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MERCURY IN GROUND WATER, SOILS, AND
SEDIMENTS OF THE KIRKWOOD-COHANSEY
AQUIFER SYSTEM IN THE NEW JERSEY
COASTAL PLAIN

by Julia L. Barringer, Cecilia L. MacLeod, and Robert A. Gallagher!
ABSTRACT

Since 1982, concentrations of total mercury that exceed 2 micrograms per
liter have been reported in ground-water samples from the Kirkwood-Cohansey aquifer
system, the most areally extensive unconfined aquifer in the New Jersey Coastal Plain.
By 1988, the number of cases reported had alerted State and county agencies to the
possibility of a widespread environmental problem. A study of the lithology of the
aquifer sediments indicated that the mercury was unlikely to derive from natural
sources; the aquifer is composed primarily of quartz sand, and few heavy minerals that
might contain mercury are present or are likely to weather. A study of naturally
occurring mercury concentrations in ground water indicated that background
concentrations were on the order of 10 nanograms per liter or less.

In 1992, the U.S. Geological Survey, in cooperation with the New Jersey
Department of Environmental Protection, began a 2-year study to evaluate the extent of
mercury-contaminated ground water in the Kirkwood-Cohansey aquifer system in the
New Jersey Coastal Plain previously identified by State and county agencies and to
propose and evaluate hypotheses regarding possible mercury sources. The first phase
of the study, with which this report is concerned, consisted of compiling available data
on mercury concentrations in ground water and soils, determining mercury
distributions in soils and aquifer sediments, sampling ground water, compiling and
evaluating data on possible sources of mercury, and developing hypotheses regarding
the causes of the occurrences of mercury in ground water.

Currently (1993), water from private, mostly domestic wells that contains
concentrations of mercury equal to or greater than 1 microgram per liter has been
identified by State and County agencies in 34 distinct areas in seven counties in
southern New Jersey. Of the 2,239 wells in these areas for which data were available,
306 yielded water at least once that contained mercury in concentrations that exceeded
the U.S. Environmental Protection Agency’s maximum contaminant level of 2
micrograms per liter. The concentration used in this report to define a site of elevated
mercury concentrations in ground water--1 microgram per liter--was chosen because it
is two orders of magnitude greater than background levels and is greater than the
method detection limit or practical quantitation limit used by virtually all the
laboratories that generated data used in this report. Total-mercury-concentration data
for an additional 31 wells not associated with the 34 sites of elevated mercury
concentrations in ground water also were compiled.

1 New Jersey Department of Environmental Protection
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The compiled data include results of repeated sampling and analysis
conducted by State and county agencies to evaluate the possibility that mercury
measured in the ground water was the result of contamination during sample
collection or analysis. The reproducibility of results by different laboratories, the
repeatability of results in samples collected by different investigators, the rigor of
quality-assurance and quality-control procedures, and the consistency of results for
individual wells sampled over time has provided convincing evidence that the mercury
concentrations represent an environmental problem.

Soils at 6 of the 34 sites were analyzed for mercury, as were undisturbed
forest soils. Mercury was found to accumulate in the organic and clay-rich horizons of
the forest soils, but was distributed relatively evenly in vertical sections through the
disturbed soils at the sites. Moreover, concentrations of mercury were substantially
less in the disturbed soils than in the undisturbed soils. Concentrations of mercury in
cores of soils and aquifer sediments from 2 of the 34 sites of elevated mercury
concentrations in ground water were found to be within the range of naturally
occurring concentrations.

Possible sources of mercury in the ground water from the 34 sites were
evaluated; the sources include (1) contamination introduced during sampling; (2)
contamination introduced by materials in the pumps; (3) contamination from
household sources such as septic systems, disinfectants used in wells, and house
paint; (4) point sources such as landfills, military installations, industrial or
commercial sites, or cemeteries; (5) atmospheric deposition; and (6) land-applied
substances such as mercurial pesticides or mercurial seed dressings.

An examination of past and present land use at the 34 known sites of
elevated mercury concentrations in ground water indicates that former land use at 26
of the sites was at least partly agricultural and that residential development typically
began in the 1950’s or 1960’s. Possible point sources, such as known landfills,
military installations, industrial and commercial operations, and cemeteries, are found
in relatively close proximity (1 to 3 miles) to many of the 34 sites. Detailed examination
of 13 sites that had previously been evaluated by State or county officials and
evaluations of possible point sources within 3 miles of the remaining 21 sites indicate
that a pattern of contamination from point sources does not appear to exist. Ground-
water-flow directions inferred from topography or determined from available water-
level data and monitoring-well water-quality data indicate that, in most cases, landfills
do not appear to be sources of mercury to the sites. There are currently no data that
indicate that past or present military operations are sources of mercury to the 34 sites.
Ground water at those sites within 3 miles of a Superfund site does not appear to be
hydraulically connected to contaminant plumes at the Superfund sites. Data on
industrial and commercial sites, both former and existing, were limited, and few
conclusions could be drawn. The majority of known industrial operations do not
appear to be hydraulically connected to the nearest site of elevated mercury
concentrations in ground water. It is likely that only late 19th- or early 20th-century
cemeteries could be sources of contaminants; the lack of detailed, site-specific data
precluded detailed evaluation of relations between cemeteries and the 34 sites.
However, only three sites appear to be downgradient from cemeteries.



Assessments of the relative contributions of mercury from house paint, from
atmospheric deposition, and from use, prior to 1972, of mercurial pesticides and
fungicides in agriculture and turf maintenance were derived from calculations of
estimated use. These calculations indicate that the maximum amounts present in
house paint are large, but the mercury probably is in less soluble form and thus less
likely to be found in soils and ground water than mercury from estimated past
agricultural applications of mercurial pesticides. Estimated atmospheric contributions
of mercury, although not small, are several orders of magnitude less than the amounts
estimated to be present in paint, or potentially contributed by pesticides.

Although well-depth data were not available for all the wells in the data base
compiled during the study, the vertical distribution of mercury in ground water does
not appear to be continuous with depth; elevated mercury concentrations typically
were measured at about 50 feet or more below land surface, but generally have not
been found in water from shallow (iess than 50 feet) wells. The highest concentrations
found to date (1993) have been in water tapped at 50 to 125 feet, although
concentrations above the U.S. Environmental Protection Agency’s maximum
contaminant level have been found as deep as 200 feet. This distribution indicates that
mercury introduced at the land surface is now found in water several decades old, but
generally is not found in elevated concentrations in shallow, recently recharged aquifer
water. Such a distribution is indicative of past activities involving mercury that
apparently are not occurring presently as important sources.

INTRODUCTION

Since 1982, an increasing number of detections of mercury concentrations
in ground water from the Kirkwood-Cohansey aquifer system that exceeded the U.S.
Environmental Protection Agency (USEPA) maximum contaminant level (MCL) of
2 pg/L have been reported. The U.S. Geological Survey (USGS), in cooperation with the
New Jersey Department of Environmental Protection (NJDEP)? Division of Science and
Research, and the NJDEP Bureau of Safe Drinking Water (as part of the A280
amendments to the State Safe Drinking Water Act program), began a 2-year study in
1992 to evaluate the extent of mercury-contaminated ground water in the New Jersey
Coastal Plain and to propose and evaluate hypotheses regarding possible mercury
sources. The initial phase of this study, with which this report is concerned, consisted
of compiling available data from State and county agencies on mercury concentrations
in ground water and soils, determining mercury distributions in soils, compiling and
evaluating data on possible sources of mercury, and developing hypotheses regarding
the causes of the observed mercury concentrations in ground water. The second phase
consisted of compiling data on other relevant ground-water-quality characteristics,
designing and conducting laboratory experiments and evaluating geochemical data in
order to investigate further the hypotheses that were developed, and identifying other
general areas that might be at risk from mercury-contaminated ground water.

Background

The first phase of the study of mercury in the Kirkwood-Cohansey aquifer
system necessitated integrating a complex set of factors, including the history of the

2 Known as New Jersey Department of Environmental Protection and Energy (NJDEPE) in 1993 and
1994; prior to 1993 and after 1994, known as NJDEP.

3



discovery of the contamination, the chemistry of mercury, the geology and hydrology of
the area in which the contamination had been discovered, the geochemical
characteristics of the ground water that was affected, and possible sources of mercury
to the environment. Because a previous study by the New Jersey Geological Survey
(NJGS) had indicated that the elevated mercury concentrations were unlikely to derive
from a natural (lithologic) source (Dooley, 1992), investigation of possible sources has
focused on anthropogenic sources.

Historical Ground-Water Contamination

Incidences of mercury-contaminated water (that is, water containing
mercury in concentrations greater than the USEPA MCL) from domestic wells in the
Kirkwood-Cohansey aquifer system in New Jersey were reported as early as 1982
(unpublished data on file at N.J. Department of Environmental Protection, Trenton,
N.J.). Until 1988, however, observations of mercury-contaminated ground water in
New Jersey involved few wells, less than 10 in each instance, and were scattered both
spatially and temporally. From 1982 to mid-1988 five separate instances of mercury-
contaminated ground water involving approximately 23 wells were reported. As a
result of the sporadic nature of these early reports and the small number of wells
involved, mercury-contaminated ground water was not perceived as a widespread
problem in southern New Jersey before 1988.

In 1988, sampling and analysis of ground water in a residential area in
Atlantic County resulted in the discovery of a previously unidentified area of mercury-
contaminated ground water. State and county agencies were alerted and responded in
part by sampling and analyzing water from other domestic wells in the area. As
additional sampling and analyses were conducted, additional mercury contamination
was found, and the cycle was repeated. By mid-1989, 331 wells used for drinking water
in the area had been sampled. Results of analyses showed that 64 of these wells yielded
ground-water samples that contained mercury in concentrations exceeding the
2.0-ug/L USEPA MCL (U.S. Environmental Protection Agency, 1991). The discovery of
large numbers of wells yielding mercury-contaminated water in a limited area focused
attention on the mercury-contamination problem. Individuals and county and State
agencies began to sample and analyze ground water more frequently. As the number of
instances of mercury-contaminated ground water increased, NJDEP officials
recognized the necessity of evaluating the data that had been and were being collected
in order to determine possible sources of the contamination. In order to determine the
naturally occurring concentrations of mercury in ground water, NJDEP contracted with
Skidaway Oceanographic Institute to conduct a study in 1991. Background
concentrations of mercury in samples from the Kirkwood-Cohansey aquifer system
were found to be less than 10 ng/L (0.01 ug/L) (Windom and Smith, 1992).

In 1991, the USGS was asked to compile all available data on mercury in
ground water in the Kirkwood-Cohansey aquifer system, determine possible sources of
mercury, and propese and evaluate hypotheses regarding the causes of the
contamination. (All data supplied by NJDEP and the counties are not maintained in the
USGS electronic data base.) The study began in 1992, and, during the first year,
mercury-concentration data for water from more than 2,200 wells had been compiled
from the files of State and county agencies. Because the data had been collected
initially in residential neighborhoods in response to problems with one or more wells,
they are clustered rather than evenly distributed across the region. The instances of
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Table 1. Sites at which water from one or more wells contains mercury in
concentrations equal to or greater than 1 microgram per liter, approximate site
area, number of wells sampled as of June 1993, and county in which each site is
located, New Jersey Coastal Plain

Approximate area Number of wells from which
Site number of site water samples have been County
(square miles)! analyzed for mercury2
1 0.24 132 Atlantic
2 1.27 242 Atlantic
3 1.64 332 Atlantic
4 25 76 Atlantic
5 .60 130 Atlantic
6 45 72 Atlantic
7 43 77 Atlantic
8 8.35 472 Camden
9 12 52 Cumberland
10 1.21 31 Gloucester
11 25 11 Ocean
12 .04 23 Ocean
13 1.56 52 Salem
14 33 16 Atlantic
15 15 22 Atlantic
16 1.82 76 Atlantic
17 3.87 83 Atlantic
18 .66 65 Atlantic
19 1 8 Atlantic
20 .04 8 Atlantic
21 35 3 Atlantic
22 <.01 1 Ocean
23 37 2 Ocean
24 .65 9 Ocean
25 15 30 Cumberland
26 <01 1 Gloucester
27 <.01 1 Gloucester
28 2.34 81 Atlantic
29 3l 54 Atlantic
30 1.46 6 Burlington
31 2.21 45 Atlantic
32 12 20 Atlantic
33 .06 2 Ocean
34 .05 3 Ocean

! Approximate areas have been calculated on the basis of areas of polygons drawn on
U.S. Geological Survey topographic maps.

ZNumber of wells currently (1993) in mercury project site data base. Additional wells
may have been sampled since the data base was compiled.



As of 1993, on the basis of available information on well locations, depths,
and screens, the mercury contamination in ground water appears to be present in the
unconfined part of the Kirkwood-Cohansey aquifer system, where background
concentrations of mercury have been determined to be less than 10 ng/L (Windom and
Smith, 1992). The aquifer is a major source of water; ground-water withdrawals from
the Kirkwood-Cohansey aquifer system averaged 70.32 Mgal/d in 1980 (Zapecza and
others, 1987) and were estimated to be 58 Mgal/d in 1990 for public supply wells alone
(Nawyn and Clawges, 1995). Because a large number of public supply and domestic
wells are screened in this aquifer system, widespread mercury contamination of the
southern New Jersey ground-water supply would pose a serious health hazard to
residents. Upon confirmation of mercury concentrations that exceeded the MCL,
homeowners were either supplied with point-of-entry treatment systems (POETS), or in
the case of some communities with many affected wells, connected to an alternate
water supply.

Mercury Chemistry

Many heavy metals are relatively immobile in the geochemical environments
of many aqueous systems. These metals, which include lead, copper, and mercury, are
typically “fixed” in sediments by either sorption to clay minerals, sorption to the
charged surfaces of iron and aluminum oxyhydroxides, sorption to sediment organic
matter, or precipitation as oxides or insoluble salts (Reimers and Krenkel, 1974; Hirner
and others, 1990), although different soils exhibit a range of affinities for metals such
as mercury (Amacher and others, 1990). Mobilization of heavy metals from these
surfaces is induced by factors, such as changes in pH, that change the properties of
the surfaces or by introduction of chemical constituents that create soluble complexes
with the metals or that change the redox potential, rendering some metals more soluble
than under previous redox conditions. Alternatively, the metals can remain fixed to
particles small enough to form colloids and may be transported along with the colloids
(Puls and Powell, 1992). Because mercury is volatile, it is also mobile as a vapor;
unlike other heavy metals, mercury can volatilize into the atmosphere from solution as
well as from solid surfaces.

In most freshwater, the predominant dissolved mercury species are Hg®,
Hg(OH),, Hg?*, and HgCl, depending on pH, Eh, and chloride concentrations (Reimers
and Krenkel, 1974; Stumm and Morgan, 1981, p. 371; Hem, 1970, p. 21). Equilibrium
reactions with these species control the solubility of mercury in water, which for
metallic mercury, is about 56 pg/L (0.28 pmoles/L) at 25 degrees Celsius (Merck, 1983,
p. 842). Mercury solubility increases in oxygenated and acidic, chloride-rich waters as
either Hg(OH), or HgCl, forms (Gavis and Ferguson, 1972, p. 993).

Although considerable research has been done on mercury solubility and
speciation in water, relatively little work has been done with regard to its solubility in
other solvents. Studies have shown that metallic mercury (Hg") is more soluble in
hexane than in water and that mercuric chloride (HgCly) is more soluble in benzene
than in water (Gavis and Ferguson, 1972, p. 994; Cotton and Wilkinson, 1980, p. 604).
In analytical practices, divalent mercury, including mercury chloride complexes, can be
extracted into chloroform and various chlorinated hydrocarbons (Reeves and Brooks,
1978).The effects of relatively dilute organic compounds on mercury mobility in soil



water and ground water currently are unknown, however. Therefore, any interactions
between mercury and dilute concentrations of VOC's in ground water are difficult to
assess.

The mobilization of mercury can be affected by bacterial activity in both
aerobic and anaerobic environments, as mercury can be methylated and demethylated
by bacteria (Bothner and others, 1980; Fleischer, 1970; Douglas, 1994). Because
examination of methylation reactions is beyond the scope of this report, the reader is
directed to reviews of metals in the environment, such as Lindberg (1987), World
Health Organization (1990), and studies such as Winfrey and Rudd (1990), Wilken and
Hintelmann (1991), Robertson and others (1987), Rogers (1976), and Rogers (1977) for
further information on methylation and demethylation reactions.

Introduction of Anthropogenic Mercury into the Environment

Physical and chemical properties, some unique, have made mercury useful
in a number of applications in the industrial world. Mercury is used in the
manufacture of chlorine and caustic soda; in paint and pesticides (both as an
insecticide and as an antifungal agent); in pharmaceuticals; in instruments such as
thermometers, barometers, and manometers; in electrical switches and relays; in
batteries; in lamps; and in dental amalgams (Moore and Ramamoorthy, 1984). Asa
result, many opportunities exist for mercury, both elemental and in various
compounds, to enter the environment in solution, in the gas phase, and in particulate
form.

Industrial emissions are an important source of atmospheric mercury;
emissions from incinerators and combustion of fossil fuels also contribute mercury to
the atmosphere. Mercury can be deposited in the soil through either dry atmospheric
deposition, wet precipitation, or direct application. The mercury inputs by wet and dry
deposition generally are relatively small except in areas near ore deposits, smelters,
incinerators, or other industrial plants that generate mercury emissions. World
production of mercury from minerals and release from fossil fuels rose sharply between
1940 and 1970 (Gavis and Ferguson, 1972, p. 1003). A study of peat cores in
Minnesota indicates that atmospheric deposition of mercury reached a peak during the
1950’s; studies in Sweden and the United Kingdom indicate a similar pattern, with a
peak about 1960 (Douglas, 1994). Researchers do not concur on the percentage of the
measured deposition that is anthropogenic, but the steady decrease in deposition rates
of mercury since 1960 is presumed to be the result of increasingly vigorous attempts to
control mercury emissions (Douglas, 1994).

In 1988, Nriagu and Pacyna (1988) estimated anthropogenic mobilization of
mercury to the biosphere at 11,000 metric tons (12,128 tons) per year, which includes
emissions discharges to land and water, and land applications, worldwide. In the
United States, land applications of mercury compounds have decreased in the past 2
decades. The use of mercury compounds on agricultural crops was banned in 1972 by
the U.S. Department of Agriculture (D’Itri, 1972); however, registered use of mercurial
compounds has continued in New Jersey as fungicides on golf courses (N.J.
Department of Environmental Protection, 1993). Consumer products that contain
mercury, such as batteries, thermometers, paint, pigments, and fluorescent and high-



intensity light bulbs, ultimately enter the waste stream, and, if not recycled or
incinerated, end up in landfills. No data are available at present that estimate the
amount of mercury that currently resides in southern New Jersey landfills.

Previous Studies of Mercury in Soils, Sediments, and Ground Water

The movement of mercury and mercury species in the environment has been
examined by many workers, particularly with regard to mercury emissions into the
atmosphere and mercury in lakes and streams (for example, Fleischer, 1970; Brosset,
1982; Glass and others, 1991; Lindqvist and others, 1991). Because mercury and its
compounds are toxic, beginning at the lowest level of the food chain, emphasis on
mercury mobilization continues to focus on the open environments of the atmosphere
and surface-water bodies (Grieb and others, 1990; Nriagu, 1990). Of the studies
focusing on mercury in soil, many have been concerned with the accumulation of
mercury in fruits and vegetables, with less emphasis on subsurface migration of the
metal (D'Itri, 1972). Relatively little information is available on mercury in ground
water. Recent investigations include a study of low (2-4 ng/L) concentrations in
ground-water inflow to and outflow from a lake in Minnesota (Krabbenhoft and
Babiarz, 1992); a study of a purported natural source in granitic terrain in Maine
(Sidle, 1993), where mercury concentrations ranging from 0.04 to 6.20 ug/L were
measured in ground water; and two studies of ground-water contamination in urban
and industrialized areas of India (Somasundaram and others, 1993; Srikanth and
others, 1993). Earlier studies cited in Hem (1985, p. 143) report “a few micrograms per
liter” of mercury in ground water from geothermal and mining areas.

Dooley (1992) studied the possibility of a natural source of mercury in
ground water in the New Jersey Coastal Plain. Dooley concludes that elevated levels of
mercury in the Kirkwood-Cohansey aquifer system must be anthropogenic in origin as
no natural source is known to be present in this primarily quartz sand aquifer.
Windom and Smith (1992) analyzed 78 ground-water samples from the New Jersey
Coastal Plain, using inductively coupled plasma-mass spectroscopy (ICP-MS), and
determined that background mercury concentrations in Coastal Plain ground water
were typically a few nanograms per liter; results of this study suggest that the mercury
is present as a mercuric chloride complex. Windom and Smith (1992) also resampled
wells that were sampled previously by the Atlantic County Division of Public Health
(ACHD) and shown to yield water with elevated mercury concentrations. The results of
the resampling verify the previous elevated mercury concentrations reported by the
ACHD.

The NJDEP undertook a study to determine the contribution of mercury to
the atmosphere by New Jersey incinerators (N.J. Department of Environmental
Protection, 1993). Greenberg and others (1992) found the mercury concentrations in
air near a municipal solid-waste incinerator to have a median value of 2.5 ng/m?® of air;
this value was indicated to be within background levels for mercury in air. NJDEP
(N.J. Department of Environmental Protection, 1993a) also developed a generic fate and
transport model for mercury to evaluate the effect of emissions from a source such as
an incinerator; the model accounts for dispersion of stack emissions, wet and dry
deposition to surface water and to land, runoff to surface water, bioconcentration in
freshwater fish, and ingestion of those fish.
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Purpose and Scope

This report describes the known distribution of mercury in ground water,
soils, and sediments of the Kirkwood-Cohansey aquifer system and evaluates possible
sources of the mercury. It presents a compilation of results of analyses for mercury in
ground-water samples from 2,239 private wells in seven counties in the New Jersey
Coastal Plain. The samples were collected at 34 sites where elevated concentrations of
mercury have been reported from 1982 through June 1993 and were analyzed by State
and county agencies, private laboratories, and the USGS. Results of analyses of water
samples from wells where mercury concentrations are not elevated also are presented.
Results of analyses for mercury in ground-water samples from four public supply wells
in Atlantic County and nine monitoring wells in Camden, Ocean, and Cape May
Counties also are included. Results of analyses for total mercury in 42 soil samples
and 2 cores of soils and aquifer sediments collected by USGS and NJDEP from areas of
known mercury contamination of ground water and from uncontaminated areas in
Atlantic, Camden, and Gloucester Counties are reported. Relations between
concentrations of mercury in soils from areas of known mercury contamination in
ground water and from undisturbed forested areas are discussed. The association
between historical land-use data representing the period from 1940 to the present
(1993) and concentrations of mercury in ground water and soils also are discussed.
Six hypotheses regarding possible sources of mercury are presented. Household
contributions of mercury are evaluated. The contributions of mercurial pesticides and
atmospherically deposited mercury to the soil and ground water are assessed. Possible
point sources of mercury (landfills, military operations, cemeteries, industrial, and
commercial sites) are evaluated in light of available hydrologic data. Finally, possible
mechanisms of mercury mobilization are discussed.

Description of the Study A

The study area encompasses the entire outcrop area of the sediments that
form the Kirkwood-Cohansey aquifer system (fig. 1) and includes the Cape May
Peninsula, where the aquifer system is confined and is overlain by two aquifers--the
surficial Holly Beach water-bearing zone and the estuarine sand aquifer.

Physiography

The study area occupies most of the Atlantic Coastal Plain physiographic
province in New Jersey. The terrain generally is gently rolling, and topographic relief is
low. Elevations typically are between 50 and 150 ft above sea level in the interior of the
Coastal Plain, sloping gradually to sea level at the coast. Stream valleys are shallow
and broad, and many contain freshwater wetlands. Although several streams drain
west and south to the Delaware River and Delaware Bay, the majority of streams drain
eastward to the Atlantic Ocean.

Hydrogeology

The New Jersey Coastal Plain is a wedge of unconsolidated sediments that
range in age from Cretaceous to Quaternary. These sediments are composed of clay,
silt, sand, and gravel that are interpreted mainly as deltaic and marine deposits; the
youngest (Quaternary) sediments were deposited by fluvial and aeolian processes
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(Rhodehamel, 1979). The sediments strike to the northeast and dip gently seaward at
about 10 to 60 ft/mi. The sediment wedge thickens from a thin deposit at the Fall Line
to more than 6,500 ft at the southern tip of Cape May County, and unconformably
overlies metamorphic rocks of Precambrian age, as well as Triassic and Jurassic
sedimentary and igneous rocks.

