <58 <50
Q19A 04-14-89 <1.00 <7.12 133 <.50 <.59 <2.6 <58 <50
Q20A 04-11-89 <1.00 <7.12 <5.00 <.50 <.59 <2.6 <58 <.50
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Table 4c. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Md., spring 1989--
Volatile organic compounds and total organic halogens--Continued

2-

Chloro- Chloro-
Well di- ethyl- 1,2-Di- 1,3-Di- 1,4-Di- 1,1-Di-
no. bromo- Chloro- vinyl- Chloro- Chloro- chloro- chloro- chloro- chloro-
(fig. 3) methane ethane ether form methane benzene benzene benzene ethane
Surficial-aquifer samples
Q01 <0.67 <1.9 <0.71 <0.50 <3.2 <1.7 <17 <1.7 <0.68
Q02 <.67 <1.9 <71 <.50 <32 <1.7 <1.7 <1.7 <.68
Qo3 <.67 <1.9 <71 <.50 <32 <2.0 <2.0 <2.0 <.68
Q05 <.67 <1.9 <71 <50 <3.6 <1.7 <1.7 <1.7 <.68
Qo6 <.67 <1.9 <.71 <.50 <3.6 <1.7 <17 <1.7 <.68
Qo7 <.67 <1.9 <71 <.50 <3.2 <1.7 <1.7 <1.7 <.68
Qo8 <.67 <1.9 <71 3.2 <3.2 <1.7 <17 <1.7 <.68
QO9A <.67 <19 <71 <50 <32 <17 <17 <1.7 <.68
Q10 <.67 <1.9 <71 <.50 <3.2 <1.7 <17 <1.7 <.68
Q1 <.67 <19 <71 <.50 <32 <17 <17 <1.7 <.68
Q11 (9 <3.0 <3.0 <3.0 3.0 <3.0 <5.0 <5.0 <5.0 <3.0
Q12 <.67 <1.9 <71 <.50 <3.2 <1.7 <17 <1.7 <.68
Q13 <.67 <1.9 <71 11 <3.6 <1.7 <17 <1.7 <.68
Q14 <70 <200 <70 100 <300 <1.7 <17 <1.7 <70
Q15 <.67 <1.9 <71 <50 <3.2 <1.7 <17 <1.7 <.68
Q16B <.67 <1.9 <71 <.50 <3.2 <1.7 <1.7 <1.7 <.68
Q17 <.67 <1.9 <71 <.50 <3.6 <1.7 <1.7 <1.7 <.68
Q18A <.67 <1.9 <71 <.50 <32 <1.7 <17 <1.7 <.68
Q18A (D) <.67 <1.9 <71 <.50 <32 <1.7 <17 <1.7 <.68
Q20B <.67 <1.9 <71 <.50 <3.2 <1.7 <17 <1.7 <.68
Q21 <.67 <19 <71 <50 <32 <17 <17 <17 <.68
Q21 (D) <.67 <1.9 <71 <.50 <3.2 <1.7 <17 <1.7 <.68
Q21 (9 <3.0 3.0 3.0 <3.0 <3.0 <5.0 <5.0 <5.0 3.0
Q22 <.67 <1.9 <71 <.50 <36 <1.7 <1.7 <1.7 <.68
Q24 <.67 <1.9 <71 <.50 <3.2 <1.7 <17 <1.7 <.68
Q25 <.67 <1.9 <71 93 <3.2 <1.7 <1.7 <17 <.68
Q26 <.67 <1.9 <71 <.50 <3.2 3.0 <3.0 3.0 <.68
Q27 <.67 <1.9 <71 <.50 <3.2 <1.7 <17 <1.7 <.68
Q28 <.67 <1.9 <71 <.50 <3.2 3.0 <3.0 3.0 <.68
Confined-aquifer-system samples
QO09B <.67 <1.9 <71 <.50 <3.6 <1.7 <17 <1.7 <.68
Q16A <.67 <1.9 <71 <.50 <3.2 <1.7 <17 <1.7 <.68
Q16A (D) <.67 <1.9 <71 <.50 <3.2 <1.7 <1.7 <1.7 <.68
Q188 <.67 <1.9 <71 15 <3.2 <1.7 <17 <17 <.68
Q19A <.67 <1.9 <71 <.50 <3.2 <1.7 <1.7 <1.7 <.68
Q20A <.67 <1.9 <71 <50 <3.2 <1.7 <17 <1.7 <.68
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Table 4c. Results of chemical analyses of water from selected wells on Graces Quarters,

Aberdeen Proving Ground, Md., spring 1989--

Volatile organic compounds and total organic halogens--Continued

cis- trans- Methyl-
Well 1,2-Di- 1,1-Di- 1,2-Di- 1,2-Di- 1,3-Di- 1,3-Di- ene
no. chloro- chloro- chloro- chloro- chloro- chloro- Ethyl- Fluor-  chlo-
(fig. 3) ethane ethylene ethylene  propane propene  propene  benzene ene ride
Surficial-aquifer samples
Qo1 <050 <0.50 <0.50 <050 <0.58 <0.70 <050 <3.7 <23
Q02 <.50 <50 <.50 <50 <58 <70 <50 <3.7 <23
Q03 <50 57 <.50 <50 <.58 <70 <50 <4.0 <23
Qo5 <.50 <50 <.50 <50 <.58 <70 <50 <3.7 <23
Qo6 <.50 <50 <.50 <50 <.58 <.70 <50 <37 <23
Qo7 <.50 <50 <.50 <50 <.58 <70 <50 <3.7 <23
Q08 <.50 <50 <.50 <50 <.58 <70 3.2 3.7 <23
QO9A <.50 <50 <50 <50 <58 <70 <50 <3.7 <23
Q10 <.50 <50 <.50 <.50 <58 <.70 <50 <3.7 <23
Q11 <.50 <50 <50 <50 <58 <70 <50 <3.7 <23
Q11 (S) 3.0 <30 <3.0 <3.0 <3.0 <30 <3.0 5.0 <30
Q12 <50 <50 <.50 <50 <.58 <70 <50 <3.7 <23
Q13 <50 <50 <.50 <50 <.58 <.70 <50 <3.7 <23
Q14 <50 <50 <50 <50 <60 <70 <50 <3.7 <200
Q15 <.50 <50 3.4 <50 <58 <.70 <50 <3.7 <23
Q16B <.50 <50 <.50 <50 <.58 <70 <50 <3.7 <23
Q17 <.50 <50 <.50 <50 <.58 <70 <50 <3.7 <23
Q18A <.50 <50 <.50 <.50 <.58 <.70 <50 <3.7 <23
Q18A (D) <.50 <50 <.50 <50 <.58 <.70 <50 <37 <23
Q20B <.50 <50 <.50 <50 <.58 <.70 <50 <3.7 <23
Q21 <50 <50 <.50 <50 <.58 <70 <50 <3.7 <23
Q21 (D) <.50 <50 <.50 <50 <.58 <70 <50 <3.7 <23
Q21 (S) <3.0 <3.0 3.0 <3.0 3.0 <30 <3.0 <5.0 <3.0
Q22 <.50 <50 <50 <50 <58 <70 <50 <3.7 <23
Q24 <.50 <50 <50 <50 <.58 <70 <50 3.7 <23
Q25 <.50 <50 <.50 <.50 <.58 <.70 <.50 <3.7 <23
Q26 <.50 <50 <.50 <50 <.58 <70 <50 <3.7 <23
Q27 <50 <50 2.1 <50 <.58 <70 <50 <7.0 <23
Q28 <.50 <50 <.50 <50 <58 <70 <50 <7.0 <23
Confined-aquifer-system samples
QO09B <.50 <50 <.50 <50 <.58 <.70 <50 <3.7 <23
Q16A <.50 <50 <.50 <50 <.58 <70 <50 <37 <23
Q16A (D) <.50 <50 <.50 <50 <.58 <70 <50 <3.7 <23
Q18B <.50 <50 <50 <50 <58 <.70 <50 <37 <23
Q19A <.50 <50 <.50 <50 <.58 <70 <50 <3.7 <23
Q20A <.50 <50 <50 <50 <.58 <70 <50 <3.7 <23
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Table 4c. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Md., spring 1989--
Volatile organic compounds and total organic halogens--Continued

1,1,2.2- Tetra- 1,1,1- 1,1,2- Tri- Tri-
Well Tetra- chloro- Tri- Tri- chloro- chloro- Vinyl
no. chloro- ethyl- chloro- chloro-  ethyl- fluoro- chlo-  Xylenes,
(fig. 3) ethane ene Toluene ethane ethane  ene methane  ride total

Surficial-aquifer samples

Qo1 <0.51 <l.6 <050 <0.50 <1.2 <0.5 <1.4 <2.6 <0.84
Q02 <51 <1.6 <50 <50 <1.2 <5 <14 <2.6 <.84
Q3 <51 <1.6 <.50 <.50 <1.2 <5 <1.4 <2.6 <.84
Qo5 <51 <1.6 <50 <50 <1.2 <5 <1.4 <29 <.84
Qo6 <51 <1.6 <.50 <50 <1.2 <5 <1.4 <29 <.84
Qo7 <51 <1.6 <50 <.50 <1.2 <5 <1.4 <2.6 <.84
Q08 <51 <l.6 13 <50 <1.2 <5 <1.4 <2.6 17
QO0%A 10 <1.6 <50 <50 <1.2 <5 <1.4 <2.6 <.84
Q10 <51 <1.6 <50 <.50 <1.2 <5 <1.4 <2.6 <.84
Qun <51 <l.6 <50 <50 <1.2 <5 <1.4 <2.6 <.84
Q11 (S) <3.0 <3.0 <3.0 <3.0 <3.0 3.0 3.0 <1.0 <3.0
Q12 <51 <1.6 <50 <.50 <1.2 <5 <1.4 2.6 <.84
Q13 <51 <l.6 <50 <50 <1.2 <5 <1.4 <29 <.84
Q14 2,000 <200 <50 <50 <100 1,000 <100 <300 <80
Q15 <51 <1.6 <50 <50 <1.2 <5 <1.4 <26 <.84
Q16B <51 <1.6 <50 <50 <1.2 <5 <14 <2.6 <.84
Q17 <51 <1.6 <50 <50 <1.2 <5 <1.4 <29 <.84
Q18A <51 <1.6 <50 <.50 <1.2 <5 <1.4 <2.6 <84
Q18A (D) <51 <l.6 <.50 <50 <1.2 <5 <1.4 <2.6 <.84
Q20B <51 <1.6 <50 <50 <1.2 <5 <14 <2.6 <84
Q21 <51 <l.6 <50 <50 <1.2 <5 <1.4 <2.6 <.84
Q21 (D) <51 <1.6 <.50 <50 <1.2 <5 <1.4 <2.6 <.84
Q21 (S <3.0 <3.0 3.0 <30 3.0 <30 3.0 <1.0 <3.0
Q22 40 <1.6 <50 <50 <1.2 <5 <1.4 <29 <.84
Q24 <51 <1l.6 <50 <50 <1.2 <5 <1.4 <2.6 <.84
Q25 12 <1.6 <.50 <50 <1.2 9 <1.4 <2.6 <.84
Q26 <51 <1.6 <50 <.50 <1.2 <5 <1.4 <26 .80
Q27 6.1 <1.6 <50 <50 <1.2 5 <1.4 <2.6 <.84
Q28 <51 <1.6 <50 <50 <1.2 <5 <14 <2.6 <.84

