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Multiply inch-pound unit

Readers who prefer metric (Intern
units used in this report may use the

tional System) units to the inch-pound
ollowipg conversion factors:

b

|
; To obtain metric unit
|

inch (in.) 2.5 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
acre 0.0040 square kilometer (km?)
square mile (mi?) 2.590 | square kilometer (km?)
foot per day (ft/d) 0.3048 meter per day (m/d)
gallon (gal) 0.003785 cubic meter (md)
gallons per day (gal/d) 0.003785 cubic meter per day (md/d)
i
?
Equivalent Concentration Terms
milligrams per liter (mg/L) equals parts per million (ppm)
micrograms per liter (fg/L) equals parts per billion (ppb)
!
Sea level: In this report "sea level" refers to the
National Geodetic Vertical Datum of 1929 (NGVD of 1929)--
a geodetic datum derived from|a general adjustment of the
first-order level nets of both the United States and Canada,
formerly called "sea level datum of 1929."
w
l |
Conversion Factors for Relating Concentration Units
[Modified from Hem, 1985]

Multiply by To obtain
Alkalinity, in mg/L (as HCO;~) 0.8202 3 Alkalinity, in mg/L (as CaC04)
Ammonium, in mg/L (as NH4+) 0.7765 ~ Ammonium, in mg/L (as N)
Nitrate, in mg/L (as NO,-) 0.2259  Nitrate, in mg/L (as N)
Bicarbonate (HCO;~), in mg/L 0.01639 Bicarbonate, in meq/L

|
Calcium (Ca™2), in mg/L 0.04990 ' Calcium, in meq/L
Chloride (Cl1l-), in mg/L 0.02821 Chloride, in meq/L
Magnesium (Mg+2), in mg/L 0.08229 Magnesium, in meq/L
Potassium (K+), in mg/L 0.02558 Potassium, in meq/L
Sodium (Na+), in mg/L 0.04350 | Sodium, in meq/L
Sulfate (S0,~?), in mg/L 0.02082 | Sulfate, in meq/L

vi



GROUND-WATER QUALITY NEAR A SCAVENGER-WASTE-DISPOSAL FACILITY
IN MANORVILLE, SUFFOLK COUNTY, NEW YORK, 1984-85
By Michael P. Scorca
Abstract

Sludge from sewage-treatment plants and septic tanks was
discharged to unlined infiltration basins at a scavenger-waste-
disposal facility in Manorville, in south-central Suffolk County,
during 1964-82, and solid waste was accepted during 1960-72. Three
test borings were made at the site and ground-water samples
collected in 1984 and 1985 to examine the effects of the waste on
local ground-water quality in the upper glacial aquifer.

The test borings reveal that 180 to 205 feet of well-sorted
glacial outwash sediments overlie deposits of the Matawan Group and
Magothy Formation, undifferentiated. A sandy facies of the
Gardiners Clay may be present in the southern half of the 0.88-
square-mile study area.

Observation wells were installed in clusters along flow lines
hydraulically downgradient from the facility, and water samples were
collected from 29 wells in 1984 and from 63 wells in 1985. Geochem-
ical data indicate that a 1,300-foot-wide plume of contaminated
water has moved 4,700 feet downgradient from the disposal site.
Samples of plume water had higher specific conductance, lower
dissolved-oxygen concentrations, and higher concentrations of dis-
solved solids, chloride, sodium, calecium, potassium, magnesium, and
chlorobenzene than did samples from uncontaminated areas. The
median background dissolved-solids concentration of 23 mg/L (milli-
grams per liter) in water from wells in areas unaffected by the
plume is considerably lower than the median concentration of 190
mg/L for plume water, which indicates that dissolved-solids concen-
tration and specific conductance are useful indicators of the plume’s
extent. Dissolved-iron concentrations in ground water are elevated
for at least 1,400 feet downgradient from the site as a result
of chemical (oxidation-reduction) alteration to the more soluble
ferrous state. The geochemical condition of ground water near this
facility shows general similarities and particular differences to
previously studied landfills located in glacial outwash deposits.

INTRODUCTION

Most of the wastes generated by the domestic and industrial activities on
Long Island are treated and disposed of at municipal facilities, where they
may affect the quality of water in the underlying aquifer system. Ground
water is the sole source of freshwater for Nassau and Suffolk Counties, which
have a combined population of approximately 2.6 million. Planning for future
development of the ground-water resource requires information on the effects
of waste-disposal sites on ground-water quality.



Solid-waste-disposal practices at
affected the local ground-water qualit
1980). The movement of precipitation

several landfills on Long Island have
y (Wexler, 1988a; Kimmel and Braids,
through solid waste dissolves chemical

substances out of the materials and tr
Similarly, the ponding of liquid sewag
introduce dissolved contaminants to th

A disposal facility in Manorville
(wastes from cesspools or septic tanks

E

nsports them into the aquifer system.
in unlined infiltration basins can
aquifers (LeBlanc, 1984).

(fig. 1) accepted scavenger waste

treatment plants) for treatment and di
wastes were accepted at the site durin

and sludge from municipal sewage-
posal from 1964 until 1982. Solid
1960-72. The facility’s waste-disposal

areas consisted of solid-waste landfills and several unlined liquid-waste

basins excavated in glacial-outwash de
aforementioned landfills are located o
permeable sand and gravel that form on

In 1983, the Town of Brookhaven e
the U.S. Geological Survey to examine
disposal at the facility on ground wat
project was done between October 1983
establishing a precipitation gage and
the observation-well network downgradi

ground-water samples during two periods.

osits (fig. 2). This facility and the
the glacial outwash deposits of
of the aquifers used for water supply.

tered into a cooperative agreement with
nd evaluate the effects of waste
r in the upper glacial aquifer.
nd September 1986 and included

ground-water-level recorder, expanding
nt of the site, and collecting
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Purpose

This report describes the local h

upper glacial aquifer within the 0.88-
facility and, briefly, that of the upp
site. Data are presented in tables of
water samples collected in August 1984
sections, and diagrams showing concent
constituents in the upper glacial aqui

Location and

The 0.88-mi? area of study extend
south border of the disposal facility
surround the facility, but some reside
woodlands consist mainly of scrub oak
of Long Island (Krulikas, 1986). The
stream channel (fig. 1) dissects the s
center of the study area (fig. 2).

The disposal facility first began
landfill operations continued until 19
facility accepted treated sludge from
treatment plants and wastes from priva
placed in unlined basins (fig. 2) for
infiltration to the aquifer (Dvirka an
1986).

stage of operation (Dvirka and Bartilu
operation in 1982, operations were beg
on the floor of each basin and transpo

The basins for liquid sewage and
solid-waste landfill area. The wester
solid-waste landfill. The waste-dispo
the facility’s 35-acre property.

Previous In
Kimmel and Braids (1980) studied

hydrogeologically similar to the Manor
on a sewage-treatment site in a simila
Mass. The U.S. Geological Survey (Wex
Pearsall and Wexler, 1986) investigate
the Manorville facility and developed
solute-transport model to predict the
migration.

