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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain
foot (ft) 0.3048 meter
acre 4,047 square meter
micrograms per liter (ug/L) 1,000 milligrams per liter
millimhos per meter (mmhos/m) 1.0 millisiemens per meter
micrometer (um) 0.000001 meters

Abbreviated water-quality unit used in this report:
pg/kg, micrograms per kilogram

Sea level: 1In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929--a geodetic datum derived from a general adjustment
of the first-order level nets of both the United States and Canada, formerly
called Sea Level Datum of 1929.



WATER-QUALITY RECONNAISSANCE OF THE PERIMETER OF THE ROLLING KNOLL LANDFILL
NEAR GREEN VILLAGE, NEW JERSEY, AND ELECTROMAGNETIC SURVEY OF THE PARTS OF
THE LANDFILL WITHIN THE GREAT SWAMP NATIONAL WILDLIFE REFUGE, 1989

By Kenneth S. Turner, Mark A. Hardy, and Robert J. Tapper

ABSTRACT

A water-quality reconnaissance of surface water and shallow ground
water at the perimeter of the former Rolling Knoll landfill near Green
Village, New Jersey, and an electromagnetic survey of the parts of the
landfill within the Great Swamp National Wildlife Refuge were conducted
during 1989. Results of the water-quality reconnaissance indicate that
cadmium, lead, silver, and zinc were present in surface water and ground
water adjacent to the Rolling Knoll landfill, although the concentrations of
these constituents did not exceed New Jersey drinking-water regulations for
these constituents. Concentrations of dissolved iron varied from 64 to
57,000 micrograms per liter; of the surface-water and ground-water samples
collected, two-thirds exceeded New Jersey secondary drinking-water
regulations. Several organic compounds were detected and were tentatively
identified as pharmaceuticals or related compounds. Organic compounds were
detected in surface water on the southern and western sides of the landfill,
and polycyclic aromatic compounds, insecticides, and polychlorinated
biphenyls were detected in samples of stream-bottom materials in Loantaka
Brook. Trace elements (other than lead) generally were present in
concentrations greater than background levels only in samples of surface
water and ground water collected east and south of the landfill. Lead was
detected in samples of surface water and ground water collected east and
south of the landfill and in samples from two surface-water sample sites in
the western and southwestern parts of the study area, near Loantaka Brook.

Results of the electromagnetic survey were consistent with the
lithologic descriptions of cores collected from hand-augered holes around
the perimeter of the landfill. On the basis of the results of the water-
quality analyses and the distribution of sands and clays inferred from the
results of the electromagnetic survey, sites were identified at which
installation of observation wells would allow for monitoring of the possible
effects of the landfill on water quality in the area.
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INTRODUCTION

|
|

The U.S. Fish and Wildlife Serv1 e mana es the Great Swamp National
Wildlife Refuge, which includes part f the ormer Rolling Knoll landfill
near Green Village in Morris County, New Jersey The landfill was used for
disposal of domestic wastes, pharmaceuticals, and possibly industrial wastes
from the 1930's to 1968. About 30 acres of the 140-acre landfill lie within
the Wilderness Area of the Refuge. e area of the Great Swamp, the
Wilderness Area, and the location of the Rolling Knoll landfill are shown in
figure 1. The U.S. Fish and Wildlife| Service, as a caretaker of Federal
lands, is responsible for the maintenance and well-being of the lands and
assoclated flora and fauna in the Great Swamp National Wildlife Refuge.
Results of previous studies have shown that the Rolling Knoll landfill has
the potential to affect water quality|in the| surrounding Great Swamp
wetlands (NUS Corporation, 1985; U.S.|Fish and Wildlife Service, 1991).
Therefore, the U.S. Fish and Wlldllfe Service entered into a cooperative
agreement with the U.S. Geological Sufvey (U GS) to investigate the effects
of the landfill on the geohydrology of the s rrounding part of the Great
Swamp National Wildlife Refuge. tudy consists of three phases--a
reconnaissance of surface-water and shallow ground water quality, ground-
water levels, and electromagnetic conductivity in the area surrounding the
landfill; selection of borehole sites, borehole drilling, and ground-water-
well installation; and ground-water-quality monitoring. This report
addresses the f1rst phase of the study.

Purpose nd Scope

This report presents results of 1) a water-quality reconnaissance of
21 ground-water and surface-water sites around the perimeter of the Rolling
Knoll landfill and (2) an electromagnetic survey of the parts of the
landfill within the Great Swamp National Wil%?ife Refuge.

Concentrations of major ions, trace elements, volatile organic
compounds, and methylene chloride-extractable compounds were determined, and
the presence of additional organic compounds was identified. Bottom
sediments from Loantaka Brook were analyzed for the presence of metals.

Results of the electromagnetic survey of 284 sites were used to (1)
determine the areal extent of the landfill w#thin the Refuge and (2) locate
regions at the edge of the landfill at which|the installation of ground-
water-observation wells would facilitate mon%toring of water quality in the
area.

The Great Swamp Wildlife Refuge is in tﬁe southern part of Morris
County in north-central New Jersey. Most of |the Refuge has low relief and
altitudes range from 220 to 240 ft (Minard, i967). The Rolling Knoll
landfill is located adjacent to, and partly within, the Wilderness Area of
the Great Swamp Wildlife Refuge. The |[swamp area lies in the western part of
the former glacial Lake Passaic and is bounded on three sides by hills and
ridges of gneiss and basalt and on the north?rn side by terminal moraine
(Minard, 1967). »




























(19.69 ft). The EM-31 was chosen for use in the study because it can be
easily transported and operated in dense vegetation and flooded areas. The
survey was conducted in a grid pattern composed of 50-ft stations along
lines separated by 200 ft. The survey was conducted only on accessible
parts of the Great Swamp National Wildlife Refuge property adjacent to the
Rolling Knoll landfill.

The electromagnetic survey was supplemented by the collection of hand-
augered core samples at sites A, B, B-C, C, D, and F to determine near-
surface lithologic characteristics. The results of the core-sample analyses
were used to confirm the presence of hydraulically conductive and
nonconductive materials (sands and clays, respectively).

WATER QUALITY

Results of chemical analyses of surface- and ground-water samples
collected from the perimeter of the Rolling Knoll landfill and from Loantaka
Brook are listed in table 2 at the end of the report. Summary statistics
for the water quality ‘around the landfill and in Loantaka Brook are
presented in tables 3 and 4, respectively. New Jersey Department of
Environmental Protection and Energy water-quality regulations are listed in
table 5. The New Jersey Surface-Water Quality Standard for Freshwater 2-
Nontrout Category 1 Waters (FW2-NT (Cl)) is the standard by which quality of
water in Loantaka Brook was measured.

Major Ions and Physical and Chemical Properties

The Stiff diagrams in figure 5 show the relative concentrations of
major ions in surface water at the 14 surface-water sample sites and 3
ground-water sample sites (A, B-C, and F) around the landfill and at the 4
sample sites in Loantaka Brook. The width of a Stiff diagram is an
approximate indication of the total ionic content of the water.

Surface water and ground water near the landfill were determined to be
predominantly a calcium bicarbonate type (fig. 5). Concentrations of sodium
in, and specific conductance, pH, and alkalinity of, surface-water samples
were highest on the eastern (sites A through D) and southern (sites F
through H) sides of the landfill. Median values of sodium concentration,
field specific conductance, pH, and alkalinity (as bicarbonate?) for the
water samples from the four sites on the eastern side were 7.5 mg/L, 388
uS/cm, 7.2, and 165 mg/L, respectively; median values for the water samples
from the three sites on the southern side were 8.5 mg/L, 350 uS/cm, 7.2, and
195 mg/L, respectively.