Confined-aquifer-system samples

Q09B <51 <1.6 <050 <50 <1.2 <5 <1.4 <29 <84
Q16A <51 <1.6 <50 <50 <1.2 <5 <1.4 <26 <.84
Q16A (D) <51 <1.6 <50 <.50 <1.2 <5 <1.4 <2.6 <.84
Q18B <51 <1.6 <.50 <50 <1.2 <5 <1.4 <2.6 <.84
Q19A <51 <1.6 <50 <50 <1.2 <5 <1.4 <26 <.84
Q20A <51 <1.6 <50 <50 <1.2 <5 <14 .6 <.84
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,

[Concentrations in micrograms per liter; <, less than; -, missing data; D, duplicate sample; S, split sample]

Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds

alpha-
Acetic Benzene

Well Ace- Ace- acid, Acaylo- An- hexa-
no. naph- naph- vinyl Acro- ni- thra- chlor-
(fig. 3) thene thylene ester Acetone lein trile Aldrin cene ide
Surficial-aquifer samples
Qo1 <1.7 <0.50 <83 <13.0 <100 <100 <4.7 <0.50 <4.0
Q02 <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
Q03 <2.0 <.60 <9.3 <13.0 <100 <100 <6.0 <.60 <5.0
Q05 <1.7 <50 <93 <13.0 <100 <100 <4.7 <50 <4.0
Qo6 <1.7 <.50 <8.3 <13.0 <100 <100 <4.7 <50 <4.0
Qo7 <1.7 <50 <8.3 <13.0 <100 <100 <4.7 <50 <4.0
Qo8 <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
Q09A <1.7 <.50 <83 <13.0 <100 <100 <4.7 <.50 <4.0
Q10 <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
Q11 <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
Q11 (S) 5.0 <5.0 - - -- - <01 <5.0 <.01
Q12 <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
Q13 <1.7 <50 <9.3 <13.0 <100 <100 <4.7 <50 <4.0
Q14 <1.7 <50 <800 <1,000 <1,000 <1,000 <4.7 <50 <4.0
Q15 <1.7 <50 <8.3 <13.0 <100 <100 <4.7 <50 <40
Q16B <1.7 <50 <8.3 <13.0 <100 <100 <4.7 <50 <4.0
Q17 <1.7 <.50 <93 <13.0 <100 <100 <4.7 <.50 <4.0
Q18A <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
QIBA(D) <17 <50 <83 <130 <100 <100 <4.7 <50 <4.0
Q208 <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <40
Q21 <1.7 <50 <83 <13.0 <100 <100 <4.7 <.50 <4.0
Q21 (D) <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
Q21 (S) <5.0 <5.0 -- - - -- <.01 <5.0 <0
Q22 <1.7 <50 <9.3 <13.0 <100 <100 <47 <50 <4.0
Q24 <17 <50 <8.3 <13.0 <100 <100 <47 <50 <4.0
Q25 <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
Q26 <3.0 <1.0 <83 <13.0 <100 <100 <10 <1.0 <8.0
Q27 <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
Q28 <3.0 <1.0 <83 <13.0 <100 <100 <10 <1.0 <8.0
Confined-aquifer-system samples
QU9B <1.7 <50 93 <13.0 <100 <100 <4.7 <50 <4.0
Q16A <1.7 <50 <8.3 <130 <100 <100 <4.7 <50 <4.0
Q16A (D) <1.7 <50 <8.3 <13.0 <100 <100 <4.7 <50 <40
Q18B <17 <50 <8.3 <13.0 <100 <100 <4.7 <50 <4.0
Q19A <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
Q20A <1.7 <50 <83 <13.0 <100 <100 <4.7 <50 <40
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds—-Continued

delta- Benzo

beta- Benzene- [al Benzo Benzo- Benzo-
Well Benzene- hexa- an- bl k] Benz- [gh,il Benzo
no. hexa- chlo- Benz- thra- fluor-~ fluor- oic pery- [al
(fig. 3) chloride ride idine cene anthene anthene acid lene pyrene
Surficial-aquifer samples
Q01 <4.0 <4.0 <10.0 <1.6 5.4 <0.87 <13.0 <6.1 <4.7
Q02 <4.0 <4.0 <10.0 <1.6 5.4 <.87 <13.0 <6.1 <4.7
Q03 <5.0 <5.0 <10.0 2.0 <6.0 <1.0 <20.0 <70 <6.0
Q05 <4.0 <4.0 <10.0 <1.6 5.4 <87 <13.0 <6.1 <4.7
Qo6 <4.0 <40 <10.0 <1.6 <54 <.87 <13.0 <6.1 <4.7
Qo7 <4.0 <40 <10.0 <1.6 5.4 <.87 <13.0 <6.1 <4.7
Q08 <4.0 <40 <10.0 <1.6 5.4 <.87 <13.0 <6.1 <4.7
QWA <4.0 <40 <10.0 <1.6 5.4 <.87 <13.0 <6.1 <4.7
Q10 <4.0 <4.0 <10.0 <1.6 5.4 <87 <13.0 <6.1 <4.7
Qn <4.0 <4.0 <10.0 <1.6 5.4 <87 <13.0 <6.1 <4.7
Q11 (9 <.01 <01 - 5.0 <10.0 <10.0 - <10.0 <10.0
Q12 <4.0 <4.0 <10.0 <1.6 <54 <87 <13.0 <6.1 <4.7
Q13 <4.0 <4.0 <10.0 <1.6 <54 <.87 <13.0 <6.1 <4.7
Q14 <4.0 <4.0 <10.0 <1.6 <54 <.87 <13.0 <6.1 <4.7
Q15 <4.0 <4.0 <10.0 <1.6 <5.4 <.87 <130 <6.1 <4.7
Q16B <4.0 <4.0 <10.0 <1.6 5.4 <.87 <13.0 <6.1 <4.7
Q17 <4.0 <4.0 <10.0 <1.6 <5.4 <87 <13.0 <6.1 <4.7
Q18A <4.0 <4.0 <10.0 <1.6 <5.4 <87 <13.0 <6.1 <4.7
Q18A (D) <4.0 <40 <10.0 <1.6 5.4 <.87 <13.0 <6.1 <47
Q20B <4.0 <40 <10.0 <1.6 <5.4 <.87 <13.0 <6.1 <4.7
Q21 <4.0 <4.0 <10.0 <1.6 5.4 <87 <13.0 <6.1 <4.7
Q21 (D) <4.0 <4.0 <10.0 <l.6 <5.4 <87 <13.0 <6.1 <4.7
Q21 () <.01 <01 - <5.0 <10.0 <10.0 - <10.0 <10.0
Q22 <4.0 <4.0 <10.0 <1.6 5.4 <87 <13.0 <6.1 <4.7
Q24 <4.0 <4.0 <10.0 <1.6 <54 <87 <13.0 <6.1 <4.7
Q25 <4.0 <4.0 <10.0 <1.6 <5.4 <87 <13.0 <6.1 <4.7
Q26 <8.0 <8.0 <20.0 3.0 <10 <20 <30.0 <10.0 <9.0
Q27 <4.0 <4.0 <10.0 <1.6 <5.4 <.87 <13.0 <6.1 <4.7
Q28 <8.0 <8.0 <20.0 <3.0 <10 <20 <30.0 <10.0 <9.0
Confined-aquifer-system samples
Q09B <40 <4.0 <10.0 <1.6 <5.4 <.87 <13.0 <6.1 <4.7
Q16A <4.0 <4.0 <10.0 <1.6 <5.4 <.87 <13.0 <6.1 <4.7
Q16A (D) <4.0 <4.0 <10.0 <1.6 <5.4 <87 <13.0 <6.1 <4.7
Q18B <4.0 <4.0 <10.0 <1.6 <5.4 <87 <13.0 <6.1 <4.7
Q19A <4.0 <4.0 <10.0 <1.6 <5.4 <.87 <13.0 <6.1 <4.7
Q20A <4.0 <4.0 <10.0 <1.6 <5.4 <.87 <13.0 <6.1 <4.7
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

Bis (2~ 2,2-Bis 2,2-Bis 2,2-Bis

Bis (2- Bis (2- chloro- (para-chloro-  (para-chloro-  (para-chloro-
Well Benzo chloro- chloro- iso- phenyi)- phenyl)- phenyl)-
no. thia- Benzyl ethoxy)  ethyl) propyl 1,1dichloro-  1,1-dichloro-  1,1,1-tri-
(fig. 3) zole alcohol methane  ether ether ethane ethene chloroethane
Surficial-aquifer samples
Q01 <1 <0.72 <15 <19 <53 <4.0 <4.7 <9.2
Q02 <1 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
Qo3 <.11 <.90 <20 <2.0 <6.0 <5.0 <6.0 <10
Q05 <11 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
Qo6 <211 <.72 <15 <19 <53 <4.0 <4.7 <9.2
Qo7 .11 <72 <15 <1.9 <5.3 <4.0 <4.7 <9.2
Qo8 <1 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
QA <2.11 <.72 <15 <19 <53 <4.0 <4.7 <9.2
Q10 21 <.72 <15 <1.9 <5.3 <4.0 <4.7 <9.2
Q11 <2.11 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
Q11 ¢5) - - <50 <5.0 <5.0 <.01 - --
Q12 <2.11 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
Q13 <1 <72 <15 <1.9 <5.3 <4.0 <4.7 <9.2
Q14 <2.11 <72 <15 <1.9 <53 <4.0 <4.7 9.2
Q15 <n <72 <15 <1.9 <53 <4.0 <4.7 <9.2
Q16B <2.11 <.72 <15 <19 <53 <4.0 <4.7 <9.2
Q17 <2.11 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
Q18A <211 <72 <15 <1.9 <53 <4.0 <4.7 <92
QIBA (D) <211 <72 <15 <19 <53 <4.0 <4.7 <9.2
Q20B <2.11 <72 <15 <19 <53 <4.0 <4.7 <9.2
Q21 <1 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
Q21 (D) <2.11 <.72 <15 <1.9 <5.3 <4.0 <4.7 <9.2
Q21 (S) - -- <5.0 <5.0 <5.0 <.01 -- --
Q22 <2.11 <.72 <15 <1.9 <5.3 <4.0 <4.7 <9.2
Q24 <1 <72 <15 <1.9 5.3 <4.0 <4.7 <9.2
Q25 <2.11 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
Q26 <2.11 <1.0 <30 «4.0 <10 <8.0 <10 <20
Q27 <2.11 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
Q28 <11 <1.0 <3.0 <4.0 <10 <8.0 <10 <20
Confined-aquifer-system samples
Q09B .11 <.72 <15 <1.9 <53 <4.0 <4.7 <9.2
Q16A <2.11 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
QIbAD) <211 <72 <15 <1.9 <53 <4.0 <4.7 <9.2
Q188 .11 <72 <15 <1.9 <5.3 <4.0 <4.7 <9.2
Q19A <211 <.72 <15 <1.9 <53 <4.0 <4.7 <9.2
Q20A <2.11 <72 <1.5 <1.9 <53 <4.0 <4.7 <9.2
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