Sandy soils are developed on the geologic substrate defined by the outcrop of
the Cohansey Sand, the upper part of the Kirkwood Formation, and the Cape May
Formation. Where the Bridgeton Formation, which contains weathered clay in the
matrix, overlies the Cohansey Sand, soils contain some clays (Tedrow, 1979). Because
these soils retain moisture better than the extremely sandy soils elsewhere within the
study area, agricultural activities commonly have been associated with the areas
underlain by the Bridgeton Formation, although many farms have been replaced by
residential land use during the past 40 years. The result has been the obliteration of
much of the natural soil horizons. Typical natural soil horizons include an organic-rich
layer at the surface (0 horizon); next, a strongly leached, sandy layer (A horizon); and,
lowermost, a sandy layer containing iron hydroxides and clays (B horizon).

The sandy soils within the study area are naturally highly acid and
impoverished in plant nutrients (Tedrow, 1979). The pH of surface soils ranges from
3.6 t0 4.0, and the pH of deeper horizons ranges from 4.2 to 5.0 (Markley, 1979, p. 92).
Sandy soils found at higher elevations are excessively drained to well-drained, and
have a low organic-matter content (Markley, 1979, table II, p. 84). Some of the upland
soils have been and currently are farmed; generally, these are limed because of the soil
acidity, and typically are irrigated (Markley, 1979). Residential land use, with the
installation and maintenance of lawns, has continued some degree of soil modification
through liming and fertilization.

This report is concerned only with the uppermost of the Coastal Plain
sediments, which comprise the unconfined part of Kirkwood-Cohansey aquifer system.
These include the Kirkwood Formation, the Cohansey Sand, the Bridgeton Formation,
and the Beacon Hill Gravel, all of Miocene age, and parts of the Pleistocene Cape May
Formation (fig. 2).

The Kirkwood-Cohansey aquifer system is one of nine major aquifers within
the New Jersey Coastal Plain (Martin, in press; Zapecza, 1989). The Kirkwood-
Cohansey aquifer system is a largely unconfined sand and gravel system. As
illustrated in figure 2, depending upon location within the province, sediments of the
Beacon Hill Gravel, the Bridgeton Formation, or the Cape May Formation overlie the
Cohansey Sand (Owens and Minard, 1979) and are hydraulically connected to it
(Rhodehamel, 1973). In southern Cape May County this system is confined by the
estuarine clay facies of the Cape May Formation (Gill, 1962), which is overlain by the
estuarine sand aquifer and the Holly Beach water-bearing zone (Zapecza, 1989; Glen
Carleton, U.S. Geological Survey, oral commun., 1994). Zapecza (1989) shows two
major regional basal surfaces for the Kirkwood-Cohansey aquifer system. Along the
coast, in Ocean, Atlantic, and Cape May Counties, some of the Kirkwood Formation
sediments are separated by a confining unit and form a confined aquifer known as the
Atlantic City 800-foot sand. Inland, the confining unit is absent, and the sediments
form a single unconfined aquifer system that ranges up to about 450 ft in thickness
(fig. 3).
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Table 2. Medians and ranges of selected chemical characteristics of and
constituents in water from wells that tap the Kirkwood-Cohansey aquifer system
in Ocean County, New Jersey (1981-82), and Atlantic County, New Jersey
(1978-87)

[pH in standard units; specific conductance in microsiemens per centimeter at 25 degrees
Celsius; alkalinity in milligrams per liter as calcium carbonate; calcium, magnesium, sodium,
potassium, chloride, and sulfate in milligrams per liter; iron and manganese in micrograms per
liter; <, less than. Ocean County data are from Harriman and Sargent (1985); Atlantic County
data are from Barton and others (1993)]

e edm  Mamm veamn e
Ocean County

pH 4.8 3.9 9.1 242
Alkalinity 4 0 75 240
Specific conductance 56 17 1,030 249
Calcium 1.4 .20 73 211
Magnesium .60 21 25 212
Sodium 3.5 .58 197 232
Potassium .80 .10 10 231
Iron 290 16 27,000 166
Manganese 14 <10 480 166
Chloride 5.0 1.1 300 245
Sulfate 7.0 0 30 246
Nitrate plus nitrite

(as N) 08 <01 10.5 154

Atlantic County

pH 49 3.8 8.2 81
Alkalinity 3.0 <1.0 80 75
Specific conductance 55 16 257 79
Calcium 93 .02 46 81
Magnesium 90 .01 14 81
Sodium 3.2 1.2 23 81
Potassium 1.0 1 10 81
Iron 59 <3.0 37,000 81
Manganese 11 <1.0 420 81
Chloride 5.7 2 43 81
Sulfate 4.9 2 56 81
Z‘s";')e plus nitrite 16 <10 29 68

21



Acknowledgments

The authors thank Mr. Richard Westergaard of the Gloucester County
Planning Department, Mr. William Atkinson of the Gloucester County Health
Department, Ms. Randi diMartini and Mr. Michael Cous of the Atlantic County Division
of Public Health, Mr. Joseph Pryzwara of the Ocean County Health Department, Mr.
Manuel Ostrop of the Cumberland County Health Department, Mr. Ken Smith of the
Camden County Health Department, and staff of the Salem County Health
Department. Additionally, we are grateful to all the homeowners who graciously
permitted us to sample their well water and soils, and to Sister Joseph Marie, Mr.
Wilson, and Ms. Pilar for providing repeated access to their properties for sampling
purposes. Thanks are also due to the Atlantic City Municipal Utilities Authority for
allowing us to sample their wells. Special thanks go to Ms. Linda Coles of the NJDEP
for providing core samples from Hammonton in Atlantic County; to Michael Aucott of
the NJDEP Office of Pollution Prevention, who kindly provided us with key information
on use of mercury compounds in paint and in agriculture; to David Froehlich of
NJDEP, who supplied data on permitted landfills and other permitted ground-water
discharges; and to Angela Witcher, also of NJDEP, who provided geographic-
information-system coverages of military installations, incinerators, and power plants.
The support and assistance of Dr. Eileen Murphy of the NJDEP Division of Science and
Research and Dr. Karl Muessig of the New Jersey Geological Survey have been
invaluable. John Dooley of the New Jersey Geological Survey helped to compile data
and contributed valuable insights. The authors are particularly grateful to Curtis
Price, William Ellis, and Ingrid Heerwagen, all of the USGS, for help with preparation of
geographic-information-system coverages, cartography, and word processing. Thanks
go also to USGS staff members Nicholas Smith and Kalman Isaacs for aerial-
photograph interpretation, to Thomas Barringer for statistical analysis, and to Rick
Clawges, Kathleen Laubach, and Fred Schaefer for help with data bases.

APPROACH TO DATA ANALYSIS
Compilation of Available Data

In order to evaluate the extent of known mercury contamination of water
from the Kirkwood-Cohansey aquifer system, data on mercury concentrations in
ground water, well and sample locations, and well construction were compiled from
State, county, and local agency records.

The data base for sites of elevated mercury concentrations in ground water
(see appendix 1a) contains total-mercury-concentration data from the Health
Departments of Atlantic, Camden, Cumberland, Gloucester, Salem, and Ocean
Counties; from Vineland City Health Department; and from the NJDEP, and represents
the results of the most recent (as of June 1, 1993) analysis of water from a particular
well. A map in appendix 1a shows locations of the municipalities in which ground-
water samples were collected. Appendix 1c contains total-mercury-concentration data
and well-construction data for 31 additional wells, sampled by State and county
agencies, that are not associated with sites of elevated mercury concentrations in
ground water, as defined in this report. Appendix 1d contains total-mercury-
concentration data from Windom and Smith’s (1992) study for wells not associated
with sites of elevated mercury concentrations in ground water. The site data base
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(appendix 1a) also includes available well-construction information. In order to
determine well depth and other pertinent well-construction data, a well-record search
of the NJDEP microfiche data base was performed. Because not all well records were
registered, letters were sent to well-drilling firms to request any well records from the
areas of mercury contamination. Finally, homeowners were asked to supply copies of
well records. Well-depth data also were obtained from well-permit records; the data
from these do not reflect actual well depths, but the depth to which drilling was
permitted. Therefore, these depths are only approximate. Recollections of well depth
supplied by homeowners also may be approximate.

Most of the data presented in this report are from Atlantic County, which
has established a comprehensive screening program for domestic wells as a result of
ground-water contamination problems. Ocean County, which requires ground-water
testing at the time of property transfers, maintains an on-line data base in which
water-quality data are stored by community. At the time of this study, the Ocean
County data base contained total-mercury-concentration data for water from 3,165
wells in 16 communities. The mercury-concentration data in the Ocean County data
base were not in the same format, however, in that raw data values were not always
reported, but rather concentrations less than a value other than reporting limits.
Locational data also were generalized. Although wells yielding water with mercury
concentrations that exceed the USEPA MCL can be identified in the Ocean County data
base, the differences in data-base format precluded merging all of the Ocean County
data with the rest of the data collected. Therefore, these data have been omitted from
the data base of the 34 sites (app. 1a) presented in this report, although the number of
concentrations of mercury that exceeded the USEPA MCL in the Ocean County data
base was determined and is reported here.

The USGS water-quality data base contains dissolved-mercury-
concentration data for water from 168 wells tapping the Kirkwood-Cohansey aquifer
system; the wells include irrigation wells, observation wells, domestic wells, and public
supply wells (school and campground). These data also were compiled and evaluated.
The wells in the USGS data base (see appendix 1b) are located in areas other than
those of the 34 sites.

Spatial Analysis

Much of the spatial analysis of the data compiled during the study was done
by using a geographic information system (GIS). The approximate centerpoint of each
of the 34 site locations (which can include more than 100 individual well locations) was
digitized so that these locations could be superimposed on regional and subregional
data, which consisted of available coverages of generalized land use from the USGS
GIRAS coverages of 1972 (Fegeas and others, 1983), and specific land-use features
such as landfills, golf courses, and cemeteries, water-table contours, and drainage
divides.

The assessment of the various possible sources of mercury to ground
water was begun at a regional level, proceeded to a subregional level, and finally was
taken to a site-specific level of analysis. This approach was driven by the distribution
of the data, which, as discussed earlier, are clustered spatially, rather than evenly
distributed. Because it is unlikely that all instances of mercury-contaminated ground
water have been discovered, the extent of the problem of mercury contamination
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cannot be determined adequately at the regional scale at this time. Nevertheless,
working from the regional to the local scale proved effective in eliminating some of the
possible sources from consideration.

Regional-scale GIS coverages for land-use factors considered to be possible
sources were used to determine distances from site to land-use factor; coverages with
locational data were available for landfills, cemeteries, and golf courses. A GIS
coverage of locations of New Jersey Pollutant Discharge Elimination System (NJPDES)
ground-water sites was created from the NJDEP NJPDES data base; the NJPDES sites
and a GIS coverage of hazardous-waste sites, including Superfund sites, also were
examined for possible sources in the vicinity of sites of elevated mercury
concentrations in ground water. Those possible sources within 3 mi of a site of
mercury-contaminated ground water were selected for further consideration. The 3-mi
distance was chosen on the basis of research conducted by the USGS at a contaminant
plume in a 100-ft-thick sand and gravel aquifer in Cape Cod, Massachusetts; the
contaminants (sewage containing metals) had traveled about 2.13 mi from 1936 to
1979 (Garabedian and LeBlanc, 1991) and have since extended nearly another mile
(Rea and others, 1991; Metge and Harvey, 1991). For the purposes of the present
study, it was assumed that contaminants emanating from a point source 50 years ago
would be unlikely to be detected more than 3 mi in a horizontal direction in an aquifer
that is substantially thicker than the Cape Cod aquifer, due to vertical movement
within the aquifer and dispersion of the contaminants. In a NJDEP investigation of
contamination from industrial and commercial septic systems, Charles (1989) found
that, for four counties in New Jersey, the mean contaminant-plume length was 0.4 mi,
and the longest was 0.74 mi. Therefore, it is unlikely that contaminant plumes longer
than 3 mi will be found, and most are likely to be less than 1 mi long.

The possible sources that were within 3 mi of a site of mercury-
contaminated ground water were then examined at a subregional scale by using GIS
overlays of drainage-basin divides, stream networks, and, where available, ground-
water-table contours. At this level of analysis, several assumptions about subregional
scale hydrology were made: (1) at a first approximation, the surface-water divides are
coincident with ground-water divides (these may diverge seasonally or with pumping);
(2) shallow ground water discharges to local streams and wetlands; and (3) at a
subregional scale, the aquifer is sufficiently isotropic that the horizontal component of
ground-water flow can be considered to be perpendicular to water-level contours (a
reasonable assumption for a sand and gravel aquifer). A possible point source that was
located in a drainage basin other than the basin in which a site of mercury-
contaminated ground water is located was considered an unlikely source because
ground-water flow directions would be expected to diverge at the divide; thus water
from the possible source would flow away from the contaminated site rather than
toward it. Similarly, if a stream intervened between a possible source and a site of
mercury-contaminated ground water, the source was considered unlikely to affect the
ground water at the site because ground-water flow directions would converge toward
the stream. Finally, ground-water flow directions were drawn on water-table maps to
determine whether ground-water flow from any possible sources was toward any site of
mercury-contaminated ground water. Certain possible point sources were eliminated
from consideration at this level of analysis, and sites were then examined at the local
scale.
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Twelve of the first 13 sites for which data were collected had been studied
previously by either the NJDEP or USEPA. Ground-Water Impact Area Reports had
been prepared by NJDEP for sites 1, 2, 3,4, 5,6, 7, 8, 9, 11, and 12. A USEPA report
was available for site 13. Although no formal report had been prepared for site 10, a
considerable body of data was available from NJDEP and the Gloucester County
Planning and Health Departments. The USGS performed a field reconnaissance of site
10 to determine whether any possible point sources not previously documented might
be present.

Local-scale analysis was performed for the 13 sites for which detailed
information was available. Since that time, Ground-Water Impact Area Reports have
been, or are being, prepared for at least two other sites. For the 13 sites, ground-
water-flow direction was determined from available water-table maps or data; where
these data are lacking, ground-water-flow directions were estimated from topographic
contours. Land-use history was evaluated from information in the reports for the sites,
and from aerial photography. Possible point sources for these sites had been assessed
by NJDEP, from data in NJDEP files on contamination sites, at the time the Ground-
Water Impact Area Reports were written. Subsequently, the NJDEP Site Remediation
Program’s publication “Known Contaminated Sites in New Jersey” (N.J. Department of
Environmental Protection, 1994) was searched for any contamination sites discovered
more recently than those already assessed, not only for the 13 original sites, but also
for the other 21 sites included in this study.

Detailed historical land use was evaluated by using the State’s aerial
photography library. Determination of past land use was important because the
depths below land surface at which mercury contamination was found indicate that the
contaminated water is, in many cases, several decades old. Therefore, features
associated with present land use are unlikely to be sources of the mercury
contamination unless they are old enough to have been able to introduce contaminants
into water that was entering the aquifer system about 20 to 50 years ago.

The library contains aerial photographs dating back to 1932; complete
flyovers of New Jersey are done at least once every decade, although not exactly every
10 years. Aerial photographs were examined for the period 1932-91 and past land use
was noted for the areas of ground-water contamination. In addition to the
determination of changes in land use over areas as large as several square miles, or as
small as a few acres, the photographs were searched for evidence of possible point
sources of mercury contamination, including small dumps and manufacturing
operations. Anecdotal evidence for past land use was gathered by conversations with
residents and with State and local officials.

Quality Assurance of the Data Base

Water samples can become contaminated with mercury during collection
and during preparation for analysis. Studies have shown that observed environmental
mercury concentrations can decrease solely as a function of improved sampling and
analysis techniques (Fitzgerald and Watras, 1989; Krabbenhoft and Babiarz, 1992).
Therefore, at the time the study reported herein began, efforts by NJDEP and county
agencies were underway to determine the validity of the mercury-concentration data
that was being collected. Wells that yielded mercury-contaminated water typically were
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sampled a second time to confirm the presence of elevated mercury concentrations. At
several sites in Atlantic County, wells were sampled many times over periods of a few
months or a year to determine variability over time. Splits of some samples were
analyzed by different laboratories to determine accuracy of laboratory analyses. Also,
natural background concentrations of mercury in ground water were determined, and
samples from wells yielding mercury-contaminated water were analyzed by a method
specific to mercury to determine whether analytical method interferences had affected
earlier results.

A group of 30 wells that had been sampled previously and were found to
yield water with mercury in concentrations exceeding the USEPA MCL were resampled
by the USGS and by NJDEP with Skidaway Oceanographic Institute (SIO) researchers.
The samples collected by NJDEP/SIO were obtained by using “clean” sampling
procedures, and analyses were performed by using both cold vapor atomic absorption
(CVAA) and ICP-MS, with isotope dilution. Results obtained with the ICP-MS method
are not affected by interference from organic constituents that can affect results
obtained with CVAA. The results for the resampled wells are similar to those previously
reported by the ACHD, indicating that those previous analyses reflect accurate
determinations of mercury concentrations in ground-water samples (table 3). Table 3
also includes mercury-concentration values for samples from 16 wells resampled by
the USGS, which sampled some of the same wells that were sampled by county health
departments.

The USGS samples were filtered through 0.45-um (micrometer)-pore-size
filters; the other samples collected by personnel from State or county agencies were not
filtered. Because the vast majority of these samples were collected by filling a sample
bottle at a tap, the opportunity for contamination of the sample is substantially less
than fer samples collected and filtered in the field. Some of the mercury concentrations
determined for the USGS samples are slightly lower than those of the State or county
samples, in part because the samples were filtered and in part because of temporal
variability, but they, nonetheless, are relatively consistent with results obtained by the
State and the counties.

In general, analytical results from different New Jersey laboratories varied
little for the splits of the same sample, indicating that sample contamination during
analysis was not common. All laboratories were certified by the State of New Jersey for
mercury analysis, and all used the same protocols, which included a calibration curve
prepared from a blank and a series of at least five standards for determining the
concentrations in samples. Appendix 2k contains representative examples of analytical
records from one laboratory performing analyses for mercury. (See also tables 6 and 7,
where the results of point-of-entry treatment-system and filtering experiments,
described in “Studies relating to the form of mercury in ground water from the
Kirkwood-Cohansey aquifer system,” are presented, as well as analyses of splits of
samples by different laboratories.)

The researchers at SIO (Windom and Smith, 1992) also sampled ground
water in areas believed to be free of mercury contamination by using “clean” sampling
procedures; these samples also were analyzed by several methods. In addition to
finding that background concentrations of mercury in water from the Kirkwood-
Cohansey aquifer system commonly were less than 10 ng/L (0.01 ug/L), Windom and
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Table 3. Mercury concentrations in ground water from the Kirkwood-Cohansey aquifer system, New Jersey
Coastal Plain, determined by four different laboratories

[Data are from the following institution and agencies: ACHD, Atlantic County Health Department; USGS, U.S.
Geological Survey (Princeton University Geology Department Laboratory); SIO, Skidaway Institute of Oceanography;
GCHD, Gloucester County Health Department. All mercury (Hg) concentrations are in micrograms per liter (ug/L
Hg); ICP/MS, inductively coupled plasma mass spectrometry; CVAA, cold vapor atomic absorption; <, less than; -, no
analysis by that laboratory]

Well
identifi- Date ug/L Hg, Date ug/L Hg, Date ng/L He, g/l Hg, Date ug/L Hg,
cation sampled ACHD sampled USGS*  sampled SI0 SI0 sampled/ GCHD
(ICP/MS) (CVAA)  reported
number
1037 11/04/91 2.38 11/30/92 0.1
12/03/91 61
01/13/92 85
04/08/92 31
1050 10/23/91 2.31 12/01/92 1
11/20/91 <2
01/07/92 1.09
1084 09/25/91 5.7 11/30/92 45
10/09/91 4.47
1114 10/30/91 4.07 12/02/92 0.2
12/09/91 <2
01/21/92 <1
03/25/92 .16
1117 10/30/91 3.15 12/02/92 1.3
12/10/91 1.77
01/06/92 2.49
2015 09/27/90 29 10/15/91 42 .03
06/24/92 0.43
2046 06/25/90 1.28 10/16/91 1.50 .03
2109 09/04/90 9.2 10/15/91 1.65 1.22
2124 10/24/90 5.27 10/15/91 4.14 6.75
06/24/92 6.73
08/12/92 6.52
2139 05/23/91 13.9 10/16/91 115 23.5
2140 07/31/90 3.19 10/16/91 3.42 6.75
4001 09/17/90 12 11/17/92 12.5
12/03/90 5.02
03/04/92 10.2
4002 10/10/90 <1 10/16/91 089 17
4011 10/10/90 <1 10/16/91 012 042
4040 09/17/90 <1 10/16/91 024 042
10/22/91 <0.1
05/20/92 0.61
4044 10/17/90 7.31 10/16/91 6.45 6.11
10/08/91 5.27
10/23/92 9.51
4047 10/17/90 5.64 11/18/92 113 10/16/91 5.8 8.9
01/10/91 6.5
4048 10/03/90 2.9 11/17/92 3.4 10/16/91 2.7 4.7
01/22/91 3.14
4049 02/20/91 12.53 10/16/91 10.5 17.0
01/29/91 13.87
09/01/92 <0.1
4050 10/03/90 45 11/18/92 3.7
03/10/92 2.00
5041 06/12/90 2.7 10/15/91 2.79 4.00
5087 05/02/90 2.79 10/15/91 1.45 97
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Table 3. Mercury concentrations in ground water from the Kirkwood-Cohansey aquifer system, New Jersey
Coastal Plain, determined by four different laboratories--Continued

Well

| dentifi- D L He, ug/L Hg, png/L Hg, Date
identi ate ug/LHg Date pg/L Hg, Date SI0 SI0 sampled/ ug/L Hg,

H *
n(;eitrxlgx;r sampled ACHD sampled  USGS sampled (ICPMS) (CVAA)  reported GCHD
5092 05/15/90 4 10/15/91 6.80 10.1
06/06/90 5.90
5098 05/15/90 4.3 10/15/91 3.30 4.70
05/22/90 4.1
08/14/90 4.2
6023** 1171291 34.6 03/26/92 36.1 -
6045 03/06/92 6.96 03/26/92 7.22 -
6054 11/13/91 81 03/26/92 .65 -
10001 12/21/92 18.6 06/23/89 7.1
09/14/89 8.2
10011 08/19/92 <2 02/26/90 <1
10012 8/20/92 25 02/26/90 59
02/26/90 5.4
10013 8/19/92 <2 02/26/90 <1
10014 08/20/92 4 02/26/90 <1
10019 08/19/92 <2 02/26/90 <1
10022 08/20/92 <2 02/26/90 <1
10029 08/21/92 <2 02/26/90 <1
10030 08/20/92 2.0 02/26/90 15
16034 09/09/91 30.99 10/17/91 21.3 317
10/17/91 21.7 29.7
16035 09/09/91 111 10/17/91 035 .080
16040 02/04/92 11.28 10/17/91 4.35 5.85

*USGS samples were filtered through 0.45-micrometer-pore-size filters; other samples were not
filtered.
**Well 6023 was sampled 19 times; complete mercury-concentration data are presented in table 8.
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Smith (1992) found method variability for some analyses, particularly for those of
samples containing mercury in low concentrations. The ICP/MS method used by
Windom and Smith tended to produce lower results than did the USEPA CVAA method.
The USEPA method (245.1) also has the potential for interference by some organic
compounds, which may produce false positive results. Although a variety of VOC’s
were detected in some ground-water samples at many of the sites, relatively few of the
samples containing mercury in detectable concentrations also contained detectable
concentrations of VOC's. The interference from organic compounds is not present in
the ICP/MS method used by Windom and Smith (1992); their results validate those
obtained by the ACHD for the same wells, indicating that, in general, interferences
from VOC'’s appear to be negligible or absent.

The variations in sampling and preserving protocols investigated by the
USGS (app. 2a) resulted in 3 low detections of mercury out of 40 analyses (0.2, 0.3, and
0.4 pg/L). Whether this represents contamination during sampling or analysis or
analytical error is not known at this time. Such occurrences indicate that low-level
detections on the order of a few tenths of a microgram may represent contamination or
analytical error in a small percentage of the analytical results obtained during this
study. In general, however, the quality-assurance measures taken as the elevated
mercury concentrations were discovered have served to validate the analytical results.
The reproducibility of results from different laboratories and the consistency of results
obtained with repeated sampling of the same well by different investigators generally
indicate the presence of mercury-contaminated ground water in the Kirkwood-
Cohansey aquifer system rather than contamination of individual samples during
collection, processing, and analysis.