2Bicarbonate alkalinity concentrations are calculated from field
measurements of alkalinity (expressed as mg/L of equivalent calcium
carbonate) by dividing the field alkalinity value by 0.8202 (Hem, 1985,
P. 57).
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Table 3.--Statistical summary of sele
water and surface-water sam

the Rolling Knoll landfill

cted water-quality data for ground-
ples collected from the perimeter of

[All constituents are dissolved; concﬁntrati%ns are in milligrams per liter;

specific conductance is in microsieme
Celsius; <, less than]

s per

entimeter at 25 degrees

Water-quality

characteristic Number of
or constituent samples Minimum Median Maximum
FIELD MEASUREMENTS
pH 17 6.90 7.50
Specific conductance 17 270 900
COMMON CO*STITUE
Calcium 17 5.1 43 160
Magnesium 17 1.6 7.9 48
Sodium 17 2.3 7.1 81
Potassium 17 .6 4.3 27
Chloride 17 i 1.9 7.7 11
Sulfate 17 ‘ <1l 6.0 28
Fluoride 17 .i7 .1 .2
Silica 17 1.¢ 7.3 31
Alkalinity, as CaCO, 17 ‘ 10 127 442
TRACE ELEMENTS
Barium 17 .023 .09 .45
Beryllium 17 <.0005 <.005 <.005
Cadmium 17 <.001 <.001 .005
Chromium 17 <.005 <.005 <.005
Copper 17 <.‘1 <.01 .02
Iron 17 .064 .95 57
Lead 17 <.01 <.01 .02
Manganese 17 .016 .045 1.4
Silver 17 <.001 <.001 .002
Strontium 17 .02 .17 .27
Zinc 17 .304 .012 1
Lithium 17 <.'04 .005 .29

!
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Table 4.--Summary of selected water-quality data for samples of bottom
material collected from Loantaka Brook

[All constituents are dissolved; concentrations are in milligrams per liter;
specific conductance is in microsiemens per centimeter at 25 degrees
Celsius; <, less than]

Water-quality

characteristic
or constituent Site 1 Site 2 Site 3 Site 4
FIELD MEASUREMENTS
pH 7.40 7.40 7.40 7.40
Specific conductance 557 550 552 607
COMMON CONSTITUENTS
Calcium 37 36 36 41
Magnesium 13 13 13 15
Sodium 49 47 48 55
Potassium 4.6 4.5 4.6 5.1
Chloride 72 72 72 82
Sulfate 40 41 40 49
Fluoride .1 .1 .1 .1
Silica 16 16 15 17
Alkalinity, as CaCOg4 79 75 74 120
TRACE ELEMENTS
Barium .032 .029 .030 .034
Beryllium <.0005 <.0005 <.0005 <.0005
Cadmium <.001 <.001 <.001 <.001
Chromium <.005 <.005 <.005 <.005
Copper <.01 <.01 <.01 .02
Iron .11 .13 .12 .068
Lead <.001 <.001 <.001 <.001
Manganese 11 .11 .11 .079
Silver <.001 <.001 <.001 <.001
Strontium .15 .14 .14 .16
Zinc .17 .009 .12 .15
Lithium <.004 <.004 <.004 <.004
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Table 5.--New Jers

[Concentrations are in milligrams per liter except where otherwise indicated; NJDEPE, New Jersey Department of
Environmental Protection and Energy; --, no datal

New Jersey surface-water
quality standard for
NJDEPE NJDEPE classification as non-
Constituent or max imum secondary maximum trout waters, ca&egory
characteristic contaminant levell contaminant levell 1 (FW2-NT (C1))
INORGANIC:
Arsenic 0.05 ‘ -- 0.05
Ba~ium 1.0 .- 1.0
Cadmium .01 . .01
chloride .- 250 .-
Chromium .05 -- .05
Color -- ‘ 10 color units --
Copper .- ‘ 1 -
Corrosivity -- ithin +1.0 of the --
optimum pH as determined
the Langlier index
Dissolved solids .- 500 500
Fluoride 4 .- .-
Foaming agents -- .5 --
Iron -- .3 .-
Lead .05 -- .05
Manganese .- .05 -
Mercury .002 .- .002
Nitrate-nitrogen 10 .- .-
Odor .- 3 Threshold odor number --
pH .- 6.5 - 8.5 6.5 - 8.5
Selenium .01 -- .01
Silver .05 -- .05
Sul fate -- 250 .-
Zinc -- 5 --
ORGANIC:
Endrin .0002 -- .0000023
Lindane .004 ‘ .- .00008
Methoxychlor .1 - --
Toxaghene .005 -- .013
2,4- .1 .- .-
silvex (2,4,5 -TP) .01 .- .-
Trihalomethanes .1 | .- -
Benzene .001 \ -- -
Carbon tetrachloride .002 ‘ -- .-
Chlordane .0005 ‘ .- .0000043
Chlorobenzene .004 -- --
orthodichlorobenzene .6 -- .-
Metadichlorobenzene .6 -- -
Paradichlorobenzene .075 - -
1,2-Dichloroethane .002 -- .-
1,1-Dichloroethlyene .002 - -
1,2 Dichloroethylene, cis and trans .01 - --
Methylene chloride .002 - .-
Polychlorinated biphenyls, total .0005 - .000014
Tetrachloroethlyene .001 .- .-
Trichlorobenzene(s) .008 | -- .-
1,1,1-Trichloroethane .026 ' -- .-
Trichloroethylene -001 -- -
Vinyl chloride .002 .- -
Xylene (s) .044 - --
Total volatile organic compounds .05 : - --
1

New Jersey Register (1989)

2 New Jersey Department of Environmental Protection (1989) w
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Ta .

E No data; site inaccessible

i &r
—————
Stitt Diagram
NA+K CL+F
e S04 Stiff diagram
;] HC03+C03
1.0 1.0

Miiliequivalents

- Pond

RN Extent of landfill

EXPLANATION

Surface-water sample
site location and
identifier

Ground-water sample
site location and
identifier

NOTE: All diagrams represent
surface water, except those
labelled “G" for ground water.

Figure 5.--Stiff diagrams of the relative concentrations of major ions in
samples of ground water and surface water collected from the
perimeter of the Rolling Knoll landfill and from Loantaka Brook.
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Median sodium concentration (4.6
uS/cm), pH (6.6), and alkalinity (60.
samples from the western side of the
specific conductance (300 uS/cm) and
samples from site J than in samples £
of the landfill. This indicates that
affects the quality of wetland water..
conductance, pH, and sodium and bicarb
background levels, the presence of the

mg/L), ! specific conductance (138
mg/L) were lowest in surface-water
andfill (sites I through M). Median
H (7.4) were significantly higher in
om the| other sites on the western side
runoff| from the landfill near site J
Because elevated specific
onate concentrations were greater than
landfill appears to have a greater

effect on surface water on the easterh and southern sides of the landfill

than on surface water on the western $

Water collected from Loantaka Br
sodium and calcium were the major cat
the major anions (fig. 5). The pH of
brook was 7.4 and the field specific
pS/cm, with a mean of 566.5 uS/cm and
concentrations in the samples ranged
tions ranged from 36 to 41 mg/L, chlo
82 mg/L, and bicarbonate concentratio
Concentrations of virtually all major
west of site J, than at sites 1, 2, a
dissolved solids in higher concentrat
indicative of effects of landfill run
at site 4 can be attributed conclusive

The pH of ground-water samples ge
surface-water samples, including those
6.1 to 6.9 and the median was 6.8. F
water samples from sites A and B-C, o
were substantially higher (420 and 90C
sample from site F, on the southern si
calcium, magnesium, sodium, and potass
site B-C were elevated compared to thd
ground-water sites (A and F) (see tabi
concentration also was greater at site
these ions in ground water at site B-C
in the surface-water sample from site

ide.

ok was,  determined to be a mixed type;
ons and bicarbonate and chloride were
each of the four samples from the
onductance varied only from 550 to 607
a median of 554.5 pS/cm. Sodium

rom 47| to 55 mg/L, calcium concentra-
ide concentrations ranged from 72 to

s ranged from 90.2 to 146.2 mg/L.

ions were greater at site 4, which is
d 3. ether the presence of

ons in the sample from site 4 is

ff is unknown; no contaminants present
1y to Yandfill runoff.

nerally was lower than that of

from Loantaka Brook; pH ranged from
eld spécific conductances of ground-
the eastern side of the landfill,
uS/cm| respectively) than that of the
de (19% pS/cm). Concentrations of
ium in'the ground-water sample from
se in samples from the other two
e 2), and the bicarbonate

B-C (539 mg/L). Concentrations of
were substantially greater than those
B-C.

. |
Minor Constituents |and Trace Elements

The greatest concentrations of ix
lead, silver, and zinc generally were
the eastern and southern sides of the
surface-water samples from sites A, H,
from sites A, B-C, and F, whereas ca
samples collected at sites A and D agg
sites A, B-C, and F. These findings
distribution and concentrations of maj
hydroxide precipitate was most evident
eastern and southern edges of the land
leachate may reach the swamp in these

on and the trace elements cadmium,
found in samples of surface water from
landfill. Lead was detected in

and M and in ground-water samples
ium wa$ detected in surface-water

in ground-water samples collected at
re geneérally consistent with the
or ions shown in figure 5. Iron

in sa&ples of surface water from the
fill, indicating that landfill
areas.i



With the exception of the surface-water samples collected at sites G,
J, and N, the concentrations of dissolved iron in all water samples
collected from the perimeter of the landfill exceeded the NJDEPE secondary
maximum contaminant level3® (SMCL) of 0.3 mg/L (New Jersey Register, 1989).
Concentrations of dissolved iron and manganese in ground-water samples from
sites A and B-C were elevated compared to those in the other samples; the
highest concentration of iron was 57 mg/L in ground water from site B-C.
The elevated concentrations of iron and manganese in ground water at sites A
and B-C could be the result of reducing conditions in landfill leachate and
indicate that conditions might be conducive to the transport of other trace
elements in the ground water. The presence of lead in the surface-water
sample from site M (20 pg/L) was inconsistent with the direction of possible
contamination inferred from the distribution of major ions. Many broken
batteries are present on the landfill surface near site M and may be a
source of the lead in the water on that side of the landfill. Although
metals other than iron and manganese were detected in several water samples,
none of those determined was present in a concentration that exceeded a
State surface-water-quality standard (New Jersey Department of Environmental
Protection, 1989) or primary or secondary drinking-water regulation (New
Jersey Register, 1989).