The Geological Survey’s initial i
facility measured water-table altitude
(Eckhardt and Wexler, 1986). A surfac

The facility was designed to handle a
day) of liquid scavenger wastes but coEmonly

sites on ground-water quality at two LE

t

nd Scope

drogeology and water quality of the
? (square-mile) area around the

r part, of the Magothy aquifer at the
the chemical quality of the ground-
and Juhe 1985, and in maps, cross
ations| of selected chemical

er in June 1985.

ite Operation

about 5,000 ft (feet) south of the
fig. 2). Tree nurseries and woodlands
tial hpusing is fairly close by. The
nd pine, which are typical of that part
dry upper reach of the Terrell River
outhward sloping land surface near the

receivhng solid waste in 1960, and

72. From 1964 through 1982, the

the Town of Brookhaven’s sewage-

te holding tanks. These wastes were
disinfeection, aeration, settling, and

d Bartilucci, 1981; Eckhardt and Wexler,
out 50,000 gal/d (gallons per
eceived more during its latter
ci, 1981). After the facility ceased
n to remove material that had settled

t it to another landfill.

estigakions
he eff%cts of municipal-waste-disposal
ng Isand landfills that are
ille area, and LeBlanc (1984) reported
hydrogeologic setting on Cape Cod,
er 1988a, b; Wexler and Maus, 1988;
a sanitary landfill about 8 mi west of
ground-water flow model and a
xtent and rates of contaminant

ludge disposal are north and south of a
part of the facility contains a second
al areas covered about 80 percent of

|
vestigation of the scavenger-waste

in a 36-mi? area around the facility
-geophysical survey (electromagnetic



terrain conductivity) was conducted as a part of a related study; results are
given by Mack and Maus (1987). The concentrations of chemical constituents in
one of the liquid-waste-disposal basins are given by Dvirka and Bartiluceci
(1981).
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GEOLOGIC SETTING

The scavenger-waste-disposal facility is on the glacial-outwash plain of
Long Island, south of the Ronkonkoma terminal moraine (fig. 1). The outwash
deposits overlie unconsolidated sediments of Cretaceous through Quaternary age
that thicken south-southeastward along the dip of the underlying bedrock
surface. A generalized hydrogeologic section of Long Island is shown in
figure 3; the lithologic and water-bearing characteristics of the units are
summarized in table 1. Further discussions of the geology of Long Island are
given by Suter and others (1949) and Jensen and Soren (1971, 1974).
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Figure 8.--Relative positions of major hydrogeologic units on
Long Island. (Modified from Jensen and Soren, 1974.)
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Table 1.--Generalized description of Hydrogeologic units underlying the
Toun of Brookhaven, N.Y.

[Modified from Jensen

nd Soren, 1971, table 1)

Hydrogeologic
unit

Geologic
unit

Description and
| water-bearing character

Upper glacial
aquifer

Gardiners
Clay

Monmouth
greensand

Magothy
aquifer

Raritan
clay

Lloyd
aquifer

Bedrock

Upper Pleistocene
deposits

Gardiners
Clay

Monmouth Group,
undifferentiated

Matawan Group and
Magothy Formation,
undifferentiated

Unnamed clay member
of the Raritan
Formation

Lloyd Sand Member
of the Raritan
Formation

Undifferentiated
crystalline
rocks

Mainly brown and gray sand and gravel
deposits moderate to high hydraulic
conductivity; may also include deposits
of clayey till and lacustrine clay of
low hydraulic conductivity. A major
aquifer.

Green and gray clay, silt, clayey and
silty 'sand, and some interbedded clayey
and silty gravel. Unit has low
hydraulic conductivity and tends to
confine water in underlying aquifer.

Interbedded marine deposits of dark gray,
olive4green, dark greenish-gray, and
greenish-black glauconitic and lignitic
clay, |silt, and clayey and silty sand.
Unit has low hydraulic conductivity and
tends [to confine water in underlying
aquifer. Northern limit of this
formation may lie slightly south of the
study |area.

Gray and white fine to coarse sand of
modergte hydraulic conductivity. Gen-
erally contains sand and gravel beds of
low to high hydraulic conductivity in

\ basal |100 to 200 ft. Contains much

- interstitial clay and silt and beds and
| lenses of clay of low hydraulic
conductivity. A major aquifer,
although undeveloped in study area.

Gray, black, and multicolored clay and
some gilt and fine sand. Unit has low
hydraulic conductivity and tends to
confine water in underlying aquifer.

White and gray fine-to-coarse sand and
gravel of moderate hydraulic conductiv-
ity and some clayey beds of low hydrau-
lic conductivity. Not developed as a
source of water in study area.

Mainly metamorphic rocks of low hydraulic
conductivity; surface generally weath-
ered; considered to be the bottom of
the ggound-water reservoir.

6 |




Additional geologic investigations within the Town of Brookhaven were
conducted by deLaguna (1963), Wexler (1988a), and Koszalka (1984).

The U.S. Geological Survey drilled three test borings in the study area
(fig. 2) in October 1984 and March 1985 by the mud-rotary method and used
geologic cores and gamma-ray logs to distinguish the sedimentary units. A
north-south geologic section through the study area, drawn from data from the
test borings and from gamma-ray logs of monitoring-well borings, is shown in
figure 4.

B B’
NORTH Waste-disposal area D SOUTH
FEET 5 {topography not to scale} H L
2 r — N : - 9 8
1009~ o « o © -
|5 - A o 2 R
T I e 5 & b
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0 0
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Vertical exaggeration approximately X 10
EXPLANATION
WELL BORING AND TRACE OF — = APPROXIMATE POSITION OF CONTACT
/ GEOPHYSICAL {GAMMA-RAY) BETWEEN GEOLOGIC UNITS:
LOG--Well 1ocations and cluster
letters are shown in figure 2.

Arrows point to lenses of silty
sand with some clay

Figure 4.--Geologic units and gamma-ray logs from well borings along geologic
section B-B'. (Line of section 1s shown on fig. 2.)

Pleistocene Sediments
Glacral-Outwash Deposits
The stratified glacial-outwash deposits at the three test borings around
the waste-disposal site are 180 to 205 ft thick. The outwash unit contains

three divisions, as indicated by lithology and grain-size distribution.

The basal part of the outwash is well-sorted, light-brown, fine to medium
quartz sand that ranges in thickness from about 50 ft at well S77638 near the



south end of section B-B' to 65 ft at ¥
B-B'. Grains of glauconite are scattet
of this zone at well S77638 is noticeal
amounts of interstitial green clay. Ti
sandy facies of the Gardiners Clay or,
Gardiners Clay eroded from deposits not

well S77637 at the north end of section
red throughout this sand, but the bottom
bly greener because it contains minor
nis layer may represent a transitional
more likely, a deposit of reworked

rth of the study area.

Above the basal sand unit lies a

sand ranging from 4 ft thick at well S
S77638. It is distinguished on geophy
(fig. 4). This fine-grained layer may
lake or during a short-term rise in se
This layer may correlate with the "20-
1983) because it separates the basal,

coarser grained outwash. The gamma-ra
about 400 ft south of the site border,
the area just downgradient of the faci

The uppermost 116 to 140 ft of se
with the latest stage of Wisconsin gla
well-sorted brown and tan, fine to coa
silt. Thin, discontinuous layers of
indicated by gamma-radiation logs. Th
feldspar, and rock fragments. These d
down by sediment-laden streams of glac
(Koszalka, 1984).