Bis(2-

ethyl 4-Bromo~-  Butyl- 2-
Well hexyl) Bromo- phenyl- benzyl Carbon alpha- gamma- 4- Chloro-
no. phthal- meth-  phenyl phthal-  di- Chlor- Chlor-  Chloro- naphtha-
(fig. 3) ate ane ether ate sulfide dane dane aniline lene

Surficial-aquifer samples

Qo1 <4.8 5.8 <4.2 <34 <05 5.1 5.1 <73 <0.50
Q02 <4.8 <5.8 <4.2 <34 <5 <5.1 <51 <73 <50
Qo3 <60 <58 <50 <40 <5 <6.0 <6.0 <9.0 <.60
Qa5 <4.8 <5.8 <4.2 <34 <5 <5.1 5.1 <73 <50
Qo6 <4.8 <5.8 <4.2 <34 <5 5.1 <51 <73 <50
Qo7 <48 <5.8 <4.2 <34 <5 5.1 5.1 <73 <50
Qo8 <48 <58 <42 <34 <5 5.1 5.1 <73 <50
QO9A <48 5.8 <4.2 <34 <5 5.1 <5.1 <73 <50
Q10 <48 5.8 <4.2 <34 <5 5.1 <51 <73 <50
Q11 <4.8 <5.8 <4.2 <34 <5 5.1 <5.1 <73 <50
Q11 () <5.0 <3.0 5.0 <50 - - -- - <5.0

Q12 <48 5.8 <4.2 <34 <5 <5.1 <54 <73 <.50
Q13 <4.8 5.8 <4.2 <34 <5 5.1 5.1 <73 <50
Q14 <48 <600 <4.2 <34 <50 5.1 5.1 <73 <50
Q15 54 <5.8 <4.2 <34 <5 5.1 5.1 <73 <50
Q1l6B 7.0 5.8 <4.2 <34 <5 5.1 <51 <73 <50
Q17 <4.8 5.8 <4.2 <34 <5 <5.1 5.1 <73 <50
Q18A <48 <5.8 <4.2 <3.4 <5 <5.1 5.1 <73 <50
Q18A (D) <48 5.8 <4.2 <34 <5 S <5.1 <73 <50
Q20B <48 5.8 <4.2 <34 <5 <51 <51 <73 <50
Q21 <48 <5.8 <4.2 <3.4 <5 <5.1 <51 <73 <50
Q21 (D) <4.8 5.8 <4.2 <34 <5 <51 <5.1 <73 <50
Q21(S) <5.0 3.0 5.0 <5.0 - -- -- - <50

Q22 <48 5.8 <4.2 3.4 <5 <5.1 5.4 <73 <50
Q24 <4.8 5.8 <4.2 <34 <5 <5.1 <51 <73 <50
Q25 <4.8 5.8 <4.2 <34 <5 <5.1 5.1 <7.3 <50
Q26 29 5.8 <8.0 <7.0 <5 <10 <10 <10 <10

Q27 <4.8 <58 <4.2 <34 <5 <5.1 <51 <73 <50
Q28 57 <5.8 <8.0 <70 <5 <10 <10 <10 <1.0

Confined-aquifer-system samples

Q098 <4.8 <5.8 <4.2 <3.4 <5 <51 5.1 <73 <50
Q16A 79 5.8 <4.2 <3.4 <5 5.1 5.1 <73 <50
Q16A (D) <4.8 5.8 <4.2 <34 <5 <5.1 5.1 <73 <50
Q18B 54 <58 <4.2 <34 <5 5.1 5.1 <73 <50
Q19A 300 <5.8 <4.2 <34 <5 5.1 <5.1 <73 <50
Q20A 8.7 <5.8 <4.2 <3.4 <5 5.1 5.1 <73 <50
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,

Aberdeen Proving Ground, Maryland, spring 1989-
Semivolatile organic compounds--Continued

4- 4~ 4-Chloro- 4- Di

Chloro- Chloro- phenyl- Chloro- benz
Well 2- phenyl- phenyl- methyl phenyl- [a, h] Di-
no. Chloro- methyl methyl sulf- phenyl Chry- anthra- benzo-
(fig. 3) phenol sulfide sulfone oxide ether sene cene furan
Surficial-aquifer samples
Q01 <0.99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
Q02 <.99 <1.26 <4.72 <4.23 <S5.1 <24 <6.5 <1.7
Q03 <1.0 <1.26 <4.72 <4.23 <6.0 <3.0 <8.0 <2.0
Q05 <99 <1.26 <4.72 <4.23 5.1 <24 <6.5 <1.7
Qo6 <99 <1.26 <4.72 <4.23 <51 <24 <65 <1.7
Qo7 <99 <1.26 <4.72 <4.23 <51 <24 <65 <17
Qo8 <99 <1.26 <4.72 <4.23 5.1 <24 <6.5 <1.7
Q09A <99 <1.26 <4.72 <423 5.1 <24 <6.5 <17
Q10 <99 <1.26 <4.72 <4.23 5.1 <24 <6.5 <1.7
on <99 <1.26 <4.72 <4.23 5.1 <24 <6.5 <1.7
Q11 (S) <5.0 - - - 5.0 <10.0 <10.0 --
Q12 <99 <1.26 <4.72 <4.23 5.1 <24 <6.5 <17
Q13 <99 <126 <4.72 <4.23 5.1 <24 <6.5 <17
Q14 <.99 <1.26 <4.72 <423 <5.1 <24 <6.5 <17
Q15 <.99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
Q16B <99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
(03V/ <99 <1.26 <4.72 <4.23 <51 <24 <6.5 <1.7
Q18A <99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
Q18A (D) <99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
Q20B <99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
Q21 <99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
Q21 (D) <99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
Q21 (S) <50 - -- - <50 <10.0 <10.0 --
Q22 <.99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <17
Q24 <99 <1.26 <4.72 <4.23 5.1 <24 <6.5 <1.7
Q25 <.99 <1.26 <4.72 <4.23 5.1 <24 <6.5 <17
Q26 <20 <1.26 <4.72 <4.23 <10 <5.0 <10 B3.0
Q27 <.99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <17
Q28 <20 <1.26 <4.72 <4.23 <10 <5.0 <10 B30
Confined-aquifer-system samples
QO09B <99 <1.26 <4.72 <4.23 5.1 <24 <6.5 <17
Q16A <99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
Q16A (D) <.99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
Q18B <.99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <1.7
Q19A <99 <1.26 <4.72 <4.23 <51 <24 <6.5 <1.7
Q20A <.99 <1.26 <4.72 <4.23 <5.1 <24 <6.5 <17
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

33

Di-n- Di- Di- Di- Di-
Well butyl chloro- chloro- 2, 4-Di- ethyl methyl 2, 4-Di-
no. phtha- ben- benzi- chloro- Di- phtha- di- methyl-
(fig. 3) late zenes dine phenol eldrin late sulfide phenol
Surficial-aquifer samples
Qo1 <37 <100 <12.0 <29 <4.7 2.0 <1.14 <5.8
Q02 <3.7 <10.0 <12.0 <29 <4.7 2.0 <1.14 <5.8
Qo3 <4.0 <100 <10.0 3.0 <6.0 <.0 <1.14 <7.0
Q05 <37 <10.0 <12.0 <29 <4.7 2.0 <1.14 <5.8
Qo6 <37 <10.0 <12.0 <29 <4.7 2.0 <1.14 <5.8
Qo7 <37 <10.0 <12.0 <29 <47 <2.0 <1.14 <5.8
Qo8 <37 <10.0 <12.0 2.9 <47 <2.0 <1.14 <5.8
QU9A <37 <10.0 <12.0 <2.9 <4.7 2.0 <1.14 <5.8
Q10 <37 <10.0 <12.0 <29 <47 2.0 <1.14 <5.8
Qn <3.7 <100 <12.0 <29 <4.7 <2.0 <1.14 <5.8
Q11 (S) <5.0 - -- <5.0 <01 <5.0 - <5.0
QR <37 <10.0 <12.0 <2.9 <4.7 <2.0 <1.14 <5.8
Q13 <37 <10.0 <12.0 <29 <4.7 <2.0 <1.14 <58
Q14 <37 <1,000 <12.0 <29 <47 <2.0 <1.14 <5.8
Q15 <37 <10.0 <12.0 <2.9 <4.7 .0 <1.14 <5.8
Q16B <37 <10.0 <120 <29 <4.7 .0 <1.14 <5.8
Q17 <37 <10.0 <120 <29 <47 <2.0 <1.14 <5.8
Q18A <37 <10.0 <120 <9 <4.7 <2.0 <1.14 <58
Q18A (D) <3.7 <10.0 <12.0 <29 <4.7 .0 <1.14 <5.8
Q20B <37 <100 <120 <9 <4.7 <20 <114 <5.8
Q21 <37 <10.0 <12.0 <29 <4.7 <2.0 <1.14 <58
Q21 (D) <37 <100 <12.0 <29 <4.7 <20 <1.14 <5.8
Q21 (9 <5.0 - - <5.0 <01 <5.0 -- <5.0
Q22 <37 <10.0 <12.0 <29 <4.7 <2.0 <1.14 <58
Q24 <3.7 <10.0 <12.0 <2.9 <4.7 .0 <1.14 5.8
Q25 <37 <100 <12.0 <29 <4.7 2.0 <1.14 <5.8
Q26 <7.0 <10.0 <20.0 <6.0 <10 <4.0 <1.14 <10
Q27 <3.7 <10.0 <12.0 <29 <4.7 <2.0 <1.14 <5.8
Q28 <7.0 <10.0 <20.0 <6.0 <10 <4.0 <1.14 <10
Confined-aquifer-system samples
Q09B <37 <10.0 <12.0 <2.9 <4.7 <2.0 <1.14 <5.8
Q16A <37 <10.0 <12.0 <29 <4.7 <2.0 <1.14 <5.8
Q16A (D) <37 <10.0 <12.0 <2.9 <47 <2.0 <1.14 <58
Q18B <37 <10.0 <12.0 <29 <47 <2.0 <1.14 <5.8
Q19A <37 <100 <12.0 <29 <47 <2.0 <1.14 <58
Q20A <37 <10.0 <12.0 <2.9 <4.7 2.0 <1.14 <58
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,

Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

Di- Di-n- 1,2-Di-
Well methyl 2,4-Di- 2,4-Di- 2,6-Di- octyl phenyl- alpha-
no. phtha- nitro- nitro- nitro- phtha- hydra- Di- Endo-
(fig- 3) late phenol toluene toluene late zine thiane sulfan
Surficial-aquifer samples
Qo1 <15 <210 <4.5 <0.79 <15.0 <20 <1.11 <9.2
Q02 <15 <21.0 <45 <79 <15.0 <2.0 <1.11 <9.2
Q3 <20 <300 <5.0 <.90 <20.0 <20 <1.11 <10
Qo5 <15 <210 <4.5 <79 <15.0 <20 <1.11 <9.2
Qo6 <15 <210 <45 <79 <15.0 <20 <1.11 <9.2
Qo7 <15 <21.0 <45 <.79 <15.0 <20 <1.11 <9.2
Qo8 <15 <21.0 <4.5 <79 <15.0 <2.0 <1.11 <9.2
QO%A <15 <21.0 <4.5 <79 <15.0 <20 <1.11 <9.2
Q10 <15 <210 <4.5 <79 <15.0 <20 <1.11 <9.2
Q11 <15 <210 <4.5 <79 <15.0 <20 <1.11 <9.2
Q11 (S <5.0 <20.0 5.0 <5.0 <10.0 - -- --
Q12 <15 <21.0 <4.5 <79 <15.0 <2.0 <1.11 <9.2
Q13 <15 <21.0 <4.5 <79 <15.0 <20 <1.11 <9.2
Q14 <15 <21.0 <4.5 <79 <15.0 <20 <1.11 <9.2
Q15 <15 <210 <4.5 <.79 <15.0 <20 <1.11 <9.2
Q16B <15 <21.0 <4.5 <79 <15.0 <2.0 <1.11 <9.2
Q7 <15 <21.0 <4.5 <.79 <15.0 <20 <1.11 <9.2
Q18A <15 <21.0 <4.5 <79 <15.0 <2.0 <1.11 <9.2
Q18A (D) <15 <210 <4.5 <79 <15.0 <20 <1.11 <9.2
Q20B <15 <210 <4.5 <79 <15.0 <2.0 <1.11 <9.2
Q21 <15 <21.0 <4.5 <79 <15.0 <2.0 <1.11 <9.2
Q21 (D) <15 <210 <4.5 <79 <15.0 <20 <1.11 <9.2
Q21 (S) <5.0 <200 <5.0 <5.0 <10.0 - - --
Q22 <15 <21.0 <4.5 <79 <15.0 <2.0 <1.11 <9.2
Q24 <15 <21.0 <4.5 <.79 <15.0 <2.0 <1.11 <9.2
Q5 <15 <21.0 <4.5 <.79 <15.0 <2.0 <1.11 <9.2
Q26 <3.0 <40.0 <9.0 <20 <30.0 <4.0 <111 <20
Q27 <15 <21.0 <4.5 <.79 <15.0 <20 <1.11 <9.2
Q28 <30 <400 <9.0 <2.0 <30.0 <4.0 <1.11 <20
Confined-aquifer-system samples
Q09B <15 <21.0 <4.5 <79 <15.0 <20 <1.11 <9.2
Q16A <15 <21.0 <4.5 <79 <15.0 <2.0 <1.11 <9.2
Q16A (D) <15 <21.0 <4.5 <.79 <15.0 <2.0 <1.11 <9.2
Q18B <15 <21.0 <4.5 <79 <15.0 <2.0 <1.11 <9.2
Q19A <15 <21.0 <4.5 <.79 <15.0 <2.0 <1.11 <9.2
Q20A <15 <21.0 <4.5 <.79 <15.0 <20 <1.11 <9.2
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds—-Continued

Hexa- Hexa-
Well beta- Endo- Hepta- chloro- chloro-
no. Endo- sulfan Endrin  Fluor- Hepta- chlor ben- buta-
(fig. 3) sulfan sulfate  Endrin ketone  anthene chlor epoxide Zene diene
Surficial-aquifer samples
Qo1 <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <34
Q02 <9.2 <9.2 <7.6 <8.0 <33 <0 <5.0 <1.6 <3.4
Qo3 <10 <10 <10 <10 <4.0 <2.0 <6.0 <20 <4.0
Qo5 <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <16 <34
Qo6 <9.2 <9.2 <7.6 <8.0 <33 <20 <5.0 <1.6 <3.4
Qo7 <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Qo8 <9.2 <9.2 <7.6 <80 <33 <2.0 <5.0 <16 <3.4
Qm9A <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <16 <34
Q10 <9.2 <9.2 <7.6 <8.0 <33 2.0 <5.0 <1.6 <34
Qn <9.2 <9.2 <7.6 <8.0 <33 <20 <5.0 <1.6 <3.4
Q11 (S) - - <.01 - <5.0 <.01 <.01 <5.0 <5.0
Q12 <9.2 <9.2 <7.6 <8.0 <33 <20 <5.0 <1.6 3.4
Q13 <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Q14 <9.2 <9.2 <7.6 <8.0 <33 <0 <5.0 <1.6 <3.4
Q15 <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <16 <3.4
Q16B <9.2 <9.2 <7.6 <8.0 <33 <20 <5.0 <1.6 <34
Q17 <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <34
Q18A <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Q18A (D) <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Q20B <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Q21 <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Q21 (D) <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <34
Q21 (S) - - <.01 - <5.0 <.01 <.01 <50 <5.0
Q22 <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Q24 <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Q25 <9.2 <9.2 <7.6 <8.0 <33 <2.0 5.0 <16 <3.4
Q26 <20 <20 <20 <20 <7.0 <4.0 <10 <3.0 <7.0
Q27 <9.2 <9.2 <7.6 <80 <33 <20 5.0 <1.6 <3.4
Q28 <20 <20 <20 <20 <7.0 <4.0 <10 <3.0 <7.0
Confined-aquifer-system samples
QuIB <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <34
Q16A <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Q16A (D) <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Q18B <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <34
Q19A <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
Q20A <9.2 <9.2 <7.6 <8.0 <33 <2.0 <5.0 <1.6 <3.4
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,

Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

Hexa- 3-
chloro- Indeno Methyl- Methyl-
Well cyclo- Hexa- [1,23- Meth- n- 4-
no. penta- chloro- cd] Iso- oxy- butyl chloro-
(fig. 3) diene ethane pyrene phorone Lindane chlor ketone phenol
Surficial-aquifer samples
Qo1 <8.6 <15 <86 <4.8 <4.0 5.1 <3.6 <4.0
Qo2 <86 <15 <86 <4.8 <4.0 <5.1 <36 <4.0
Qo3 <10 <2.0 <10 <6.0 <5.0 <6.0 3.6 <5.0
Qo5 <8.6 <15 <8.6 <4.8 <40 <5.1 <3.6 <4.0
Qo6 <86 <15 <86 <4.8 <4.0 <5.1 3.6 <4.0
Qo7 <86 <15 <8.6 <4.8 <4.0 <5.1 <36 <4.0
Qo8 <8.6 <15 <8.6 <4.8 <4.0 <5.1 <36 <4.0
Q09A <8.6 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0
Q10 <8.6 <15 <86 <4.8 <4.0 <5.1 <36 <4.0
Q1 <8.6 <15 <8.6 <4.8 <4.0 <5.1 <3.6 <4.0
Q11 (S) <50 <5.0 <10.0 <5.0 <01 <.01 - <30.0
Q12 <8.6 <15 <8.6 <4.8 <4.0 <5.1 <36 <4.0
Q13 <86 <15 <8.6 <4.8 <40 <5.1 <36 <4.0
Q14 <8.6 26 <8.6 <4.8 <40 <51 <400 <4.0
Q15 <8.6 <15 <8.6 <4.8 <4.0 <5.1 <3.6 <4.0
Q16B <8.6 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0
Q17 <8.6 <15 <86 <4.8 <40 <5.1 3.6 <4.0
Q18A <8.6 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0
Q18A (D) <8.6 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0
Q20B <8.6 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0
Qa1 <8.6 <15 <8.6 <4.8 <4.0 <5.1 <3.6 <4.0
Q21 (D) <86 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0
Q21(S) <5.0 <5.0 <10.0 <5.0 <01 <.01 - <30.0
Q22 <8.6 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0
Q24 <8.6 <15 <86 <4.8 <40 <5.1 <3.6 <4.0
Q25 <8.6 <15 <86 <4.8 <4.0 <5.1 <3.6 <4.0
Q26 <20 30 <20 <10 <8.0 <10 3.6 <8.0
Q27 <8.6 <15 <86 <4.8 <4.0 <5.1 3.6 <4.0
Q28 <20 <30 <20 <10 <80 <10 <3.6 <B8.0
Confined-aquifer-system samples
QO09B <8.6 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0
Q16A <8.6 <15 <8.6 <4.8 <4.0 <5.1 <36 <4.0
Q16A (D) <86 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0
Q18B <8.6 <15 <86 <4.8 <4.0 <5.1 <3.6 <4.0
Q19A <8.6 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0
Q20A <8.6 <15 <8.6 <4.8 <4.0 <5.1 36 <4.0
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

2-Methyl- Methyl- 2-
Well 4,6-di- iso- Methyl- Methyl- 2- 4- Naph-  2- 3-
no. nitro- butyl ethyl naphtha-  Methyl Methyl- tha- Nitro- Nitro-
(fig. 3) phenol ketone ketone lene phenol phenol lene aniline aniline

Surficial-aquifer samples

Qo1 <17.0 <3.0 <6.4 <1.7 <39 <052 <0.5 <43 <49
Qo2 <17.0 <30 <6.4 <17 <39 <52 <5 <43 <49
Qu3 <20.0 <3.0 <6.4 <2.0 <8.0 <.60 <5 <5.0 <6.0
Q05 <17.0 <30 <6.4 <17 <39 <52 <5 <4.3 <49
QU6 <17.0 <3.0 <6.4 <1.7 <3.9 <52 <5 <4.3 <49
Qo7 <17.0 <30 <6.4 <17 <39 <52 <5 <4.3 <49
Qo8 <17.0 <3.0 <6.4 <1.7 <39 <52 <5 <4.3 <4.9
QU9A <17.0 <3.0 <6.4 <17 <39 <52 <5 <4.3 <49
Q10 <17.0 <30 <6.4 <1.7 <39 <52 <5 <4.3 <49
Qn <17.0 <30 <6.4 <1.7 <39 <52 <5 <4.3 <49
Q11 (S) <30.0 = - - - - <5.0 -- -

Q12 <17.0 <3.0 <6.4 <17 <39 <52 <5 <4.3 <4.9
Q13 <17.0 <3.0 <6.4 <17 <39 <52 <5 <4.3 <49
Qi4 <17.0 <300 <600 <1.7 <39 <52 <.5 <4.3 <4.9
Q15 <17.0 <3.0 <6.4 <1.7 <3.9 <52 <5 <4.3 <49
Q16B <17.0 <30 <6.4 <17 <39 <52 <5 <43 <49
Q17 <17.0 <3.0 <6.4 <17 <3.9 <52 <5 <4.3 <49
Q18A <17.0 <3.0 <6.4 <1.7 <39 <52 <5 <4.3 <49
Q18A (D) <17.0 <3.0 <6.4 <1.7 <39 <52 <5 <4.3 <49
Q20B <17.0 <3.0 <6.4 <17 <39 <52 <5 <4.3 <4.9
Q21 <17.0 <3.0 <6.4 <1.7 <39 <52 <5 <4.3 <49
Q21 (D) <17.0 <3.0 <6.4 <1.7 <39 <52 <5 <43 <49
Q21 (S) <30.0 - - - - - <5.0 - -