Concentrations of most trace elements in samples of water from Loantaka
Brook were less than the detection limits. Although zinc, strontium,
manganese, barium, and iron were detected at all sample sites, none of these
elements was detected in a concentration that exceeded a New Jersey surface-
water quality standard (New Jersey Department of Environmental Protection,
1989) or drinking-water regulation (New Jersey Register, 1989). Samples of
bottom material from Loantaka Brook also were analyzed for trace elements.
Results of these analyses indicate no substantial enrichment of most trace
elements at the downstream site (site 4) relative to the upstream site (site
1), which is north of the landfill. Concentrations of manganese, copper,
and lead were slightly higher in sediment at site 4 than in sediment at site
1. Results of the analyses of bottom sediments for metals are listed in
table 6.

Organic Compounds

Ground-water and surface-water samples from all sampled sites were
analyzed semiquantitatively for 32 volatile organic compounds (VOC’s) at the
New Jersey District laboratory in West Trenton, New Jersey, by using gas-
chromatography methods with a photo-ionization detector and a Hall
conductivity detector in series (Kammer and Gibs, 1989). Surface-water
samples from sites B, H, and M were sent to the NWQL for analysis for VOC's
by means of GC/MS. Some discrepancies were noted between results of

3Contaminants covered by secondary drinking-water regulations, other-
wise known as secondary maximum contaminant levels (SMCLs), are those which
may adversely affect the aesthetic quality of drinking water, such as taste,
odor, color, and appearance, and which thereby may deter public acceptance
of drinking water provided by public-water systems. Secondary regulations
represent "reasonable" goals for drinking-water quality. They are intended
as guidelines and are not enforceable (Shelton, undated, p. 22).
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Table 6.--Sumxar¥ of results of analxsés of bottom-material samglesl from
oantaka Broo

[Concentrations are for total recovergble metals, in micrograms per gram;

<, less than; NF, Not F
|

Water-quality Loantaka Brook Loantaka Brook
constituent Site Site 4
Aluminum 60,900 62,100
Arsenic 10 <10
Barium 99 400
Beryllium 2 2
Bismuth 10 <10
Boron NF NF
Cadmium <2 <2
Calcium 7,400 7,400
Cerium 79 78
Chromium 63 66
Cobalt 15 16
Copper 36 50
Europium <2 <2
Gallium 15 16
Germanium NF NF
Gold <8 <8
Holmium <4 <4
Iron 27,900 30,200
Lanthanum 42 43
Lithium 30 | 32
Lead 63 3
Potassium 15,700 14,900
Magnesium 6,400 6,200
Manganese 50 671
Mol ybdenum | <2 ‘ <2
Neodymium 39 ! 41
Nickel 125 27
Niobium 10 8
Phosphorus 800 1,400
Scandium 13 14
Silver <2 <2
Sodium 14,800 13,600
Strontium 14 111
Tantalum 40 . <40
Thorium 9 9
Tin 40 10
Titanium 3,300 3,700
Uranium <100 <100
Vanadium i78 ‘ 80
Tungsten ‘NF NF
Ytterbium I3 3
Yttrium |28 31
2inc 121 165
Zirconium NF NF
1

Samples consisted of stream-bottom materials that passed through a
63-micrometer sieve.
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analyses performed by the two laboratories. Generally, results of the
analyses performed at the New Jersey District laboratory indicate the
presence of small amounts of VOG’s in samples from the southern and western
sides of the landfill, whereas results of the analyses performed at the NWQL
indicate no detectable quantities of these compounds, possibly because the
sample-holding times at the NWQL were much longer than those at the New
Jersey District laboratory. The sites at which VOC’'s were detected
typically did not coincide with those at which large concentrations of major
ions or trace elements were found. Results of the analyses for VOC’s are
presented in tables 2 and 7. None of the VOC'’'s detected was present in a
concentration greater than the applicable New Jersey maximum contaminant
level? (MCL) (New Jersey Register, 1989).

Five surface-water and two ground-water samples were analyzed by means
of GC/MS for methylene-chloride extractable compounds. Compounds
tentatively identified in these seven samples from the GC/MS library search
are presented in tables 8 and 9. Data on the presence and concentration of
tentatively identified organic compounds (TIOC’s) in this report are based
on comparisons of sample spectra with library spectra, followed by visual
examination by GC/MS analysts at the NWQL. TIOC data have not been
confirmed by direct comparison with reference standards; therefore,
identification of the compounds is tentative and reported concentrations are
semiquantitative. Several of the compounds were tentatively identified as
pharmaceuticals or compounds related to pharmaceuticals. These compounds
were found primarily in water samples collected on the eastern and southern
sides of the landfill; the GC/FID analysis indicated these compounds were
not present at other sites around the landfill. Two of the tentatively
identified compounds, meprobamate and phenobarbital, are Class IV Drug
Enforcement Administration Controlled Substances. When the samples were
reanalyzed, the molecular formulas of two tentatively identified compounds
(6e-diol 2-methyl-2-propyl dicarbamate (meprobamate) and 3-ethyl-3-phenyl
2,6-piperidinetione) were found to be consistent with the results of "high-
resolution” GC/MS analyses.

Results of GC/MS analyses showed the presence of 10 polycyclic aromatic
compounds in bottom materials at sites 1 and 4 in Loantaka Brook. Four
compounds classified as insecticides also were found in the analyzed bottom
materials--chlordane, DDD, DDE, and dieldrin. Polychlorinated biphenyls
also were found in bottom materials at sites 1 and 4 in concentrations of
2 pg/kg. Results of normalization of these data to concentrations of
organic carbon generally indicate that concentrations of six of the
polycyclic aromatic hydrocarbons and two of the insecticides were present in
greater concentrations in bottom materials collected at site 4 than in
bottom materials collected at site 1.

4 A maximum contaminant level (MCL) is the highest amount of a specific
contaminant allowed in the water delivered to- any customer of a public-water
system. The maximum contaminant level is the primary water-quality regula-
tion enforced by the USEPA (Shelton, undated, p. 4). New Jersey MCL's
generally are the same as the USEPA MCL's.

19



'
\
\
|

Table 7.--Summary of results of semiquantitative agalzses for volatile orggﬁigﬁg%?pounds in ground-
water and surtace-water samples collect rom the perimeter of the Rolling Knoll landfill

[Concentrations are in micrograms per li%er;.ug/L, micrograms per liter; *, found in

laboratory water blank in similar concentrations; <, less than; all analyses performed at
the New Jersey District laboratory in We

t Trentow, New Jersey]
Di- Carbon- Chloro-
chloro-  tetra- 1,2-Di di-
) bromo- chlo- chlorot Bromo- bromo- Chloro-

Site name and methane, ride ethanf, form methane, form Toluene, Benzene,
source of water total total total total total total total total
Site A Surface <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Site A Ground <.2 <.2 <. <.2 <.2 <.2 <.2 <.2
Site B Surface <.2 <.2 <. <.2 <.2 <.2 <.2 <.2
Site B-C Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site B-C Ground <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site C Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site D Surface <.2 <,2 <.2 <.2 <.2 <.2 <.2 <.2
Site F Surface <.2 <.2 <. <.2 <.2 <.2 <.2 <.2
Site F Ground <.2 <.2 <. <.2 <.2 <.2 <.2 <.2
Site G Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site H Surface <.2 <.2 .2-1.0 <.2 <.2 <.2 <.2 <.2
Site 1 Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site J Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site K Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site L Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site M Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site N Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site 1 Loantaka Brook <.2 <.2 <.2 <.2 <.2 .2-1.0 <.2 <.2
Site 2 Loantaka Brook <.2 <.2 <.2 <.2 <.2 .2-1.0 <2 <.2
Site 3 Loantaka Brook <.2 <.2 <.2 <.2 <.2 .2-1.0 <.2 <.2
Site 4 Loantaka Brook <.2 <.2 <.2 <.2 <2 2-1.0 <2 <.2