OCCURRENCE AND DISTRIBUTION OF MERCURY IN THE
KIRKWOOD-COHANSEY AQUIFER SYSTEM

As noted earlier in this report, the data compiled during the course of this
study indicate that elevated mercury concentrations in ground water are, for the most
part, spatially clustered. This is because the wells sampled initially were those in the
vicinity of a well in which mercury contamination was found. Whether mercury would
be found in ground water in the areas between those in which samples were collected is
not known in detail, although data from the USGS data base for 168 wells scattered
across the study area indicate that mercury has not been commonly detected in
ground-water samples from forested areas, some agricultural areas, and some low-
density residential areas. Mercury has been detected at concentrations above
background levels in water from a few wells in the USGS data base, but no well has
consistently yielded water with mercury concentrations above the USEPA MCL (fig. 7).
One well in an agricultural area yielded water with a mercury concentration of
3.4 ug/L, but when the well was sampled a year later, no mercury was detected. Unlike
nearly all the samples of ground water collected by State and county agencies, the
samples recorded in the USGS data base were filtered through 0.45-um-pore-size
filters. Concentrations may be lower in filtered than in unfiltered samples (see table 7).
Total (unfiltered) mercury-concentration data collected by Windom and Smith (1992)
(see appendix 1d) for water from wells not located at sites of mercury-contaminated
water tend to confirm the absence of elevated mercury in inter-site areas that is
suggested by the USGS data, however. Still, because mercury-concentration data for
the areas between the sites of elevated mercury concentrations in ground water
identified by State and county agencies are sparse, it is not yet possible to determine
conclusively whether the pattern of sporadic occurrences of elevated mercury
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Figure 7. Locations of wells in the New Jersey Coastal Plain from US. Geological Survey
data base not associated with sites of elevated mercury concentrations in ground water

and concentrations of dissolved mercury determined in samples of water from these wells.
(Reporting limit for samples collected during the 1970’s is 05 micrograms per liter.
Reporting limit for samples collected during the 1980°s and early 1990’s is 0.1 micrograms

per liter)
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concentrations is an accurate representation of the areal distribution of mercury-
contaminated ground water or whether it is, in part, an artifact of the way the problem
was revealed and data were collected.

Regional Occurrence of Mercury in Ground Water in Seven Counties

As of June 1993, 32 sites have been identified where one or more private
wells have yielded water that contained mercury in concentrations exceeding the
USEPA MCL of 2 pg/L at least once; at two additional sites, one or more wells have
yielded water containing mercury in concentrations between 1.0 and 1.5 pg/L. The
sites are located in seven counties: Atlantic, Burlington, Camden, Cumberland,
Gloucester, Ocean, and Salem (fig. 1). The individual municipalities in which the sites
are located are shown in figure 1a of the site data base in appendix 1a.

Because only a few data on mercury in ground water, collected during a
NJDEP study, are available for a group of wells in Burlington County, the extent of
contamination in that county is not well known. Data from several wells tapping the
surficial aquifer (the Holly Beach water-bearing zone) in Cape May County show that
only one well, associated with a Superfund? site, yielded water with a concentration of
mercury greater than 1 pg/L.

Of the 2,239 private wells in the mercury-site data base (app. 1a) that were
sampled for mercury, at least one water sample from each of 306 wells has contained
mercury in concentrations that exceed the USEPA MCL of 2 pg/L. Only 927 wells in
the site data base were found on the most recent sampling to yield water with no
detectable levels of mercury. (The reporting limit generally was either 0.2 or 0.5 pg/L,
although both lower and higher reporting limits were encountered.) Tables 4 and 5
contain summaries of analytical results for the most recent sampling of the 2,239 wells
in the data base of sites of elevated mercury concentrations in ground water. The
concentrations of mercury detected in the ground water ranged from the reporting limit
to 72 pg/L at a site in Atlantic County and 240 pg/L at the site in Salem County (see
table 8). At least one water sample from more than half (about 1,300) of all 2,270 of the
wells sampled by State and county agencies yielded water containing mercury at some
detectable level (app. 1a and 1c; table 8).

Atlantic County

Nineteen of the 34 sites at which elevated concentrations of mercury were
found in ground water are located in Atlantic County (fig. 1). Mercury-concentration
data for Atlantic County were supplied by the Atlantic County Division of Public Health
(ACHD) and by NJDEP, which had completed Ground-Water Impact Area Reports for
several of the sites and was working on others during the present USGS study. Several
of the sites are in Egg Harbor and Galloway Townships (fig. 8), although elevated
mercury concentrations also have been found in ground water in Absecon City, Buena
Vista Township, Folsom Borough, Hamilton Township, and Hammonton Town. The
ACHD continues to sample the ground water in wells in this area that were not
sampled previously to determine more fully the extent of contamination.

4No data from wells sampled solely as part of a Superfund investigation have been used to delineate a
“site” as defined in this report. Therefore, these data from Cape May County are not included in the data
base in appendix la. Data from wells sampled as part of a Superfund investigation are included in the
data base only if they fall within an area defined as a “site” on the basis of data from other wells.
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Table 4. Number of wells* sampled for mercury; yielding water containing mer-
cury in concentrations greater than the U.S. Environmental Protection Agency
maximum contaminant level; and yielding water containing mercury in concen-
trations greater than the laboratory reporting limit but less than or equal to the
maximum contaminant level, New Jersey Coastal Plain

[Hg, mercury; >, greater than; <, less than or equal to; MCL, maximum contaminant
level in drinking water (2 micrograms per liter)]

Number of
Number of  wells yielding
wells water samples Number of
yielding with Hg > wells yielding
water reporting water samples
Number of  samples with limit ** with no Hg
County wells Hg > MCL and SMCL detected
Atlantic 1,543 202 904 437
Burlington 6 1 0 S
Camden 472 21 83 368
Cumberland 82 9 16 57
Gloucester 33 7 5 21
Ocean 51 19 14 18
Salem 52 6 27 21
Total 2,239 265 1,047 927

*Well in project data base (appendix 1a). Does not include Ocean County data
base, which contains 3,165 wells.

**Reporting limit ranges from 0.1 to 2.0 micrograms per liter; 0.5 is the more
common reporting limit. Burlington County samples were analyzed with detections
at less than 10 nanograms per liter but are shown in the data base as less than
0.01 micrograms per liter.
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Water from 749 wells in Egg Harbor Township has been analyzed for
mercury; 111 wells yielded water that contained mercury in concentrations that
exceeded the USEPA MCL at the most recent sampling. As of February 1993, the
number of wells sampled in Galloway Township was 354; 29 wells yielded water with
mercury in concentrations that exceeded the MCL at the most recent sampling. In
Absecon City, results for samples from three wells had been reported to the ACHD and
all three were found to contain mercury in concentrations exceeding 2 ug/L. In Mullica
Township, 1 well of 16 sampled yielded water with a mercury concentration above the
MCL. Mercury was detected in all but one of the remaining wells. Within Buena Vista
Township, in an area adjacent to Folsom Borough, water from 2 of a total of 54 wells
sampled for mercury was found to yield water with mercury concentrations that
exceeded the MCL. In another part of Buena Vista Township, 9 of a group of 76 wells
sampled for mercury yielded water with mercury concentrations above the MCL. In
Folsom Borough, 2 of 22 wells sampled were found to yield water with mercury
concentrations that exceeded the MCL. Two of the 65 wells sampled in Hamilton
Township were found to yield water containing mercury concentrations greater than
the MCL. In Hammonton Town, two sites of elevated mercury concentrations in ground
water have been identified within a 2-mi? area; of a total of 230 sampled wells at these
sites, 42 were found in the most recent sampling to yield water with mercury
concentrations in excess of the MCL. Some of the highest concentrations of mercury
have been reported in water from a homeowner’s well in Hammonton Town (see table 8,
well number 6023).

Burlington County

The Burlington County Health Department does not archive results of
sampling for mercury; therefore, no data were available from that source. Six wells in a
residential area of Evesham Township were sampled during the cooperative study by
NJDEP, NJGS, and Skidaway Institute of Oceanography to determine background
concentrations of mercury in ground water from the Kirkwood-Cohansey aquifer
system. Five of the wells yielded water with background concentrations of less than
10 ng/L; the sixth yielded water with a mercury concentration above the MCL.

Camden County

Mercury has been reported in ground water in areas in Waterford Township,
Camden County. Data on mercury concentrations in ground water in Camden County
were supplied by NODDEP, which had completed a Ground-Water Impact Area Report for
the Atco area, and by the Camden County Health Department. As of February 1993,
the Camden County Health Department and NJDEP had received mercury-analysis
data for water from 472 homeowners’ wells. Of these wells, 21 were found in the most
recent sampling to yield water with mercury concentrations in excess of the MCL. No
data from other townships were available at the time of this study.

Cumberland County

Mercury was detected in ground water at two sites in Cumberland County
within the municipality of Vineland. The data were supplied by the Cumberland
County Health Department, the Vineland City Health Department, and NJDEP, which
had completed a Ground-Water Impact Area Report of one of the sites at the time of
this study. Nine of the 82 wells sampled at the two sites yielded water with mercury
concentrations above the MCL. A third site, located partly in Salem County (and listed
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as such in appendix 1a) extends over the county line into Deerfield Township,
Cumberland County. This site is discussed in the Salem County section that follows.

Gloucester County

Mercury concentrations exceeding the MCL have been identified in ground
water at three sites. The data were supplied by the Gloucester County Planning
Department and Gloucester County Health Department. These sites are located in
Franklin, Elk, and Monroe Townships. In Franklin Township, 6 of 31 wells sampled
were found to yield water with mercury concentrations greater than the MCL. The
USGS resampled 10 wells; results confirmed earlier findings for 5 wells. Two wells, one
each in Elk and Monroe Townships, have been sampled by the homeowner and the
County Health Department, and both yielded water with elevated mercury
concentrations.

Ocean County

Appendix 1a contains data for 51 wells in Ocean County that are associated
with sites of elevated mercury concentrations in ground water. These data were
supplied by the Ocean County Health Department and by NJDEP, which had
conducted investigations and completed Ground-Water Impact Area Reports for two
sites at the time of this study. Water from wells at seven sites, one each in Berkeley,
Jackson, and Manchester Townships and two each in Lacy and Dover Townships, has
been found to contain mercury in elevated concentrations. In a densely populated
residential area of Dover Township, 5 of the 23 wells sampled in one area yielded water
with mercury concentrations in excess of 2 pg/L. Three wells in a second area yielded
water with mercury concentrations at or above the MCL. In Lacy Township, 5 of 11
wells in a residential area yielded water with mercury concentrations in excess of the
MCL. Two wells in a nearby area yielded water with mercury concentrations above the
MCL. At the site in Jackson Township, two of the nine wells sampled for mercury
yielded water with mercury concentrations above the MCL. One well in Manchester
Township and two in a densely populated residential area of Berkeley Township were
found to yield water with mercury concentrations in excess of the MCL.

In Ocean County, ground water is tested routinely for various constituents.
A testing program is in place upon transfer of real estate; mercury has been one of the
constituents analyzed. Of 3,165 wells in the Ocean County Health Department data
base sampled for mercury between 1987 and spring 1991, 82 have been found to yield
water with elevated mercury concentrations at the first sampling. The Ocean County
Health Department data base lists many mercury concentrations as above or below the
MCL, however, and because the format of both the mercury-concentration data and
locational data was not always compatible with the format of the other data compiled,
some of the Ocean County data have not been included in the data base in appendix
la.

During 1991, the Ocean County data base was expanded to include water-
quality data for about 11,000 wells. The most recent version of the data base was
downloaded to the USGS computer after the present study was completed; of more
than 12,000 samples analyzed for mercury, 106 were found to contain mercury in
concentrations greater than the MCL (M.A. Ayers, U.S. Geological Survey, written
commun., 1995).
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Salem County

Elevated mercury concentrations have been reported in ground water from a
site that encompasses part of Pittsgrove Township in Salem County and a small part of
adjacent Deerfield Township in Cumberland County. Data were supplied by Salem
County Health Department and NJDEP; many of the data are contained in a USEPA
memorandum from 1989 (unpublished data on file at N.J. Department of
Environmental Protection, Trenton, N.J.). Of the 52 wells sampled at the site in
Pittsgrove and Deerfield Townships, 7 initially were found to yield water with mercury
concentrations that exceeded the MCL. Of the seven wells, six yielded water with
mercury concentrations above the MCL in subsequent sampling. The highest
concentration encountered in the most recent sampling was 42 pg/L. Two very high
concentrations (200 and 240 pg/L) were reported for water samples from two wells in
the initial sampling (1984) at this site (see table 8).

Studies Relating to the Form of Mercury in Ground Water from the Kirkwood-
Cohansey Aquifer System

As discussed in the section “Mercury Chemistry,” mercury can be mobile
either as a dissolved species or sorbed to colloids. The form of mercury being
measured in ground water in southern New Jersey was not known and has yet to be
resolved. Several investigations were aimed at providing information about the form or
forms of mercury present in the ground water.

Point-of-Entry Treatment System Study

In response to the detection of mercury in ground water in several counties
in New Jersey, State and county agencies initiated a program to provide
uncontaminated drinking water to the affected communities. Where it was not feasible
to connect homes to public water mains, the viability of point-of-entry treatment
systems (POETS) was examined; in the process, important information about the
nature of the contamination was discovered.

The ACHD performed a study cooperatively with NJDEP during 1990-91 to
determine the most effective measures for removing mercury from tap water. Ground-
water samples from four homes at site 2 in Atlantic County were passed through
various media, including activated charcoal and exchange resins, and also were
collected unfiltered (raw). Water from all four homes had been found to contain
substantial concentrations of mercury. The results of this study are presented in
table 6. Of the various media through which the samples were passed, all but the
strong-cation-exchange resin reduced the concentration of mercury in the sample.

The initial results of the study of the various media indicated that the
mercury could be present as a negatively charged entity in the ground water at site 2.
The effectiveness of the POETS, which contain an anion resin, at removing mercury
from ground water at sites other than site 2 indicates that the mercury may be present
in a negatively charged form in the aquifer water. Passing water samples from one of
the four wells through 0.45-um membrane filters also reduced mercury concentrations
(table 7). Whether the mercury is present as a dissolved complex or is sorbed to
colloidal particles, or both, is unclear. Windom and Smith (1992) surmised, on the
basis of thermodynamic considerations, that the mercury species present in ground
water in the Kirkwood-Cohansey aquifer system is probably a chloride complex HgCl,°,
or HgCl,%” where the water contains sufficiently high concentrations of chloride.
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Table 6. Mercury concentrations in raw and filtered water samples from four wells in Egg
Harbor Township, Atlantic County, New Jersey

[Samples were collected through various media. ACHD, Atlantic County Health Department laboratory;
NJDOH, New Jersey Department of Health; BRIAS, Bureau of Radiation and Inorganic Analytical
Services of the New Jersey Department of Environmental Protection; Hg (ug/L), mercury concentration in
micrograms per liter; -, no data; <, less than]

Well ACHD ACHD NJDOH BRIAS
identification Date sampled Hg (pg/L) Hg (ng/L) Hg (pg/L) Hg (pg/L)
number raw filtered* raw raw
2062 11/15/90 23.2 1.02 0.6 21.8 .
11/21/90 243 23.0°, 23.0° 242 -
11/29/90 6.0 0.4%,0.1° 20.8 18.7
12/06/90 0.29 0.19%,0.19° 22.7 "
12/14/90 25.78 0.49¢, <0.19 21.5 18.7
12/20/90 21.37 <0.1¢,<0.1° 21.6 -
12/27/90 18.44 <0.1f, <0.1f 20.4 18.3
01/03/91 17.39 0.98f, 0.437 - -
01/10/91 19.59 <0.18,<0.18 - 19.7
01/17/91 19.57 0.2%,0.1 - -
01/31/91 19.24 0.592,0.772 20.6 17.3
02/14/91 20.48 1.592, - 13.9 -
02/28/91 27.74 -, 1.02° 18.5 18.1
03/14/91 22.35 -,2.06% 18.9 -
03/28/91 23.9 0.63¢ 19.7 20.7
04/11/91 26.25 0.38° 25.9 -
04/25/91 22.06 0.77¢ 25.1 22.2
05/09/91 23.5 1.08 22.9 -
05/23/91 2.5 0.128 17.6 19.6
06/06/91** 19.2, 21.1 0.668, 0.698 20.1 -
06/20/91 14.8 0.878 18.3 -
07/11/91 11.42 0.48 . N
2139 11/15/90 11.4 0.5, 0.5 11.1 -
11/21/90 10.2 9.8° 10.6° 109 -
11/29/90 11.7 0.3, <0.1° 11.0 1.1
12/06/90 12.98 0.41%,0.91° 10.5 -
12/14/90 12.66 0.399, 37.04 11.0 9.9
12/20/90 11.12 0.79¢, 1.1¢ 11.5 -
12/27/90 113 <0.1f, <0.1f 125 9.5
01/03/91 9.71 0.76", 0.65° - "
01/10/91 12.16 <0.18, <0.18 103 -
01/17/91 9.31 0.1%,0.12 - -
01/31/91 9.19 0.512,0.42% 11.1 9.8
02/14/91 9.3 0.832, - 8.8 -
02/28/91 10.91 -.0.46% 7.6 9.4
03/14/91 8.06 -,0.38° 7.6 -
03/28/91 9.21 1.43¢ 7.1 8.5
4/11/91 8.49 0.39 8.3 -
04/25/91 9.85 0.45% 8.4 8.9
05/09/91 12.4 0.6/ 10.6 -
05/23/91 13.92 0.23f 9.4 9.8
06/06/91** 13.5, 13.58 0.69, 0.61 12.7 -
06/20/91 16.16 0.49 14.9 -
07/11/91 6.17 0.44 - -
07/25/91 12.08 1.049 - -
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Table 6. Mercury concentrations in raw and filtered water samples from four wells in Egg
Harbor Township, Atlantic County, New Jersey--Continued

Well ACHD ACHD NJDOH BRIAS
identification Date sampled Hg (ug/L) Hg (png/L) Hg (ug/L) Hg (ug/L)
number raw filtered* raw raw
2199 11/15/90 11.0 0.4%,0.32 99 -
11/21/90 13.5 10.6%, 11.3P 12.1 -
12/06/90 16.26 0.52°,0.41¢ 13.9 -
12/14/90 18.96 0.289, <0.14 14.2 12.3
12/20/90 14.74 0.38%,0.38° 14.1 -
12/27/90 13.04 <0.1f, <0.17 13.7 12.8
01/03/91 12.11 0.21f, 0.43f - -
01/10/91 13.38 <(0.18, <0.18 11.8 -
01/17/91 16.95 0.622, 0.1 -
01/31/91 11.34 0.512,0.42% 11.7 10.3
02/14/91 109 0.75° - 9.2 -
02/28/91 12.16 -,032% 9.5 11.2
03/14/91 11.94 0.63% 10.4 -
03/28/91 15.0 0.734 11.9 12.8
04/11/91 12.59 0.474 13.9 -
04/25/91 16.64 1.084 14.4 12.7
05/09/91 16.3 0.8° 13.6 -
05/23/91 11.27 0.63° 73 6.4
06/06/91 8.0 0.69f 7.0 -
06/20/91 8.61 0.21° 7.9 -
07/11/91 5.65 0.19° - -
2200 11/15/90 17 0.6, 0.68% 16.9 -
11/21/90 17.3 16.7° 16.1° 15.6 -
11/29/90 14.8 0.4°,2.2¢ 19.5 -
12/06/90 19 1.5% 0.68¢ 149 -
12/14/90 16.86 0.60%,0.359 14.0 12.1
12/20/90 13.71 0.17¢, <0.1¢ 13.7 -
12/27/90 14.16 <0.1, <0.1f 14.7 11.7
01/03/91 11.56 0.54f 0.65° . N
01/10/91 14.4 0.168, <0.18 12.3 -
01/17/91 10.15 0.2%,0.12 - -
01/31/91 10.48 0.428,0.342 12.0 11.9
02/14/91 6.93 0.582, - 22.1 -
02/28/91 13.73 -, 0.46° 9.6 -
03/14/91 11.77 0.21% 10.8 -
03/28/91 13.1 1.53¢ 11.2 11.1
04/11/91 9.92 0.65¢ 12.6 N
04/25/91 11.42 2.54° 9.9 9.8
05/09/91 11.4 0.68 10.9 -
05/23/91 9.51 0.338 2.9 5.9
06/06/91 6.66 0.698 6.5 -
06/20/91 5.75 0.4 5.5 -
07/11/91 4.07 0.5¢ - -

* Iftwo values are given, the second is a faster pumping rate (5 gallons per minute). The first entry is 3 gallons per minute pump rate.
Granular activated carbon

Strong sodium cation resin

Strong base anion resin

Copper/zinc-specific resin

Mercury-specific resin

Weak base anion resin

R = o o o o e

Weak acid cation resin
** Only one pump rate (3 gallons per minute) was used on this sampling date. Two entries represent plastic bottles (first entry) and
glass bottles (second entry) used for sampling.
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Filter Study

Most of the water samples collected by State and county agencies and
analyzed for mercury were not filtered. NJDEP and ACHD collaborated on a study of
filtered and unfiltered water samples from a selected well at site 2 in 1991. The pore
size of the filters used was 0.45 ym. The results, given in table 7, indicate that
substantial amounts of mercury are removed by filtering, and thus, it is likely that
some of the mercury measured in ground-water samples is sorbed to colloids, rather
than being present as one or more dissolved species.

Mercury-Speciation Study

In addition to the exchange-resin and filter studies, Windom and Smith
(1992) treated ground-water samples to isolate various fractions or forms of mercury.
Their results indicate that the preponderance of the mercury in ground water is what
they term “reactive,” which includes inorganic forms such as mercury salts and ion
pairs. Some of this mercury may be adsorbed to particles. Windom and Smith also
analyzed some ground-water samples for methylmercury and found that this organic
form constituted less than 10 percent of the mercury present.

Table 7. Mercury concentrations in unfiltered and filtered ground-water samples from
site 2, Egg Harbor Township, Atlantic County, New Jersey

[Hg, mercury; pug/L, micrograms per liter; location of site 2 shown in fig. 1]

Well Total Dissolved?
:dentifi Date Time Hg Hg
1ce i i} of of concen- concen-

cation sampling sampling! tration tration
number
(ng/L) (ng/L)

2062 06-13-91 0830-0850 17.8 8.2

2062 06-13-91 0950 18.6 9.9

2062 06-13-91 1135-1150 18.9 12.1

2062 06-13-91 1220 18.8 11.6
IMilitary time

20perationally defined, sample passed through 0.45-micrometer-pore-size
filter.
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Distribution of Mer in Ground Water
Temporal Distribution

At most of the known sites of elevated mercury concentrations in ground
water, sampling was conducted over a period of a year or longer. Variations in mercury
concentrations over time may be the result, in part, of changes in the flow field from
pumping in the area, but this cannot be ascertained conclusively. Other causes of
temporal variability may include transport in ground-water flow under natural
conditions or changes in ground-water chemistry that affect mercury mobility.

Although most of wells in the site data base in appendix 1a (which reports
the most recent analysis results for a given well) were not sampled more than once,
several wells in Atlantic County, primarily at sites 2 and 6, were sampled repeatedly to
compare various laboratories’ results (table 3), to determine the efficacy of various
treatment systems (see table 6), and to determine variability over time. Of those wells
that were sampled more than once, most were sampled twice, mainly to verify previous
analytical results. These data, presented in table 8, indicate that, in many instances,
wells continued to tap mercury-contaminated water and that the concentrations
commonly did not change substantially over time. Although subsequent samplings of
many wells resulted in similar measured mercury concentrations, in some cases
mercury was initially detected, but concentrations had decreased to below detection
upon resampling. Whether these latter cases represent shifts in the locations of lenses
of mercury-contaminated water with differing pumping regimes, shifts because of
contaminant transport by ground-water flow over time, or occasional instances of the
initial samples having been contaminated during collection or analysis cannot be
determined from the data.

Because the sampling was conducted in response to a concern about the
presence of mercury in drinking water, most of the wells that were resampled were
those yielding water in which mercury was initially detected rather than those yielding
water in which mercury was not detected. Therefore, because most of the wells yielding
water in which mercury was not detected were not resampled, it is not possible to know
whether mercury would have been found in water from these wells at a later date.

