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RECEIVED
DEC 2 6 1991

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION II

•F' 20 '99J JACOB K. JAVITS FEDERAL BUILDING

NEW YORK. NEW YORK 1O278

Kevin Burger, C.E.P.
Wehran Engineering Corporation
Andover Research Park
Six Riverside Drive, Suite 101
Andover, Massachusetts 01810-1121

Re: Operable Unit 2 Feasibility Study, Kin Buc Landfl Superfund Site, Edison New
Jersey. Administrative Order No. ll-CERCLA-001 14 (Order).

Dear Mr. Burger:

The U. S. Environmental Protection Agency (EPA) has determined appropriate
remediation goals for the wetlands sediments to be addressed in the selected remedy
for Operable Unit 2 of the Kin Buc Landfill Superfund Site, Edison, New Jersey. On
the basis of the Remedial Investigation report and its supplements, as well as the draft
Risk Assessment prepared by EPA, EPA has identified PCBs as the primary
contaminant of concern in the wetlands, and has developed a cleanup level of 5.0
parts per million (ppm) for all contaminated wetlands sediment in Operable Unit 2.
This area includes the Edmonds Creek and Connecting Channel.

This goal reflects several different contributing factors: EPA's preliminary calculations
based on an evaluation of btoavailability using the Interim Equilibrium Partitioning (EP)
Method, biological effects data from literature studies, as well as remediation goals for
PCBs in sediments at other Superfund sites. These factors were considered against
such competing factors as the technical feasibility of full remediation and the desire to
minimize, as much as possible, the impact of remediation on the existing wetlands.
EPA believes that the remediation goal will greatly reduce the ecological threats
associated with the contaminated sediment while preserving a significant portion of the
existing ecosystem. Sediments contaminated by PCBs at lower levels (<5 ppm) will
remain undisturbed.

The Interim EP Method has been developed by EPA as a means of evaluating
sediment quality, and applies to nonpolar organics and inorganic contaminants. The
sediment quality criteria (SOC) developed with this method are based on the
partitioning of contaminants between the sediment and the water in contact with that
sediment. For a particular contaminant, the Interim EP method may be utilized to
back-calculate from the Ambient Water Quality Criteria (AWOC) the concentration of
that contaminant in the sediment which will have no adverse effects on organisms
exposed to the sediment-water interface. For each contaminant, the method provides
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a range of SQCs based on the range of partitioning coefficients reported in literature.
The lower value represents the concentration, normalized to the organic carbon
content, with which 97.5% certainty will protect organisms from adverse chronic
effects, while the upper value represents the normalized concentration with which
97.5% certainty will not protect organisms from adverse chronic effects. For PCBs,
the tower, mean, and upper SQCs are 3.87, 19.5, and 99.9 ug PCB/g carbon.

The attached document describes the basis and application of this method to
sediment qualify data As part of the Feasibility Study, Wehran should apply the
Interim Equilibrium Partitioning Method to all wetlands sediment data points for which
both PCS and Total Organic Carbon (TOC) concentrations are available. All PCB data
should be normalized to the fraction of organic carbon contained in the sediment at
that data point The normalized data should be mapped, with contour intervals
representing the lower, upper and mean sediment quality criteria as described. This
information will assist EPA in confirming the preliminary calculations which led to the
establishment of the 5 ppm cleanup goal, should be submitted to EPA within 18
working days from receipt of this letter.

Because the Risk Assessment has not been finalized, EPA wil transmit a summary of
those portions it considers necessary for Wehran to complete the draft Feasibility
Study as soon as possible. These portions include the human health and ecological
pathways considered, the contaminants of concern, and the results of the quantitative
risk assessment At that time, a schedule for the Feasibility Study win be established.
Until that time, Wehran should begin the revision of the October 1990 Feasibility Study
submtttals (Chapters 1.0, 2.0, 3.0, 4.0) based on the draft Final Remedial Investigation
Report and the contents of this letter.

If you have any questions or comments concerning these matters, please contact
Alison Barry, of my staff, at (212) 264-8678.

Sincerely yours,

Raymond Basso, Chief
New Jersey Superfund Branch II

Attachments

Ralph
Richard Karr, Waste Management NA (w/o attachment)

cc: Ralph Sundstrom, Kin Buc (w/o attachment) o

lan Curtis, NJDEPE o
Robert Miller, Wehran "
Jeanne Litwin, COM FPC *>•



INTERIM SEDIMENT CRITERIA VALUES FOR NONPOLAR HYDROPHOBIC
ORGANIC COMPOUNDS

INTRODUCTION

Toxic contaminants in the bottom sediments of lakes, rivers and coastal

waters can degrade the environment. Available data Indicate many locations
where existing sediment contaminant concentrations are now causing significant
adverse environmental effects on aquatic life, even when water column
contaminant concentrations comply with established water quality criteria

(Malins et al. 1980, 1982). Since 1985, the Criteria and Standards Division
of EPA has been pursuing the Equilibrium Partitioning (EP) approach for
estimating sediment quality criteria for nonpolar and metal contaminants. .In
anticipation of favorable review of the approach by EPA's Science Advisory

Board, interim sediment criteria values based on the EP approach for selected
nonpolar, hydrophobic organic compounds were developed. These interim criteria
values can be used to evaluate the appropriate applications of. sediment criteria

in existing regulatory programs. This report describes how the interim numbers
were developed and briefly how the criteria values can be used to evaluate
the extent of sediment contamination. Preparation of this report has resulted
in a great deal of discussion regarding choice of partition coefficients and _,.

DO
methods for determining the uncertainty in the interim criteria values. °
Therefore, It 1s very likely that the final values that EPA will recommend §
will differ from these values although not substantially. Any user of these

SI
numbers should be aware that these numbers are indeed interim and not final g

criteria values.
The main part of this report describes the development of interim criteria

values for nonpolar organic contaminants for which chronic water quality
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criteria have been generated. In Appendix E of the report, additional interim
criteria for selected PAHs are given.

EQUILIBRIUM PARTITIONING APPROACH

Before describing how the interim criteria were estimated, the technical
approach that forms the basis for the sediment criteria development effort
will be discussed. The approach that is being pursued by the Criteria and
Standards Division for establishing sediment quality criteria, on the
recommendation of participants in the technical workshops and steering
committees, is the EP approach (Neff 1985, Cowan 1986, Cowan 1987). The EP
approach is based on two interrelated assumptions. First, that the interstitial
water concentration of the contaminant is controlled by partitioning between
the sediment and the water at contaminant concentrations well below saturation
in both phases. Thus, the partitioning can be calculated from the quantity
of the sorbent(s) on the sediment and the appropriate sorption coefficient(s).
For nonpolar organic contaminants, the primary sorbent is the organic carbon
on the sediment; therefore, the partition coefficient is called the organic
carbon normalized partition coefficient, KQC. Second, the toxicity and

accumulation of the contaminant by benthic organisms is correlated to the
interstitial, or port water concentration and not directly to the total
concentration of the contaminant on the sediment.

When the EP approach is used to estimate sediment quality criteria, chronic
water quality criteria (WQC) are used to establish the "no-effect* concentration
in the interstitial water. Chronic water quality criteria art used to protect
benthic organisms from effects due to their long-term exposure to low ambient
concentrations in the sediment. The use of WQC assumes that the sensitivities
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of water column and benthic species to a compound are similar. This assumption
is being evaluated. This interstitial water concentration (Cw) is then used
with the partition coefficients (KQC) and the following equation

Csed ' *oc

to calculate the concentration of the contaminant on the sediment (C$ J that
at equilibrium will result in this interstitial water concentration. This

concentration on the sediment will be the numerical criteria value (SQC).
For compounds where chronic water quality criteria are not available, the EP

approach can still be useful. For example, using upper-bounds effects
concentrations will give comparable (i.e, upper-bounds effects) sediment
concentrations. The interpretation of such sediment values is analogous to
the interpretations of the comparable water column values used in their
derivation.

DEVELOPMENT OF INTERIM NUMBERS

To estimate interim sediment criteria values, two sets of data are needed
for each compound for which criteria values are required. These data are the

water quality criteria and the partition coefficients.

WATER QUALITY CRITERIA VALUES
Water Quality Criteria (WQC) concentrations are available for 17 nonpolar

organic chemicals (Hansen 1987). The criteria values are summarized in Table 1.
The procedures for deriving these criteria -are described in Appendix A. The
WQC concentrations consist of the Criteria Maximum Concentration (CMC) and



the Criteria Continuous Concentration (CCC). The CMC is not applicable for
derivation of SQC concentrations because it protects aquatic life from acutely
lethal effects of a chemical. The CCC is the lower of the Final Chronic Value
(FCV), the concentration protecting aquatic life from chronic toxicity, and
the Final Residue Value (FRV), the concentration protecting uses of aquatic
life. These uses include marketability of aquatic life based on PDA or other
action levels or consumption of aquatic life by wildlife. The CCC is the
appropriate value to use in deriving SQC because it protects aquatic life
from effects due to long-term exposure to contaminated sediments. Both the
FCV and FRV are presented in Table 1.

Important limitations of Table 1 should be mentioned. First, the WQC
concentrations for acenaphthene, aniline, diethylhexylphthalate, methyl-
parathion, phenanthrene, and 1,2,4-trichlorobenzene must be used with caution
because they are preliminary values until criteria documents have been peer
reviewed and accepted. Second, the PCS criteria is based on the PDA action
level of 5 mg/kg and bioaccumulation factors measured in the laboratory.

Since 1980 when this criteria was developed, the FOA action level has been
changed to 2 mg/kg. Furthermore, the residue values do not account for
bioconcentration in the food chain which results in bioaccumulation factors
for fish at least 10 tints higher than those measured In the laboratory.
This bioconctntration has been shown to be important for DOT and PC8.

PARTITION COEFFICIENTS

For estimating the interim sediment quality criteria values presented
here, it is assumed that the sediment organic carbon partition coefficient, oo
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KOC, can be accurately calculated from the octanol-water partition coefficient,

*ow' usin9 the Allowing equation (OiToro 1985):

Log1Q(Koc) • 0.00028 + 0.983*LoglO(K0w) (2)

The K values used in the regression analysis were carefully screened to
remove data for experiments that were conducted at high particle concentrations
and to ensure that only nonpolar organic compounds were included. This
screening is important because particle interactions at high particle
concentrations can result in errors in the KQC values (OiToro 1985). This
relationship is chosen to calculate K values rather than using tabulated

oc
Koc values because KQW values have been determined by more researchers and
the procedure for determining KOW values is simpler than that used for
determining K values because interferences caused by dissolved organic carbon
and particle effects do not have to be considered or accounted for in the
experimental design and data analysis.

Because KQw is used to estimate KOC, and ultimately the interim sediment

quality criteria, It is important that both an estimate of the mean KQW and a
quantification of its uncertainty be determined. To provide a preliminary

estimate of the K values and their uncertainty, for each compound In Table 1,
the following alternative methods were used.
• Review of all measured values and calculation of the geometric mean and

standard deviation of the mean from the data
• Determine recommended value from Leo-Hanch database
• Estimate log KQW from correlations with aqueous solubility
• Estimate log KQW from structure-activity relationships.



The results of the four methods are presented in Table 2. The estimates derived
from the four methods compared for overall consistency.

The review of all measured values was conducted using the database
developed by Envirosphere for the report by Pavlou et al. (1987). Because
this database has been updated since that report was prepared the values in
Table 2 may differ slightly from those presented in that report. The
recommended value for the log K^ from the Leo and Hanch Log P Database (Leo
1984) was also tabulated for comparison.

The methods used for estimating the log K^ values from the solubility
and from the chemical" structure of the compound are outlined in Appendices B
and C, respectively. Estimates of KQW based on aqueous solubility, which
were corrected for solids melting point (Bowman and Sans 1983), were calculated

from solubility and melting point data reported in the Arizona Database of
Aqueous Solubility (Yalkowsky et al. 1987). The log mean KQW for solubilities
measured in the range of 15 to 25°C is reported in Table 2.

PCS Aroclor KQW values reported in the "measured" column in Table 2 were
calculated using the median of the log mean K values for the homologs andmw

the Aroclor homolog composition as Illustrated in Appendix 0. Log mean K
values for the homologs were compiled from six sources (Rapaport and Eisenrich
1984, Rapaport and Eisenrich 1985, Shiu and MacKay 1986, Woodburn et al. 1984,
Miller et al. 1984, Chiou et al. 1977) and the median of the reported values
determined. The Aroclor homolog composition was taken from Verschueren (1983).

The K^ values in Table 2 for the four methods do in general agree;
however, for some compounds the values range over several orders of magnitude.
For these compounds, the wide range In uncertainty, the disagreement between
the recommended value of Leo-Hanch and the geometric mean of all reported
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values, or lack of confirmatory data makes it difficult to chose a definitive
log KQW value. Based on the review of all the data, log KQW values for 11 of
the 17 nonpolar compounds, for which there are WQC, are considered acceptable
at this time and are used to calculate interim criteria values. Further review
is ongoing to determine the most acceptable mean and uncertainty values to
represent the K values for these compounds. The accepted mean, standard
deviation (S.O.), and the 95% confidence intervals for the log KQW value; and
the mean, S.D., and 95% confidence intervals for the log K value for each

of the 11 compounds are presented in Table 3. The 95% confidence intervals
for the KQw values were calculated assuming a t statistic of 1.96, which is
the value for large sample size, rather than the statistic for the specific
sample size used to estimate the mean and S.D. for the compound. The mean
log K values in this table were estimated using Equation (2) and the mean

log K value. The S.O. of the log K value was estimated using the following
equation:

S.D. • ,/ (S.D. of log KQW)Z + (0.3)2

where 0.3 represents the standard error due to the regression relationship.
This estimate of the standard error of the regression is large because the
least squares regression method assumes that all uncertainty is in the log
KQC value. As part of the ongoing review, the most appropriate methods for
estimating the mean and S.D. of the log KQW values are being examined. Also,
alternative regression methods will be used to determine the most appropriate
value for the standard error due to the regression. As a result of this review,
the final log K values and the final criteria values may change slightly
from those presented in this report.

o
oo
K)



INTERIM SEDIMENT QUALITY CRITERIA

Table 4 summarizes the interim sediment criteria values calculated using
Equations (1) and (2) and the FCV and FRV criteria, respectively, for freshwater
(Table 1) as the basis of the interim criteria. Table 5 summarizes the criteria
values using FCV and FRV criteria, respectively, for saltwater (Table 1).
When both FCV and FRV values are available for a compound, the FCV
concentrations should only be used to calculate SQC when they are lower than
the corresponding FRV concentrations. However, SQC values derived from both
FCV and FRV values are presented to permit the user to determine what end use
is being protected for.

Estimates of the SQCs are shown for the mean and 95% confidence interval
of the log Kn<. values. The confidence interval is reported to illustrate theoc
uncertainty in the interim criteria values and to permit the user to estimate
the likelihood that the sediment does or does not exceed the criteria value.
The confidence interval represents the range within which with 95% certainty
the sediment criteria value will fall. The lower value of the confidence
interval represents the concentration which with 97.5% certainty will result
in protection from chronic effects or of uses depending on the WQC value used
in the SQC derivation. Any contaminant in a sediment at concentrations less
than this value would not bt of concern; however, the sediment can not be
considered "safe" because the sediment may contain other contaminants above
safe levels but for which criteria do not exist. The upper value of the
confidence interval represents the concentration which with 97.5% certainty
will result in hazardous long-term impacts on the benthic fauna. Thus, any
sediments with concentrations above this level are considered hazardous.
Concentrations within the confidence intervals can be considered either "safe"

8
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or hazardous with respect to that compound with certainties between 2.5 and
97.5%.

APPLICATION OF INTERIM NUMBERS

To determine if the sediment concentration of a nonpolar contaminant
exceeds the sediment criteria values, the concentration of the contaminant
and the organic carbon content of the sediment must both be known. The
analytical methodologies for measuring the concentration of nonpolar organic
compounds and the organic carbon content in sediments are described in Cowan

and Riley (1987). Because the sediment criteria values are presented as
normalized to organic carbon content (I.e., presented on a per organic carbon
weight basis), the normalized sediment concentrations of the contaminants

must be calculated. These normalized concentrations can then be directly
compared with the interim values in Tables 4 and 5. Alternatively, the sediment
criteria values could be multiplied by the lowest organic carbon content and
the total concentrations compared with these criteria values. To facilitate

this second type of comparison, Tables 6 and 7 contain the sediment criteria
values for specific organic carbon contents of 1 and 10% for fresh and
saltwater, respectively. These organic carbon contents represent the average

range over which the EP approach has been examined (Karickhoff 1984, DiToro

1985).

SAMPLE CALCULATION

To illustrate the use of the interim sediment criteria values, an example
calculation Is presented.



For example, consider a site where previous analyses have indicated that
DOT is present in the freshwater sediments at a concentration of 0.1 mg/kg of
sediment and that the organic carbon (fQC) content Is 2% or 0.02 kg of C/kg
of sediment. To calculate the normalized sediment concentration in terms of
organic carbon content, the formula is as follows:

Normalized Concentration » Sediment Concentration/ Q̂C
For this specific example,
Concentration (mg/kg C) • (0.1 mg/kg)/(0.02 kg C/kg)

- 5 mg/kg C

Comparing this value to the values in Table 4, the normalized concentration
exceeds the criteria values based on the FRV for freshwater.

Alternatively, the criteria value in Table 4 could be multiplied by the

organic carbon content of the sediment to calculate the criteria value for a
specific organic carbon content. The formula is as follows:

Sediment Concentration • (SQC)(f )
The calculation for this same case (i.e., 2% organic carbon) using the lower ;
confidence interval value would be
SQC at 2% O.C. (mg/kg) • 0.183 ng/kg C x 0.02 kg C/kg

• 3.66E-3 mg/kg
Comparison of this value with the measured concentration indicates that the
criteria value Is again exceeded. Using the upper confidence interval value j
also indicates that the criteria are exceeded.

The first calculation method would be most appropriately used when several

contaminant concentrations are available across a site that varies in organic
carbon content. In that case, the calculation of the organic carbon normalized '!

values and contours of concentration could be used to indicate the approximate [

10
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area or sampling sites that are above the criteria value. The second
calculation method would be most appropriate when several contaminant
concentrations are available, but the organic carbon content of the sediment
is constant.
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TABLE 1. Final Residue Values (FRV) and Final Chronic Values (FCV) for
Nonpolar Organic Compounds

Freshwater ̂ g/L Saltwater j»g/L
Compound (Pub. Date) C.A

Acenaphthene*
Aniline*
Chlordane (1980)
Chlorpyrifos (1986)
DOT (1980)
Dieldrin (1980)
Diethylhexylphthalate*
Endosul fan (1980)
Endrin (1980)
Ethyl Parathion (1986)
Hepatachlor (1980)
Hexach 1 orocyc 1 ohexane

(1980)***
Methyl Parathion*
Phenanthrene*
Polychlorinated Biphenyls

(1980)
Toxaphene (1986)
1,2, 4-TH chlorobenzene*

.5. Number

83-32-9
62-53-3
57-74-9
2921-88-2
50-29-3
60-57-1
117-81-7
115-29-7
72-20-8
56-38-2
76-44-8
608-73-1

298-00-0
85-01-8

8001-35-2
120-82-1

FCV

57
7.2
0.17
0.041
-
0.29
360
0.056
0.045
0.013
-

0.080

0.15
6.3
•

0.039
23

Fl

0

0
0

0

0

0

0

W

^

.
.004
-
.0010
.0019
-
-
.0023
.
.0038
•

-
.
.014

.0002**
"

FCV

m
27
0.0064
0.0056

-
0.084
360
0.0087
0.0093
-
-
-

0.076
4.6
m

0.21
•

FRV

•

.
0.004
-

0.0010
0.0019

>

0.0023
>

0.0036
•

•

.
0.030

0.0002**
•

* Draft criteria documents.
** See criteria document for explanation of this residue-based value.
*** Also known as Lindane
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TABLE 3. K-.. and K__ Values for Selected Nonpolar Organic Compounds

Compound

Acenaphthene
Aniline
Chlorpyrifos
DOT
Dieldrin
Endrin
Ethyl -par at hi on
Heptachlor
Lindane
Phenanthrene
PCB (1254)

•
Mean(a)

4.18
0.98
4.98
6.02
4.92
4.44
3.86
4.54 •
3.35
4.42
6.25

Log

S.D.

6.6632
0.0350
0.0141
0.148
0.490
0.355
0.197
0.329
0.063
0.116
0.196

Kow
95% (b)

Confidence

4.62
0.91
4.95
5.73
3.96
3.74
3.47
3.90
3.23
4.19
5.87

1
Interval

4.34
1.05
5.01
6.31
5.88
5.14
4.25
5.18
3.47
4.65
6.63

Mean

4.11
0.96
4.90
5.92
4.84
4.36
3.79
4.46
3.29
4.35
6.14

L(

S.D.(c)

6.311
0.302
0.300
0.334
0.574
0.465
0.359
0.445
0.306
0.322
0.358

'̂oc
95% (b)

Confidence

3.50
0.37
4.31
5.26
3.71
3.45
3.09
3.59
2.69
3.71
5.44

1
Interval
4.75
1.56
5.49
6.58
5.97
5.29
4.51
5.34
3.90
4.98
6.85

!
a) Geometric Man
b) 95% confidence Interval calculated assiwing log nomal distribution of

for t(995%).
(c) Standard error of log K calculated using following forwla:

values and 1.96

S.O. • V(S.D. of log K^jz * (0.3)*
Mhere 0.3 is the standard error fro* regression relationship
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TABLE 4. Sediment Quality Criteria Values for Selected Nonpolar Organic Compounds for Freshwater

Sediment Quality Criteria (/ig/gC) Sedimnt Quality Criteria (/ig/gC)
F

Compound

Acenaphthene
Aniline
Chlorpyrifos
DOT
Dieldrin
Endrin
Ethyl Parathion
Heptachlor
Lindane
Phenanthrene
PCB (1254)

reshwater
FCV

57
7.2
0.041

0.29
0.045
0.013

0.08
6.3

Mean

732
0.0662
3.22

19.9
1.04
0.0810

0.157
139

9!
Confidence

180
0.0169
0.831

1.49
0.128
0.0160

0.0394
32.6

i%
Interval

3.030
0.262
12.7

273
8.68
0.416

0.636
605

Freshwater
FRV

0.001
0.0019
0.0023

0.0038

0.014

Mean

0.828
0.130
0.0532

0.110

19.5

9!
Confidence

0.183
0.00976
0.00654

0.0148

3.87

i%
Interval

3.80
1.79
0.443

0.840

99.9
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TABLE 5. Sediment Quality Criteria Values for Selected Honpolar Organic Compounds for Saltwater

Sediaent Quality Criteria (jig/gC) Sediaent Quality Criteria

Compound

Acenaphthene
Aniline
Chlorpyrifos
DOT
DieldHn
Endrin
Ethyl Parathion
Heptachlor
Lindane
Phenanthrene
PCB (1254)

Saltwater
FCV

27
0.0056

0.084
0.0093

.4.6

Mean

0.248
0.440

5.77
0.215

102

95%
Confidence

0.0635
0.114

0.431
0.0264

23.8

Interval

0.984
1.73

79.2
1.793

442

Saltwater
FRV

0.001
0.0019
0.0023

0.0038

0.030

Mean

0.828
0.130
0.0532

0.104

41.8

95%
Confidence

0.183
0.00976
0.00654

0.0140

8.29

Interval

3.80
1.79
0.443

0.796
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TABLE 6. Sediment Quality Criteria Values for Selected Nonpolar Organic Compounds for Freshwater
at 1 and 10% Organic Carbon Content (all criteria with units of pp« or ng/kg)

for FRV

CMMWlJ

JkCMMMkM

MT
»i«MrU
EM>M
Ethyl torat
N*pUcM*r
LMiM
ftMMtkrM

HIM

• 7.M
l.ME-l

• i.im
MM
• III

MM I.IIIE-I

1.I7E-I
• I.M

11
MIC!

I.M
I.IME-I
I.I1E-I

• 111
l.ME-l
IJME-I

I.M4E-I
I.IM

>

1

M.I
t.iSE-l
1.117

1.71
I.MI7
4.1IE-I

I.ME-I
I.M

II
HiM

73.1
I.ME-I
I.MI

I.M
I.IIM
I.IK-I

1.117
ll.t

n
MIC

II. 1
I.ME-I
I.M]
I.l4f

I.HN
l.ME-l

I.ME-I
I.M

I

MS
I.IM1

1.17

17.1
I.MI
•.Mil

I.MM
M.i

HiM

I.ME-I
I.ME-I
I.IUE-I

1.1K-I

II
MICI

I.I3E-1 I.ISM
1 MTtf-l 1.1171
I.MME-I 4.43E-I

I.I4IE-I I.4K-I

MM

I.MM
HIM

i.lME-l

I.I1IIE-I

IM

1
1.
1.

1.

MIC

l.lltt
•TtE-l
M4C-I

4ME-I

1

I.MI
1 171
11441

I.M4I

fCI (1H4) I.IM I.IM7 I.N7 I.M



TABLE 7. Sediaent Quality Criteria Values for Selected Nonpolar Organic Compounds for Saltwater
at 1 and 10% Organic Carbon Content (all criteria with units of ppa or ng/kg)

FCV

tapMirf 11
MCI

in
*M HICI

11 1M
MM* MICI fcM HICI

I.4K-I l.tKE-l t.ME-1 l.l»a t.SK-3 I.IM4
4.4K-3 1.14E-I 1.1173 I.M4I 1.1114 1.173

•T •.ME-3 1.S3E-3 I.MM I.MM HIM I.3N
i.wn 4.31E-3 i.m i.tn 1.1431 7.n I.SK-S inric-s i tin HIM HTIE-S I.ITI
t.lK-S I.N4E-S I.IITt l.ltll l.ME-3 l.lTf I.M3E-3 I.MMC-3 4.43E-3 I.IMC-3 I.M4E-I I.M43

Clfcyl P t̂thiM
1.I4E-3 I.14K-3 7.ME-3 UIME-I 1.4K-I I.I7M

I.M llSi 4.41 II.t 1.31 44.1
Kf (in4) 1.411 I.MM 1.14 4.U I.m tl.4
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University, Ms. Alexis Steen and Dr. James Fava of Battelle, and
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Appendix A. Water Quality Criteria Derivation Procedures

The Mater quality criteria listed in Table 1 were obtained from
published or draft aquatic-life water quality criteria documents. These
numerical water quality criteria concentrations were derived using the
"Guidelines for Deriving Numerical National Water Quality Criteria for
the Protection of Aquatic Organisms and Their Uses" (Stephan et al.
1985). These "National Guidelines" specify minimum data requirements
and data synthesis procedures which allow calculation of numerical
criteria concentrations to protect the presence and uses of aquatic life.

Water quality criteria concentrations to protect the presence of
aquatic life are derived using the following procedure. First, all
available data on the toxicity of the chemical are collected, reviewed
for acceptability, and sorted by test type. If minimum database
requirements for acute and chronic toxicity as specified in the "National

Guidelines" are met, Criteria Maximum Concentrations (CMC) and Criteria
Continuous Concentrations (CCC) are calculated to protect important
aquatic life from acutt and chronic toxicity, respectively. If the
toxicity of the chemical 1s dependent on a water quality characteristic,
then the CMC or CCC values are derived as a function of the appropriate
characteristic. Because aquatic ecosystems can tolerate some stress
and occasional-adverse additions, protection of all species at all times
and places Is not necessary. Therefore, criteria derivation procedures
result in criteria concentrations intended to protect most species most
of the time but not all of the species all of the time.
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Water quality criteria concentrations to protect the uses of aquatic
life are derived using the following procedure. A Criteria Continuous
Concentration to Halt residues In aquatic life can be derived 1f maximum
permissible tissue concentrations and data on bloaccumulatlon or
bloconcentratlon factors are available. Maximum permissible tissue
concentrations art based on either (a) a FOA action level for fish oil
or edible portions of fish or shellfish, (b) a maximum acceptable dietary
intake based on a wildlife feeding study, or (c) residue-effects data
for aquatic life. Either bioconcentratlon or bioaccumulation factors
are required to calculate the water concentrations expected to limit
chemical uptake by organisms to below the permissible tissue
concentration. Bloconcentratlon factors, the concentration of the
chemical in the organism divided by the concentration in the exposure
water, are calculated from laboratory studies where steady-state
conditions are achieved. Bioaccumulation factors, the concentration of
chemical in the organism from all sources (e.g., food, water) divided by
the concentration in the water, are calculated from data obtained in
field studies. It Is important to note that if food-chain transfer Is
an important uptake route, criteria concentrations derived using
bloconcentratlon factors, such as those for DOT and PCBs, will probably
be underprotectlve.

Tht wattr .quality criteria statement contains a concentration limit,
averaging ptrlod, and return frequency and Is stated as follows: "The
procedures described in tht 'Guidelines for Deriving National Water
Quality Criteria for tht Protection of Aquatic Organisms and Their Uses"
indicate that, except possibly where a locally important species is

23
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very sensitive, (1) aquatic organisms and their uses should not be
affected unacceptably if the four-day average concentration of (2) does
not exceed (3) pg/L more than onte every three years on the average and
If the one-hour average concentration does not exceed (4) pg/L more
than once every three years on the average.* In this statement insert
either "freshwater" or "saltwater" at (1), the name of the chemical at
(2), the lower of the chronic-effect or residue-based concentrations as
the Criteria Continuous Concentration at (3) and the acute effect-based
Criteria Maximum Concentration at (4).

The Criteria Continuous Concentration based on either chronic effect
or residue data can be used to derive sediment quality criteria for
nonpolar organic chemicals using the equilibrium partitioning approach.
Detailed knowledge of the National Guidelines and the water quality
criteria document as a basis for understanding the water quality criteria

that are used in the derivation of sediment quality criteria is highly
recommended.
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Appendix B. Aqueous Solubility and Octanol-Water Partition Coefficient

Estimates of K^ froa solubility are based on a thermodynamically
Inspired correlation developed for 61 organophosphorus and carbamate
Insecticides (Bowman and Sans 1983). The relationship Includes a melting
point (MP) correction for chemicals that are solids at room temperature.
The regression analysis using K^ and the estimated aqueous solubility
of the liquid (or supercooled liquid for solids) yields the following
relationship (Bowman and Sans 1983):

Log K^ « 0.280 - 0.839 log S$cl

where S$cl Is the molar aqueous solubility of the supercooled liquid.
The relationship between the molar solubility of the solid, $solid,
the supercooled liquid, S$cl, is given by the following relationship
(Bowman and Sans 1983, Miller et al. 1985):

ATT, T
Log S$cl - log S$oHd «- Z.3Q3 „ (-7- - I)

where AHf/T« » AS, the entropy of fusion, 1s reported to be 13.5 cal/mole
i°K for most low melting point compounds and R • 1.987 cal/mole °K.

0)o
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Appendix C. Estimating K^ using CLOGP

The CLOGP program, based on Leo's Fragment Constant Method (Lyman
et al. 1982), estimates log K using fragment constants (f{) and
structural factors (f\) that have been empirically derived for many
molecular groups. The estimated K Is obtained from the sum of constants
and factors for each of the molecular subgroups comprising the molecule
as follows:

The method assumes that log 1C..,. Is a linear additive function of
VW

the structure of the solute and Its constitutive parts, and that the
most Important structural effects are described by available factors.
The structure of the compound 1s specified using the Simplified Molecular
Interactive Linear Entry System (SMILES) notation (Weinlnger and Weininger

1986). The notation uniquely describes the empirical formula and
molecular structure of the compound of Interest.

CD
O
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Appendix 0. Example Calculation of Aroclor Kow

Aroclor

Aroclor 1242
Homo log Homo log

Homo log- Fraction log Kow

mono 0.03 4.33
d1 0.13 5.12
tri 0.28 5.57
tetra 0.30 5.84
pent* 0.22 6.35
hexa . 0.04 7.05

For Aroclor 1242:

log K^ • log1Q [0.03(104'33) + 0.13(105'12) * 0.28(i05'57)
* 0.30(105*84) * 0.22(106'35) * 0.04(107'05)

« Iog1() [1,270,684]

log K » 6.10
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Appendix E. Interim Sediment Criteria Values for Polycyclic
Aromatic Hydrocarbons

In the main part of this report, interim sediment criteria values
are shown for 11 nonpolar organic compounds for which chronic water
quality criteria have been generated. During visits to regional Superfund
offices to discuss the application of these interim criteria values,
the need for interim criteria for several of the polycyclic aromatic
hydrocarbons (PAHs) was identified. The PAHs are Fluoranthene, Pyrene,
Benzo(a)pyrene and Benzo(a)anthracene. This appendix describes how
those interim criteria values were developed and provides all supporting
data for their calculation.

The freshwater chronic water quality criteria values for the four
PAHs given in Table E.I were determined by Mr. Anthony (Ron) Carl son of
EPA-Duluth using the computer automated method system developed by that
laboratory. The calculated criteria values for Phenanthrene and
Acenaphthene are given for comparison. Accepted chronic criteria for •

these compounds are 0.006 mg/L and 0.057 mg/L, respectively. The
computerized method which uses the K^ and solubility values for the
compound to calculate both the acute and chronic water quality criteria
is based on the work of Veith et al. (1983) and Call et al. (1985).
The values given art based on toxicity to chronically exposed fathead

t

minnows. This method Is estimated to provide acute and chronic toxicity
values that are within a factor of 3 and 5, respectively, of the actual
values for approximately 80% of the known industrial compounds.

The log K values for the four PAHs given in Table E.2 were developed
°* CD

as described in the main part of the report. The log K values and °
28 8
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the 95% confidence interval for the log KQC values given in Table E.3
were also estimated using the same methods and assumptions described
previously.

The final criteria values are given in Table E.4 on an organic carbon
normalized basis and for 1% and 10% organic carbon in Table E.5. These
interim criteria values can be used in the same May as the interim values
in the main part of the report to determine if a sediment sample exceeds
or does not exceed the criteria values.

COo
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Table E.I. Predicted Fathead Minnow Toxicity Values

Compound
Na

Phenanthrene
Acenaphthene
Fluoranthene
Pyrene
Benzo(a)pyrene
Benzofa)anthracene

C.A.S.
Muter

85018
83329
206440
129000
50328
56553

Node of
Action(a)

NN
NN
NN
NN
NNJ?)
NNJ?)

Log KOM

4.49
4.0?
4.95
4.95
6.12
5.66

Solubility
(•g/1)

1.
4.
.26
.44

0.24
0.13
0.004
0.014

Acute Chronic
(-9/1)

0.6
1.3
0.25
0.25
0.025
0.061

0.035
0.086
0.013
0.013
0.0012
0.0030

a) NN • Nonpolarnarcosis. The question Bark indicates that the node of action is not known with certainty.
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Table E.2. Log KM values for the four PAHs in Table 1

Log Kow

Compound

Fluoranthene
Pyrene
Benzo(a)pyrene
Benzo(a) anthracene

Leo-Hanch
Measured

5.2
4.88
5.97

Fragment
Analysis

4.95
4.95
6.12
5.66

Aqueous
Solubility

4.61
4.44
5.81
6.34

Geometric
Mean

5.25
5.09
6.05
5.74

S.O.

0.139
0.187
0.168
0.264

91
Confidence

4.98
4.72
5.72
5.22

>%
Interval

5.52
5.46
6.38
6.26

ôo



Table E.3. Log K^ and log K^ values for the for PAHs.

Geoaetrlc
Compound Mean

Fluoranthene
Pyrene
Benzol a) pyrene
Benzo(a)anthracene

5.25
5.09
6.05
5.74

Log KOM

S.D.

0.139
0.187
0.168
0.264

95%
Confidence Interval

4.98
4.72
5.72
5.22

5.52
5.46
6.38
6.26

Mean

5.16
5.00
5.95
5.64

Log Koc

S.D.

0.33
0.35
0.34
0.40

95%
Confidence Interval

4.51
4.31
5.27
4.86

5.81
5.70
6.62
6.43

£00 39M



Table E.4. Interim Sediment Quality Criteria values for four PAHs,

Sediment Quality Criteria
(ug/g C)

Compound WQC Mean 95% Confidence Interval

Fluoranthene 13 1,883 423 8,375
Pyrene 13 1,311 265 6,465
Benzo(a)pyrene 1.2 1,063 225 5,018
Benzofa)anthracene 3 1,317 217 7,999
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Table E.5. Interi* Sediment Quality Criteria values for four PAHs for 1 and 10% Organic Carbon Contents,
(All criteria with units of ppa or ag/kg.)

1% 10%b •••«.-.....___.._ - . _ - . - _ _ _ . _ . . _ _ _ _
Compound Mean 95% Confidence Interval Mean 95% Confidence Interval

Fluoranthene 18.8 4.24 83.8 188 42.7 838
Pyrene 13.1 2.66 64.6 131 26.6 646
Benzojalpyrene 10.6 2.25 50.2 106 22.5 502
8enzo(a)anthracene 13.2 2.17 80.0 132 21.7 800
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RECEIVED
JAN 2 3 1992

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
scnifiM ii"Ss^Bw^pw^ ii

JAN 2 I Sffi JACOB K.JAVITSFEO«ALBUIUDINO
JMN L \ RfiX MfWYOaitliHWVOSJCIOtTS

exPMsa MATT.
BETOBM RECETPT

Kavin Burger, C.E.P.
Facility Coordinator
Wahran Engineering Corporation
Andovar Raaaarch Park
Six Riverside Drive, Suite 101
Andovar, Maaaaehuaatta 01810-1121
Re: operable Unit 2 Feasibility study, Kin Buc Landfill

Suparfund Sita, Edison, Nav Jaraay. Adminiatrativa ordar
NO. IX-CERCLA-OOll*.