Q22 <17.0 <30 <6.4 <1.7 <39 <52 <5 <4.3 <49
Q24 <17.0 <30 <6.4 <1.7 <39 <52 <5 <4.3 <49
Q25 <17.0 <3.0 <6.4 <17 <3.9 <52 <.5 <4.3 <49
Q26 <30.0 <30 <6.4 <3.0 <50 <1.0 <1 <9.0 <10

Q27 <17.0 <3.0 <64 <1.7 <39 <52 <5 <43 <49
Q28 <30.0 <3.0 <6.4 <30 <50 <10 <1 <9.0 <10

Confined-aquifer-system samples

Q09B <17.0 <3.0 <6.4 <1.7 <3.9 <52 <5 <4.3 <4.9
Q16A <17.0 <30 <6.4 <1.7 <39 <52 <5 <4.3 <49
Q16A (D) <17.0 <3.0 <6.4 <1.7 <39 <.52 <.5 <4.3 <4.9
Q18B <17.0 <30 <6.4 <17 <39 <52 <5 <4.3 <4.9
Q19A <17.0 <30 <6.4 <1.7 <3.9 <52 <5 <4.3 <49
Q20A <17.0 <30 <6.4 <1.7 <39 <.52 <5 <43 <4.9
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,

Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds—Continued

N- N- N-

Nitroso-  Nitroso- Nitroso-
Well 4- 2- 4- di- di-N- di~ 1,4-
no. Nitro- Nitro- Nitro- Nitro- methyl- propyl- phenyl- Oxa- PCB
(fig. 3) aniline benzene phenol phenol amine amine amine thiane 1016
Surficial-aquifer samples
Qo1 5.2 <05 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Q02 5.2 <5 <37 <12.0 <2.0 <4.4 <3.0 <1.98 <21.0
Qo3 <6.0 <6 <4.0 <10.0 <20 <S5.0 <4.0 <1.98 <20.0
Q05 <5.2 <5 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Qo6 <5.2 <5 <3.7 <12.0 <2.0 <4.4 <3.0 <1.98 <21.0
Qo7 <5.2 <5 <37 <12.0 <2.0 <4.4 <30 <1.98 <21.0
Qo8 <5.2 <5 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Q09A 5.2 <5 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Q10 5.2 <5 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Qn <5.2 <5 <3.7 <12.0 <2.0 <4.4 <30 <1.98 <21.0
Q11 (S) -- <5.0 <S5.0 <30.0 <5.0 5.0 <5.0 - <1
Q12 <5.2 <5 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Q13 5.2 <5 <3.7 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Q14 <5.2 <5 <37 <12.0 <20 <4.4 <30 <198 <21.0
Q15 <5.2 <5 <37 <12.0 <20 <4.4 <30 <1.98 <21.0
Q16B 5.2 <5 <37 <12.0 <20 <4.4 <30 <198 <21.0
Q17 5.2 <5 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Q18A <5.2 <5 <37 <12.0 <20 <4.4 <30 <1.98 <21.0
Q18A (D) 5.2 <5 <37 <12.0 <20 <4.4 <30 <1.98 <21.0
Q20B <5.2 <5 <37 <12.0 <20 <4.4 3.0 <1.98 <21.0
Q21 <5.2 <5 <3.7 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Q21 (D) 5.2 <5 <37 <12.0 <20 <4.4 <30 <198 <21.0
Q21 (S) -- <5.0 5.0 <30.0 5.0 <5.0 5.0 - --
Q22 5.2 <5 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Q24 <5.2 <5 <37 <12.0 <2.0 <4.4 <3.0 <1.98 <21.0
Q25 <5.2 <5 <3.7 <12.0 <20 <4.4 <30 <1.98 <21.0
Q26 <10 <1.0 <70 <20.0 <4.0 <9.0 <6.0 <1.98 <40.0
Q27 <52 <5 <37 <12.0 <20 <4.4 <3.0 <198 <21.0
Q28 <10 <10 <70 <20.0 <40 <9.0 <6.0 <198 <40.0
Confined-aquifer-system samples
Q09B 5.2 <5 <37 <12.0 <20 <4.4 <3.0 <198 <21.0
Q16A 5.2 <5 <37 <12.0 <20 <4.4 <30 <1.98 <21.0
Q16A (D) 5.2 <5 <37 <12.0 <«Q.0 <4.4 <3.0 <1.98 <21.0
Q18B <5.2 <5 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Q19A 5.2 <5 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
Q20A 5.2 <5 <37 <12.0 <20 <4.4 <3.0 <1.98 <21.0
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Maryland, spring 1989--

Semivolatile organic compounds--Continued

Well Penta- Phen-

no. PCB PCB PCB PCB PCB PCB chloro- anth- Phen-
(fig. 3) 1221 1232 1242 1248 1254 1260 phenol rene ol
Surficial-aquifer samples

Qo1 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <05 <9.2
Q02 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Qo3 <20.0 <20.0 <40.0 <40.0 <50.0 <50.0 <20.0 <6 <10
Q05 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <180 <5 9.2
Qo6 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q07 <21.0 <210 <30.0 <30.0 <36.0 <36.0 <180 <5 <92
Qo8 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 9.2
QA <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <180 <5 <9.2
Q10 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q11 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q11 (9 <1 <.1 <1 <1 <1 <1 <30.0 <5.0 <5.0
Q12 <21.0 <21.0 <300 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q13 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q14 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q15 <21.0 <210 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q168 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q17 <21.0 <210 <300 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q18A <21.0 <21.0 <300 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q18A (D) <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q208 <21.0 <21.0 <300 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q21 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q21 (D) <21.0 <21.0 <300 <30.0 <36.0 <36.0 <180 <5 <9.2
Q21 (9) - - - - - - <30.0 <5.0 <5.0
Q22 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q24 <21.0 <21.0 <300 <30.0 <36.0 <36.0 <180 <5 <9.2
Q25 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q26 <40.0 <40.0 <60.0 <60.0 <80.0 <80.0 <40.0 <1.0 <20
Q27 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q28 <40.0 <40.0 <60.0 <60.0 <80.0 <80.0 <40.0 <10 <20
Confined-aquifer-system samples

QU9B <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q16A <21.0 <210 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q16A (D) <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q18B <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 9.2
Q19A <21.0 <210 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
Q20A <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5 <9.2
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

1,2.4- 245~ 2,4,6-
Well Thio-~ Tri- Tri- Tri-
no. di- Toxa- chloro- chloro-~ chloro-
(fig. 3) Pyrene Styrene glycol phene benzene phenol phenol
Surficial-aquifer samples
Qo1 .8 <05 <65.9 <36.0 <1.8 <5.2 <4.2
Q02 <28 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Qo3 3.0 <5 <659 <50.0 <0 <60 <5.0
Q05 <28 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Qo6 <8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
QU7 <2.8 <5 <65.9 <36.0 <1.8 <52 <4.2
Qo8 <28 <5 <65.9 <36.0 <1.8 <5.2 <4.2
QA <28 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q10 <8 <5 <65.9 <36.0 <1.8 <52 <42
Q1 <28 <5 <65.9 <36.0 <1.8 <5.2 <42
Q11 (S) <5.0 <3.0 - <1.0 <5.0 - <20.0
Q12 .8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q13 <2.8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q14 <28 <50 <65.9 <36.0 <1.8 <5.2 <4.2
Q15 <2.8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q16B <2.8 <5 <65.9 <36.0 <1.8 <52 <42
Q17 <2.8 <5 <65.9 <36.0 <1.8 <52 <42
Qi8A <28 <5 <65.9 <36.0 <1.8 <52 <4.2
Q18A (D) <2.8 <5 <65.9 <36.0 <1.8 <52 <42
Q20B .8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q21 <8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q21 (D) <28 <5 <65.9 <36.0 <18 <5.2 <4.2
Q21 (S) 5.0 <30 - <1.0 5.0 - <20.0
Q22 <2.8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q24 <2.8 <5 <65.9 <36.0 <1.8 <52 <4.2
Q2 <.8 <5 <65.9 <36.0 <1.8 <5.2 <42
Q26 <6.0 <5 <65.9 <80.0 <4.0 <10 <8.0
Q27 <8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q28 <6.0 <5 <65.9 <80.0 <4.0 <10 <8.0
Confined-aquifer-system samples
Q09B .8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q16A <2.8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q16A (D) <2.8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q18B <8 <5 <65.9 <36.0 <1.8 <5.2 <42
Q19A <2.8 <5 <65.9 <36.0 <1.8 <5.2 <4.2
Q20A <28 <5 <65.9 <36.0 <18 <52 <42
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Table 4d. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

Well
no. 2-ethyl- 1,2-epoxy- Tridecane!
(fig. 3) 1-hexanol ! cydohexene!

Surficial-aquifer samples

Qo3 - - 10
Qo7 -- 2.0 --
Ql4 -- 20 --
Q24 -- 1.0 --
Q28 - 20 -

Confined-aquifer-system samples

Q16A 3.0 - -
Q18B 3.0 1.0 -
Q19A 3.0 - -

! Compounds identified during chromatograph analysis of base-neutral acid-extractable compounds. These compounds may not be reported
in routine analyses
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Table 4e. Results of chemical analyses of water from selected wells on Graces Quarters,
Aberdeen Proving Ground, spring 1989--
Unknown compounds

[Concentrations in micrograms per liter; all concentrations are approximate. Compound names are codes. Codes are designated by

the U.S. Army Toxic and Hazardous Materials Agency to distinguish one unknown compound from another. Compounds coded
UNKS500 and above probably are semivolatile compounds. --, compound not reported]

Well
no. UNK511  UNK512  UNK534  UNK541 UNK546 UNK549 UNKS550 UNKS555  UNK562  UNK599

(fig. 3)

Surficial-aquifer samples

Qo2 - - -~ - - - - - - -
Qo3 - - - -~ - 4.0 - - - -
Qo7 - - - - - - - - 5.0 -
QA -~ - - - - - - - - -
Q10 - - - -~ - - - - - 30

Q11 - - - - - - -~ - - 30
Q12 50 - -~ - - - - - - -
Q14 - - - 10 - - 2.0 5.0 - -
Q18A -~ - - - - - - - - -
Q24 - 4.0 - - - - - - - -

Q26 - -
Q28 - 6.0 - - - - - - - 50

Confined-aquifer-system samples
Q16A - - 4.0 - - - - - - 4.0

Qi8B - - - - 1.0 - - - - -
Q19A - - - - - - - - - -

Well
no. UNK614 UNK616 UNK®630 UNKGe637 UNK®647 UNK657

(fig. 3)