Methyl- Tetra- Tri-

ene chloro- chloro-

. Chloro- Chloro- Ethyl Methyl- chlo- ethyl-  fluoro-
Site name and benzene, ethane, benzene, bromide, ride ene methane,

source of water total total tota total total  total total
Site A Surface <.2 <.2 <.2 <.2 <.2% <.2 <.2
Site A Ground <.2 <.2 <.2 <.2 2-1.0% <.2 <.2
Site B Surface <.2 <.2 <.2 <.2 1.0-3.0* <.2 <.2
Site B-C Surface <.2 <.2 <.2 <.2 .2-1.0% <.2 <.2
Site B-C Ground <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site C surface <.2 <.2 <.2 <.2 .2-1.0% <.2 <.2
Site D Surface <.2 <.2 <.2 <.2 -2-1.0% <.2 <.2
Site F Surface <.2 <.2 <.2 <.2 1.0-3.0* <.2 <.2
Site F Ground <.2 <.2 <.2 <.2 .2-1.0% <2 <.2
Site G Surface <.2 <.2 <.2 <.2 .2-1.0% <.2 <.2
Site H surface <.2 <.2 <.2 <.2 1.0-3.0* <.2 <.2
Site 1 Surface <.2 <.2 <.2 <.2 1.0-3.0* <,2 <.2
Site J Surface <.2 <.2 <.2 ' <2 .2-1.0% <.2 <.2
Site K Surface <.2 .2-1.0 <.2 <.2 2-1.0% <2 <.2
Site L Surface <.2 <.2 <.2 <.2 | 1.0-3.0% <.2 <.2
Site M Surface <.2 .2-1.0 <.2 <.2 1.0-3.0* <.2 <.2
Site N Surface <.2 <.2 <.2 <.2 .2-1.0% <.2 <.2
Site 1 Loantaka Brook <.2 <.2 <.2 <.2 .2-1.0* <.2 <.2
Site 2 Loantaka Brook <.2 <.2 <2 <2 .2-1.0% <.2 <.2
Site 3 Loantaka Brook <.2 <.2 <2 <.2 .2-1.0% <2 <.2
Site 4 Loantaka Brook <.2 <.2 <.2 <.2 .2-1.0% <.2 <.2
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Table 7.--Summary of results of semiquantitative analyses for volatile organic ¢ unds _in ground-
water and surface-water samples collected from the perimeter of the ROEEIH Knoll
TandfiL(- -Continued

1,2-
1,1,2- 1,1,2,2, Transdi-  Cis- . .
Tri- Tetra- 1,2-Di- 1,2-Di- chloro- 1,3-di- 1,3-Di- 1,4-Di-
chloro- chloro- chloro- chtoro- ethyl- chloro- chloro- chloro-
Site name and ethane, ethane, benzene, propane, ene propene, benzene, benzene,
source of water total total total total ' total total total total
Site A Surface <.2 <.2 <.2 <.2 <.2* <.2 <.2 <.2
Site A Ground <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site B Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site B-C Surface <.2 <.2 <.2 <.2 <. 2* <.2 <.2 <.2
Site B-C Ground <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site C Surface <.2 <.2 <.2 <.2 <., 2% <.2 <.2 <.2
Site D Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site F Surface <.2 <.2 <.2 <.2 2-1.0% <.2 <.2 <.2
Site F Ground <.2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site G Surface <.2 <.2 <.2 <.2 <.2* <.2 <.2 <.2
Site H Surface <.2 <.2 <.2 <.2 2-1.0% <2 <.2 <.2
Site 1 Surface <.2 <.2 <.2 <.2 2-1.0* <. 2 <.2 <.2
Site J Surface <.2 <.2 <.2 <.2 <.2* <.2 <.2 <.2
Site K Surface <.2 <.2 <.2 <.2 <.2* <.2 <.2 <.2
Site L Surface <.2 <.2 <.2 <.2 2-1.0% <2 <.2 <.2
Site M Surface <.2 <.2 <.2 <.2 .2-1.0% <.2 <.2 <.2
Site N Surface <.2 <.2 <.2 <.2 <.2* <.2 <.2 <.2
Site 1 Loantaka Brook <.2 <.2 .2-1.0 <.2 <.2 <.2 <.2 <.2
Site 2 Loantaka Brook <.2 <.2 2-1.0 <.2 <.2 <.2 <.2 <.2
Site 3 Loantaka Brook <.2 <.2 .2-1.0 <2 <.2 <.2 <.2 <.2
Site 4 Loantaka Brook <.2 <.2 .2-1.0 <.2 <.2 <.2 <.2 <.2
- ) - - 2.
1,1-pi- 1,1,1- Cis- Tri- Chloro-
1,1-0i- chloro- fri- 1,3-di- Vinyl chloro- ethyl-
i chloro- ethyt- chloro- chloro- chlo- ethyl- vinyl-
Site name and ethane, ene ethane, propene, ride, ene ether
source of water total total total total total total total
Site A Surface <.2 <.2 <.2 <.2 <.2 <.2* <.2
Site A Ground <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site B Surface <.2 <.2 <.2 <.2 <.2 <.2* <.2
Site B-C Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site B-C Ground <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site C Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site D Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site F Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site F Ground <.2 <.2 <.2 <.2 <.2 <.2* <.2
Site G Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site H Surface <.2 <.2 <.2 <.2 <.2 <.2* <.2
Site 1 Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site J Surface <.2 <.2 <.2 <.2 <.2 <.2* <.2
Site K Surface <.2 <.2 <.2 <.2 <.2 <.2* <.2
Site L Surface <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site M surface <.2 <.2 <.2 <.2 <.2 <.2* <.2
Site N Surface <.2 <.2 <.2 <.2 <.2 <.2* <.2
Site 1 Loantaka Brook <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site 2 Loantaka Brook <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site 3 Loantaka Brook <.2 <.2 <.2 <.2 <.2 <.2 <.2
Site 4 Loantaka Brook <.2 <.2 <.2 <.2 <.2 <.2 <.2
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Table 8.--Estimated concentrations of organic compeu bt i identified! by means of gas
g d-water samples

[Concentrations are in micrograms per liter; site locations shown in figure 2; NI, not
identified; SW, surface water; GW, ground water; ** molecular formuta found to be
consistent with results of high-resolution gas chromatography/mass spectrometry]

Site A kite B $iteB-C SiteC SiteH Sitel Sitel
GW SW SW SW SW

Compound GW SW

Nonanal NI NI 0.6 0.2 NI N1 5.0
Carisoprodol 3.0 2.0 1.0 NI NI NI NI
Mebutamate N1 2.0 NI NI NI NI NI
?e-diol, Z-metnzl-z-propyl, dicarbamate .9 ‘ 2.0 .7 NI 20.0 4.0 N1
meprobamate) ! |

2,6-Piperidinedione, 3-ethyl-3-phenyl ** 10.0 30.0 NI 2.0 20.0 1.0 NI
Phenobarbital NI 3 NI NI .5 NI NI
Phenobarbital metabolite NI NI N1 NI KA NI NI
5-Allyl-5(1-methylbutl) barbituric acid NI NI NI NI 4 NI NI
Benzothiozole 3 .3 .3 NI NI NI NI
Benzenesul fonamide, n-ethyl-4-methyl 4 .5 .5 . NI NI NI NI
Benzamide, 2,6-dichloro 1.0 NI 2.0 .3 NI NI NI
1,2-Benzenedicarboxylic acid, dipropyl ester NI 6.0 NI NI NI NI NI
2(3H)-Benzothiazolone NI 9 N NI NI NI NI
Benzene, ethoxymethyl NI } NI NI NI N.) NI NI
1H-benzimidazole, 5-chloro-2-methyl NI | NI NI N1 4 NI NI
1,3- Isobenzofurandione NI NI NI NI NI NI 4
Naphthalene, 2-ethyl NI NI NI NI NI A NI
Phenol, 2,4-dimethyl NI NI NI NI 3 NI NI
Phenol, 3-(1,1-dimethyl) NI .2 NI NI NI NI NI
Tetradecanoic acid NI NN 2.0 NI NI NI
1-Hexanol, 2-ethyl NI NI NI N1 NI NI .8
Sul fur ($8) NI NI 2.0 NI NI NI NI
Hexanedioic acid, dioctyl ester NI NI NI .8 NI NI NI
Phosphoric acid, triethyl ester NI ; .2 NI NI NI NI NI

I
1 Reported concentration generally accurate to onel order of magnitude.
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Table 9.--T

{A, unknown; B, nitrogen-containing; C, alkene/cycloalkane; D, organic acid; E, alkane;
F, monochlorinated alkyl benzene; SW, surface water; GW, ground water]

Unidentified peaks in analysis chromatographs
Site 8 Site A Site 8-C Site C Site H Site I Si;s L

SW GW GW SW SW SW
Total unidentified 3 31 6 7 17 3 7
Types and number A2 A4 A4 AS Al4 A2 Al
in each analysis c1 c15 81 D2 c1 c1 Cé4
E12 c1 E }

ELECTROMAGNETIC SURVEY

The distribution of apparent-conductivity values determined near the
eastern and southern edges of the landfill are presented in figure 6. The
high apparent-electrical-conductivity values indicate the presence of the
laterally extensive, electrically conductive glacial-lake clay deposit
discussed by Minard (1967).