Gardi

The Gardiners Clay is believed to
period of temporary glacial retreat (S
10 to 20 ft thick and ranges from silt
contains discontinuous sand beds. The
Gardiners during deposition, together
resulted in an irregular surface and p
northern extent.

The Gardiners Clay was found only
central borings but not in the norther
consists of green, clayey sand with qu
a layer of partly cemented gravel that
Magothy Formation, undifferentiated.
not detectable on gamma-ray logs. The
thick and apparently pinch out just noz
within the Gardiners Clay in the study
the shore than were the more clayey lay
(Doriski and Wilde-Katz, 1983).

Cretaceous

The Matawan Group and Magothy For
sedimentary deposits from a river delt
result of its manner of deposition, th

iscontinuous layer of silty and clayey
9231 to about 13 ft thick at well
ical logs by higher gamma radiation
have béen deposited in a proglacial
level during an interglacial period.
oot" clay (Doriski and Wilde-Katz,
iner grained outwash from the upper,
iation log of monitoring well S79111,
indicates this layer to be absent in
ity.

s glacial outwash associated
This division contains
and gravel with little clay or
sediments or silt and clay are
ommon constituents are quartz,
positslare believed to have been laid

al meltwaters from the ice sheet
\

iment
iation
se san

rs Cla

be a marine deposit laid down during a
ter and others, 1949). It is typically
to sandy with glauconite. It locally
southward slope of the base of the
ith subsequent erosional processes,

rtial temoval of this unit at its

in wash samples in the south and
boring. The unit in the study area
rtz and glauconite grains. It overlies
rests upon the Matawan Group and

he clay layer and the gravel layer were
e layers combined are less than 5 ft
rth of boring S79231. The sand layers
area were probably deposited nearer to
rers commonly found at other sites

)
\
Sediments

tion, undifferentiated, contains
system of Late Cretaceous age. As a
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vary laterally and vertically, with lenticular clay and sandy clay layers
interbedded with fine to medium lignitic quartz sand. This unit is estimated
to be more than 900 ft thick in the study area (Jensen and Soren, 1974).

The three test borings drilled in this study penetrated the upper part of
the unit. Sand layers of this unit consist of gray, fine to medium quartz
sand with some interstitial silt and clay and some laminated clay beds.
Lignite, locally associated with pyrite and marcasite, also is common. Black
and gray sandy clay beds locally are present between sand layers.

Before the test-boring program, few test holes had been drilled into this
unit in this part of Suffolk County, and little information was available
about the altitude of the contact between the Matawan Group and Magothy
Formation and overlying post-Cretaceous deposits. The altitude of the upper
surface varies throughout Long Island because the depositional surface was
irregular and was further altered later on by stream-channel formation during
post-Cretaceous erosion. The contact between Pleistocene and Cretaceous units
in the study area ranges between 125 and 160 ft below sea level (fig. 4).

Above the Matawan Group and Magothy Formation is a zone of post-
Cretaceous stream-reworked sediment, especially in boring S77637, at the north
end of the facility. Geologic samples contain orange-stained quartz grains
with a few grains of glauconite and some lignite. A similar zone may exist in
§32359, the test boring at the Railroad Avenue well field (fig. 1), about 1 mi
southwest of the site.

The Monmouth Group, which overlies the Matawan Group-Magothy Formation
along parts of southern Long Island, consists of marine silty sand and clay.
It was not detected in the three test borings; thus, its northern extent in
the study area is unknown.

HYDROLOGY

Water supplies for Suffolk County are obtained from the upper glacial,
Magothy, and Lloyd aquifers. The hydrology of Long Island’s aquifer system is
described by McClymonds and Franke (1972) and Cohen and others (1968). Warren
and others (1968) described the hydrology (precipitation, evapotranspiration,
and recharge) of the Brookhaven area. Hydrologic characteristics of the upper
glacial aquifer in the Manorville area are given in a report by Eckhardt and
Wexler (1986), which includes a water-table map. The following sections
describe the hydrogeology of the upper glacial aquifer and the upper part of
the Magothy aquifer in the 0.88-mi? study area as indicated by test drilling
done for this study.

Upper Glacial Aquifer

The water table in the study area is in the upper glacial aquifer, which
has a saturated thickness of 140 to 170 ft. A map showing the water-table
altitude in November 1983 (fig. 5) indicates the direction of ground-water
flow to be south-southeastward. Thickness of the unsaturated zone in the
study area ranges from about 55 ft in the north to about 14 ft in the



nonflowing part of the stream channel of the Terrell River (fig. 1).
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Ground-Water Movement

The horizontal hydraulic conductivity of the upper glacial aquifer in the
study area has been estimated to be between 220 and 430 ft/d (feet per day)
(Eckhardt and Wexler, 1986). A ground-water flow model of a 26-mi? area
centered 9 mi west of the Manorville disposal facility indicated that the
average hydraulic conductivity is 200 ft/d (Wexler and Maus, 1988). Eckhardt
and Wexler (1986), using specific-capacity data from supply wells in the upper
glacial aquifer, estimated a maximum horizontal hydraulic conductivity of 430
ft/d and calculated the average horizontal ground-water velocity to range from
1.0 to 1.7 ftf/d. McClymonds and Franke (1972) calculated the average
hydraulic conductivity of the upper glacial aquifer in south-central Suffolk
County to be 254 ft/d.

The anisotropy (ratio of horizontal to vertical hydraulic conductivity)
of the upper glacial aquifer averages about 10:1 (Reilly and others, 1983).
Eckhardt and Wexler (1986) used vertical gradients measured during November
1983 with estimates of vertical hydraulic conductivity to obtain an average
vertical ground-water velocity of 0.02 ft/d.

Disposal operations at the facility altered the natural recharge
conditions. Liquid scavenger wastes applied to the basins infiltrated almost
continuously during operations, which caused near-saturated conditions beneath
the basins. The nearly continuous percolation of liquid waste caused a
mounding of the water table beneath the basins that increased the downward
ground-water flow gradient and allowed the fluid to move deeper into the
aquifer system than it would have under natural conditions.

Recharge and Water-Table Fluctuations

Precipitation is the only natural source of freshwater recharge to Long
Island’s ground-water system. Warren and others (1968) indicate that 50
percent of the average annual precipitation (45 inches) reaches the ground-
water system; the rest is lost by evapotranspiration and, to a lesser degree,
as direct runoff to streams. Recharge occurs primarily during the nongrowing
season, from October to May. The amount of recharge is influenced by the
frequency and amount of precipitation, evapotranspiration rate during the
growing season, and the soil-moisture deficit in the unsaturated zone at the
time of precipitation.

The study area receives recharge from two sources--subsurface inflow
along the north and west boundaries of the area and precipitation at land
surface. The direction of ground-water flow is south-southeastward through
the study area to the south shore of Long Island, where it discharges at
points near East Moriches and beneath Moriches Bay (Eckhardt and Wexler, 1986).