Daar Mr. Burgar:
Tha U.S. Environmental Protection Agency (EPA) is in tha procaae
of finalizing tha Endangerment Aaaaaamant for Operable unit 2 of
the Kin Buc Landfill Site, Edison, Nav Jaraay. Aa diaeuaaad with
Wahran and confirmed in EPA'a February 8, 1991 letter, SPA baa
identified those portions of tha Endangerment Aeeessmant it
considers necessary for Nehran to complete tha Feasibility Study.
Tha attached documents includa tha draft Executive summary, which
describes tha conclusions of tha Hunan Health and Environmental
Assessments. Tha attached draft tablaa provide tha chemical a of
concern for each media and tha exposure pethvaya evaluated during
tha Human Health Assessment, aa vail aa tha chemicals of concern
identified during tha Environmental Assessment. Final
quantitative results vill ba transmitted shortly.
In accordance with the February 8, 19»1 correspondence, EPA has
established February 28, 1992, aa tha nev deadline for aubaittal
of tha draft Feasibility study. Aa discussed in tha December 23,
1991 meeting between EPA and Wahran, EPA ehoaa not to provide
detailed commants on tha December 1990 draft Feasibility study
aubmittala on tha grounds that these documents vara submitted
prior to tha revisions of tha draft Remedial Investigation Report
and the completion of several supplementary etudiee. In
addition, aa indicated in EPA 'a December 20, 1991 latter, and
discussed in the December 1991 meeting, EPA has determined a
preliminary remediation goal of 5 ppm for PCBa in tha wetlands
sediments. Consequently, Wahran ia directed to revise tha
initial Feasibility Study deliverable, aa appropriate, to
reflect these changes. 0

o
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To aaaiat Wehran in praparing tha raviaad Faaaibility study, EVA
offera tha following coaaantas

1. Development and avaluation of altarnativaa
involving tha axeavation and traatmant of PCB-
contaminated aadiaant ahould ba conaiatant witn tha.
guidalinaa daacribad in the attachad fact sheet, "A
Guida on Raaadial Actiona at Suparfund Sitea with PCB
Contamination.11 Tbia fact aheat outlinas tha primary
ragulatory reguiraaanta of tha RCRA and T9CA prograas
oonearning PCBa.
2. Oavalopaant and avaluation of altarnativaa
involving tha raaadiation of contaminated ground vatar
ahould conaidar aavaral general reaponaa actiona, auch
aa various dagraac of aotiva raatoration, liaitad or no
aetiva raaponaa maaauraa, and pluaa eontainaant. A
ranga of traataant taehnologiaa and axtraotion
taehnologiaa ahould alao ba conaidarad, to tha axtant
appropriata. In addition, avaluation of traataant
optiona ahould alao ineluda a diaeuaaion of tha
faaaibility of traating ground watar at tha facility
eurrantly in daaiga aa part of tha oparabla Unit 1

zf you hava any guaationa or comaanta, plaaaa contact Aliaoa
Barry, of ay ataff. at (212) 264-9671.
Sincaraly youra,

Raymnd Baaao, chiaf
Kav Jaraay Suparfund Branch II
Attaohaanta
ccs Ralph Sundstroa, Kin sue

Klchard Xarr, Waata Management HA
Robert Miller, Wahran
lan curtia, NJDXPB
Jaanna Li twin, COM r?c

00o
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EXECUTIVE SUMMARY

Tnia riak aaaaaamant (RA) for the Kin-Buc Landfill eite • Operable Unit 2 la competed of
two parts. Parti, Human Health Assessment, focuses on the human health effects of
contaminants released from the site through ground water, surface water, and sediment Part H,
Environmental Assessment addresses the risks to flora and fauna tn the vtdnjteM the site, due
to exposure to site-related contaminants in surface water and sediment. BkHtjpujre used to
evaluate risks to selected spades. Contaminant fate and transport information utupiieU m the
Human Health Assessment applies to Environmental Assessment atso. The t w M t s of the
report will be presented as two stand alone sections, each with a distinctive
approach, to allow better access to the information contained therein.

To allow periodic review of the approach uaed In this RA, whrte rtwes itw m progretjfrffe
EPA was informed about Data Handling, indicator Chemical Selection, Exposure Pathways and
Assumptions, and Risk Assessment in a aeries of milestones.

The following sections present detaiia on the Human Health Assessment and tha
Environmental Assessment.

Human Health

The contaminants Identified in samples from the Kin-Sue Landfill site were screened to
identity the most hazardous compounds. The contaminant screening process identified 19
chemicals of potential concern: nine metals and ten organic compounds. These compounds or
elements were selected becauaa of their toxlcological properties, potentjalty critical exposure
routes, frequency of occurrence, and higher concentrations present In compariaon to other
contaminants.

Contaminant migration mechanisms were evaluated for each of the indicator chemicals
based on the site's physical setting and the physical and chemical properties of each
contaminant. Exposed populations include local residents who fish and swim m the area streams.
and potential future residential users of ground water.

Toxicology assessments, which include pharmacokinetics, human health effects, and dose
response assessment, for each of the indicator chemicals were developed based on current U.S.
EPA accepted health effects documents, and established toxiooiogical sources.

Risk characterization included an assessment of risk associated with cardnogonte and
noncardnogenlc affects. Noncarcinoganic risks were addressed using a hazard quotient
computed by comparing the daily intake levels to a reference dose, above which no human health
effects are anticipated, and summed to obtain a hazard index. This index should not exceed one,
according to the NCP Superfund alte remediation goals (U.S. EPA, 1M9).

Many of the hazard indices computed indicated that the intake levels were below the
reference doses (I.e.. hazard indices were below one). However, five of the exposure scenarios
had hazard indices (HI) above reference doses. f\

03
• ground-water mgestion by adults and children, °

fish Ingsstion by adults, and 0
dermal contact with sediments by children. £
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DRAFT
Potential carcinogenic risks were computed by multiplying the chronic daily intakes by me

chemical-specific carcinogenic slope factor. The resulting carcinogenic risks were then compared
to the Superfund Site remediation goal of 10* to 104 (EPA, 1989).

The following risks calculated for the potential exposure scenarios exceeded the upper
limn of the guideline range:

ingestion of ground water by adults and children.
• Ingestion of fish by adults and children, and
• dermal contact with sediments by sduits and children.

Overs*, the greatest noncardnogenie hazard indices and carcinogenic risks result from
oral Ingestion of and dermal contact with the following constituents: arsenic, antimony,
bls(2-ethyihexyi)pmhalate, 4,4'-DDT, manganese. PCBs. and vinyl chloride.

Environmental Assessment
r

The potential Impacts to fish, wildlife, and plants were evaluated in the environmental
assessmsnt. Becsuso the environmental assessment estimates nsks to discrete populations, the
site was first divided into subsets representing separate areas for contaminant exposure. Media*
specific chemicals of potential concern were identified for each area of the site. Spatial patterns
in contaminant concentrations were evaluated to determine whether chemicals in specific media
are likely to occur from site-related activities. Ecological receptors and potential exposure
pathways were identified.

Aquatic life and marsh plants may be exposed to chemicals in surface water and sediments.
Estimates were made of the exposure of predatory bird spedee through the food chain and
surface water ingestion. After toxtdty data were obtained, risks to aquatic life were assessed by
comparing surface water and sediment concentrations with toxidty guidance values. Risks to
birds were evaluated by comparing estimated dosages with toxidty reference values (TRVs)
derived from the literature, which are measured or estimated *no observed effect" dosages.
Risks to fish, fiddler crabs, and mammals were assessed by comparing tissue levels In Km Bue
animals with levels reported to be associated with toxic effects.

Organic chemical concentrations in surface water do not pose risks to aquatic life.
Although ssvorai metals were found in surface waters at concentrations above ambient water
quality criteria, the spatial pattern of concentrations does not implicate site-related activities. The
major site-related risks to aquatic fits are posed by the presence of PCBs in sediments at Pool C
and the Connecting Channel and tidal Edmonds Creek. These concentrations greatly exceeded
guidance levels and. therefore, assumed to be toxic to bottom-dwelling organisms. Sediment
concentrations of antimony, lead, mercury, nickel, and zinc also slightly exceeded guidance
values for sediment toxidty and the concentrations appear to be site-related. Sediments can be
a source of PCBs to fish and fiddler crabs: PCB tissue levels in mummiehogs collected et tidal
Edmonds Creek exceeded levels assodated with toxic effects. Tissue concentrations of
mammals were less than levels associated with toxic effects. Marsh plants may be at riek from
exposure to srsenic. copper, and lead; but there are considerable uncertainties in the plant ^
toxidty guidance valuea. »
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ĈD



CT

<M O O O 03

«

i
1

Ii
t

i

i! f
V r i i r



KBC 002 1800

5a: O

mi
•a



DRArT

-l

{
I

Ill
CDOOOCDO



KBC 002 1802

unpuoiio

|BptJLB|HIOUI|»9

penupuoo



KBC 002 1803

a



^ NILBTOtt II TASII M
IDOICATM CNtMICAll CHOUl fOU UCM HCOIAAT T« JCIB.IUC SU*RFUM sin

OTOAIlf UMIT I
CONWWO minim SUMAC! wm mm turn AII

VOCJ;

* * X
CHlOUKNIttl 2 X 1
l.{>OICHLMOETNtNI X
VlNTl CHiMlOt X
ITLINE X

MHS:
NAMTHALENC I X

MTNALATtS:

DRAFT

4.4 -DOT X
Kit I X

X
ARSE*. 1C Xx
CA9MIUM
COMER X
NANAAM£se X X
«1C«. X
VANADIUM X X

MOTf:
Thii ttel« prtunti th« eontanintnti af tanetiw for tN htmfl itMltn mtyttim of

tha Kin But U. keu tftit til of tht eentamiMnti talaetafl «a«va ««H ha av«)«utM
far til ef tr* ptuwiyi In Hnten thay nara dattetad. Far aMMpla: «a»i«» HU anly
•alaetae for «r»un« Miar. it wiH M t»ilu*ttfl for Mdiotnti. iyrf«c« MUf. and
jrouna n«t«r. Sl«t tna «1r pathway invalvtl vol*t< Mutton. caOWl* will not DO
•v«1u«tta for itr.

CD
O

oo
N)

00
O

19.



TABLE 3-1
EVALUATION OF EXPOSURE PATHWAYS

SOIL

Onsite
ingestion • .Not evaluated. Aooass is controlled
Absorption • Not evaluated. Access Is controlled
Offstte • Not evaluated. NO data

Sediments
ingestion • Evaluated for expsoure during recreation activities
Absorption • Evaluated for exposure during recreation activities

WATER

Ground Water NW

inhalation • Evaluated for exposure during showering
Ingestion • Evaluated for exposure from water consumption
Absoprtion - Evaluated for exposure during showering ' ,

Surface Water
Inhalation • Not evaluated. Other routes are adequate to assess surface water risks
ingestion - Evaluated for exposure during recreation activities
Absorption • Evaluated for exposure during recreation activities
Pish Ingestion - Evaluated for exposure from fish consumption

AIR

Onsite
Dust inhalation • Not evaluated. No mechanism for dust release
VOC inhalation • Not evaluated. Access controlled

Offsite
, Dust inhalation • Not evaluated. NO mechanism for dust release

VOC inhalation - Not evaluated. Eariy reports indicate landfill cap eliminated much of the
vapor migration
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RECEIVED
FEB 0 7 1992

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION II

JACOB K. JAVITS FEDERAL BUILDING
•77. p !9yi- NEW YORK. NEW YORK 1O27B

Kevin Burger, C.E.P.
Facility Coordinator
Wehran Engineering Corporation
Andover Research Park
Six Riverside Drive, Suite 101
Andover, Massachusetts 01810-1121

Re: Additional Biological Sampling Reports, Operable Unit 2
Remedial Investigation (RI), Kin Buc Landfill Superfund
Site, Edison, New Jersey. Administrative Order No. II-
CERCLA-00114.

Dear Mr. Burger:

The purpose of this letter is to transmit the results of the
additional biological sampling conducted by the U.S.
Environmental Protection Agency (EPA) to supplement the draft
final Operable Unit 2 Remedial Investigation Report submitted by
Hehran on behalf of the Respondents to the above-referenced
Order. The Environmental Services Division (EPA-Region 2)
report presents evidence for bioaccumulation of PCBs in fiddler
crabs within the Operable Unit 2 study area. The Emergency
Response Division (EPA-OERR) report presents the results of
analyses conducted on muskrats obtained from the Edmonds
Creek/Marsh system.

These reports are provided for informational purposes only.
Written comments may be submitted to EPA during the public
comment period which follows the issuance of the Proposed Plan.
If you have any questions or comments regarding these reports,
please contact me at (212) 264-8678.

Sincerely yours

'Alison Barry
Remedial Project

CD
Attachments °

cc: Ralph Sundstrom, Kin Buc (w/o attachments) 8
Richard Karr, Waste Management NA "
Bob Miller, Wehran M
lan Curt is, NJDEPE (attachments) o>
Jeanne Litwin, CDM FPC £

PRINTED ON RECYCLED PAPER



U.S. ENVIRONMENTAL PROTECTION AGENCY

Xin-Buo Landfill
Biological sampling
May 1991 (draft)

January 1992 (final)

ENVIRONMENTAL SERVICES DIVISION
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Kin-Buc Landfill
Biological Sampling

May 1991 (draft)
January 1992 (final)

Participating Personnel ;U.S. Environmental Protection Agency
Darvene Adams, Region II
Mark Sprenger, HQ-ERT
WESTON/ESAT
Lynn Vukovich
Joseph Gebler
Mark Denno

Prepared

David Miller
TES t consultants to Kin-Buc PRPsl

Darvene Adams,
Environmental Scientist
Lynn Vukovich,
Environftentalv Scientist

Approved for the Director by:
RicKartT frS'Sp'ear, Ph.D., Chief
Surveillance/6 Monitoring Branch
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INTRODOCTIOM

The Kin-Buc Landfill is located on Meadow Road in Edison, New
Jersey. It is an inactive sits with a total siz« of
approximately 220 acrss. Operations began as early as 1947. The
site was operated as a landfill by Kin-Buc, Inc. from about 1968
to 1976. It was a state-approved landfill for industrial and
municipal wastes from 1971 to 1976.

Major features of the site (Figure 1) include two large mounds
and one smaller mound, and a natural depression, called Pool C,
which accumulates PCB laden oil and leachate. East of Pool C,
across from Edmonds Creek, is a large tidal estuary with numerous
ditches dug for mosquito control. Pool C is connected to Edmonds
Creek by a channel and Edmonds Creek flows into the Raritan
River.
The site is presently divided into three operable units. The
Operable Unit 2 Remedial Investigation (RI) was conducted by
Wehran Inc., a contractor for the Potentially Responsible Parties
(PRPs). Included in this operable unit are Mound B, Mill Brook,
Martins Creek, Edmonds Creek (including the connecting channel
from Pool C), the adjacent wetlands, and groundwater emanating
from the site.

Sediment and biota sampling and analysis were included in the
operable unit II RI workplan to determine the extent of
bioaccumulation of site-related contaminants. Targeted for
collection and analysis were fish (mummichogs), benthic
invertebrates (fiddler crabs, shrimp) and mammals (muskrats).
However, the Wehran subcontractor (TES) for the biota sampling
was not able to obtain fiddler crabs (lisa sp.) from Martins Creek
and shrimp fPalaeomonetes sp.) for analysis. Because of the
importance of addressing this route of potential contaminant
exposure in the food chain, the Surveillance and Monitoring
Branch (SMB) was requested to try to provide this additional
information. j*

o
On July 12, 1990, sampling was conducted by the following
personnel: o

N)
Darvene Adams, USEPA-Region II, SMB
Lynn Vukovich, HESTON/ESAT »-
Mark Denno, WESTON/ESAT §
Joseph Gebler, HESTON/ESAT *
Mark Sprenger, USEPA-ERT
David Miller, WESTON-REAC

Additionally, personnel from Wehran and their subcontractor,
Terrestrial Environmental Specialists (TES) attended and obtained
split samples, when sample volumes allowed. In some instances
they collected samples concurrently with EPA.
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To determine if bioaccunulation is occurring in lover trophic
level organism* in the Operable Unit 2 area of the Kin-Buc
Landfill site.

•AXPLZMO AHD AMALY8I8 PROCEDURES

Sampling locations are shown in Figure 1. General water quality
measurements were taken at all locations using a Hydrolab. These
measurements included pH, dissolved oxygen, temperature, oxygen
reduction potential (ORP), depth and salinity.

A total of 5 sediment samples were collected from four locations:
1. Upper Edmonds Creek,
2. Lower Edmonds Creek (2 samples),
3. Martins Creek, and
4. an upstream reference location on the Raritan River.

Sediment samples were collected from areas that would be
submerged during high tide. Appropriately cleaned stainless
steel trowels were used for collection and sediment samples were
homogenized in a stainless steel bowl. Trowels and bowls were
dedicated to each sampling location. The samples were preserved
on wet ice at approximately 4°C until shipment to the laboratory
the next day. Sediment samples were analyzed for:

semivolatiles,
PCBs,
5 metals (cadmium, chromium, copper, mercury and zinc),
Total Organic Carbon (TOC), and
grain size.

Organic and inorganic sediment analyses were done according to
the Contract Laboratory Program (CLP) scopes of work (SOWs).
Total Organic Carbon (TOC) was analyzed according to the Region
II method, "Determination of Total Organic Carbon in Sediment"
(Lloyd Kahn, July 27, 1988) and grain size was determined using
ASTM method D422-83, "Particle-Size Analysis of Soils".

Fiddler crabs fUca minaxl were obtained from the same locations
as the sediment samples. These were collected by hand into
stainless steel buckets. The fiddler crabs were identified to
species and sexed; only males were utilized in the composite
samples to reduce variability due to sex differences. Samples
were stored on wet ice at 4°C until delivered to the laboratory
for analysis. Analyses were done according to "Test Methods for
Evaluation of Solid Wastes" (USEPA, 1986), as follows:

semivolatiles - procedure 8270, g
PCBs - procedure 8080, . o
cadmium, chromium, copper and zinc - procedure 6010,
mercury - procedure 7471. §



Although the reference location was in close proximity to the
Kin-Buc Landfill, it was selected because it was the only area
upstream of th* Kin-Buc Landfill sit* that fiddler crabs could b«
obtained. It is a less than ideal reference location because of
the possibility that tidal effects could transport contaminants
to this location from th* Kin-Buc sit*. Th* r*f*r*nc* location
was also clos* to th* N*v J*rs*y Turnpik* and could r*c*iv*
contaminants from that sourc*.

An attempt was mad* to collect shrimp utilizing dip n*ts and a
small s*in* n*t. However, th* numb*r of individuals coll*ct*d
was insufficient for analysis.

RESULTS aad DI8CD88IOM

Water Quality

Results of th* g*n*ral water quality measurements are given in
Table 1. Salinity ranged from <1 to 5.4 parts per thousand; pH
ranged from 6.5 to 7.0; dissolved oxygen from 4.6 to 6.1 mg/1 and
temperature from 21 to 23°C. These ranges are expected in an
estuarine system.

Sediments

Volatile organics were not determined to be of concern for this
study and therefore were not analyzed in th* sediment samples.

The U.S. Environmental Protection Agency (EPA) does not yet have
standards or criteria for sediment contamination. Levels are
therefore compared to reference location values and literature
values known to have adverse biological effects.

After data review, som* results were qualified with a "J",
meaning that th* contaminant was present but th* value given is
estimated. Th* "Risk Assessment Guidance for Superfund - Volume
I1* (USEPA, 1989), allows th* us* of "J"«d data for risk
evaluation.

Semivolatil* organics analysis
Table 2 presents th* levels of semivolatil* organics detected in
sediment samples. Detection limits and raw data are found in
Appendix A.

These data show a variety of polynuclear aromatic hydrocarbons
(PAHs) and phthalates ar* present at th* Kin-Buc Landfill sit* as ^
well as at the reference location. The Martins Creek location CD
appears to be the most heavily contaminated with semivolatiles as
the number of contaminants appear to be mor* extensive and the 0
levels higher than those from th* Edmonds Creek location. This o
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•ay be due to a different »ourc« material on this Bid* of th*
Kin-Buc Landfill site (since several Bounds are present on this
side of the site) and/or upstream contributions. There are also
several closed auto salvage yards in the upstream section of
Martins Creek.
PCBs/pesticides analysis

Table 3 presents the results of the PCBs/pesticides analyses of
the sediments. Detection limits for the pesticide fraction
ranged from 14 to 650 ug/kg, dependent on the sample. Detection
limits for PCBs were between 140 and 650 ug/kg. Specific
detection limits and raw data are found in Appendix A.

PCBs were not detected in sediments from Martins Creek or the
reference location. Total PCBs were highest in Upper Edmonds
Creek sediments (3,090J ug/kg). Concentrations in Lower Edmonds
Creek sediments were 1,450 and 2,030 ug/kg (includes the
duplicate analysis) .

Long and Morgan (1990) compiled sediment PCB data from many
locations in the United States. They state: "With very few
exceptions, effects were almost always associated with PCB
concentrations of 370 ppb (ug/kg) or more".

When compared to the non-detect from the reference location
(detection limit from 190 to 390 ug/kg) and literature values for
other estuaries, the values from the Kin-Buc site are indicative
of contamination by a source of PCBs and potentially injurious to
biota.

Inorganics

The levels of metals detected in sediments are shown in Table 4.
Some of the levels are at or near levels shown to cause adverse
impacts in biota (Long and Morgan, 1990) . However, the reference
location had similar concentrations of some metals, indicating
another source in that location (e.g., the NJ Turnpike). The
elevated levels of metals combined with the PCBs found in Edmonds
Creek could have synergistic effects on biota.
Fiddler Crabs

Volatile organics analysis was not done on the fiddler crab
samples. Semivolatile compounds were not detected in the fiddler
crab samples. Detection limits and raw data are found in
Appendix B.

Concentrations of the five metals analyzed in the crab samples
are shown in Table 5. Chromium, copper and zinc were detected in
crabs from Lower and Upper Edmonds Creek and the reference
location. Copper and zinc were detected in the Martins Creek
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fiddler crabs. A low level of cadmium (0.6 ng/kg) was also
detected in the reference location sample. Mercury vas not
detected in any of the crab samples.
Table 5 also shows the results of the PCB analyses of the fiddler
crab samples. Percent lipids were determined and the lip id-
ad jus ted PCB concentrations are reported in this table. Fiddler
crabs were prepared for analysis in two ways. At all locations
crabs were analyzed for PCBs with the outer covering (carapace)
intact. In addition, a sample of crabs obtained from Upper
Edmonds Creek was analyzed with the carapaces removed. This type
of sample was used to simulate the consumption of crabs by small
shore birds and mammals which do not consume fiddler crabs whole
but ingest the internal organs and small appendages.
Since PCBs are lipophilic and the amounts of lipids present in
biological samples vary, lipid-ad justed concentrations are often
used to give an indication of the normalized PCB concentration
present in the sample. They allow for a more accurate comparison
between tissues and across species. The concentrations of PCBs
(Aroclor 1248) in the Lower Edmonds Creek sample and duplicate
were 47 and 98 ug PCBs/g lipid, respectively. The Upper Edmonds
Creek sample contained 107 ug PCBs/g lipid (Aroclor 1248) .
Martins Creek fiddler crabs had 7 ug PCBs/g lipid (Aroclor 1260)
and the reference location was non-detect for PCBs. These crabs
were all analyzed with their carapaces intact. These concen-
trations indicate that bioaccumulation of PCBs is occurring in
the fiddler crabs from Edmonds Creek and to a lesser extent in
Martins Creek organisms.
A very significant finding was the concentration of 500 ug PCBs/g
lipid in the Upper Edmonds Creek fiddler crab sample which had
the carapaces removed from the crabs. Fiddler crabs are consumed
by several species of birds and small mammals which inhabit marsh
ecosystems. Some of these predators do not consume the entire
organism but selectively eat the internal organs and small
appendages. These organisms would receive a significantly higher
exposure to PCBs from the food route. Studies have shown that
the dose of PCBs which is lethal to 50% of the birds tested (LD-
50) varied from 604 to over 6,000 mg/kg in their diet (Eisler,
1986).
The Kin-Bue Operable Unit 2 Draft RI report stated that great
blue herons and black crowned night herons were observed in a
Soartina stand, presumably feeding on fiddler crabs. These crabs
are also consumed by other birds such as green herons, willets,
and seagulls. Mammals which may consume fiddler crabs include
raccoons, muskrats and red fox, all of which were observed at the
site. In addition, some fish and blue claw crabs will also £
consume fiddler crabs. °
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Level* of concern
Several organizations have set levels of concern for PCBs in

; biota. The International Joint Commission (UC) uses a level of
0.1 ppm (ug/g) to protect piscivorous wildlife (cancer risk).
The State of New York has proposed a fish flesh criterion of 0.13

i ppm to protect piscivorous wildlife. The Food and Drug1 Administration (FDA) has an action level of 2 ppm for PCBs in
seafood. However, this level is aimed at seafood that is

\ involved in interstate commerce and is for human consumption.i

SUMMARY
1 The results from this sampling and analysis indicate that food

chain bioaccumulation of site-related contaminants at the Kin-Buc
Landfill site is taking place. Most notable of these
contaminants are PCBs. The organisms potentially at the greatest
risk from these contaminants are the predators that consume the
internal organs and small appendages of the fiddler crabs. The
level of PCBs in this type of sample was 500 ug/g lipid.

RECOMMENDATIONS

A site-specific ecological risk assessment could be conducted to
determine if the levels found pose a significant risk to site or
transitory biota.

If any additional sampling is done, an attempt should be made to
better define sediment background levels of contaminants in the
Raritan River basin.
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Table 1
Water Chemistry Measurements

Parameter

pH
dissolved
oxygen (ppm)
temperature

depth (m)

salinity (ppt)

Lower
Edmonds
Creek

6.5
4.6

23

0.5

5.4

Upper
Edmonds
Creek

6.7

4.7

21

0.5

2.3

Martins
Creek

6.6

6.1

21

1.0

1.0

Upstream
Reference
Location

7.0

6.1

22

0.5

Water chemistry measurements were done at high or outgoing tides,
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Table 2

Semivolatile Organic* in Sediments
(concentrations in ug/kg, vet wt.)

Analyte

Acenapthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Butylbenzyl-

phthalate
Benzo (a) An-

thracene
Chrysene
bis(2-ethylhexyl)

ph thai ate
Di-n-Octyl

phthalate
Benzo (b)fluo-

ranthene
Benzo (k)fluo-

ranthene
Benzo (a) py-

rene
Indeno(l,2,3-cd)

pyrene
Dibenz(a,h)

anthracene
Benzo (g,h,i)pery-

lene

TICs
1-Octadecanamine
Benzenemetha-

namine

Lower
Edmonds
Creek

200J

430J
510J
89J

210J

280J
3900J

340J

32 OJ

280J

85J

400J

Lower
Edmonds
Creek
. dup

200J

440J
490J
78 J

210J

270J
3400J

470J

210J

280J

12 OJ

100J

410JN

Upper
Edmonds
Creek

160J

400J
430J
12 OJ

19 OJ

260J
5900J

290J

210J

230J

130J

110J

530JM

Martins
Creek

74 J
94J
910
250J
1600
1600
160J

740

870
5200

140J

720

840

780

380J

86J

350J

Upstream
Reference
Location

300J

64 OJ
730J

290J

390J
1500J

520J

390J

370J

130J

570JN

"J" indicates an estimated value
"JN" indicates an estimated value with presumptive evidence

for the preesence of the material at an estimated value
"TIC1* indicates a tentatively identified compound
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Table 3

PCBs/Pesticides in Sediments
(concentrations in ug/kg, wet vt.)

Analyte

Aroclor 1248
Aroclor 1254
Total PCBs

TOC (mg/kg)
-lab dup

grain sz.
%sand
%silt
%clay

Lower
Edmonds
Creek

1300J
730J
2030J

48800

16.6
53.2
30.2

Lower
Edmonds
Creek
- dup

87 OJ
58 OJ
1450J

49500

19.9
50.3
29.8

Upper
Edmonds
Creek

2300J
790J
3090J

73400
69500

17.6
46.6
35.8

Martins
Creek

27800

58.1
26.1
15.8

Upstream
Reference
Location

114000

16.5
56.1
27.4

"J" indicates an estimated value
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Table 4

Inorganics in Sediments
(concentrations in mg/kg, dry vt.)

Analyte

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

TOC
lab dup

grain sz.
%sand
%silt
%clay

Lower
Edmonds
Creek

20400
27. 8 J
86.6
1.7

1950
80.7
17.3
215

38700
151
6500
326
l.U

34.6
2170

2.2J
3.8

3420

63.5
280

48800

16.6
53.2
30.2

Lower
Edmonds
Creek-dup

18200J

48. OJ
80. 5 J
1.5J

198 OJ
82. 9 J
15. 9 J
22U

37900J
164J
6320J
289J

1.3J
33. 7J

2260J
2.4J
3.5J

3600J

65. 5J
296J

49500

19.9
50.3
29.8

Upper
Edmonds
Creek

18300J

36. LT
94. 8 J
1.7J

2540J
72. 1J
25. LT
207J

42500J
125J
6450J
374J
0.85J
48. 3 J

2500J
1.3J

2760J

60. 6J
360J

73400
69500

17.6
46.6
35.8

Martins
Creek

7480J

23. 5J
146J
0.49J
2.3J

2280J
40.4J
15. 5J
87. 4 J

23400J
227J
3430J
220J
0.39J
26. 7J

1260J

1240J

37. 3J
292J

27800

58.1
26.1
15.8

Upstream
Reference
Location

17800J

31. 5J
117J
1.4J

2520J
67. 8 J
18. U
162J

34300J
14 8 J
5990J
404J

l.OJ
32.5J

1680J
l.U
3.5J

1670J

54. 5J
268J

114000

16.5
56.1
27.4

blank spaces refer to non-detects
"J" indicates an estimated value
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Table 5

Contaminants Detected in Uca minax (fiddler crabs)

Analyte

Metals (mg/kg,
vet vt.)

cadmium
chromium
copper
mercury
zinc

PCBs (ug/kg,
vet vt.)

Aroclor 1248
Aroclor 1254
Aroclor 1260

% lipids

lipid-ad justed
concentrations
(ug PCBs/g lipid

Lover Lover Upper Upper Martins Upstream
Edmonds Edmonds Edmonds Edmonds Creek Refereno
Creek Creek Creek Creek Location

- dup (no cara-
paces)

0.6
1.8 62.5 1.2 1.2

37.9 17.1 37.7 42.6 47.9

25.6 40.0 26.8 26.5 29.1

250 580 990 14000 ND

170

0.53 0.59 0.93 2.8 2.4 1.1

47 98 107 500 7
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NJ
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IB
SEMI VOLATILE ORGAN I CS ANALYSIS DATA SHEET

EPA SAMPLE NO.

:
•b Name: CEIfllC CORP

BFA01
_________ _____ Contracts freP9O02B I.

lab Codes CEIMIC Case No.i 14523 SAS No.t _____ SD6 No.s BFAO3

•trixs (moil/water) SOIL

fample Mt/vols 30.4 (g/AL)

(low/med)______—̂ ŝ
dec.

Lab Sample IDi 90O536-O1

Lab Film IDs A47&7

Moisture: not d»

Extraction t

Cleanups

CAS NO.

(SeoF/Cont/Sonc) SDNC

(Y/N) fcj__ pHt 6.3

COMPOUND

Date Receivedi 07/1B/9Q

Date Extracteds O7/19/9O

Date Analyzed! O8/10/90

Dilution Factors 1.0___

CONCENTRATION UNITS I
(uq/L or ug/Kg) UG/KB

108-95-2 —— -
111-44-4 —— -
95-57-8 ————

106-46-7 ———
100-51-6 ———
95-50-1 ————
95-48-7 ————

106-44-5 ———
621-64-7 ———
67-72-1 ————
98-95-3 ————
78-59-1 ————
88-75-5 ————
105-67-9 ———
65-85-0- ———

120-83-2 ———
120-82-1 ———
91-20-3 ————
106-47-8 ———
87-68-3 ————
59-50-7 ————
91-57-6 ————
77-47-4 ————
88-06-2 ————

91-58-7 ————
88-74-4 ————
131-11-3 ———
208-96-B ———
606-2O-2 ———

- ——— bi»f2-Chlcroethyl )Ether __

• —— -1 .4-Dichlorobenzene
• ——— Benzyl Alcohol

• ——— 2-Me thv 1 oheno 1

• ——— 4-Methvlohenol_
——— N-Ni tro«o-Di-n-Propy 1 amxne

——— I soohorone

—— —2. 4-Dime thy 1 phenol
——— Benzoic Acid_,
——— bi* ( 2-Chloroe thoxy ) Methane
— • — 2f4-Dichloroohenol
— —— If2r4-Trichlorobenzene
——— Naohthalene
——— 4-Chloroaniline.,
——— Hffxachlorobutadiene, , „ „._.
——— 4-Chloro-3-Methyl phenol

——— Hexachlorocvclooentadiene
——— 2.4,6-Trichlorophenol
——— 2,4.5-Trichloroohenol
—— -2-Chloronaphthalene
——— 7-Ni tro»ni 1 in*
——— Dimtthvl Phthalate „ .. ..
——— Acenaohthvlene
——— 2.6-Cinitrotoluene , , _

5

___ 1
t

:
\•
•

r _ I
1

t

1

1
t

I
1

__ 5
I
1
1
I
I
1
t
5

.1

I
8

8
•
:

670
670
670
670
670
670
670
670
670
670
670
670
670
670
670
67O
3300
670
670
670
670
670
670
670
670
670
670
33OO
670
3300
670
670
670

8
:u
IU
:u
IU
:u
:u
:u
IU
:u
:u
:u
:u
IU
:u
:u
IU
:u
IU
:u
;u
IU
IU
IU
IU
IU
IU
:u
;u
IU
:u
!U
:u
i

/— n

CD
O

O
O
N>

(->
tt
N)
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I

1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE "NO.

{

b Names CEIMIC CORP
BFAOi

t
Ca>e No.I 14323•b Codei CEinic

•trixi (Boil/water) SOIL

Contracti 6BD9Q02S !_________

SAS No. I ______ SDG No.i BFAOI

•mole Mt/voli 30.4 <g/mL)

Lab Sample IDi 9O0336-01

Lab File IDi A4767

eveli <low/med) LOW

' Moisture! not dec. 31 dec. ___

Ktractioni (SepF/Cont/Sonc) SONG

PC Cleanup! (Y/N) N_ pHi

Oat* Received! O7/19/90

Date Extracted! 07/19/90

Oat* Analyzed! 08/1O/90

Dilution Factori 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS!
(ug/L or ug/Kg) UG/KG

; 99-09-2 ——————— 3-Nitroaniline .

I Si-28-3 ——————— 2 . 4-Dini tropheno 1
! 100-02-7 —————— 4-Nitroohenol
! 132-64-9 —————— Dibenzofuran
! 121-14-2 —————— 2.4-Dinitrotoluene
: 84-66-2 ——————— Diethvlohthalate
S 7003-72-3 ————— 4-Chlorophenvl-phenylether __
! 86-73-7 ———————— Fluorene
1 100-1O-6 —————— 4-Nitroaniline
! 334-32-1 —————— 4.6-Dinitro-2-Methvlphenol
.' 86-30-6 ——————— N-Nitrosodiphenvlamine (1)

: 118-74-1 —————— Hexachlorobenzene
! 87-86-3 ——————— Pentachloroohenol
1 83-O1-8 ———————— Phenanthren*
1 12O-12-7 ——————— Anthracene
1 84-74-2 ———————— Di-n-Butvlohthalate
I 206-44-O —————— Fluor an thene .... . .
! 129-OO-O —————— Pyren* ..„_.
5 89-68-7 ———————— Butvlbenzvlahthalate
I 91-94-1 ———————— 3r3'-Diehlorobenzidine
! S6-SS-3 —— — ——— Benzol a) Anthracene. ... ... ...
! 218-01-9 ——————— Chrvmen*
1 117-81-7 —————— bi»(2-Ethylhexyl)Phthalate
! 117-94-0 ——————— Di-n-Qctvl Phthalate
I 209-99-2 ——————— BenzofbiFluoranthene, .... ,_
1 207-09-9 ——————— 8*nzafk)Fluoranthen« _ „
: 3O-32-8 ——————— Benzo(a)Pvrene „ }
1 193-39-9 ——————— Ind«noflf2.3-ed)Pyrene ,_,__. 1
! 93-7O-3 ——————— Dib>nzfa.h)Anthraeene . _!
! 191-24-5 ——————— B»n2af3.hri>Perylen* .. „. _ :

•

J 3300
670
3300
3300
670
670
670
670
670
3300
330O
670
670
670
33OO
20O
67D
670
43O
910
89

1300
210
28O
3900
67O
340
320
280
670
670
89'

t!UC:u
:u
:u
:u
:u
!U
:u
:u
:u
• 1 1

:u
:u
:u
• U tj j.
?u5
IUJ

IJ
IJ
!U -
IJ

'*f
5U^
S J
1 J
j j
•LJ«f
il"|^f

5

1r i•i
t
I
ti

•t
I
•

••j
!
t
J

£' *
1
I
1

r *r ii
•' ;•

t•••.• '.».

0}o

oo

>-*
0)
N)
•>

(1) - Cannot b« separated from Diphenylamin* "1T80
FORM I SV-2 1/87 Rev.



IF
SEMIVOLATILE ORSANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE'NO.

Mb Name: CEIMIC CORP______________
t
1Kb Code: CEIMIC Case No.s 14S23

totrixs <«oil/water) SOU._
I
tempi* Mt/vols 30.4 fg/mL) £

Lve 11 (1 ow/med ) LDU1

/ Moistures not dec. SI time.

BFAOi
Contracts 6BD9002B J_________

SAS No.* ______ SD6 No. I BFAQ1

Lab Sample IDs 900S3A-O1

Lab File IDs A4767

detractions (SeoF/Cont/Sonc) SDNC
i

Cleanup* (Y/N) _ _ pHs

Date Received: 07/18/90

Date Extracteds 07/19/9O

Date Analyzeds 08/10/90

Dilution Factors l.O

umber TIC» found: 21
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/KG

• CAS NUMBER

1. OOOOOO
•> l*̂ »̂4̂ '71

3. OOOOOO
4. OOOOOO
5. OOOOOO
6. OOOOOO
7. 124287

. 8. OOOOOO
9. OOOOOO

'lO. OOOOOO
11. OOOOOO
12. OOOOOO
13. OOOOOO
14. OOOOOO
115. OOOOOO
•16. OOOOOO
|17. OOOOOO
?1B. OOOOOO
:i9. oooooo
120. OOOOOO
•21. OOOOOO

11

: COMPOUND NAME

'Unknown
.'4-Hvdro>:y-4-methyl-2-pentano
! Unknown
.'Unknown
IC12H6C14 isomer
:C12H6C14 icomer
:i-Dct*decan*mine. N.N-dimeth
.'Aromatic
! Unknown
i Unknown
! Unknown
! Aromatic
.'Aromatic
{Aromatic
.'Aliphatic hydrocarbon
•Aromatic
(Unknown
(Unknown
(Unknown
(Unknown
(Unknown

RT

4.72
5.38
21.64
23.47
25.07
26.57
26.87
27.19
27.29
29. O4
31.14
31.74
31.69
32.06
33.07
37. O7
37.77
38.19
39.94
41.01
42.18

5
EST. CONC.

2100
36000
340
340
600
470
400
340
270
270
540
400

1OOO
' 6OO
2100
670
670
940
740
470
540

0

**A
pnFS

\3
ib
EJJ
J .
•ij
SJ
IJ
>J
«J
U
>J
O
(J
|J
'*J
U
lj
IJ1 CD

O

O
O
N)

00

081
FORM I SV-TIC 1/87 Rev.



;D
PESTICIDE ORGANICS ANALYSIS DATA SHEET

EH'A SAMPLE NC.

kb Name: CEIMIC CORP.

*b Code: CEJMIC.. Case No.: 14323

*trixi i'*a.l/Mater) SOIL _

ample wt/vol* 30 .̂_ <q/<nL) (

SAS No. I _____ SDG No.: BFAQl

Lab Samole ID: ?P

Lab Fil» ID*

Moi»tur«:

xtractions

dec. ___

<S*oF/Cont/Sonc) S0!vl£

Dat» R*c«iv»d: 0

D*t« Extracted: 07/19/9Q

Oat* Analysed: 07/31 /9<>

FC Cleanup: (Y/N) N._
I

pH: Dilution Factorj 2

CAS NC. COMPOUND
CONCENTRATI ON UNITSi
(ug/L or uc/Kc) US/KG

319-24-6———————*lch*-BHC _ _________
319-S5-7———————b«t*-BHC_____________
31^-86-3——————d*l ta-BHC___________
3S-3°-9———————pamina-BHC (Lind*n»)__
76-4 J-3————————H«Dtachlor_____________
30'->O-2——————Aldrin_____________
1C24-37-3—————H«ot»chlor «oo>!id«__
939-93-S——————Endo.ulfan I_________
SC-37-1———————Di«ldrin____ __
72-55-9 ————————4.4' -DDE __._..__ ._ ____
72-20-3———————Endrin _ ._.....__
~32i3-_;-c—————Endo«ulfan II_______
72-54-S————————4 .4 ' -DDD__. „___ . ___
103.-07-S—————Er.do»ulfan »ulf*ti __
30-29-3————————4.4' -DOT ______._._. ..__
72-43-3———————Ma-thoxvchlor________
33494-70-3—————Endrin k»ton«__..
3103-71-9—————alpha-Chlordan«_
3103-74-2—————gamma-Chlordan*.
6001-33-2—————toxaoh«n«_____
12674-11 -2—————Aroc 1 or-lO16___
11104-23-2————Aroclor-1221__
11141-16-3—————Aroclor-1232___
334.9-21-9————Aroclor-1242__
12672-29-6—————Aroc lor-1248___
11097-69-1—————Aroc lor-1234___
11096-82-3—————Aroclor-1260__

COo

oo
N)

00

FORM I PEST 38?'