Apparent-conductivity values measured near the perimeter of the
landfill range from 1.7 to 76 mS/m. These values are interpreted with
respect to the hydrogeology, presence of landfill materials, and water
quality at the site as indicated below.

Apparent conductivity Type of earth materials
(in millisiemens per meter)
less than 15 Electrically nonconductive materials

(sands) and (or) water table greater than 4
ft below land surface.

15-30 Electrically conductive materials (clays)
and (or) contaminated ground water.

23-30 Typical background values for swamp
materials.
greater than 30 Interference from metallic objects.

Background apparent conductivities, measured at the stations farthest
to the south and east of the landfill (F and G), ranged from 23 to 30 mS/m.
Apparent-conductivity values were highly variable (1.7 to 76.0 mS/m) over
landfill material within the Refuge, on the eastern and southern sides of
the landfill. Interference from metallic objects is most likely the cause
of this extreme variability. The depth to the water table also affected
apparent-conductivity measurements at the measurement stations. Apparent
conductivities decreased dramatically over the knolls as the depth to the
water table increased.
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Table 10.--Lithologic descriptions of hand-augered core samples

Depth interval

Sample site (in feet) Lithology

A 0.5 - 1.0 Organic, some clay

A 1.0 - 4.0 Sand, tan, some silt and clay

A 4.0 - 6.5 Sand, grey, some silt

B 0.0 - 5.5 Clay, tan, with iron concretions,

very little sand, fairly dry inside
core

B 5.5 - 6.5 Clay, very dense

B-C 0.0 - 0.5 Organic, black, peat with some fibers

B-C 0.5 -1.0 Clay, sandy, dark brown

B-C 1.0 - 2.0 Clay, sandy, dark brown

B-C 2.0 - 4.0 Sand, some silt

B-C 4.0 - 5.0 Sand, dark, some silt

B-C 5.0 - 7.0 Sand, grey and loose

B-C 7.0 - 8.0 Sand, grey, clay present

C 0.0 - 4.0 Organic

D 0.0 - 7.0 Organic, peat, fibrous to humic,
fairly impermeable (dry inside
core)

D 7.0 - 8.0 Clay, very dense, grey

F 0.0 - 1.0 Organic, peat, fibrous, some sandy
silt

F 1.0 - 2.0 Sand, clayey

F 2.0 - 5.0 Sand, brown, permeable

N No cores collected; lithology

appears to be impermeable material
(probably dense clay)
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Apparent-conductivity values meaered at stations at sites A, B-C, and
F were lower than those measured at adjacent stations, indicating the
presence of materials with low electrigal conductivity, such as sands.
Measurements made near sample sites A, B-C, a?d F ranged from 11 to 17 mS/m.
Because the sample sites are located within a few feet of the water table,
these low apparent-conductivity values most likely indicate the presence of
sands and silts at these sites.

The apparent-conductivities measured at these sample sites are
consistent with the lithologic data obtained from core-sample analysis
(table 10). Results of analysis of the hand-augered core samples also
indicate that permeable sand was preseﬁt at sites A, B-C, and F. At sites B
and D, however, a dense, relatively impermeable clay was detected.
Compacted, relatively impermeable peat |was present at site C from the
surface to a depth of 4 ft. Low apparent-conductivity values, together with
the presence of sands in core samples and elevated concentrations of
dissolved solids in samples of ground water and surface water, indicate that
installation and periodic sampling of observation wells at sites A, B-C, and
F would be likely to allow early detection of any possible effects of the
Rolling Knoll landfill on the quality of ground water underlying and
discharging to the adjacent Great Swamp National Wildlife Refuge.

SUMMARY AND CONCLUSIONS

A water-quality reconnaissance of'Zl ground-water and surface-water
sites around the perimeter of the Rolling Knoll landfill and an
electromagnetic survey of the parts of the landfill within the Great Swamp
National Wildlife Refuge were conducted in 1989. Samples of surface water
and ground water were analyzed for major ions,; dissolved trace elements,
volatile organic compounds, and methylene chloride-extractable organic
compounds. The methylene chloride-extractable compounds were analyzed by
means of gas chromatography with flame-ionization detector, and selected
samples were chosen for analysis by means of gas chromatography/mass
spectrometry to identify or tentatively identify additional organic
compounds, i

Results of the water-quality recomnaissance showed that cadmium, lead,
silver, and zinc were present in surface water and ground water adjacent to
the landfill. Concentrations of dissolved iron and manganese were variable
near the perimeter of the landfill but|generally exceeded secondary
drinking-water regulations. Several organic compounds were tentatively
identified by means of gas chromatography/mas$ spectroscopy as
pharmaceuticals or compounds related to pharmaceuticals. Results of
analyses of bottom materials from Loantaka Brook showed the presence of
polycyclic aromatic compounds, insecticides, and polychlorinated biphenyls;
the source of these compounds is unknown. Organic compounds were found in
ground water and surface water on the southern and western sides of the
landfill. 1In contrast, ground water and surface water enriched primarily
with trace elements (other than lead) was found only east and south of the
landfill. Lead was detected not only in samples of surface water and ground
water collected east and south of the landfil]l but also in samples from two
surface-water sites in the western and southwestern parts of the study area,
near Loantoka Brook. Broken batteries| on the' western side of the landfill
may be a source of lead in surface water in the western and southwestern

:
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parts of the study area. Elevated specific conductance, pH, and sodium and
bicarbonate concentrations in surface water on the eastern and southern
sides of the landfill indicate that the landfill appears to have a greater
effect on surface water there than on surface water on the western side.

Inspection of cores collected from hand-augered holes at several water-
quality sites verified the presence of clay beneath the landfill and Refuge;
sands capable of conducting landfill leachate were present at the eastern
and southern edges of the landfill. Results of the electromagnetic survey
were consistent with the lithology of the samples. Installation and
periodic sampling of observation wells at sites A, B-C, and F located at the
eastern and southern edges of the landfill probably would allow early
detection of any possible effects of the landfill on the quality of ground
water underlying and discharging to the adjacent Refuge.
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GLOSSARY

Apparent conductivity is a measure of the ease with which a material
transmits electric current. TheJ:easurament is made without physically
contacting the material that is measured. The inverse of apparent
conductivity is apparent resistivity.

Current is a flow of electricity, measured i+ amperes.

Dissolved is that portion of a material in a representative water sample
that passes through a 0.45-micrometer membrane filter. This is a
convenient operational definition used by Federal agencies that collect
and analyze water samples. Determinations of dissolved constituents
are made on subsamples of the filtrate.

Gas _chromatography is a separation process in which a multicomponent fluid
phase (carrier gas plus sample) ves past a stationary condensed
(s0lid) phase referred to as a column. Molecules of the moving sample
undergo many successive adsorptiomns and |desorptions. Each component
has a different value of the ratip of time spent adsorbed on the solid
to time spent in solution; hence the components travel at different
rates through the column and are separated. Sensors, such as a Hall!
conductivity detector, flame-ionization |[detector, and mass
spectrometer, are used to detect jsample components as they leave the
column.

Horizontal dipole is a pair of magnetik poles that are parallel with the
Earth's surface.
‘ [
Intercoil spacing is the distance between the transmitter and receiver coil
for an electromagnetic measurement.

Micrograms per liter (ug/L) is a unit [that expresses the concentration of a
chemical constituent in solution las weight (micrograms) of solute per
unit volume (liter) of water. O thousand micrograms per liter is
equivalent to one milligram per liter.

Milligrams per liter (mg/L) is a unit that expresses the concentration of a
chemical constituent in solution as weight per unit volume of water.

Minipiezometer is an instrument that is inserted into the ground to measure
hydraulic head and used to collect shallow ground-water samples.

Non-contacting terrain conductivity meter is an instrument that uses
electromagnetic energy to measure the apparent conductivity of
sediments and ground water.

1 Use of trade names in this report is| for identification purposes only and
does not constitute endorsement by the U.S. Geological Survey.




GLOSSARY- -Continued

Stiff diagrams use three or four parallel horizontal axes extending on each
side of a vertical axis whose value is zero. Concentrations of three
or four cations can be plotted, one on each axis, to the left of zero;
likewise, concentrations of three or four anions can be plotted, one on
each axis, to the right of zero. The units of concentration are
milliequivalents per liter. The resulting points are connected to give
an irregular polygonal shape or pattern. The Stiff diagram is a
relatively distinctive method of showing differences and similarities
in water composition, with the width of the pattern being an
approximate indication of total ionic content.