The U.S. Geological Survey established a precipitation gage on the west
side of the disposal facility in 1983 and installed a water-level recorder at
the same time on well S31462 at the southeast corner of the facility
(locations shown in fig. 5) to evaluate the effects of natural recharge on the
water table. In addition, the Survey measured water levels quarterly at
several well sites in the Town of Brookhaven, including the Railroad Avenue
well field, about 1 mi southwest of the site (fig. 1). One well at this site
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connection between the upper glacial and Magothy aquifers and a potential for
the downward movement of leachate from the disposal facility into the Magothy
aquifer.

Magothy Aquifer

The sediments of the Matawan Group and Magothy Formation, undifferenti-
ated, make up the Magothy aquifer (table 1). The deposits are of varying
composition, thickness, and extent, which makes estimation of average
hydraulic conductivity difficult. Layers of silty fine sand and lenses of
clay are more prevalent in the Magothy aquifer than in the upper glacial
aquifer and thus restrict ground-water flow to a greater extent. Average
horizontal and vertical hydraulic conductivities of the Magothy aquifer in
this part of Long Island have been estimated to be about 48 ft/d (McClymonds
and Franke, 1972) and 1.4 ft/d (Franke and Cohen, 1972), respectively. Sandy
parts of the Magothy aquifer have higher hydraulic conductivity and higher
flow rates than the estimated average values, however.

Ground-water levels in the upper glacial and Magothy aquifers are
presented in figure 6. The difference between water levels in the two
aquifers at the well cluster (S33919 and S33920) at the Railroad Avenue well
field was larger (0.6 ft) during the summer of 1984, a period of high water
levels, than in late 1985 (0.2 ft), a period of low water levels. The greater
vertical hydraulic gradient during the rainy period indicates that (1)
recharge to deeper sections of the aquifer system varies with precipitation
and climatic conditions, and (2) above-average precipitation, which causes
high water levels in the upper glacial aquifer, is not immediately transmitted
to the Magothy aquifer but is slightly retarded by the lower hydraulic
conductivity of the Magothy aquifer and its local confining clay beds.

Although clay beds in the Magothy aquifer can act as confining layers,
they are not extensive beneath the disposal facility. Thus, the absence of the
Gardiners Clay and extensive Magothy clay layers (fig. 4) beneath the facility
allows a hydraulic connection between the upper glacial and Magothy aquifers.
This, in addition to the water-table mounding that developed during disposal
operations, resulted in contamination of the upper part of the Magothy aquifer
(discussed later on). The lower hydraulic conductivity of Magothy sediments
than of upper glacial sediments in this area probably would make solute
transport slower than in upper glacial deposits, however.

GROUND-WATER QUALITY
Methods of Investigation

A network of 66 water-quality-monitoring wells, including 18 steel-cased
wells from a previous network used by Eckhardt and Wexler (1986) was
established in stages in the area of the disposal facility. In March 1984, 12
2-inch-diameter monitoring wells were installed by a hollow-stem auger drill
rig, and in March 1985, 31 additional 2-inch-diameter monitoring wells were
installed. One well screened in the Magothy aquifer was installed in each of
the three geologic test borings. Two additional wells screened in the upper
glacial aquifer were installed in test boring S79231. Wells installed during
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Table 2.--Physical description of wells used in the study.

[Locations are shown in figs. 5 and 7. Ft, feet; in., inches]

Total Depth to Screen Cluster

Well depth screen (ft) 1length desig- Casing Diameter

number Latitude Longitude Aquifer (ft) Top Bottom (ft) nation material (in.)
S 31461 404956 724642 Glacial 68 62 68 6 F Steel 4
S 314623 405000 724643 Glacial 73 67 73 6 B Steel 4
S 7379 405007 724648 Glacial 61 58 61 3 Steel 2
S 73791 404957 724655 Glacial 61 58 61 3 Steel 2
S 73792 404959 724651 Glacial 61 58 61 3 Steel 2
S 73793 405000 724643 Glacial 56 53 56 3 B Steel 2
S 737% 404945 724652 Glacial 73 70 73 3 G Steel 2
S 73795 404946 724644 Glacial 47 44 47 3 H Steel 2
S 73796 404947 724639 Glacial 55 52 55 3 I Steel 2
S 73797 404949 724635 Glacial 57 54 57 3 J Steel 2
S 73799 404956 724642 Glacial 101 98 101 3 F Steel 2
S 73801 404929 724622 Glacial 50 47 50 3 Steel 2
S 73811 405014 724657 Glacial 85 80 85 S A Steel 4
S 73813 404956 724645 Glacial 88 83 88 S E Steel 4
S 73814 404956 724645 Glacial 68 63 68 5 E Steel 4
S 73815 404956 724645 Glacial 53 48 53 5 E Steel 4
S 73816 404955 724652 Glacial 70 65 70 5 C Steel 4
S 73817 404955 724652 Glacial 90 85 90 S C Steel 4
S 73818 404955 724652 GClacial 110 105 110 5 C Steel 4
S 76402 404946 724644 Glacial 68 64 68 4 H PVC 2
S 76403 404946 724644 Glacial 88 84 88 4 H PVC 2
S 76404 404946 724644 Glacial 108 104 108 4 H PVC 2
S 76405 404946 724644 Glacial 137 133 137 4 H PVC 2
S 76406 404947 724639 Glacial 78 74 78 4 I pvC 2
S 76407 404947 724639 Glacial 98 94 98 4 I PVC 2
S 76408 404947 724639 Glacial 117 113 117 4 1 PVC 2
S 76409 404949 724635 Glacial 99 95 99 4 J PVC 2
S 76410 404949 724635 Glacial 123 119 123 4 J PVC 2
S 76411 404947 724639 Glacial 146 142 146 4 I PVC 2
S 76412 404937 724636 Glacial 78 74 78 4 L PVC 2
S 76413 404937 724636 Glacial 118 114 118 4 L PVC 2
S 77637 405014 724657 Magothy 263 258 263 S A PVC 4
S 77638 404928 724621 Magothy 240 231 236 5 PVC 4
§ 79107 404955 724648 Glacial 64 60 64 4 D PVC 2
S 79108 404955 724648 Glacial 84 80 84 4 D PVC 2
S 79109 404955 724648 Glacial 104 100 104 4 D PVC 2
§ 79110 404955 724648 Glacial 121 117 121 4 D PVC 2
S 79111 404955 724648 Glacial 142 138 142 4 D PVC 2
S 79112 404945 724652 Glacial 103 98 103 5 G PVC 2
§ 79113 404945 724652 Glacial 123 118 123 5 G PVC 2
S 79114 404945 724652 Glacial 144 139 144 S G PVC 2
S 79115 404936 724640 Glacial 62 58 62 4 K PVC 2
S 79116 404936 724640 Glacial 82 77 82 5 K PVC 2
S 79117 404936 724640 Glacial 102 98 102 4 K PVC 2
S 79118 404936 724640 Glacial 124 120 124 4 K pvC 2
S 79119 404936 724640 Glacial 142 138 142 4 K PVC 2
S 79120 404937 724636 Glacial 62 58 62 4 L PVC 2
S 79121 404937 724636 Glacial 102 98 102 4 L PVC 2
S 79122 404937 724636 Glacial 142 138 142 4 L PVC 2
S 79123 404929 724637 Glacial 64 60 64 4 M PVC 2
S 79124 404929 724637 Glacial 84 80 84 4 M PVC 2
S 79125 404929 724637 Glacial 105 101 105 4 M PVC 2
S 79126 404929 724637 Glacial 121 117 121 4 M PVC 2
S 79127 404929 724637 Glacial 140 136 140 4 M PVC 2
S 79128 404930 724633 Glacial 66 62 66 4 N PVC 2
S 79129 404930 724633 Glacial 84 80 84 4 N PVC 2
S 79130 404930 724633 Glacial 105 101 105 4 N pvC 2
S 79131 404930 724633 Glacial 125 121 125 4 N PVC 2
S 79132 404930 724633 Glacial 145 141 145 4 N PVC 2
s 79231b 404946 724644 Magothy 256 243 253 10 H PVC 2
S 79232 404915 724631 Glacial 65 60 65 S 0 PVC 2
S 79233 404915 724631 Glacial 85 80 85 S 0 PVC 2
S 79234 404915 724631 Glacial 106 101 106 5 0 PVC 2
S 79235 404915 724631 Glacial 125 120 125 5 0 PVC 2
S 79236 404915 724631 Glacial 145 140 145 5 [+] PVC 2
S 93799b 404946 724644 Glacial 183 175 180 5 H PVC 2
S 938000 404946 724644 Glacial 159 151 156 5 H PVC 2
: Water-level recorder installed, well not sampled.