Vertical Distribution

No relation between mercury concentration in well water and well depth is
apparent, although the observed vertical distribution of mercury in the aquifer is
probably a function of the data distribution (fig. 9). Well records or other data relating
to well depth were found for only 456 (about 20 percent) of the 2,239 wells sampled at
the 34 sites of elevated mercury concentrations in ground water. Nearly all the wells
sampled by State and county agencies for which depths are known are drilled to depths
between 50 and 120 ft. A few were found to be deeper than 120 ft, and a few are
shallower than 50 ft. Well depths are nearly normally distributed (range, 25-200 ft;
mean, 89.56 ft; median, 85 ft). If the 456 wells are assumed to be a representative
subsample, then most of the wells for which no depth data were available also were
drilled to depths ranging from 50 to 120 ft. No significant correlation of mercury
concentration with well depth was found by using Pearson’s or Spearman’s tests. The
maximum concentrations detected were in water from wells 60 to 120 ft deep, which
also is the depth range for which the data density is greatest.
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Table 8. Mercury concentrations in water from wells sampled more than once,* 1988-92, New Jersey Coastal Plain

[Hg, mercury; pg/L, micrograms per liter; <, less than]

Well Hg Well Hg Well Hg
identifi- concentra- identifi- concentra- identifi- concentra-
cation Sample tion cation Sample tion cation Sample tion
number date (ng/L) number date (ng/L) number date (ng/L)
Atlantic County Aflantic Countv—Continued Atlantic County—Continued
1019 12/11/91 13.60 1090 09/23/91 5.09 2140 cont. 08/22/90 5.60
01/13/92 73 10/28/91 423 2144 06/14/90 7.80
1021 10/03/91 2.60 1110 10/23/91 28 08/28/90 9.22
10/29/91 223 10/28/91 <2 2146 06/13/90 .10
1028 10/18/91 .37 1116 10/08/91 55 07/02/90 <.10
01/06/92 6.01 11/05/91 42 2151 06/20/90 <.10
1030 10/03/91 1.93 12/02/91 7.76 11/07/90 13
10/30/91 1.03 1129 11/04/91 42 2155 01/02/91 5.31
1032 11/04/91 238 02/05/92 27 05/15/91 5.61
12/02/91 -89 10/20/92 17 2165 11/27/90 <1
1038 10/29/91 13.00 2014 06/26/90 1.23 03/12/91 21
11/19/91 6.99 10/31/90 14 2169 06/15/90 <1
1040 10/16/91 9.86 2015 09/27/90 2.90 04/24/91 31
11/12/91 8.37 02/03/92 1.87 2179 06/18/90 2.61
1041 09/25/91 8.56 06/24/92 43 08/08/90 2.60
10/28/91 7.24 2026 05/11/90 28 2206 06/21/90 5.00
1042 09/26/91 2.2 06/25/90 <l 08/08/90 4.10
10/04/91 3.0 2034 06/13/90 <1 2215 12/19/88 <.50
1043 11/04/91 8.86 03/19/91 <1 01/11/89 .55
12/16/91 8.8 2042 07/18/90 2.80 05/05/89 12
1046 10/08/91 2.87 11/20/90 230 06/12/90 .10
10/30/91 3.15 2044 06/18/90 10.00 219 06/19/90 <.l
1047 10/16/91 5.1 07/24/90 443 10/10/90 <1
11/18/91 271 2047 06/15/90 1.03 2241 01/11/91 15
1048 10/23/91 6.36 06/22/90 1.03 03/18/91 1.6
12/02/91 1251 05/28/91 1.20 06/20/91 2.2
1049 11/08/91 11.8 05/13/92 3.00 07/23/91 2.02
12/23/91 18.2 06/04/92 2.00 09/03/91 43
1051 10/16/91 391 2053 09/26/90 2.4 2247 06/02/92 30.0
11/04/91 2.48 05/29/91 1.9 10/10/92 345
1052 10/22/91 0.55 2073 06/01/90 <.1 2249 06/06/90 31
01/13/92 0.97 06/11/90 <1 06/16/92 1.14
1055 10/22/91 321 2094 06/18/90 3.90 2251 06/03/92 0.22
11/13/91 3.16 07/19/90 2.60 07/11/92 <.10
1056 10/16/91 3.12 2095 05/29/90 .57 3008 12/07/88 2.90
11/06/91 248 06/21/90 .60 01/10/89 3.71
1058 10/22/91 2.56 2097 06/13/90 7.70 3020 12/05/88 <1
12/04/91 2.17 08/28/90 6.36 01/10/89 1.34
1073 10/08/91 3.27 2111 09/13/90 2.02 3029 12/12/88 <1
10/29/91 3.43 09/25/90 2.40 01/10/89 <1
1074 11/04/91 8.52 06/24/92 2.32 3032 12/05/88 1.00
12/02/91 <2 2113 11/14/90 30 01/10/89 2.08
1077 10/09/91 2.87 04/17/91 <1 3045 12/07/88 1.30
10/28/91 3.73 2121 06/14/90 6.30 01/10/89 2.09
1082 09/11/91 5.35 06/29/90 5.50 3055 01/19/89 11.13
09/24/91 13.52 2122 03/01/91 1.90 02/08/89 .76
1083 10/09/91 3.27 02/18/91 .50 3060 12/07/88 .50
10/29/91 2.73 02/22/91 1.90 01/10/89 41
1085 09/23/91 5.2 2124 10/24/90 5.27 3067 12/12/88 25
10/15/91 3.54 06/24/92 6.73 01/10/89 <.10
1088 10/16/91 232 08/12/92 6.52 3126 01/24/89 17
12/09/91 3.04 2140 07/31/90 3.19 10/03/89 2.58

*Data for wells sampled more than once for quality assurance or water filter studies are listed in tables 3 and 6.
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Table 8. Mercury concentrations in water from wells sampled more thar once,* 1988-92, southern New Jersey--Continued

Well Hg Well Hg Well Hg
identifi- concentra- identifi- concentra- identifi- concentra-
cation Sample tion cation Sample tion cation Sample tion
number date (ng/L) number date (ng/L) number date (ng/L)
Atlantic County—continued Atlantic County—continued Atlantic County—continued
3133 12/19/88 0.25 3328 12/08/88 1.20 5067 05/08/90 1.0
01/10/89 2.00 01/10/89 2.09 07/25/90 .88
3134 12/09/88 2.20 4003 10/23/90 2.33 5070 10/11/90 4.10
01/11/89 62 08/19/92 2.99 07/18/90 2.70
3142 12/08/89 7.20 09/03/92 2.75 5072 05/28/91 <1.0
01/10/89 6.54 4007 05/15/90 <1 05/31/91 8.87
3147 12/07/88 <.10 05/28/91 <5 5073 05/03/91 6.90
01/10/89 1.00 4015 09/21/92 6.11 05/16/91 7.91
3153 12/05/88 1.00 10/27/92 8.99 10/09/91 39
01/11/89 1.18 11/10/92 5.16 5082 05/08/90 <1
3185 12/12/88 5.20 4021 08/28/90 11.00 05/30/91 <5
01/10/89 734 08/15/91 7.60 5090 05/02/90 2.66
3203 12/06/88 .50 4025 10/10/90 4.57 12/18/90 <1
01/10/89 3.43 08/19/92 2.66 5097 07/11/90 1.2
3210 12/07/88 32.00 4036 02/04/92 3.28 06/05/91 1.4
01/10/89 15.79 08/25/92 3.62
3213 01/23/89 .75 4045 08/06/91 2.90 5106 08/28/89 20
03/16/89 21 08/22/91 1.96 07/11/90 <1
3218 12/05/88 <.10 10/15/91 1.61 5109 05/31/90 <1
01/10/89 1.01 12/16/91 6.50 05/14/91 46
3222 12/06/88 7.20 08/25/92 3.74 5111 06/21/90 <l
01/11/89 10.25 09/15/92 4.21 02/05/91 .56
3232 12/07/88 <10 4053 10/02/90 1.00 5114 11/01/88 3.90
01/10/89 <.10 07/02/91 <.10 08/28/89 3.60
3243 12/06/88 1.50 4055 10/02/90 .50 05/02/90 1.80
01/10/89 4.30 11/10/92 <.10 5115 08/28/89 3.80
3246 12/06/88 1.10 4059 11/07/90 2.96 05/02/90 3.90
01/10/89 1.40 01/02/91 1.63 5116 05/09/90 4.20
3250 03/13/89 17 04/16/91 2.17 08/01/90 2.73
03/16/89 21 08/19/92 30 5124 04/09/90 1
3254 12/06/88 1.10 4063 10/10/90 <.10 03/27/91 .33
01/12/89 .30 08/27/92 21 5129 08/28/89 20
3255 12/06/88 <.10 4066 01/10/92 11.00 05/02/90 <.l
01/10/89 1.32 01/29/92 8.18 5130 11/01/88 20
3269 02/08/89 31 02/06/92 5.10 08/28/89 20
) 02/23/89 .43 4070 11/07/90 2.20 5146 04/01/92 2.50
3270 12/09/88 4.60 12/03/91 1.49 05/20/92 27
01/10/89 7.43 08/19/92 2.21 08/20/92 <1
3271 12/27/88 13.20 09/15/92 2.71 5160 09/19/90 <1
10/03/89 3.22 5001 11/01/88 3.00 09/27/91 <5
3276 12/09/88 .16 08/28/89 1.00 6001 09/17/92 2.60
01/10/89 <.10 06/12/91 .70 12/08/92 2.23
3283 12/08/88 5.50 5004 11/01/88 90 6017 11/19/91 3.01
01/10/89 6.22 08/28/89 1.20 12/09/91 6.71
3296 12/05/88 2.60 5022 08/21/90 22 04/20/92 7.00
01/10/89 5.66 04/08/91 <2 05/27/92 6.20
3300 12/07/88 <.10 04/15/91 <2 06/07/92 8.60
01/10/89 <10 5043 05/08/90 4.40 07/02/92 7.40
3304 12/08/88 1.00 07/02/90 3.00 09/28/92 8.60
01/10/89 1.26 09/05/90 <1 11/06/92 3.20
3310 12/12/88 20.00 5053 05/02/90 20 6019 10/22/91 4.49
01/10/89 3.99 07/11/90 <l 11/19/91 3.00
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Table 8. Mercury concentrations in water from wells sampled more than once,* 1988-92, southern New Jersey--Continued

Well Hg Well Hg Well Hg
identifi- concentra- identifi- concentra- identifi- concentra-
cation Sample tion cation Sample tion cation Sample tion
number date (pg/L) number date (ng/L) number date (ng/L)
Adantic Countv—continued Adantic County—continued Camden County—continued
6019 cont. 04/30/92 2.80 7057 cont. 08/07/90 1.60 8229 11/11/91 17.10
06/04/92 1.10 7065 07/19/90 <1 12/04/91 20.40
07/10/92 1.70 12/05/90 08 12/18/91 <5
10/02/92 1.30 05/07/91 47 03/18/92 2.0
6022 01/21/92 4.19 7069 07/12/90 3.10 8231 03/19/92 15.80
02/18/92 2.86 07/25/90 2.50 04/06/92 21.70
05/22/92 90 7075 07/19/90 1.50 8232 02/25/92 2.00
06/04/92 <2 04/10/91 3.50 04/22/92 2.10
09/29/92 1.50 7093 06/19/90 65 8233 11/27/91 25.80
6023 11/12/91 34.60 04/03/91 1.40 12/26/91 <5
12/03/91 39.63 7097 04/30/91 1.23 8244 12/19/91 2.90
01/03/92 41.40 05/28/91 1.70 01/29/92 <5
01/08/92 27.40 7104 06/20/90 <1 12/12/92 <5
01/10/92 27.60 08/21/91 81 8253 12/13/91 <1.0
01/31/92 34.10 05/07/92 8.3
02/06/92 41.90 Ca Cou 8254 11/22/91 9.90
02/13/92 37.70 12/28/91 7.30
02/28/92 60.70 8004 01/06/92 2.00 8260 12/12/91 <1.0
03/06/92 35.40 02/08/92 2.80 02/15/92 <5
03/06/92 42.60 8006 12/12/91 <1.0 8283 11/07/91 3.00
03/06/92 25.80 02/22/92 <5 11/21/91 3.80
04/15/92 36.00 8040 04/23/91 <1.0 12/30/91 5.30
04/29/92 36.90 06/24/91 <1.0 03/18/92 2.90
05/28/92 26.20 8041 12/13/90 <0.2 8301 12/06/91 1.90
06/30/92 19.00 02/27/91 <1.0 12/19/91 <5
08/07/92 22.00 03/08/91 <1.0 01/07/92 8.10
10/21/92 72.00 8043 11/26/91 <5 03/09/92 1.10
10/22/92 2.20 01/02/92 <5 8309 12/10/91 Vi
6027 12/10/91 2.64 8044 11/19/91 <5 12/12/91 <1.0
01/06/92 2.07 12/17/91 <5 8310 11/15/91 <1
04/30/92 30 8069 12/17/91 1.10 12/17/91 <1
05/27/92 40 03/19/92 <5 8311 12/11/91 <5
07/01/92 <20 8076 02/22/92 5.80 12/30/91 <5
11/04/92 2.10 04/25/92 2.50 8352 11/26/91 2.80
6033 11/13/91 291 8088 12/11/91 3.30 12/28/91 2.80
12/03/91 1.09 01/23/92 3.60 8420 12/10/91 <5
01/06/92 3.23 8114 11/29/91 3.00 12/13/91 <5
05/14/92 2.20 02/01/92 2.30 8522 07/13/90 <2
06/23/92 30 8124 12/10/91 <5 05/08/91 <2
06/06/92 85 12/13/91 <1.0 8584 01/10/92 <2
10/09/92 66 01/07/92 <5 02/13/92 2.00
6034 02/05/92 17 8129 12/05/91 2.0 8588 12/10/91 4.10
09/17/92 <.20 12/23/91 <5 01/28/92 5.00
6060 11/19/91 <l 01/29/92 1.7
05/12/92 <.1 8147 12/11/91 <.5 Cumberxiand County
6062 06/25/92 7.72 01/02/92 <5
09/17/92 6.10 8148 112191 <5 9002 04/19/91 <2.0
09/23/92 7.14 12/24/91 <5 07/09/91 <1.0
7024 07/19/90 <1 8193 01/06/92 16.90 9003 04/19/91 2.55
03/20/91 <1 02/12/92 20.90 05/10/91 <2.0
7057 06/21/90 2.00 8220 11/22/91 <5 9008 04/19/91 438
07/02/90 2.40 12/19/91 <5 05/10/91 4.70
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Table 8. Mercury concentrations in water from wells sampled more than once,* 1988-92, southern New Jersey--Continued

Well Hg Well Hg Well Hg
identifi- concentra- identifi- concentra- identifi- concentra-
cation Sample tion cation Sample tion cation Sample tion
number date (ng/L) number date (ng/L) number date (ng/L)
Atlantic County—continued
Cumberland County—continued Salem County—continued
11/06/91 0.22
9008 cont. 02/13/92 0.32 13037 03/08/84 240.0 12/04/91 3
9014 04/19/91 2.14 11/07/84 433 12/18/91 <2
05/10/91 <2.0 02/28/85 36.0 16032 08/27/91 4.28
9021 08/28/87 <1.0 05/08/85 36.1 09/04/91 4.16
08/03/90 35 02/18/86 29.0 16040 09/18/91 70
10/24/90 3.0 13039 03/08/84 3 02/04/92 11.28
02/13/92 1.13 03/23/84 3 16042 09/24/91 19
9023 04/19/91 <2.0 02/20/86 <2 02/03/92 <10
07/09/91 <1.0 03/18/88 <2 16059 07/28/92 4.66
9039 04/19/91 2.83 13040 02/19/86 <2 08/12/92 3.68
05/10/91 <2.0 03/18/88 <2 16063 08/18/92 8.39
13041 12/02/85 8.3 09/08/92 5.73
Ocean Connty 02/19/36 9.4 16071 09/24/92 4.60
03/18/88 6.9 10/20/92 5.05
11003 06/23/88 4.9 13043 02/24/86 <2 17102 10/24/90 <1
08/25/38 3.8 03/18/88 <2 08/07/91 .68
11008 07/05/88 2.8 13044 01/16/84 5.0 18005 06/10/91 <1
08/25/88 43 01/23/84 2.3 09/03/91 <S5
12011 03/01/88 4.5 05/08/85 65 09/09/92 <1
03/15/89 4.8 02/18/86 <2 18016 07/03/91 <1
12/10/87 1.2 08/20/91 <.1
s ou 03/18/88 1.1 18020 07/23/91 .15
13046 12/10/87 <2 03/04/92 <2
13007 12/05/83 5.0 12/10/87 3 18021 07/31/91 4.00
01/05/84 4.0 03/18/88 <2 08/14/91 .10
01/23/84 5.4 13047 03/13/84 2 10/09/91 27
02/20/36 46 02/18/86 <2 18026 06/25/91 .78
12/10/87 3.3 03/18/88 <2 03/12/92 8.52
03/18/88 4.0 13048 12/10/87 5 18027 06/10/91 2.70
13009 01/23/84 9 03/18/88 79 06/25/91 2.75
02/18/86 1.4 13050 03/08/84 59.0 18030 06/19/91 <.1
01/13/88 52 11/07/84 39.5 03/23/92 71
03/18/88 9 02/28/85 41.0 18034 06/11/91 80
13010 02/28/84 <2 12/10/87 43.3 03/25/92 .16
02/18/86 <2 03/18/88 42.0 18036 09/17/91 <1
13011 02/28/84 4 13051 03/08/34 200.0 08/21/91 81
02/18/36 <2 11/07/84 6.9 10/08/91 <1
03/18/88 .63 02/28/85 19.0 18041 09/10/87 <2
13012 02/18/86 <2 05/08/85 11.3 05/15/91 .46
03/18/88 <2 02/18/86 16.0 06/19/91 .16
13013 02/16/84 1.0 12/10/87 10.7 05/19/92 61
03/08/84 8 03/18/88 6.6 18042 07/03/91 a7
02/19/86 32 13052 12/10/87 9 07/31/91 <1
03/18/88 34 03/18/88 <2 18045 05/07/91 23
13014 01/17/34 4.0 06/25/91 <1
02/10/84 1.0 Atlantic County 18054 05/28/91 13.30
02/18/86 65 06/14/91 12.90
03/18/88 <2 16002 02/18/92 4.76 06/11/91 4.80
13036 02/19/86 <2 03/25/92 4.16 07/10/91 197
12/10/87 <2 16012 05/08/91 .86 18063 07/25/91 <.5
12/10/87 3 04/14/92 1.06 02/24/92 <1
03/18/88 <2 16027 09/18/91 5.91 20003 09/09/92 2.95
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Table 8. Mercury concentrations in water from wells sampled more than once,* 1988-92, southern New Jersey--Continued

Hg
concentra-
Well Sample tion
number date (ug/L)
Atantic Coupty—continued
20003 cont. 09/29/92 2.70
20005 09/09/92 9.21
09/29/92 9.40
Ocean County
22001 06/01/91 24
06/10/91 2.4
06/17/91 1.7
23002 08/04/87 4.0
09/01/87 3.0
24001 01/23/91 2.7
02/04/91 5.2
Cumberiand County
25001 09/13/87 17.0
11/17/87 14.0
02/02/88 13.4
25003 04/28/89 22
07/19/89 1.0
25007 03/17/89 42
04/28/89 3.8
Atlantic County
28005 04/05/88 42
04/02/91 3.25
28012 04/19/89 .19
01/09/90 <1
28021 04/19/89 33
06/06/90 <1
28029 04/19/89 22
04/10/91 12
28056 04/09/89 13
06/19/89 .19
29013 02/24/92 191
03/30/92 2.88
31019 09/18/91 3.97
10/16/91 2.96
32002 08/12/91 5.22
08/12/91 33
10/09/91 .39
Ocean County
33002 02/29/88 2.3
03/16/88 2.7
03/17/88 39
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Of the 456 wells in the data base for which depths are known, only 12 are
less than 50 ft deep and, thus, are tapping water on the order of 8 to 10 years old.
Mercury typically was not detected in water from these shallow wells, or concentrations
were less than the USEPA MCL. The number of these shallow wells is too small to
determine whether the mercury values are a representative sample. The median
mercury concentration (0.2ug/L) for the shallow wells is less than or equal to the
median concentrations for all wells in the site data base, by county, except for the six
wells in Burlington County (table 5).

The mercury concentrations that exceeded the USEPA MCL were found in
water from depths of 50 to about 200 ft, which indicates that much of the mercury
entered the aquifer system from 10 to about 60 years ago, if an average depth to water
of 25 ft at the sites and the distribution of time lines shown in the model (fig. 6) of
Szabo and others (1993) are assumed.

Of the 168 wells in the USGS data base (see appendix 1b) not associated
with the 34 sites of mercury-contaminated water, 47 were less than 50 ft deep.
Mercury was detected in water from only three of these wells. Thirty of the wells were
greater than 120 ft deep. Mercury was detected in water from only three of these wells,
also. Because the concentrations of mercury detected in the water samples recorded in
the USGS data base were, for the most part, collected during 1974-88, before ultra-
clean sampling techniques were instituted, it is not known whether these
concentrations accurately represent water quality at that time. Further, because most
of the water samples in this data base were filtered before analysis, the mercury
concentrations may be lower than they would have been had the samples been
unfiltered.

In order to better determine whether mercury was currently detected in
water from wells shallower or deeper than most of the affected wells in the data base,
two USGS observation wells next to the Garden State Parkway in Ocean County,
screened between 18 and 21 ft and 306 and 316 ft, and four Atlantic County municipal
public supply wells, all screened at similar depths between 130 and 184 ft, were
sampled by the USGS (data and locations are in appendix 2h). The public supply wells
are located within 2 mi of several known sites of elevated mercury concentrations in
ground water. Dissolved mercury was not detected in water from any of these wells.
Four observation wells, two shallow (35 and 41 ft) and two deep (150 and 166 ft), in
Wharton State Forest also were sampled during this study. None of these wells yielded
water with detectable dissolved-mercury concentrations. In addition, the USGS
resampled two monitoring wells, both less than 30 ft deep, at site 10 in Franklin
Township, Gloucester County; dissolved mercury was not detected.

Twenty-two public supply wells in Atlantic, Camden, Cumberland,
Gloucester, and Ocean Counties were sampled by the USGS in 1993. Of these 22
wells, 6, finished at depths ranging from 36 to 160 ft below land surface, yielded water
in which mercury was detected in filtered water samples (Ivahnenko and others, 1996).
1t is possible that total-mercury concentrations in unfiltered samples would have been
higher.

Although concentrations of mercury generally do not appear to be elevated
in water from shallow wells or from very deep wells, this observation could, in some
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cases, be an artifact of screen size and pumping rate. If contamination is localized at a
particular depth, a large-capacity well with a screen larger than the vertical extent of
contamination, or that draws from a larger volume of water than the contaminated
volume, is likely to produce water in which the contaminant is diluted. Of the
shallower wells sampled, the observation and monitoring wells typically have screened
intervals of 10 ft or less, and draw water from a relatively small volume of the aquifer.
The irrigation wells that have been sampled for mercury have screened intervals that
exceed 10 ft in length; these wells typically are pumped at higher rates than are
observation wells, monitoring wells, or domestic wells, and consequently draw water
from a larger volume of the aquifer. The deep observation wells, like the shallow
observation wells, have 10-ft screens and draw water from a relatively small volume of
the aquifer. The public supply wells sampled during this study, which are deeper than
most of the domestic wells sampled, have screened intervals of about 50 ft and pump at
high rates, integrating water from a larger volume of the aquifer than do typical
domestic wells, which commonly have screened intervals of 5 or 10 ft and pump
sporadically at a lower rate.

Of the 211 wells from the 34 sites for which the screened interval is known,
most of the wells yielding water in which mercury concentrations are elevated have
screened intervals of 5 or 10 ft. Of the public supply wells sampled in 1993, the six
yielding water with detectable concentrations of mercury had screened intervals
ranging from 10 to 30 ft (Ivahnenko and others, 1996). The well yielding water with the
highest concentrations (1.0 and 1.1 pg/L) was the shallowest (36 ft) and had the
smallest screened interval (10 ft). This well is about 1 mi from site 34; another of the
six public supply wells yielding water with detectable mercury is located adjacent to
site 34, and a third is less than 1 mi from site 25.