Surficial-aquifer samples

Confined-aquifer-system samples

Q16A - - - - - -
Q18B - 8.0 - 70 - 4.0
Q19A - 5.0 - - - -
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Table 5a. Results of chemical analyses of surface water from selected sampling sites on
Graces Quarters, Aberdeen Proving Ground, Md., spring 1989--
Physical properties, major constituents, and nutrients

[uS/cm, microsiemens per centimeter at 25 “C; “C, degrees Celsius; mg/L, milligrams per liter; -, missing data; <, less than;

D, duplicate sample]
Oxygen Oxygen
demand, demand,

Sampling Specific Oxygen, chemical  bio- Magne- Potas-
site conduct-~ pH dis- (low chemical, Calcium sium Sodium sium
(fig. 4) Date ance (standard solved level) 5-day (mg/L (mg/L (mg/L (mg/L

(US/cm)  units) (mg/L) (mg/L) (mg/L) as Ca) as Mg) as Na) as K)
Inland samples
SW0o4 05-24-89 45 6.02 8.1 35 0.004 2.57 183 271 1.99
SW06 05-25-89 45 597 21 26 .002 6.12 143 1.86 1.72
SWo7 05-25-89 86 6.38 6.4 22 0 10.4 292 3.03 <375
SW07 (D)  05-25-89 86 6.38 6.4 21 0 12.4 397 299 <375
SWo08 05-25-89 212 5.85 5.5 53 002 10.9 730 191 919
SW09 05-24-89 170 6.18 - 110 001 29.0 4.66 1.98 413
SW10 05-24-89 63 6.54 5.9 71 .002 8.42 339 1.11 245
SW11 05-24-89 65 456 6.5 29 0 4.58 1.81 3.00 <375
Estuarine samples
SWo1 05-24-89 302 6.61 7.7 15 001 11.6 7.94 32,6 3.27
SW02 05-24-89 319 6.91 85 8 002 11.1 8.70 395 4.00
SW@3 05-25-89 368 6.67 7.8 4 001 10.6 9.08 43 373
SWo05 05-25-89 1,750 6.12 7.5 15 .001 12.0 35.0 280 133

Residue,
total,
Sampling Bicar- Residue, at Nitrogen,
site Alkalinity bonate Sulfate Chloride Fluoride Bromide volatile, 105 C, NO, +NO;
(fig. 4) (mg/L as (mg/Las (mg/L (mg/L (mg/L (mg/L  dissolved suspended (mg/L
CaCO3) HCO;3) as 5O4) as CD) as F) as Br) (mg/L) (mg/L) as N)

Inland samples
SWo4 9 11 <10.0 290 <1.23 <1.0 102 30 <0.010
SWo06 23 28 <10.0 <212 <1.23 <1.0 80 14 013
SWo07 25 30 11.1 <212 <1.23 <1.0 82 < .016
SWo07 (D) 25 30 11.1 <212 <123 <1.0 86 1 .013
SWo08 10 12 229 55.0 <1.23 <1.0 230 8 013
SW09 65 79 14.0 <212 <1.23 <1.0 194 10 1.70
SW10 20 24 <10.0 <2.12 <1.23 <1.0 286 88 .013
SwW11 0 0 20.8 293 <1.23 <1.0 82 41 .250
Estuarine samples
SW01 29 35 14.9 71.0 <1.23 <1.0 214 21 .990
SWQ02 33 40 17.1 88.0 <1.23 <1.0 390 142 .980
SW03 33 40 171 93.0 <1.23 <1.0 246 42 960
SWo05 10 12 91.0 540 <1.23 1.3 - 26 560
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Table 5b. Results of chemical analyses of surface water from selected sampling sites on
Graces Quarters, Aberdeen Proving Ground, Md., spring 1989--
Minor constituents

[Concentrations in micrograms per liter; --, missing data; <, less than; D, duplicate sample]

Sampling
site Aluminum  Antimony Barium Beryllium Cadmium Chromium
(fig. 4) Date (as AD (as Sb) (as Ba) (as Be) (as Cd) (as Cr)

Inland samples

SW04 05-24-89 474 <38 144 <50 <4.01 <6.02
SWo6 05-25-89 662 <38 16.6 <5.0 <4.01 <6.02
SWo07 05-25-89 <141 <38 14.1 <5.0 <4.01 <6.02
SW07 (D) 05-25-89 <141 <38 11.8 <5.0 <4.01 <6.02
SW08 05-25-89 478 <38 43.0 <5.0 <4.01 7.75
SWo09 05-24-89 656 <38 72.2 <5.0 <4.01 <6.02
SW10 05-24-89 13,100 <38 59.6 <5.0 <4.01 16.1

SW11 05-24-89 727 <38 527 <5.0 <4.01 <6.02

Estuarine samples

SWo01 05-24-89 667 <38 40.8 <5.0 12.2 16.5
SW02 05-24-89 2,020 <38 18.2 <5.0 <4.01 957
SWo3 05-25-89 815 <38 15.6 <5.0 4.02 <6.02
SWO05 05-25-89 751 <38 135 <5.0 <4.01 <6.02
Sampling

site Copper Iron Manganese  Nickel Silver Thallium Zinc
(fig. 4) (as Cu) (as Fe) (as Mn) (as Ni) (as Ag) (as Ti) (as Zn)

Inland samples

SW04 8.80 1,440 54.7 <343 <4.60 <81.4 <21.1
SW06 <8.09 1,440 600 <343 <4.60 <81.4 <21.1
SWo7 16.2 708 131 <343 <4.60 <81.4 55.4
SW07 (D) 10.9 1,040 132 <343 <4.60 <814 64.5
SW08 9.47 3,220 2,400 <343 <4.60 <814 40.0
SW09 11.2 1,270 73.0 <343 <4.60 <81.4 344
SW10 309 13,300 166 <343 <4.60 <81.4 48.6
SW11 122 254 198 <343 <4.60 <81.4 753

Estuarine samples

SWo1 31.2 1,110 59.0 53.1 <4.60 <81.4 65.6
SW02 155 4,020 413 <343 <4.60 <81.4 317
SwW03 12.2 642 24.6 <343 <4.60 <81.4 <21.1
SW05 <8.09 904 211 <343 <4.60 <814 <21.1
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Table 5c. Results of chemical analyses of surface water from selected sampling sites on
Graces Quarters, Aberdeen Proving Ground, Md., spring 1989--
Volatile organic compounds and total organic halogens

[Concentrations in micrograms per liter unless specified. mg/L, milligrams per liter; -, missing data; <, less than; D, duplicate
sample; S, split sample]

Carbon,
organic, Phenols, Bromo-
Sampling total non- Halide, di- Carbon
site (mg/L specific, total chloro- Bromo- tetra- Chloro-
(fig. 4) Date as Q) total organic Benzene  methane  form chloride benzene
Inland samples
SWo4 05-24-89 109 <7.12 209 - - - - -
SW06 05-25-89 11.9 <7.12 15.2 <0.50 <0.59 <26 <0.58 <050
SWo7 05-25-89 8.15 <7.12 86.3 <.50 <.59 <26 <.58 <50
SW07 (D) 05-25-89 8.33 <7.12 304 <.50 <.59 <26 <.58 <50
SW08 05-25-89 16.0 107 55.1 <.50 <59 <26 <58 <50
SW09 05-24-89 20.2 9.43 6.20 <.50 <.59 <26 <.58 <.50
SW10 05-24-89 208 176 25.2 <.50 <.59 <2.6 <.58 <50
SW11 05-24-89 11.1 <7.12 409 <50 <.59 <26 <.58 <.50
Estuarine samples
SWo1 05-24-89 3.69 <7.12 25.2 <.50 <59 <26 <.58 <50
SW02 05-24-89 3.71 . 18.8 <50 <.59 <2.6 <58 <50
SW03 05-25-89 3.67 <712 186 <.50 <.59 <2.6 <.58 <50
SW05 05-25-89 5.31 <7.12 112 <.50 <.59 <26 <.58 <50
2-
Chloro- Chloro-
Sampling di- ethyl- 1,2-Di- 1,3-Di- 1,4-Di- 1,1-Di-
site bromo- Chloro- vinyl-  Chloro- Chloro-  chloro- chloro- chloro- chloro-
(fig. 4) methane ethane ether form methane  benzene benzene  benzene ethane
Inland samples
SW04 - - - - - <1.7 <17 <17 -
SWo06 <0.67 <1.9 <0.71 <0.50 <32 <17 <17 <17 <0.68
SW07 <.67 <1.9 <71 <.50 <3.2 <17 <17 <1.7 <68
SW07 (D) <.67 <1.9 <71 <50 <32 <17 <1.7 <17 <68
SW08 <.67 <19 <71 <.50 <32 <17 <17 <1.7 <.68
SW09 <.67 <1.9 <71 <50 <32 <17 <17 <1.7 <.68
SW10 <.67 <19 <71 <50 <32 <17 <17 <17 <68
SW11 <.67 <1.9 <71 <.50 <3.2 <17 <17 <1.7 <.68
Estuarine samples
SWo1 <.67 <19 <71 <50 <32 <17 <17 <1.7 <.68
SWQ2 <.67 <1.9 <71 <50 <32 <17 <17 <17 <.68
SW03 <.67 <19 <71 <.50 <32 <17 <1.7 <17 <.68
SW05 <.67 <1.9 <71 <.50 <32 <17 <1.7 <1.7 <.68
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Table 5c. Results of chemical analyses of surface water from selected sampling sites on
Graces Quarters, Aberdeen Proving Ground, Md., spring 1989--
Volatile organic compounds and total organic halogens--Continued

cis- trans-

Sampling 1,2-Di-~ 1,1-Di- 1,2-Di 1,2-Di~ 1,3-Di- 1,3-Di-
site chloro- chloro- chloro- chloro- chloro-  chloro- Ethyl- Methylene
(fig. 4) ethane ethylene ethylene propane propene propene benzene  Fluorene chloride
Inland samples
SW4 - -- - - -- -- - <3.7 -
SW06 <0.50 <0.50 <0.50 <050 <0.58 <0.70 <0.50 <3.7 <23
SWe7 <.50 <50 <50 <50 <58 <70 <50 <3.7 <23
SW07 (D) <50 <50 <.50 <50 <.58 <70 <.50 <37 <3
SW08 <50 <50 <.50 <.50 <.58 <.70 <50 <3.7 <23
SW09 <50 <50 <50 <50 <58 <70 <.50 <37 <3
SW10 <.50 <50 <.50 <50 <.58 <70 <50 <37 <23
SW11 <.50 <50 <.50 <50 <.58 <70 <50 <37 <23
Estuarine samples
SW01 <50 <50 <.50 <50 <.58 <.70 <.50 <3.7 <23
SW02 <.50 <50 <50 <50 <.58 <70 <.50 <37 <23
SW03 <.50 <50 <50 <50 <.58 <70 <.50 <37 <3
SW05 <50 <50 <50 <50 <.58 <.70 <50 <37 <3