Installed in borehole S§79231 at cluster H.
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Well locations were selected according to the direction of ground-water
flow as determined from the November 1983 water-table map (Eckhardt and
Wexler, 1986) and an electromagnetic terrain conductivity survey (Mack and
Maus, 1987). Wells were installed along flow lines leading downgradient from
the disposal facility. A centrally located flow line extending 1 mi
downgradient from the site (C-C', fig. 7) was selected for extensive
water-quality monitoring. Wells were drilled in clusters at selected
locations and screened at differing depths to provide information on vertical
variability of water quality in the upper glacial aquifer.

Ground-water samples were collected from monitoring wells in August 1984
and June 1985; results of laboratory and field analyses are given in appendix
1 (at end of report). In August 1984, 29 wells were sampled (appendix 1A),
and in June 1985, 63 wells were sampled, including a resampling of 26 of the
wells sampled in 1984 (appendix 1B). A'minimum of three casing volumes were
evacuated from each well by submersible‘pump to obtain representative
ground-water samples. Temperature, pH, specific conductance, and
dissolved-oxygen concentration of each sample were recorded at the well site.
Samples for dissolved-constituent analysis were filtered in the field through
0.45-4 or 0.65-4 cellulose filters and shipped|to the laboratory that had been
contracted by the Town of Brookhaven (New York| Testing Laboratories! of
Westbury, N.Y.). The analyses included | pH, specific conductance, dissolved
solids, total alkalinity, bicarbonate, c¢hloride, sulfate, ammonium, nitrate,
nitrite, total Kjeldahl nitrogen, calcium, iron, lead, magnesium, manganese,
potassium, selenium, and sodium. Six duplicate samples in 1984 and 12 in 1985
were sent to the U.S. Geological Survey National Water Quality Laboratory in
Doraville, Ga. for inorganic analysis for quality-assurance purposes. The
U.S. Geological Survey National Water Quality Laboratory and New York Testing
Laboratories participate in the Standard Reference Water Sample Program, a
quality-assurance program administered by the U.S. Geological Survey.

The 1985 sampling included analyses for priority pollutant? organic
chemical compounds (appendix 2) by the U.S. Geological Survey National Water
Quality Laboratory in Doraville, Ga. Samples from 20 wells along the central
flowline (C-C') were tested for volatile organic compounds, and six were
tested for acid- and base/neutral-extractable organic compounds and for
polychlorinated biphenyls (PCBs). Results for | volatile organic compounds and
base/neutral-extractable compounds that 'were found to be above the detection
limit in one or more wells are given in’append‘x 3.

|

\
Background VITter Quality

gather information on background levels of chemical constituents. One well in
the Magothy aquifer and two wells in the upper glacial aquifer hydraulically
upgradient from the site were sampled. |A cluster of three wells in the upper

\
Eight wells outside the leachate plume in+§he study area were sampled to

Use of firm name in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.

Priority pollutants are constituents listed in the Environmental Protection
Agency 1list of 129 priority pollutants (Keith and Telliard, 1979, p. 418.)
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glacial aquifer, one additional well in the upper glacial aquifer, and one
well in the Magothy aquifer east of the plume were also sampled. Water-
quality data from 1973-84 from an additional nearby well in the upper glacial
aquifer were obtained from the Suffolk County Department of Health Services.

The inorganic chemical quality of water from background wells that tap
the upper glacial aquifer near the site is summarized in table 3. This table
shows the median, minimum, and maximum concentrations of 16 constituents and
specific conductance, and the number of samples analyzed for each.

The sources of chemical constituents in native ground water are discussed
by Franke and McClymonds (1972), deLaguna (1964), and Wexler (1988a).
Generally, the quality of water from background wells in the study area is
similar to that of ground water in relatively undeveloped parts of Long
Island. Synthetic organic chemical compounds were not detected at background
wells.

Table 8.--Chemical quality of samples from wells that represent background
vater quality.

[{Dashes indicate no data available.]
Upper glacial aquifer at Manorville

waste-disposal facility Uncontaminated
Number of Long Island
Constituent Median Minimum Maximum samples ground water!

Oxygen, dissolved (mg/L) 11.2 9.7 12.2 15 -

Specific conductance 46 35 302 17 50
(4#S/cm)

Dissolved solids (mg/L) 23 17 120 8 36

Alkalinity, lab 17.5 10 300 8 9
(mg/L as CaCO,)

Sulfate, dissolved 24.7 2 18 17 8
(mg/L as SO,)

Chloride, dissolved 7 4 70 17 5
(mg/L as Cl1)

Iron, dissolved 23121 <20 830 9 200
(ug/L as Fe)

Manganese, dissolved 217 <10 62 9 --
(pgl/L as Mn)

Calcium, dissolved 1.07 0.25 8.7 10 2
(mg/L as Ca)

Magnesium, dissolved 1.3 0.58 3.9 10 1.5
(mg/L as Mg)

Potassium, dissolved 0.5 0.3 2.0 16 0.6
(mg/L as K)

Sodium, dissolved 4.1 3.7 40 16 4
(mg/L as Na)

Selenium, dissolved <1 <1 4 9 --
(pgl/L as Se)

Ammonia (mg/L as N) 20.026 0.020 1.51 9 -

Nitrate (mg/L as N) 20,041 0.020 4.16 10 0.5

Nitrite (mg/L as N) <0.010 <0.010 0.030 9 --

Total Kjeldahl nitrogen 20.06 0.03 29 9 --
(mg/L as N)

! Values from delaguna, 1964.
? Median values calculated by method described by Helsel and Cohn (1988).
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Figure 8.--Background concentrations of major ions in ground water
(Well locations are shown in fig. 7.)

wn study area.
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Table 4.-~Results of chemical anatyscj of wastewater from a disposal basin

[Modified from Dvirka and Bartilucci, 1981. mg/L, milligrams
per liter; pg/L, micrograms| per liter; < less than.]