Pumping from large-volume wells also may draw mercury-contaminated
ground water deeper into the aquifer. At an apartment complex where the
concentration of mercury in the ground water exceeded the USEPA MCL, a new, deeper
well was drilled to 225 ft in 1989. Although this well initially yielded water with
concentrations of mercury below the MCL, subsequent sampling after 6 months
revealed that mercury concentrations had increased to slightly above the MCL
(unpublished data on file at Atlantic County Division of Public Health, Northfield, N.J.,
and N.J. Department of Environmental Protection, Trenton, N.J.}. (These data, which
were received after the data base was constructed, are not included in appendix 1.)

in Soi i

Soils and aquifer sediments in the study area were analyzed for mercury to
determine differences between soils in undeveloped and developed areas (table 9) as
well as the distribution of mercury. In undeveloped areas, which included Wharton
State Forest, and a wooded area at site 2 (figs. 1 and 10), the soils are sands with well-
defined horizons that typically include blackish, organic-rich sands at the surface (O
horizon); coarser bleached, gray sand (A horizon); and orange to brown pebbly sand
with some clay at depth (B horizon). In developed areas, some soils are composed of fill
with the original soil horizons either buried or obliterated. The fill typically is a reddish-
brown, iron-rich clayey sediment with some coarse pebbles. Soil profiles at some of the
sites in residential areas showed evidence of poorly developed horizons, with organic
matter in the surface soils and clayey sands beneath. Other profiles lacked an O
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Table 9. Description of soil-sampling sites, New Jersey Coastal Plain

[-, no site number]

rslﬁg:; nusr:l(:er Nsl;mmﬁ;:f Description of sampling site
1-1 1 2 Residential area, roadside, Moss View Lane
1-2 1 2 Residential area, roadside, Lakeview Drive
1-3 1 ] Hammonton Lake, surficial sediments
1-4 1 1 Hammonton Lake, sediment near pumphouse
1-5 1 2 Residential area, roadside, corner of Moss View and Poplar
2-1 2 3 Open area with woods
2-3 2 2 Field across from residential area, Tremont Street
2-1 2 4 Drainage basin in commercial area
2-12 2 3 Wooded lot along Ridge Avenue
3-4 3 5 Athletic field
4-1 4 2 Cormnfield belonging to organic farmer
4-6 4 2 Homeowner’s yard, Birch Street
4-7 4 2 Homeowner’s yard, Jackson Avenue
8-1 8 3 Yard of funeral home
8-2 8 3 Yard of dress factory
8-3 8 6 Backyard of homeowner
10-1 10 4 Backyard of former thermometer factory
WF - C1 - core Wharton State Forest
WF -2 - 4 Wharton State Forest
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Table 10. Concentrations of mercury in, and selected characteristics of, 19 sets of soil samples,

New Jersey Coastal Plain

[Sample numbers begin with the site number; ft, feet; Hg, mercury; pg/kg, concentration in micrograms per
kilogram; %, percent; LOI, loss on ignition; mg/g, milligrams per gram; OM, organic matter; NA, not ana-
lyzed; DUP, duplicate; <, less than]

Sample Townor  Depth Hg % OM % H Descrioti
. . 1ption
number township () (ugkg) LOI  (mg/y) moisre P escriptio

1-1a Hammonton 0-1.5 10.41 .69 6.93 2.52 4.46 Gray sand, organic debris, some clay, root hairs

1-1b Hammonton 1.5-2.5 10.42 37 3.74 1.31 5.12 Orange clayey sand, leaf debnis

1-2a Hammonton 0-0.4 16.19 2.81 28.09 8.06 5.26 Blackish sand, organic matter

1-2b Hammonton 4-1.5 13.24 .64 6.45 3.29 5.98 Yellowish-brown fine to medium sand, some clay,
root hairs

1-3a Hammonton 0-0.25  102.35 .38 3.80 20.38 6.11 Medium white sand, organic matter, green algae

1-4a Hammonton 0-0.25 11.00 99 9.87 14.43 5.21 Medium white sand, organic debris, algae-coated
sand grains

1-5a Hammonton 0-1.5 10.41 55 5.55 2.64 4.46 Gray sand, some clay, organic matter, root hairs

1-5b Hammonton 1.5-2.5 10.42 37 3.74 1.96 5.12 Orange clayey sand, organic matter

2-la Egg Harbor 0-0.25 23.00 NA NA NA 7.75 Blackish sand, some pebbles, organic matter, root
hairs

2-1b Egg Harbor .25-35 13.26 NA NA NA 7.99 Reddish-brown, pebbly sand and clay, root hairs

2-1c Egg Harbor .35-.45 19.10 NA NA NA 10.13 Gray-brown pebbly sand

2-3a Egg Harbor 0-0.9 19.42 NA NA NA 7.27 Blackish coarse pebbly sand, organic matter

2-3b Egg Harbor 9-1.5 39.09 NA NA NA 7.07 Yellowish-brown pebbly sand, root hairs

2-11a  Egg Harbor 0-0.1 14.32 1.96 20.06 7.81 5.09 Orange-brown coarse pebbly sand, some clay, root
hairs

2-11b  Egg Harbor .1-35 14.02 1.85 18.99 9.11 4.97 Reddish-brown pebbly clayey sand, alumina clumps

2-1Ic  Egg Harbor 35-7 27.78 3.23 32.70 9.50 4.86 Blackish clayey sand, pebbles, organic matter, root
hairs

2-11d  Egg Harbor .7-1.0 38.06 3.32 33.68 8.78 4.86 Blackish sand, some pebbles, root hairs, organic
matter

2-12a  Egg Harbor 0-0.3 114.00 NA NA NA 7.53 Blackish sand, organic matter, twigs

2-12b  Egg Harbor 3-7 11.03 NA NA NA 5.13 Gray sand, some organic matter

2-12¢  Egg Harbor .7-2.0 77.86 NA NA NA 5.53 Reddish-brown fine sand, some clay, organic matter,
root hairs

3-4a Egg Harbor 0-0.1 17.58 1.36 13.59 0.24 7.29 Tan coarse pebbly sand, root hairs

3-4b Egg Harbor 1-2 6.60 0.86 8.56 1.50 7.52 Yellowish-brown coarse pebbly sand, some clay,
root hairs

3-4¢ Egg Harbor 2-45 36.83 1.81 18.10 6.19 5.23 Blackish pebbly sand, organic matter

3-4d Egg Harbor .45-.6 10.64 0.52 5.21 0.28 6.02 Tan coarse sand

3-4e Egg Harbor .6-1.0 22.00 1.38 13.77 5.72 5.37 Brown clayey sand

4-la Galloway 0-1.0 32.00 1.36 13.58 3.50 4.43 Blackish sand, root hairs

4-1b Galloway 1.0-1.5 30.46 1.17 11.71 4.44 5.49 Brown fine sand, some clay

4-6a Galloway 0-1.0 14.27 NA NA NA 5.83 Blackish fine sand, organic matter

4-6b Galloway 1.0-1.5 22.92 NA NA NA 6.38 Yellowish-brown fine sand. some clay, root hairs
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Table 10.—Concentrations of mercury in, and selected characteristics of, 19 sets of soil samples,
New Jersey Coastal Plain--Continued

Sample Townor  Depth Hg % oM % H .
number  township (ft) (ngkg) LOI (mg/g) moisture p Description
4-7a Galloway 0-1.0 12.36 0.69 6.93 2.52 4.76 Blackish sand, organic matter, roots
4-7b Galloway 1.0-1.5 20.80 1.14 11.44 6.69 535 Tan clayey sand, organic matter, root hairs
8-1a ‘Waterford 0-0.05 <300 2.29 22.93 0.79 5.69 Tan fine sand, few pebbles
8-1b Waterford .05-1.0 <30.0 2.79 27.92 8.85 539 Reddish-brown clayey sand
8-1c Waterford 1.0-1.5 <30.0 422 42.23 11.36 4.89 Reddish-brown clay
8-2a Waterford 0-0.3 <30.0 2.58 25.76 2.48 8.09 Brown fine sand, few small pebbles, organic matter
8-2aDUP Waterford 0-0.3 <30.0 2.11 21.11 1.53 8.09
8-2b Waterford 3-1.0 <30.0 1.63 16.35 6.31 7.30 Dark brown sand, some clay, organic matter
8-2¢ Waterford 1.0-1.5 <30.0 2.08 20.8 6.63 6.78 Yellowish-brown clayey sand
8-3a Waterford 0-0.4 <60 3.88 38.78 10.19 7.49 Sand, dark peaty organic matter, roots
8-3b Waterford 4-.6 <60 -2.23 -22.33 11.57 6.05 Bleached white sand, some roots
8-3¢c Waterford .6-.9 <60 4.03 40.32 7.65 530 Medium-brownish sand, organic matter
8-3d Waterford 9-1.0 <60 18.35 183.54 16.72 5.02 Brown silty sand, some clay
8-3e Waterford 1.0-1.2 <60 2.25 22.50 3.43 5.52 Bleached fine white sand
8-3f Waterford 1.2-3.0 <60 3.61 36.10 8.38 5.39 Reddish coarse sand, pebbles
10-1a Franklin 0-025 NA 3.84 38.40 11.33 5.83  Black organic-rich soil, roots, plant debris
10-1b Franklin 25-.45 257.92 291 29.11 6.70 5.44  Reddish-brown sand, some clay, organic matter
10-1¢ Franklin .45-.85 137.42 2.49 24.90 10.61 5.56  Dark red silty fine clayey sand, little organic
matter
10-1d Franklin .85-1.18  126.73 2.29 2291 10.60 5.46  Coarse orange sand
WEF-Cla Waterford 0-0.5 97.20 NA NA NA NA NA
WF-Clb  Waterford .5-9 145.81 NA NA NA NA NA
WF-Clc  Waterford 9-1.1 133.24 NA NA NA NA NA
WF-Cld Waterford 1.1-1.5 101.12 NA NA NA NA NA
WF.Cle Waterford 1.5-1.9 98.05 NA NA NA NA NA
WF-2a Waterford 0-0.08 127.07 NA NA NA 5.06  Black, organic matter
WF-2b Waterford .08-.25 50.20 NA NA NA 494  Dark gray sand, organic matter
WEF-2¢ Waterford 25-75 63.78 NA NA NA 5.03  Bleached, gray sand
WEF-2d Waterford .75-1.0 118.06 NA NA NA 5.31  Blackish sand, some clay
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Developed Areas

The soils in developed areas showed signs of disturbance in that naturally
developed soil horizons were buried or partially to completely obliterated over the
depths at which soil samples were collected.

The concentrations of mercury in soils from developed areas (table 10)
ranged from less than detection to 270 pg/kg mercury; the highest concentration was
found in a soil located near the site of a former manufacturing (thermometers) facility.
Some of the soils in the developed areas, including the soils currently used for farming
(4-1a and b), are acidic, with organic-matter contents ranging from 3.74 to
183.54 mg/g. The pH’s of a few sets of soil samples were either neutral or slightly
alkaline (2-3a and b; 8-2a, b, and c); those of the surficial samples from several other
sampled areas also had a neutral to slightly alkaline pH. By using a Spearman’s
correlation analysis, positive correlations were found between ranked mercury
concentrations and both ranked organic-matter content and ranked percent moisture;
the latter two characteristics were significantly correlated at the 0.005 level. No
significant correlation between ranked mercury concentration and ranked pH was
apparent, however.

Concentrations of mercury in the soils sampled are within the range
reported in the literature for most soils, except those developed on cinnabar (mercury
ore) deposits, or some histosols and paddy soils that contain elevated concentrations of
mercury (Lindsay, 1979; Kabata-Pendias and Pendias, 1992). The mercury content of
most soils ranges from 0.01 to 0.3 parts per million (10 to 300 pg/kg) (Lindsay, 1979,
p. 7). The soil samples from the site of the former thermometer factory (part of site 10)
contained the highest concentrations of mercury found in any soils sampled, either
from undisturbed forested areas or from developed areas. But mercury concentrations
in even these soils fall within the range of naturally occurring concentrations.

Cored Soil and Aquifer Sediments

Two cores of soils and aquifer sediments were collected, one by NJDEP at
site 6 in Hammonton, Atlantic County, and the other by the USGS at site 10 in
Franklin Township, Gloucester County. Results of analyses are shown in table 11.
Analysis of the site 10 core, taken from 20 ft of mostly unsaturated zone at the site of
the former thermometer factory, indicates that the mercury has not been strongly
leached from the upper 3 ft of soil and apparently has not accumulated in the deeper
parts of the unsaturated zone. The concentrations of mercury along the core profiles
are shown in figure 11a. These concentrations are again within the range of mercury
concentrations that occur naturally in sediments. Analysis of the aquifer sediments
from the site 6 core demonstrated that elevated mercury concentrations were present
in several clay-rich zones (fig. 11b). The highest measured concentration of mercury
was about 100 pg/kg in a sample from a clay lens at a depth of 40 ft. Comparison with
concentrations reported in the literature indicates that this concentration is within the
natural range for clays. No trend in mercury concentration with depth was found in
the site 6 core.
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Table 11. Concentrations of mercury in soil and aquifer sediment cores from Hammonton Town,
Atlantic County (site 6), and Franklin Township, Gloucester County (site 10), New Jersey Coastal
Plain

[ft, feet; ng/kg, micrograms per kilogram; <, less than)

Sample Depth Concentration .

number () (n/kg) Description
Hammonton Town, site 6
MWS5-1 8-10 17.38 Dark yellowish-orange fine sand; some clayey silt; trace dark red, medium gravel
MWS5-2 18-20 8.71 Dark yellowish-orange, coarse, medium to fine sand; little clayey silt
MWS5-3 28-30 16.25 Dark yellowish-orange fine sand, little siity clay
MWs5-4 38-40 108.19 Dark gray clay, very loose
MWSs-5§ 48-50 23.96 Light orange brown coarse to fine sand, trace silt
MW5-6 58-60 13.20 Dark yellowish-orange coarse to fine sand, trace fine gravel, trace clay
MWS5-7 68-70 17.53 Light gray silty clay, loose; light yellowish orange coarse, medium to fine sand, trace silt
MW5-8 73-75 18.80 Pale yellow brown silty clay, light yellowish orange medium to fine sand, trace silt
MW35-9 78-80 27.07 Grayish orange, medium to fine sand; little clay

MWS35-10 83-85 51.00 Grayish orange medium to fine sand, trace silt dark gray clay, 1-inch thick at 84 ft
Franklin Township, site 10
1 1.65 31.08 Dark reddish-brown sand grading to finer sand and clay
2 3.54 32.17 Very coarse reddish-brown sand (quartz with iron-oxide coatings)
3 5.73 37.89 Coarse reddish to yellowish-red quartz sand; traces ilmenite
4 7.76 19.02 Medium sand with yellowish-red iron-oxide coatings; rare alumina nodules
(<1 ¢m diameter)

5 9.63 34.38 Coarse to medium quartz sand with yellowish-brown iron-oxide coatings
6 11.8 38.81 Pinkish-red silt and clay
6A 11.8 25.01 Same as above
7 13.7 20.46 Light yellowish quartz sand; fine limonitic coatings
8 15.7 18.04 Medium sand; light yellowish oxide coatings
9 17.7 35.92 Same as above
10 19.6 12.02 Medium yellowish quartz sand; saturated
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Figure 11. Concentrations of mercury in soil and aquifer sediments in a core
from (a) site 10, Franklin Township, Gloucester County, and (b) site 6,
Hammonton Town, Atlantic County, New Jersey Coastal Plain.
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OCCURRENCE AND DISTRIBUTION OF MERCURY IN GROUND WATER AT
SELECTED SITES

At the time the USGS study began, 13 of the 34 sites of elevated mercury
concentrations in ground water had been identified, and characterization of the
contamination at these sites by the NJDEP and county agencies had been completed or
was near completion. Other sites were identified during the course of the study, but in
some cases, investigation of the contamination was not complete by the end of the
current study. Therefore, the following sections discuss the 13 originally identified
sites, which are representative of the spectrum of land uses encountered at the 34
sites. NJDEP Ground-Water Impact Area Reports (unpublished reports on file at the
N.J. Department of Environmental Protection) have been prepared for sites 1 through
9, 11, and 12. Site 13 had been investigated and reported on by the USEPA
(unpublished memorandum on file at N.J. Department of Environmental Protection).
Site 10 was investigated by the Gloucester County Health Department and by NJDEP,
but no formal report was written. The USGS amplified the data for site 10 by
conducting a land-use survey, resampling wells sampled during the earlier
investigations, and sampling and analyzing soils at the site of the former thermometer
factory.

As a preamble to the discussion of mercury in ground water at the 13 sites,
examples of advective dispersal of contaminants in the aquifer from several
hypothetical sources are given. The observed spatial distribution of mercury-
contaminated ground water at the 13 sites needs to be considered in light of these
factors.

Contaminant Distribution as a Function of Age of Ground Water and
Location of Source

Ground-water age and flow paths are important factors in determining
sources of mercury in ground water in the study area and in understanding the
observed pattern of contaminant distribution at individual sites. Figure 12 depicts a
section where hypothetical contaminant sources are imposed on the simulated ground-
water flow system shown in figure 6. The unsaturated zone is assumed to be 25 ft
thick at the divide. For this example, contaminated water is assumed to move
advectively through the aquifer as a slug with no dispersion or retardation of the
contaminant. No buildup of contaminant in soils is assumed; the contaminant is
assumed to leach shortly after deposition. Starting at the divide the sources are (1) a
point source that discharged contaminant sporadically from 5 to 50 years ago; (2) a
nonpoint source that applied contaminant to the land surface from 20 to 35 years ago;
and (3) a point source that discharged contaminant continuously during a 5-year
period from 15 to 20 years ago.

Given the placement of the wells, the ages of water and dates when the
contaminant was introduced at the surface, and the depicted flow system, none of the
depicted wells currently taps the water contaminated by the point source at the
ground-water divide (1). The contamination will reach the 140-ft-deep well near the
divide, however. The well screened at 60 ft, installed in the area affected by the
nonpoint source (2), does not now tap water affected by the contaminant, but a well
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A landfill that has been the focus of a Superfund investigation is located
about 2 mi southwest of site 13. In addition to VOC’s, mercury was a major
contaminant at this site, where pesticide residues and containers are believed to have
been disposed of beginning in the late 1930’s and continuing for about 20 years
(Ebasco, 1991). Concentrations of mercury as high as 400 ug/L in ground water were
reported. Ground water flows to the southeast, and a contaminant plume extends in
this direction (Ebasco, 1991) away from site 13.

Similarities Among Sites of Elevated Mercury Concentrations in Ground Water

Similarities in water chemistry and land-use features among the 34 sites
were evaluated to identify common characteristics that are associated with elevated
concentrations of mercury in ground water.

Water-Quality Characteristics

A water-quality feature common to most of the 34 sites is the presence of
VOC’s in some of the ground-water samples. VOC analysis results were available for
25 of the 34 sites and revealed that a variety of man-made organic compounds were
detected at these sites. The most commonly found organic compounds were
chlorinated solvents, but benzene compounds also were detected at several sites. As
discussed in more detail in previous sections of this report, the distribution of the VOC-
contaminated water appears to be very different from the distribution of mercury
contaminated water. Moreover, at some sites the VOC or suite of VOC’s detected in
water from an individual well differed from that in water from adjacent wells. At some
sites, the benzene, toluene, and xylenes detected are indicative of gasoline spills. The
chlorinated solvents, for the most part, have not been traced to known point sources.’
The presence of chloroform, which was nearly ubiquitous in water samples from the
Atlantic County sites (where it was most commonly measured) is believed to be related
to inputs of chlorine to the ground water, where interactions with organic matter
produce the compound. Chlorine can reach ground water through disinfection of wells
and through septic systems.

Because the degree of organic contamination is relatively low (although
individual compounds were found to exceed USEPA MCL's), the likelihood that
extensive plumes of highly contaminated ground water are present at these sites
appears to be small. Introduction of relatively small amounts of organic compounds to
septic systems appears to be a possible cause of at least some of the VOC
contamination. At present, no connection between the source of the VOC’s and the
source (or sources) of the mercury in ground water at these sites has been discerned.
Interactions between the VOC’s and mercury that might facilitate mercury transport
through the aquifer cannot be ruled out at this time, however.

Land-Use Features

Because the mercury-contaminated ground water generally has been
obtained from depths of 50 to 120 ft below land surface, it appears that the
contamination, if introduced at the land surface, came from past activities. Results of
hydrologic simulation conducted during a previous study to determine the age of
ground water in the New Jersey Coastal Plain as a function of depth indicated that
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water 50 to 120 ft deep would be about 10 to slightly more than 35 years old, if a
vertical ground-water velocity of about 3.3 ft/yr is assumed (Zoltan Szabo, U.S.
Geological Survey, oral commun., 1993). Because an assessment of previous land use
at, and upgradient from, the known sites of elevated mercury concentrations in ground
water was needed to evaluate possible past sources of mercury, previous land use at
the 34 sites was determined (table 12).

Land-use features common to the sites of elevated mercury concentrations
in ground water are related to both past and present activities. With the exception of
sites 26 and 27, which are individual houses in rural areas, the sites are housing
developments, most of which were built after 1950. Many of the sites are located in
uplands, on or near local topographic divides. Historic aerial photographs show that
26 sites are located on or adjacent to formerly agricultural land (see table 12). Most of
the 34 sites are located within 3 mi of at least one possible point source, such as
landfills, cemeteries, past or present military operations, or industrial activities. In
addition, all sites were, and are, subject to atmospheric deposition of mercury.

POSSIBLE SOURCES AND MOBILIZATION MECHANISMS OF
MERCURY IN GROUND WATER

One of the major objectives of this mercury study was to develop hypotheses
about the possible sources of the mercury found in ground water in the study area.
Some of the hypotheses could be tested with available data, whereas others required
additional data that were collected subsequently. The hypotheses that were developed
are as follows:

1. The mercury was an artifact of sampling and/or analysis methods or
procedures;

2. The mercury was contributed by the pumps installed in the affected
wells;

3. The mercury was contributed by household sources, either as a
component of septic-system effluent, as a result of well disinfection, or
as a result of leaching from exterior paint;

4. The mercury was contributed by emanations from point sources such as
landfills, military installations, industrial or commercial sites, or
cemeteries;

5. The mercury was contributed by atmospheric deposition:

6. The mercury was contributed by leaching of land-applied substances
such as inorganic- and organomercurial pesticides used in agriculture
and on golf courses, or mercurial seed dressings.