Volatile organic compounds (VOC's) are a group of organic substances that

can be stripped from a water sample by the injection of an inert gas
prior to analysis by means of gas chromatography. By definition, these
compounds are less than 2 percent soluble in water and have boiling
points below 150 degrees Celsius.

Water table is the upper surface of water (at atmospheric pressure) in an

unconfined aquifer. It is the level at which water stands in wells
that penetrate the uppermost part of an unconfined aquifer.
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unds |

[Total, total recoverable constituent from water and suspend p ent >
Celsius; mg/L, milligrams per liter; pug/L, micrograms per liter; <, less than or below detection limit; ug/kg, micrograms

sedimen%; uS/cm, microsiemens per centimeter at 25 degrees

per kilogram; bot.mat, bottom materials; NA, sample not analyzed for the indicated constituent]
i
I
Specific Nitrogen, Nitrogen, Nitrogen, Phosphorus
conduc- pH nitrite nitrate NO2 + NO3 _ortho,
) Date tance, field dissolved dissolved dissolved dissolved
Site name and of field, (standard as N as N as N as P
source of water sampling  (uS/cm) units) (mg/L) (mg/L) (mg/L) (mg/L)
Site A Surface 05-09-89 300 7.2 NA NA NA NA
Site A Ground 05-19-89 420 6.8 NA NA NA NA
Site B Surface 05-11-89 410 7.2 NA NA NA NA
Site B-C Surface 05-09-89 440 7.2 NA NA NA NA
Site B-C Ground 05-19-89 900 6.9 NA NA NA NA
Site C Surface 05-09-89 175 7.3 NA NA NA NA
Site D Surface 05-17-89 157 7.2 NA NA NA NA
Site F Surface 05-11-89 270 7.2 NA NA NA NA
Site F Ground 05-18-89 192 6.1 NA NA NA NA
Site G Surface 05-11-89 625 7.5 NA NA NA NA
Site H Surface 05-11-89 156 6.9 NA NA NA NA
Site I Surface 05-11-89 140 6.7 NA NA NA NA
Site J Surface 05-09-89 300 7.4 NA| NA NA NA
Site K Surface 05-09-89 127 6.5 NA | NA NA NA
Site L Surface 05-11-89 56 6.1 NA| <.01 NA .05
Site M Surface 05-11-89 66 6.4 NA <.01 NA <.01
Site N Surface 05-09-89 310 6.9 NA NA NA NA
Site 1 Loantaka Brook 06-07-89 557 7.4 <.01 NA <.10 <.01
Site 2 Loantaka Brook 06-07-89 550 7.4 <.01 NA <.10 .02
Site 3 Loantaka Brook 06-07-89 552 7.4 i <.01 NA <.10 <.01
Site 4 Loantaka Brook 06-07-89 607 7.4 ‘ <.01 NA <.10 <.01
|
Spe: |
cific
i conduc- Alka-
Site name tance, Linity? Calcium, Magnesi Sodium, Potassium Chloride,
and source lab CaC03 dissolved dissol dissolved dissolved dissolved
of water (uS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Site A Surface 304 149 44 6.5 6.1 5.0 5.9
Site A Ground 417 212 62 9.1 8.6 10 10
Site B Surface 389 187 54 8.9 7.1 7.0 7.8
Site B-C Surface 435 216 61 9.3 9.0 8.0 9.5
Site B-C Ground 782 442 160 48 81 27 2.0
Site C Surface 172 66 19 4.4 9.5 3.0 1"
Site D Surface 155 60 19 4.0 5.8 3.0 7.2
Site F Surface 284 127 35 8.9 8.1 5.9 8.9
Site F Ground 186 50 11 8.2 14 .3 8.1
Site G Surface 612 281 83 20 12 12 "
Site H Surface 178 72 22 5.3 5.4 2.7 7.7
Site I Surface 141 49 17 4.3 5.4 1.9 5.7
Site J Surface 313 145 43 8.3 9.2 4.3 1
Site K Surface 122 32 17 2.4 2.7 1.4 2.2
Site L Surface 54 10 5.9 1.6 2.3 .8 1.9
Site M Surface 62 12 5.1 2.3 3.3 .6 3.1
Site N Surface 301 139 39 7.9 6.3 5.2 6.2
Site 1 Loantaka Brook 557 79 37 13 49 4.6 72
Site 2 Loantaka Brook 546 75 36 13 47 4.5 72
Site 3 Loantaka Brook 551 74 36 13 | 48 4.6 72
Site 4 Loantaka Brook 618 120 41 15 55 5.1 82
Footnote at end of table.
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Table 2.--Summary of results of chemical analyses of ground-water, surface-water, and bottom-material samples for physical
characteristics, metals, major ions, and organic compounds- -Cont]nue

WATER-QUALITY CHARACTERISTICS--Continued

Site name Sulfate, Fluoride, Silica, Barium, Beryllium, Cadmium, Chromium,
and source dissolved dissolved dissolved dissolved dissolved dissolved dissolved
of water (mg/L) (mg/L) (mg/L) (ug/L) (ug/L) (ng/L) (ug/L)
Site A Surface <1.0 0.2 3.4 160 <0.5 2 <5
Site A Ground 2.0 .1 7.7 35 <.5 2 <5
Site B Surface 4.0 A 9.1 170 <.5 <1 <5
Site B-C Surface <1.0 A 7.5 220 <.5 <1 <5
Site B-C Ground 2.0 A 31 450 <.5 5 <5
Site C Surface 3.0 .1 3.0 59 <.5 <1 <5
Site D Surface 7.0 A 5.0 71 <.5 1 <5
Site F Surface 5.0 .1 7.1 98 <.5 <1 <5
Site F Ground 25 .1 23 30 <.5 1 <5
Site G Surface 28 .1 8.4 250 <.5 <1 <5
Site H Surface 8.0 A 7.3 62 <.5 <1 <5
Site 1 Surface 10 A 7.0 44 <.5 <1 <5
Site J Surface 6.0 .1 1.6 90 <.5 <1 <5
Site K Surface 20 A 13 50 <.5 <1 <5
Site L Surface 8.9 .07 9.4 25 <.5 <1 <5
Site M Surface 10 .1 10 23 <.5 <1 <5
Site N Surface 6.0 .2 8.4 140 <.5 <1 <5
Site 1 Loantaka Brook 41 .1 16 32 <.5 <1 <5
Site 2 Loantaka Brook 40 .1 16 29 <.5 <1 <5
Site 3 Loantaka Brook 41 .1 15 30 <.5 <1 <5
Site 4 Loantaka Brook 49 1 17 34 <.5 <1 <5
Site name Cobalt, Copper, Iron, Lead, Manganese, Molybenum, Nickel,
and source dissolved dissolved dissolved dissolved dissolved dissolved dissolved
of water (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Site A Surface <3 <10 1,800 10 75 <10 <10
Site A Ground <3 <10 6,200 10 1,100 <10 <10
Site B Surface <3 <10 440 <10 96 <10 <10
Site B-C Surface <3 <10 880 <10 410 <10 <10
Site B-C Ground <3 <10 57,000 18 930 <10 <10
Site C Surface <3 <10 2,600 <10 45 <10 <10
Site D Surface <3 <10 1,000 <10 33 <10 <10
Site F Surface <3 <10 570 <10 16 <10 <10
Site F Ground 6 20 2,500 10 220 <10 <10
Site G Surface <3 <10 64 <10 33 <10 <10
Site H Surface <3 30 950 20 48 <10 10
Site I Surface <3 <10 440 <10 30 <10 <10
Site J Surface <3 <10 140 <10 38 <10 <10
Site K Surface <3 10 2,200 <10 43 <10 <10
Site L Surface <3 <10 510 <10 21 <10 <10
Site M Surface <3 <10 360 20 20 <10 <10
Site N Surface <3 <10 270 <10 260 <10 <10
Site 1 Loantaka Brook <3 <10 110 <10 110 20 <10
Site 2 Loantaka Brook <3 <10 130 <10 110 <10 <10
Site 3 Loantaka Brook <3 <10 120 <10 110 <10 <10
Site 4 Loantaka Brook <3 20 68 <10 79 10 <10
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Table 2.--Summary of results of chemical analyses of ples for physical

characteristics, metals, major 1ons, and organic com

WATER-QUALITY CHARACTERISTICS--Continued

Site name Silver, Strontium, Vanadium, Zinc, Lithium, Bromide,
and source dissolved dissolved diggolved dissolved dissolved dissolved
of water (ug/L) (ug/L) (ug/L) | (ug/L) (ug/L) (ug/L)
Site A Surface 2.0 210 <6 6 5 0.07
Site A Ground 1.0 280 <6 12 <4 .24
Site B Surface <1.0 240 <6 5 5 <.01
Site B-C Surface <1.0 260 <6 4 7 <.01
Site B-C Ground <1.0 2,700 #60 63 290 .04
Site C Surface <1.0 87 <6 5 <4 <.01
Site D Surface <1.0 88 <6 6 <4 .07
Site F Surface <1.0 170 <6 5 8 <.01
Site F Ground 1.0 44 <6 41 <4 .1
Site G Surface <1.0 480 <6 11 38 .1
Site H Surface <1.0 110 <6 52 6 .1
Site I Surface <1.0 80 <6 17 <4 <.01
Site J Surface <1.0 240 <6 14 13 <.01
Site K Surface <1.0 78 <6 100 <4 <.01
Site L Surface <1.0 22 <6 20 <4 <.01
Site M Surface 2.0 20 <6 ‘ 16 <4 <.01
Site N Surface <1.0 190 <6 i 6 5 <.01
Site 1 Loantaka Brook <1.0 150 <6 17 <4 .05
Site 2 Loantaka Brook <1.0 140 <6 9 <4 .05
Site 3 Loantaka Brook <1.0 140 <6 12 <4 .
Site 4 Loantaka Brook <1.0 160 <6 15 <4 .0