16
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

•b Name: CEIMIC CORP

EPA SAMPLE 'NO.

I BFA02 I
I______________S

•b Codes CEIMIC
I
I
•trixi (»oil/water) SOIL

ample Mt/volt 30.2 (g/mL)
I
ve 1 s (1OM/med) LOW

_________ Contracts 68D9002S

Ca»e No. i 14523 SAS No. I ______ SDG No.i BFAO1

L«b Sample IDs 9O0536-O2

Lab File IDi A4753

r!Moi*turei not dec.s
ttractions (SepF/Cont/Sonc)

fC Cleanups (Y/N) ft)_

dec.

SONC

pHs

Data Received* O7/18/9O

Date Extractedi O7/19/9O

Date Analyzed! OB/Q9/90

Dilution Factors 1.0___

CAS NO. COMPOUND
CONCENTRATION UNITS*
(uq/L or ug/Kg) UB/KB

108-95-2 —— —
111-44-4 —— —
95-57-8 —— ——
541-73-1 —— ~
106-46-7 ————
100-51-6 ————
95-50-1 ------
'95-48-7 —— ——
39638-32-0 ——
106-44-5 -----
621-64-7 ————
67-72-1 —— ——
98-95-3 ————— •
78-59-1 —— ——
88-75-5 ————— •
105-67-9 ————
65-85-0 ————— •
111-91-1 ———— •
120-83-2 ————
120-82-1 ———— •
91-20-3 —————
106-47-8 ———— -
87-68-3 —— —— -
59-50-7 ————— -
91-57-6 ————— -
77-47-4 ————— -
88-06-2 —— —— -
95-95-4 ————— -
91-58-7 -----
88-74-4 ————— -
131-11-3 —— ——
208-96-8 ———— -
606-20-2 —————

—— Phenol
—— bi»(2-Chloroethvl JEther _____
—— 2-Chloroohenol
—— 1.3-Dichlorobenzene
— -1 .4-Dichlorobenzene
—— Benzvl Alcohol
—— 1 .2-Dichlorobensene
—— 2-Me t hv 1 oheno 1
—— bic(2-Chloroisopropyl )Ether _
—— 4-Methvlohenol
—— N-Ni t ro«o-Di -n-Proov 1 amine __
—— Hexac hi oroe thane
—— Nitrobenzene
— -Iftoohorone
—— 2-Nitroohenol
——2 . 4-Dime t hy 1 ohenol
—— Benzoic Acid..
— -bi» ( 2-Chloroethoxy ) Methane
—— 2r4-DichloroDhenol
—— Ir2f4-Triehlorobenzene
— -Naphthalene .. ...
— -4-Chloraaniline _ ._
—— Hexachlorobutadiene ,„ .__
—— 4 -Chloro-3-Methyl phenol _____
. — 2-M»thvln*phthalene _ ,....,_
- — Hexachlorocyclopentadiene ___
• — 2.4r£-Triehloroohenol .„
—— T.4.a-Triehloroohenol .,.,,„. ___

• — 2-Nitroaniline

• — Acenaphthvlene __ _
• — 2.6-Dinitrotoluene .. .. ,.r_

I 690
690
690
690
690
690
690
690
690
690
69O
690
690
690
690
690
3300

. 690
69O
690
690
690
690
690
690
690
690
3300
690
330O
690
690
690

' -
• ̂ J - -^

:u*
IU
IU
IU
:u
IU
!U
:u
:u
:u
:u
:u
:u
IU
!U
IU
IU
tu
IU
IU
IU
IU
IU .
IU
IU
IU
IU
IU
!U
:u
JUv
IU i

r |
i

i

ti

i

i

t
j

i
J 008 o
1
I °
1 S
1

! si N)
t

t
sf ,
' 11

FORM I SV-1 1/87 Rev.



1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

•b Namei CEIMIC CORP

EPA SAMPLE-NO.

BFA02

•b Codes CEIHIC Cave No.s 14323

atrixi (soil/Mater) SOIL

Sample wt/volt . 3O.2 (q/«L) £

levels (loM/med) LJJW__

ContractI 68090029 :________

SAS No.i ______ SDG No.» BFA01

Lab Sample IDt 90OS36-O2

Lab File IDs A4733

Moisture* not dec. 52 dec.

•x tractions (SepF/Cont/Sonc) SONG

JPC Cleanups (Y/N) N._
I

pHi

Date Receivedi O7/18/90

Date Extracted* 07/19/90

Date Analvzeds 08/09/90

Dilution Factors 1.0

CAS NO. COMPOUND
CONCENTRATION UNITSs
(ug/L or ug/Kg) US/KB

t
j 8 99-09-2———————3-Nitroaniline__________
t 8 83-32-9———————Acenaphthene___________
I 8 31-28-5———————2,4-Dinitrophenol_______
I 8 100-02-7——————4-Nitrophenol_______________
I 8 132-64-9——————Dibenzofuran____________
I 8 121-14-2——————2.4-Dinitrotoluene_______
f 8 84-66-2——————Diethvlphthalate________

! 7003-72-3—————4-Chloroohenyl-phenylether.
f 8 86-73-7———————Fluorene_______________
? 8 100-10-6——————4-Nitroaniline_____________

8 534-32-1——————4.6-Dinitro-2-Methylphenol.
8 86-30-6———————N-Nitro«odiphenylamine <!)_
8 101-35-3——————4-Bromophenvl-ohenylether._
8 118-74-1——————Hexachlorobenzene________
8 87-86-5———————Pentachlorophenol_________
8 85-01-8———————Phenanthrene_____________
8 120-12-7——————Anthracene_____________
! 84-74-2———————Di-n-Butylphthalate______
I 206-44-0——————Fluoranthene___________
8 129-00-0——————Pyrene_________________
8 85-68-7———————Butvl benzyl phthalate______
I 91-94-1———————3.3*-Dichlorobenzidine___
J 56-55-3——————Benzo(a)Anthracene______
8 218-01-9——————Chrymene_______________
8 117-81-7——————bi»(2-Ethylhexyl )Phthalate_
8 117-84-0——————Di-n-Octvl Phthalate_____
J 205-99-2——————Benzo(b)Fluoranthene_____
8 207-08-9——————Ben zo (k) F1 uoran thene_____
8 5O-32-8———————Benzo(a)Pyrene__________
J 193-39-5——————Indeno (1,2,3-cd) Pyrene____
8 53-70-3———————Dibenz (a, h)Anthracene____
! 191-24-2——————Benzo(g,h,i)Perylene_____

33OO
690
3300
3300
690
690
690
690
690
3300
3300
690
690
690
3300
20O
690
690
44O
49O
78

140O
210
270
340O
690
470
210
28O
12O
690
1OO

8U
8U
:u
:u
:u
:u
8U
:u
;u
:u
:u
:u
!U I

8U
8U
8J
Ty

IJ

8
IJ
(J
IJ.

8J

CD
O

o
O
N)

0)
N)
CO

(1) - Cannot be separated from Diohenylamine

FORM I SV-2
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IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS !

fcb Name: CEIMIC CORP

EPA SAMPLE'NO.

BFA02

ftb Codes CEIMIC Came No.i 14523

trix: (moil/water) SOIL

Contract: 6BD9QO2S {________

SAS No.l ______ EDS No.J BFACH

(low/med)

•mole Wt/VOll

evel:

'Moisture: not dec.
f
«traction:

PC Cleanup:

Amber TIC» found i J21.

30.2 (g/«L)

Lab Sample JDi 9OOS36-02

Lab film IDi A4753

(SepF/Cont/Sonc)

Date Receivedi O7/18/90

Date Extracted: O7/19/QQ

Date Analyzed: OB/O9/90

Dilution Factort 1.0___

CONCENTRATION UNITS:
(ug/L or up/Kg) U6/KG

1 1t 1

CAS NUMBER ! COMPOUND NAME

. 1. OOOOOO {Unknown
1 2. 123422 54-Hvdroxy-4-methvl-2-pentano
; 3. OOOOOO {Unknown
= 4. OOOOOO ,'Unknown
' 5. OOOOOO {Unknown
. 6. OOOOOO .'C12H6C14 i»omer
i 7. 7124287 { 1-Octadecanamine
: 8. OOOOOO ,'Aromatic
J 9. OOOOOO {Unknown
iiO. OOOOOO {Aromatic
11. OOOOOO {Aromatic
12. OOOOOO {Aromatic
•13. OOOOOO {Unknown
14. OOOOOO .'Aliohatic hvdrocarbon
!lS. OOOOOO {Aliphatic hydrocarbon
116. OOOOOO {Unknown
il7. OOOOOO {Unknown
!l8. OOOOOO {Unknown
:19. OOOOOO ! Unknown
20. OOOOOO (Unknown
21. OOOOOO i Unknown

5

1
RT

4.73
5.43

21.72
23.55
24.12
26.66
26.94
27.27
31.24
31.84
31.97
32.16
32.56
33.17
37.27
37.34
38.39
40.14
40.37
41.24
42.44

i {
: EST. CONC. :
: 27OO 5
! 49000 !j
{ 550 5 1
: 340 • : i

620 !1
550 !1
410 {.
280 1

1100 :
34O !
830 i
480 :
280 :

•2800 I
2500 1
2400 !
1100 t
830 t
620 I
830 !
97O !

1

c

Jflft*3jor
Kl
[jj
JK
iJl
ij
J
J
J
J
J
J
J
J
J
tj
J
JN

J

FtF""
1I/
/

/
1

119

too

oo

05
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ID
PESTICIDE CP3ANICS ANALYSIS DATA SHEET

Rb Name: CEIHIC CQPP Contract: 6SD9QO23

Rb Code: CclMIC €a»e No.: 14523 SAS No.:

EPA SAMPLE MO.

BFAO2

SDG No.: BFAC:1__

itriw: (soil/water) SOIL

Miple wt/vol* - 30. j

ivel: (low/med) LOW

(g/mL)

Lab Sample IDi 900536-02

Lab File ID: ________

Moisture: not d*c. 52 dec. ___

*traction: fSepF/Cent/Sonc) SQNC
?C Cleanup: (Y/N) N_ pH: 6.1

Date Received: O7/18/90

Date Extracted: 07/19/90

Date Analvsed: C7/31/90

Dilution Factor; l.QO

CAS NO. COMPOUND
CONCENTRATION UNITS:
<uo/L or uo/Kq) UG/Kg

319-84-6 —————— aloha-BHC

58-89-9 ——————— oemma-BHC (Lindane) __ . _____
76-44-8-- —————— Hentachlor

1O24-57-3 ————— Keotachlor eooxide
959-98-8 —————— Endo»ulfan I
60-57-1 ——————— Dieldrin
72-55-9̂  ———————— 4.4- -DDE

33213-65-9 ————— Erdosulfan II

1O31-O7-S —————— Endosulfan »uif ate
50-29-3 ———————— 4. 4' -DOT
72-43-5 ——————— Methoxvchlor
53494-70-5 ————— Endrin ketone
5103-71-9 —————— aloha-Chlordane

8001-35-2* —— — — Toxaohene
12674-11-2 —— - —— Araclor-lO16 , ,.,,„,
1 1 104-29-2 ————— Aroe 1 or-1221
11141-16-5 ————— Aroclor-1232 ,
53469-21-9 ————— Aroc 1 or-1242
12672-29-6 —————— Aroe lar-1248
11097-69-1 ————— Aroclor-1254 „ ,.
11096-82-5 ————— Aroclor-126O

17
i /
17« -»17
17
17
17
x /
w
33
3^•J
33
•» ̂
<Ĵ ^
^ ̂
O'J*

33
170
33
170
170
330
170
170
170
170
870
S8O
330

1

su'JJ1**
> U 1
:u 1
i U I
!U 1
> U I
111 mI»̂ J I

> U 1
( . 1 I
1 W «

:u 1
!U 1
iii 1i U •
1 LJ n
1 U M
:u U
:u 1
• u D
:u 8
:u U
:u 0
tu •
:u fl
5U
:u ̂
•Jr• u^
5

FORM I PEST

03
O

O
O
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IB
SEnIVOLATILE ORGANICS ANALYSIS DATA SHEET

1

Name: CEIMIC CDPP

EPA SAMPLE NO.

BFA03

Jab Code: CEIMIC Case No.l 1452?

jatrix: (soil/water) SOIL

iample wt/voli 30.1 (g/*L) £

Contract: 68090028 !_________

SAS No.l ______ SDG No.l BFA01

Lab Sample IDi

Lab File ID: A4754

rvel i (low/med) LOW

' Moitture: not dec.X^ 59
I
*c traction i (SepF
!
FC Cleanup: (Y/N) £1_

dec.

one) SDNC

Date R»c«iv»di 07/1B/9O

Date Extractedi 07/19/9O

Date Analyzedi 08/09/90

Dilution Factori 1.0_____

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/KB

108-95-2——————Phenol.__________________\
111-44-4——————bi»(2-Chloroethyl)Ether_____5
95-57-8———————2-Chlorophenol___________J
541-73-1——————1.3-Dichlorobenzene________!
106-46-7——————1.4-Dichlorobenzene________!
100-51-6——————Benzyl Alcohol _______!
95-5O-1———————1.2-Dichlorobenzene________J
95-48-7———————2-Methvlohenol____________!
39638-32-9—————bi»t2-CMoroi*ooropvl)Ether__J
106-44-5——————4-methyl phenol____________!
621-64-7——————N-Nitro»o-Di-n-Proovlamine__!
67-72-1———————Hexachloroethane__________5
9S-95-3———————Nitrobenzene______________5
78-59-1———————Imophorone_______________J
88-75-5———————2-Nitrophenol_____________J
105-67-9———————2,4-Dimethyl phenol__________!
65-85-0———————Benzoic Acid______________J
111-91-1——————bi«(2-Chloroethoxy methane__I
120-83-2——————2,4-Dichlorophenol_________«
120-82-1 ——————1,2,4-Trichlorobenzene_____J
91-20-3———————Naphthalene_______________I
106-47-B——————4-Ch 1 oroan i 1 ine________ »
87-68-3————-——Hexachlorobutadiene________I
S9-50-7———————4-Chloro-3-Methylphenol_____J
91-57-6———————2-Methvl naphthalene________?
77-47-4———————Hexachlorocyclopentadiene___»
88-O6-2———————2.4.6-Trichlorophenol______I
95-95-4———————2.4.3-Trichloroohenol______I
91-58-7———————2-Chloronaohthalene________J
88-74-4———————2-Ni troani 1 ine__ ... _______ •'
131-11-3——————Dimethvl Phthalate__.______J
208-°6-8——————Acenaohthvlene____________J
606-20-2——————2.6-Dinitrotoluene. _______ !

____J

800
600
800
eoo
800
800
eoo
800
eoo
eoo
eoo
800
eoo
eoo
eoo
eoo
39OO
eoo
eoo
eoo
eoo
eoo
eoo
eoo
eoo
eoo
eoo

39OO
eoo

3900
eoo
eoo
eoo

!U
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
!U
!U
iu
:u
iu
!U
iu
iu
iu
iu
iu
1U
IU
IU
tu
JU
:u
JU

oo
fo

CO(*)
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1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

ab Namas CEIMIC CORP

EPA SAMPLE NO.

BFA03

•b Codas CEIMIC

atrix: (aoil/watar) SOIL
i

Ca*a No.» 1452'

ContractI 68P90O2S J________

SAS No.t ______ SDG No. I BFAO1

amp la wt/vols 3O.1 (g/mL)

Lab Sampla IDs 90O536-03

Lab Fila IDi A4754
I
avals (1ow/mad) LOW

•Moiatura* not dac. _ 59 dac. ___
i
xtractions (SapF/Cont/Sonc) SQNC.

PC Cleanup* (Y/N) N _ pH»

Data Racaivadi 07/18/9O

Data Extracted* 07/19/9O

Data Analvzadt O8/O9/90

Dilution Factori 1.6_____

CAS NO. COMPOUND
CONCENTRATION UNITS*
(uq/L or ug/Kq) U6/KS Q

f

t

cr
9

»

j

!

9

{

i

i
i
!
1
!
t

99-09-2 ——————— 3-Nitroanilina . ,
83-32-9 ——————— Acanaohthana , ,,,„„
51-28-5 ——————— 2.4-Dinitroohanol
100-O2-7 —————— 4-Nitroohanol
132-64-9̂  ————— Dibanzofuran
121-14-2- ————— 2.4-Dinitrotoluana
84-66-2 ——————— Diathvlohthalata .
7005-72-3 ————— 4-Chloroohanyl-phanylathar-_.
86-73-7 ——————— Fluorana __
1OO-1Q-6 ——————— 4-Ni troan i 1 ina
534-52-1 —————— 4.6-Dinitro-2-Mathvlphanol
86-30-6 ——————— N-Ni trosodiphany lamina <!)_

lia-74-l ——————— H»xaehlorobanzana
87-36-5 ——————— P»nt»ehloroDhanol „ „
as-Ol-a ———— - —— -Phananthrana
12O-12-7 —————— Anthracana
84-74-2 ———————— Di-n-Butvlohthalata
206-44-0 ——————— Fluoranthana __,...
129-00-0 — -s ———— Pvrana , ,,..„, , _ ,,,,„
8S-68-7 ——————— Butvlbanzvlphthalata. ,._, _.
91-94-1 —— - ——— 3.3* -Dichlorobanzidina
SA-BS-3 ——————— B»nzof a) Anthracana ... ., ,„_.,_.„
21S-01-9 ——————— Chrv«»na ._.,_„ „,„.„ ,„, .
117-81-7 —————— bi» ( 2-E thy 1 haxvl ) Phtha 1 a ta
117-B4-0 ——————— Di-n-Qetvl Phthalata_ ,.„. _ f
2O5-99-2 —————— B*nsof b)Fluoranthana>_ _
2O7-O8-9 —————— B»nsafk )Fluoranthana ,,__„.. _„,,.
SO-32-8 ——————— B»nzo( a) Pvrana
193-39-5 —————— Indano (1.2, 3-cd ) Pvrana
53-7O-3 ———————— Dibansf a. h) Anthracana _
ĵ .̂.o4_«* __ -— B*n"*o(q h i)Parylana

:
•
;
•
•
•
1
t

5
*

^f
1

1

8
t
«
t•
•
1
I
t
I
I
I
I

J
J
I

1

3900
800
390O
390O
eoo
800
80O
800
80O
3900
3900
80O
80O
800
39OO
300
80O
80O
640
730
80O
1600
29O
390
1500
8OO
52O
390
370
130
800
8OO

4

:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
!U
:u
:u

'U'
iu)
:j
tj

!J

:u

:J
!J

tu4*
t

r

i
';

*

/

f

t

v

/

03
O

Oo
N)

0)
W

1«?
( (1) - Cannot ba saparatad from Diphanylamina
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IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

*b Name i CETMIC CORP

EPA SAMPLE"NO.

BFA03

• b Cod*I CEIMIC Cat* No.i

ContractI 6BD9OO28 S_________

SAS No. I ______ SD6 No.i EFA01

atrixi (soil/water) SOIL

ample wt/voli 30.1 <g/*L>

evel: (low/med) LOW

Lab Samole ZDi 900536-03

Lab Film ZDt

Moistures not dec. _59
I
Jx tract ion i

1PC Cleanuo:
I

time.

(S*pF/Cont/Sonc) SDNC

(Y/N) N__ pHt

Dat« Received: O7/1S/90

Dat» Extractedi O7/19/90

Date Analyzedi OB/09/90

Dilution Factori 1.0____

lumber TIC« found i
CONCENTRATION UNITS:
(ug/L or ug/Kg) UB/KG

t

• CAS NUMBER

! i. oooooo
1 2. 123422
i 3. OOOOOO
4. OOOOOO
9. 10S44SOO
6. OOOOOO

! 7. 124287
i e. oooooo
9. OOOOOO
10. OOOOOO
11. OOOOOO
12. OOOOOO
13. OOOOOO
14. OOOOOO
19. OOOOOO
16. OOOOOO
17. OOOOOO
18. OOOOOO
19. OOOOOO
20. OOOOOO
21. OOOOOO

1
I

{ COMPOUND NAME

{Unknown
!4-Hvdroxy-4-methyl-2-pentano
{Unknown
{Aliohatic hydrocarbon
{Sulfur, mol. <S8)
{Unknown
:i-0ctadecaneamine. N,N-dimet
'Aliohatic hvdrocarbon
{Aliphatic hvdrocarbon
•Unknown
{Unknown
{Unknown
{Unknown
{Unknown
•Unknown
{Aliphatic hydrocarbon
{Unknown
{Unknown
S Unknown
{Unknown
{Unknown

RT

4.73
S.43
24.94
29.19
26.32
26.66
26.94
31.22
33.16
36.04
37.26
37.32
37.96
37.92
40.14
40.36
41.22
41.42
41.64
42.44
42.93

{ EST. CONC.

! 2700
49000
730
970

11OO
14OO
970
810
9300
1100
4100
2600
1900
•2100
1100
11OO
3200
19OO
890
20OO
1100

* Q
!>̂ £f$ro1
Ijpjh1W i'.fad
!J|J j
JBJf/
JBJ
5BJ
:BJ
:BJ:BJ
JfJ:BJj*j
:jj
!BJ
:BJ
|K,y
f 1 *
• 1

FORM I SV-TIC
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o
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w
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ID
PESTICIDE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

ab Ntfflt*: CEIMIC CORP _________ Contract: 68D9002S !________

Ca»* No. i i432_3__ SAS No.; ______ SDG No.: BFAOi•b Cod«: CEIMIC

•trix: <»oil/w*t*r> SOIL_

amol* wt/voli .3.C.3 (o/fflL) G ._

•v«l: (lOM'fft*

ftoi»tur*: not d*c. I 39 f\. dec.
^̂x traction i (S*cF/Cont/Sonc) S.QNQ

PC Cl*anuci fY/N) N__ pH: 6.3

L*b Samol* IDi 9CK .536̂ 03

Lab Fil« ID: _ _______

Oat*

Dat» Extracted! 07/19/QQ

Oat* An»lvz*dt 02/51̂ 90

Dilution Factor: 1,00

CA5 NO. COMPOUND
CONCENTRATION UNITS:
(up/L or ug/Kg) UG/KQ

38-39-9 ——————

309-00-2 —————
1024-37-3 ————

60-57-1 ——————
72-33-9 ——————

33213-63-9 ———
72-S4-S ——————
1031-07-8 ————
30-29-3 ——————
72-43-3 ——————
53494-70-3 ———
9103-71-9 ————
3103-74-2 ————
8001-33-2 ————
12674-11-2 ———

— aloha-BHC
— — o*ta— eric
— d*lta-BHC
— g*m<na-BHC fLindan*)
— H*otachlcr
— Aldrin
— rl*Dt*cMor *ooxid*
— Endosulfan I
— Di*ldrin
— 4. 4 '-DDE
— Endr-in
— Endoiulfan II
— 4.4'-DLD .. __ . ________ ...
— EndoBulfan culfat*
— 4. 4 '-DOT
— n*thexvchlor
--Endrin k*ton*
— aloha-Chlordan*
~ a a mma-C h 1 o r d an •
— Toxaoh»n*__ .
— Aroelor-lO16

11104-2S-2 ————— Aroclor-1221
11141-16-3 ———
33469-21-9 ———
12672-29-6 ———
11097-69-1 ———
11096-S2-3 ———

— Aroelor-1232
— Aratlor-1242
— Aroclor-1248
— Aroclor-1234
— Aroc 1 or-126O

19
19
19
19
19
19
19
19
39
39
39
39
39
39
39

190
39

190
190
390
190
19O
190
19O
190
390
390

1

:LT*
:u
:u
!U
:u
;u
:u
:u
:u
:u
:u
:u
:j
:u
:u
:u
:u
:u
:u
!U
:u
su
:u
:u
:u
,'U
:U'
i

f
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IB
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EF'A SAMPLE NO.

BFA04
*b Name: CEIMIC_j:pRP._.._________. Contract: 6BD90028 _ !„__

ab Code: CEJUIC- Caie No.i J.45_23_ SAS No.: ___._ SDG No.i

atrixt («oil/water) SDJL Lab Samole ID: 900«.36-04

amole Mt/vol: _2.0.1 fg/mL> g__ Lab File ID: A4764

eveli (low/med)

Moisture: not dec. 44 dec. ___

>: traction: (SeoF/Cont/Sonc) SJ)Ng

PC Cleanuo: (Y/N) N_ pH:

Date Received: 07/18/90

Date Extracted: 0*7/19/90

Date Analyzed: C8/10/9Q

Dilution FactorJ 1.0___

CAS NO. COMPOUND
CONCENTRAT I ON UN I TS :
(ug/L or ug/Kg) UG/K6

108-95-2 ————— •— Phenol ,
iii-44-4 —————— bi»(2-Chioroethyl lEther _____ s

5 ' 1 ^^ 1 _.

100-51-6 ————— •

— •— i»rn or uunviiuj
— 1.3-Dichlorobenzene
— 1 .4-Dichlorobenzene ________
— Benzvl Alcohol _.„ _ ______ _

95-43-7 ——————— 2-Methvloher.ol

106-44-5 ————— •
621-64-7 ————— -
£ — _^~*_ ;—_—.-_.-—.

— bn (2-Cruoroicooropvl lEther
— 4-Methvlonenol
— N-Nitro»o-Di-n-Proovl*mine _ ._
-— t-t»--«r hi oro»t h«n»

98-95-3 ——————— Nitrobenzene
78-59-1 —————— -
88-75-5 —————— -
105-67-9 ————— -
65-85-0 —————— -
111-91-1 ————— -
120-83-2 ————— -

106-47-8 ————— -

59-50-7 —————— -
91-57-6 ——————

88-06-2 ——————
95-95-4 —————— -

88-74-4 —————— -
131-11-3 —————
20S-96-S- ———— -
606-20-2 ——————

— IkODhorone

— 2.4-Dimethvlohenol
— Benzoic Acid
— bi»(2-Chloroetho>:y)l<1e thane __
— 2.4-Dichloroohenol
— 1.2.4-Trichlorobenzene
— NiiDhthalene
— 4-Chloroaniline
— H»x*chlorobutadiene
— 4-Chloro-3-Methvlohenol
— 2-Methvlnaohthalene

—2 . 4 . A-Trichl oroohenol
— 2.4.5-TrichloropheriOl .... . , __
— 2-ChloronaDhthalene
— 2-Nitroaniline .
— Dim»thvl Phthalate
— Ac»n»Dhthvlene . . . ...
— 2.6-Dinitrotoluene

!
1
1
1

1

I
1

»

1
t

I
I
*
1

1
S
1

1

J
S
J
J
I
i

11
1

590
590
590
590
590
590
590
590
590
590
590
590
590
590
590
590
290O
590
590
590
590
590
590
590
590
590
590
290O
590
2900
590
63
590

1 1

:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
su
:u
:u
:u
!U
:u
:u
IU
su
su
;u
:u
u :
su :

8

<JI
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1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

CEIMIC COPP Contract: 68D90O2

ff

lab N*,T>_»I
\
lab Code: CEIMIC C*»e No.: 14523 SAS No.i

EPA SAMPLE NO.

BPAO4

SDG No.t BFA01

itrixi <»oil/water) SOIL

Jamole wt/vol t

Lvelt

44

(q/fflL)

Lab Samol* IDi 9Q0576-O4

Lab Fil« IDi A47A4

• Moisturvt not d*c. d»C.

Extraction i

iPC Cl**nuos

(3«oF/Cont/Sonc> SQNfi

(Y/N) N

CAS NO. COMPOUND

Date Received! 07/18/PQ

Date Extracted! 07/19/9$

Date Analyzed: 08/10/90

Dilution Factor*! 4___»_____

CONCENTRATION UNITS:
(uo/L or uo/Ka) UG/L̂ S Cl

99-O9-2———————3-Nitroanilin«____________!
83-32-9————————Ac»n»ohth«n»_______________!
51-2S-5———————2.4-Dinitrooh»nol________5
100-02-7———————4-Nitrooh»nol______________!
132-64-9——————Cib«nroforan______________!
121-14-2———————2.4-Dinitrotolu»n«__________!
84-66-2———————Di«thylphthal»t«___________S
7009-72-3—————4-Chl orooh»n v 1 -ph«n v 1 «th«r__!
86-73-7————————Flucr»n«___________________!
100-10-6——————4-Nitroanilin«____________\
534-52-1——————4,,6-Dinitro-2-h«thyloh«nol__S
86-30-6———————N-Nitro»odioh«nylamin« (1)__!
101-55-3—————— 4-Bromoph«nvl-ph«rwl»th«r___•
113-74-1——————H»xachlorob«ns«n«__________\
S7-86-5———————Pantachloroohanol ___________
85-01-8———————Ph«nan thr«n»______________
12O-12-7——————Anthrac»n» ________________
84-74-2———————Di-n-Butvlohthalat«________
206-44-0——————F1 uor an th*n«_ ____________;
129-00-0——————Pvr«n»_____ _____________
85-68-7———————Butvlb«nzvlohthal»t«______
9_-94-_————.——3.3'-Dichlorob«nzidin«.____"
56-55-3———————B«nio (a) Anthrac«n»_ _ ... _ _
213-01-9——————Chry»«n»__________________
117-81-7——————bi*(2-Ethvlh«xvl )Phthal»t»_ .
117-84-0——————Di-n-Octyl Phthalat*_______
205-99-2——————B«nzo(b)Fluoranth«n». __ _ __
207-08-9——————B*nzo( k )Fluoranth«n«_______
50-32-S———————B»nzofa)Pvr»n»_.______________
193-39-5——————Ind«no( 1.2.3-cd )Pvr»n»______
53-70-3———————Di b«nz (a, h) Anthr»c»n«______
191-24-2——————B«nzo(g,h.i)P»ryl«n«_______!
______________ _______________________J
(1) - Cannot b* i«p-r*t»d from Diph«nylamin«

2?00
74

2900
2900
590
590
590
590
94

2900
2900
590
590
590
2900
910
250
590

16OO
1600
16O
1200
74O
870
5200
140
720
840
780
380
86
350

:u
:j
:u
:u
;u
:u
:u
:u
:j
:u
:u
:u
:u
:u
:u

:u
••

s
u
:u

j

FORM I SV-2 195

00o

oo
N)

CD
0)



IF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

Kb Name: CEIMIC CQRFL Con tract i fe8D9002j

EPA SAMPLE NO.

BFA04
!

fcb Code: CEIMIC Case No. i i45.23_ SAS No.t ______ SDG No.» BFA01

atrixi («oil/water) §0_IL__ Lab Sample IDi 900536-0*

temple wt/vol: . 30.> fg/mL) g__ Lab File IDi A4764

»vel: (low/med)

44! Moiiture: not dec.
I •
* traction: (SepF/Cont/Sonc)

dec.

SDNC

IF'C Cleanuoi (Y/N) N pH» 7.6

Date R»c»iv»d: 07./1B/9O

D*t« Extracted: 07/19/9O

Dat* Analvz»ds 08/10/90

Dilution Factors l.O___

kimb«r TIC» -found:
CONCENTRATION UNITS:
(UG/L or ug/Kg) UC/KG

CAS NUMBEP

1.
: 2.
• 3.
4.

' 5.
i &•
* 7
' 8.
9.

? 10.
! 11.
1 15.
- 14^
15.
16.
17.
18.
19.
20.
21.

OOOOOO
123422
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OC'OOOO
OOOOOO
620406
OOOOOO
OOOOOO
57885
OOOOOO
OC'OOOO
OOOOOO
OC'OOOO
OOOOOO

1

! COMPOUND NAME

! Unknown
! 4-H</dro::y-4-methvl-2-oentano
! Unknown
•'Aliphatic hydrocarbon
! Unknown
! Aliphatic hydrocarbon
! Aromatic
! Unknown
SAliohatic monobacic carboxyl
•Unknown
! Unknown
i Unknown
IBenzenemethanamine. N,N-bi»(
•Aliphatic hydrocarbon
! Unknown
•Cholesterol
: Unknown
{Unknown
i Aromatic
'Unknown *
'•Aromatic••

••

i
1
•
I

•»
1
I
•
1
i
i

S
•
•
•
I
•
I
1
1

•

•
1

\

RT

4.70
5.38

19.34
21.64
22.14
23.07
24.64
24.90
25.17
26.69
26.97
27.21
29.16
33. 09
37.09
37.81
38.22
39.97
41. O6
41.26

EST. CONC. '. O

14OO 'fjfa*
2500O fefrf/Lr

770 !*
1OOO !
530 !
950 !
65O !
1500 :
1700 :
950 !
470 !1
470 IE
530 ! J
1800 : i

[J
ij
J
J
J
J
J
w

w

\

a

J
650 ! | Jfrf
3100 .'J/V,
830 IfJff
890 ,'BJ ',
2500 ! dj j '
1100 ifjJ

41.46 1100 SdjV
: ' r ̂

CD
O

Ooro
»-•
00

1QS "

FORM I SV-TIC



ID
PESTICIDE ORGANICS ANALYSIS DATA SHEET

.ab Name: CEIMIC CORP Contract: 6_a_D9.0._.2_i

ERA SAMPLE NO.

BFAO4

.ab Code: CJJMJLP. Ca»e No.:

latrix: <»oil/water) SOJL._

iamole wt/vol: . 30.2 fg'mLi G

.evel: (low/med) LOW

_ SAS No.: SD3 No.i BFAO.

Lab Sample ID: 90033fe-04

Lab File ID: __

I Moi»ture: not dec. 44 dec. ___

!xtraction: (SeoF/Cont/Sonc) SQNC

6PC Cleanuot (Y/N) N oH: _7.4
• «™^™«" • •̂̂ •̂ Ĥ  ̂ »>

Data Received: C7/13/90

Dat» Extracted: 07/19/90

Date Analyzedi 07/31/90

Dilution Factori 1..OO

CAS NO. COMPOUND
CONCENTRATION UNITS:
(uo/L or uo/Ko) UG/KG

319-34-6———————aloha-BHC
31?-35-7———————D*t»-BHC
3l(5-8s-3——————delta-BHC.
53-89-'——————-a*ff.a>*-BHC
76-44-S———————Heotachlor_____._
309-00-2——————Aldrin___.______ _
1024-57-3—————Heotachlor epoxide.
959-»8-S———————Endc»ulfan I _______
6C-J7-1———————Dieldrin________
72-55-9————————4.4--DDE ____ ___
72-20-8———————Endrin__________
33113-65-9—————Endo«ulfan II______
72-54-3————————4.4--DDD_________
l.)31-O7-8—————Endoiulfan »ulfate
50-29-3————————4.4' -DDT_________
72-43-5———————Methoxychlor_____
53494-70-5————Endrin ketone____
5103-71-9—————alpha-Chlordane__
3103-74-2—————gamma-Chl ordane__
8001 -35-2—————To x a p hene_______
12674-11-2—————Aroclor-1016_____
11104-28-2—————Aroclor-1221_____
11141-16-5—————Aroclor-1232_____
5346«'-21-9—————Aroc 1 or-1242_____
12672-29-6—————Aroclor-1248_____
11097-69-1—————Aroclor-1254______

! 11096-82-5—————Aroclor-1260______
:

14
14
14
14
14
14
14
14
28
28
28
23
28
28
23
140
28
140
140
280
140
14O
140
14O
140
280
280

:u
!U
:u
;u
:u
:u
:u
:u
:u
;u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
IU
:u
:u
?u
:u
:u
:u

CD
O

O
O

00
CJ
00
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1/37 F.«v.



IB
SEtl I VOLATILE ORGAN ICS ANALYSIS DATA SHEET

»b Name: CEIMIC CORP,

EPA SAMPLE ND.

BFA05
_________ Contracti 6_B_D900_£B__ !_________

ftb Code: QEJMIC_ C»»e No.* 14523 SAS No.* ______ SDG No.: BFA01

itri>:» (soil/water) SOIL

•mole Mt/volt 30.3 <p/«L>

»vel* (low/med) L.3W__
/-—s=

Moisture* not deo^ 67 ^) dec.

Lab Samole ID* 900536-05

Lab File ID* A4765

<traction* (SepF/ConTTSbnc) SONC

PC Cleanup* (Y/N) K|_ pH* 7.O

Date Received* C7/1B/90

Date Extracted* O7/19/9O

Date Analyzedi 08/10/90

Dilution Factors l.O___

CAS NO. COMPOUND
CONCENTRATION UNITS*
(ug/L or ug/Kg) UG/Kg

J
t 10E-95-2 —— •
111-44-4 —— •
95-57-8 ——— •
541-73-1 —— -
106-4e-7 —— -
100-51-6 —— •
95-5O-1 —— —

39638-32-9—
106-44-5 —— -

78-59-1 ——— -
88-75-5 ——— -
105-67-9 —— -
65-85-0 ——— -
111-91-1 —— -
120-83-2 —— -

91-20-3 ——— -
106-47-8 —— -
87-68-3 ————
S9-50-7 ——— -
91-57-6 ——— -
77-47-4 ——— -

95-95-4 ——— -
91-58-7 ——— -
88-74-4 ——— -
131-11-3 —— -
2O6-9&-8 ———

——— Phenol
——— bi«(2-Chloreethvl)Ether

——— 1 ,4-Dichlorcbenzene _____ _ __
——— Benzvl Alcohol

- ——— 2-Methvlohenol
——— bic(2-Chloroiiooroovl )Ether _
——— 4-Methvlohenol
• ——— N-Nitro»o-Di-n-Proovlamine __
——— Hexachloroe thane
— ——Nitrobenzene
•— — Iioohorone
- ——— 2-Nitroohenol
- ——— 2 . 4-Dime thv 1 ohenol
- ——— B*nzoic Acid
. ——— bi>(2-Chloroethoxy)Methane __
• ——— 2.4-DichloroDhenol
• ——— 1.2.4-Trichlorobenrene . , _
— —— -Naohthalene

• ——— Hexichlorobutadiene . ,.,
——— 4-Chloro-3-Methvl phenol _____
- ——— 2-M»thvln«ohthalene . . .
——— Hexachlorocyclopentadiene ___
• ——— 2.4rA-Triehieroohenol . .. _ . _.
- ——— 2.4.S-Tr*ichloroohenol ..... .__.
• ——— 2-Chloronaohthalene

. ——— Dim*«ihvl Phthalate ..; . _.

606-2O-2 —————— 2.6-Dinitrotoluene _. __ _. __

i
1000 •

: 1000
S 1000
: 1000
: 1000
! 1000
: 1000
! 1000
! 1OOO
! 1OOO

1000
10OO
100O
1000
1000
1000
4800
1OOO
1OOO
1OOO
100O
1000
1OOO
1000
1OOO
1000
100O
4800
1000
4800
1OOO
1000
1OOO

Art
su
:u
:u
:u
;u
:u
:u
tu
:u
:u
:u
:u
tu
:u
tu
tu
tu
IU
tu
tu
tu
IU
IU
tu
tu
tu
IU
IU
:u
IU
:u
s

r

•i•i•

x\
CD
O

0
0
N)

i->
00

1

FORM I



1C
SEMIVOLATILE OFGAMICS ANALYSIS DATA SHEET

i.ab Nam«: CEfMIC CORP

ERA SAMPLE NO.