Most of the 34 sites, particularly those in Atlantic County, are within about
1 mi of a railroad line. During the period when mercury contamination apparently was
entering the ground-water system, some train engines could have been burning coal,
which can contains mercury. Because this mercury would enter the atmosphere, this
possible source is discussed as part of hypothesis 5. No data are available that
indicate whether or not other aspects of railroad operation might be possible sources.
Therefore, this hypothesis was not pursued further.
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Table 12. Previous and recent (1991) land use at 34 sites where water from one
or more wells contained mercury in concentrations equal to or greater than
1 microgram per liter, New Jersey Coastal Plain

[%, percent; mi, miles]

Site number Land use Time period

1 Forested, agriculture, development near lake increased 1962-74
More residences, shopping center 1974-91
2 Agriculture, few residences, forest 1951-62
Development increased, trailer park begun 1962-74
Development and trailer park completed, no agriculture 1974-91
3 Forested, agriculture, development begun, Garden State Parkway completed 1951-62
Development continues, Atlantic City Expressway completed 1962-74
Little change, baseball fields(?) 1974-91
4 Agriculture (orchards), residential development 1951-62
Development continued 1962-74
Little change 1974-91
5 Agriculture, forest 1951-62
Development begun and increased 1962-74
Agriculture decreased 1974-91
6 Agriculture (40%), undeveloped land 1951-61
Agriculture, undeveloped land, few residences 1961-74
Residential development increased slightly, agriculture, undeveloped land 1974-91
7 Forested, agriculture 1951-61
Development began, agriculture, forested 1961-74
Development completed, lake, junkyard, campground 1974-90
8 Residences, agriculture to east, north, and northwest, undeveloped land to northeast 1940-51
Development increased, Mullica River dammed, agriculture to east 1951-61
Development increased, agriculture near Medford Lakes 1961-74
Extensive residential development 1974-91
9 Residences, agriculture (about 40% of area), gravel pit and sewage disposal plant to northwest 1951-62
Increased development 1962-74
Increased development (residential and industrial), trailer park 1974-91

10 Forest, agriculture, open land, few residences 1953
School built, more residences 1953-70
il Undeveloped, agriculture, marina development present in 1961, residential development in 1961 1951-61
Development increased 1961-74
Marina and residential development completed 1974-91
12 Undeveloped land, marshland, some residential and marina development 1951-61
Development increased, high density of residences 1961-74
Development completed (marinas and residences) 1974-91
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Table 12. Previous and recent (1991) land use at 34 sites where water from one
or more wells contained mercury in concentrations equal to or greater than
1 microgram per liter, New Jersey Coastal Plain--Continued

Site number Land use Time period

13 Undeveloped land, agriculture, few residences, building complex, gravel pit 1951-62
Few additional residences, pit (or dump) still exists 1962-74
Little change 1974-91
14 Agriculture, some residences, undeveloped land 1951-61
Residential development increased, agriculture (about 20% of the area), undeveloped land 1961-74
Little change 1974-91
15 Agriculture (60% of the area), residences along pike 1951-61
Residential development increased slightly 1961-74
Agriculture, residences 1974-91
16 Agriculture, residences 1954-61
Development increased 1961-74
Development completed 1974-91
17 Forested, agriculture, few residences 1951-62
Development begun 1962-74
Development completed 1974-91
18 Forested, open grassy area, agriculture 1930-51
Agriculture (orchards), forest 1951-61
Agriculture, forest, one new house 1961-74
Development begun, new agricultural area 1974-91
19 Forested, agriculture 1951-61
Development begun, agriculture, forested 1961-74
Development completed, lake, junkyard, campground 1974-91
20 Agriculture (40%), residences, drive-in theatre, development to southeast 1940-51
Less agriculture (20%), sparse development, trailer park developing begun 1951-62
Trailer park larger, mall built, scattered residential development, no agriculture 1962-72
Little change 1972-91
21 Undeveloped land, residences 1951-62
Development increased 1962-74
Development completed, some undeveloped land 1974-91
22 Agriculture, residences, undeveloped land 1940-51
Agriculture, residences, dump present to northeast in 1962, road grid laid out 1951-62
Agriculture, dump present, second dump east of Ridgeway 1962-74
Housing development, extensive dump areas, trailer park, some agriculture still present in 1991 1974-91

23 Undeveloped land, streets laid out for development, residential development begun, numerous
gravel pits in 1961 1951-61
Development increased 1961-74
Development increased, sewage disposal plant present in 1991, lake 1974-91
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Table 12. Previous and recent (1991) land use at 34 sites where water from one
or more wells contained mercury in concentrations equal to or greater than
1 microgram per liter, New Jersey Coastal Plain--Continued

Site number Land use Time period

24 Few residences, undeveloped land, landfill present in 1974 1951-74
Landfill enlarged, residential development increased slightly 1974-91

25 Forest, open areas, orchards, few residences, wetland 1953-72
New residences, roads, trailer parks, industrial buildings 1972-86

26 Agriculture, small landfill 2-3 mi to north in 1961 1951-61
Cleared land and agricuiture, landfill enlarged 1961-74
Agriculture, landfill enlarged 1974-91

27 Agriculture 1951-61
Agriculture 1961-74
Agriculture 1974-91

28 Pleasantville developed, landfill present, undeveloped to north 1940-51
Little change 1951-62
Atlantic City Expressway built, landfill sites north of Expressway, undeveloped land to north 1962-72
Little change 1972-91

29 Undeveloped land, marshland, residential development begun, gravel pits 1951-61
Development continued 1961-74
Development completed 1974-91

30 Agriculture, few residences, Kettle Run impounded, undeveloped land 1940-51
Agriculture and undeveloped land still present, road grid laid out, airport present in 1965 1951-65
Agriculture, residential development, impoundment dry, undeveloped land 1965-74
Development increases, agriculture still present 1974-91

31 Forested; scattered residences; agriculture, excavated area (dump); golf course; a few long, iow build- 1956-72
ings 197291
Agricuiture (50% of area), scattered residences

32 Forested, few residences, fields, possible dump present 1951-62
Trees planted infield, unpaved race track present, few residences 1962-74
Residential development begun and completed; racetrack no longer present; new pond; and long, low 1974-91

buildings

33 Undeveloped, forested, wetlands to north, scattered residences, agriculture, extensive development to 1953-72
the east

34 Undeveloped, forested, wetloads along river, few residences, Garden State Parkway completed, devel- 1953-70
opment to northwest, manufacturing facility to west by 1970.
More residences, increased development to northwest, industrial waste ponds and sewage treatment 1970-89

plant at manufacturing facility
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Possible mobilization mechanisms were evaluated on the basis of previous
investigations of the chemical nature of, and reactions involving, mercury in aqueous
systems, A conceptual model of some possible mechanisms of mercury mobilization in
the study area was developed.

ossible Sources of Mercu
Hypothesis 1: Sampling and Analysis

The first question that needed to be answered as various agencies
investigated the occurrences of mercury in ground water was that of the validity of the
data--that is, is the presence of mercury an artifact of contamination during sampling
or analysis? As discussed previously in this report, numerous efforts were made to
assure the validity of the data. Windom and Smith (1992) resampled wells using
stringent quality assurance on sampling protocols and analyzed samples using isotope-
dilution and ICP/MS, which is a more sensitive method than CVAA and is specific to
mercury. Their results show that, for eight wells in Atlantic County yielding water with
mercury concentrations greater than the USEPA MCL, the data collected and analyzed
previously show real environmental contamination. Twelve water samples reported to
contain mercury in concentrations less than the MCL or in which mercury was not
detected also were analyzed by Windom and Smith (1992); their results again support
the values obtained in earlier analyses by ACHD. Further, quality-assurance
procedures undertaken during the USGS study have shown that normal handling of
samples during collecting and filtering generally does not result in measurable levels of
contamination. Most of the samples collected by NJDEP and the counties were not
filtered, however, and thus a potential source of contamination--field equipment used
in filtering samples--was not present during the collection of water samples by State
and county personnel; these samples constitute the vast majority of samples
considered in this study. Although it is possible that some of the mercury
concentrations that are close to method detection limits could represent some level of
random contamination during sampling or during preparation in the lab, the
reproducibility of most results, including “nondetects,” for samples collected by
different samplers and analyzed by different laboratories indicates that mercury is
present in the ground water.

Hypothesis 2: Pumps

Another important question, posed early in the course of the USGS study,
was whether the mercury contamination could be linked to some aspect of well
construction--in particular, the pump used. Information on the type of pump installed
was found for 185 of the 2,239 wells at the 34 sites for which mercury-concentration
data were available. Only four pump brands were represented with sufficient
frequency to be tested statistically. A chi-squared test was performed to determine
whether any one brand was associated with a larger number of mercury concentrations
at or above the MCL. No significant difference in proportion of mercury concentrations
at or above the MCL across the four pump brands was found. The number of jet
pumps associated with mercury concentrations at or above the MCL is essentially the
same as the number of submersible pumps (14 and 15, respectively), although the jet
pumps are associated with higher mercury concentrations than the submersible
pumps (mean concentrations are 7.21 and 4.55 ug/L, respectively). By using a Mann-
Whitney test, this relation was found to be significant at the 0.05 level. Many more
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pumps (76 jet pumps and 80 submersible pumps) are associated with mercury
concentrations that are less than the MCL or with “nondetects,” however. Because domestic-
well jet-pump siphons commonly are plastic, and the impeller assembly of submersible
pumps is metal, it is unclear whether the relation disclosed by the Mann-Whitney test has any
real meaning. The available data do not support the hypothesis that the mercury in ground-
water samples is attributable to a particular brand or type of pump.

A likely source of mercury from a pump would probably be a mercury switch in the
electrical system. Some centrifugal pumps use a level-sensing mercury switch in the pump-
motor controls; these typically are sump pumps used in slurry, process, drainage, and sewage
services (Karassik, 1986). In water-supply pumps, because both the motor and other
components of the electrical system are hermetically sealed to prevent contact with water or
are located above the water level, electrical switches are unlikely to be a source of mercury to
ground water. Further, hypothesis 2 is not adequate to explain the instances where mercury
is detected in a first sample but not a second from a given well, or the reverse. Such instances
can be explained, however, by movement of contaminated ground water, either in response to
differing local pumping regimes or by natural flow.

1
Table 13. Statistical parameters for chi-squared test for proportions of instances of mercury-
contaminated water associated with four pump brands

[P;, proportion of instances of maximum contaminant level exceedance?; n;, number of pumps
in sample; 1_) <-1 mean number of exceedances and nonexceedances, respectively; X2, chi-

squared statistic]

Brand 1 Brand 2 Brand 3 Brand 4
P, 0.128 0.143 0.286 0.208
n; 86 42 7 24
p =0.191
q =0.809

4
x* = > n,P,—P?/pq =332 with 3 degrees of freedom.

i=1

2Maximum contaminant level exceedance, for the purposes of this table, includes all
instances in which concentrations of mercury are equal to or greater than the
maximum contaminant level of 2 micrograms per liter in drinking water.
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Hypothesis 3: Households: Septic Systems,
Wells, and House Paint

Household septic systems are a possible local source of mercury. In the
past, chlorine bleaches could contain from 17 to 36 pg/L of mercury (Siegel and
Eshleman, 1975), and it is likely that many households used chlorine bleaches
regularly. A rough calculation can give some idea of the magnitude of mercury
contamination introduced by bleaches. If 20 mL of bleach containing mercury at a
concentration of 36 ug/L was used in a washload containing 40 L of water (20 L for
wash, 20 L for rinse), the 0.72 pg of mercury in the 20 mL of bleach would be diluted to
0.018 nug/L per washload. With three washloads per week, a mass of 112 pg of mercury
per year would be delivered to a septic system. The concentration of mercury in each
washload (0.018 pg/L) would, however, be diluted substantially by other household
wastewater. Whether mercury in the septic system sorbs to organic matter, whether
the organic matter is substantially removed by periodic pumping, or whether septic-
system cleaners, such as the chlorinated solvents used in the past, release sorbed
mercury to ground water is not known.

Investigators who studied a plume of contaminated water from a septic
system in Muskoka, Ontario, Canada, report low pH’s in the core of the plume that
result from nitrification of ammonia (Robertson and others, 1991). The authors
indicate that the low pH may enhance metal mobility. Although septic systems may
not contribute substantial amounts of mercury to ground water, geochemical processes
associated with constituents introduced by septic-system effluent may mobilize
mercury that was contributed by other sources and that is sorbed to aquifer sediments.

Use of chlorine bleach to disinfect a well could perhaps briefly contribute
detectable amounts of mercury to ground water. A mercury concentration of 0.8 ug/L
is reported for water from a well that had been treated with chlorine bleach on the day
of sampling (Barber and Steele, 1980). Chlorine typically is added at the time the well is
drilled, or if the ground water becomes contaminated with bacteria from septic-system
effluent or surface runoff. Many of the wells yielding mercury-contaminated water
were drilled at least 20 years ago. Mercury contributed by chlorine used at the time of
drilling is unlikely to be present in the ground water decades later; household water
use presumably would remove any mercury within a few hours of pumping.

Exterior latex house paint typically contains organomercurial compounds to
discourage the formation of molds and mildews. Organomercurial fungicides are
present in oil-based as well as latex paints (D'Itri and D’Itri, 1977). Houses at the
majority of the 34 sites were built in the 1950’s through the 1980’s, and paint
containing mercury probably has been used on their exteriors. Concentrations of
fungicides such as phenylmercuric acetate (PMA) in paints ranged from 100 to 15,000
parts per million (D’Itri, 1972, p. 19); typical additions of mercurial fungicides to paint
ranged from 1 to 3 Ib in 100 gallons of latex paint (D’Itri and D’Itri, 1977).

In studies of outgassing of mercury from interior latex paints (Agocs and
others, 1990; Beusterien and others, 1991), researchers found that the mercury
emitted from the paint was in elemental form. In an earlier study, Sibbett and others
(1972) estimated that mercury in the paint investigated would continue to be outgassed
for 7.5 years, at the rate of 499 nanomoles (99.8 ug) per day. Loss rates to the
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atmosphere under humid conditions have been measured for paints containing
mercury (Taylor, 1965). Losses ranged from 22 to 87 percent of the mercury present
over a period of 3 months, with an average loss of nearly 50 percent (45.3 percent).

If 20 gallons of latex paint are needed for the exterior of a house and the
paint contains an organomercurial fungicide such as PMA added at a rate of 3 1b per
100 gallons, those 20 gallons contain about 1.62 x 108 g of mercury, calculated from
the formula weight of PMA (336.75 g/mole, of which mercury is 59.57 percent). This is
a substantial amount of mercury, but the amount available to be leached by rain would
be diminished because much of the mercury in the paint would outgas. If about 50
percent of the 1.62 x 108 pg of mercury were lost to the atmosphere, then about
8.1 x 107 pg of mercury would remain. The organomercurial fungicides such as PMA in
latex paint apparently convert to elemental mercury once the paint dries; this is
consistent with the behavior of PMA in soils, which has been found to convert to
elemental mercury (Kimura and Miller, 1964). The amount of mercury that would
leach from applied latex paint depends on the solubility of the mercury remaining in
the paint. Although PMA is fairly soluble in water (4.37 x 10° pg/L), elemental mercury
isnot (6.39 x 107" pg/L) in air-free water at 25 °C (Cotton and Wilkinson, 1980).
Because elemental mercury reacts with nitric acid (Merck, 1983), the dilute nitric acid
component of acid rain perhaps could render any elemental mercury more soluble,
however.

Figure 28 shows annual consumption of mercury for mildew retardant in
paint used by December 31 for the years 1959-89. If national data can be considered
representative of what transpired in New Jersey, the peaks of manufacture of paint
containing mercury, and, presumably, use, took place between 1968 and 1980,
approximately 14 to 26 years ago. Although the ages of the mercury-contaminated
water samples have not been determined, contaminated water from the deeper wells
(120 to 200 ft) in the site data base is likely to be as old as 30 years, and, at 200 ft,
could be older than 50 years. If the assumptions about paint use are correct, and
mercury from paint can be assumed to reach ground water, then the oldest mercury-
contaminated ground water may be less likely to contain mercury derived from paint
than is younger water. Therefore, mercury leached from paint is unlikely to be the only
source of mercury contamination of ground water because the largest amounts of
mercury used in paint appear to date to a time period more recent than the likely ages
of the deepest mercury-contaminated water. Further, there are no data to indicate
whether any mercury is leached from paint by precipitation.

Mercury also was used in marine anti-fouling paints. The mercury in these
paints typically was in oxide form and fairly insoluble (Merck, 1983), although some
low-solubility organomercurial compounds also were used (D’Itri, 1972). Areas where
paint would have been scraped from, and applied to, boat hulls are undoubtedly
present in southern New Jersey. Mercuric oxide is soluble in dilute solutions of
hydrochloric and nitric acid, which are components of “acid rain.” Although it appears
possible that some mercury could leach from anti-fouling paint debris, it is likely that
activities involving marine paints would be concentrated along the shores of estuaries
and the ocean, which typically are areas of ground-water discharge rather than
ground-water recharge. Only if substantial pumping were drawing water from a
seaward direction toward land would contaminants along the shore be likely to enter
nearby inland wells.
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Figure 28. Pounds of mercury used in paint manufactured in the United States.
(Data from Michael Aucott, New Jersey Department of Environmental Protection,
calculated from raw data in Minerals Yearbooks, US. Department of the Interior,
Bureau of Mines, 1959-1989, written commun. 1994).

96



Washing paint brushes after use could contribute mercury to septic
systems. Although the amount of mercury would be diluted by rinse water and other
household water, the mass of mercury contributed by paint in a large paintbrush is
estimated to range from about 190 to about 475 times greater than the mass calculated
to be contributed annually by chlorine bleach (using 3 1b/ 100 gallons as the amount of
PMA and 10 to 25 mL as the amount of paint remaining in the brush).

Hypothesis 4: Nonhousehold Point Sources

The possible nonhousehold point sources of mercury in ground water
examined in this study include landfills, industrial and commercial sites, military
operations, cemeteries, and septic systems at hospitals and schools.

For those Superfund sites where mercury has been identified as a
contaminant, the extents of contaminant plumes generally have been defined; the
available data do not conclusively link these sites to any of the 34 sites of elevated
mercury concentrations in ground water identified in this report. Any Superfund site
within 3 mi of one or more of the 34 sites of elevated mercury concentrations in ground
water was examined to determine whether the Superfund site was upgradient from any
of the 34 sites. One site appears to be upgradient from site 5, another upgradient from
site 24. The Superfund site adjacent to site 5 is in a residential neighborhood similar
to that at site 5. Mercury was detected in water from several domestic wells at the
Superfund site adjacent to site 5, but the mercury was not linked specifically to the
potential point sources of VOC’s discovered at that site, nor did USEPA link
contamination at site 5 to the adjacent Superfund site (unpublished U.S.
Environmental Protection Agency Record of Decision Summary, September 4, 1990, on
file at New Jersey Department of Environmental Protection, Trenton, N.J.). The
Superfund site near site 24 is discussed in the following section on landfills.

Landfills

A substantial number of landfills are present in southern New Jersey.
Because the State issues permits for and requires the installation of monitoring wells
at these sites, data are available for the permitted landfills that allow the NJDEP to
assess flow directions of shallow ground water and to determine whether significant
amounts of contaminated ground water are emanating from the landfills. Figure 29
shows the locations of the 34 sites of elevated mercury concentrations in ground water
and locations of permitted landfills. Data on concentrations of mercury in water from
monitoring wells at these landfills, collected as part of the NJPDES program, are
contained in appendix 3; of course, no data are available for “casual” (unpermitted and
illegal) dump sites, unless such sites are undergoing investigation by NJDEP or
another agency.

All the 13 sites of elevated mercury concentrations in ground water that had
been investigated before this study began are within 3 mi of one or more landfills.
Landfills commonly are sited on high ground, but most of the sites of elevated mercury
concentrations in ground water also are located in upland areas. Ground-water flow
directions were assessed by examining locations of landfills relative to locations of
basin divides, streams, and the sites of elevated mercury concentrations in ground
water as well as water-table maps (Watt and Johnson, 1992; Watt and others, 1994,
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Figure 29. Locations of 34 sites of elevated mercury concentrations in ground water
and locations of permitted landfills, New Jersey Coastal Plain.
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elevated mercury concentrations in ground water. If mercurial pesticides used recently
on golf courses are leaching through the soil, shallow ground water is likely to show the
effects of the leaching. No data are available to show whether this is occurring.

Evaluation of the Six Hypotheses
H is 1: Sampling and Analysi

Significant evidence exists that the many incidences of mercury
concentrations in ground water that exceed the MCL represent real environmental
contamination and are not the result of contamination during sampling or analysis.
Results have been reproducible, as shown in tables 3 and 8, and it is, therefore, likely
that the mercury concentrations measured in nearly all of the samples collected and
analyzed represent actual mercury concentrations in the ground water. The hypothesis
that the observed mercury concentrations are the result of contamination during
sample collection and analysis generally does not appear to be tenable.

Hypothesis 2: Pumps

Well-construction data for the 34 sites currently do not support the
hypothesis that the pumps installed in private wells are contributing mercury to
ground water insofar as no statistical relation was found between pump brand and
mercury concentration. The available data are scanty, however, and the composition of
the metals in the pumps installed in the wells that yield water with elevated
concentrations of mercury is not known. Examination of details of pump construction
indicates that the metals that are in contact with water do not include mercury
(Karassik and others, 1986). Hypothesis 2 does not explain instances in which the first
sampling of a well yields water with detectable mercury concentrations and a second
sampling yields water in which mercury is not detected, or the reverse. At present, this
hypothesis does not appear tenable, but cannot be ruled out completely without
further study of pump materials and construction.

Hypothesis 3: Households

Few data are available that can be used to evaluate the hypothesis that
household sources can contribute mercury to ground water. The mercury content of
chlorine bleaches used in households at the 34 sites, and what constituted normal
household use, are unknown, although it is probably safe to assume that any mercury
in bleach would have been substantially diluted during normal household use, as
shown by calculations presented earlier. Whether the presumed small amounts of
mercury that might be contributed by bleach could accumulate in a septic system is
not known, but the amount estimated earlier is negligible compared with other possible
sources of mercury. The amount of mercury that could be contributed to the septic
system from the washing of paint brushes is small relative to most other possible
sources, but may not be negligible.

The presence of VOC’s at many of the 34 sites (discussed in previous
sections on the 13 original sites) is puzzling, although VOC’s and elevated mercury
concentrations were not found in the same water sample in many cases. The
occurrence of mercury with VOC’s in water from some of the wells may be coincidental
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rather than an indication of a common source. The VOC's detected in ground water at
many of the sites have yet to be traced to industrial or waste-disposal point sources.
Because chlorinated solvents such as TCE were commonly used to clean septic tanks
prior to the ban on their use in 1981, low concentrations of VOC’s could be found in
ground water in residential areas if septic-system effluent were reaching wells that
contain potable water. Therefore, some instances of VOC contamination of ground
water might be attributed to septic-system effluent, but this would not necessarily
point to the septic system as the source of mercury as well. The mercury
contamination may derive from a different source or sources.

No data are available to show that the mercury in ground water might have
been contributed by chlorine used to disinfect wells. Although it is likely that normal
household water use would rapidly flush both chlorine and mercury from the well bore
and surrounding aquifer in a matter of hours, this supposition cannot currently be
substantiated.

Exterior paint is a known source of mercury and could be a source of
mercury to soils if mercury is leached from the paint or if mercury that outgasses is
redeposited locally. The calculation presented in the earlier discussion on hypothesis 3
indicates that paint could contain a substantial amount of mercury. The amount that
might leach from a freshly painted house is not known, nor are data available to
indicate how much mercury (presumably elemental mercury) could be leached from
Coastal Plain soils with subsequent movement to the water table. Some of the mercury
outgassed by the paint could return to the area in precipitation. Data on the amount of
mercury released from interior paints, discussed earlier, indicate that the mercury in
paint is released over a period of years. The hypothesis that paint could contribute
mercury to the 34 sites may be tenable, but additional data on the leachability of
mercury from exterior paints are needed to determine the magnitude of that possible
contribution. Considering the variety of possible sources of mercury in the New Jersey
Coastal Plain, exterior paint, although it may be a substantial reservoir of mercury, is
unlikely to be the only source of mercury to ground water. Moreover, were paint a
major source of mercury to soils and ground water, the occurrences of elevated
mercury concentrations in ground water probably would be substantially more
widespread than they currently are known to be.

H is 4: nh hold Poin I

The existence of Superfund and other hazardous-waste sites is clear
evidence that metals and/or other contaminants can and do leach from point sources
such as landfills and industrial sites. Mercury concentrations in water from some of
the monitoring wells at NJPDES permitted sites (app. 3) are extremely high, although
the majority of the NJPDES sites appear to show little or, in some cases, no local
mercury contamination of ground water. On the basis of proximity to the 34 sites and
assessment of local hydrology, point sources such as permitted landfills or other
known hazardous-waste sites are unlikely to have been sources of mercury to most of
the 34 sites. In the few cases where such a possible point source is adjacent to one of
the residential sites, only detailed hydrologic assessments, which include installation of
monitoring wells at various depths and locations to define the extent of any
contaminant plumes, can conclusively rule out such sources. These investigations
have been undertaken at several of the hazardous-waste sites, as discussed earlier.
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There is no way to assess possible contributions from illegal dumping unless such sites
have already been identified and studied.

Small industrial operations, such as the thermometer factory at site 10, are
difficult to identify. No data are currently available that conclusively link the
thermometer factory at site 10 to the mercury in ground water there. The available
land-use data, as well as visits to some sites, have not resulted in identification of other
such operations, although others may exist. Available data for Seattle, Washington,
indicate that discharges from dentists’ offices can contribute large amounts of mercury
to the waste streams. No data are currently available for southern New Jersey.
Therefore, although small former industrial operations and commercial enterprises are
possible sources of mercury to ground water, data currently are insufficient to evaluate
these possible sources further, and these sources probably are unlikely to account for
all observed occurrences of elevated mercury concentrations in ground water in the
New Jersey Coastal Plain.

Military installations are possible sources of metals and other contaminants
to ground water. Water-quality and hydrologic data collected and assessed during this
study do not conclusively point to a military installation as a point source of mercury in
the ground water at any of the 34 sites. Moreover, most of the 34 sites of elevated
mercury concentrations in ground water are not near a military installation. Therefore,
there is currently no evidence that military installations are major contributors of
mercury to ground water at the 34 sites.

On the basis of proximity to the 34 sites, most cemeteries within the study
area do not appear to be possible sources of mercury to most of the sites. In those few
cases where cemeteries are immediately adjacent to sites of mercury-contaminated
water, the possible effect of the cemeteries on ground-water quality cannot be assessed
because detailed data on local hydrology are lacking, and no water-quality data are
available to indicate whether any contaminants are emanating from the cemeteries. In
general, it appears that 19th-century cemeteries would be more likely sources than
cemeteries that date to the 20th century.

Overall, the assessment of the possibility that point sources have
contributed mercury to ground water at the 34 sites is incomplete for lack of site-
specific data on former possible point sources; however, NJDEP data bases on
contaminants have been searched exhaustively for information on known point
sources. Available data do not implicate most of the known contamination sites as
sources of mercury to the 34 sites of elevated mercury concentrations in ground water.
Overall, although various types of point sources cannot be ruled out completely, on the
basis of available data they do not appear to be major contributors of mercury to
ground water underlying most of the 34 sites.

Hypothesis 5: At heric Depositi

On the basis of the calculations discussed earlier, substantial amounts of
mercury from the atmosphere are deposited on the land surface. Results of analyses of
two sets of undisturbed forest soil samples indicate that mercury deposited
atmospherically tends to be sequestered in soils in either organic-rich or clay-rich
horizons. The shallow ground water tapped by many observation wells in forested
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areas (fig. 7) generally does not contain detectable concentrations of dissolved mercury,
perhaps indicating that little if any mercury has recently (5 to 15 years ago) leached
from those soils.