ORGAN]C COMPOUNbS IN _WATER

. Dichloro- Carbon 1,2-Dichloro- Chlorodi-

Site name bromomethane, tetrachloride ethane, Bromoform, bromomethane, Chloroform, Toluene,
and source total total total total total total total
of water Cug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Site A Ground NA NA NA NA NA NA NA
Site B Surface <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Site B-C Ground NA NA NA NA NA NA NA
Site C Surface NA NA NA NA NA NA NA
Site H Surface <.2 <.2 1.3 <. <.2 <.2 <.2
Site I Surface NA NA NA NA NA NA
Site L Surface NA NA NA NA NA NA
Site M Surface <.2 <.2 <.2 <. <.2 <.2 ' <.2

! i

: Benzo[b] Benzo [k] bis (2-

A Acenaphth- Acenaph- Anthra fluoran- fluoran- Benzo[al Chloroethyl)
Site name Benzene, ylene, thene, ce {thene, thene, pyrene, ether,
and source total total total total total total total total
of water (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) Cug/L)

;

T
Site A Ground NA <5.0 <5.0 <5,0 <10.0 <10.0 <10.0 <5.0
Site B Surface <2.0 <5.0 <5.0 <5,0 <10.0 <10.0 <10.0 <5.0
Site B-C Ground NA <5.0 <5.0 <5,0 <10.0 <10.0 <10.0 <5.0
Site C Surface NA <5.0 <5.0 <5,0 <10.0 <10.0 <10.0 <5.0
Site H Surface <.2 <5.0 <5.0 <5,0 <10.0 <10.0 <10.0 <5.0
site I Surface NA <5.0 <5.0 <5,0 <10.0 <10.0 <10.0 <5.0
Site L Surface NA <5.0 <5.0 <5,0 <10.0 <10.0 <10.0 <5.0
site M Surface  <.2 NA NA NA NA NA NA NA
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Table 2.--Summary of results of chemical analyses of ground-water, surface-water, and bottom-material samples for physical
characteristics, metals, major ions, and organic compounds--Continued

ORGANIC COMPOUNDS IN WATER--Continued

bis (2- A
bis (2- Chloro- N-butrl Di-ethyl Di-methyl
Chloroethoxy isopropyl) benzr Chloro- Chloro- Ththa- htha-
Site name ether, ether, phthalate, benzene, ethane, Chrysene, ate ate
and source total total total total total total total total
of water (ug/L) (ug/L) (ug/L) (ug/L) Cug/L) (ug/L) (ug/L) (ug/L)
Site A Ground <5.0 <5.0 <5.0 NA NA <10.0 <5.0 <5.0
Site B Surface <5.0 <5.0 <5.0 <2.0 <2.0 <10.0 <5.0 <5.0
Site B-C Ground <5.0 <5.0 <5.0 NA NA <10.0 <5.0 <5.0
Site C Surface <5.0 <5.0 <5.0 NA NA <10.0 <5.0 <5.0
Site H Surface <5.0 <5.0 <5.0 <2.0 <2.0 <10.0 <5.0 <5.0
Site 1 Surface <5.0 <5.0 <5.0 NA NA <10.0 <5.0 <5.0
Site L Surface <5.0 <5.0 <5.0 NA NA <10.0 <5.0 <5.0
Site M Surface NA NA NA <.2 <.2 NA NA NA
N-Nitro- A
sodimethyl - Nitro- Parachloro- Phenan- Tetrachloro- Trichloro-
Site Name amine, benzene, metacresol, threne, Pyrene, ethylene, fluoromethane,
and source total total total total total total total
of water (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Site A Ground <5.0 <5.0 <30.0 <5.0 <5.0 NA NA
Site B Surface <5.0 <5.0 <30.0 <5.0 <5.0 <2.0 <2.0
Site B-C Ground <5.0 <5.0 <30.0 <5.0 <5.0 NA NA
Site C Surface <5.0 <5.0 <30.0 <5.0 <5.0 NA NA
Site H Surface <5.0 <5.0 <30.0 <5.0 <5.0 <.2 <.2
Site I Surface <5.0 <5.0 <30.0 <5.0 <5.0 NA NA
Site L Surface <5.0 <5.0 <30.0 <5.0 <5.0 NA NA
Site M Surface NA NA NA NA NA <.2 <.2
) Hexa- Indeno
Site name chlorocyclo- Hexa- (1,2,3-CD)
and source Ethylbenzene, Fluoroanthene, Fluorene, pentadiene, chloroethane, pyrene, Isophorone,
of water total (ug/L) total (ug/L) total (ug/L) total (ug/L) total (ug/L) total (ug/L) total (ug/L)
Site A Ground NA <5.0 <5.0 <5.0 <5.0 <10.0 <5.0
Site B Surface <2.0 <5.0 <5.0 <5.0 <5.0 <10.0 <5.0
Site B-C Ground NA <5.0 <5.0 <5.0 <5.0 <10.0 <5.0
Site C Surface NA <5.0 <5.0 <5.0 <5.0 <10.0 <5.0
Site H Surface <.2 <5.0 <5.0 <5.0 <5.0 <10.0 <5.0
Site I Surface NA <5.0 <5.0 <5.0 <5.0 <10.0 <5.0
Site L Surface NA <5.0 <5.0 <5.0 <5.0 <10.0 <5.0
Site M Surface <.2 NA NA NA NA NA NA
. N- 1,1-Di-
Site name . Methyl- Methylene nitrosodi-n- N-nitrosodi- 1,1-Di- chloro-
and source Methylbromide, chloride, chloride, propylamine, phen(lamine, chloroethane, eth(lene,
of water total (ug/L) total (ug/L) total (ug/L)  total (ug/L) total (ugs/L)  total (ug/L) total (ug/L)
Site A Ground NA NA NA <5.0 <5.0 NA NA
Site B Surface <2.0 <2.0 <2.0 <5.0 <5.0 <2.0 <2.0
Site B-C Ground NA NA NA <5.0 <5.0 NA NA
Site C Surface NA NA NA <5.0 <5.0 NA NA
Site H Surface <.2 <.2 <.2 <5.0 <5.0 <.2 <.2
Site I Surface NA NA NA <5.0 <5.0 NA NA
Site L Surface NA NA NA <5.0 <5.0 NA NA
Site M Surface <.2 <.2 <.2 NA NA <.2 <.2
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Table 2.--Summary of results of chemical analyses of ground-wat
characteristics, metals, major_ions, and_organic C