1,1,2,2 1,1,1- 1,1,2- Tri-
Sampling Tetra- Tetra- Tri- Tri- Tri- chloro-
site chloro- chloro- chloro- chloro-  chloro- fluoro- Vinyl Xylenes
(fig. 4) ethane ethylene  Toluene ethane  ethane ethylene methane chloride total
Inland samples
SW4 - -- - -- - - - - -
SWo06 <051 <16 <0.50 <0.50 <1.2 <05 <14 <26 <0.84
SW07 <51 <1.6 <50 <.50 <1.2 <5 <1.4 <26 <.84
SW07 (D) <51 <16 <.50 <.50 <1.2 <5 <1.4 <2.6 <84
SWo08 <51 <1.6 <50 <.50 <12 <5 <14 <2.6 <.84
SW09 <51 <1.6 <50 <50 <1.2 <5 <1.4 <2.6 <84
SW10 <51 <1.6 <50 <.50 <1.2 <5 <14 <2.6 <.84
SW11 <51 <16 <.50 <.50 <12 <5 <1.4 <26 <84
Estuarine samples
SWO01 <51 <16 <50 <.50 <12 <5 <14 <26 <84
SW02 <51 <1.6 <50 <50 <12 <5 <14 <26 <.84
SW03 <51 <1.6 <.50 <.50 <12 <5 <1.4 <2.6 <.84
SW05 <51 <1.6 <50 <.50 <12 <5 <1.4 <26 <.84
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Table 5d. Results of chemical analyses of surface water from selected sampling sites on
Graces Quarters, Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds

[Concentrations in micrograms per liter; <, less than; --, missing data; D, duplicate sample]

Acetic alpha-
Sampling Benzo acid, Benzene
site [al Ace- vinyl Acrylo- hexa-
(fig. 4) pyrene naphlor ester Acetone Acrolein  nitrile  Aldrin  Anthracene  chloriide
Inland samples
SW04 <17 <0.50 - - - - <4.7 <050 <4.0
SW06 <17 <.50 <83 <13.0 <100 <100 <4.7 <.50 <4.0
SW07 <17 <.50 <83 <13.0 <100 <100 <4.7 <.50 <4.0
sio7 (D) <17 <.50 <83 <13.0 <100 <100 <4.7 <50 <4.0
SW08 <17 <.50 <83 <13.0 <100 <100 <4.7 <50 <4.0
SW@9 <17 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
SW10 <17 <.50 <8.3 <13.0 <100 <100 <47 <.50 <4.0
SW11 <17 <.50 <83 <13.0 <100 <100 <47 <50 <4.0
Estuarine samples
SW01 <17 <.50 <83 <13.0 <100 <100 <4.7 <50 <4.0
SW02 <17 <50 <83 <130 <100 <100 <4.7 <.50 <4.0
SW03 <17 <50 <83 <13.0 <100 <100 <4.7 <50 <4.0
SW05 <17 <.50 <83 <13.0 <100 <100 <47 <50 <4.0
Benzene-
Benzene- [a] Benzo-
Sampling Benzene- [b] [kl [ghil
site hexa- Benzene- beta- fluor- fluor- Benzo- Benzo-
(fig. 4) chloride hexachloride Benzidine anthracene anthene anthene acid perylene
Inland samples
SW04 <4.0 <4.0 <10.0 <1.6 <54 <0.87 <13.0 <6.1
SW06 <4.0 <4.0 <10.0 <16 54 <.87 <13.0 <6.1
SWo07 <4.0 <4.0 <10.0 <16 5.4 <87 <13.0 <6.1
SW07 (D) <4.0 <4.0 <10.0 <16 5.4 <.87 <13.0 <6.1
SW08 <4.0 <4.0 <10.0 <16 <5.4 <.87 <13.0 <6.1
SW09 <4.0 <4.0 <10.0 <16 5.4 <.87 <13.0 <6.1
SW10 <4.0 <4.0 <10.0 <16 <5.4 <.87 <13.0 <6.1
SW11 <4.0 <4.0 <10.0 <16 5.4 <.87 <13.0 <6.1
Estuarine samples
SWo01 <4.0 <4.0 <10.0 <1.6 5.4 <.87 <13.0 <6.1
SWo02 <4.0 <4.0 <10.0 <16 5.4 <.87 <13.0 <6.1
SW03 <4.0 <4.0 <10.0 <1.6 <5.4 <.87 <13.0 <6.1
SWO05 <4.0 <4.0 <10.0 <16 5.4 <87 <13.0 <6.1
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Table 5d. Results of chemical analyses of surface water from selected sampling sites on
Graces Quarters, Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

Bis (2- 2,2-Bis 2,2-Bis
Bis (2- Bis (2- chloro- (parachloro-  (para-chloro-
Sampling Benzo Benzo- chloro- chloro-~ iso- phenyl)- phenyl
site [a] thia- Benzyl ethoxy) ethyl) propyl) 1,1-dichloro- 1,1-dichloro-
(fig. 4) pyrene  zole alcohol methane  ether ether ethane ethene
Inland samples
SW04 <4.2 - <0.72 <1.5 <1.9 5.3 <4.0 <4.7
SW06 <4.2 - <72 <1.5 <19 5.3 <4.0 <4.7
SWe7 <4.2 - <72 <1.5 <19 <5.3 <4.0 <4.7
SW07 (D) <4.2 - <72 <15 <19 <5.3 <4.0 <4.7
SW08 <4.2 - <72 <15 <19 53 <4.0 <4.7
SW09 <4.2 - <72 <15 <19 5.3 <4.0 <4.7
SW10 <4.2 - <72 <15 <19 <5.3 <4.0 <4.7
SW11 <4.2 - <72 <15 <1.9 5.3 <4.0 <4.7
Estuarine samples
SWO01 <4.2 -- <72 <15 <1.9 <53 <4.0 <4.7
SW02 <4.2 -~ <72 <15 <19 5.3 <4.0 <4.7
SW@3 <4.2 -~ <72 <15 <19 <5.3 <4.0 <4.7
SW05 <4.2 - <72 <15 <19 5.3 <4.0 <4.7
2,2-Bis
(para-chloro- Bis 4-Bromo-

Sampling phenyl)- (2-ethyl) phenyl-  Butyl-
site 1,1,1-tri- hexyl) Bromo- phenyl benzyl Carbon alpha- gamma-
(fig. 4) chloroethane phthalate ~ methane  ether phthalate  disulfide = Chiordane Chlordane
Inland samples
SW04 <9.2 45 - <4.2 <34 - - <5.1
SW06 <9.2 75 <58 <4.2 <34 <0.5 - <5.1
SWo7 <9.2 4.7 <5.8 <4.2 <3.4 <5 - <5.1
SW07 (D) <9.2 4.5 <5.8 <4.2 <34 <5 - <5.1
SWo08 <9.2 <4.8 <5.8 <4.2 <3.4 <5 - <5.1
SW09 <9.2 4.7 <5.8 <4.2 <34 <5 - <5.1
SW10 <9.2 <4.8 5.8 <4.2 <34 <5 - <5.1
SW11 <9.2 <4.8 <5.8 <4.2 <3.4 <5 - <5.1
Estuarine samples
SWo1 <92 <4.8 <5.8 <4.2 <34 <5 - <5.1
SW02 <9.2 <4.8 <58 <4.2 <34 <5 - <5.1
SW03 <9.2 5.9 <58 <4.2 <34 <5 - <5.1
SW05 <9.2 <4.8 <58 <4.2 <34 <5 -- <5.1
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Table 5d. Results of chemical analyses of surface water from selected sampling sites on
Graces Quarters, Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

p-Chloro-  p-Chloro- p-Chloro- 4-Chloro-

Sampling phenyl- phenyl-  phenyl- phenyl-
site 2-Chloro- 2-Chloro-  methyl- methyl-  methyl- phenyl-
(fig- 4) 4-Chloroaniline naphthalene phenol sulfide sulfone  sulfoxide ether Chrysene

Inland samples

SW04 <73 <050 <0.99 - - -- <5.1 <24
SW06 <73 <50 <99 - - - N | <24
SWe7 <73 <50 <99 - - - 5.1 <24
SW07 (D) <73 <50 <99 - - - <51 <24
SW08 <73 <50 <99 - - -- <5.1 <24
SW09 <73 <50 <99 - - - <5.1 <24
SW10 <73 <50 <.99 - - - <S5.1 <24
SW11 <73 <.50 <99 -- - - <5.1 <24
Estuarine samples

SWO01 <73 <50 <.99 -- - - <5.1 <24
SW02 <73 <50 <.99 -- - - <5.1 <24
SW03 <73 <50 <99 - - -- <S.1 <24
SWO05 <7.3 <50 <99 -- - - <5.1 <24
Sampling Dibenzo Di-n- 3, 3 2,4

site [a,h] Dibenzo butyl Di-chloro- Di<chloro- Dichloro- Diethyl Di-methyl
(fig. 4) anthracene furan phthalate  benzene  benzidine phenol Dieldrin phthalate  di sulfide
Inland samples

SW04 <6.5 <17 37 - <12.0 <29 <4.7 <2.0 -
SW06 <6.5 <17 37 <10.0 <12.0 <29 <4.7 <2.0 -
SWo7 <6.5 <17 3.7 <100 <12.0 <29 <4.7 <2.0 -
SW07 (D) <6.5 <17 37 <100 <12.0 <9 <4.7 <2.0 -
SW08 <6.5 <17 3.7 <10.0 <12.0 <29 <4.7 <2.0 -
SW09 <6.5 <17 3.7 <10.0 <12.0 <29 <4.7 <2.0 -
SW10 <6.5 <17 37 <100 <12.0 <29 <4.7 <2.0 -
SW11 <6.5 <1.7 3.7 <10.0 <12.0 <29 <4.7 <2.0 -
Estuarine samples

SWO01 <65 <17 37 <10.0 <12.0 <29 <4.7 <2.0 -
SW02 <6.5 <17 3.7 <10.0 <12.0 <29 <4.7 <2.0 -
SWG <6.5 <1.7 3.7 <10.0 <12.0 <2.9 <4.7 <2.0 -
SW05 <6.5 <17 3.7 <10.0 <12.0 <29 <4.7 <2.0 -
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Table 5d. Results of chemical analyses of surface water from selected sampling sites on
Graces Quarters, Aberdeen Proving Ground, Maryland, spring 1989--