At 10 of the 34 sites where well-depth data were sufficient to assess the
vertical distribution of mercury in the aquifer, most measurements of elevated
concentrations of mercury appear to be located in water roughly between 50 and 120 ft.
(Mercury in concentrations above the MCL has been detected as deep as 225 ft.) The
depths at which elevated mercury concentrations are found indicate that mercury was
introduced to the ground water at some time in the past, and that it currently resides
in water that is several decades old. The apparent lack of elevated mercury
concentrations in shallow (less than 50 ft) ground water may indicate that a past
source, rather than one that has continued to recent times, has contributed much of
the detectable mercury to ground water at many, if not all, of the 34 sites. Mercury-
concentration data for shallow wells are not abundant, however, and many samples
collected from shallow wells (see appendix 1b) are filtered. Therefore, the apparent
vertical distribution of mercury concentrations in ground water does not conclusively
rule out present-day leaching of mercury to ground water.

Mercury concentrations in soils at six sites of mercury-contaminated water
were substantially less than those found in undisturbed forest soils. This may indicate
that mercury has been leached from those soils; if so, then atmospherically deposited
mercury probably would be leached, as would mercury deposited on the soil from some
other source or sources. The mechanism by which the mercury could be mobilized is
not clear. 1t appears plausible that some of the mercury now detected in ground water
at the 34 sites could have been deposited atmospherically. Nevertheless, other sources
of mercury are possible as well.

H is 6: Land-Appli n

The potential of pesticides as a source of mercury has been recognized; “crop
runoff” is the first entry under “Sources of Contaminant in Drinking Water” for mercury
in USEPA'’s recent release National Primary Drinking Water dards (U.S.
Environmental Protection Agency, 1994). As discussed earlier, pesticides that
contained mercury were used in agriculture until about 20 years ago. The most soluble
compound, HgCl,, was probably used most extensively during the period from the
1930’s through the 1950’s. On the basis of the information available in various
agronomic handbooks (Daines, 1948; New Jersey Agricultural Experiment Station,
1941; Pepper, 1942; Wolf and Engel, 1948) and the calculations presented earlier, large
amounts of mercury may have been applied to the land surface in the United States in
the past. Given the highly permeable nature of the sandy soils in the New Jersey
Coastal Plain, most crop runoff that might contain mercury is likely to infiltrate, rather
than be lost as overland flow to streams.

Use of mercurial pesticides, which for the most part had ceased by the early
1970’s, appears, on the basis of available data, to have the potential for having
contributed mercury to many of the 34 sites. This conclusion is reinforced by past
land-use data, which indicate that 26 of the 34 sites are located in or adjacent to
former agricultural areas. Continued use of mercurial pesticides in residential
neighborhoods that succeeded the farms also could have provided a source for the
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mercury in ground water in those areas. Farm fields are not likely sources of mercury
to those sites where former agricultural land use was not present. Mercurial pesticide
use on lawns potentially could have contributed mercury to the land surface at all of
the 34 sites of elevated mercury concentrations in ground water, however.

Comparison of the Scenarios Developed for Hypotheses 3, 5, and 6

It is clear that there currently are numerous anthropogenic sources of
mercury, and that 30 to 50 years ago there were sources of mercury that do not exist
today. Although the data shown in appendix 3 indicate that some point sources in New
Jersey can contribute substantial amounts of mercury to ground water, the lack of
evidence of any known point sources that could affect most of the 34 sites points to the
necessity to evaluate other possible sources. In the discussion that follows, the relative
effects of inputs of mercury from several sources proposed earlier (hypotheses 3, 5, and
6) on the land surface or the subsurface are compared. One of the possible sources is
a nonpoint source (atmospheric deposition), a second may be a nonpoint source (land-
applied substances); the third (households) is, at the individual household level, a point
source. The houses in a development, however, when aggregated, constitute a
nonpoint source as well.

In Hypothesis 3, possible mercury contamination from households was
discussed, and scenarios were constructed for mercury inputs from chlorine bleach
and from exterior latex paint. To make comparisons viable, the scenarios are
compared on the basis of mercury inputs on 1 acre for a period of 10 years.

If housing density is four houses per acre and use of chlorine bleach results
in a contribution of mercury at a rate of 1.12 x 102 pug mercury per year, 4,480 ug
mercury would be contributed to the septic systems by four households using chlorine
bleach over 10 yr. Septic-system flow for an average household typically ranges from
200 to 350 gal/d, which is 757 to 1,325 L/d (Miller, 1980, p. 467), most of which could
be expected to contain virtually no mercury. Expected flow for each of the four houses,
therefore, would be approximately 2.76 x 10° L/yr to 4.84 x 10° L/yr. Over 10 yr, the
flow for the four houses could be expected to range from 1.10 x 107 to 1.94 x 107 L.
The estimated input of mercury from chlorine bleach (at a concentration of 0.018 ug/L)
in that volume of septic-system flow appears to be negligible, because if it remained
soluble, it would be diluted to nondetectable levels by household water use and,
ultimately, by recharge. For the four houses, assuming the equivalent of 80 paint
brushes per house washed during 10 years, the estimated masses of mercury (6.85 x
106 to 1.71 x 107 pg) would be diluted to about 0.35 to 1.55 pg/L in the septic-system
flow. Subsequent dilution of the septic system effluent by recharge would further
decrease the calculated concentrations.

The calculated possible amount of mercury in exterior paint is not negligible.
In the calculation for one house in the previous section, 20 gal of paint with 3 1b of PMA
added per 100 gal of paint was assumed. The amount of mercury in the paint was
calculated to be 1.62 x 108 pg, of which 50 percent was assumed to volatilize, leaving
8.1 x 107 pg in paint on the hypothetical house. At a density of four houses per acre, if
each is painted once in a 10-yr period and 50 percent is volatilized, the amount of
mercury available for leaching from paint used on 1 acre over a 10-yr period in a
residential area is estimated at 3.24 x 108 pg.
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There are no available data on the amounts of mercury that might be
leached from house paint by precipitation. Nor is it known how much of the elemental
mercury vapor that volatilizes from the paint is redeposited in the vicinity of the house
that was painted. The concentrations of mercury measured in soil samples from the
yards of houses at several of the 34 sites were found to be lower than the
concentrations measured in soil samples from two undisturbed forest areas. This
appears to indicate that the accumulation of mercury in soils in the immediate vicinity
of the houses investigated is less than that in the forest areas. Although housepaint
appears to be a substantial reservoir of mercury, there is no evidence that mercury
leaches from it to the soils; the major contribution of mercury from paint probably is to
the atmosphere. This contribution is likely to be larger in densely populated areas,
such as the shore communities of Ocean and Atlantic Counties, rather than some
inland areas where housing developments are sparsely distributed.

The amount of mercury estimated to be contributed to 1 acre in 1 yr by
atmospheric deposition is substantial (8.34 x 104 ug), and could be larger
(9.35 x 10* pg) if the dry deposition rate used in the previous calculation is low. In
10 years, with a constant rate, this would be 8.34 x 10° t0 9.35 x 10% gg of mercury. If
a rate twice that is assumed for the 1950’s and 1960's, then 1.67 x 10°to 1.87 x 10° g
of mercury would be deposited to 1 acre over a 10-yr period.

The amount of mercury deposited from the atmosphere can be directly
compared to land applications of mercury, such as the use of mercurial pesticides.
Calculations in a previous section, based on recommended rates of application of
HgCl,, indicated that possible amounts of mercury applied to 1 acre in a growing
season could range from 3.37 x 108 to 1.01 x 10° pg. If, over a 10-yr period (with some
rotation of crops), a crop requiring HgCl, treatment were planted every 3 yrs, it would
be planted four times in 10 yr, and mercury inputs to 1 acre would range from
1.34 x 10° to 4.04 x 10° pg.

Whatever the fate of the mercury deposited might be, pesticide applications
on 1 acre that follow recommended rates would exceed the amount of mercury
estimated to be deposited on 1 acre by wet and dry deposition. In fact, using the
largest estimated atmospheric deposition values, about 3,600 yr of atmospheric
deposition on 1 acre would be needed to equal the amount of mercury applied as
pesticide at the rate of 1 Ib/acre in 1 yr. If the atmospheric contribution is doubled for
the 1950’s and 1960’s estimate, then about 1,800 yr of atmospheric deposition would
be needed to equal the estimated (1 Ib/acre)/yr pesticide input.

Therefore, on the hypothetical acre assumed in these estimates, the amount
of mercury that would be added by atmospheric deposition in 1 yr to a single growing
season’s application of mercury pesticide is relatively negligible. Regionally, however,
atmospheric deposition of mercury has been continuous for a longer period of time
than the sporadic land application of pesticides. Furthermore, atmospheric deposition
of mercury occurs over the entire study area, whereas pesticides would have been
applied only to parts of the study area. Nevertheless, because elevated mercury
concentrations in ground water apparently are found spatially in clusters, either the
major mercury sources or the mobilizing mechanisms, or both, also may be spatially
clustered rather than widely distributed.
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The amounts of mercury estimated to be present in the 1-acre house-paint and
pesticide scenarios can be compared, although the amounts that may actually leach
cannot be compared because no data are available for mercury leaching from paint. The
amount of mercury estimated to be present in the paint applied in 10 yr to four houses on
1 acre (3.24 x 108 pg) is less than the amount of mercury estimated to be present in the
HgCl, applied to the crops grown on 1 acre over 10 yr at 1 1b/acre (1.07 x 10° pg) with 50-
percent vaporization from the paint and 20-percent vaporization from the farm field. The
maximum application of HgCl, to crops (at 3 Ib/acre), 3.23 x 10° pg of mercury, is about
10 times the maximum amount estimated in the house-paint scenario, again with
volatilizations of 50 percent for paint and 20 percent for pesticide. The percentages of
volatilization used in the estimates could be lower for mercury in paint and higher for
mercury in pesticide, however. Because little is known about the chemical behavior of
mercury in paint (except that it vaporizes as elemental mercury), the only other
comparison that can be made is of the solubilities of the various compounds. HgCl, is
more soluble in water than PMA (1g/13.5 mL or 7.4 x 107 pg/L (Merck, 1983) and
4.37 x 108 pg/L (Verschueren, 1983), respectively), and both are more soluble than
elemental mercury (6.39 x 1071 ng/L (Cotton and Wilkinson, 1980)).

An average of the mercury retention rates in soil measured by Amacher and
others (1990) may provide a realistic rate (50 percent) of leaching from soils in the New
Jersey Coastal Plain. Table 14 summarizes the mercury loads calculated for the various
scenarios and shows the possible concentration of mercury in 10 yr of recharge, with a 50-
percent rate of leaching from soil and an annual recharge of 22.9 in. to 1 acre. The
calculations show that the concentrations resulting from this 50-percent leaching of
mercuric chloride pesticide and paint (here assumed to be leached 100 percent by rain and
subsequently 50 percent from the soil) are similar to some of the concentrations of
mercury encountered in ground water at the sites of elevated mercury concentrations in
ground water. As discussed earlier, on the basis of relative solubilities, leaching of the
mercuric chloride pesticide appears to be more likely to occur than leaching of mercury in
paint. Leaching of PMA pesticide before it degrades to elemental mercury, although not
calculated, also may be a realistic possibility that could result, in some cases, in
substantial concentrations of mercury in recharge to the aquifer system.

The comparison of all the 1-acre scenarios, with estimated amounts of mercury
present in various substances used in what are assumed to be realistic amounts, indicates
that (1) use of chlorine bleach probably results in negligible inputs of mercury to septic
systems because of dilution, whereas washing paint brushes may result in larger inputs of
mercury to septic systems; (2) atmospheric deposition of mercury results in significant
amounts that reach the land surface; and (3) these atmospheric amounts, when calculated
for a single acre, are substantially smaller than the amounts in exterior paint and in
mercurial pesticides. Of these latter two sources, the amounts of mercury estimated to be
contributed by inorganic mercurial pesticides in a maximum-application scenario for
1 acre is about 10 times that estimated for paint (on 4 houses on 1 acre) containing 3 1b of
PMA per 100 gal of paint, given the assumed volatilization rates. Moreover, of the
mercurial pesticides, mercuric chloride is more soluble than PMA and also is more than 7
orders of magnitude more soluble than elemental mercury. Because no data on paint use
during the last 60 years are available and data on actual use of pesticides were not
available until recently (only recommended rates of application are available for past
decades), the relative importance of the various sources cannot be assessed. Nevertheless,
of the various mercury sources discussed (excluding industrial, commercial, or waste
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Table 14. Estimated mercury loads to an acre over 10 years from bleach, paint, mercuric chloride

pesticide, and atmospheric deposition, and calculated concentrations in recharge* in the New Jersey
Coastal Plain

[PMA, phenylmercuric acetate; gal, gallons; 1b, pounds; Ib/acre, pounds per acre; (pg/mz)/yr, micrograms per

square meter per year; (ug/acre)/10 yr; micrograms per acre per 10 years; Hg, mercury; %, percent; pg/L,
micrograms per liter; max., maximum; min., minimum,; ?, unknown]

Paint Atmospheric  Atmospheric
.. .. ition iti
Bleach** (3 1b PMA/ Pesticide Pesticide d(?goisozgl dfrgos?:)tlonll
(4houses/ 100 gal)  (max.) (min.) nfax : nﬁ’n ;‘a
acre) (4 houses/ (3 Ib/acre) (1 Ib/acre) Y9 Y9
acre) (46.2 (ug/m°)/ (20.6(pg/m-)/
yr) yr)
Potential Hg load
(ng/acre/10 yr) 4.48 x 10° 6.48 x 108 4.04x 10° 1.34x 10° 1.87 x 108 8.34x 10°
% volatilization 0 50 20 20 ? ?
Amount Hg available
( potential Hg load x ( 1- °-/'i_———"°'1‘(‘)l(;u"°“)]
(ng/acre)/10 yr) 4.48x 10° 3.24x 108 3.23x 10° 1.07x 10° 1.87x 10° 8.34x 10°
Hg concentration
(ug/L) in recharge (50% leaching by
2.35x 107 L of recharge in 10 yr) 9.5x 107 6.89 68.7 22.7 3.98 x 1072 1.77x 102

* Mean annual precipitation in the study area was 45.8 in. during 1951-80 (National Oceanic and Atmospheric Administration (1982), and evapotrans-
piration is estimated to be about 50 percent (Rhodehamel, 1970).
**Calculation assumes no dilution by wastewater.
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disposal point-source large releases to the subsurface), use of pesticides on crops, on
trees, and on turf potentially represents a substantial, and perhaps the largest,
amount of mercury that might be applied locally to the land surface. For the eight sites
where no former agricultural land use has been identified, possible sources would not
include pesticide use on crops, but could include use of mercurial pesticides on lawns.

Possible Mechanisms of Mercury Mobilization

Past research has indicated that inorganic mercury is not very mobile in
soils; up to 90 percent of mercury deposited on soils is believed to be retained, either
through complexation with organic matter, by cation exchange on clays, or as some
particulate form (Nater and Grigal, 1992). Mercury becomes more mobile when it is
transformed to an organic form, either methyl- or dimethyl-mercury. Methylated
mercury was found to constitute only a small percentage of the total mercury present
in ground-water samples collected from the Kirkwood-Cohansey aquifer system
(Windom and Smith, 1992); however, the rate of mercury methylation has been shown
to be greater in waters with pH less than 6.0 than in waters with pH in excess of 6.0
(Wood, 1988). The Kirkwood-Cohansey aquifer system and the soils of the Coastal
Plain can provide an acidic geochemical environment that enhances the methylation
process, but no data are available to indicate whether this process occurs to any
significant extent in New Jersey soils or aquifer materials.

Mercury could be deposited on the land surface in southern New Jersey in
several forms--elemental, as part of an organic compound such as PMA, or as a salt
such as HgCl,. The mercury could then complex with organic matter, exchange with a
cation and become bound to clays, or be adsorbed to iron or aluminum hydroxides.
The accumulation of mercury in the organic horizons and in the clay- and hydroxide-
rich B horizons in undisturbed forest soils is evidence that these processes do take
place. Introduction of mercury and mercury compounds into the subsurface also is
possible; whether subsurface mercury inputs can accumulate in aquifer sediments has
not been established, nor is it known what effect septic-system effluent would have on
mercury introduced into the subsurface.

Results of studies by ACHD and NJDEP indicate that the mercury in water
from wells at sites in New Jersey Coastal Plain might be present in a negatively charged
form (see table 6). Results of the study of filtered and unfiltered water samples by
NJDEP and the presence of lower concentrations of mercury than previously measured
in some filtered samples collected by the USGS indicate that some of the mercury
probably is not dissolved, but colloidal (particulate). Further, various VOC’s also were
found in ground-water samples at many of the same sites, although, in many cases,
‘not in the same water samples as elevated mercury concentrations. Although in most
cases little, if any, evidence exists to indicate that the mercury and the VOC'’s are
derived from the same sources, the possibility remains that the presence of VOC's
enhances the mobility of mercury. Mercury halides, primarily HgCl,, have been shown
to be soluble in benzene and various alcohols (Cotton and Wilkinson, 1980), and
chloroform and carbon tetrachloride are used as extractants for metals such as
mercury (Reeves and Brooks, 1978), but apparently little is known about the effects of
dilute solutions of these compounds or of diluted chlorinated solvents such as TCE or
PCE.
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Forstner and Wittmann (1983) suggest that deicing salts may enhance the
movement of trace metals to ground water. Studies have confirmed this possibility (for
example, Bauske and Goetz, 1993). Because mercury forms complexes with chloride
ions, road-deicing salts could be expected to enhance the mobility of mercury in soils.
Feick and others (1972) demonstrated that this is a viable mechanism for mobilizing
mercury; their results indicated that mercury was released from freshwater sediments
by runoff containing deicing salt. Additionally, Behra (1986) found that sodium
hypochlorite (bleach) could release mercury from saturated porous media.

Information on agricultural practices and land-use data collected during
this study indicate that mercurial compounds used as pesticides could be an important
source of mercury to ground water in the New Jersey Coastal Plain. The effects of other
inorganic agricultural chemicals, such as phosphate or ammoniacal fertilizers, lime, or
potassium chloride, on the mobility of mercury are not known, however. Chloride and
ammonium are major constituents of sewage; if septic systems release these
constituents to soils, they may complex with, or desorb, sorbed mercury and thus
permit it to become mobilized from the soils or aquifer materials to the ground water.
“Acid rain” has been implicated in the mobilizing of some metals; its effect on mercury
in soils has received relatively little attention. Hanson and others (1982), in a study of
metal deposition in sediment cores from lakes in New England and Canada, suggest
that precipitation was acidified as early as 1880. Cogbill and Likens (1974) indicate
that acidification of precipitation intensified in the United States in the 1940’s, 1950’s,
and 1960’s. Increasingly acidic precipitation may have coincided with inputs of
mercury as industrial emissions, as pesticides, or as a component of house paint.
Finally, the mechanical disruption of soils by excavation and grading, or burying
beneath fill with its own burden of atmospheric mercury, may provide a mechanism for
releasing mercury bound to soils.

Figure 43 shows a conceptual model of some of the possible mechanisms of
mercury mobilization. The model includes scenario A, in which mercury is sequestered
in the soil and does not mobilize to ground water. Evidence gathered to date indicates
this may be the case in some forested areas. In scenario B, mercury does not remain in
the soils but leaches directly to ground water as “acid rain” recharges the aquifer.
Three other scenarios in the model include mobilization by substances, such as
phosphates and ammonia, found in fertilizers (both chemical and manure) and sewage
from septic systems (C); mobilization by chloride salts such as those used to deice
roads (D); and mobilization through mechanical disturbance (E). The length of time
needed to move mercury in any of several forms deposited at or beneath the land
surface through the soil to the water table and from the water table to depths now
tapped by the wells known to yield mercury-contaminated water is unknown, however.
Determination of leaching rates will improve the understanding of the timing between
date of input at or near the surface and arrival at depth in the aquifer.

SUMMARY AND CONCLUSIONS

Total-mercury-concentration data for water samples from 2,270 wells that
tap the Kirkwood-Cohansey aquifer system in the New Jersey Coastal Plain were
collected during a study by the U.S. Geological Survey in cooperation with New Jersey
Department of Environmental Protection. The mercury-concentration data, collected
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Figure 43. Conceptual model of some of the possible mechanisms
by which mercury is mobilized in the New Jersey Coastal Plain.
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from State and county files of analytical results, show that mercury has been detected
in the most recent sampling of water from about 1,300 wells; mercury concentrations
in the most recent water samples from 265 of these wells exceeded the USEPA MCL of
2 ng/L. Thirty-four sites have been identified in seven counties where one or more wells
have yielded water containing mercury in concentrations equal to or greater than

1 ng/L. Data for 2,239 wells at these sites were available. At 32 of these sites, one or
more wells have yielded water on at least one sampling occasion with a mercury
concentration in excess of the MCL. Background concentrations of mercury in the
ground water have been determined during a previous study to be typically less than
10 ng/L.

The mercury data base compiled during this study consists of mercury-
concentration data, well-construction data, and geographic-location data. Analysis of
these data indicates that most elevated mercury concentrations are found in ground
water from about 50 to at least 120 ft in depth. Additional data indicate that mercury
has been found in water samples from a 225-ft-deep well. The depths at which the
elevated mercury concentrations are present in ground water indicate that the water
probably is several decades old and, therefore, any mercury found at depth and
introduced at the land surface would derive from past activities rather than present
practices. In most cases, the mercury is detected in water from domestic wells with
small screened intervals (5-10 ft). In some areas, longer screens in irrigation and public
supply wells may result in the dilution of contaminated water by uncontaminated
water, masking the presence of mercury.

Results of analysis of soil samples from undisturbed forest soils and from
disturbed soils at 6 of the 34 sites demonstrated that mercury is concentrated in the O
and B horizons of undisturbed forest soils, but that it is distributed fairly evenly
throughout the soil columns of disturbed soils found at sites of contaminated ground
water. Moreover, the concentrations of mercury in undisturbed soils are greater than
the concentrations in disturbed soils; the concentrations of mercury in disturbed and
undisturbed soils are within the range of naturally occurring mercury concentrations
reported in the literature, however. Results of analysis of a core from the unsaturated
zone In an area known to have been surficially contaminated with vaporous elemental
mercury indicate that mercury has been retained in the upper 18 in. of the soil profile.

Of the 34 sites defined during this study, 13 had been identified and
investigated at the time the study began. Previous land use at all 34 sites was
determined by examination of aerial photographs and topographic maps from the last 4
to 6 decades. Thirty-two of the 34 sites are residential; 2 are in a rural setting. The 32
residential sites exhibit varying degrees of housing density. Some portion of previous
land use at 26 of the sites was determined to be agricultural, and the residential
development at most sites began during the 1950’s and 1960’s. Several sites are
located adjacent to landfills, waste transfer stations, or Superfund sites. In these
cases, the possible contribution of contaminants from these potential point sources
has been investigated previously. During this study, data on possible point sources,
such as landfills, military installations, industrial sites, commercial operations, and
cemeteries, was collected. Local hydrology at the 13 original sites was evaluated in
detail, and hydrology at the other sites also was assessed.
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Six hypotheses as to the sources of the mercury are advanced:

1. Mercury was introduced to the water samples during collection and/or
analysis;

2. Mercury was introduced to the water samples by materials in a
particular type of pump;

3. Mercury was contributed to the land surface or subsurface by
household materials, through the septic system, or through the well, or
was leached from exterior paint;

4. Mercury was contributed from a nearby point source, such as a landfill,
military installation, industrial site, commercial operation, or
cemetery;

5. Mercury was contributed by atmospheric deposition;

6. Mercury was contributed by land-applied substances such as mercurial
pesticides.

Results of quality-assurance measures carried out in this and previous
studies indicate that the mercury-concentration data are reproducible and consistent,
and represent real contamination in the aquifer rather than artifacts of sampling or
analysis.

On the basis of results of statistical analysis of available data, the mercury
in the ground-water samples at the 34 sites does not appear to be related to a brand of
pump in the affected wells. Chlorine bleaches have been shown to contain mercury,
but available data do not permit a rigorous evaluation of the amount of mercury that
might be contributed to ground water, either through the septic system or through the
well during disinfection with chlorine. The amounts are estimated to be negligible.
Mercury in exterior paints appears to be a potentially large source of mercury to the
environment; whether it is leached from paint to the soils at the base of any house is
not known. The amounts of mercury contributed by paint are difficult to determine
because, although the amount of mercury in paint can be large, the amount that could
be leached by precipitation is not known. Mercury also may be contributed to septic
systems through washing of paintbrushes.

Point sources, such as landfills, industrial sites, military installations, and
cemeteries, are possible sources of mercury to the environment, as are various
enterprises, such as laboratories and dentists’ offices that use mercury and hospitals
and school laboratories that discharge mercury to septic systems. No data were
discovered during this study that conclusively link any of these possible sources to the
presence of mercury at the 34 sites. On the basis of proximity to known point sources
and assessment of available hydrologic and water-quality data, many of the 34 sites
appear unlikely to be affected by such a source. The hypothesis that such point
sources have contributed mercury to some of the 34 sites cannot be proved or
disproved without additional site-specific data, however.