Value
(in mg/L
Physical properties and except as Value
inorganic constituents noted) Organic compounds (in pg/L)
Specific conductance 793 4S/cm Benzene 2
pH 6.0 units Bromoform <1
Total solidsl 10,568 Carbon tetrachloride Q1
Dissolved solids! 1,216 Chlorodibromomethane <1
Total alkalinity 428 ! Chloroform <2
Chloride 72 | Bromodichloromethane <1
Sodium 130 ! Methylene chloride 11
Sulfate 47 | Tetrachloroethylene 80
Total Kjeldahl nitrogen 135 Toluéne 300
Calcium 42 Trichloroethylene 14
Iron 49 1,1,-Dichloroethylene <5
Lead 0.7 1,1-Dichloroethane 8
Manganese 1.5 1,1,1-Trichloroethane 44
Potassium 27 w 1,1,2-Trichloroethane <5
: 1,2-Dichloroethane <5
1,2-Dichlorobenzene 20
1,4-Dichlorobenzene 27

1 Number of samples analyzed for dissolved and total solids was unequal.

Upper Gl.acic‘#l, Aquifer

Dissolved-solids concentration.--Dissolved-solids concentration and the
related physical property of specific conductance often can be used to
delineate zones where ground water has been contaminated by wastes (Kimmel and
Braids, 1980; Wexler, 1988a). At the Manorville site, background water
quality has generally less than 50 mg/L of dissolved solids, except when it is
affected by road salting. Wells downgradient from the facility were
considered to be part of a plume of leachate-influenced ground water if their
samples contained dissolved-solids concentrations greater than 50 mg/L. The
dissolved-solids concentration of ambient grouﬁd water near the site is
generally less than 50 mg/L, whereas that of the plume is generally greater
than 100 mg/L; this makes dissolved-solids condentration a useful indicator
for locating the plume at this site. The direct relationship between
dissolved solids and specific conductance (Hem, 1985) makes specific
conductance a useful field test for disgsolved solids because it 1is easily
measured directly at the well site.

The ranges of concentrations of selected donstituents at wells showing
the effects of leachate and at wells shawing no effects can be compared
through use of box plots. These diagrams are described by Chambers and others



(1983). Box plots illustrate the distribution of values within a group by
showing the samples®’® median concentration and interquartile range and also
indicate the concentration at 1.5 times the interquartile range and the
concentrations of outliers. Comparison of the box plots for contaminated
samples with those for uncontaminated samples generally reveal a marked
difference.

A box plot showing the range of dissolved-solids concentrations in
samples from wells screened in the plume and in water outside the plume is
shown in figure 9. The median value of dissolved-solids concentrations for
background wells is 23 mg/L, which contrasts markedly with the 190-mg/L value
for wells affected by the plume; also, the values for background wells are
more closely grouped than those for affected wells. The two outliers in the
background well box plot are from well S73801, which is affected by winter
road salting. The wider range of dissolved-solids concentrations within the
plume probably is due to longitudinal dispersion, discussed farther on.

Maps showing concentrations of dissolved solids at three depths in the
upper glacial aquifer are shown in figure 10; the concentrations of dissolved
solids at wells along longitudinal section C-C' in June 1985 are shown in
vertical section in figure 11. The concentrations in figures 10 and 11
indicate that the plume extends to about 4,700 ft south of the facility’s
southern border.

Figures 10 and 11 show that the plume reaches its greatest length in
deeper parts of the aquifer. Dissolved-solids concentrations decrease
downgradient from the site through dispersive mixing with unaffected ground
water. The increase in dissolved-solids concentration with depth in
downgradient well clusters (fig. 11) indicates that the high vertical
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Figure 9.--Range of dissolved-solids concentrations in leachate
plume and in unaffected ground water.
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gradients that resulted from water-table mounding beneath the basins caused
wastewater to move downward before entering the natural horizontal flow field
beyond the site during disposal operations. In addition, fresh recharge from
precipitation enters the aquifer at the water table, where it displaces and
dilutes the uppermost ground water and thereby forms a layer of uncontaminated
water above the contaminated layer. The difference in density between
contaminated and uncontaminated water y also play a role in the downward
movement of the plume (Kimmel and Braids, 1980).

Figure 12 shows dissolved-solids concentrations along a transverse
section through the plume 1,400 to 1,500 ft downgradient from the site’s
southern border. Well cluster J, about 100 ft east of the bounding eastern
flowline of the plume, does not show contamination. The lack of significant
lateral spreading of the plume, indicated by the difference of dissolved-
solids concentrations between clusters and J, indicates that the plume’s
width is similar to that of the facility--about 1,300 ft.

D ) D’
WEST I EAST
FEET
100 or
—_— |
[
504 i - EXPLANATION
‘ J TRACE OF MONITORING
Wat le,
ater table ' WELLS--Shows screen
23 zones. Clustered wells at
SEA | " a site are shown along
LEVEL one trace. Number is
17 dissolved-solids
concentration, in
miltigrams per liter.
50 - - Letter is cluster
designation shown in
figure 7
—— 300~-~- LINE OF EQUAL
00 DISSOLVED-SOLIDS
1 rs Clay i CONCENTRATION--In
_L milligrams per liter.
oo m—— ey Sy Dashed where inferred
* SAMPLE COLLECTED IN
1504 - AUGUST 1984
FEE
200 1300 Tl
50 METERS
Magothy aquifer
250 - -
Vertical exaggeration approximately X 10
Figure 12.--Dissolved-solids concentrations along transverse section
D-D' in June 1985. (Line of section 1s shown in fig. 7.)
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The dissolved-solids concentrations plotted on the maps in figure 10 and
in section D-D' in figure 12 indicate that the alignment and configuration of
the facility and the position of the various wastes within the site have
affected ground water to differing degrees. Wells along the central longitu-
dinal flowline C-C' are downgradient of wastewater basins and solid-waste
landfill areas, whereas the western part of the facility consists mostly of a
solid-waste landfill. The ground-water plume emanating from the latter area
tends to be lower in most constituents than the part emanating from the waste-
water basins. Geophysical data from the site (Mack and Maus, 1987) also
indicate the plume to be slightly asymmetric with higher terrain conductivity
(a measure of ground water’s specific conductance) and greater downgradient
movement in its eastern part, which is associated with the area containing the
basins and solid-waste landfill. The geophysical survey was useful in
estimating lateral boundaries of the plume.

Characteristics and extent of contaminated ground water.--In June 1985, the
plume extended 4,700 ft downgradient from the disposal facility and was about
1,300 ft wide 1,200 ft south of the site’s south border. Chemical analyses of
samples from wells that intercept the plume showed concentrations of most
inorganic chemical constituents to be above background levels (appendixes 1A
and 1B, at end of report). Box plots of major constituents (fig. 13)
illustrate the contrast between the plume and background water.