BFA05

i»b Codes CEIMIC Case No.t 14523

fatrixs (soil/water) SOIL_t
iamole Mt/vols * 30.3 (g/mL)

.eveli (low/med) LOW

I Moistures not dec. 67 dec.

Contract! 68D9QQ29__

SAS No. I ______ SDG No. I BFA01

Lab Sampl* IDi 900536-05

Lab Film IDi A4765_____

Zxtractions (S«oF/Cont/Sonc)

3PC Clvanuot

CAS

N
SONG

pHi 7.0

Date R»c«iv»dJ 07/19/90

Data Extractedi 07/19/9O

Oat* Analyz»dx OS/10/90

Dilution Factors 1^0___

COMPOUND
CONCENTRATION UNITS*
fuo/L or UQ/KO) U6/K5

3-Nitroaniline_ _ __..__._ _
Acenaohthene8-*^,^p«^_o______»• —«•• —T——— — — ~

51-28-5———————2.4-Dinitroph«nol_
100-02-7——————4-Ni trooh»no 1 ____ _
132-64-9——————Dib«nzofuran______
121-14-2————
8J-66-2—————

-2.4-Dinitrotolu»n«_
•Dittthvlohthalat*

700S-72-3—————4-Chloroph»nvl-oh«nyl«th«r_
86-73-7———————FIuor«n»_______________
100-10-6———— -4-N'itroanilin*

-P»nt*chlorooh«nol.
-Ph»nan thr»n«____
-An thraon*______

——Di-n-Buty1phtha1at«_
——Fluoranth»n»______
—-Pvr»n«___________

534-52-1——————4.6-Dinitro-2-Methylphenol.
36-30-6———————N-Nitrosodiphenylamine (1),
101-55-3——————4-Bromophenyl-phenylether_
118-74-1——————Hexachlorobenzene_______
87-86-5————-
85-01-8————-
120-12-7———
84-74-2————-
206-44-0————
129-00-0————
85-68-7—————
91-94-1———————3.3'-Dichlorob»nzidine____.
56-55-3———————Bentofa)Anthracene___ ___
218-01-9——————Chrv«ene _.._.._.._.. ______
117-81-7——————bi»(2-Ethvlhexvl)Phthalate__
117-84-0——————Di-n-Octvl Phthalat*.
205-99-2——————Benzo(b)Fluoranthene__ _.
207-08-9——————Penzo( k JFluoranthene_____
50-32-8———
193-39-5——
53-70-3———

-Butvlb»nzvlphthalat»

————B«nzo(a)Pyr»n»_ __.
———.Ind«no( 1.2,3-cd)Pyr»n».
————Di b«n z (a. h) An thrac«n«_

191-24-2———————B«nzo(d.h,i)P»ryl»n«__

480O
1000
4800
480O
1000
1000
10OO
10OO
1000
4800
4300
1000
1000
100O
480O
160
100O
1000
400
430
•270
20OO
190
260
590O
100O
290
210
230
130

1OOO
110

iu"3
:u
:u
!L'
:u
IU
:u
:u
:u
:u
:u ,
:u
:u ',
• u \
u
JuT
iU J
i J
tj
su y> j
Sir
«uiT
' J
1 J
1 J
I J
• Uy

1

o
oo
N)

00

(1) - Cannot b* •*oarat«d from Diph»nyl*min« 241
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IF
SEMIVOLAT1LE ORGAN1CS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

• b Name! CEIMIC CORP
FFA05

__________ Contract* 6BD9002S !________

• b Cod*: CEIMIC Ca«e No.» 14523 SAS No.! ______ SDG No.* EFA03

•trix! (soil/water) SOIL

•mole wt/voli _3.0i2 Ca/mL) g__

Jeveli (low/med) LOW

Moisture: not dec. _67 . dec. _._

I*tractioni (SeoF/Cont/Sonc) SQNC.

L*b Sample ID: 9O053A-O">

Lab Film IDi A4765

fC Cleanuo: (V/N) N_
I

DHi 7.O

Dat* R»c«iv»d: Q7/18/90

Dat* Extractedi 07/1Q/9O

Date Analvzvds OS/10/90

Dilution Factor! 1.0____

kinber TICi found i 21
CONCENTRATION UNITS!
(ug/L or UQ/KQ) US/KG

CAS NUMBER ! COMPOUND NAME

} 1. OOOOOO {Unknown
j 2. 123422 {4-Hydroxv-4-methvl-2-pentano

Z. OOOOOO iAliohatic monobasic carboxvl
4. OOOOOO JC12H7C13 isomer

1 5. OOOOOO {Unknown
! 6. OOOOOO {Unknown
l 7. OOOOOO {Unknown
8. OOOOOO {Unknown
9. OOOOOO {Aromatic
10. OOOOOO {Aromatic

; 11. OOOOOO {Aromatic
12. OOOOOO {Aromatic
13. OOOOOO .'Aliphatic hydrocarbon

' 14. OOOOOO {Unknown
15. OOOOOO {Unknown
16. 57685 {Cholesterol
17. OOOOOO {Unknown
18. OOOOOO : Unknown
19. OOOOOO {Unknown

j 20. OOOOOO {Unknown •
21. OOOOOO {Unknown

1

RT

4.72
5.42
22.40
24.04
24.87
26.27
26.94
31.07
31.74
31.89
31.94
32.06
33.07
37.12
37.24
37.77
39.96
41.01
41.42
42.19
42.18

J
EST. CONC.

3300
62000
900
1000.
2500
2200
600
700
1400
2600
700
1400
2100
11OO
2100
3000
1000
1700
800
1100
800

0

?rl
If
|J

J

J

J

Ij

J

*J

>J

J

U
'J

:J>
tf

I|J4

fe]
fV u
ftP*

00o

Ooro

oo
A

FORM I SV-T1C
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1C-
PESTICIDE ORGANICS ANALYSIS DATA SHEET

.ab Name: CiglttIC COF'P___________ Contract: 68DQOC28

EF-. SAMPLE N2

BFAO:

,ao Code: CEIMIC Case No.: 14323 SA5 No.: SDG No.: BFA01

latrix: (soil/water*

iamole wt/vol: _J5<2s.l fo/mL) Q__

evel: flow/med* LOW

, Mci«ture: not dec.yC.6_7 Iff dec. ___

^traction: (SeoF/CtaZrtvSonc) 5QNC.

FC Cleanup: (Y/N) N_ pH: 7.0

Lab Sample ID: 900*36-0?

Lab Fil« ZCi _____

Date Receivedi 07/18/90

Date Extracted* 07/19/9O

Date Analvzed: O7/31/9Q

Dilution Factor: 1.0___

CA3 NO. COMPOUND
CONCENTPATICN UNITS:
(ug/L or uc/Kg> UG/K(?

3i?-S4-6 ——————— al ona-EHC
319-33-7 ——————— beta-BHC . . .
31 = -86-9 ——————— delta-BHC
•S-S9-9 ——————— gamma-BHC (Lindane)
76-44-3 ——————— Heatachlor
309-00-2 —————— Aldrin
11 24-37-3 ————— Heotachlor epoxide
r*m 13 ^f9 n P«^««M.i1^irM T

60-37-1 ———————— Dieldrin
72-33-9 ———————— 4.4 ' -DDE
72-20-S ———————— Endrin
33213-63-9 ———— Endosulfan II
72-54-8 ———————— 4 . 4 ' -DDD
1031-O7-3 ————— Endo»ulfan vulfate
30-29-3 ———————— 4.4'-DDT__.. __ . _____ . _____
72-43-3 ——————— Methoxvchlor
•3494-70-3 ————— Endrin ketone
3103-71-9 —————— aloha-Chlordane . ,.
31 03-74-2 ————— aamma-Ch 1 ordane
8001-33-2 —————— Toxaohene
12674-11-2 ————— Aroclor-1016.. _
1 1 104-2S-2 ————— Aroe 1 or-1221
11141-16-3 ————— Aroelor-1232 _ , , . . . .
334̂ 9-21 -9 ————— Aroc 1 or-1242
1 2672-29-6 ————— Aroe 1 or-1248
1 1097-69-1 ————— Aroe 1 or-1234
11096-82-5 ————— Aroe lor-1260

24
24
24
24
24
24
""4
*->4
48
48
48
48
48
48

240
48
24O
24O
48O
240
240
24O
240
2300
790
48O

l

:u
:u
:u
:u
:u
:u
:u
:u
;u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
:u
i U 1

*r

r
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O

O
O
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U.S. IPX - CLP

INORGANIC ANALYSIS DATA SHEET
0000002

EPA SAMPLE NO.

MBDMOl,
Lftb Name: ROCKY MOUNTAIN ANALYTICAL Contract: 6B-D9-0090

Lab Code: eNseeo case No.i 14523 SAS No.: ____ SDC No.: KBDMOI
Matrix (soil/water): SOIL Lab Sample ID: 104*6-1
Level (lov/aed): i/)W Date Received: 07/18/90
% Solids: so.Q

Concentration Units (ug/L or ag/kg dry weight):

CAS No.

7429-90-5
7440-36-0
7440-38-2
7440-39-3"
7440-41-7"
7440-43-9
7440-70-2"
7440-47-3"
7440-48-4
7440-50-8
7439-89-6"
7439-92-1"
7439-95-4"
7439-96-5"
7439-97-6"
7440-02-0"
7440-09-7"
7482-49-21
7440-22-4
7440-23-5"
7440-28-0"
7440-62-2"
7440-66-6"

Analyte
Aluminum
Antimony"
Arsenic "
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt "
copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel __
Potassium
Selenium
Silver "
sodium
Thallium_
Vanadium
Zinc
CyanI3e

Concentration
20400

9.6
27.8
86.6

195

1,7 _
2.0
Dlo.r

17.'
215

38700
151
6500
326

*,
217

1.1
4.6
C
:>.2
3.8

3420
0.40
63 . 5
280

c

5

a

I
a

Q

I T
* *r

*5rsr —
SN ̂

N ̂

M

a.

KB.

7;
CDo

ooro

oo

Color Before: BROWN
Color After: BROWN

Clarity Before:
Clarity After:

Texture:
Artifacts:

Comments:

FORM I - IN 7/88



U.S. EPA - CLP

INORGANIC ANALYSIS DATA SHEET

0000003
EPA SAMPLE NO.

MBDM02Lab Name: BOCKY MOUNTAIN ANALYTICAL contract: 68-09-0090
Lab Code: ENSECQ case No.: 14S23 SAS No.: ____ S06 No.: MBDMOI
Matrix (soil/water)t SOIL Lab Sample ID: 1Q446-2
Level (lov/»ed): LOW Date Received: 07/18/90
% Solids:

Concentration Unit* (ug/L or mg/kg dry weight): MC/KC

CAS No.
7429-
7440-
7440-
7440<
7440-
7440*
7440*
7440*
7440-
7440-
7439-
7439-
7439-
7439-
7439-
7440-
7440-
7482-
7440-
7440-
7440-
7440-
7440-

•90-5
•36-0"
•3«-2"
39-3"
41-7"
43-9"
70-2"
47-3"
48-4"
50-8"
89-6"
92-1"
95-4"
96-5"
97-6"
02-0"
09-7"
49-2"
22-4"
23-5'
28-0"
62-2"
66-6"

Analyte
Aluainua
Antimony
Arsenic
Bariua
Berylllua
Cadniua
Calciua
Chroaiua
Cobalt ~
Copper
Iron___
Lead
MagneiTua
Manganese
Mercurŷ _
Nickel
Potacelua
Seleniua
Silver "
Sodiua__
Thalliua_
Vanadium
Zinc___
Cyanide

Concentration

1L
S1L

SJL

WN •

CD
O

o
O

CD

Color Before: BROW
Color After: ££OJQL
Coaaents:

Clarity Before:
Clarity After:

Texture: COARSE
Artifacts: ____

FORM I - IN 7/88



U.S. EPA - CLP

INORGANIC ANALYSIS DATA SHEET

0000004

EPA SAMPLE NO.

MBDMQ3Lab Mama: ROCKY MOUNTAIN ANALYTICAL contract: €8-P9-oo90
Lab Coda: ENseeo casa No.t 14521 SAS No.: ____ SDC No.: MBPMQI
Matrix (soil/vatar): SOIL Lab Sampla ZD: 104*6-3
Laval (low/mad): LOW Data Racaivad: 07/iB/so
% Solids: 42.6

Concantration Units (ug/L or mg/kg dry vaigbt):

CAS No.
7429̂
7440-
7440'
7440'
7440<
7440-
7440'
7440*
7440-
7440*
7439-
7439*
7439-
7439<
7439*
7440*
7440-
7482<
7440-
7440-
7440-
7440-
7440-

•90-5
•36-0"
•38-2"
•39-3
•41-7̂
43-9
70-2
47-3"
48-4"
50-8"
89-6"92-r
95-4
96-5"
97-6"
02-0"
09-7"
49-2"
22-4
23-5"
28-0"
62-2"
66-6_

Analyta
Aluminxia
Antiaony"
Arsanic_
Bariua
BarylliiS
Cadttiua
Calciua_
ChroaluB
Cobalt__
Coppar
Iron___
Laad—'—
MagnaiTua
Manganasa
Karcury
NieXal ""
Potaasiua
Salaniua
Silvar__
Sodium
Thallium
Vanadium
Zinc,__I
Cvanida

Concantration

1L

7,
CD
O

O
O
N)

00

Color Bafora: BROWN
Color Aftar: BROWN

Clarity Bafora:
Clarity Aftar:

Taxtura:
Artifacts:

Commanta:

FORM I - IN 7/88



U.S. EPA - CLP

INORGANIC ANALYSIS DATA SHEET

0000005
EPA SAMPLE NO.

MBPMQ4Lab Name: ROCKY MOUNTAIN ANALYTICAL contract: 68-09-0090
Lab Cod«t £HS£Cj2 Case Mo.: 14S23 SAS No.: ____ SD6 No.: MBDM01
Matrix (soil/vatar)t SOIL Lab Sample ID: iQ44g-4
Level (lov/med): LOW Date Received: 07/ia/ao
% Solids:

Concentration Unit* (ug/L or ag/kg dry weight): MC/KC

GAS No.
7429-
7440-
7440-
7440-
7440«
7440<
7440-
7440-
7440'
7440-
7439-
7439-
7439-
7439-
7439-
7440-
7440*
7482'
7440'
7440<
7440-
7440-
7440<

•36-0"
•38-2"
•39-3"
•41-7"
•43-9"
•70-2"
•47-3"
•48-4"
30-8"
89-6"92-r
95-4"
96-3"
97-6"
02-0"
09-7"
49-2"
22-4"
23-5"
28-0"
62-2"
66-6"

Analyt*
Aiuainua
Antimony
Ar»<nic
Bariua
B«rylllul
Cadniua
Calciua _
Chroaiua
Cobalt "
Copper
Iron ___
Lead — ' —
Magnesium
Manganese
Mercury
Nickel —
Potassium
Selenium
Silver "
Sodium ——
Thallium
Vanadium

^ __
Cyanide

Concentration

stir

CL.
CD
O

O
O

CD

Color Before: aaoww
Color After: BROWN

Clarity Before:
Clarity After:

UB.

Texture:
Artifacts:

Comments:

FORM X - IN 7/88



O O O O J 0 6
U.S. EPA - CLP

INORGANIC ANALYSIS DATA SHEET
EPA SAMPLE NO.

MBDMQSLab Naaa: ROCKY MOUNTAIN ANALYTICAL Contract:
Lab Coda: ENSECO caaa Mo.: 14523 SAS No.: ____ SDG No.: MBPMOI
Matrix (aoil/vatar): SOIL Lab Saxpla ZD: 10446-5
Laval (low/Bad): n>w Data Racaivad: Q7/ia/9o
% Solida:

Concantration Unita (ug/L or ag/kg dry vaight):

GAS NO.

7429-90-5
7440-36-0"
7440-38-2"
7440-39-3"
7440-41-7"
7440-43-9"
7440-70-2"
7440-47-3"
7440-48-4"
7440-50-8"
7439-89-6"
7439-92-1"
7439-95-4"
7439-96-5"
7439-97-6"
7440-02-0"
7440-09-7"
7482-49-2"
7440-22-4"
7440-23-5
7440-28-0"
7440-62-2"
7440-66-6"

Analyta
Aiuainua
Antiaony
Araanic
Bariua
Barylliua
CadaiuB
Calciua
cnroaiua
Cobalt "
coppar
iron
Laad
Magnaaiua
Manganaaa
Marcury
Nickal
Potaaalua
Salaniua
Silvar "
soaiua
Thaiiiua
Vanadiua"
Zinc
CyanXda

Concantri
18301

i:
a<
9*

4

0

2541
7:
2!
20'

42501
13!!

64!>l
37̂
o
41

2501
:i

2761
1

61
361

ition
3
.5 ,..1
1.8
L.7
1.0,
.1
5.1
r
;
3
;
.85
1.3
3
,,3
1.4
J
3.!, 6
3.6
3

C

V
B
>
U
B
B

B

Q

SN 1
i
1
1
•̂

;

-

*

*N

i
N 1

WN

*±/

M

•V

B_

CD
O

O
O

CO
•C*
NJ

Color Bafora: BROWN
Color Aftar: BROWN

Clarity Bafora:
Clarity Aftar:

Taxtura: CQARSZ
Artifacts:

Comaanta:

FORM I - IN 7/88



HUNTIWCDON ANALYTICAL SCRVICIS
ENVIRONKZHTAL

Inorganic Vet Cheaical Analyses

Analyte: Total Organic Carbon in SedisMnt

EPA Method No.: Lloyd Kahn/C?A Region XX Method • July 27. 1911

Saaple
Date

(7/12/90

(7/12/90
1
17/12/90
1
(7/12/90
1
(7/12/90
1
17/12/90

HAS
Saaple *90-

943-001

943-002

943-003

943-004

943-005

943-OOSDup

1 1
j Date | Date

Client X.D. (Prepared) Analysed
1 1

\ 1 1
55441-01 (7/25/90 (7/25/90

XH 1
55441-02 (7/25/90 (7/25/90

wil 155441-03 (7/25/90 (7/25/90
• 1 1

55441-04 * (7/25/90 (7/23/90
.1 i

55441-05 a (7/25/90 (7/25/90
1 1

55441-05-17/25/90 (7/25/90
1 1

Method
Detection

1 Lialt

100

100

100

100

100

100

1
1 *
Result Units

41, 100 1 agAg

49.5001 agAg
1

114,0001 agAg
1

27, 800 j agAf
1

73.400] BgAf

*9.SOO| agAg

QC in %

102**

102**

102**

102**

102**

102**
5.5***|

* Results are based on dry weight of state rial as listed elsevhere in this report.

** A known standard of the analyte of interest WM analysed along vith this staple
vith the percent recovery indicated above.

*** This sample vaa analyzed in quadruplicate vith the aaxi
and a calculated standard deviation of 1174 ag/k(»

RPD as indicated above
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Tabla 1.1 KM.TS Or TIC BAK KUTUl/ACID DCTUCTMUI ANALYSIS

•rajaet
CUant »
tacatlan

Matrix
Unlti

•la(2-cMaroathyl) athar
2-Chloreehanol
I.S-OicMarebansana
1,4-Diehterabansana
•anxyl alcohol
1.2-DlcMarabansana
2-Mathylphanel
•<K2>chlorai»aprapyl) athar
4-Mathylpnanel
N'DftraaedivfBrepylaailna
•axach laraathana
•itrabansana
liophorana
2-Mltraehanol
2,4-»la»thylet>anol
•anxalc Acid
•ii(2-chloraatha*y> Mthana
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Maphthclana
4-Chloroanlllna
Naxach l eraeutadlana
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2.4,*-Trlchloraohanal
2.4.$-Trlchloraahan»l
2-Chloranaphthalana
2-Dttroanllina
OlMthyl phthalata
Acanaphthylana
S-Nltraanlllna
Acanaffcthana
2,4-Olnltraphanat
4-Nitraphanal
Dfbantafuran
2,4-Dlnltrataluana

Kintuc

A§A*aV^wn*0
•lank

Tlaau

no
no
no
no
no
no
no
no
no
no
no
no
no
no
no

u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

1*00 U
no
no
no
no
no
no
no
no
no
no
1*01
no

u
u
u
u
u
u
u
u
u
u
>u
u

1*MU
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no
1*M
no
t*M

u
u
)U
u
IU

1*00 U
no
no

u
u
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MS2 M54 M35 415* M37

d Martini Rafaranca Uppar lauar lavar

Craak Craat Craak
i Tiaaua TiMua Tlsaua Tiaaua Tfaaua
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SSM
5500
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SSM
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SSM
$500
SSM
95M
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U
u
u
u
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u
u
u
u
u
u
u
u
u
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SSMU

UOO
ISM
UM
UM
ISM
UM
ISM
UM
ISM
ISM
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UM
ISM
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UM
ISM
MM
UM
UM
UM
UM
UM
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1SM
MM
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MM
ISM
MM
MM
UM
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U
U
u
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u
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u
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u
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u
u
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ISM
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ISM
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ISM
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ISM
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ISM
1SM
ISM
MM
ISM
ISM
ISM
UM
UM
ISM
ISM
ISM
1SM
ISM
MM
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MM
ISM
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MM
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MM
MM
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ISM
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U
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u
u
u
u
u
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u
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u
u
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u
u
u
u
u
u
u
u
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27M
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27M
27M
27M
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27M
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27M
27M
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27M
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U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
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27M
2700
2700
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2700
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17M
27M

U
U
U
U
U
U
U
U
U
U

1SMOU
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2700
27M

u
u
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27M u
UMOU
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27M

u
u
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feble 1.2 KSULTS OF m AMCLOt ANALYSIS

•reject Kin Sue 3*09
Client ID 4O2 MS4 CCS MM «IS7 M3S
toe* t Jen Mtthed Martin* ItferOTce Upper lewtr Levtr us

Crwk
HatrU Tluu* Tinut Tlnut Tim* TlMut Tlaaui T<MU*
Units ««/k« ia/lt| i*/k« i*/kg MS/kfl i«/k| t«/k|

Aroclw
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Areeler
Areeler
Areeler
Areeler
Areeler
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•OU
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1*0 U
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U
U
U
U
U
U

•OU
•OU
aou
•ou
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1*0 U

SM
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no
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no
no

u
u
u
u

u
u
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«u
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U
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u
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•rojoct * 340* Kin tut landfill

•aoplo • ion

NotlMd Honk
4132 Mart
4034 lofi
4U9UPBI
4*34 IOM
4037 IOM

Ootoetlon
Halt

ittan

tin* e*
irvnc<f
K I eta*
K lota
IT MM

b
i

Mk

idt Crook
id* Crook
io» Crook

Mil* I
•j/ko

10
0.4

. 10
10
MB

o.s

ihroMtiai

10
1.2
1.2
1.S

42.S

1.0

sr
«"
*7.»
r.r
ST.f
tr.i

2.0

•oreury
••VkO

Jf
10
10
10
10

O.OA

Sine
•I/N

24.9
2*.1
24.1
29.4
40.0

2.0

• donotoo that tho dotoetlon llorft U 0.10 oij/ko
HO • oonotot not dttoetod at or obei'i tho ojuontltatlon

03
O

o
O
to

CD
in
CO

00006



.1Ii

I

a a a a a a

2
'B

R
*

''
*

•
*

•
•

•
•

*
!

I
l
l1

mil,
iiS

iii

si5t4«

KBC 
002 

1
8
5
9

oooo



FINAL REPORT

FOR

KIN BUC LANDFILL

EDISON, MBIT JERSEY

PREPARED BY:

David V. Charters, Ph.D.
Environmental Response Team

CONTRIBUTORS:

Ken Munney, ERT/REAC
Philip Y. Kim, ERT/REAC

Environmental Response Braneb
Emergency Response Division

Office of Emergency i Remedial Response
CD
O

o
O

OC'
O-o



KIN-BUG LANDFILL

INTRODUCTION

Site Background

The Kin-Buc property covers an area of approximately 220 acres
with three landfill mounds: Kin-Buc I, is approximately 30
acres, the Kin-Buc II and Mound B, are approximately 12 acres
each. The remainder of the property consists of vegetated
lowlands, wetlands and Kin-Buc, Inc. facilities. The site is
located at the end of Meadow Road in the Township of Edison,
Middlesex County, New Jersey (Figure 1). The site is surrounded
by the Edison Township Municipal Landfill, approximately 600
feet to the south, an industrial complex to the north,
marshlands to the east, and the Raritan River to the west.

A wide variety of organic and other uncharacterized hazardous
wastes were disposed of at this landfill during its operative
years. The majority of hazardous waste disposal is believed to
have occurred in the Kin-Buc I mound; but, there is little
evidence as to the content of Mound B. Wastes disposed of in
Kin-Buc II are presumed to be of normal sanitary landfill
character. The landfill is officially closed and covered with
a low permeability cap or a one- to five-foot sandy, clayey-loam
soil. Surface and groundwater drainage can potentially enter
the lower Raritan River to the southwest, Mill Brook/Martins
Creek to the west, and the wetlands and Edmonds Creek to the
east (Figure 2) .(1'

Kin-Buc and the surrounding wetlands have been extensively
studied since the mid-1970's. Groundwater monitoring, and soil
and sediment sampling have been conducted by several contractors
in conjunction with the United States Environmental Protection
Agency (USEPA). Wetlands east of the Kin-Buc Landfill are part
of an extensive freshwater tidal marsh along the Raritan River.
They are dominated by common reed fPhracmites communist with
isolated islands of cattail fTvpha spp.l and upland shrub and
tree species. Numerous vertebrate and invertebrate species are
supported by the interlocking network of channels comprising
these wetlands.(2) Species inhabiting the area surrounding
Edmonds Creek are potentially at risk from contaminants
emanating from the Kin-Buc Landfill. These wetlands are known
to be contaminated with polychlorinated biphenyls (PCBs),
principally Arochlors 1248 and 1254, in concentrations ranging
from less than 10 to above 700 parts-per-million (ppm).

The primary source of current PCB contamination of the Edmonds
Creek marsh area is Pool C, which discharges into the marsh.
Pool C has received its contaminants from groundwater and
surface water discharges from the Kin-Buc I mound. The Pool C
connecting channel and Edmonds Creek, in the vicinity of the
junction of the connecting channel, are believed to be secondary
sources of contamination, due to historic drainage from Pool C

KBC 002 1861



as well as from th« low lying area between Kin-Buc and the
Edison Landfill. These areas have PCBs in the sediment ranging
from 100 to 730 ppm. The remaining wetland area has been
contaminated due to water and sediment dispersion of
contaminants through normal tidal flows and flood periods; the
majority of sediment contamination is at or below 10 ppm. The
exception to this is the northeastern backwater region of the
marsh and the tidal pond adjacent to Pool C where PCB levels are
between 10 and 100 ppm.*2*

Elevated heavy metal concentrations of arsenic (70.6 milligrams
per kilogram) (mg/kg) , copper (169.7 mg/kg) , mercury (1.57
mg/Xg) , silver (2.04 mg/kg), and zinc (337.0 mg/kg) were
detected in the sediments at the mouth of Edmonds Creek. Copper
and mercury remain slightly elevated throughout the Edmonds
Creek marsh area whereas arsenic, silver, and zinc approach
background concentrations of 19.0 mg/kg, 0.76 mg/kg, and 101.5
ng/kg, respectively. (2)

Wehran EnviroTech conducted an investigation on ecological
indicator species for Kin-Buc, Inc., in the Fall of 1989.
Aquatic invertebrates and vertebrates as well as terrestrial
vertebrates were collected and select tissues submitted for PCB
analysis. The results of these analyses and sediment chemistry
were submitted to USEPA Region II in accordance with the
previously drafted RI/FS. In the Fall of 1990, in response to
the data received from this study, the USEPA Region II requested
that the USEPA/ Environmental Response Team (USEPA/ ERT) conduct
a more extensive ecological investigation on the dominant
vertebrate species residing in the wetlands.

Objectives

The objective of this ecological study were:

1. To determine the presence of and/ or extent of
bioaccumulation of PCBs and/ or heavy metals in semi-
aquatic biota residing in the wetlands east of the o
Kin-Buc Landfill, along and surrounding Edmonds g
Creek.

>-»
2. To determine if exposure or accumulation of &

contaminants is causing adverse physiological impacts \>
within individuals or on population dynamics of a
target species.

This report addresses the results of analyses conducted on
tissues of muskrats obtained from the wetlands east of the Kin-
Buc Landfill and an off-site reference area. The study
addresses the exposure of mammals to sediments in the wetlands.
This assessment does not address accumulations related to the
sediment in the channels as muskrats do not feed in these areas.
This assessment does address the vegetated wetland areas.



Fate and Effects of PCBs

A prime contaminant of concern at the Kin-Buc study site are
polychlorinated biphenyls. PCBs are known to be widely
distributed throughout both terrestrial and aquatic communities
across the United States. The largest single use of PCBs is
related to their dielectric and thermal properties and are
employed as insulation and coolant fluids in transformers and
capacitors. A wide variety of other applications include their
use as plasticizers of vinyl chloride and polymer freons, heat
transfer agents, high pressure hydraulic fluids, and
formulations in epoxy resins, paints, printing inks, waxes,
adhesives and dyes. PCBs have also been incorporated in
pesticides such as lindane, chlordane, aldrin, dieldrin, and
toxaphene, to suppress their volatilization and extend their
effective life.*3* A variety of PCBs and pesticides may have
been disposed of at the Kin-Buc Landfill over the life of its
operation. Degradation of PCB-laden products within the
confines of the landfill in combination with surface and
groundwater leaching has resulted in releases of PCBs to the
surrounding drainage areas.

Sediment within the Edmonds Creek marsh area are known to be
contaminated with PCBs in concentrations exceeding 700 ppm.(2)
Although the marsh sediment is contaminated with PCBs, the major
ecological concern is the bioavailability of the PCBs present.
If the PCBs are bound by the sediments, then influences on the
ecological community may be minimal. PCBs in an aquatic medium
have characteristic properties. Aqueous solubilities of PCBs
are typically low; concentrations of Arochlors 1248 and 1254,
the predominant PCBs detected in water collected from the site,
were 54 and 42 parts per billion (ppb), respectively.(2> Low
solubilities are due to the high percentage content of tetra-
and heptachlorinatedbiphenyls in those Arochlors. Lower
chlorinated forms are reported to be of increasingly higher
solubilities, up to 3500 ppb.<4) The high hydrophobicity
exhibited by PCB molecules in conjunction with their high
octanol/water partition coefficients indicates a high affinity
for solids. This is especially the case in solids or sediment
high in organic matters. Experiments have shown that in aqueous
environments, PCBs are rapidly adsorbed and the majority of PCBs
present are associated with the soil or sediment in soil-water
systems. In addition to the affinity for organic matter,
sorption of PCBs is also highly influenced by increasing surface
area. Therefore, those sediments with high organic matter and
fine particle sizes will characteristically adsorb larger
percentages of PCBs and preferentially adsorb higher chlorinated
forms such as Arochlors 1248 and 1252.(4)

PCBs are generally immobile in the soil profile when leached
with water and sanitary landfill leachates. However, nonpolar
solvents such as carbon tetrachloride, benzene, acetone or



methanol causa high mobility.(5) Soil types and clay content
are an important factor in this process and may strongly
influence the concentrations of PCBs found in the upper soil
horizons. Studies indicate that a larg* percentage of PCBs are
found within 40 centimeters of the surface in soils with high
clay and/or organic matter content, years after exposure.<**
Based solely on solubilities and leaching potential, this
indicates that PCBs which have migrated into the Edmonds Creek
marsh area may still be present in the upper soil or sediment
profiles. This is contingent on the soil sorptive capacity and
the presence of additional contaminants that could potentially
increase solubilities. Historic deposition, erosion,
sedimentation or tidal fluxes may be responsible for covering
or redistributing the PCBs to lower concentrations along the
bottom of the creekbed or to the tidal floodplain. The exact
location of PCBs in the sediment is important in determining the
possible availability of the PCBs to vegetation. If most PCBs
are contained in creekbottom sediment and not along the channel
peripheries or on the tidal floodplains, they will be relatively
unavailable to the shallow rooting wetland plant species.
Position of the PCBs in the soil or sediment profile is also
important.

Plant species are known to adsorb PCBs onto their roots and
subsequently absorb them into their tissues. Different plant
species respond to PCB concentrations depending on their
threshold values for tolerance, medium of growth, and
detoxifying mechanisms. Aerobic soil-plant systems, such as
beets, carrots, soybeans, and fescue have exhibited almost no
biomagnification.(*> However, several aquatic species have
shown to accumulate and bioconcentrate PCBs. Bush demonstrated
that the major route of uptake of PCBs in purple loosestrife
fLythrum salacarial was through the root system.*7* The
possible route for the intake of PCBs was thought to be systemic
transport. Even at the low water solubilities of PCBs, they may
be transported into various plant tissues via water transport.
PCBs would then accumulate in lipid-containing components, such
as the cell wall. Moza also demonstrated that bioconcentration
factors (the relative ability of an organism to bioconcentrate
a specific contaminant) for the aquatic species, Ranunculus
fluitana. Callitriche spo.. and red mangrove were 814, 289, and
0.25, respectively.<B> Red mangrove accumulated PCBs in the
lower stem and leaves at low concentrations but did show root
accumulation at above 6 ppm in the soil.

Pal, et al<6>, stated that the potential for PCB bioaccumulation
is directly related to the degree of chlorination of the
molecules. The more highly chlorinated species have a higher
affinity for lipophilic substances and are more persistent than
the less chlorinated species. However, research has shown that
less chlorinated species were more preferentially taken up by
some plants due to their low absorbance to soil particles.16'
Additionally, higher chlorinated molecules are larger, their
aqueous solubilities are lower, and their subsequent uptake and



translocation within plants may be reduced in comparison to
lover chlorinated forms. It should also be noted that since
higher chlorinated forms are more persistent and resistant to
degradation, once they are absorbed into any plant system they
will probably be retained for the life of the plant.
Translocation of PCBs from the roots to different tissues is
minimal in some plants.(9) For those plants that do translocate
PCBs out of their root systems, PCBs are most likely retained
in the plant stem or leaves rather than lost through
transpiration or volatilization.(10> The cutin, suberin or
waxes comprising the outer covering of plants will
preferentially retain PCBs translocated to stomatal openings.
A study contradicting these results has shown that corn will
preferentially accumulate PCB congeners during the seedling
stage but metabolizes or emits PCBs at later life stages to
reduce PCB levels to background concentrations.(11) Grass
species, such as corn, have stomates on both sides of their
leaves, thereby creating an increased potential to emit the
water-dissolved, lesser-chlorinated congeners during
transpiration.
The possible routes of PCB exposure to mammals are highly
varied. The principal route assumed is ingestion through the
respective food items consumed. Terrestrial and aquatic food
chains have been shown to possess PCB contamination at all
levels of organization in varying levels of concentration
dependent on individual bioconcentration potentials. Another
main route may include ingestion through preening behavior.
Sediment can become heavily embedded in the fur and frequent
contact with PCB laden sediments may cause an increased
potential for direct ingestion. The insolubility of PCBs may
also create oil films on water surfaces that semi-aquatic
mammals may swim through with resulting adherence to the fur.
other avenues of potential exposure include water consumption,
skin absorption, or inhalation of volatilized lower chlorinated
PCBs from the sediments, water surfaces or plants. Indirect
exposure may also result from transplacental migration or
consumption of breast milk.

Numerous studies have shown PCB accumulation and effects in a
variety of wild and laboratory mammals. Reproductive failure,
fetotoxicity, and death of mink have been widely documented at
low PCB concentrations. (12'13) Acute sensitization to PCBs by
mink may be due to the biological modification of PCBs through
metabolism and/or the selective retention of more toxic
congeners by the respective species utilized as food.<14) Upper
trophic level consumers typically accumulate higher chlorinated
congeners. PCBs, being strongly lipophilic, will accumulate in
several organs or tissues and preferentially in those containing
higher proportions of lipids. Adipose tissue, both subcutaneous
and visceral, is a primary site of accumulation.(15> other
tissues may include the liver, kidney, brain and muscle.<16>
The liver is commonly believed to be the main site of PCB
metabolism.<17) Hexa- and octachlorobiphenyl injected into rats



wars initially concentrated homogeneously in the liver with
delayed localizations around the lobulus. Consequent dispersal
was through biliary excretions to the small intestine, other
visceral organs and fat depots. Excretion of the higher
chlorinated form was minimal and considerable amounts of both
forms were still retained in the fat, liver, and kidneys 15
months after exposure.(16> Another study showed that only lover
chlorinated forms, mono-, di- and penta-chlorobiphenyls, may be
metabolized into more polar forms through hydroxylation and
excreted in the bile while higher forms were retained in fat
reserves for more than 2.5 years.<18>

Effects of PCB exposure on mammalian systems are most prominent
in the liver, although many other sites are also affected.
Arochlor 1254 has been shown to significantly increase the size
of the liver and percent lip id content.*1*) Liver to body
weight ratios were also significantly increased. (20> Liver
lesions, including fatty infiltration, centrolobular atrophy
necrosis, and hyaline degeneration have been evidenced in rats
dying from PCB induction.<21) Other effects include a marked
increase in smooth •ndoplasmic raticulua,(22) and increased
microsomal mixed function oxidase activity.(21) Dosing of
wistar rats with Arochlor 1254 showed several of these symptoms
but were not correlated to either age or sex.(23> Gross
pathological symptoms of dosing with Arochlor 1254 and 1260
included soft, and often yellowish brown or dark olive livers.
Grayish-white, firm, glistening areas, diagnosed as
adenofibrosis or bile duct proliferation, were also commonly
incurred. <18>
Reproductive effects from PCBs in male and female mammals have
been evidenced in sex organs, fertility menstrual cycles,
fetotoxicity and offspring survival. Rats given Arochlor 1254
by gavage showed significantly increased testes weights while
those dosed with Arochlor 1221 evidenced increased uterine
weights. Different PCB congeners have produced varied effects
in female reproductive cycles. The length of the estrous cycle
has increased in mice, reduction in follicle numbers were
reported in rats, and arrhythmic timing of menstrual cycles in
rhesus monkeys was also shown.(24> Chronic low-level exposure
of rats to Arochlor 1254 was significantly more harmful to
pregnancy than acute levels. Female rabbits were particularly
sensitive to Arochlor 1254 during pregnancy and experienced high
rates of abortions, resorptions, stillbirths and maternal
deaths.(25) Additionally, lactating females impart significant
quantities of PCBs to nursing young in their lipid rich milk.
In utero exposure, if not fatal, may alter subsequent adult
reproductive success. Reduced fertility may be a more
functional impairment of individuals rather than identifiable *
effects such as changes in organ weight, or sperm/follicle °>
numbers. Generally, PCB exposure is more chronically destructive
to developing mammals than adults, and females are more 0sensitive than males. PCBs may directly affect reproductive o
function or act indirectly on the hepatic enzyme induction
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system, or on nonreproductive endocrine functions in mammals.
The outcome is essentially a reduced capacity of the organism
to reproduce itself and sustain a healthy population.<24>
Fate and Effects of Selected Heavy Metals

Lead is neither essential nor beneficial to any living organism
and at present, there is no clearly recognized biological
requirement for lead*26'27'28*. On the other hand, copper,
manganese, and zinc are essential elements necessary for the
function of various enzymes*29'30*.

Biological Presence

Lead is a ubiquitous and toxic element found in virtually all
species of plants and animals<31). Copper is found in all
animal organs, with the highest concentrations occurring in the
liver(29). Manganese is widely distributed in the earth's
crust <32>.