Mercury is deposited on the land surface from the atmosphere, but on the
basis of calculations of possible inputs, this does not appear to be the largest possible
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source of mercury to ground water on an annual basis. Calculations of recommended
rates of application indicate that a large amount of mercury could have been deposited
locally on the land surface from past use of mercurial pesticides during the first 7
decades of the 20th century. Mercuric chloride, which is highly soluble in water, was
used on crops from the 1930’s through the 1950’s. Phenyl mercuric acetate was used
during the 1950’s and 1960’s; its use on crops was banned in 1972. Twenty-six of the
34 sites are located on or adjacent to what was formerly agricultural land. Mercurial
pesticides also have been used on turf to control snow mold and crabgrass.

Because few of the wells that have been sampled for mercury tap the aquifer
deeper than 120 ft, the deepest extent of mercury contamination in the aquifer is not
well-known. Further, the true areal distribution of mercury-contaminated ground
water is not known because the distribution indicated by the data examined during
this study does not represent random sampling of ground water, but rather sampling
targeted to areas where contaminants had been discovered. Further, there is no
indication that all or most of the instances of mercury-contaminated ground water
have been discovered.

As a result of this investigation, it appears that no one source of mercury or
one mode of transport is likely to be solely responsible for the observed occurrences of
elevated concentrations of mercury in ground water in the Coastal Plain of New Jersey.
Further research may provide additional information about the combination of sources
and transport processes that has led to this regional problem. Nevertheless, elevated
mercury concentrations in ground water appear to occur when both a source and
chemical and/or physical processes conducive to mercury mobilization and transport
are present.
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Appendix 1. Mercury concentrations in water samples from, and well-construction data for, 2,239
wells at 34 sites of elevated mercury concentrations in ground water; and mercury concentrations in
samples from 168 wells listed in the U.S. Geological Survey data base, 31 additional wells in State
and County files, and 26 wells included in Skidaway Institute of Oceanography/N.J. Department of
Environmental Protection study

la

1b.

lc.

1d.

. Table 1a.

Figure la.

Table 1b.

Table 1c.

Figure lc.

Table 1d.

Figure 1d.

Mercury concentrations in water samples from, and well-construction
data for, 2, 239 wells* screened in the Kirkwood-Cohansey aquifer
system at 34 sites of elevated mercury concentrations in ground
water, New Jersey Coastal Plain.

Map showing municipalities in which 34 sites of elevated mercury
concentrations in ground water are located, New Jersey Coastal
Plain.

Mercury concentrations in water samples from 168 wells screened in
the Kirkwood-Cohansey aquifer system, New Jersey Coastal Plain.

Mercury concentrations in water samples from, and well-construction
data for, 31 wells* sampled during State and county investigations;
mercury concentrations less than 1 microgram per liter for all wells
in a given area.

Map showing locations of areas not included in sites of elevated
mercury concentrations in ground water for which mercury
concentrations in ground water are less than 1 microgram per liter,
and locations of 34 sites of elevated mercury concentration in
ground water, New Jersey Coastal Plain.

Total-mercury concentrations in water from wells* sampled during
study of background mercury concentrations by Skidaway
Institute of Oceanography and New Jersey Department of
Environmental Protection, 1991.

Map showing locations of wells yielding water with background
concentrations of total mercury, and location of 34 sites of elevated
mercury concentrations in ground water.

*Data for wells sampled by State, county, and local agencies are not maintained in U.S. Geological Survey electronic data base.
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APPENDIX 1

Collection of Water Samples by State, County, and Local Agencies

Water samples from 2,270 wells, the most recent (as of June 1993) data for
which are included in appendix 1a and appendix 1c, were collected by State, county, or
local agencies, principally the county health departments and the NJDEP.

The sampling protocol followed the procedures outlined in the NJDEP Field
Sampling Procedures Manual for sampling domestic wells (N.J. Department of
Environmental Protection, 1992, p. 181-186). The sampling point was chosen to be as
close to the well head as possible. In order to evacuate plumbing and the water-storage
tank, water was run for a minimum of 15 minutes prior to sample collection. Where
faucets within the houses were the sample-collection point, aerators were removed
prior to sample collection. Treatment units, such as water softeners or carbon filters,
were bypassed. Whenever possible, confirmatory samples were collected at a later date
at the same sampling point. Selected duplicate samples were collected routinely by
sampling teams from NJDEP. Samples were not filtered. New, clean sample containers
were provided by individual laboratories. Upon collection of the water sample, the
sample bottles were acidified with concentrated nitric acid in order to preserve the
sample, and were transported in clean coolers, with chain-of-custody documentation,
to the laboratory.

All samples were analyzed by laboratories certified by the NJDEP to perform
analyses for mercury in drinking water by using the USEPA Method 245.1 (U.S.
Environmental Protection Agency, 1979), cold vapor atomic absorption. Analyses were
performed within the 14-day holding time specified by Method 245.1.
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Table 1a. Mercury concentrations in water samples from, and well-construction data for, 2,239 wells
screened in the Kirkwood-Cohansey aquifer system at 34 sites of elevated mercury concentrations in
ground water, New Jersey Coastal Plain

[Hg, mercury; pg/L, micrograms per liter; ft, feet; *, no data available; PVC, polyvinyl chloride; g steel,
galvanized steel; sub, submersible pump; DW, deep well; SW, shallow well; n.i., none installed; R,
replacement well; N, new well; A, abandoned well; all analytical results are for unfiltered samples except
those analyzed by Princeton University Geology Department laboratory; unkn, unknown; <, less than]

Hg Water

Well- con- Screened level
identl- Lab- centra- Well inter-  Casing Instal-  (ft below

fication Sampling ora- tion depth val materi- Pump lation land
number! date tory’®  (ugll) (ft) (ft) al type  date  surface)

Adantic County - Hammonton Town - Site 1

1001 10-3-91 ACHD 0.59 * * * * * *
1002 * ACHD 1.25 92 10 steel 12-52 28
1003 * ACHD  <0.20 * * * * * *
1004 * ACHD 0.57 * * * * * *
1005 11-12-91 ACHD 0.59 100 10 PVC sub 12-87 29
1006 12-11-91 ACHD 0.40 102 10 PVC sub 2-87 14
1007 11-20-91 ACHD  <0.20 * * * * * *
1008 12-10-91 ACHD <0.20 103 10 PVC sub 4-87 10
1009 11-1-91 ACHD 0.85 103 * * * * *
1010 * ACHD 0.38 90 10 PVC sub 10-78 18
1011 11-1-91 ACHD 0.51 * * * * * *
1012 10-28-91 ACHD 0.13 * * * * * *
1013 10-3-91 ACHD 0.59 * * * * * *
1014 10-28-91 ACHD 0.53 * * * * * *
1015 10-3-91 ACHD 0.68 * * * * * *
1016 10-8-91 ACHD  <0.20 * * * * * *
1017 10-3-91 ACHD 0.48 * * * * * *
1018 10-9-91 ACHD 0.39 134 10 PVC sub 11-81 18
1019 12-11-91 ACHD 0.73 * * * * * *
1020 10-23-91 ACHD 3.57 80 10 PVC jet 6-78 12
1021 10-3-91 ACHD 2.60 * * * * * *
1022 12-5-91 ACHD 0.12 * * * * * *
1023 10-16-91 ACHD 0.14 80 10 PVC sub 10-87 6
1024 10-16-91 ACHD 0.19 75 10 PVC sub 7-84 3
1025 10-3-91 ACHD 0.49 90 15 PVC sub 9-86 10
1026 12-9-91 ACHD <0.20 80 10 PVC unkn 6-86 10
1027 11-12-91 ACHD 0.59 * * * * * *
1028 10-18-91 ACHD 6.01 * * * * * *
1029 10-15-91 ACHD 0.42 * * * * * *
1030 10-3-91 ACHD 1.03 * * * * * *
1031 10-23-91 ACHD 0.38 72 10 PVC sub 11-86 10
1032 11-4-91 ACHD 0.89 * * * * *
1033 10-22-91 ACHD 0.19 * * * * * *
1034 11-7-91 ACHD 0.52 * * * * * *
1035 10-16-91 ACHD 5.48 90 10 PVC sub 12-78 5

IEirst digits of well-identification number represent site number; following digits represent well number assigned by N.J.
Department of Environmental Protection or U.S. Geological Survey.

2 Abbreviations for laboratories listed at end of table.

3Use of company names is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey.

152



Table 1a. Mercury concentrations in water samples from, and well-construction data for, 2,239 wells
screened in the Kirkwood-Cohansey aquifer system at 34 sites of elevated mercury concentrations in
ground water, New Jersey Coastal Plain—Continued

Hg Water
Well- con- Screened level
identi- Lab- centra- Well inter-  Casing Instal-  (ft below
fication Sampling ora- tion  depth val materi- Pump lation land
number! date toryz*1 (ug/L) (ft) (ft) al type date surface)

Atiantic County - Hammonton Town - Site 1—-Continued

1036 10-16-91 ACHD 1.33 * * * * * *
1037 11-4-91 ACHD 2.38 73 6 steel * 5-64 *
1038 10-29-91 ACHD 6.99 * * * * * *
1039 10-14-91 ACHD 5.50 80 10 PVC sub 11-86 9
1040 10-16-91 ACHD 8.37 * * * * * *
1041 9-25-91 ACHD 7.24 * * * * * *
1042 9-26-91 ACHD 3.00 * * * * * *
1043 11-4-91 ACHD 8.80 * * * * * *
1044 10-16-91 ACHD 5.59 80 10 PVC sub 6-86 10
1045 11-12-91 ACHD 0.98 * * * * * *
1046 10-8-91 ACHD 3.15 * * * * *

1047 10-16-91 ACHD 27 * * * * * *
1048 10-23-91 ACHD 12.51 80 10 PVC sub 8-87 18
1049 11-8-91 ACHD 18.20 * * * * * *
1050 10-23-91 ACHD 2.31 85 10 PVC sub 8-82 12
1051 10-16-91 ACHD 2.48 * * * * * *
1052 10-22-91 ACHD 0.97 * * * * * *
1053 12-3-91 ACHD  <0.20 80 * * * * *
1054 10-16-91 ACHD 0.34 * * * * * *
1055 10-22-91 ACHD 3.16 * * * * * *
1056 10-16-91 ACHD 2.48 * * * * * *
1057 10-3-91 ACHD 0.68 * * * * * *
1058 10-22-91 ACHD 2.17 * * * * * *
1059 10-22-91 ACHD  <0.20 * * * * * *
1060 12-9-91 ACHD  <0.20 * * * * * *
1061 10-16-91 ACHD 0.14 * * * * * *
1062 10-22-91 ACHD 0.19 * * * * * *
1063 10-22-91 ACHD 0.83 60 10 PVC jet 6-78 6
1064 10-16-91 ACHD 0.63 * * * * * *
1065 10-15-91 ACHD 1.53 * * * * * *
1066 10-9-91 ACHD 0.39 * * * * * *
1067 9-23-91 ACHD 0.49 * * * * * *
1068 9-24-91 ACHD 1.11 90 10 PVC jet 4-79 12
1069 9-23-91 ACHD 0.49 * * * * * *
1070 10-15-91 ACHD 0.42 100 10 PVC sub 1-89 16
1071 10-28-91 ACHD 0.73 95 10 PVC sub 10-84 5
1072 10-15-91 ACHD 0.42 85 10 PVC sub 7-86 14
1073 10-8-91 ACHD 3.43 80 10 PVC sub 8-85 14
1074 11-4-91 ACHD  <0.20 20 * * * * *
1075 10-22-91 ACHD 0.28 95 10 PVC sub 10-84 10
1076 9-23-91 ACHD 0.60 * * * * * *
1077 10-9-91 ACHD 3.73 * * * * * *
1078 10-9-91 ACHD 0.31 103 10 PVC jet 4-87 7
1079 10-9-91 ACHD 0.71 * * * * * *
1080 10-3-91 ACHD  <0.20 120 10 PVC sub 8-86 18
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Table 1a. Mercury concentrations in water samples from, and well-construction data for, 2,239 wells
screened in the Kirkwood-Cohansey aquifer system at 34 sites of elevated mercury concentrations in
ground water, New Jersey Coastal Plain--Continued

Hg Water
Well- con- Screened level
{dent- Lab-  centra- Well inter- Casing Instal-  (ft below
fication Sampling ora- tion depth val materi- Pump lation land
number! date toryz'3 (ug/L) (ft) (ft) al type date surface)

Atantic County - Hammonton Town - Site 1—-Continued

1081 9-25-91 ACHD 0.40 * * * * * *
1082 9-11-91 ACHD 13.52 * * * * * *
1083 10-9-91 ACHD 2.73 * * * * * *
1084 9-25-91 ACHD 5.70 104 10 PVC sub 10-88 20
1085 9-23-91 ACHD 3.54 104 10 PVC sub 7-88 20
1086 10-23-91 ACHD 0.73 * * * * * *
1087 10-9-91 ACHD 0.57 * * * * * *
1088 10-16-91 ACHD 3.04 * * * * * *
1089 10-9-91 ACHD 1.53 * * * * * *
1090 9-23-91 ACHD 4.23 * * * * * *
1091 10-9-91 ACHD 0.49 * * * * * *
1092 9-23-91 ACHD 0.60 * * * * * *
1093 10-29-91 ACHD 0.13 * * * * * *
1094 10-31-91 ACHD 0.57 * * * * * *
1095 10-9-91 ACHD <0.20 90 10 PVC sub 10-87 15
1096 10-29-91 ACHD 0.53 * * * * * *
1097 10-23-91 ACHD 0.38 150 20 PVC sub 6-84R 20
1098 10-16-91 ACHD 0.28 * * * * * *
1099 10-29-91 ACHD 0.33 * * * * * *
1100 9-25-91 ACHD 0.40 105 10 PVC sub 7-84 18
1101 9-25-91 ACHD 0.40 * * * * * *
1102 10-28-91 ACHD 0.43 * * * * * *
1103 11-20-91 ACHD 0.33 90 10 PVC sub 6-78 20
1104 11-1-91 ACHD 0.76 * * * * * *
1105 10-29-91 ACHD 0.23 * * * * * *
1106 10-31-91 ACHD 0.48 132 10 PVC sub 10-87 23
1107 11-12-91 ACHD 0.59 84 * * * * *
1108 10-28-91 ACHD 0.53 155 10 PVC sub 4-84 18
1109 10-31-91 ACHD 0.76 80 15 PVC sub 9-86 17
1110 10-23-91 ACHD <0.20 * * * * * *
11t 11-20-91 ACHD <0.20 * * * * * *
1112 11-19-91 ACHD <0.20 * * * * * *
1113 12-9-91 ACHD <0.20 * * * * * *
1114 10-30-91 ACHD 4.07 * * * * * *
1115 10-30-91 ACHD 0.48 * * * * * *
1116 10-8-91 ACHD 7.76 * * * * * *
1117 10-30-91 ACHD 3.15 * * * *

1118 10-29-91 ACHD 0.33 95 10 PVC sub 12-87 12
1119 10-28-91 ACHD 0.13 * * * * * *
1120 12-10-91 ACHD <0.20 * * * * * *
1121 12-9-91 ACHD <0.20 * * * * * *
1122 12-3-91 ACHD 0.33 120 10 PVC sub 12-88 27
1123 10-28-91 ACHD 0.23 * * * * * *
1124 10-31-91 ACHD 0.48 70 10 PVC jet 11-78 12
1125 11-6-91 ACHD 0.52 130 15 PVC sub 4-87 12
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Table 1a. Mercury concentrations in water samples from, and well-construction data for, 2,239 wells
screened in the Kirkwood-Cohansey aquifer system at 34 sites of elevated mercury concentrations in
ground water, New Jersey Coastal Plain--Continued

Hg Water
Well- con- Screened level
denti- Lab-  centra- Well inter-  Casing Instal-  (ft below
ficatfon Sampling ora- tlon depth val materi- Pump latlon land
number! date toryz’3 (ng/L) (ft) (ft) al type date surface)

Adantic County - Hammonton Town - Site 1—Continued

1126 10-23-91 ACHD 0.39 92 15 PVC sub 4-87 24
1127 1-29-92 ACHD 0.96 * * * * * *
1128 1-14-92 ACHD 0.73 * * * * * *
1129 5-12-92 ACHD 0.17 * * * * * *
1130 5-12-92 ACHD <0.10 * * * * * *
1131 10-15-91 ACHD 1.68 * * * * * *
1132 10-20-92 ACHD 0.17 * * * * * *
Atlantic County - Egg Harbor Township- Site 2
2000 * * O. 12 * * * * * *
2001 1-28-91 P&P <2.00 * * * * * *
2003 6-19-90 ACHD <0.10 * * * * * *
2004 6-14-90 TWC <0.10 106 * PVC * * *
2005 7-11-90 ACHD <0.10 86 * PVC * * *
2006 6-14-90 T™WC <0.10 * * * * * *
2007 6-14-90 TWC <0.10 81 * PVC * * *
2008 6-14-90 TWC <0.10 86 * PVC * * *
2009 6-26-90 ACHD 0.04 83 * PVC * * *
2010 8-14-90 * <0.10 81 * PVC * * *
2012 10-18-90 TWC 1.32 * * * * * *
2013 3-6-91 * 0.37 * * * * * *
2014 10-31-90 ACHD 0.14 * * * * * *
2015 6-24-92 ACHD 0.43 * * * * * *
2016 10-31-90 * <0.10 * * * * * *
2017 12-20-90 P&P <2.00 * * * * * *
2018 6-19-90 ACHD <0.10 * * * * * *
2019 6-18-90 ACHD 1.26 * * * * * *
2020 6-25-90 ACHD <0.10 * * * * * *
2021 6-21-90 TWC 0.04 * * * * * *
2022 6-18-90 ACHD 2.84 * * * * *
2023 8-9-90 * 0.68 * * * * *
2024 7-17-90 ACHD 0.29 96 * * * * *
2025 8-8-90 * 0.68 * * * * * *
2026 6-25-90 ACHD <0.10 85 * PVC * * *
2027 10-24-90 ACHD <0.10 81 * PVC * * *
2028 6-11-90 ACHD 0.28 85 * PVC * * *
2029 7-2-90 ACHD 1.70 85 * PVC * * *
2030 6-12-90 ACHD <0.10 85 * PVC * * *
2031 6-25-90 ACHD 1.03 85 * PVC * * *
2032 5-15-90 ACHD <0.10 85 * PVC * * *
2034 3-19-91 ACHD <0.10 81 * PVC * * *
2035 7-17-90 ACHD 0.43 * * * * * *
2036 6-15-90 TWC 5.00 85 * PVC * * *
2037 6-21-90 ACHD <0.10 86 * PVC * * *
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Table 1a. Mercury concentrations in water samples from, and well-construction data for, 2,239 wells
screened in the Kirkwood-Cohansey aquifer system at 34 sites of elevated mercury concentrations in
ground water, New Jersey Coastal Plain—~Continued

Hg Water
Well- con- Screened level
ident- Lab-  centra- Well Inter-  Casing Instal-  (ft below
fication Sampling ora- tion depth val materf- Pump lation land
number! date tory’®  (uglL)  (fo) (ft) al type  date  surface)

Atlantic County - Egg Harbor Township- Site 2—Continued

2038 7-3-90 ACHD 0.34 * * * * * *
2039 6-21-90 ACHD  <0.10 * * * * * *
2040 6-15-90 TWC 3.10 * * * * * *
2042 11-20-90 ACHD 2.30 * * * * * *
2043 6-14-90 TWC <0.50 100 * * * * *
2044 7-24-90 ACHD 4.43 * * * * * *
2045 6-21-90 ACHD  <0.10 * * * * * *
2046 6-25-90 ACHD 1.28 * * * * * *
2047 6-4-92 ACHD 2.00 125 * * * * *
2048 9-27-90 ACHD  <0.10 * * * * * *
2049 4-24-91 ACHD 1.39 * * * * * *
2050 10-17-90 ACHD 0.30 * * * * * *
2051 9-13-90 ACHD 0.41 83 * PVC SW Jet 8-89R 20
2052 10-16-90 ACHD 0.97 85 * PVC SW Jet 8-84R 17
2053 5-29-91 ACHD 1.90 * * * * * *
2054 10-23-90 ACHD 1.47 50 * * * * *
2055 6-14-90 ACHD 0.27 * * * * * *
2056 11-7-90 ACHD 0.13 * * * * * *
2057 9-13-90 ACHD  <0.10 * * * * * *
2059 6-25-90 ACHD  <0.10 80 * PVC * * *
2060 6-11-90 ACHD 7.50 * * * * * *
2061 6-25-90 ACHD 0.17 81 * PVC * * *
2062 5-23-91 ACHD 22.50 81 * PVC * *
2063 6-11-90 ACHD <0.10 * * * * * *
2064 10-24-90 ACHD 1.11 * * * * * *
2065 4-26-91 ACHD 0.55 * * * * * *
2066 4-23-91 ACHD 0.24 * * * * * *
2067 4-23-91 ACHD 0.35 * * * * * *
2068 4-2391 ACHD 0.24 * * * * * *
2069 7-25-90 ACHD 0.57 106 * * * * *
2070 6-18-90 ACHD 1.26 * * * * * *
2071 7-11-90 ACHD 0.21 * * * * * *
2072 6-19-90 ACHD  <0.10 * * * * * *
2073 6-11-90 ACHD  <0.10 * * * * * *
2074 6-20-90 ACHD  <0.10 * * * * * *
2075 6-12-90 ACHD <0.10 * * * * * *
2076 6-21-90 ACHD  <0.10 180 * * * * *
2077 6-12-90 ACHD  <0.10 * * * * * *
2078 6-18-90 ACHD 1.60 * * * * * *
2079 6-21-90 ACHD  <0.10 120 * * * * *
2080 8-7-90 ACHD 0.20 110 * * * * *
2081 6-21-90 ACHD  <0.10 * * * * * *
2083 6-18-90 ACHD 0.25 110 * * * * *
2084 6-18-90 ACHD 0.36 * * * * * *
2085 6-19-90 ACHD  <0.10 85 * pPVC * * *
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Table 1a. Mercury concentrations in water samples from, and well-construction data for, 2,239 wells
screened in the Kirkwood-Cohansey aquifer system at 34 sites of elevated mercury concentrations in
ground water, New Jersey Coastal Plain--Continued

Hg Water
Well- con- Screened level
fdenti- Lab-  centra- Well inter-  Casing Instal-  (ft below
fication Sampling ora- tion depth val materi- Pump lation land
number! date tory>®  (ug/L)  (ft) (ft) al type  date  surface)

Atlantic County - Egg Harbor Township- Site 2—Continued

2086 6-14-90 ACHD  <0.10 80 * PVC * * *
2087 8-1-90 ACHD 0.28 80 5 PVC n.i. * *
2088 6-11-90 ACHD 0.33 105 5 PVC ni. 1-83N 22
2089 7-25-90 ACHD 0.36 10t * PVC * * *
2090 6-21-90 ACHD <0.10 105 * PVC * * *
2093 6-12-90 ACHD <0.10 82 * PVC * * *
2094 7-19-90 ACHD 2.60 81 * PVC * * *
2095 6-21-90 TWC 0.60 85 * PVC * * *
2097 8-28-90 ACHD 6.36 92 * pPVC * * *
2098 6-14-90 ACHD <0.10 * * * * * *
2100 7-31-90 ACHD 0.30 * * * * * *
2101 4-10-91 ACHD <0.10 * * * * * *
2102 6-11-90 ACHD  <0.10 * * * * * *
2103 6-15-90 ACHD  <0.10 120 * * * * *
2104 6-11-90 ACHD <0.10 * * * * * *
2105 6-26-90 ACHD 0.40 * * * * * *
2106 6-11-90 ACHD <0.10 86 * * * * *
2107 12-5-90 ACHD 1.06 107 * * * * *
2108 9-13-90 ACHD 0.62 * * * * * *
2109 9-4-90 ACHD 9.20 * * * * * *
2110 9-26-90 ACHD <0.10 120 * * * * *
2111 6-24-92 ACHD 232 81 * * * * *
2112 10-23-90 ACHD <0.10 105 * * * * *
2113 4-17-91 ACHD <0.10 * * * * * *
2114 9-4-90 ACHD 0.20 81 * PVC * * *
2116 6-27-90 ACHD 0.15 85 * pPVC * * *
2117 6-15-90 ACHD <0.10 85 * PVC * * *
2118 6-15-90 ACHD <0.10 * * * * * *
2119 6-14-90 ACHD 6.30 85 * PVC * * *
2120 7-25-90 ACHD 3.04 * * * <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>