Stiff diagrams of samples from wells along section C-C' (fig. 14) show
that bicarbonate, determined from total alkalinity, is the predominant anion
in most of the plume. The Stiff diagrams and data from appendix 1 show that
sodium, calcium, iron, ammonium, and magnesium are the predominant cations.
These diagrams illustrate the contrast between major-ion concentrations in the
plume and those in adjacent unaffected ground water. Note that the first well
(S73811) is hydraulically upgradient from the site and therefore is
representative of background ground-water quality.

The maximum concentrations of most major constituents during the two
sampling periods (August 1984 and June 1985) were at wells within 500 ft of
the southern border of the facility. In August 1984, the maximum values of
specific conductance and nine inorganic constituents (see appendix 1) were in
samples from two wells inside the facility (573792 and S73793). In June 1985,
the maximum values of specific conductance and nine inorganic chemical
constituents (see appendix 1) were in samples from wells at cluster D, which
was installed 400 ft south of the facility during March 1985.

Constituents that were detected in concentrations at or above New York
State recommended guidelines for drinking water at several wells were iron,
manganese, nitrate, selenium, and some organic chemical compounds. Dissolved-
solids concentrations exceeded the guidelines (500 mg/L) in five wells within
500 ft of the south border of the facility.

The synthetic organic chemical compounds that were detected in the ground
water (appendix 3) probably originated from the disposal-site wastes. The
concentrations and distribution patterns of organic compounds detected along
flow line C-C' differ widely. Chlorobenzene, detected in 11 wells, was the
most commonly found volatile organic compound. Chlorobenzene was detected
above the drinking-water standard in wells as far as 2,760 ft from the site
and may indicate contamination from the sewage-disposal basins. With the
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Oxidation-reduction conditions.--Several chemical constituents of ground water
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Well S78811 (upper left) is in unaffected area.

(Well locations are shown in fig. 7.)
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Chemical constituents involved in redox reactions in the study area.
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Dvirka and Bartilucci (1981) (table 4, p. 20). Iron concentrations down-
gradient from the scavenger-waste basins in the south-central and southeast
parts of the site (fig. 16) were nearly 20 times greater than those south of
the solid-waste landfill in the western part of the site, presumably because
the scavenger waste contains greater quantities of dissolved iron than the
solid waste. Below the water table in and near the site, iron in naturally
formed iron oxide coatings on sand grains has been reduced to the soluble
ferrous form. Evidence for this was observed in geologic samples from
monitoring-well borings at the site, which contained sand grains from which
the natural iron stains had been removed.

Sulfate concentrations varied along downgradient flowlines and reached
maximum levels within 500 ft of the site.

Redox intensity in the study area. The distribution of redox-sensitive
chemical constituents in ground water in the study area indicates a decreasing
reduction potential with distance from the site. Reducing conditions have
developed in and near the site to at least the point of iron reduction. The
presence of both ammonia and nitrate in significant amounts indicates a state
of nonequilibrium. Sulfate concentration reaches its maximum in this area,
but its degree of reduction to sulfide was not determined.

Reducing conditions diminish through most of the area from more than 500
ft to at least 1,500 ft from the site except in the deepest part of the
aquifer. Dissolved iron concentrations were still elevated in the deeper
wells at cluster H, about 1,400 ft south of the site. Absolute concentrations
of nitrogen compounds are lower here than near the site, although the ratio of
reduced to oxidized nitrogen remains high, generally between 100:1 and 600:1.

Nitrate concentrations increase downgradient to about 3,000 ft, possibly
through the process of nitrification (conversion of ammonia to nitrate), and
the ratio of reduced to oxidized nitrogen at this distance is less than 100:1.

From about 3,000 ft to the end of the plume, the ratio of reduced to
oxidized nitrogen generally decreases to less than 10:1. Dissolved-oxygen
concentrations remain low, although the presence of oxygen at depth may be
influenced by several factors besides contamination.

Magothy Aquifer

Three wells screened in the Magothy aquifer were sampled in June 1985
(appendix 1B). Only one (S79231, cluster H) of the three is directly
downgradient of the site; the two others yield water of background quality
(fig. 8). Well S79231 contained 164 mg/L dissolved solids and elevated
concentrations of several other constituents (appendix 1B). This one sample
suggests that the upper part of the Magothy aquifer is affected by
contaminated ground water emanating from the site; but definition of the
plume’s extent in the Magothy aquifer was beyond the scope of this study.

Although ground-water movement in the upper glacial aquifer is primarily
horizontal (Eckhardt and Wexler, 1986), the site is above a zone in which
ground water moves downward to recharge the Magothy aquifer (Krulikas, 1986).
During periods of disposal at the site, water-table mounding beneath the
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basins increased the vertical gradient, and the absence of effective confining
beds in the upper glacial aquifer beneath the site probably allowed
contaminated water to move into the upper part of the Magothy aquifer. The
spread of contamination within the upper part of the Magothy aquifer may be
slowed, however, by (1) the presence of clay beds at depth, (2) the relatively
low hydraulic conductivity of the sediments, and (3) the greater potential for
chemical adsorption here than in the upper glacial aquifer.

SUMMARY AND CONCLUSIONS

The scavenger-waste-disposal facility at Manorville received solid and
liquid wastes from 1960 through 1982, when it ceased operations. The facility
exhibits hydrogeologic and geochemical similarities and differences to the
previously investigated landfill sites at Babylon and Islip (Kimmel and
Braids, 1980), Cape Cod (LeBlanc, 1984), and Brookhaven (Wexler, 1988a). The
major hydrogeologic similarity among these sites is that they are established
in permeable, well-sorted glacial outwash deposits. This allows elongated
plumes to develop in the direction of ground-water flow.

The U.S. Geological Survey drilled three geologic test borings and
established an observation well network of 66 wells during 1983-85 to evaluate
the effect of the wastes on water quality and hydrogeologic conditions of the
upper glacial aquifer in the 0.88-mi? study area. Ground-water samples were
collected during August 1984 and June 1985.

The water table is in the upper glacial aquifer, which in the study area
extends to between 180 and 205 ft below land surface and consists of
well-sorted sand and gravel with a few thin, discontinuous clay layers that
provide little impediment to downward flow. The upper glacial aquifer in the
northern part of the study area is directly underlain by the Magothy aquifer,
which contains beds of sand, silty and clayey sand, sandy clay, and clay. In
the southern part of the study area, the upper glacial aquifer is underlain by
a thin layer of a sandy facies of the Gardiners Clay. The hydraulic conduc-
tivity of the Magothy aquifer is locally variable but in general is lower than
that of the upper glacial aquifer. The liquid waste-disposal operations
caused water-table mounding beneath the site and, thus, increased the vertical
ground-water gradient in the upper glacial aquifer from natural conditionms.

The ground-water flow conditions at the Manorville facility are different
from the other landfills on Long Island in that the Gardiners Clay is absent
or not present as a significant restriction to vertical flow to the Magothy
aquifer. Also, the facility is in a region with a naturally downward vertical
flow component between the two aquifers.