Absorption. Distribution, and Excretion

For most mammals, including man, 1 to 5 percent of the lead
taken orally, either ingested or inhaled, will be absorbed*33'.
The main long-term storage site for absorbed lead is the
skeletal system, followed by the kidneys(34). Smaller
concentrations are subsequently stored in the liver, brain, and
muscle, in that order(34). Dietary calcium influences
intestinal absorption and retention of lead by changing the
ratio of distribution between skeletal and soft tissues'34'.
Under conditions of stress such as illness, starvation, or
senility, lead may be reabsorbed from bone tissue and
distributed to soft tissues*35'. Mammals excrete at least 90
percent of the total lead ingested via the digestive tract
without further absorption occurring*33'.

In contrast to most other metals, ingested copper is absorbed
to a large extent by the stomach*2**. Absorbed copper is
initially bound to albumin then stored mainly in the liver,
followed by the brain, heart, kidney, and muscles*29'. Copper
is excreted mainly via the bile<29>.

Absorption of manganese through ingestion occurs at varying
localities along the intestinal tract with different
species*321. Absorbed manganese is rapidly eliminated from the
blood and is distributed throughout the body in uniform
concentrations*32). Organs and tissues do not generally
accumulate large concentrations of manganese*32*. The majority
of manganese
also via

lese excretion occurs through the intestinal wall, but ^
perspiration, hair, placenta, and milk*32). CD

The existence of a homeostatic mechanism for the absorption anc 0
excretion of zinc creates difficulty in tracing this meta o
throughout the mammalian body*30). Zinc is primarily stored i
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bone tissue, followed by the liver and kidney*30*. The majority
of zinc is excreted through the feces and the remainder through
the urine*30*.
Mammalian Effects of Lead Toxieity

Toxic, trace metals can function through the inhibition or i
perturbation of enzyme systems that have specific functions in
metabolic pathways*36*. Lead disrupts substrate-enzyme
binding*37*. The effects of lead intoxication in kidney tissue, i
the hematopoietic system, and the nervous system is well
documented for mammals*38*.

i
Several enzymes known to be inhibited by lead are among the I
group suspected of being involved in renal tubular support*31*.
Laboratory animals dosed with lead typically exhibit acid-fast
intranuclear inclusion bodies within the kidney tubular '
epithelial cells*34*. Inclusion bodies in young female rat i
kidneys have been found to occur as early as 24 hours after a
single injection of lead at 0.05 milligrams per gram (mg/g) body i
weight*39'. The administration of 1 percent lead acetate to \
albino rats for a duration of 3 to 8 weeks led to the appearance
of intranuclear inclusion bodies*40*. These inclusion bodies
possess similar ultrastructural characteristics found in wild i
deer mice (Peromyscus maniculatus) and Norway rats (Rattus '
norveg-icus) that inhabit areas of known lead
contamination*34'40*. Mitochondrial functions are very sensitive
to the presence of lead*37*. The affected tubule cells are ,
characterized by mitochondrial swelling, autophagic vacuoles,
and nuclear swelling or pyknosis*33'. Lead is the
precipitating cause of intranuclear inclusions as well as renal
carcinomas, both of which arise primarily in proximal convoluted
tubules*40*.

As intoxication becomes severe, inclusion bodies are also seen !
in the outer cortex of the kidney*33*. Captive deer mice dosed
with 0.5 percent lead acetate added to their diet did not
develop inclusion bodies in the renal cortex, however, those
individuals receiving a dosage of 1 percent lead developed
inclusion bodies in the medullary region of the renal cortex as
well as the outer cortex*33*. I
A decrease in aminolevulinic acid dehydratase- (ALAO) activity
is a highly significant parameter observable in determining lead
intoxication of rats'38'41*. This phenomenon is often
accompanied by an increase in the levels of aminolevulinic acid
(ALA) excreted in urine*38*. The effects of lead on this enzyme
system occurs rapidly. A decrease in ALAO activity was observed
within 12 hours in 100 gram (g) rats that had been fed a single
dose of 100 micrograms (ug) of lead*38*. However, there is no
evidence that decreases in ALAO activity in response to lead are
correlated to ultimate lead toxicity*38*. Male Histar rats
dosed with lead ranging from 5 ppm lead to 50 ppm lead did not
exhibit any significant changes in hematocrit of hemoglobin*42).
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The level of biogenic amines in discrete brain areas is a
sensitive indicator of the central nervous system's toxicity to
lead and cadmium*42*. Chronic exposure to lead and cadmium is
deleterious to the central nervous system*42'. Male Wistar rats
receiving dosages of 5 ppm lead or 5 ppm lead plus 0.1 ppm
cadmium exhibited hyperactivity*42*. Higher doses of 50 ppm
lead or 50 ppm lead and 5 ppm cadmium resulted in
hypoactivity*42*.

other indications of lead intoxication in mammals that are less
sensitive include decreased body weight*33*, renal oedema (an
increase in kidney weight expressed as a percentage of body
weight) and reticulocytosis*33'34*. Changes in energy metabolism
and protein and nucleic acid synthesis may occur with lead
exposure(37). These changes may contribute to disturbances in
cellular growth, thus playing a role in carcinogenesis*37*. An
increase in tumor incidence is most often observed in the kidney
with lead intoxication*371. These tumors have also been found
to occur in the testes, lungs, pituitary, prostate, and adrenal
glands *37*. The appearance of cerebral gliomes have also been
reported*37*.

Although there is a general lack of agreement on what
constitutes a safe level of lead intake for extended periods of
time(31), a kidney cortex lead concentration of 25 mg/kg has
been utilized as a diagnostic indicator of lead poisoning in
domestic animals(41). Wild house mice collected from sites with
significant lead contamination revealed lead concentrations (2
to 8 ppm) comparable to those expected from a pristine
environment (5 to 8 ppm)*43*. Male Histar rats that were dosed
with 5 ppm lead and 50 ppm lead had liver lead concentrations
from 2.3 /~0.2 ppm to 3.2 '"0.3 ppm respectively, and kidney lead
concentrations ranging from 2.1*'"0.3 ppm to 2.3*'"0.2 ppm
respectively*42 *.

Mammalian Effects of Zinc Toxicitv

General symptoms of zinc intoxication in animals are lassitude,
slowed tendon reflexes, bloody enteritis, diarrhea, a lowered
leokocyte count, paralysis of extremities, and a depression in
the activities of the central nervous system(44>. Younger
animals are more susceptible to these effects of zinc
intoxication than mature animals*45*.

Rabbits, rats, and cats exposed to zinc oxide fumes for 3.5
hours reacted with a fall in body temperature followed by a
marked leukocytosis*30*. Autopsies of heavily exposed mammals
revealed signs of bronchopneumonia*30*.

Excessive additions of zinc (1000 mg/kg) to the diet of pigs for
a period of one month depressed the rate of growth and food
intake. In addition, arthritis, lameness, and inflammation of
the gastrointestinal tract occurred*30*. Similar symptoms have
been observed in sheep and horses*30*.
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A single intratracheal injection of 50 milligrams (mg) zinc
stearate killed 50 percent of experimental rats, but microscopic
examination of lung tissue revealed no pathological changes.
However, a recent experiment using the same dose revealed signs
of chronic alveolar emphysema and bronchitis*30'.

METHODS

Target Species Selection

The muskrat is an important mammalian factor, in terms of
biomass, in the Edmonds Creek wetlands. The role of the muskrat
is apparent from the extensive network of tunnels and runs,
prolific number of bank vegetation digouts, and widespread
signs. The habitat provided by the wetlands, primarily dense
stands of Phracmites sp.. has been documented to be favorable
for supporting viable muskrat populations.(46) The chiefly
herbivorous diet of muskrats consists mainly of various portions
of aquatic or wetland plants, such as the shoots, roots, and
tubers.(47) The herbivorous food base in Edmonds Creek,
although essentially a monoculture, is extensive and should not
pose a limiting factor on the residing population. Under
favorable habitat conditions, several studies have shown that
muskrats may exhibit fairly limited home ranges. Muskrat
activity centers were found to be within 15 meters of the den
or lodge site during 50 percent or more of the time. Most
foraging occurred within a 5 to 10 meter radius of a lodge or
feeding platform and few muskrat movements exceeded 150
meters.(4S> Given these conditions, muskrats can then be
utilized as reasonably reliable monitors of natural and
introduced perturbations occurring in relatively small isolated
areas of wetland communities.

Reference Site Selection

A reference area was selected based on the following criteria:

1. Is reasonably close to the study area;
2. The habitat quality is approximately equivalent to

the study area;
3. Supports a muskrat population large enough to satisfy

study requirements;
4. Is reasonably free of study area environmental

contaminants, yet, still reflects ambient conditions.
The reference area chosen is located on tidal floodplains of the
South River, in the Township of Old Bridge, New Jersey (Figure
1). The South River is part of the Raritan River watershed and
the two merge upstream of the study area. A preliminary
assessment of the habitat was conducted to evaluate the
potential to support a viable, healthy muskrat population. The
area assessed included floodplains on both sides of the South
River, which varied between 100 and 1600 meters wide. The
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dominant form of vegetation was Phracmitcs eonmunia with dense
isolated stands of wild rice fzizania aquaticai along the
river's edge on the southern plain, and scattered islands of
XXCbA lEE-t. on both the southern and northern sides. Large areas
of the wetland were covered solely by vegetative ground cover
primarily consisting of climbing hempveed fMikania sp.l, arrow
arum fPeltandra virginieal and nodding bur marigold fBidens
cornua). Several active nuskrat lodges were located on the
western side indicating the presence of an active muskrat
population. Extensive channeling and runs were also evident on
both plains. The preliminary ecological evaluation indicated
that the wetland area contained vegetative features and tidal
influence comparable to the Kin-Buc study area. The selected
area is designated as a potable water area for the city of Perth
Amboy, New Jersey and showed no visible signs of contamination.
Muskrat Sampling

Sampling efforts for this study were performed in three phases.
The reference location was sampled in October 1990, followed by
Kin-Buc study area sampling in December 1990 and January 1991.
Reference Area

On October 16 through 19, 1990, the USEPA/ERT assisted by the
Response Engineering and Analytical Contract (REAC), and the
ERT/Technical Assistance Team (TAT) conducted muskrat and
sediment sampling operations at the South River reference area
(Figure 3). The trapping technique utilized for all muskrat
captures were spring-loaded Conibear 110 traps. Traps were
placed in muskrat channels or runs that appeared to be most
active based on tracks, scats, cutting or scouring. Trap
placement was accomplished using a four-foot wooden lathe
through the trap handle. Each lathe was flagged, numbered with
the trap location, and noted on a detailed map of the
floodplains. A total of forty traps were place on the southern
plain during the initial day of trapping. Twenty-five additional
traps were placed on the northern plain on the second day of
trapping operations. Trap success was monitored on a daily
basis. All captured muskrats were dead at the time of trap
checks. Individuals captured were removed from traps and
numbered tags were affixed to their right hind foot. All
successful traps were reset and repositioned in their previous
locations. A field-data sheet was filled out for each
individual with the unique animal number, trap location, and
time of collection noted. Animals were then transported back
to field vehicles where they were secured in coolers on wet ice.

Animals secured were completely processed on a daily basis at
the REAC biological laboratory, GSA Raritan Depot, Edison, New
Jersey. Processing procedures were as follows: Specimens were
first washed of extraneous surficial dirt and organic matter
with tap water. Specimens were then assigned a number based on
the area and location of capture. They were then dried and
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total wet weights taken. Metric measurements were then taken
of their total length, tail length, and right hind foot.
Individuals were then "case" skinned. The pelt was then
fleshed, stretched and hung to dry for three to five days for
subsequent pelt-age characterization. Carcasses then underwent
partial necropsies for removal of specific tissues. Processing
included gross external and internal observation for
abnormalities or ecto/endoparasites, and opening of the thorax
for removal of the thymus, heart, lung, liver, kidneys,
adrenals, spleen, duodenum, and testes or ovaries/uterus. The
gastrointestinal tract was removed, grossly observed and
discarded. All removed organs except for the testes and liver
were preserved in 10% buffered paraformaldehyde. The testes
were initially fixed in Bouins solution and then transferred to
a 70 percent ethyl alcohol solution. The testes/ovary, kidneys,
adrenals, and thymus were weighed and measured after
preservation. The liver was removed whole, wet weighed, and two
small sections excised and preserved in 10 percent buffered
paraformaldehyde for histopathology. The major portion of the
liver was then wrapped in aluminum foil, placed in a labeled
ziploc bag and stored on dry ice. Eight of the largest males
and females, for a total of sixteen individuals, were submitted
for pesticide/PCB, percent lipid, and Target Analyte List (TAL)
metals analyses to Precision Analytics, Inc., Pullman, WA.
Those 16 individuals also had liver sections, one kidney, and
one testis or ovary submitted for histopathological analysis to
the Northeastern Research Center for Wildlife Diseases -
University of Connecticut, storrs, CT. The remaining 26, of the
total 42, individuals had only liver tissue submitted for
histopathology. The carcasses and remaining organs were stored
in five-gallon buckets with 10 percent buffered
paraformaldehyde.

All specimens were dissected with surgical instruments on
stainless steel trays. Trays and instruments were
decontaminated between dissections with deionized water/soap,
10 percent nitric acid, deionized water and acetone in
accordance with ERT/REAC standard Operating Procedure (SOP)
#2006, Sample Equipment Decontamination.
At the conclusion of the reference trapping period, sediment
samples were secured at five representative sites corresponding
to locations of high muskrat activity and trap success (Figure
3). A duplicate sample was collected at one location. Sediment
was submitted for Total Organic Carbon (TOC), Total Carbon (TC),
and grain size analyses to subcontract laboratories. Sediments
were thoroughly homogenized in a stainless steel bucket.
Buckets and trowels were decontaminated between each sampling
event.
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Kin-Buc Study Area

The wetland region, to the cast of the Kin I = Landfill, was
broken down into four campling areas (Figure 2) The areas were
selected based upon the physical features of ™ wetlands and
the PCS contamination levels reported by K ran EnviroTech
(February 1990). The proximity of the Edis Landfill also
influenced area selections.

Sampling Area 1 (AI) was the area within the t .loving borders
(Figure 4):
o

o
o

o

north - the tree line at the northern c J« of the
marsh;
east - the edge, but not inclusive of, i • Unnamed
Ditch:
south - mosquito channel Cl, inclusive of • channel
and fifty feet south along the channel;
west - east bank of Edmonds Creek north o: Cl.

sckwater marsh
<2> The

Previous sediment/soil sampling in the Area I
area reported PCB levels between 9.7 and 79. PPm -
southern border war set south of Cl to it late specific
waterways used by muskrats. Sampling was cone itrated around
CO and C1A. '

Sampling Area 2 (All) was the area within the fo -owing borders
(Figure 5):

o

o

o

o

north - mosquito channel C2, inclusive of t: : channel
and 50 feet north along the channel;
east - the edge, but not inclusive of, th Unnamed
Ditch;
south - mosquito channel C4, inclusive of th channel
and fifty feet south along the channel;
west - east bank of Edmonds Creek, north < C4 and
south of Al.

Previous sediment/soil sampling reported the me ority of All
having PCB concentrations below 10 ppm.<2) Howeve > the stretch
of Edmonds Creek adjacent to All receives water trom the low
lying area and the Pool C connecting channel. Sampling was
concentrated along C2, C3 and C4.

Sampling Area 3 (AIII) was the area within the foil w*n9 borders
(Figure 6):
o
o

northeast - All;
east - the edge, but not inclusive of, the Jnnamed
Ditch;
south - the north bank of the Raritan Rive: South
vest - mosquito channel 10 (CIO), inclusive of the
channel and fifty feet west along the channe

CD
O

Oo
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M
CO



o vest - east periphery of the Edison Landfill, east of
CIO, including the low lying area north of the Edison
Landfill;

o northwest - south of the wooded area located north of
the low lying area, going east below the EPA
facility, and half-way between where the Pool C
connecting channel and the low lying area drainage
enter Edmonds Creek.

The majority of the PCB contamination in this area is below 10
ppm. AIII was delineated to address the influence of low PCB
concentrations on muskrats. Sampling was concentrated around
C6, C7, C8 and Cll.

Sampling Area 4 (AIV) was the area within the following borders
(Figure 7)i

o north - the tree line north of the marsh area;
o east - the west bank of edmonds Creek, south to AIII;
o south - AIII and the EPA Facility;
o west - the Kin-Buc Landfill and the three man-made

pools south to the EPA Facility.

AIV contains the highest levels of PCBs reported in
sediment/soils within the study area. The majority of the
contamination is within the Pool C drainage channel (greater
than 100 ppm). The rest of AIV is near or below 10 ppm.
The delineation of these areas for muskrat sampling and analyses
was based on general concentrations of PCBs. Although
individual muskrats can not be assumed to inhabit solely those
areas defined, chances are higher that they spend more of their
time in those areas they are caught in given their home range
habits.<49) This would especially be true for those individuals
captured in non-border areas within each respective delineation.

Prior to field sampling operations, personnel conducted a
preliminary survey of the channels intersecting with Edmonds
Creek in the study area. Channels were surveyed for
navigability, tidal influence, signs of muskrat activity and
potential health and safety considerations. The tidal cycle
exerts a marked influence on the channel and habitat
accessibility throughout the length of Edmonds Creek and the
side channels. The majority of muskrat burrows, channels and
runs were totally obscured during high tide and for large
portions of time on either side of high tide. Due to this
condition, all muskrat trapping activities were scheduled on
either side of slack low tide. Most of the area was accessed
on foot after initial arrival into the southern portion of
Edmonds Creek by boat.

The US EPA/ERT, assisted by the REAC and the ERT/TAT, performed
muskrat sampling activities in the wetlands east of the Kin-Buc
Landfill during the weeks of December 17-21, 1990 and January
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7-12, 1991. Entrance to the study area was accomplished by
boats via the Raritan River, Edmonds Creek, and the unnamed
channel. Initial field study activities during the week of
December 17-21 included exploration of available habitat
throughout the delineated areas (Figure 2). Extensive networks
of runs and channels, both abandoned and those in current usage,
were evident adjacent to waterways throughout all areas.
Muskrat tracks, scats, runs, and bank digouts were also widely
distributed. Two lodges were located in each of two areas, Area
I and II. Conibear 110 spring traps were set out in muskrat
runs adjacent to waterways. Area I and IV were trapped the
first day with Area II and III added on the following day. A
total of 116 traps were eventually placed in all four areas.

All trapping techniques followed similar procedures as those
performed at the reference site. All traps were removed from
each area at the end of the week but location stakes remained
in position for future sampling reference. All individuals
captured were handled and processed in accordance with the
standard techniques employed in the reference area. The largest
males and females from each area, a total of twenty-four
individuals, had liver tissue submitted for Pesticide/PCB,
percent lipids, and TAL metals analyses. Those individuals also
had liver, kidney and testis or ovary submitted for
histopathological analyses.

Field sampling activities resumed during the week of January 7-
12, 1991 in order to augment the number of specimens submitted
for analysis from each delineated area. All procedural methods
followed previous sampling criteria. Trapping was performed in
the same delineated areas but specific trap locations changed
dependent on previous trap success and distribution. At the
conclusion of trapping activities, all traps and stakes were
removed and locations noted on area maps for future sampling
reference. The largest males and females from each area, for
a total of 36 individuals, were submitted for Pesticide/PCB,
percent lipids, and TAL metals analyses. Those individuals also
had liver, kidney, and testis or ovary submitted for
histopathological analyses.

RESULTS

Reference Area

Muskrats

There were a total of seven pesticides detected above the
quantitation limit in nine individuals (Table 1). Dieldrin and
Endosulfan(I), the most common contaminants found, were detected
in seven individuals ranging from 1.9 up/kg to 107 ug/kg and
0.87 ug/kg to 44 ug/kg, respectively. The next highest level
of detection was evidenced by p,p'-DDT, 13.9 ug/kg, at KBR-7.
All other individuals had pesticides detected at low detection
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levels, or below detection or quantisation limits. No PCBs were
detected in any of the individuals analyzed.

Lipids extracted fro* liver tissue were measured as a percentage
of tissue and ranged from 2.21 percent to 3.34 percent (Table
2).
Sediments

Pesticides and PCBs were below detection limits in all of the
sediments analyzed. TAL Metals analysis detected a total of 19
metals distributed at all five locations sampled (Table 3).
Aluminum was elevated relative to what might be expected ranging
from 6400 mg/kg to 38000 mg/kg. Other concentrations which may !
be elevated include arsenic (7 mg/kg to 36 mg/kg), chromium (17 1
mg/kg to 67 mg/kg), and zinc (47 mg/kg to 150 mg/kg). All other
metals were detected at low levels or levels commonly <
encountered in natural systems. All the levels were accepted !
as appropriate reference sediments for the areas being assessed. '
Total Organic Carbon was generally in the 3-4% range and total '
carbon ranged from 1.33 - 4% (Table 4). i

Grain size analysis showed that most sediments were
characterized by a large proportion of fine particle sizes
(Table 5).
Kin Buc Study Area

Muskrats

PCBs were not detected in any of the livers analyzed. Pesticide !
analysis detected eight separate compounds at low levels in
three individuals (Table 6). Methoxychlor, at 19.7 mg/kg, was
the highest contaminant detected and was evidenced in only one >
individual, KB-29. The individual, KB-36, had six of the eight
compounds detected in its tissues at low levels, equal to or
less than 17 mg/kg. The third individual had four pesticides
detected ranging from 1.7 mg/kg to 6.3 mg/kg.

Lipid analysis on liver tissue for the twenty-four individuals ,
captured in December yielded percentages ranging from 1.10% to
3.08% (Table 7). Analysis on the 36 individuals captured in '
January yielded decreased percentages ranging from 0.19% to
1.99% (Table 8).
Standard individual parameters, including sex, age (based on
"pelt" age and testis length), total weight and length, and <
tail, hind foot and testes/ovary length, on all muskrats
captured are presented in Tables 9 (Reference) and 10 (Study
Area). Total weight ranges for reference area adults and
juveniles were 981.9g to 1496.6g, and 245.3g to 1400g, j
respectively.



Table 11 presents mean values of total weights, liver weights,
liver weight/total weight ration, % lipids, and testes/ovary
length in muskrats based on age and sex per area from the Kin-
Buc study area. As expected, adult males were generally larger
than females, and adults were characteristically larger than
juveniles. The physiologic index of liver weight/total weight
was relatively constant across both sex and age, although a
slight elevation was apparent in Area 4 males.

Table 12 summarizes the data from all areas of the Kin-Buc study
area in comparison to the reference for all the parameters
presented in Table 15. The liver weight/total weight ratio is
again very constant within and between both areas for age and
sex. Total weight and liver weight differences approximate
those conditions reflected by age and sex in the four sections
of the study area.

Table 13 summarizes the data on male-female and adult-immature
ratios as evidenced in both areas. The male-female ratio was
almost consistently 1:1 throughout all areas and between the
reference and the study area; however, Area 2 did yield a 1:2.2
ratio. The adult-immature ratio was also relatively constant
approximating the 1:1.4 ratio evidenced in the reference area;
however, Area 1 in the Kin-Buc study area exhibited a 1:2.8
ratio.
Trap success for the reference area and the Kin-Buc study area
is presented in Table 14. Trap nights and captures in the study
area exceeded the reference area but trap success was almost
three times greater in the reference area, 24.1%, when compared
to the total trap effort at Kin-Buc, 7.1%. Trap success in both
areas tended to be highest on the initial day of trapping with
reduced success on successive days. As the trap effort was not
consistent and not conducted in a random or grid fashion, this
should not be interpreted as evidence of population differences
between areas.

The histopathological analyses evidenced a common incidence of
infestation of the liver by the parasite Capillaria heoatica.
A total of 37 individuals from the study area, or 60.7%, were
diagnosed with either minimal, mild, moderate, or severe
capillariasis in comparison to eleven cases, or 26.2%, from the
reference area. The largest proportion of the individuals
exhibiting symptoms of capillariasis were those submitted from
the January Kin-Buc specimens. Hepatic granulomas exhibiting
pathological symptoms similar to capillariasis in December Kin-
Buc individuals was also slightly elevated in comparison to
those found in reference animals. Dual infections with
capillariasis and cestodes was common in both the reference
individuals. There were no effects diagnosed as specifically CD
attributable to exposure to PCBs, heavy metals, or other °
pathologic conditions that would manifest themselves in a
similar manner. o



Kidney analysis revealed tubular degeneration in numerous
individuals from the study area. Those individuals submitted
from January, again, had the largest proportion of incidence.
Mild interstitial nephritis was found in several individuals
from the reference, and both groups of the Kin-Buc individuals.

Analysis of the testes and ovaries of both the reference and
study area individuals shoved no signs of specific
abnormalities. The gonads of both sexes were found in varying
stages of development, from immature to development of follicles
or spermatogenesis.
Kin-Buc Muskrats and PCBs

The muskrat population in the Edmonds Creek marsh area is
unquestionably residing in a PCB-contaminated environment.
However, those individuals that were captured and submitted for
analysis shoved no accumulation of PCBs in their livers or
histopathological signs of toxicity in their liver, kidneys or
testes/ovaries.
Due to the uncertain potential and mechanisms for PCS
accumulation in varied plant systems, it is unknown if PCBs are
accumulating in the vegetative component in the Edmonds Creek
marsh area. Hovever, there is a high potential for uptake oving
to the favorable conditions of high concentrations, anaerobic
medium, and mixed chlorination states of the PCBs present.
Vegetative considerations need to be addressed in relation to
the sustenance of any herbivorous species. Muskrats chiefly
feed on the roots, shoots and tubers of plants. Although
Phracnnitea is not often cited as a preferred food for the
muskrat, it is the dominant form of vegetation in the marsh area
and the primary food source. There is ample evidence for the
utilization of the Phraqmites stands throughout the confines of
the marsh. Since muskrats are feeding on plant parts that are
in direct contact vith the sediments, consumption of the plants
themselves or sediment adhering to the root systems is a
potential pathvay for contamination ingestion. Many of the
studies indicating plant uptake of PCBs have already been
discussed. Aquatic plants or those that grov in semi-
aqua ticenvironments have been documented to have high potentials
for PCB uptake. The tidal vetlands of Edmonds Creek exemplify
this condition as evidenced by the bi-daily inundation of the
root zones or lover stems of the Phracrmites lining the
creekbanks. It is possible that Phraomites has the capability
to uptake PCBs into its root tissue, translocate them to lead
tissue and then rid itself of them through transpiration much
the same as corn, another grass family species, has been cited
to do. Hovever, this is most likely only for the lover
chlorinated congeners and probably does not hold true for the
more highly chlorinated forms knovn to be more evident in the
sediments. It is also unlikely that all PCBs vhether they are
lover or higher chlorinated forms vould be totally depleted by
transpiration after initial uptake. (For these reasons, it is



important to determine the presence or absence of PCBs in the
plant roots and any translocation to the various internal plant
tissues.) Confirmation of these conditions, would further
elucidate the mechanisms of PCB transformation in the food
chain.

Assuming that PCBs are present in the vegetative community, (the
most conservative assumption) , speculation must then be directed
at uptake into the mammalian component. PCB uptake by mammals
has been discussed relative to tissue distribution. PCB
detections should be evidenced principally in the adipose
tissue, due to its lipophilic nature, and also may be found in
the liver, kidney, brain or mammalian tissues. Since the liver
is the primary site of metabolism, liver tissue should have
detectable levels of PCBs under chronic exposure conditions.
However, if muskrats are being exposed at varying rates and over
varying time frames, then PCB metabolism may be completed at any
given time. Redistribution of PCBs into other tissues primarily
subcutaneous of visceral fat tissue, may lead to a greater
chance of detection in tissues other than liver.

Metabolism and excretion of PCBs is another possibility for the
lack of PCB detection. Once again, it is likely that only the
lover chlorinated forms would undergo this process due to the
stability of the higher chlorinated forms. Therefore, if
muskrats are ingesting PCBs then some retention of higher
chlorinated forms should be expected. Additionally, regardless
of excretion, if uptake is occurring then tissues should be at
least exposed to the PCBs before depuration. The muskrats
analyzed showed no diagnostic symptoms of chronic or acute PCB
exposure .

Gross anatomical measurements do not indicate the documented
effects of PCB exposure. Liver weights were higher in certain
areas, but not without a corresponding increase in body size.
The liver weight/total weight ratio increases evidenced in
another study were not observed in the Kin-Buc animals as a
whole in comparison to the reference animals. There was a
slight elevation in male adult and juvenile ratios for Area 4,
but these did not appear in any other areas. The decreased
lipid content in Kin-Buc area individuals may be a manifestation
of lower overall seasonal fat reserves due to being captured
later in the winter. Storage of lipids in the form of glycogen
in the liver will decrease in times of metabolic need. Mid-
winter usage of stored body fats is a normal physiologic
condition. A side effect of PCB exposure is increased lipid
proliferation in the liver and this was not evidenced. Tastes
sizes were larger in Areas 1 and 4 versus the other two areas. ^
The testes lengths were also larger in Kin-Buc versus the CD
reference area. Testes size increase is a documented effect of °
PCB exposure so this may be a possible avenue to further
explore. However, testes weight and size are also a function o
of age and this may be a more likely contributor to size M

differentiation. Delayed spermatogenesis is another side effect
XI



of PCB exposure. (24> Very few individuals that were considered
male adults had undergone spermatogenesis. Males were
classified as adults based on a testes length of greater than
or equal to 11.65mm and/or pelt primeness.<*°> Pelt primeness
is most reliable in individuals less than one year old and
spermatogenesis may not have fully developed in yearling males.
Testes length is one cited method for age determination but
there are several others utilized. The average life-span of
muskrats is less than one year(49); therefore, many of the
individuals may be yearlings and have not yet initiated
reproductive capabilities. Body weights and metric body
measurements are within the bounds of other muskrat populations
studied in the Northeast. Similarly, male-female and adult-
juvenile ratios were within the wide ranges evidenced in
populations studied in the continental United States. <46»47>

Natural variation in animals and exposure levels make
extrapolation of laboratory findings difficult at best.
Additionally, the levels of exposure in laboratory studies are
generally markedly higher than many environmental conditions
encountered. Many studies have dosage levels at 100 ppm or
greater for several months in order to evidence exposure
effects. No effect levels of PCB exposure are highly varied
dependent on the target organ or tissue. However, many no
effect levels approach concentrations of 25 ppa or greater.
Bioavailability and uptake factors are key components in
determining the level of PCB exposure. Tissue detection limits
of 10-50 ppb for all Arochlors (utilized for this study), should
be sufficiently low enough to detect uptake of ppm
concentrations of PCBs even with reduced bioconcentration
factors. It is apparent that PCBs are either not readily
bioavailable in the Edmonds Creek Marsh areas outside of the
channels or are available at highly reduced bioconcentration
factors in muskrats that lead to no discernable effect exposure
levels or exposure effects that were not elucidated by this
study.

The muskrat livers from animals trapped at the Kin-Buc Landfill
show significant elevations in levels of several heavy metals,
including lead, iron, zinc and magnesium (Tables 15-19). The
metal levels are indicative of typical leachate from municipal
and industrial landfills and all the areas studied in this study
exclusive of the reference area showed the elevations. If all
the groups in the wetland east of the Kin-Buc Landfill and south
of the Edison Landfill were combined, additional significant
differences were seen, including significant elevations of
copper and manganese, additional elevations included potassium
and calcium. At the present, time we are unable to attribute
the elevations to a specific landfill or any other potential
source.
The high incidence of infestations of muskrats with caniiiaria
hepatica is unknown. capillaria infestations have been
documented in muskrat populations previously as well as numerous
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other mammals.(52) Pathogens normally manifest themselves in a
higher proportion in individuals in reduced states of health.
Substandard health conditions can be induced by a variety of
factors including diet, habitat, and/or introduced toxicants.
Although the incidence of Caoillaria is notable, a definitive
statement linking it to PCB or metals contamination cannot be
made.

CONCLUSIONS

The study of the area to the east of the Kin-Buc Landfill
directly addressed the uptake of PCBs and heavy metals in the
dominant mammalian species, muskrats. The study was developed
to address the questions of impacts from the Edison Landfill as
veil as the Kin-Buc Landfill. The species selected was at the
lower end of the foodchain and was anticipated to be
representative of herbivours in the area. This study was
conducted with the understanding that the effects of sediments
in the channels would be addressed by a second study conducted
by EPA Region II with the assistance of ERT. In that light, the
conclusions of this study only addresses the areas out of the
channels in the areas where the muskrats are feeding.

The PBCs present in the soil in the study areas are not being
accumulated in the livers of the muskrats in the areas studied.
Detection limits of 10 - 50 ppb were sufficiently low to address
most concerns for herbivours.
Heavy metal accumulation is occurring in the area both to the
east of the Kin-Buc Landfill and to the south of the Edison
Landfill. The specific location of the metal contamination can
at this point not be attributed, or assumed to be originating
at any particular source. Difficulties establishing a closer
watershed reference area which might assist in establishing the
source or sources were not surmounted.
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Table 1. Peaticidee/PCI* Detected in liver Tticut of Hutkreta Collected from
South River Reference Area, Old Bridge, HJ

Octobtr 16*19, 1990

(concentration* reported In ug/kg)

Parameter SpeciMn
MW-] Kit-7 KM-8 KM- 10 KM- 12 KM- 11 KM -19 KM-2J KM-24 KM -26 KM-27 KM-28 KM-29 KM-32 KM-J6 MM-41

Cndoaulfan (1) (
Cndoeulfan (II) 1
Oleldrln (
Neptachlor

EpMlde (
p.p'-OOT t
p,p'-ODO 1
p.p'-OOf
Arochlor 1016
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 12*8
Arochlor 1254
Arochlor 1260 ]

>.S2Su O.S25u 44
I.OBSu 0.0850 .2»
I.OTSu 107 .•

».140u 0.06J .03J
».3Su 13.9 .jju
>.325u 1
.075u
.Ou
-Ou
.Ou
.Ou
.Ou
.Ou

>.0u

l.325u .325u
.075o .02J
.Ou .Ou
.Ou .Ou
.Ou .Ou
.Ou .Ou
.Ou .Ou
.Ou 5.0o
.Ou 5.0u

.5250 40 0.2*4 0.525o .955 0.525u 3.6 1

.085o O.OBSu O.OBSo 0.085u .OBSu O.OB5u O.OOSu (

.075u 2.8 O.OTSu 0.075u .9 O.OTSu 6.0 (

.OJJ 0.044 0.05J 0.04J .087J O.UOu 0.0* J (

.3Su 0.35u 0.3So O.JSu .35o 0.35o O.JSo 1

.3250 0.325o 0.3250 .325u .325u 0.325u .325u <

.0/5o 0.06J 0.02J .06J .13 0.075o .064 C.ou r -

.Ou '.

.Ou i

.Ou !

.Ou' i

.Ou '.

.Ou i

t.Ou 5.0o .Ou .Ou S.Ou .Ou i
(.Ou 5.0o .Ou .Ou S.Ou .Ou J
t.Ou S.Ou .Ou .Ou S.Ou .Ou ]
i.Oo S.Ou .Ou .Ou S.Ou .Ou J
i.Ou S.Ou .Ou .Ou S.Ou .Ou 1
>.0u S.Ou .Ou .Ou S.Ou .Ou !
i.Ou S.Ou .Ou .Ou S.Ou .Ou !

l.525u 10 0.344 30 0.87 0.525u
».005u (
1.0750 i

I.UOo 1
l.35o (
).325o I
1.0750 1
..Ou
>.0o
i.Ou
i.Ou
i.Ou
i.Ou
i.Ou

I.OBSu O.OBSu O.OBSu O.OBSu O.OBSu
S.8 O.OTSu 6.16 O.OTSu 0.075u

».140u .HOo 0.044 .024 O.UOu
l.35u .35o .35o .3Su 0.35o
l.375u .084 .3250 .325o 0.325u
1.054 " -
.Ou
.Ou
.Ou
.Ou
.Ou
.Ou

.054 .044 .054 O.OTSu

.Ou

.Ou

.Ou

.Ou

.Ou

.Ou
.Ou S.Ou

.Ou .Ou .Oo

.Ou .Ou .Ou

.Ou .Ou .Oo

.Ou .Ou .Oo

.Ou .Ou .Ou

.Ou .Ou .Ou

.Ou .Ou .Ou

it • Denote* not detected at Indicated detection Halt
J - Denote* baton orient! tat ion Halt.

8891 200



Table 1 Lipids Detected in Liver Tissue of Muskrats Colleaed From
South River Reference Area, Old Bridge, NJ

October 16-19. 1990

(concentrations reported as percent of total)

Specimen LJpid

KBR-3 192
KBR-7 152
KBR-8 195
KBR-10 134
KBR-12 183
KBR-13 131
KBR-19 3.10
KBR-23 190
KBR-24 3.11
KBR-26 334
KBR-27 3.15
KBR-28 148
KBR-29 180
KBR-32 150
KBR-36 121
KBR-41 186

wo

oo
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Table 3. TAL Metals Detected la Sediment Collected From
South River Reference Area, Old Bridge, NI

October 16-19,1990

(concentrations reported in mg/kg)

Metal

Aluminum

Arsenic

Barium

Caldum

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Vanadium

Zinc

u - Denotes below detection
• • Field duplicate

Location
9

17000

31

160

650

33

13

52

40000

84

730

67

0.28

18

2000

1

2_5u

290

76

73

limit

19

12000

25

180

1100

35

15

59

52000

160

740

99

0.36

23

1100

1

3

380

58

140

38

9100

9

160

1400

20

11

19

18000

42

740

54

0.18

15

1200

la

2.5u

520

500

73

44

6400

7

100U

790

17

6

25

18000

88

430

38

0.08

11

740

la

2Ja

290

50a

47

44»

38000

36

340

1400

67

24

43

59000

80

2800

220

O33

36

4300

1

15u

610

110

140

53

28000

29

300

680

63

22

55

33000

76

1400

160

0.51

36

1800

la

2-5u

320

98

150

71
00o
o
0
NJ

>-»
00
vO
0



TABLE 4. Total Organic Carbon (TOC) and Total Carbon (TC) Detected
in Sediment Collected from

South River Reference Area, Old Bridfe, NJ
October 16-19,1990

(concentrations reponed as percent of total)

Parameter

TC

TOC

Location
9

4.0

3.97

19

18

1.83

38

3.6

3.49

44

2.9

1.83

44« 53

11 3.0

U3°> 1.87

• field duplicate
"> expressed in dry weight
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• Held duplicate

Tible 5. Grtia Size Analysis of Sediment Collected From
Soutb River Reference Area, Old Bridge, NJ

October 16-19,1990

(values expressed as percent of total)

Location

9

19

38

44

44*

53

Gravel.

0

0

0

5

15

1

Coane

0

0

0

8

20

8

Particle Size
Sand
Medium

7

10

5

15

25

15

Fine

43

60

78

14

9

14

Sat/day

50

30

17

58

31

58

CD
O

o
O

00
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Table 6. Pestitides/PCBs Detected in Liver Tissue of Muskrats
Collected from Kin-Buc Study Area, Edison, NJ.

December 17-21,1990; January 7-12,1991

(concentrations reported in ug/kg)

Parameter

KB-29

Specimen

KB-31 KB-36

alpha DBC
betaBHC
gamma BHC
delta BHC
Heptachlor
Aldrin
Endosulfan Sulfate
Methoxychlor
Arochlor 1016
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arochlor 1260

Uu
U
u
u
u
u
19.7
lOu
50u
50u
lOu
lOu
lOu
lOu

1.7
63
2.1
U
U
2.8
U
U
lOu
50u
50u
lOu
lOu
lOu
lOu

4.0
17
53
6.6
0.74J
U
3.6J
U
10o
50u
50u
lOu
lOu
lOu
lOu

U Denotes not detected at indicated concentration.
J Denotes an estimated concentration.
• Note: No pesticides or PCBs were detected in the liver tissues analyzed from all other locations.