Semivolatile organic compounds—-Continued

1,2-Di-
Sampling 2,4- 2,4~ 2,4 2,6- Di-n- phenyl- alpha-
site Dimethyl- Dimethyl Dinitro- Dinitro- Dinitro- octyl hydra- Endo-
(fig. 4) phenol phthalate  phenol toluene toluene phthalate  zine Dithiane  sulfan
Inland samples
SWH4 <5.8 <15 <21.0 <45 <0.79 <15.0 <2.0 - <9.2
SW06 5.8 <15 <21.0 <4.5 <79 <15.0 <20 - <9.2
SW07 5.8 <15 <21.0 <4.5 <79 <15.0 <20 - <9.2
SWo7 (D) <5.8 <1.5 <21.0 <4.5 <79 <15.0 <2.0 - <9.2
SW08 <5.8 <15 <21.0 <45 <79 <150 <2.0 - <9.2
SW09 <5.8 <15 <21.0 <45 <79 <15.0 <2.0 - <9.2
SW10 <5.8 <15 <21.0 <45 <79 <15.0 <20 - <9.2
SW11 <5.8 <15 <21.0 <45 <79 <15.0 <2.0 - <9.2
Estuarine samples
SW01 <5.8 <15 <21.0 <45 <79 <15.0 <2.0 - <9.2
SW02 5.8 <15 <21.0 <4.5 <79 <15.0 <2.0 - <9.2
SWG03 5.8 <15 <21.0 <45 <79 <15.0 <2.0 -- <9.2
SW05 5.8 <15 <21.0 <45 <79 <15.0 <2.0 -- <9.2
Sampling Dbeta- Endo-
site Endo- sulfan Endrin Endrin Fluor- Hepta-  Hexachloro- Hexachloro-
(fig. 4) sulfan sulfate  Endrin  aldehyde  ketone anthene Heptachlor epoxide benzene  butadiene
Inland samples
SW04 <9.2 <9.2 <7.6 <8.0 <8.0 3.3 <0 <50 <1.6 <3.4
SW06 <9.2 <9.2 <7.6 <8.0 <8.0 <33 <0 <5.0 <16 <34
SW07 <9.2 <9.2 <7.6 <8.0 <8.0 <3.3 <20 <5.0 <16 3.4
SW07 (D) <9.2 <9.2 <76 <8.0 <80 3.3 <2.0 <50 <16 3.4
SW08 <9.2 <9.2 <7.6 <8.0 <8.0 <33 <20 <5.0 <16 <34
SW09 <9.2 <9.2 <7.6 <8.0 <8.0 <3.3 <2.0 <5.0 <16 3.4
SW10 <9.2 <9.2 <7.6 <8.0 <8.0 <33 <2.0 5.0 <1.6 <3.4
SW11 <9.2 <9.2 <76 <8.0 <8.0 <33 <2.0 <5.0 <16 3.4
Estuarine samples
Swo1 <9.2 <9.2 <7.6 <840 <80 <3.3 <20 <5.0 <16 <3.4
SWo02 <9.2 <9.2 <7.6 <8.0 <8.0 <33 <2.0 <50 <1.6 3.4
SW@3 9.2 <9.2 <7.6 <8.0 <8.0 <33 <20 <50 <16 <3.4
SW05 <9.2 <9.2 <76 <8.0 <8.0 <3.3 <2.0 <5.0 <16 <34
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Table 5d. Results of chemical analyses of surface water from selected sampling sites on
Graces Quarters, Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds—-Continued

Hexa-

chloro- Indeno 2-Methyl-
Sampling cyclo- Hexa- [1,2,3- Methyl-n- 3-Methyl- 4, 6-di-
site penta- chloro- c,dl Iso- Meth- butyl 4-chloro-  nitro-
(fig. 4) diene ethane pyrene phorone  Lindane  oxychlor  ketone phenol phenol

Inland samples

SW04 <86 <15 <8.6 <4.8 <4.0 <5.1 -- <4.0 <17.0
SWo06 <8.6 <1.5 <8.6 <4.8 <4.0 <5.1 3.6 <40 <17.0
SW07 <86 <15 <8.6 <4.8 <4.0 5.1 3.6 <4.0 <17.0
SW07 (D) <86 <15 <8.6 <4.8 <4.0 <51 <3.6 <4.0 <17.0
SW08 <8.6 <15 <8.6 <4.8 <4.0 <51 <3.6 <4.0 <17.0
SW09 <8.6 <15 <8.6 <4.8 <4.0 <5.1 <3.6 <4.0 <17.0
SW10 <8.6 <15 <8.6 <48 <4.0 <5.1 <3.6 <4.0 <17.0
SW11 <8.6 <1.5 <8.6 <4.8 <4.0 <5.1 <3.6 <4.0 <17.0
Estuarine samples
SW01 <8.6 <15 <8.6 <4.8 <4.0 <5.1 <3.6 <4.0 <17.0
SWo02 <8.6 <1.5 <8.6 <4.8 <4.0 <5.1 <3.6 <4.0 <17.0
SW@3 <8.6 <15 <8.6 <4.8 <4.0 <5.1 3.6 <4.0 <17.0
SW(05 <8.6 <1.5 <8.6 <4.8 <4.0 <5.1 <3.6 <4.0 <17.0
Methyl-
Sampling iso- 2-Methyl- Methyl-
site butyl ethyl naphtha-  2-Methyl  4-Methyl- 2-Nitro- 3-Nitro- 4-Nitro-
(fig. 4) ketone ketone  lene phenol phenot Naphthalene aniline aniline  aniline

Inland samples

SW04 - - <1.7 <39 <0.52 <05 <43 <4.9 <5.2
SWo06 3.0 <6.4 <17 <39 <.52 <5 <4.3 <4.9 <5.2
SW07 <3.0 <6.4 <17 <39 <52 <5 <4.3 <4.9 <5.2
SW07 (D) <3.0 <6.4 <17 <3.9 <52 <5 <4.3 <4.9 <5.2
SW08 <3.0 <6.4 <1.7 <39 <52 <5 <43 <4.9 <5.2
SW09 <30 <6.4 <17 <3.9 <.52 <5 <4.3 <4.9 <5.2
SW10 <3.0 <6.4 <17 <3.9 <52 <5 <4.3 <4.9 <5.2
SW11 <3.0 <6.4 <17 <3.9 <.52 <5 <4.3 <4.9 <5.2

Estuarine samples

SWO01 <3.0 <6.4 <17 <3.9 <52 <5 <4.3 <4.9 <5.2
SW02 <3.0 <6.4 <17 <39 <52 <5 <4.3 <4.9 <5.2
SW03 <3.0 <6.4 <1.7 <39 <52 <5 <43 <4.9 <5.2
SW05 <3.0 <6.4 <1.7 3.9 <52 <5 <43 <4.9 <52
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Table 5d. Results of chemical analyses of surface water from selected sampling sites on

Graces Quarters, Aberdeen Proving Ground, Maryland, spring 1989--
Semivolatile organic compounds--Continued

Sampling N-Nitroso-  N-Nitroso-  N-Nitroso-

site Nitro- 2-Nitro- 4-Nitro- di-methyl- di-N-propyl- di-phenyl-  Oxa-1,4- PCB
(fig. 4 benzene  phenol phenol amine amine amine thiane 1016
Inland samples

SW04 <05 <37 <12.0 <20 <4.4 <3.14 - <21.0
SW06 <5 <37 <12.0 <20 <44 <314 - <21.0
SwWo7 <5 <37 <12.0 <20 <44 <3.14 - <21.0
SW07 (D) <5 <3.7 <12.0 <2.0 <4.4 <3.14 - <21.0
SW08 <5 <37 <12.0 <20 <44 <3.14 - <21.0
SW09 <5 <37 <12.0 <20 <4.4 <3.14 - <21.0
SW10 <5 <37 <12.0 <20 <4.4 <3.14 -- <21.0
SW11 <5 <37 <12.0 <20 <4.4 <3.14 - <21.0
Estuarine samples

SW01 <5 <37 <12.0 <20 <4.4 <3.14 - <21.0
SW(2 <5 <37 <12.0 <2.0 <44 <3.14 -- <21.0
SWa3 <5 <37 <12.0 <20 <4.4 <3.14 - <21.0
SW05 <5 <37 <12.0 <20 <4.4 <3.14 - <21.0
Sampling

site PCB PCB PCB PCB PCB PCB

(fig. 4) 1221 1232 1242 1248 1254 1260 Pentachlorophenol Phenanthrene
Inland samples

SW04 <21.0 <210 <30.0 <30.0 <36.0 <36.0 <18.0 <0.5
SWo06 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5
SWo7 <21.0 <21.0 <300 <30.0 <36.0 <36.0 <18.0 <5
SW07 (D) <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5
SW08 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5
SW(09 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <180 <5
SW10 <21.0 <210 <30.0 <30.0 <36.0 <36.0 <18.0 <5
SW11 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5
Estuarine samples

SWo1 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5
SWO02 <21.0 <21.0 <30.0 <30.0 <36.0 <36.0 <18.0 <5
SW03 <21.0 <210 <30.0 <30.0 <36.0 <36.0 <18.0 <5
SW05 <21.0 <210 <30.0 <30.0 <36.0 <36.0 <18.0 <5
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Table 5d. Results of chemical analyses of surface water from selected sampling sites on

Graces Quarters, Aberdeen Proving Ground, Maryland, spring 1989-
Semivolatile organic compounds--Continued

Sampling 1,2,4- 2,4,5- 2,4,6-
site Trichloro- Triichloro- Trichloro-~
(fig. 4 Pheno Pyrene Styrene Thiodiglycol Toxaphene  benzene  phenol phenol
Inland samples

SW04 <9.2 <2.8 - <65.9 <36.0 <18 <5.2 <4.2
SWo06 <9.2 <2.8 <05 <65.9 <36.0 <18 <52 <4.2
SW07 <9.2 <2.8 <5 <65.9 <36.0 <18 <5.2 <4.2
SW07 (D) <9.2 <2.8 <5 <65.9 <36.0 <1.8 5.2 <4.2
SWo08 <9.2 <28 <5 <65.9 <36.0 <1.8 5.2 <4.2
SW@9 <9.2 <2.8 <5 <65.9 <36.0 <18 <5.2 <4.2
SW10 <9.2 <2.8 <5 <65.9 <36.0 <18 <5.2 <4.2
SW11 <9.2 <2.8 <5 <65.9 <36.0 <1.8 5.2 <4.2
Estuarine samples

SWO01 <9.2 <2.8 <5 <65.9 <36.0 <18 5.2 <4.2
SW02 <9.2 <2.8 <5 <65.9 <36.0 <18 5.2 <4.2
SWQ03 <9.2 <28 <5 <65.9 <36.0 <18 <5.2 <4.2
SW05 <9.2 <2.8 <5 <65.9 <36.0 <138 <5.2 <4.2
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Table 5e. Results of chemical analyses of surface water from selected sampling sites on
Graces Quarters, Aberdeen Proving Ground, Md., spring 1989--
Unknown compounds

[Concentrations in micrograms per liter; all concentrations are approximate. Compound names are codes designated by the U.S. Army
Toxicand Hazardous Materials Agency to distinguish one unknown compound from another. Compounds coded UNK500 and above
probably are semivolatile compounds. --, compound not reported]

Sampling
site UNK595 UNK599 UNKe642 UNK644 UNKs645 UNK646 UNK650
(fig. 4)

SWO1 - - . - - 4.0 -
SW04 3.0 2.0 5.0 - 8.0 - 10
SW06 - - - 5.0 - - -~
SW08 - - - - - 40 -
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