Dissolved-solids concentrations have been used at other Long Island
landfills to delineate ground-water plumes and were useful at the Manorville
site. Water from wells unaffected by leachate have the same low
concentrations of chemical constituents as water in relatively undeveloped
parts of Long Island. These contrast sharply with the elevated concentrations
in samples of plume water.
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Appendiz 2.--Priority pollutantst fﬂr which ground-water samples were analyzed.

Benzene

Bromoform

Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethyl vinyl ether
Chloroform
Dichlorobromomethane

4~Chloro-3-methylphenol
2-Chlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol

C.

Acenaphthene

Acenaphthylene

Anthracene

Benzidine
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(a)pyrene
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
bis(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether
bis(2-Chloroisopropyl) ether
2-Chloronaphthalene
4-Chlorophenyl phenyl ether

Base/neutral

A. Volat+1e organic compounds

Dichlorodif
1,1-Dichlor
1,2-Dichlor
1,1-Dichlor
1,2-trans -D
1,2-Dichlor
1,3-Dichlor
Ethylbenzen
Methylbromi

Acid-extr

4,6-Dinitro
2,4-Dinitro
2-Nitrophen
4-Nitrophen

Chrysene
Dibenz(a,h)4

uoromethane
ethane
ethane
ethylen

nthrace{e

1,2-Dichlorobenzene
1,3-Dichlorobenzene

1,4-Dichlorg
3,3'-Dichlor
Diethyl phth
Dimethyl pht
Di-n-butyl p
2,4-Dinitrot
2,6-Dinitrot
Di-n-octyl p
bis(2-Ethylh
Fluoranthene
Fluorene

benzene
obenzidine
alate
halate |
hthalate
oluene
oluene
hthalate

chloroethylene

exyl) phthalate

Methylene chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
Vinyl chloride

ctable organic compounds

Pentachlorophenol
Phenol
2,4,6-Trichlorophenol

xtractahle organic compounds

Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3—cd)pyrene
Isophorone
Napthalene
Nitrobenzene
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodi-n-propylamine
Phenanthrene
Pyrene
2,3,7,8-Tetrachlorodibenzo-
p-dioxin
1,2,4-Trichlorobenzene

1 Priority pollutants are constituents listed
pollutants (Keith and Telliard, 1979, p. 4l

8.)

44

in the FPA list of 129 priority



-= - - 0°¢> 0°€> 0°¢e> 0°e> 0°¢e> 0°¢e> 0°¢> 0°¢e> 1221 ¢8-€1~9  9€T6L S
0°1> 0°1> 0°1> 0°€> 0°¢> 0°€> 0'e> 0°e> 0°¢> 0°¢> 0°¢e> 9z¢e1 $8-€1-9  G€T6L S
-= -- -~ o°e> 0°€> 0°e> 0°e> 0°¢e> €°9 0°€e> 0°¢e> [¥AA! 68~£1-9  %€Z6L S
-- - -- ST L°9 L1 6°9 0°e> 0°s 0°€> 0°e> 10€1 ¢8-11-9  [Z16L S
0°1> 0°1> 0°2 11 6% 61 0°€> 0°e> €1 0°e> 0°€> 1081 G8-11-9 9216L S
= -~ - 9°9 0°e> (Al 0°¢> 0°e> €°s 0°e> 0°e> 1601 68-€1-9  GTI6L S
- -- -~ L% 0°€> 1 Y4 0°e> 0°¢e> 0°e> 0°€e> 81 1601 G8~-61-9 6116 S
0°1> 01> 0°¢ €1 0°¢> L2 ¢ty 0°¢e> 0°€> 0°¢> 6°8 1121 $8-61-9 8116L S
-- -~ - 0°¢> 0°e> 8°8 0°¢e> 0°¢e> 0°e> 0°e> 0L 91¢eT G8-61-9  [II6L S
-- -- - 0°¢> 0°e> X 0°¢> 0°¢e> 0°¢e> 0°€> 12 9¢01 68-%2-9 1116 S
- -- - 0°e> 0°¢> €°9 0°¢e> 0°¢> 0°e> 61 0°¢> 1€11 68-%2-9 OIl6L S
0°2 0°1> 0°¢ 0°¢> 0°¢> 0°¢> 0°€> 0°¢> 0°¢t> 0°¢> 1°6 1221 €8-%2-9 6016L S
-- - - 0°¢> 0°¢> 0°¢> 0°¢> 0°e> 0°¢e> 0°¢> ¢°9 TIet G8-%2-9 8016 S
-- -- - 0°¢> 0°¢> 6°¢ 0°¢> 0°¢e> 0°¢> 0°e> 8°6 16€T S8-%7-9  [O16L S
-- -- -= 0°¢> 0°e> 1°s o°e> 0°¢> 0°¢> 0°e> LS TT11 68~/[1T-9 GO%9L S
-= - - 0°¢> 0°¢> 0°¢> 0°e> 0°e> 0°e> 0°€> 1°8 9021 68-L1-9 %0%9L S
0°1> 0°1> 01> 0°¢> 0°¢> 0°¢e> 0°€> €1 0°¢e> 0°¢e> 0°€£> 9621 G8-L1-9 €0%9L S
-- - -= 0°€> 0°¢> 0°¢e> 0°e> 19 0°€> 0°¢> 81 Teet S8-L1-9 TOY9L S
- -= -~ 0°¢> o°e> 0°¢e> 0°¢e> 0°e£> 0°e> 0°¢> 0°€> 9121 68-62-9 118¢L S
0°6 0°¢€ 0°1> 0°¢> 0°e> 0°€> 0°¢e> 0°e> 0°¢e> 0°¢> 1% 9¢el 68-67-9 T6LEL S
duazuaq auazuadq audzuaq aua aueyla aueyla aua auanjog apTa wioy auazuaq aTdmes (14/p/ou) 1aqunu
~0JI0TYD —-030TYD -0IOTYD ~14ya3a ~0I0OTYD ~0I0TYd ~j14y3a -0TYd =0I0TYy) -0I0TY) JO dmY], a1dues 112M
-10¢-%‘T -IQ-€‘1 =-T1Q-g‘l —o0I0TYyd -TiL  ~¥QE1°1 =~o0101Yyd aua 3o @3eQ
-Ig-suear - -1°1°'1 ~-F11 - T4y3aay
-2°1
[*(2FmY] uoF3lv@3Iap MmoT2q) ueyl ssa] ) {103 pazdieue Jou
jou ‘-~ +7 8TF U UMOYS @3B SUOTIEDO0T T34 °*1937T a2d swea30adIm ujl ‘sanjeAa [e30] 3Je SUOI2
—BI13U3dU0) *BH ‘aTrARIOQ ‘A10jeBioqe] A3IT[END 123EM TeuOTIeN L9aing [edFBoyoan g £q sasfieuy]
"S86T auny ‘a77trasouvy 30 A227190f vsodsip wosf sa)duvs uazom-punosb fo sashypuv Jpowwsyd> drupnbig--'g Tipuaddy

45