.
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Tabk 7. Upkb Detected in Uver Tissue of Musknts Collected From
Kin-Boc Landfill Study Area. Edison, NJ

December 17-21,1990

(concentrations reponed as percent of total)

Upid
Specimen Content

KB-1 1.20
KB-2 3.00
KB-3 ISt
KB-4 1.64
KB-5 1.99
KB-6 1.77
KB-7 1.63
KB-8 1.60
KB-9 1.10
KB-10 1.98
KB-11 1.43
KB-12 2J7
KB-13 1.72
KB-14 1.29
KB-15 1.20
KB-17 1.90
KB-18 1.69
KB-19 1.66
KB-21 1.72
KB-23 3.08
KB-25 1.79
KB-26 2.87
KB-27 1.58
KB-29 1.93

DO
O

O
O
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Table 8. Upids Detected ia Liver Tissue of Muskrats
Collected from Kia-Buc Study Area, Edison, NJ.

January 7-12,1991

(concentrations reported as percent of total)

Specimen Upid Content

KB-30
KB-31
KB-32
KB-33
KB-34
KB-35
KB-36
KB-37
KB-39
KB-40
KB-42
KB -43
KB-44
KB-45
KB-46
KB-47
KB-48
KB-49
KB-50
KB-S1
KB-52
KB-53
KB-54
KB-56
KB-57
KB-58
KB-59
KB-60
KB-61
KB -62
KB-63
KB-64
KB-65
KB-66
KB-67
KB-68

033
a68
1.69
a4
1.99
O51
03

0.43
0.63
0.61
0.62
0.56
135
a?4
0.9

0.19
0.53
0.65
0.66
0.61
0.54
0.67
039
1.03
0.62
tt67
a?7
1.13
0.65
0.94
0.65
1.18
0.84
O51
1.16
0.78

CD
O

O
O

CO



Table 9. Vital Statistics on Muskrats Collected from
South River Reference Area. Old Bridge. NJ.

October 16-19.1990

Sample
ID*

KBR-1
KBR-2
KBR-3*
KBR-4
KBR-5
KBR-6
KBR-7-
KBR-8*
KBR-9
KBR-10*
KBR-11
KBR-12*
KBR-13*
KBR-14
KBR-15
KBR-16
KBR-17
KBR-18
KBR-19*
KBR-20
KBR-21
KBR-22
KBR-23*
KBR-24*
KBR-25
KBR-26*
KBR-27*
KBR-28'
KBR-29*
KBR-30
KBR-31
KBR-32*
KBR-33
KBR-35
KBR-36*
KBR-37
KBR-38
KBR-39
KBR-40
KBR-41*
KBR-42

• Liver sent
(" Based on

Sex

M
F
F
M
M
F
F
F
F
M
M
F
M
M
M
F
F
F
M
M
M
M
M
F
M
F
F
M
M
M
M
M
M
M
F
F
F
M
M
M
F

Maturity'"

JUVENILE
JUVENILE
ADULT
ADULT
JUVENILE
ADULT
ADULT
ADULT
JUVENILE
SUB-ADULT
JUVENILE
ADULT
SUB-ADULT
ADULT
JUVENILE
SUB-ADULT
SUB-ADULT
JUVENILE
SUB-ADULT
ADULT
ADULT
JUVENILE
SUB- ADULT
ADULT
SUB-ADULT
ADULT
SUB-ADULT
ADULT
ADULT
JUVENILE
SUB-ADULT
ADULT
SUB-ADULT
SUB-ADULT
ADULT
SUB-ADULT
JUVENILE
JUVENILE
JUVENILE
ADULT
ADULT

Total
Weight
(I)

261.4
6993
13543
1040.9
2453
984.8
1176.1
981.9
4234
12012
EATEN
1494.8

1400
11713
1050.9
972.6
1140.8

495
1223.9
1021.6
1270.7
734.8
1161.7
1380.6
11543
1249.9
1172.2
1365.2
1296.2
300.6
11653
14964
1225.2
916,7
14283
1136J
871J
661.8
11474
1477.9
1318.2

Total
Length
(mm)

320
487
605
556
328
548
561
555
419
584
—
556
585
542
530
516
540
422
566
537
531
485
572
589
545
540
562
550
573
350
543
582
591
476
584
574
590
463
543
587
564

Tan
Length
(mm)

125
230
265
225
123
237
242
235
175
258
—
250
245
223
236
225
217
178
235
220
213
204
251
255
234
218
230
240
230
130
218
247
253
240
247
249
280
200
243
250
246

Hind
Foot
Length
(mm)

67
75
77
79
65
80
83
77
74
88
72
79
82
74
81
79
71
69
79
74
77
77
78
78
81
75
77
82
76
_
81
81
81
79
80
78
80
76
85
82
75

Testes/
Ovary
Length
(mm)

5
6
9
12
6
12

83
8
6
7
6
8
11
17
8
8
7
6
9
8

22
6
8

11
8
10
8
13
16
5
11
15
6
7
9
9
6
7
11
11
8

for chemical and histopathologica! analysis.
pelt, testes/ovary/uterus size and/or uterine scan. x
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Table 10. Vital Statistics on Musknts Collected from
Kin-Buc Study Area, Edison, NJ.

December 17-21,1990; January 7-12,1991

Sample
ID*

KB-r
KB-2*
KB-3*
KB-4*
KB-5'
KB-6*
KB-7*
KB-8*
KB-9*
KB- 10*
KB-ir
KB-12'
KB-13'
KB-14'
KB-15*
KB- 16
KB-17*
KB-18*
KB- 19*
KB- 20
KB-21'
KB-22
KB-23*
KB-24
KB-25*
KB-26*
KB-27*
KB-28
KB-29*
KB-30*
KB-31*
KB-32*
KB-33*

• Liver
(» Based

Sex

F
M
F
F
M
F
M
M
M
F
M
M
M
M
F
M
M
F
F
M
F
F
M
F
M
F
M
F
F
F
M
F
M

sent out
on pelt.

Maturity"'

JUVENILE
JUVENILE
JUVENILE
SUB-ADULT
SUB-ADULT
ADULT
ADULT
ADULT
JUVENILE
JUVENILE
SUB-ADULT
JUVENILE
ADULT
JUVENILE
JUVENILE
JUVENILE
ADULT
JUVENILE
ADULT
JUVENILE
ADULT
SUB-ADULT
ADULT
JUVENILE
JUVENILE
ADULT
JUVENILE
SUB-ADULT
ADULT
SUB- ADULT
SUB-ADULT
ADULT
ADULT

Total
Weight
(I)

875.1
1176.8
1196.2
1120
1260.1
1160.6
1103.9
1105.4
1002
910.6
1392
1248.7
1540.8
1137.4
926.9
830.4
1134.6
1133.8
10016
901.8
1199.9
1069.8
9718
950
1004.8
1446.8
1103.6
733.7
1226.7
1036.5
1026.1
1325.4
1296.4

for chemical and histopathologica]
lestes/ovary/uterus size

Total
Length
(mm)

498
538
525
525
544
525
550
567
500
490
545
525
572
540
490
492
543
559
513
498
545
511
510
521
543
593
521
460
590
509
510
560
560

analysis.

Tail
Length
(mm)

199
231
220
237
242
226
230
260
223
214
228
225
235
246
220
210
246
243
214
215
240
209
210
242
231
260
221
190
270
220
210
240
235

Hind
Foot
Length
(mm)

74
79
76
74
81
79
80
85
82
81
81
85
78
79
83
72
78
75
74
72
74
77
75
78
74
79
77
76
80
79
75
77
81

Testes/
Ovary
Length
(mm)

7
10
7
8
11
9
14
12
8
6
13
14
16
8
5
7
15
8

8J
7

8J •
5.5
13
7
14

9.5
14

5.5
7
11
16

8.5
19

and/or uterine scars.
TV
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Tabk 10 (oont'd). Vital Statistia on Muskna Collected from
Kin-Sue Study Area, Edison, NJ.
Dec 17-21.1990; Jaa. 7-12,1991

Sample
ID*

KB-34*
KB-35*
KB- 36'
KB-37*
KB-38
KB-39*
KB-40*
KB-il
KB-42*
KB-43*
KB-44*
KB-45*
KB-46'
KB-47*
KB-48*
KB-49*
KB-SO*
KB-51*
KB-52*
KB-53*
KB-54*
KB-55*
KB-56*
KB-57*
KB-58*
KB-59*
KB-60*
KB-61*
KB-62*
KB-63*
KB-64*
KB-65*
KB-66*
KB-67*
KB-68*

Sex

M
M
F
M
M
M
F
F
M
M
M
F
F
M
F
F
F
F
F
F
F
F
F
F
M
F
F
M
F
M
F
F
M
M
M

Maturity'"

ADULT
JUVENILE
SUB-ADULT
ADULT
JUVENILE
SUB-ADULT
JUVENILE
JUVENILE
JUVENILE
ADULT
JUVENILE
JUVENILE
JUVENILE
SUB- ADULT
ADULT
ADULT
ADULT
JUVENILE
JUVENILE
ADULT
SUB-ADULT
JUVENILE
JUVENILE
SUB- ADULT
ADULT
SUB-ADULT
ADULT
ADULT
JUVENILE
JUVENILE
ADULT
ADULT
SUB-ADULT
ADULT
ADULT

Total
Weight
(I)

1169.9
11654
1071J
1206.4
8293
1078.4
1060-5
860
12753
1398.9
1016
1106.1
11016
1034.5
1183
10418
1356.8
1006.1
1118.6
1251.1
9843
933.9

11353
1103.4
1410
9814

11464
1541.3
1213.1
932
1065.2
1426.2
10083
11612
1202

Total
Length
(mm)

561
561
531
570
490
533
540
485
527
570
504
532
512
518
568
515
531
505
510
527
500
485
540
540
566
506
513
548
537
492
573
576
535
577
535

Ttfl
Length
(mm)

241
238
220
241
195
213
215
200
224
238
215
232
220
220
246
214
222
210
220
217
210
225
240
245
241
209
209
222
222
203
250
264
251
282
231

Hind
Foot
Length
(mm)

82
78
78
75
74
77
75
73
77
80
72
77
78
79
78
78
78
76
80
75
79
77
80
78
81
75
72
84
80
72
79
79
77
15
80

Testa/
Ovary
Length
(mm)

22
18
10
20
9
13

73
53
16
20
16

73
73
6
6

83
7

63
9
9
7

63
6

73
15

73
8
19

63
8

73
7
9
16
16

• Uver sent out for chemical and Ustopatnotogical analysis.
"> Based on pelt, testes/ovary/uterus size and/or uterine scan. 03
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TAM.E 11. Ntm of S«loct«d Body f>orMtt*r»
of NutkroU Collected fro*

Kln-ftuc Study Ar«o
b«c«ter 17-21. 1990; Jonuory 7-12, 1991

_______MEA 1______ ________MEA 2______ _______AtEA 3______ _______AtEA 4______
* NA FA NJ FJ NA FA NJ FJ NA FA NJ FJ NA FA NJ FJ

Totol Weight Cpi) 12*7.* 1250.4 1089.9 1279.8
1152.1 12*6.1 1158.3 1212.3

1113.4 1052.8 9*2.0 892.2
1023.4 986.5 1045.* 1092.4

n 3 2 7 7 3 4 2 7 3 3 S 3 4 4 S 4

liver Weight Ct») 43.8 43.0 35.4 58.5
48.8 37.7 39.* 41.0

34.9 30.8 28.2 38.3
31.8 32.8 31.86 42.9

0 3 2 7 7 3 4 2 7 3 3 3 5 4 4 5 4

Uver Weight / Totol Weight 0.03* 0.035 0.033 0.04*
0.031 0.031 0.034 0.034

0.033 0.029 0.029 0.08*
0.031 0.034 0.031 0.039

0 3 2 7 7 3 4 2 7 3 3 5 3 4 4 5 4

X Uplds (IIvor) 0.54 1.29 2.05 1.23
1.71 1.10 1.21 1.4*

1.4* 1.34 0.79 1.29
1.07 0.97 0.89 0.81

0 3 2 * 5 3 4 2 * 3 3 4 3 4 4 4 4

TMtoo / Ovory (M)

n

18.8

3

15.0
8.8 8.25

12.0
6.86

2 7 7 3 4

11.0

2
4.66
6

14.7

3

6.67

3

8.80

5

18.5
8.0

13.40
4.75
4 4 4 5

8.0
4

HA • Nolo Adult
FA • FOMlo Adult
MJ • Nolo loMturo
FJ • Fowlo iMMturo
lowturo • Juvontlo ond *ub-odult

6681



TaMe 12. Meaas of Selected Body Parameters
of Muskratt Collected from

Soulk River Reference Area and Kia-Buc Study Area
October 16-19, 1990; December 17-21.1990; January 7-12.1991

•
Total Weight (9)

•
Uver Weight (9)

"
Uver Weight / Total Weight

1

%Upids
(Uver)

"
Testa/Ovary (mm)

"

MA

12494

13

474

13

0.038

13

1.27

13

16,7

13

KB- Areas

FA

1218.0

13

39.29

13

Oi032

13

1.33

13

7.8

13

1-4 REFERENCE

MJ

1008.9

19

34.3

19

0.046

19

1.24

16

11.4

19

FJ

1029.0
23

34.0
23

0.03
23

0.94
18

7.0
21

MA

12674

8

43.8

8

0.034

8

2.66

4

143

8

FA

1132.1

9

484

9

0.046

9

184

7

9.22

9

MJ

865.7

16

314

16

0.037

16

246

4

7.56

16

FJ

863.9
8

34.3
8

0.090
8

125
1

7.00
8

MA - Male Adult
FA - Female Adult
MJ - Mak Immature
FJ - Female Immature
Immature - Juvenile and Sub-adult 006T 200



TABLE 13. Sex and A|e Ratios

October
and Kin-Buc Study Area,

16-19. 1990, December 17-21, 1990. January 7-12, 1991

Kin-Buc Studv Area

MALES

FEMALES

Reference

24

17

MALE-FEMALE
RATIO 1.4:1

ADULTS

IMMATURES

17

24

ADULT-IMMATURE
RATIO 1:1.4

Areal

10

9

1.1:1

S

14

1:2.8

Area2

5

11

1:2.2

7

9

1:1.3

Area3

8

8

1.1:1

6

10

1:1.6

Area 4

9

8

1.1:1

8

9

1:1.2

Total

32

36

1:1.1

26

42

1:1.6

IMMATURES » Sub-adults and juveniles
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Table 14. Trap Success for Muskrau Collected iron
Sooth River Reference Area and Kin-Buc Study Area-

October 16-19, 1990; December 17.21. 1990; January 7-12, 1991

KIN-BUC
Reference December January Total

Trap Ni(htt

Capture*

% Success

170

41

24.1

403

29

12

549

39

7.1

952

68

7.1

oo

Oto
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TAtU 14. MMM Ntul Concentration* In ilwr II
Juvenile fe*»le Nuckret*

Kin-Ouc StuB> ATM
Edison. HJ

1991

•f

(Concentration* reported in «oA9>

MCA

1 IMS

II +4

III H-S

IV H-4

MfEKMZ *1

Ca

55.40
*/- 24.75

51. M
•/• 44.90

u.o
«/• 27.71

7S.O
»/• 41. M

122.0

Cu

17.12
•/- •••*

».n
•/- 92.05

21.53
»/• 5.0*

19.M
«/• 2.74

U.O

F«

247.80
«/• 51.05

216.0
«/• M.4I

548.55
«/-154.57

511.75
*/- 55-51

158.0

fb

0.44
«/- 0.25

0.54
»/- 0.51

.M
«/• 0.11

0.55
»/- 0.12

0.18

Ng

255.40
«/• 55.57

215.47
•/- 50.22

224.0
*/- 4.58

240.75
»/• 54.44

188.0

Mi

9.74
«/- 15.28

5.24
«/- 0.44

2.40
«/• 0.50

2.82
»/• 0.74

2.40

K

2158.40
•1- 524.95

2181.85
»/- 554.57

2097.0
«/• 110.75

2085.75
«/- 419.09

2900.0

«•

1119.0
*/• 255.92

979.55
•/- 194.44

892.55
»/- 55.47

1501.50
*/- 475.77

1500.0

2n

41.20
•/- 4.74

58.50
«/• 5.54

44.55
•/• 2.08

44.25
*/- 2.45

11.0

200



TMLE 17. N*«n Natal Concentration* In Liver TUtue of
Mult Fw»le Nuekrat*

Kln-Ouc Study Area
Editon, NJ

t. 1991

(Concentration* reported In ••/kg)

MCA

1 H«2

II 11-4

III INS

IV IN4

KFEMMCf •-•

Ca
43.50
*/• 21.91
40.00
»/- 20.31

42.31
*/- 53.14

70.75
«/- 39.74

00.50
»/- 7.15

Cu

W.OO
»/• 8.49

14.50
•/-1.0

17.10
«/- 1.85

14.18
*/- 0.59

7.83
V 1.02

Fe

240.50
»/• 4.95

183.50
*/• 37.31

273.47
•/- 44.79

270.50
»/- 45.48

140.47
*/- 42.98

•b

0.39
«/-o.oe
0.31
»/- 0.13

0.78
*/- 0.20

0.54
«/- 0.31

0.20
»/• 0.07

19
244.50
»/- 40.31

203.50
•/- 10.12

204.33
•/- 5.13

204.75
V 10.05

133.47
*/- 24.95

Nn

2.91
»/• 0.27

2.74
»/- 0.32

1.94
«/• 0.14

2.14
«/• 0.42

1.77
*/- 0.32

K

2311.0
*/- 94.75

2118.75
V 201.28

2225.33
»/- 253.94

1994.75
V 285.20

3030.83
»/- 314.78

Ha

1020.50
»/- 279.31

1092.25
V 147.20

1107.47
»/- 135.47

1453.0
«/- 795.94

1193.83
•/- 122.51

Zn

41.00
•/• 7.07

37.50
»/- 1.29

40.47
*/• 1.33

38.50
V 2.08

19.0
»/- 5.18

S06T ^00



fMU 1*. HMD Natal Concent rat ton* in liver Ti
Adult Hale Nuakrata
Kln-Buc Study Area

Ediaon. HJ
1991

•f

<Concentration* reported in

MCA

1 H«3

II N-3

III M-3

IV N-4

KfEKNCC ft>4

Ca

47.00
«/• 25.06

50.33
»/• 20.74

139.6*
*/• 135.12

•0.75
«/• §.«2

•4.75
•/- 14.73

Cu

18.33
•/• 2.52

17.9ft
«/• 2.01

22.13
*/- 7.29

17.99
«/• 1.93

•.M
*/- 4.09

fa

232.67
»/- 79.07

213.33
«/- 40.10

252.00
»/• 19.97

218.50
«/- 47.91

150.00
«/- 41.63

Pb

0.45
«/- 0.07

0.41
«/- 0.09

0.71
*/- 0.0*

0.48
«/- 0.23

0.20
«/- 0.04

NO
213.33
«/• 20.55

218.0
*/- 22.65

306.67
»/- 112.93

275.25
*/- 145.91

114.0
*/- 7.35

Nn

2.53
»/• 0.30

2.74
V-0.13

3.37
*/• 1.71

2.21
»/- 0.54

1.20
»/- 0.14

K

1976.67
»/• 363.47

1994.33
•/• 218.30

2880.67
«/• 949.91

2029.50
»/- 273.86

3435.0
»/- 423.04

Ha

970.33
»/- 134. U

1292.7
*/-240.05

1636.33
«/• 897.71

994.75
«/• 262.06

1121.50
»/• 204.21

In

35.67
*/- 5.13

38.00
*/-6.24

54.33
»/- 16.44

38.0
V 4.08

20.23
*/- 4.03

9061 300



TMLE 19. Moan Hotel Concentration* In I Ivor tleeue of
Juvenile Male NuakraU

Kln-tuc study Area
Edlaon. HJ

1991

(Concentration* reported In

AMA

1 IN*

II IN2

III IN*

IV IN*

KFEKKf IN*

Ca

52.83
*/- 19.66

123.0
«/- 115.9*

A3.75
*/- 76.85

72.25
«/- 43.15

95.00
•/• 22.00

Cu

18.41
»/- 1.05

17.70
*/- 3.53

17.75
«/• 3.40

19.92
»/• 1.18

8.18
»/• 2.35

re

219.1*
*/• 54.84

184.00
«/- 4.24

284.25
*/- 74.37

284.25
»/- 100.97

129.50
*!• 35.54

•b

0.39
»/- 0.11

0.42
»/• 0.12

0.60
»/- 0.21

0.495
*/- 0.23

0.1*
«/- 0.05

"9

253.0
*/• 23.38

242.0
»/- 45.25

235.25
»/- 80.09

240.50
«/- 86.10

113.50
»/- 14.66

Nn

3.22
»/• 0.3*

3.*0
+/- 0.09

3.02
*/- 0.65

2.45
+1- 0.3*

1.77
*/• 0.17

K

2086.00
•/- 321.03

1992.0
«/- 31.11

2219.75
»/- 178.2*

1918.0
*/- 2*5.9*

3197.50
*/- 476.82

•a

1295.50
»/- 482.23

1052.0
*/- 260.21

988.75
V 86.47

1051.25
»/- 274.18

1900.0
•/• 9*8.15

Zn

40.1*
»/- 2.64

44.00
»/- 1.41

44.25
»/• 15.13

38.50
*/- 3.32

28.25
*/- 5.56

£00
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

2 5 1992 JACOB K. JAWT» FEDERAL iUILDING

NEW VOMK. NEW YOKK 1O27i
EXPRESS MATT.
RETURN RECEIPT REQUESTED

Kevin Burger, C.I. P.
Facility Coordinator
Wehran Engineering Corporation
Andover Research Park
Six Riverside Drive, Suite 101
Andover, Massachusetts 01810-1121
Re: Application of NJDEPE Ground Water Corrective Action

criteria, Kin-Buc Landfill Super fund Site, Edison, New
Jersey. Administrative order No. II-CERCLA-00114
(Order) .

Dear Mr. Burger:
The purpose of this letter is to respond to your letter of
January 29, 1992, which requested, on behalf of the Respondents
to the above-referenced Order, clarification of the
applicability of the N.J. Department of Environmental Protection
and Energy's (NJDEPE »s) ground water corrective action criteria
to the Kin Buc Landfill Site. .This letter confirms the U.S.
Environmental Protection Agency's (EPA's) position on issues
related to the use of NJDEPC standards and criteria ae expressed
in the January 30, 1992 conference call between Wehran and Janet
Feldstein and Alison Barry of ay staff.
EPA's November t, 1991 letter transmitted NJDEPE'* site-specific
ground water corrective action criteria for Kin Buc, as well as
•the existing end proposed new Jersey Safe Drinking Water Act
(NJSDWA) Maximum contaminant Levels (MCLs), and the New Jersey
Water Pollution Control Act (HJWPCA) primary standerde for ground
water classes GW-i and GW-2. NJDEPC stated, in its December 13,
1991 letter to EPA, that the site-specific ground water
corrective action criteria are clean-up requirements for the
Operable Unit 2 remedial action. Because these numbers are
criteria, not promulgated standards, EPA views them as To Be
considered (TBC) requirements rather than applicable or relevant
and appropriate requirements (ARARs) . Therefore, although they
are not ARARs, these criteria should be considered as cleanup
goeie for the OU 2 remedial action. *

CD
ONJDEPE developed these criteria for volatile organice based on

available toxicological information and decided to limit the o
total concentrations of volatile organic compounds to a °
conservative level (SO ug/1) which ie designed to evoid any

»->
vD
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potential synsrgistic health effact* due to! combination* of thai*
compound*. This approach haa baan used conaiatantly for both
federal and state-lead «ita remediation* in;Haw Jarsay.
Recently, NJDEPB has i»*uad propoaad ground 'water claanup
standards which includa many of these compound*. These proposed
standard*, if thay ara promulgated prior to;th« Oparabla Unit 2
Racord of Daciaion (ROD), will ba con*idared ARARs for the Kin-
Buc Oparabla Unit 3 remedial action, and will *uper*eda the site-
•pecific criteria transmitted in EPA1* November 8, 1991 latter.
EPA balievea that thaaa standard* nay become final before the ROD
i* signed. Therefore, it i* appropriate to consider then a*
remedial objective* for the operable Unit 2 cleanup. A copy of
that proposed regulation*, K.J.A.C. 7:260, Subchaptar 4, ia
attached.
Numerical atandard* such a a MCL* promulgated by th« state of New
Jeraey are considered ARARs, becauaa thay ara legally enforceable
requirements which ara consistently applied to sits remediations,
including Suparfund actions, in New Jersey. NJSDWA MCL*
supersede the corresponding federal standards whan they ara more
conservative than SDWA MCL* developed by EPA. The New Jersey
standards may also be lower than EPA1 a PQLs, as cited in Table 2
of your latter. EPA has developed analytical methods for
drinking water capable of detection limits lower than the- PQLS.
In addition, the NJOEPE laboratory certification program require*
analytical work to achieve lover detection limits than EPA's
Contract Laboratory Program (CLP). Therefore, there is no
technical inconsistency between EPA's PQLs and the Maw Jersey
MCL*.

Whan a site-specific risk as*a*«m*nt has determined that risks
associated with the sits exceed the 10-4 through 10-6 risk range,
EPA ia required to take an action to rsducs the risk to
acceptable levels. Implementing s remedial action at a sits
triggers the statutory requirement to meet all ARARs. Because
the OU l remedy calls for containment of the landfill, EPA and
NJDEPS have determined that ground watar claanup standards do not
apply within the slurry wall, which is considered to be the
boundary of the vasts management unit. However, the on 2 risk
assessment identified unacceptable; risks associated with
ingestion of ground water from th« sand and gravel aquifer,
warranting remediation of ground water in OU 2. Numerical
standards, such as federal and state MCLs and NJOIPI ground vatar
cleanup standards, ars ARAR for ground water in all tores
hydrostratigraphic units at tha site because, they ars
hydrologioally connected units. However, as we discussed, a
system designed to achieve compliance with ARARs in all three
units is not required to actively pump and treat all three.
During the Feasibility study, the description and evaluation of
ground water alternativea should discuss several possible
approaches to achieving compliance.
Because the Feasibility study has not been completed, and EPA has
not selected a remedy for OU 2, it is not possible to asseee the
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appropriateness of any potential ARARs vaiviera or altarnata
concentration limits (ACLa) at Kin Buc. All alternatives
diacusaed in the Feasibility Study must be evaluated in terms of
their ability to satisfy EPA's nine criteria, as described in the
National Contingency Plan, which include the ability to meet
ARARs. When EPA has selected a remedy, based on the RI/FS, EPA
will determine the need, if any, to waive the ground water
cleanup etandards (if they hava b*«n promulgated) or KJSDWA MCLa
and develop ACLs for the contaminant plume.
Lastly, with reapect to the isaue of the Ed'iaon Landfill's
potential impact on achieving compliance with ground water
cleanup goals, EPA reiterates its position that this issue should
be evaluated in the Feasibility Study on the basis of information
collected during the Remedial Investigation. As we discussed
during our February 7, 1992 neating, the Feasibility Study should
not screen out active ground water alternatives in the
preliminary analysis, but should address their implementability
in the detailed analysis. EPA, in coordination with NJDEP2,
will select an appropriate remedy based on the remedial
alternatives presented in the Feasibility Study and all available
information relevant to these alternatives.

If you have any additional questions regarding these natters,
please do not hesitate to call Alison Barry, of my staff, at
(212) 264-8678.

Sincerely yours,

Rayaoiyl Basso, Chief
New Jersey superfund Branch II
Attachment

cc: Ralph Sundstrom, Kin Buc, Inc.
Richard Xarr, waste Management NA
Bob Miller, Wehran
lan curtis, KJDEPE
Jeanne Litwin, COM FPC
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SUBCHXPTZR 4. GftOUID MKTCS CLEAXUP STANDARDS

7:260-4.1 Scope
i

Thii subchapter constitutes the Department's ground water
cleanup standards, except when no re stringent cleanup standards
are developed pursuant to N.J.A.C. 7:260-5.

i
7:260-4.2 Identification of ground water cleanup standards

(a) Za addition the the ground water cleanup standards
identified in (c) below, this section identifies the ground
water cleanup standards for all areas where contaminated ground
water has migrated, or has the potential to migrate, to a
receptor.

1. Whan the contaminant in the ground water has the
potential to affect more than one receptor, the ground water
cleanup s.tandard for a contmainant shall be the most stringent
of all -applicable ground water cleanup standards developed
pusuant to this subchapter.

2. The ground water cleanup standard for a contaminant in
ground water which is, or has the potential of, discharging to
mi, PL or category l surface water, the ground water cleanup
standard shall be the natural background ground water
concentration of that contaminant.

3. The ground water cleanup standard'for a contaminant in
ground vatar which has migrated, or- haa th« potential to
migrate, to an ecosystem, such as a Wetlands or critical
habitat, will be developed by the Department on a site-specific
basis utilizing site-specific . data which may include, without
limitation, bioassays and biota atudies.

4. The ground 'water cleanup standard: for a contaminant in
ground water which creates an explosive hazard or human health-
based risk due to vspors reaching any. structure, will be
developed by the Department on a site-specific basis utilising
site-specific data which may include, without limitation, air
monitoring.

5. The ground water cleanup standard for a contaminant in
ground water which has migrated* or has the potential to migrate
to a commercial, egricultural or industrial non-potable well
will be developed by the Department on e site-specific basis
considering the uses of the well.

6. The ground water cleanup standard for any contaminant
either within Class I ground water or which is in any ground
water which is, or has the potential of, migrating to Class Z
ground water, shall be as follows:

- 54 -
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i. For Class IA and X-Pinelaads (Preservation Area) around
water, the ground water cleanup standard for a eontsninant ihtll
be the natural ground v«ter conceatratioa of that coataaiaaat;
and

ii. For Class X-Pinolaads (Protection Arts) ground water,
ths> ground water cloaaup stsadard for a contaainant shall bo the
background ground water eoaeeatration of that contaminant.

7. The ground vater claanup standard for any coataaiaant
in a Class XZA ground water, is the- cleanup standard in/Table
4—l.

I. T&s) claanup staadard. for •sea contaainant which has
•igrated, or has th« potantial to migrate a Class X1A ground
water, but does not have e ground water cleanup standard iaTable 4-1, shall be as follows:

i. The cleanup standard developed pursuant to V.J.A.C.
7i2fD-< for a contaainant for which the Department determines
that appropriate toiicological data esist ia the sources listed
in 7:2SO-S.92 or

ii. For s contaainant for which the- Department da terminal
that appropriate toxicological date do not exist ia the sources
listed ia 7Z26D-4.3:

(1) S ppb for any organic coataaiaant for which the
Department deteniines there is sufficient evidence of
oareinogenicity* with a total of such potentially carcinogenic
contaminants not to exceed 28 ppb;

(2) 100 ppb for any organic contaainant for which the
Department detoraiae* that no evidence of eareinogenicity
exists, with a totsl of all such potentially non-carcinogenic
contaminants not to exceed 500 ppb;

<)) Background ground water ceneentratien for an inorganic
contaminantj or

(4) Per e ceataainant which is the driving force behind a
Department reaedisl decision, the Department asy develop a
cleanup staadard pursuant to I.J.A.C. 7:2€D-f.

(b) Xa additioa to the ground water eleaaup standards
identified ia (e) below, the ground water cleanup atandard for
contaminants ia ell areas that do not have a ground water
eleaaup staadard developed pursuant to (a) above shall be as
follows!

1. The ground water cleanup atandard for aa iadividual
organic cootaainaat is 1 ppaj

•

2. The ground water cleanup staadard for the total of all
organic contaminants is 10 ppa; sad

- 55 -
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3. The ground water cleanup standard for an inorganic
contaminant, it the background ground water concentration for
that contaminant.

(e) The following narrative cleanup standard!, in addition
to the ground water elaanup standards in (•) and (b) above,
apply to all contaminated aites:

1. Bemovai of free product and residual product that is
eapablo of becoming froo product;

2. Beaovsl and/or control oC all aourcot of ground water
eonaaination; and

3. Znplaaantation of ona or nor a of tho following aourca
or receptor controla whan ianinont risks to human or an
•eologleal receptor at* identified:

i. Control of all or a portion of a contaminant pluno to
minimise, mitigate or eliminate tho further movement of the
contaminant pluno toward human or ecological rocaptora;

ii. provision of altornato water supplies or treatment of
existing supplies within all araaa wbaro potable walls have boon
or have potential to become contaminated above the cleanup
standarda in Table 4-1; and

iii. Venting of vapors from subsurface or surface structures.
(d) Any person may initiate the process, pursuant to

M.J.A.C. 7:2«D-7, for an alternate ground water cleanup stsndsrd
or for a daforral of a ground water cleanup standard.

7:260-4.3 Mature! remediation compliance program
•

(a) The poraen' responsible for conducting a cleanup mayrequest that tho Department approve a compliance program which
relies OB tho degradation and natural ettenuatiom of
contaminant! by submitting to the Department tho following:

1. Sufficient evidence to support a Department
determination that:

i. All sources of contamination and free product have been
controlled purauant to M.J.A.C. 7:2CD-4.2(c);

ii. The contaminants present exist in concentrations that
do not currently and are not expected to migrate to any
potential human or ecological receptor above applicable
standards;

2. written documentation regarding the contaminant's
degrsdabililty and/or attantuation capacity;

- Sf -
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3. Identification and discussion of site-specific
characteristics which indicate that condition! are favorable for
degradation and/or natural atttnuation;

4. A proposed ground water monitoring program which shall
include:

i. The collection of ground water quality data fro*
monitoring wells to evaluate the adequacy of aource control and
to track contaminant concentrations over time;

ii. The collection of ground water quality data from
monitoring wells which track the degradation and attenuation of
contaminants within and downgradiant of the contaminant plume;
and

iii. A sentinel well system, pursuant to M.J.A.C. 7:2(0-4.S/designed to detect contamination in ground water prior to
reaching any potential human or ecological receptor, and which .'
is located between the contaminated plume and the human or
ecological receptor at least l year's time of travel upgradient •
of the receptor.

s. written documentation, utilising municipal and 'water
purveyor planning data, of current and potential ground water |
uses based on a 25-year planning horizon; 1

6. Copies of written notices provided to all property
owners and occupants of property under which the contaminated ,
ground water is expected to migrate stating that fact; and

7. Evidence that all necessary access agreements needed to
monitor ground water quality pursuant to 4 above, have been or
can be obtained.

(b) Zf at any time the Department determines that a
contaminant being monitored under a natural remediation
compliance program has the potential to migrate to a human or
ecological receptor above applicable ground water cleanup
standards, or if contaminant concentrations are not decreasing,
the person responsible for conducting the remediation shall
implement an active ground water remediation program. i

(c) The Department may approve the use of a natural
remediation compliance program for an entire, or any portion of,
a contaminant plume. '

(d) The Department may require the use of institutional
controls pursusnt to 7:260-1 as a condition to the approval of a
natural remediation compliance program when necessary to protect
current or future ground water uses.

- 57 -



::-:'-:: :::::?M :-:M •A--EEA.VANDCY:?. :: SK:«N MAIN

7:210-4.4 Achievement of steady state conditions under anactive remediation program
(a) If the Department determines that ateady state

conditions have developed prior to reaching applicable
site-specific cleanup standards identified pursuant to
7:2*0-4.2, the person responsible for conducting the remediation
shall meet one or more of the following narrative cleanup
standarda aa the Department directs:

1. Implementation of additional remedial actions, if
innovative technologies or alternate pumping scenarios are
available, which would enhance ground water quality beyond the
steady state;

2. Control of the contaminated ground water if the
contaminated ground water baa the potential to migrate to a
human or ecological receptor above applicable ground water
cleanup standards; or

3. Implementation of s natural remediation compliance
program.

7:260-4.5 Sentinel well system
(a) A sentinel well system shall:
1. M designed to serve as sn early warning system

tracking the migration of contaminants toward a human or
ecological receptor;

2. Be looated at a distsnce no closer than 1 year time of
travel to the nearest human or eeologieal receptor, and no
greater than the distsnce the ground water at the contaminated
site could travel in S years; and

3. Include periodic monitoring for at least S years.
(b) If contaminants are detected above the applicable

ground water cleanup standard in the sentinel well system, the
person responsible for conducting the remediation shall resample
the wells, to confirm the results, within 4 weeks after receipt
of verbal results from the laboratory, or within 2 weeks sfter
receipt off written results from the laboratory* whichever is
earlier.

(c) if during the monitoring period, contaminant
concentrations above the applicable ground water cleanu
standard associated with the contaminated site are confirmed iany sentinel well, additional remedial action may be required ;as determined by the Department. £

- 5* -
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7:260-4.1. Determining compliance with ground water cleanup
ataadarda

(a) Compliance with the applicable ground water eleaaup
standards aball be determined baaed oa a atatiatical aaalyaia
which it conaiatant with atatiatical aaalyaia requirements of
H.J.A.c. 7:l4A-«.l5, 40 en Pact 214.97, and aaaoeiated tPA
guidance documents.

(b) Compliance with the) applicable ground water eleaaup
ataadard identified pursuant to 7:21*0-4.2 ahall be determined aafollowa:

1. For two consecutive aaapliag rounds, separated by at
least 90 days* but no more than 120 days, the concentration in.
ground water of each contaminant ahall be less than or equal to
the applicable ground water cleanup ataadard for that
contaminant ia all moaitoriag wella ia the monitoring program;

2. Upon submission of data that demonstrate the
requirement ia (b)l above, and upon receipt of written approval
of the Department, the person responsible for conducting the
remediation may ceaae the. active remediation and ahall implement
a Department-approved, peat-remediation atatiatieal analysis to
demonstrate that applicable ground water cleanup atandarda are
not exceeded by a statistically significant amount;

i. This analysis may eonaider individual wella or all
monitoring wells as a group in the poat-remediation program; aad

ii. The monitoring program aad statistical analysis ahall
be performed for 12 consecutive quarters (three years), unless
the Department approves ia writing a shorter timeframe; and

3. If concentratione of a contaminant in ground water are
less thaa or equal to the applicable eleaaup standard for all 12
consecutive quarters* atatiatical aaalyaia of the data ia aot
required aad the site will be eoaaidered to be) ia compliance
with this subchapter.

(c) Ground water samples used to determine compliance with
the applicable ground water cleanup standards ahall be collected
eoaeieteat with accepted remedial investigation requirements or
as approved by the Department.

(d) Compliance with s natural remediation compliance
program approved pursusat to 7:2*0-4.3 is determined as follows:

i
1. Upon submission of 20 consecutive quarters (S years)

worth of grouad water quality data aad atatiatical analyses of
that date, the person responsible for conducting the cleanup can
demonstrate that:

- 3f -
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i. Contaminant concentrations have not been increasing in
site-wide monitoring wells selected for the monitoring program;
and

ii. Contaminant concentrations haVe bMn steadily
decreasing in aourco control monitoring walls; and

2. Upon completion of tno monitoring program established
for a sentinel well srstem, if required* no contamination above
the applicable ground water cleanup standards is discovered in
the sentinel well system.