er, surface-water, and bottom-material samples for sical
unds - -Cont1nhued
ORGANIC COMPOUNDS IN WATER--Continued
Benzo [ghil Benzo [al 1,2-Di- 1,2-Di-
Site name 1,1,1-Tri- 1,1,2-Tri- 1,1,2,2-Tetra- g:rylener1,12- anthracene-1,2- chloro- chloro-
and source ch(oroethane, ch(oroethane, ch[oroethane, nzOferylene benzanthracine, benzene, propane,
of water total (ug/L) total (ug/L) total (ug/L) total (ug/L) total (ug/L) total (ug/L) total (ug/L)
Site A Ground NA NA NA <10.0 <5.0 <5.0 NA
Site B Surface <2.0 <2.0 <2.0 <10.0 <5.0 <5.0 <2.0
Site B-C Ground NA NA NA <10.0 <5.0 <5.0 NA
Site C Surface NA NA NA <10.0 <5.0 <5.0 NA
Site H Surface <.2 <.2 <.2 <10.0 <5.0 <5.0 <.2
Site 1 Surface NA NA NA <10. <5.0 <5.0 NA
Site L Surface NA NA NA <10. <5.0 <5.0 NA
Site M Surface <.2 <.2 <.2 N NA <.2 <.2
1
\ 1,2,4- 1,2,5,6- 1,3-
Site name 2,4-Di- 2,4,6-Tri- 2,6-Di- 1 Z-Tranﬁdi- trichloro- Dibenz- pichloro-
and source nitrophenol, ch(orophenol, nitrotoluene, chloroet ene, benzene, anthracene, propene,
of water total (ug/L) total (ug/L) total (ug/L) total (u?/L) total (ug/L) total (ug/L) total (ug/L)
Site A Ground <20.0 <20.0 <5.0 NA <5.0 <10.0 NA
Site B Surface <20.0 <20.0 <5.0 <2.0 <5.0 <10.0 <2.0
Site B-C Ground <20.0 <20.0 <5.0 NA <5.0 <10.0 NA
Site C Surface <20.0 <20.0 <5.0 NA‘ <5.0 <10.0 NA
Site H Surface <20.0 <20.0 <5.0 <.2] <5.0 <10.0 <.2
Site I Surface <20.0 <20.0 <5.0 NA <5.0 <10.0 NA
Site L Surface <20.0 <20.0 <5.0 NAI <5.0 <10.0 NA
Site M Surface NA NA NA <.2' NA NA <.2
1,3-Di- 1,4-Di- 2- 1,2-Di- Xylene,
chloro- chloro- chloroethyl - 2-Chloro- bromoethane, water whole
. Local benzene, benzene, vinylether, naphthalene, Styrene, water whole, total
identifier total (ug/L) total (ug/L) total (ug/L) total qu/L) total (ug/L) total (ug/L) (ug/L)
Site A Ground <5.0 <5.0 NA <5, NA NA NA
Site B Surface <5.0 <5.0 <2.0 <5. <2.0 <2.0 <2.0
Site B-C Ground <5.0 <5.0 NA <5. NA NA NA
Site C Surface <5.0 <5.0 NA <5. NA NA NA
Site W Surface <5.0 <5.0 <.2 <5.0 <.2 <.2 <.2
Site 1 Surface <5.0 <5.0 NA <5. NA NA NA
Site L Surface <5.0 <5.0 NA <5. NA NA NA
Site M Surface <.2 <.2 <.2 NA <.2 <.2 <.2
2-Chloro- 2-Nitro- Di-n-octyl 2,4-Di- 2,4-Di- 2,4-Di-  4-Bromophenyl
. Local phenol , phenol , phthalate, chlorophenol, methylphenol, nitrotoluene, phen{l ether,
identifier total (ug/L) total (ug/L) total (ug/L)| total (ug/L) total (ug/L) total (ug/L) total (ug/L)
Site A Ground <5.0 <5.0 <10.0 <5.0, <5.0 <5.0 <5.0
Site B Surface <5.0 <5.0 <10.0 <5.0| <5.0 <5.0 <5.0
Site B-C Ground <5.0 <5.0 <10.0 <5.0 <5.0 <5.0 <5.0
Site C Surface <5.0 <5.0 <10.0 <5.0 <5.0 <5.0 <5.0
Site H Surface <5.0 <5.0 <10.0 <5.0; <5.0 <5.0 <5.0
Site 1 Surface <5.0 <5.0 <10.0 <5.0| <5.0 <5.0 <5.0
Site L Surface <5.0 <5.0 <10.0 <5.0 <5.0 <5.0 <5.0
Site M Surface NA NA NA NA NA NA NA

36



Table 2.--Summary of results of chemical analyses of ground-water, surface-water, and bottom-material samples for physical
characteristics, metals, major ions, and organic compounds--Continue

ORGANIC COMPOUNDS IN BOTTOM MATERIALS--Continued

1,2-Di- 1,2,4-Tri- 1,2,5,6-Di- 1,3-Di- 1,4-Di- 2-Chloro-

R chlorobenzene, chlorobenzene, benzantﬁracene, chlorobenzene, chlorobenzene, naphthalene,
Site name bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg)
Site 1 <200 <200 <400 <200 <200 <200
Site <200 <200 <400 <200 <200 <200

Di-n-octyl 2,4-Di- . . 2,4-Di-

A 2-Chlorophenol, 2-Nitrophenol, phthalate, chlorophenol, 2,4-DP, in nitrotoluene,
Site name bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg)
Site 1 <200 <200 <400 <200 <200 <200
Site 4 <200 <200 <400 <200 <200 <200

2,4-Di- 2,4,6-Tri- 2,6-Di- 4-Bromophenyl 4,6-Dinitro-

i nitrophenol chlorophenol, nitrotoluene enyl ether, 4-Nitrophenol, orthocresol
Site name bot.mat (ug/f(g) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (uglﬁg)
Site 1 <600 <600 <200 <200 <600 <600
Site 4 <600 <600 <200 <200 <600 <600

Phenol Penta- bis(2-ethyl hexyl) Di-n-butyl . Aldrin,

3 (C6H-50H) chlorophenol, phthalate, phthalate, PCN, total in total in
Site name bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ugs/kg) bot.mat (uzg/kg)
Site 1 <200 <600 <200 <200 <1.0 <.1
Site 4 <200 <600 <200 <200 <1.0 <.1

Lindane, Chlordane, DDD, DDE, DDT, Dieldrin,

. total in total in total in total in total in total in
Site name bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg)
Site 1 <.1 8.0 1.8 2.5 <.1 3
Site & <.1 <1.0 7.0 2.5 <.1 .2

Endosul fan, Endrin, Ethion, Toxaphene, Heptachlor, Heptachlor epoxide,

i total in total in total in total in total in total in
Site name bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg)
Site 1 <.1 <.1 <.1 <10 <.1 <.1
Site 4 <.1 <.1 <.1 <10 <.1 <.1

Methochblor, PCB, Malathion, Parathion, Diazinon, Methylparathion,

. total in total in total in total in total in total in
Site name bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg)
Site 1 <.1 2 <.1 <.1 .2 <.1
Site 4 <.1 2 <.1 <.1 1 <.

Hexachloro- Hexachloro-
benzene, butadiene, 2,4-D, 2,4,5-1, Mirex, Silvex,

A total in total in total In total in total in total in
Site name bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (xg/kg)
Site 1 <200 <200 <.1 <.1 <.1 <.1
Site & <200 <200 <.1 <.1 <.1 <.1

A . _Carbon, Carbon, organic
Methyl thion, Trithion, Perthane, inorganic, plus inorganic, Cyanide,

i total in total in total in total in total in total in
Site name bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg) bot.mat (ug/kg)
Site 1 <.1 <.1 <1.00 .1 12 <.5
Site 4 <.1 <.1 <1.00 <.1 7.9 <.5
1 P P s : : :

Alkalinity expressed as milligrams per liter can be converted to an equivalent concentration of HCO3- in milligram
liter by dividing the former by 0.8552 (Hem, 1985, p. 57). 9 ! 1h mitgrans per
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and site descriptions for water-
ng Knoll Landfill and along

Appendix 1.--Site identification number
quality sites around the perimeter of the Roll
Loantaka Brook

Site
Site identification
name! number Site description
|
Surface-water sit#s

|
Site A Surface 404348074262700| Wetland site A at edge of landfill
Site B Surface 404344074262400| Wetland site B at edge of landfill
Site B-C Surface 404340074262400] Wetland site B-C at edge of landfill
Site C Surface 404337074262000| Wetland site C at edge of landfill
Site D Surface 404330074262700| Wetland site D at edge of landfill
Site E Surface? 404322074263100| Wetland site E at edge of landfill
Site F Surface 404319074263800| Wetland site F at edge of landfill
Site G Surface 404322074264900| Ditch site G at edge of landfill
Site H Surface 404326074270000| Wetland site H at edge of landfill
Site I Surface 404330074270300| Wetland site I at edge of landfill
Site J Surface 404340074270300 Wetlgnd site J at edge of landfill
Site K Surface 404344074270000| Wetland site K at edge of landfill
Site L Surface 404351074265600| Wetland site L at edge of landfill
Site M Surface 404358074264900| Wetland site M at edge of landfill
Site N Surface 404355074263100. Wetland site N at edge of landfill
Site 1 Loantaka Brook  404406074265600 Loantaka Brook near Green Village
Site 2 Loantaka Brook  404358074270000| Loantaka Brook near Green Village
Site 3 Loantaka Brook  404351074270300| Loantaka Brook near Green Village
Site 4 Loantaka Brook 404344074270700[ Loantaka Brook near Green Village

|

Ground-watér sites?

Site A Ground 404348074262701| Piezometer site at edge of landfill
Site B-C Ground 404340074262401| Piezometer site at edge of landfill
Site F Ground 404319074263801| Piezometer site at edge of landfill

1Site locations are shown in figure 4.
2Site inaccessible and not sampled.
3New Jersey well numbers for sites A
271722, respectively.

4=

B-C, and F are 271724, 271723, and
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