(•) If the Department determines* based on ground water
data developed pursuant to (a), (b) and (c) above* that
contamination is not detected in any sentinel well during the
required monitoring period* the ground water at the contaminated
site is in compliance with this subchapter.
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j SUBCHAPTER 5. ECOLOGY-BASED CLZAHUP STAHDAKDS

; 7:26D-5.1 Scop*

Thii subchapter constitutes the Department's ecology-based
I cleanup standards.
I . •

7:26D-5.2 Basis end objectives of ecology-bated cleanup
I standards

(a) Tbe objective of developing ecology-beted cleanup
standards is to prevent direct and indirect toxicity effects on
ecological receptors.

(b) Tbe Department will use site-specific baseline
ecological evaluation to determine if an ecological risk
assessment is necessary, and will use ecological risk
assessments to both identify potential risks to ecological
receptors and to develop appropriate cleanup standards based on
those risks.

7:260-5.3 Baseline Ecological Evaluation
(a) The person responsible for conducting the remediation

of a contaminated site shall, as part of the site investigation,
conduct a baseline ecological evaluation pursuant to (b) below.

(b) A baseline ecological evaluation shall:
1. Identify the contaminants at the site that are of

particular concern from an ecological perspective;
2. Identify whether or not sensitive ecologicsl receptors

are present or may have been (or should have been) present in
the vicinity of the contamianted site, which shall include
without limitation those identified pursuant to (c) below.

3. Identify potential exposure pathways to sensitive
ecological receptors which exist or may have existed; end

4. Determine whether or not sensitive ecological receptors
are being adversely impacted or potentially adversely impacted
by the contamination.

(c) Sensitive ecological receptors include, without
limitation:

1. Pinelands and other sensitive ecosystems es defined in
the Pinelsnds Comprehension Management Plan regulations,
M.J.A.C. 7:50;

2. Surface waters;
- 61 -
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Contaainant

TABLI 4-1
SHOUHD WATOl CLEANUP STANDARDS (M/L)
FOR CLASS ZZ-A GROUNDWATERS

CASRH STAMDARD
Acanaphthana
AcatonaAcrylaalda
Aerylonitrila
AlacalorAlarm
AntaraeanaAntiaony
Araanie (Total)
Aabaatoa
Atrazinaaarlua
Bansana
Bansidin*
Bans (a) anthraeana
Baniyl Alcohol
Banso (a) pyrana (Ba?)
Banco (b) fluoranthana
Banco (X) fluoranthana
BaryiliuB
alpna-BlfC (alpna-HCR)
bata-BRC (bata-MCR)
gaaaa-BHC (gaB»a*HCR/X*indana)
Bia(2-ehloroathyl) athar
Bis ( 2-ehloroiiopropy 1 ) athar
Bla(2-atbylbaxyl) p&c&alata
BrOBOfOTB

2-Butanona (NIX)
Butylbansyl phthalataa
CadBiUB

CarbofuranCarbon tatraehlorida
Cblordan*
Chlorobansana
Cblorofon
Chloropyrifoa
2*Chlorophanol

•l-33-t
! «7-€4-L
1 ?t*06-l
! 107-X3-1
13S72-60-i
j 30§-00-2
! 120-12-7
i 7440-M-O
! 7440-3B-2
1332-21-4

' 1112-24-%
| 7440-31-0

71-43-2
92-17-S
Sf-55-3

! 100-51-4

50-32-t
205-»f-2; 207-oa-t

1 7440-41-7
I

3it-a4-a
• 31S-S5-7

St-tf-t
111-44-4

3fC3t-32-»H7-ai-7
7S-25-2
71-33-J
•S-M-7

7440-4 3-t
15(3-66-2
54-23-5
57-74-t
101-90-7

«7-««-i
2921-81-2
95-S7-2

0.4
0.7
0. 00000 i
0.02
0.002
0.00004
2.0
0.02
0.001
30,000 (a)
0.003
2.0
0.001
0.05 •
0.01
2.0
0.02
0.01
0.02
0.02
0.00002
0.0002
0.0002
0.01
0.3
0.03
0.004

0.)
0.1
0.004

0.04
0.002
0.0009
O.OOS
0.004
0.02
0.04 6
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Chromium (Total)
Chryaane
Cyanida
2,4-D
4, 4 • -ODD (p,p'-TDZ)
4,4'-DDE
4.4'-DDT
DibroaoehloroMthana (ChlorodibroBomathana)
DaaatonOi-n-butyl phtbalata
Di-n-octyl phthalata
Di-n-propylnitroaaaina
Dibanx (a, a) anthraeana
1 . 2 -Oich lor obanxM*
1, 3-Dichlorobanxana
1,4-Dichlorobanzana
3 . 3 • -Dichlorobanzldina
Dlchlorobroaoma thane
Diehloroathyl athar
1 , 1-Dichloroathana
1 , 2 -Dichloreathana
1, 1-Dichloroathylana
1.2-Dlehloroathylana (ei»)
1,2-Dichloroathylane (trana)
2,4-Diehlorophanol
1 , 2-Diehloropropana
2,2-Oichloropropionic acid (Oalapon)
Dialdrin
Diathyl phthalata
2, 4 -Dimethyl phanol
Diaathyl phthalata
2 , 4-Dinitrophanol
2 , 4-Oinitrotoluana
2 , 6-Dinitrotoluana
Oinoaab
1 . 2-Diphanylhydrazina
Diquat
Cndoaulfan
alpha-Endoaulfan (Endoaulfan I)
bata-Endoaulfan (Endoaulfan XI)

• 7440-47-3
j 218-01-9
; S7-12-5

§4-79-7
72-54-8
72-55-9§o-a»-j
124-41-1aocs-4t-3
•4-74-2; 117 -a 4-o
621-64-7
53-70-3
0S-60-1

, 541-73-1
10C-4C-7
fl-94-1
75-27-4

111-44-4
75-34-3

' 107-OC-2

; 75-35-4
!5«-5»-2
156-60-5

i 120-83-2
78-87-5
75-99-0
60-57-1

! 84-66-2
. 10S-C7-9
' 131-11-3
i 51-28-5
i

121-14-2
606-20-2
•8-85-7

, 122-66-7
•5-00-7

1 115-29-7

! 959-98-8
33213-65-9

0.1
0.02
0.2
0.07
0.0001
0.0001
0.0001

0.01
0.0003
0.9
0.1

0.02
0.02
O.C
0.6;
0.07
0.06
0.001
0.01
0.07
0.002

0.002
0.01
0.1
0.02
0.001
0.2
0.00003
5.0
o.x
7.0
0.04
0.01
0.01
0.007

0.0000'
0.02
0.0004

0.0004 £
0.0004

N>
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Endoeulfan sulfttamdothaiitodrin
Ipiehlorehydrin
Ithylbensene
Ithylejie dibroaideriuoraathoneFluoreiM
HeptaehlorKeptaehlor opoxid*
Hexiehloro*! , 3-butadiane••xaeblerebwiiww
R«xaehloreeyelep«nt*di«n«
B«xaeisiore«tliftn«
Iydro9«n flulf id«
Zisduio (1,2,3-od) pyr«n«
Ztepheron* '
LMd (Total).
Llndano
lUlftthion
Marcury (Total)
Mothoxyehler
Itothyl broBido (broaoaothanv)
Itothyl eh lor id* (ehloroa«than«)
4-K«thyl-a-pont«nono (MIBK)
Mothylwi* chlorid*
Klrox
Naphtalono
MicXtl ( Soluble Mlta)
Witrobensone
M-Mitroaodipbenylaain*
M-Nitro«odi»«thyla»in«
V-Nitresedi-R^repylmBin*
OxaaylPCM (Polyehloriiwtod biphenyls)Pentaehlorephwiol
Phenol
Pyreno)
seleniua (Total)
Silver
StyreneTCOO (2,3,7, •-Tetraehleredibense-p-diexin)

1031-07-t
145-73-3

! 72-20-t1 10«-lt-I

100-41-4
10f-t3-4

j 20f-44-0j ii-7j-7
: 74-44-
1024-57-

•?•«••
US-74-

77-47-
67-7S-

77S3-OS-
l»9-9t-

; 7S-5f-
;743t-ta-

5t-4t-»

-. 121-78-
,743t-t7-

72-43-
74-S3-
74-S7-

101-10-
7S-Of-

23SS-S8-; >i-20-
7440-02->s-ts-

SS-30-

•2-7S-§
«»l-«4-7

3313S-22-0
1 133f-3€-3

•7-44-5

. 103-fS-2* iat-oo-o
• 7712-4 1-2
7440-92-4

: 100-42-3; 1744-01-4

0.0004
.1
.002
.004
.7
.00009
.J
.3
.0004
.0002
.001
.01

.09

.01

.02

.02

.1

.01

.0003

.2

.001
0.04
0.01
0.09

0.4
0.009
0.00001
0.03

0.1
0.01o.oa
0.02o.os
0.2
0.0009
0.001

4.0o.a
0.09
o.oa
0.1
0.00001
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1,1,2 , 2-Tatraehleroathan«
1,1,1, 2-Tatraehloroathana
Tatrachloreathylana
Thallium
Toluana
Texaphana
2,4,5-T? (Silvax)
1 , 2 , 4-Triehlorobanzana
Triehlereathana
1,1, l-Trichlereathana
1,1, 2*Triehleroatbana
2,4, 5-Triehlorephanol
2 , 4 , 6-Triehlerophanol
Vinyl ehlorida
Xylanaa (Total)
Zinc

j 79-34-3
! «30-20-«
! 127-18-4
I7440-28r0

; 108-88-3
8001-35-2
93-72-1
120-82-1

: 79-01-6
71-53-6
79-00-5
95-95-4

; 88-06-2
75-01-4

1330-29-7
7440-6606

0.002
0.01
0.001
0.01

i.o •
.003
.05
.009
.001
.03
.003
.7
.02
0.002
0.04
5.0

(ft) Aabaatoa unita are fibara, graatar than 10 microns in langtti, par litar

CD
O

O
Oro

ro



I

I

1

1

1

I

1

I

DRAFT FINAL RISK ASSESSMENT
PART I - HUMAN HEALTH ASSESSMENT
PART II - ENVIRONMENTAL ASSESSMENT

KIN BUG LANDFILL OPERABLE UNIT II
EDISON, NEV JERSEY

.

.

.

COM FEDERAL PROGRAMS CORPORATION

;*;
CD
O

o
o
N)



Dr* r CJ
»^.-kJ »

5.0 HUMAN HEALTH RISK CHARACTERIZATION

The objective of this risk characterization is to integrate information from the human
exposure evaluation (Section 3.0) and the toxicity evaluation (Section 4.0) in order to evaluate
present and future human health impacts associated with the Kin-Buc Landfill site - Operable
Unit 2. Carcinogenic risk is estimated as the incremental probability of an individual developing
cancer over a lifetime as a result of exposure to a potential carcinogen. Carcinogenic risk is
generally expressed in scientific notation. An individual lifetime risk of one in 10.000 is
represented as 1 x 10J or 1E-04.

Impacts of noncarcinogenic chemicals on human health are evaluated by comparing
projected or estimated intakes with reference levels for the chemicals of concern. A reference
level represents an estimated exposure level at which there is not expected to be an appreciable
risk of deleterious effects. Noncarcinogenic reference levels used in risk assessment are referred
to as reference doses (RfO) or reference concentration (RfC). The impact of carcinogenic
chemicals is assessed by comparing predicted risks with target risks for known or suspected
carcinogens. Target risks for carcinogens are referred to as slope factors.

Noncarcinooenic Effects

Versar evaluated the potential noncarcinogenic effects due to exposures to the
contaminants of concern for all applicable exposure routes. Any potential health effects are
identified by computing hazard indices derived from chronic daily intake levels. The hazard index
is computed as follows:

CDl. . CPU + GDI.
Hazard index. RfD; RfDj- RfDn

for oral exposure routes, and,

nH.*«rfMM . . . "Hazard Index . Rfc. RfCj RfC

for inhalation exposures.

The assumption that the combined effects of the chemicals will be additive may not be
accurate. Actual effects may be multiplicative or may not be related at all. However, it is
generally agreed that if the hazard index is less than one. deleterious health effects are unlikely.
If the hazard index is greater than one. then the individual effects of each chemical should be £}
considered to determine the likelihood of ill effects. °

-116-
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Hazard indices for ground-water exposure scenarios for adults and children are presented
in Table 5-1 a and 5-1 b. Exposures during showering/bathing, such as vapor inhalation and
dermal absorption, have hazard indices less than 1. Hazard indices for ground-water ingestion
for both adults and children exceed 1, with values of 5.37 and 6.01, respectively. The compounds
or chemicals that contribute the greatest to the hazard indices are antimony, at 2.53 for adults
and 2.83 for children, and manganese, at 1.18 for adults and 1.32 for children. These two metals
contribute approximately 70 percent of the hazard indices for ground-water ingestion for both
adults and children. Exposures to arsenic, barium, vanadium, and chlorobenzene contribute an
additional 24 percent to the hazard indices for adults and children.

Surface water hazard indices for adults and children are presented in Tables 5-2a and
5-2b. For adults, the highest hazard index occurs from ingestion of contaminated fish caught in
surface water on or adjacent to the site. The hazard index of 1.66 is due mostly to the hazard
quotient for 4.4'-DOT (1.47) which is responsible for approximately 88 percent of the hazard
index. The remaining hazard indices for adult exposures to surface water are less than one. For
children, the highest hazard index also occurs for fish ingestion (4.66). 4.4'-DDT, which has a
hazard quotient of 4.11 is responsible for approximately 88 percent of the hazard index.

Sediment exposure hazard indices, which are shown in Table 5-3a and 5-3b. are all less
then one. Approximately 89 percent of the hazard indices is from arsenic.
bts(2-ethylhexyl)phtha!ate. and antimony.

Carcinogenic Effects

For potential carcinogens, risks are estimated by the probability of increased cancer
incidence. A carcinogenic slope factor (SF) represents the upper 95-percent confidence limit of
the probability of response per unit intake of the contaminant over a lifetime, and converts
estimated intakes directly to incremental risk (EPA, I989a).

The carcinogenic risks via exposure pathways for the Kin-Buc Landfill - Operable Unit 2
were calculated as:

Risk » GDI x SF

Where DRAF
GDI » chronic daily intakes (mg/kg-day)
SF - carcinogenic slope factor 1/(mg/kg-day)

ooto
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TAME Vlo
MOUND UAIER NAZAtD INDICES

ADM1S

CHEMICAL

Neniene (C)

Carbon Olaulfide (NC)

Chlorobenxene (NC)

1.2-Dlchloroethene (NC)

Vinyl Chlorldt (C)

Xylene (NC)

Naphthalene (NC)

bU(2-Ethylhexyl)phthelate (NC)

blt<? EthylhexyDphthalate (C)

PCS* (C)

4. 4' -DOT (NC)

-J 4.4'-WT (C)
01 Ant loony (NC)

Arsenic (NC)

Anenlc (C)

•arlua (NC)

•erylllua (NC)

•erylllua (C)

Codalw (NC)

NantaneM (NC)

Nickel (NC)

Vanadlua (NC)
(C) - Care Inn gen
(NC) - Noncarclnofen

CU Ingest ion
COI

(•g/kgday)

8.72E-04

2.42E-04

S.MC-03

8.26E-04

T.47E-04

1.SAE-03

3.23E-04

5.1IE 04

2.19E-04

2.4SE-OS

NA

NA

I.OIf-03

4.8AE-M

2.08E-04

2.04E-02

4.54E-05

1.9K-OS

4.00E-OS

I.TOE-OT

I.3IE-03

Oral
RID

(•g/kg day)

NA

t.OOE-01

2.00E-02

9.00E-03

NA

2.00E»00

4.00E-03

2.00E-02

NA

NA

S.OOE-04

NA

4.00E-04

1.00E 03

NA

7.00E-02

S.OOE-03

NA

S.OOE-04

1.00E-01

2.00E-02

1.7JE-OS 7.00E-OS

Total Natard Index •

Hatard
Index

(Intdkc/RfO)

NA

2.42E-03

2.B3E-01

9.17E-02

NA

7.81E-04

8.07E-02

2.SAE-02

NA

NA

NA

NA

2.S3E*00

4.86E-01

NA

2.91E-OI

9.09E-03

NA

8.00E-02

T.18E«00

6.S6E-02

2.47E-01

S.37E«00 •

CU Inhalation
COI

(•g/kg day)

3.99E-05

2.43E-05

1.71E-04

4.75E-M

I.83E-K

9.02E-05

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Inhalat ion
RIC

(nig/kg day)

NA

3.00E-03

6.00E-03

NA

NA

9.00E-02

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA NA

Total Natard Index •

Hatard
Index

(Intake/RIC)

NA

8.11E-OJ

2.86E-02

NA

NA

1.00E-03

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

M

NA

NA

NA

NA

3.77C-02

CU Deraal Abs.
COI

(•g/kg day)

6.49E-04

2.42E-OS

8.A2E-06

T.26E-06

2.24E-07

2.30E-06

4.92E-07

7.80E-07

3.34E-07

3.73E-00

NA

NA

1.S4E-06

7.41E-07

3.17E-07

3.11E-05

6.93E-08

2.97E-08

o. TOE-08

1.79E-04

2.00E-M

—— oTil ——
RIO

(•g/kg day)

NA

1.00E-OT

2.00E-02

9.00E-03

NA

2.00EHM

4.00E-03

2.00E-02

NA

NA

S.OOE-04

NA

4.00E-04

1.00E-03

NA

7.00E 02

S.OOE-03

NA

S.OOE-04

1.00E-OT

2.00E-02

2.64E-06 7.00E-03

Total Natard Index •

Matard ~
Index

(Intake/RfO)

NA

2.42E-04

4.31E-04

1.40E-04

NA

T.I9E-06

1.23E-04

3.90E-OS

NA

NA

NA

NA

3.86E-03

7.4TE-04

NA

4.44E-04

1.39E-OS

HA

T.22E-04

1.79E-03

t.OOE-04

S.74E-04

8.42E-03

NA - Not Analyted, Not Applicable, or Not Available
• - Natard Index exceeds 1 (or the exposure route.

^oo



:i*1 s

! i
a•lln

K i a
2

2
S

S
2

2
S

3
S

S
Z

S
?

S
3 

3
8 

3
3

*
2

*

3
5
3
3
3
8
8
3
3
3
*
3
*
3
3
3
3
3
*
5
3
3
 
.

8 M
 

M
S
 

8
 
8
8
 
8
8
 

8
8
8
8
1

»
A
i
»
 

*
 
«
 
M
 

m
 

«
'
 
»
 

I
t
e
m
 

m
 
»
'
 
M
 
^
 
£

2 S! 2 * * S H *

2
3
3
2
2
3
2
2
2
2
3
3
2

^ 
• 

jj,
m
 
O
 

9
I

2
3

3
3

3
3

3
2

3
2

3
3

3
3

3
2

2
2

2
2

2
2

.
8
8 

8

5 8 8 31 S
a a

a-;3i

2
3
S
3
2
2
3
3
2
2
3
3
3
o
3
5
3
3
3
S
3
5
8

• 
t

« 
!

•
• 

•
» 

*
i 

<
^

»
i

«
••KffX 

tn!¥3f 
<$ *( 

9 
)& 

yt itt yt ft 
at

r
t
e
^
o 

K
>
o
«
 

•
 
5
 

f
t
 
o
 

$
 
r
i
 A
 
C
 
e

3
5
3
3
3
8
3
3
3
3
3

8
8
8 

8
8
8 

8
g
 
g

1

2 3
2

» - 5 -

I!
T
-
j
l
l
-
.
^

1 ' H'»
2
 2
 

119

«5S;il

CDOOON)vO0)



22-Jan-92

IABIE »-?•
SURFACE UAIER HAZARD INDICES

ADUIIS

CHEHICAl

•emene (C)

Carbon ftlsulflde (NC)

CMoroberuene (NC)

1.2-Dlchloroethen* (NC)

Vinyl Chloride (C)

Nylcne («O

Naphthalene (NC)

bla(2-Ethylhexyl>pMhalate (NC)

bl»(2-Ethyll»exyl)pMhalete (C)

•Cli (C)

4. 4' -DOT (NC)

j£ 4. 4' -HOT (C)

° Antlexmy (NC)

Arsenic (NC)

Arsenic (C)

•artun (NC)

•erylllui (NC)

•erylllua (C)

Cadvliai (NC)

Manganese (NC)

Nickel (NC)

Vanadlua (NC)
(C) - Carcinogen
(NC) - Honcarclnogeo

fish Ingest ion
COI

(aig/kg-day)

6.

1.

09E-06

HA

3SE-04

7.26E-07

3.

3.

3.

7.

3.

S.

2.

I.

2.

3.

1.

8.

1.

6.

M

05E-OS

05E-04

m
HA

93E-03

3SE-04

15E-04

32E-04

49E-OS

07E-05

84E-OS

TOE-06

SBE-06

M

•OE-05

39E-03

RIO
(•g/kg-day)

HA

I.OOC-Ot

2.00E-02

9.00E-03

HA

2.ooE*oo
4. DOE-03

2. DOE 02

HA

NA

S.OOE-04

NA

4.00E-04

1.00E-03

M

7.00E-02

S.OOE-03

HA

S.OOE-04

1. ODE -01

2.00E-02

93E-06 7.00E-03

Haiard Index «

Naiard

(Inlake/RID)

NA

NA

6.76E-03

8.06E-OS

NA

1.52E-03

7.63E-02

HA

NA

NA

I.47E«00

NA

I.33E-02

2.49E-02

NA

4.06E-04

7.40E-04

HA

HA

B.OOE-04

6.97E-02

9.90E-04

1.66E*00 •

Incidental Ingestion
COI

(a>g/kg-day) (

a

1

3

1

1

3

1

4

4

4

1

2
1

6

6

2

.9K-OS

HA

.WE 06

.48E-OB

HA

.99E-06

.02E-07

HA

HA

.02E-09

.04E-09

.471-10

.OK 97

.34E-OB

.B6E-OB

.18E-06

.49E-OS

.40E-09

M

.14E-06

.27E-06

-67al ——
RIO

NA

1.00E-01

2.00C-02

9.00E-03

NA

2.00E«00

4.00E-03

2.00E-02

NA

NA

S.OOE-04

NA

4.00E-04

1. ODE -03

NA

7.00E-02

S.OOE-03

HA

S.OOC-04

1.00E-OI

2.00E-02

S.32E-07 7.00E-03

Naiard Index •

Naiard
Index

<lnlake/RlD>

HA

HA

5.18E-05

3.B7E-06

NA

9.93E-07

2.55E-OS

NA

HA

HA

2.09E-06

NA

I.02E-03

4.34E-OS

NA

3. HE-OS

2.99E-06

NA

NA

6.14E-OS

1.I4C-04

7.S9E-OS

1.436-03

Denial Absorption
COI

(og/kg-day)

1.34E-05

HA

3.I6E-07

1.06E-08

HA

6.06E-07

3.1 IE 08

NA

HA

9.20E-10

3.18E-10

I.36E-10

I.24E-07

I.32E-OS

S.67E-09

6.64E-07

4.S5E-09

1.9SE-09

NA

1.87E-06

6.93E-07

RIO
(•g/kg-day)

HA

1.00E-01

2.00E-02

9.00E-03

HA

2.00E»00

4.00E-03

2.00E-02

HA

HA

S.OOE-04

HA

4.00E-04

1. ODE-03

NA

7.00E-02

S.OOE-03

•A

S.OOE-04

1.00E-OI

2.00E-02

I.62E-07 7.00E-03

•aiard Index *

Naiard
Index

(Intake/RIO)

NA

NA

I.S8E-05

1.18E 06

NA

3.03E-07

7.78E-06

HA

HA

HA

6.37E-07

HA

3. HE-04

I.32E-OS

NA

9.49E-06

9.11E-07

HA

NA

1.87E-05

3.47E-OS

2.32E-OS

4.37E-04

NA - Not Analysed. Not Applicable, or Not Available
Haiard Index exceeds I lor the exposure route.

9C6T ZOO



seJ
.

3
S

~
*» 3S

f*•1a

-
I||
5-s

,.f••fs ~

y fi Q
 •

8
8

-

I-„i]I

S
5|

1 ~
\ i
j§i9 

—

*̂»]i|"!s*

pIS
J
i
 !

*Iu

3 
3

3 
SS~

S
3

•«•»3
 

e8~
3 

3
*3 

3

3 
58—

S•»»i
u

 
2

} i'ju

3 
S

* s

3
 

3
i s
«
* 

»

^* 
O

*

5!3
 

3
§
 

8
H

i 
»

S
 

3
» 

*

3 £

3
 

3

-• 
ft

3
 

8
8 if

* 
•

£ £
« «;g

} j

1
 |

0
 

A
i

—"

3 
S

3 
8i*•*<•»53 
8«s**

3 
S

3 
3••

*
 
fIni•

u»

S
 

3
•<08
 

3
9 

S
•» 

«•

•<•53
 

3
s s
«• 

«•

C
•

S
 

3

•

8
 

3
i if
*
 

M

»21•si!

mftm2

3
3

8*

3
3

3if•

ft 
M

*

aM

3
3

3iin
« 

2<

3
3

8

3
3

3ifwt

^%
 

w

w 
«•

••9 
**

j j i
mft02

3
8

3
|
 2

ft 
••

3
3

3
S 8
•* ^

5> 
o 

2
« «- •.

< 
»

W
 

M
l

C
 

X
• 

•

3
3

8
if if• •

£
3

8

3
3

3
K

 
»

• 
•

* * ?
9 9
« —

«
rft 

idk

. 
?
 
?

2 5 S
«M

 
••

 
*

**

ui121

3
 

8S
•

"
3 

3if̂

3 31
~ m2

3 
3S

»
9+

3
 

3

3
 

38

S 2
• »•

1 !

2K3
3

8
if 

s
•» 

M
8
 

5
«

 
•»

23
3

3
if 

if
• 

•

S Si
M

 
M

8
3

3

*8
3

8
if 

if
V< 

M
t

i 
•

•
"
 

•
•

«
»
 

^
«

M ; 5
i 3

 i

US

D:.."
S $ $ 3
~

 
ft 

~
 

m

8
3

8
8

8
8

:
«

-
«

!
*

.
£

5
2

2
;*

V
 

M
t 

^

3
8

3
8

g 
Sj jjj 

JS
• 

• 
• 

*

?
 

?
 
?

9
8

8
.

"
"
i

* »
 w

 \
°. *. «t 

a
<

-«
*•«

8 
S

 8 
8

^
 
M

M
 

•• 
(V

 
<

?
 

?
 
?

U
 

W
 

IM
 

•

•- 
N

 
^
 

{

* M
 a

A
* 

M
 

^

««
 

*»

S ! ! 1
I  f ?|i s**u

"5

w
«

iii:« kJiw
 «•

!i.•85

I?ii3
.

CDOOO•J)O)



"I*>**(*
i:l
-*

||e

t_
el

gL
l

ii2
li

0 —
 Itc

!lC
?»

C
elCHEMICAL

: s*o

g
 

g
 

g
—

 
<

M
 

»

* 
s IS

ir» 
o 

P^

5 
S^
 

C
rsi 

PO

M
 

8 8 .
- - - -1g •a&

s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
a
s
s
s
s

g
g g 

g g 
g g g g

8
3
S
f
e
S
£
S
8
3
3
f
e
8
S

g 2 *
*

*
*

g
g

g
*

«
g

g

-
 
*

C 
*
 -

n,. a.
i H
 1
 !
 5

-.
* 

w
«* 

««

5 i

IM
•

<
A

O
122

t|

CDOoOCO



22-J«t-92

1ABIE i-Jb
SCOINfHI HAZARD INDEX

CNItMEH

CHENICAt

•MIMM CC)

C*rtwnftlMl<fldt (HCt

1

M*(2

bU(2

§

(C) •
(HC)

CklorobMUww (HC)

,2-PichlarMtlMn« (HC)

Vinyl Cklerldt (C)

Xyltn* (NCI

HcpHlMlint (MC>

-EtIiyllMiiyOffttlMUt* (HC)

•EtkyllM"yOpMlMUU (C)

KM (C)

4.4'-0»T (HC)

4. 4' -001 (C)

Ant loony (HC)

Ar»«nlc (HC)

Arunlc (C)

Mrlui (HC)

fcrylllui (HC)

MryUlM (C)

Cwtolun (HC)
MlĤ Ht̂ Hl̂ HÎ M f H^P A

Hlcfcct (HC)

VMWdlMI (HC)
Cwcinogtn

* Hane*rclnot«n

DCHM! Contact
COI

(•g/k9-d*y)

A.9X-09

1.MC-M

I. IK-07

M

HA

s.a/f-06
A.42C-07

z.m-04
2. re-os
6.44C-0*

M

HA

1.1K-M

1.06C-OS

1.ME-M

1.42E-OS

2.21E-07

2.H4E-M

1.4K-07

3.ME-«

•.2IE-M

6r«l
•10

(•e/kg-ctey)

HA

t.OOE-01

2.00C-02

9.00C-0)

HA

2.00C»00

4.00C-0]

2.00E-02

HA

HA

S.OOC-M

HA

4.00E-04

1.00C-0)

HA

7.0K-02

5.00E-OI

HA

S.OOt-M

1.001-01

2.00E-M

t.TTE-M 7.00E-OI

HMWd Indii •

Maiard
Indcii

(Intiriie/liO)

HA

1.S6C-07

6.6SC-06

HA

HA

I.ME -06

I.60E-04

1.09E-02

HA

HA

HA

HA

2.97E-03

1.06E-02

HA

2.0K-04

4.41E-OS

HA

6.97E-04

S.60E-04

4.10E-04

1.2SC-M

2.7SE-02

Incidental Intestior
COI

(•g/kf-cfay)

7.69E-10

1.7K-09

1.47E-OB

HA

HA

4.VK-07

1.78E-07

A.03E-OS

7.7SE-06

I.79E-06

HA

HA

3. HE-06

2.93E-OS

3.77E-06

3.94E-M

t.tZE-07

7.87E-Oa

9.67E-07

9.99E-OS

2.2K-OS

I Or.l
• 10

(•g/kg-day)

HA

I.OOE-01

2.00E-02

9.00E-0)

HA

2.001*00

4. ODE -03

2.00E 02

HA

HA

S.OOE-04

HA

4.00E-04

1.00E-03

HA

7.00E-02

S.OOE-03

HA

S.OOE-04

I.OOE-OI

2.00E-02

2.43E-OS 7.00E-OJ

Mtard Intn •

M*t*rd
Indem

<lnt*k*/lfO)

HA

I.73E-06

7.36E-07

HA

HA

2.1SE-07

4.4SE-OS

3.0IE-03

HA

HA

HA

HA

S.24E-03

2.93E-02

HA

S.A3E-04

1.22E-04

HA

1.93E-03

9.99E-04

1.14E-01

3.4K-M

4.Mf-02

HA • Hot Afwlyitd, Hot Appllccbl*. or Hot AwsilaM*

seei 300 oa>«



... .
Evaluation of carcinogenic risks are used to determine if the site contaminants pose

sufficient risk to human health to exceed 10" to 10* (ERA, 1989).

Carcinogenic risks for ground-water exposures are presented in Tables 5-4a and 5-4b.
For adults, the risk from ground-water ingestion dominates ground-water exposure, with a total
risk value of 6.39E-04. Approximately 82 percent of the risk is due to the ingestion of vinyl
chloride and PCBs, whose chemical-specific risks are 3.38 E-04 and 1.B9E-04 respectively. For
children, the risk from ground-water ingestion also dominates ground-water exposure.
Approximately, 96 percent of the total value of 2.15E-04 is a result of exposure to vinyl chloride,
PCBs. and beryllium at 1.14E-04, 6.34E-05. and 2.81E-05. respectively. The risk values for
ground-water ingestion exposures exceed the EPA-specified target range of 1 0"* to 1 .0"*. Risks
due to dermal absorption and inhalation ground-water exposures do not exceed 10"* and fall
within the target range.

Risk values for surface water exposures (Tables 5-5a and 5-5b) were greatest for fish
ingestion. which yielded 3.04E-02 for adults and 2.55E-02 for children. The major contaminant
yielding risk as PCBs, with risks of 3.03E-02 and 2.54E-02 for adults and children, respectively.
These high risk values are due to the conservative assumptions used (i.e.. an exposure
frequency of 365 days per year for 70 years) as per EPA 1989a.

Sediment-related risk values, presented in Table 5-6a and 5-6b, were also within the target
level of 10~ to 10'*. Dermal contact resulted in a risk of 3.45E-05 for adults and 5.01 E-05 for
children. The dominant risk driving compound was again PCBs. Sediment ingestion exposure
risks for adults were also within the target range at 2.82E-06 and 1 .42E-05 for adults and children
respectively.

Summary

In summary, four exposure scenarios have hazard indices above 1: ground-water
ingestion by adults (5.37), ground water ingestion by children (6.01). fish ingestion by adults
(1 .66) and fish ingestion by children (4.66).

Exposure pathways resulting in an excess cancer risk include: ingestion of ground water
by adults (6.39E-04) and children (2.1 5E-04), and. fish ingestion by adults (3.04E-02) and children
2.55E-02).

Risks associated with multiple exposure pathways were also evaluated. Risks were
grouped by population, i.e.. residential, recreational, and fishers. Residential risks included

-124-
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22 Jan 92

TABIE 5-*b
CARCINOGENIC RISK ESTIMATES FOt GROUND-HATER

CMIIDRCN

CHENICAl

•entene (C)

Carbon Dlsul fide (NC)

Chlorobentena (NC)

1.2 Dlchloroethene (NC)

Vinyl Chloride (C)

lylene (NC)

Naphthalene (NC)
bls(2-Ethylhexyl)f)hthelate (NC)

bU(2-Ethylhmyl)phthalate (C)

PCNs (C)

4. 4' -DOT (NC)

M 4.4- -OOT (C)

AntlMony (NC)

Arsenic (NC)

Arsenic (C)

Narlua (NC)

Neryllliai (NC)

•erylllua (C)

CadBlua (NC)

MangeneM (NC)

Nickel (NC)

Vanarflw (NC)
(C) - Carcinogen
(NC) • None arc liiagtn

GU Ingest ion
COI

(ing/kg-day) 1<

2.93E-04

2.7IE-04

4.34E-03

9.2SE-04

4.94E-OS

I.75E-03

3.62E-04

5.7JC-04

7.36E-OS

B.23E-06

NA

NA

1.I3C-03

S.44E-04

4.99E-05

2.20E-02

S.tPE-OS

A.54E-M

4.4BE-05

1.32E-01

sr

2.9HE 02

NA

NA

NA

2.30E«00

NA

NA

NA

1.40E-02

7.70E*00

NA

3.40E-01

NA

'NA

NA

NA

NA

4.30E«00

NA

NA

1.47E-03 NA

1.94E-03 NA

Total Carcinogenic Risk >

Chemical -specific
Risk

(Intolc'Sf )

a.VK-06

NA

NA

NA

1.I4E-04

NA

NA

NA

1.03E 06

6.34E-05

NA

NA

NA

NA

NA

NA

NA

2.81E-05

NA

NA

NA

NA

• 2. IK-04 •

GU Inhalation
COI

3.3K-OS

6.B2E-OS

4.BOE-04

1.33E-04

I.S4E-05

2.52E-04

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

sr
'(«q/k9 d..y)

2.90E-02

NA

HA

NA

2.94E-OI

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA NA

HA NA

Total Carcinogenic Risk •
Au^l • &B.H _

Chnaical -specific
Risk

(Intakc'SF)

9.72E-07

NA

NA

NA

4.S2E-06

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

5.49E-06

|CW beraal Abs.
COI

(•g/kg-day)

2.7BE-04

3.45E-OS

1.23E-05

1.BOE-06

9.S9E-08

3.40E-06

7.02E-07

1. HE-06

1.43E-07

1.60E-OB

NA

NA

2.20E-06

I.06E-06

1.36E-07

4.44E-05

9.BBE-OB

1.27E-OB

1.12E-08

2. ME -04

sr
l/dq/kg-dny)

2.90E-02

NA

• NA

NA

2.30E»00

NA

NA

NA

1.40E-02

7.70E«00

NA

3.40E-OI

NA

NA

NA

NA

NA

4.30E»00

NA

NA

2.B5E-M NA

4.B4E-07 NA

Total Carcinogenic Risk •

th*«!cal tpccJflc
Risk

(lntake*sr>

B.06E-06

NA

NA

NA

2.2IE-07

NA

NA

NA

2.00E-09

I.23E-07

NA

NA

NA

NA

NA

NA

NA

5.46E 08

NA

NA

NA
r~ • • i

: NA

B.46E-06

HA - Not Analyied. Not Applicable, or Not _...._,..
Total carcinogenic risk exceeds the target range of IE-04 to IE-06.
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TARLE »-5b
CARCINOT.ENIC RISK ESIIHA1ES FOR SURFACEVAIER

CMIIDREH

CHEMICAL

Bentene (C)

Carbon Olsulfide (HC)

Chtorobentene (HC)

1.2-Dichloroeihene (NC)

Vinyl Chloride (C)

Mylene (NC)

Naphthalene (NC)

bls(2-EthylhcNyl)phttialat* (HC)

Ms(2-Ethylheayl)phthalate (C)

rets (o
j^J 4. 4' -DOT (NC)
09 4.4- -POT (C)

Ant loony (NC)

Arsenic (NC)

Arsenic (C)

•arlua (HC)

•erylllua (NC)

•erytlluR (C)

CadMlua (NC)

Manganese (NC)

Hlckel (HC)

Vansdlua (NC)
(C) - Carcinogen
(HC) - Honearclnogen

COI
(•g/kg-day) I/

9.1TE-06

HA

3.79E-04

2.03E-M

HA

O.J4E-03

•.5K-04

HA

HA

3.30E-03

2.MC-03

2.6H-04

1.49E-OS

•.97E-05

0.97E-06

7.9K-05

1.04C-OS

1.33C-M

HA

2.24E-04

3.90E-03

SF
(ng/kg-day)

2.90E-02

HA

HA

HA

2.30E«00

HA

HA

HA

1.40E-02

7.70EMW

HA

3.40E-OI

HA

HA

HA

HA

HA

4.30E«00

HA

HA

HA

1.WE-OS HA

total Carcinogenic tlsk •

Risk
(lntake*SF)

1.4M-07

HA

HA

HA

HA

HA

HA

HA

HA

2.54E-02

HA

S.99E-05

HA

HA

HA

HA

HA

5.72E-M

HA

HA

HA

HA

• 2.SSE-02 •

HA - Hot Analysed, Hot Applicable, or Hot 1

COI
(ing/kg day)

4.5SE-07

HA

1.7*1-05

S.85E-07

HA

3.34E-K

1.7IE-06

HA

HA

I.S2E-OB

1.75E-08

2.25E-09

6.B6E-M

7.30E-07

9.38E-08

3.66E-OS

2.S1E-07

3.23E-OB

HA

1. OX-04

3.82E-M

SF
1/(«9/kg-dsy)

2.90E-02

HA

HA

HA

2.30E»00

HA

HA

HA

1.40E-02

7.70E«M

HA

3.40E-OT

HA

HA

HA

HA

HA

4.30E*00

HA

HA

HA

8.9X-Oo HA

Total Carcinogenic Risk <

vallable

Cheaical-speeific
Risk

(Intake'SF)

1.31E-08

HA

HA

HA

HA

HA

HA

HA

HA

1.I7E-07

HA

7.67E-10

HA

HA

HA

HA

HA

1.39E-07

HA

HA

HA

• '• _2.70E-07

Dermal Absorption
COI SF

(•g/kg-day) l/(Mg/kg-day)

3.43E-05

HA

2.7TE-06

9.0BE-08

HA

S.I9E-Oo

2.6&E-07

HA

HA

2.36E-09

2.7X-09

3.SOE-10

1.07E-06

1. HE-07

1.4AE-00

5.A9E-06

3.90E-08

S.01E-09

HA

t.ME-05

5.94E-06

2.90E-02

HA

HA

HA

2.30E*00

HA

HA

HA

I.40E-02

7.70E»00

HA

3.40E-OI

HA

HA

HA

HA

HA

4.30E«00

HA

HA

HA

1.39E-M HA

Total Carcinogenic Risk •

the»ical-specm.
Risk

(Intake'SF)

9.96E-07

HA

HA

HA

HA

HA

HA

HA

NA

l.a?E-oe

1.I9E-IO

RA

HA

H#

N«

•A

2.16C-08

»r.

Rt

R/«.

IO

1.04E-06

• - Total carcinogenic risk exceeds the target range of IE-04 to IE-06.
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1*81E 9-6b
CARCINOGENIC RISK fSI(MATES fOR SEDIMENTS

CHILDREN

CHEMICAL

lenient (C)

Carbon Disulfide (NC)

Chlorobeniene (NC)

1.2-Dichloroethene (NC)

Vinyl Chloride (C)

Xylene (NC)

Naphthalene (NC)

bU(2-Ethylh«xyl)phthalate (NC)

bls(2-Ethylheiiyl)phthalate (C)

KB* (C)

4.4' -DOT (NC)

g 4.4' -DOT (C)

Antimony (NC)

Arsenic (NC)

Arsenic (C)

•arlua (NC)

•erylllua (NC)

•erylllua (C)

CacMue (NC)

ItanojOfMoo. CMC)

Nickel (NC)

Vanadlua (NC)
(C) - Carcinogen
(NC) • Noncercinogen

Dermal Contact
COI SE

(mg/kg-day) 1/(mg/kg-day)

6.91C-09 2.

l.Mc-aa
1.33E-07

NA

NA 2.

3.87E-M

6.42E-07

2.17E-04

2.791-05 1.

6.44E-OA 7.

NA

NA 3.

1.T9E-04

1.06E-OS

1.56C-06

I.42E-05

2.21E-07

2.84E-08 4.

3.48E-07

3.ME-03

8.21E-M

B.77C-06

Total Carcinogenic

90E-02

NA

NA

NA

JOE«00

NA

NA

NA

40E-02

70t»00

NA

40E-01

NA

NA

NA

NA

NA

30E»00

NA

NA

NA

NA

Risk >

Chemical -specific
Risk

(Intake'SE)

2.0U-10

NA

NA

NA

NA

NA

NA

NA

3.91E-07

*. 966-05

NA

NA

NA

NA

NA

NA

NA

1.22E-07

NA

NA

NA

NA

S.01E-05

Sediment Ingest ion
CDI SF

(mg/kg-day) 1/(mg/kg-d.iy)

7.69E-10 2.

1.7JE-09

1.47E-08

NA

NA 2.

4. JOE-07

1.78E-07

ft.OJE-05

7.7SE-M 1.

1.79E-06 7.

NA

NA 3.

3.30E-06

2.9JE-05

3.77E-06

3.94E-05

0.12E-07

7.87E-08 4.

9.67E-07

9.99E-05

2.28E-05

2.4JE-05

Total Carcinogenic

90E-02

NA

NA

NA

JOE'00

NA

NA

NA

40E-02

70E«00

NA

40E-01

NA

NA

NA

NA

NA

30E«00

NA

NA

NA

NA

list •

Chemical -specific
Risk

(lntake*SE)

2.2JE-11

NA

NA

NA

NA

NA

NA

NA

1.09E-07

1.J8E-05

NA

NA

NA

NA

NA

NA

NA

3.3K-07

NA

NA

NA

NA

1.42E-05

NA - Not Analyied, Not Applicable, or Not Available

ZOO



inhalation, ingestion, and absorption of ground water for both children and adults. Recreational
risks included ingestion and absorption of sediments, and ingestion and absorption of surface
water for both children and adults. The total noncarcinogenic health effects of each group was
determined by summing the hazard indices for each pathway. The total carcinogenic risk for each
group was determined by summing the carcinogenic risks for each pathway. This evaluation is
shown in Table 5-7.

The highest noncarcinogenic hazard indices for both adults and children is from residential
exposure with hazard indices of 5.42 and 6.13 respectively. Fish ingestion for adults (1 .66) and
children (4.66) also exceeded one. All other population hazard indices for both adults and
children were less than one.

Adult carcinogenic risks were 6.65E-04 for residents, 3.78E-05 for recreational users of
the site, and 3.04E-02 for recreational fishers. The highest carcinogenic risk to children was
2.55E-02 from the ingestion of contaminated fish tissue. The carcinogenic risk for child
recreational users of the site was 6.56E-05. and for residential children 2.29E-04.

Risks were also evaluated across all reasonable exposure pathway combinations for both
noncarcinogens and carcinogens. Table 5-8 shows a summary of all possible combinations of
exposure pathways for adults and children. All pathway combinations for noncarcinogenic
exposure to adults are greater than one. The highest noncarcinogenic hazard index to adults
occurs by combining the total residential and total fish ingestion pathways yeilding a hazard index
of 7.08. The risk to adults from the combination of total recreational and total residential exposure
is 5.43. The risk to adults from combining fish ingestion and recreational exposures is 1.67. All
combinations of carcinogenic risks were above the target range of 1E-04 to 1E-06. The highest
carcinogenic risk (3.1 1 E-02) resulted from combining the fish ingestion and residential scenarios.
accounting for the case where site residents utilize site streams for recreational fishing. The
combined carcinogenics risks for adults ranged from 7.03E-04 to 3.11 E-02.

For children, the highest noncarcinogenic hazard index is associated with combining fish
ingestion and residential exposures yielding a hazard index of 10.8. The total recreational and
residential and total fish ingestion and recreational hazard indices for children are also greater
than one, with hazard indices of 6.23 and 4.76, respectively. For children, all combinations of
carcinogenic risks were above the target range. A carcinogenic risk of 2.57E-02 resulted from
combining the fish ingestion and residential scenarios. While fish ingestion and recreationa
scenarios yielded a carcinogenic risk of 2.56E-02, the total recreational and residential scenario ^
combination resulted in a carcinogenic risk of 2.95E-04. o

oo
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TABLE 5-7
SUMMARY OP RISKS BY EXPOSURE PATHWAY

nouia
of

Exooaure
RESIDENTIAL
ADULT

Ground water
Inhalation
Ingestion

Absorption

TOTAL

CHILD
Ground water

Inhalation
Ingesiion

Absorption

TOTAL

RECREATIONAL
ADULT

Sadimants
Ingestion

Absorption

TOTAL

Surfaca Watar
Ingastion

Absorption

TOTAL
TOTAL RECREATIONAL:

CHILD
Sadimanis

Ingastion
Absorption

TOTAL

Surfaca Watar
Ingastion

Abaorpoon

TOTAL
TOTAL RECREATIONAL-

FISH INGESTION
ADULT

CHILD .

Noncarcinogenic
Hazard
Indax

3.77EO2
5.37E+00
8.42E-03

5.42E+00

1.06E-01
6.01E+00
1.UE-02

6.13E+00

2.91 E-03
5.68E-03

6.59E-03

1.43E-03
4.37E-04

1.87E-03
1.05E-02

4.B9E-02
2.7SE-C2

7.64E-02

2,41 E-02
3.74E-03

2.7SE-02
1.04E-01

1.66E+00

4.66E+00

Ca/cinoganic
Risk

6.54E-06
6.39E-04
1.98E-05

6.65E-04

5.49E-06
2.15E-04
8.46E-06

Z29E-04

2.B2E-06
3.45E-05

3.73E-05

5.35E-08
4.03E-07

4.57E-07
3.78E-05

1.42E-05
5.01 E-05

6.43E-05

Z70E-07
1.04E-06

1.31E-06
6.56E-05

3.04E-02

2.55E-02 CD
O
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TABLES-6
SUMMARY OF RISKS ACROSS EXPOSURE PATHWAYS

Routes
of

Exposure
ADULT

CHILD

Total Recreational:
Total Residential:

TOTAL

Total Recreational:
Total Residential:

TOTAL

ADULT

CHILD

Fish Ingestion:
Total Residential:

TOTAL

Fish Ingestion:
Total Residential:

TOTAL

ADULT

CHILD

Fish Ingestion:
Total Recreational:

TOTAL

Fish Ingestion:
Total Recreational:

TOTAL

Noncarcinogenic
Hazard
Index

1.05E-02
5.42E+00

5.43E+00

1.04E-01
6.13E+00

6.23E+00

1.66E+00
5.42E+00

7.08E+00

4.66E+00
6.13E+00

1.08E+01

1.66E+00
1.05E-02

1.67E+00

4.66E+00
1.04E-01

4.76E+00

Carcinogenic
Risk

3.78E-05
6.65E-04

7.03E-04

6.S6E-05
Z29E-04

2.95E-04

3.04E-02
6.65E-04

3.11E-02

2.55E-02
&29E-04

2.57E-02

3.04E-02
3.78E-05

3.04E-02

2.55E-02
6.56E-05

2.56E-02

-133

CDo

oo
N)

vOt*
CD



6.0 AREAS OF UNCERTAINTY AND DATA GAPS

Because all inputs into the exposure assessments are conservatively based, the resulting
risks identified for the Kin-Buc Landfill site represent upper-bound risk estimates, and may
overestimate the actual risk from exposure to the chemicals of concern studied. Additional data
would be required to derive a statistically valid estimate of error in the exposure and risk
calculations.

Although the methods used to calculate carcinogenic risk comply with EPA and industry
standards, there are uncertainties associated with the carcinogenic risk estimates discussed
above. These uncertainties are introduced because of (1 ) the need to extrapolate below the dose
range of experimental tests, (2) the variability of the receptor population (e.g., smoker vs.
nonsmoker, genetic predisposition), (3) assumed dose-response relationship between animals and
humans. (4) differences in exposure routes expected onsite, (5) overly conservative assumptions,
and (6) ignoring background risks. The recognized uncertainties in this issue listed are raised to
point out the limitations of this type of study. The assumptions used to estimate exposure were
consistently conservative in nature and biased towards protecting human health and may have
overestimated the risks associated with exposure. Parameters such as the absorption factor (AF)
and diet fraction may also have been over estimated.

In addition to contaminant concentration, route, and duration of exposure, there are many
other factors that may influence the likelihood of developing cancer. These include differences
in individual nutrition, health status, age, sex, and inherited characteristics which may affect
susceptabiiity (U.S. DHHS. 1985). Risk addition across scenarios for a given population also
assumes that intake levels will be small without synergistic or antagonistic chemical effects, and
that individuals will be exposed to each of the indicator chemicals that elicit a carcinogenic
response.

Additionally, there are chemicals that do not have toxicity values and therefore could not
contribute a quantifiable risk. These chemicals of concern are primarily copper, lead and
trichloroethene. Toxicity profiles including pharmacokinetjcs, non-cancer toxicity, and
carcinogenicity, for these chemicals are provided in Section 4. The arithmetic mean, maximum
and 95 percent UCL concentrations for copper are below the PMCL and SMCL of 1.3 and 1.0
ppm respectively. The arithmetic mean and the 95 percent UCL concentrations for lead are
below the MCL of 0.05 ppm. The trichloroethene mean concentration of 6.24E-03 ppm and the
95 percent UCL of 1 .12E-02 ppm are both greater than the MCL of 5E-03 ppm and may cause ^
some health effects to humans. o
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7.0 CONCLUSIONS

Contaminant screening was performed on analytical results from Wehran's sediment.
surface water, and ground water samples from the Kin-Buc Landfill Operable Unit II Superfund
site. The contaminant screening process identified 19 chemicals of concern: nine metals and
ten organic compounds. The indicator chemicals chosen for this risk assessment were antimony,
arsenic, barium, benzene, beryllium, bis(2-ethylhexyl)phthalate, cadmium, carbon disulfide,
chtorobenzene. copper. 1 ,2-dichloroethene, 4.4'-DDT, manganese, napthalene, nickel,
polychlorinated biphenyls (PCBs). vanadium, vinyl chloride, and xylene. These compounds or
elements were selected because of their lexicological properties, potentially critical exposure
routes, and higher concentrations present in comparison to other contaminants.

Applicable or relevant and appropriate requirements (ARARs) are presented in Tables 4-2
and 4-3 for the chosen contaminants of concern. These ARARs include National Primary
Drinking Water Regulations (NPDWR) Maximum Contaminant Levels (MCLs). which are
enforceable drinking water regulations first established under the Safe Drinking Water Act (SDWA)
that are protective of public health to the extent feasible; MCL goals (MCLGs). which are
nonenforceable health goals for public water systems; proposed MCLs (PMCLs) and proposed
MCLGs (PMCLGs); and Occupational Safety and Health Act (OSHA) Permissible Exposure Limits
(PELs). both Time Weighted Average (TWA) and Short Term Exposure Limit (STEL).

Environmental fate and transport mechanisms were evaluated for each of the indicator
chemicals based on an assessment of the site's physical setting and the physical and chemical
properties of each contaminant. Predominant transport mechanisms for originally landfilled
contaminants include leachate percolation into soils, leachate migration through soils to ground-
water supply wells, and vapor releases from contaminated ground water. Exposed populations
include local residents and potential future residential users of ground water.

Eight possible exposure scenarios were evaluated: (1) residential ingestion of
contaminated ground water from on-site sand & gravel wells. (2) dermal absorption of
contaminated ground water during showering, (3) inhalation of vapors released from contaminated
ground water during showering, (4) ingestion of contaminated fish from on-site and adjacent
streams, (5) accidental ingestion of surface water while recreating in on-site and adjacent
streams. (6) dermal absorption of contaminated surface water while recreating in local streams.
(7) dermal absorption of contaminated sediments within the on-site and adjacent streams, and
(8) accidental ingestion of sediments from within the on-site and adjacent streams.
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Total body burden rates were computed based on all potential exposure routes using an
average adult body weight of 70 kg. and a childrens body weight of 25 kg. It was assumed that
ingestion and showering in ground water from on site would occur for 30 years for adults and 9
years for children. The noncarcinogenic exposures were averaged over a 9-year period for
children. For adults, the noncarcinogenic exposures were averaged over a 30-year period. An
exposure period of 70 years was used for carcinogenic compounds.

Time-weighted average doses for chemicals of concern varied considerably. The lowest
chronic daily intake (COI) was 1.03E-10 milligrams per kilogram per day (mg/kg-day) for incidental
ingestion of carbon disulfide (noncarcinogenic effects) in sediments by adults during recreational
activities. The highest GDI was 1.32E-01 mg/kg-day for ingestion of manganese in ground water
by children.

Toxicity profiles for each of the contaminants of concern were developed based on current
ERA accepted health effects documents, and established toxicological sources. Toxicity
evaluation included pharmacokinetics. human health effects, and dose-response assessment.
Toxicity information is dependent to a large extent on animal models upon which any potential
adverse human health effects must be extrapolated.

Risk characterization included an assessment of risk associated with carcinogenic and
non-carcinogenic effects caused by the contaminants of concern. Non-carcinogenic effects were
addressed using a hazard index computed by multiplying the daily intake level by the inverse of
the reference dose. The number should not exceed one. according to the NCP Superfund site
remediation goals (EPA, 1989).

Many of the hazard indices computed indicated that the intake levels were below the
reference doses (i.e.. hazard indices were below one). However, four of the exposure scenahos
have hazard indices (HI) above one: ground-water ingestion by adults (HI« 5.37), ground-water
ingestion by children (HI « 6.01), fish ingestion by adults (HI « 1.66). and fish ingestion by
children (4.66).

Potential carcinogenic risks were computed by multiplying the chronic daily intakes by the
chemical-specific carcinogenic slope factor. The resulting carcinogenic risks were then compared
to the target of 10" to 10*.

Several of the risks calculated for the potential exposure scenarios exceeded the target
range. The following risk values were in excess of the upper limit of the target range:

oo
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ingestion of ground water by adults (6.39E-04)
ingestion of ground water by children (2.15E-04)
fish ingestion by adults (3.04E-02)
fish ingestion by children (2.55E-02)

Overall, the greatest non-carcinogenic hazard indices and carcinogenic risks result from
oral ingestion and dermal absorption of the following compounds and metals: arsenic, antimony,
beryllium. bis(2-ethylhexyl)phthalate, chlorobenzene. 4.4'-DDT. manganese, PCBs, and vinyl
chloride. Any corrective action implemented at the site to eliminate risks posed by site
contaminants should reduce concentrations of these indicator chemicals and other contaminants
with similar physical and chemical characteristics.

*

Upon evaluation of all available information on the site and the most recent analytical data
collected from the site, potential threat to human health exists. This conclusion is based on an
evaluation of the site history and operations, the overall physical setting, and on chemical analysis
of affected media.
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1.0 INTRODUCTION

In addition to the potential exposure of human populations, flora and fauna may also be
exposed to contamination at the Kin-Buc Operable Unit 2 (Op-2) site. Chemicals present at the
site may be toxic to plants and animals exposed via air, water, soil, sediment, or food. This
chapter of the risk assessment identifies possible environmental receptors, addresses the
potential pathways by which these receptors may be exposed to the chemicals of potential
concern at the site, and estimates the risks to terrestrial and aquatic wildlife that may exist at the
site.

The steps for the environmental assessment are similar to those for the human health risk
assessment. In both assessments, information on exposure and toxicity are combined to
generate an estimate of risk. The major difference is that human health risk assessments focus
on individual risks while environmental assessments are generally aimed at assessing risks to
populations, communities, and ecosystems. Risks to individuals are the focus of concern for the
health and welfare of rare, threatened, or endangered species potentially exposed to
contaminants at the site.

The EPA Risk Assessment Guidance for Superfund, Volumes 1 and 2 (1989) were used
as guidance for the preparation of the environmental assessment These reports provide
information on the selection of chemicals of concern, evaluation of exposure and toxicity,
identification of ecological endpoints, and assessment of risk. The data used in this assessment
was taken from the Draft Remedial Investigation (Rl) (Wehran 1990). Additional studies (Adams
et al. 1990: Charters et al. 1991, Wehran 1991) were performed to supplement the Rl. These
data have been incorporated into the assessment Sediment chemistry data from these three
studies were only incorporated for the chemicals of potential concern.

In the following sections, the potential impacts to fish, plants, and wildlife are assessed.
Following a discussion of the objectives and scope of the assessment (Section 1.1) and a
description of the site (Section 1.2). chemicals of potential concern are identified (Section 1.3).
The ecological species (receptors) potentially affected by chemicals associated with the Kin-Buc
11 site are identified in Section 2.1. Potential exposure pathways are identified and exposure is
quantified in Section 22. The methods used to assess toxicity data and the summaries of toxicity
information on key chemicals are provided in Section 3. In Section 4, risks are assessed by
combining the toxicity information with estimates of exposure. In Section 5, uncertainties are CD
analyzed and in Section 6. the conclusions of the environmental assessment are presented.
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1.1 Objectives and Scooe \Jt~ / J- >~

1.1.1 Objectives of the Environmental Assessment

As specified in CERCLA and SARA, remedial investigations are required to be sufficient
to protect both human health and the environment (EPA 1989b). A special concern of the
environmental assessment is to identify rare, threatened, or endangered species that are potential
receptors for environmental contaminants at the site and evaluate risks to these species.

1.1.2 Scope of the Environmental Assessment

The environmental assessment is restricted to an evaluation of present risks at the site.
It does not evaluate risks of various remediations at the site. The boundaries for the assessment
are the areas delineated as Kin Buc II by the 1988 EPA Record of Decesion (ROD).

1.2 Site Description

1.2.1 Description of The Ecosystems and Habitats That May Be Impacted

The Operable Unit II study area includes the following areas: Mound B, the Low Lying
Area Edmonds Creek and associated wetlands, Mill Brook, Martins Creek, the Raritan River at
the mouths of Edmonds Creek and Martins Creek, and ground water emanating from the site.
Thus, the vegetative communities include a deciduous forest (adjacent to Mill Brook), a scrub-
shrub community (in the Low Lying Area), and wetlands (tidal Edmonds Creek area). Although
aquatic, wetlands, and terrestrial ecosystems exist on-site, it is not possible to estimate exposures
to species inhabiting the forest and scrub-shrub areas because there were no soil or biota
samples collected there. Therefore, assessment of the ecological impacts will be restricted to the
creeks and the wetlands (including their mouths at the Raritan River).

1.2.2 Division of Site For Analysis of Contaminant Pathways and Effects

The environmental assessment is aimed at estimating risks to discrete populations
inhabiting the site. Because contaminant migration depends on tidal range and topography, these
factors were used to organize the samples collected at the site into subsets representing discrete
areas (Figure 1-1). Designation of tidal and nontidal areas were based on the New Jersey m
National Wetlands Inventory delineations (Figure 1-1). Designation of tidal and nontidal areas,
and relative topographical isolation resulted in the summarizing of surface water data into four §
areas for risk assessment purposes: tidal Edmonds Creek (including marsh area), non-tidal ^
Edmonds Creek, Pool C and Connecting Channel, and the Low Lying Area. >->
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These four areas delineated for surface water were also used as site divisions for the
sediment data. All of the mosquito channels were included with the Edmonds Creek tidal area
because they are pan of the same tidal system. The Martins Creek/Mill Brook drainage was
divided by tidal range into a tidal area (Martins Creek) and a non-tidal area (Mill Brook). Raritan
River sites located within 100 feet of the mouth of a creek were included in the tidal portion of that
creek since those sites are likely to be depositional areas for contaminants migrating from the
creek. Raritan River sites greater than 100 feet from the mouth of a creek were grouped
separately. The Unnamed Ditch was considered a separate area. Thus, a total of eight site
areas for sediments were identified: tidal Edmonds Creek (including marsh area),non-tidal
Edmonds Creek, Pool C and Connecting Channel, Low Lying Area, Unnamed Ditch, Martins
Creek, Mill Brook, and Raritan River.

The site was divided in a similar manner for the analysis of contaminant body burdens in
fish, invertebrate, and mammals. Because the species sampled tend to be localized, populations
collected in discrete areas of the site can be expected to reflect contaminant levels in these
areas. For example, muskrat tissue samples designated by Wehran (1990) as "North Edmonds
Creek" and "South Edmonds Creek" were treated as samples from the same area because of the
probable overlap of home ranges (movements of up to 200 meters have been reported (Errington
1963; Schwartz and Schwartz 1981)) and extensive tidal mixing in the drainage. Based on tidal
range, topography, and home range data, the designated areas for biota samples are: tidal
Edmonds Creek (including marsh), Martins Creek, and Mill Brook. Biota samples were not
collected from other areas of the site.

Samples of muskrats were collected from a reference area on the South River as part of
the Charters et al. (1991) study. Samples of fiddler crabs were obtained from an upstream
location on the Raritan River, which was used as a reference area for the Adams et al. (1990)
study.

The site divisions for surface water, sediment, and biota data and the sample identification
numbers included for each area are listed in Table 1-1.

1.3 Identification of Chemicals of Potential Concern

1.3.1 Calculation of Summary Statistics
x

For each division of the site, the frequency of detection, geometric mean, and maximum c°
concentrations were listed separately for surface water, sediments, and biota. In order to
calculate geometric means for censored data (data with one or more values reported as less than §
the detection limit), an estimate of the non-detected values was required. For this report, all

>-»
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Table 1 -1 . Sample identification numbers and assigned site areas.
Area Sample Identification Numbers

Surface Wattr
Tidal Edmonds Creek

Non-tidal Edmonds Creek
Pool C and Connecting
Channel
Low Lying Area

SW07, SWM23. SWM15, SWM17

SW08, SW10
SWM24, SWPC04

SW12

Sediment
Tidal Edmonds Creek

Non-Tidal Edmonds Creek
Upstream References
South River Reference
Pool C and Connecting
Channel
Low Lying Area

Martins Creek
Mill Brook

Unnamed Ditch
Raritan River

M1-M13
M15-M23, M-25
SD1-1 to2B-11a, 6, 7, 11
RR3

S08-10

Upstream Reference 1°
South River 9, 19, 38, 44, 53e

PC01-10, M24C, M24N, M24S

SO 12. 13

SO 1,2; RR 9.10

SD3-5

UD1-2. RR1.SD3-1 to 4-6'

RR4-8

Biota
Mummichog

Tidal Edmonds Creek
Martins Creek
Mill Brook

MC-EN 76-78, MC-ES 79-81

MC-MT 28-30; MC-MT 82-84

MC-MT 26,27; MC-MNT 85-87

Fiddler Crab
Tidal Edmonds Creek FC-EMN1-3, FC-EMS 4-6, FC-ECN 7-9, r

FC-ECS 10-12. FC-EMN 67-69,
FC-EMS 70-72, FC ECN 61 -63, i
FC ECS 64-66; Ed-Low", Ed-low", Dup", f

Ed-Dp8, Ed-Up (No Carapace)"
<r
CO



Table 1-1. (Continued)
Area

Martins Creek

Upstream Reference

Sample identification Numbers
Martins Crk. 1"

Upstream Ref. 1"
Muskrat

Tidal Edmonds Creek

Martins Creek

South River Reference Site

ML-ECN 33,49,50; ML-ECSD-35; ML-ECSU-34
ML-ECS 51,96; MK-ECN 42,52,53; MK-ECS 43-
44;54,97
ML-MC 31,45,46,95; MK-MC 40,55,56
KB 1-68C

ML-MC31, 45,46,95: MK-MC 40,55,56

KBR 1-41e

Norway Rat
Tidal Edmonds Creek NRL 39,91,92; NRK-E59.93.94

Mouse
Tidal Edmonds Creek HML-E36

•-Wehran(l991)
B - Adams et al. (1990)
c - Charters et al. (1991)
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non-detected values were reported as one-half the detection limit A geometric mean was not
calculated if (due to a large number of non-detected values or to abnormally high detection limits
for several samples) it would exceed the maximum. Samples in which the detection limit was
greater than or equal to ten times the usual detection limit were deleted. These procedures
generally follow the suggestions of Vollmerhausen and Tumham (1988).

1.3.2 Comparisons With Background Locations

In many environmental assessments, samples are collected from an upstream or nearby
area that has been selected to reflect chemical concentrations in the local area that are not
impacted by the site. In the Rl, Wehran (1990) selected a "Control Creek* area to be used to
represent "background" for comparison to the site for the purpose of selecting chemicals of
potential concern and assessing risks. Upon EPA's recommendation, the Control Creek area
(which is downstream of the site) will not be used as an estimate of background concentrations.

For the purposes of this risk assessment, sediment chemistry data from the reference
locations used in the Adams et al. (1990) and Charters et at. (1991) studies were combined and
used to represent background concentrations. The reference location used in Adams et al. (1990)
is located on the Raritan River, upstream of Kin-Buc near the New Jersey Turnpike Bridge.
Although sediments from this area could be impacted by tidal transport of contaminants from Kin-
Buc or by other local sources of contaminants. PCBs were not detected in the single sediment
sample that was analyzed. The Charters et al. (1991) reference area is on the South River.
Although it may also receive contaminants from other local sources. PCBs were not detected in
any of the five sample locations analyzed.

Comparisons of site areas to the background concentrations for selecting chemicals of
concern in sediments are described in section 1.3.4. Tissue concentrations in animals collected
from reference areas identified in the Adams et al. (1990) and Charters et al. (1991) reports were
compared with concentrations determined in animals collected from the site. No other areas were
identified for characterizing background water or biota concentrations.

1.3.3 Chemicals in Surface Water

The frequency, geometric mean, and maximum concentrations of detected chemicals in
surface waters at the site are listed in Table 1-2. Chemicals of potential concern in surface water •£
were identified based on frequency of occurrence and concentration relative to levels of concern °
for aquatic toxicity. A guidance that chemicals of potential concern should be detected in at least o
five percent of the samples (EPA1989a) was not used because no more than five samples were M

l-»
>0
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TAHE 1 -2. Compound* Detected In Surface Utter it Kln-Buc II Site

COo

oo

CofXNJnd

VOCi: (ug/l)
lent en*
2-Butenone <•)
Chlorobentene (•)
Ethylbeniene
Methyl en* Chloride
Styrene (•)
Tetrechl oroethene
Toluene
Hylene (totol) («,e)

PAN*: (ug/l)
2-NethylntphtlMlent (•)
Nophthelene

Othtr StMlvoUttlwt (ug/l)
N-NltrModlphenylMlne (•)
Phenol

PMtMUtM: (up/1)
Dl-n-butylphth«lete

Pestlcldes/PCg»: (ug/l)
Aldrln
4.4' -DOT (•)
Aroclor 1254 (•)

NeteU: (ug/l)
Aliflrinui (a.b.c.d)
Ant loony
Arsenic (•)
Oerlu* (e.b.c.d)
OeryllltM
Calclu*
ChrcMlut (e-.b.e.d)
Cobolt (o.b.c.d)
Copper (o.b.c.d)
Iron (e.b.c.d)
leed
NegnMluN
Mengcnese (o.b.c.d)
Mercury (d)
Nickel (e.b.c.d)

A. POOL C AND

FREQUENCY CEO.
MEAN

1/2
1/1
1/2
2/2
0/2
1/2
1/2
0/2
2/2

1/2
1/2

1/2
1/2

1/2

1/3
1/3
1/3

2/2
0/2
2/2
2/2
0/2
2/2
2/2
2/2

2/2
2/2
2/2
2/2
0/2
2/2

NC
NC
NC

7.3

NC
NC

42.4

NC
NC

NC
NC

NC

NC
NC
NC

702.0

3.0
94.8

57048.4
3.2

39.4

S439.2
8.1

42131.6
330.9

103.2

CHANNEL

MAXIMUM

57.0
12.0

310.0
53.0

0.6
2.0

600.0

1.0
13.0

4.0
8.0

1.0

0.049
0.16
0.33

764.0

7.0
346.0

73300.0
6.8

70.7

30500.0
15.3

48900.0
468.0

162.0

1.

FREQUENCY

1/5
0/5
0/5
0/5
0/5
0/5
0/5
1/5
0/5

0/5
0/5

0/5
0/5

0/5

0/5
0/5
0/5

5/5
4/5
1/5
5/5
1/5
5/5
1/5
1/5
5/5
5/5
3/5
5/5
2/5
0/5
4/5

EDNONDS TIDAL

CEO. MAXIMUM
MEAN

NC

NC

885.7
30.2

NC
53.3
0.7

103278.6
NC
NC

27.5
1545.0

1.4
192073.8

149.6

15.4

0.6

0.8

4380.0
48.2
1.3

100.0
1.9

154000.0
6.2

220.0
129.0

5900.0
3.8

455000.0
652.0

407.0

C.

FREQUENCY

1/2
0/2
0/2
0/2
1/2
0/2
0/2
1/2
1/2

0/2
0/2

0/2
0/2

0/2

0/2
0/2
0/2

2/2
0/2
0/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
0/2
2/2

EDMONDS NON- TIDAL

CEO. NAXINM
MEAN

NC

NC

NC
NC

2703.0

91.6
1.2

19273.0
4.6

128.3
90.8

3159.7
2.8

8000.5
542.1

203.9

2.0

2.0

1.0
0.8

2970.0

95.7
1.2

30700.0
6.4

163.0
127.0

5200.0
3.1

12600.0
563.0

295.0

D. LOW LYING

FREQUENCY CEO.
MEAN

0/1
0/1
0/1
0/1
0/1
0/1
0/1
0/1
0/1

0/1
0/1

0/1
0/1

0/1

0/1
0/1
0/1

1/1 NC
0/1
1/1 NC
1/1 NC
1/1 NC
1/1 NC
t/t NC
1/1 NC
1/1 NC
1/1 NC
1/1 NC
1/1 NC
1/1 NC
1/1 NC
1/1 NC

AREA

MAXIMUM

1

i

24700.0

3.5
312.0

1.6
54700.0

120.0
27.8

133.0
54100.0

47.2
25900.0

790.0
0.11
59.0



IM1E 1-2. Coajmmfe Detected in Surface Meter at Kin-Sue II Site

Compound

•Otaatliai
Sodiua
VanadluB (a.b.c.d)
line (a.b.c.d)

Inorganics: (•g/l)
AaHonla-Hi trogan
Cyanide (ug/l)

». POOL C Mill

FtfOjUtHCV

2/2
2/2
1/2
2/2

2/2
0/2

GfO.
MEM

48528.3
279749.9

HC
54.4

45.7

CNANNCL

MAXIMUM

94200.0
301000.0

5.0
54.6

15A.O

•. tONONDS TIOAl

fMOUENCV GEO.
MEM

5/5 75697.7
S/S 1UJ242.4
1/5 HC
1/5 HC

5/5 0.5
1/5 HC

MAXIM*

143000.0
4190000.0

••0
397.0

7.4
11.5

C. EOMOHOS HO

fKOUEHCV CEO.

2/2
2/2
1/2
2/2

2/2
0/2

MEM

8513.0
22322.6

HC
227.7

1.1

H-IIOM.

MAX INK

14700.0
54300.0

6.0
247.0

7.4

P.

FREQUENCY

1/1
1/1
1/1
1/1

1/1
t/t

IOM IVIHG

GEO.
MEM

HC
HC
HC
HC

HC
HC

MEA

NAIINUN

47600.0
72300.0

152.0
153.0

13.1
22.2

• - ••|«ct*d
HC • Hot calculated
a - Selected aa cke*lcal of potential concern!
b - Selected aa ckearical el patent lei cencernt
c - Selected aa ckeralcal ef potent I el cencernt
d - Selected aa cheailcal af potential concern:

fool C and Connect Ins Ckonnel
Cdaonfc lldel Area
IdMomfc Hon- tidal Area
Low Lying Area

Area

200



collected from each site area. Therefore, none of the detected chemicals were removed from
consideration based on a low frequency of detection.

Toxicity to aquatic biota was used as an initial screening procedure. Chemicals detected
at a maximum concentration that was less than one-half the EPA (1986) ambient water quality
criteria or lowest observed effect level (LOEL) were removed from further consideration. Toxicity
values used for this screening are listed in Table 1-3. Chemicals removed for this reason were:
aldrin. antimony, benzene, beryllium, di-n-butylphthalate. ethylbenzene, naphthalene, phenol,
tetrachloroethene, and toluene. Four metals (calcium, magnesium, potassium, and sodium),
which are only toxic to aquatic and terrestrial wildlife at extremely high levels, were also removed
from further consideration.

Methylene chloride, which was detected in one of two samples from the non-tidal
Edmonds Creek area and in no other samples, is a common laboratory contaminant. Therefore,
it was not considered to be a chemical of potential concern.

The remaining chemicals are selected as chemicals of potential concern (Table 1-4).

1.3.4 Chemicals in Sediments

Frequency of detection, geometric mean, and maximum concentrations for chemicals
detected in sediments are listed in Table 1-5.

A series of procedures was used to select chemicals of potential concern. The 5 percent
frequency guideline was first applied to eliminate infrequently detected chemicals. The following
chemicals were eliminated from further consideration on this basis: methylene chloride, 1,1-
dichloroethane, vinyl acetate, isoprtorone, 1,2,4-trichlorobenzene, 4-methylphenol. and di-n-
butylphthalate. Toxicity criteria were applied to eliminate the following chemicals of low toxic
potential to aquatic life: calcium, magnesium, potassium, and sodium.

Scientists have long been concerned about contaminants in sediments for several
reasons. Many chemicals tend to accumulate in sediments which frequently results in sediment
contaminant concentrations much greater than surface water concentrations. In addition to
serving as a sink for contaminants, sediments can also release contaminants into the overlying ^
water (EPA 1987). Recently, EPA has begun a program to establish sediment quality criteria ^
SQC which will be numeric guidelines for evaluating hazards of contaminants in sediments. SQC
may be applied in the evaluation of dredged materials, the assessment of risks and setting of §
goals for remediation at hazardous waste sites, the monitoring of habitat quality, and the
permitting of discharges (EPA 1987). £

NJ
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Table 1-3. Ambient water quality criteria (AWQC), lowest observed effect levels (LOELs),
and fish LCM( used as guidance for selecting chemicals of potential
concern in surface water*

Chemicals AWQC (*4/L)M

Acut*

VOC«:

Benzene

2-Butanont

Chlorooenzene

Styrene

Ethylbenzene

Tetracniorethene

Toluene

Total Xylenei

Chronic

LOEL(j«/U

Acute

5100

160

430

5280

6300

Chronic

700

50

450

5000

PAH»:

Naomhalene

2-Methylnaonthalene

Other semivolatilea:

N-nitrosodiohenylamine

Phenol

2300

5800

620

2560

Phthalatea:

Oi-n-tiutylphthatatt

P«stieid«t/PCB*:

Aldnn

4~4--ODT

Arodor 1254

1.3

0.13

2.0

940 3

0.001

0.014

Itotato:

Aluminum

Antimony

Arsenic

Barium

Btryllium

Chromium

7SO

69

16

87

36

11

9000

130

1600

5.3

*•" Le»,i*u"

s.eoo.ooo10

25.100-74,800ia

9.200-36.800"1

NA

NA

00o

o
O
N)

H»

Nl

76.0001*
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Table 1-3. (Continued)
Chemicals AWQC («4/L)'"

Acute Chronic

Metals (Continued):

Cobalt

Cooper

Iron

Lead

Manganese

Mercury

Nickel

Vanadium

Zinc

2.9

62

2.1

75.0

95

2.9

1000

3.2

0.012

8.3

86

LOEL (K/L)

Acute Chronic

Inorganics:

Cyanide

Ammonia (total NH,-N)

1

24.000

1

1,730

FJ«h LC^^u*

48,000'"

1.000m

4.800-17.400*

'Lower of freshwater and manne AWQC or LOEL is presented.
**' See section 3.1.1 for details on selection of appropriate AWOC.
*' Range of 96-hour values wrth freshwater fish.
"' Verschueren(1983).
"" Sprague and Log an (1979).
"' Ewelletal. (1986).
m Suggested as non-deleterious level by McKee and Wolf (1963).
'" Lee (1983).
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Table 1-4. Chemicals of Potential Concern
1. Surlaca Watar

A. Pool C»
Channal

B. Edmonds
Tidal

C. Edmonds
Non-Tidal

D. Low Lying Araa

VOCs:

2 Bulanana

Chlorobanzana

Slyrana

Xylanas

X

X

X

X X

PAH»:

2 Melhylnapnthalcna X X

CMhar aamlvotelNaa:

N-NMiosodiphanylamina

P«stlcld«ŝ >CS«:

DOT

Arodor 1254

X

X

X

Itolato:

Alum loom

Ars«nic

Barhun

Chromiutn

CobaN

Coppar

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

oax



Table 1-4. Continued

1. Surface Water (Continued)

Iron

Lead

Nickel

Vanadium

Zinc

A.
Pool C and

Channel

X

X

X

X

X

B.
Edmonds

Tidal

X

X

X

X

X

C.
Edmonds
Non-TMal

X

X

X

X

X

D.
Low Lying

Area

X

X

X

X

X

HUM f)e*nlC9t

Ammonia

Cyanide

X X

X

X X

X

£00



Table 1-4. Continued

II. Sediments

A.
Pool C and
Channel

B.
Edmonds

Tidal

C.
Edmonds
Non-tidal

D.
Low Lying

Area

E.
Martins
Creek

F.
Mill

Brook

G.
Raritan
River

H.
.Unnamed

Ditch

PAHs:

Phenanthrene

Pyrene
Total PAHs

X
X
X X

X

X

X

X

X

X

X

X

X

X

PCB's:

Aroclor 1254

Total PCBs

X
X

X

X

X

X

X

X

X
X

wHOIcHS*

Antimony

Arsenic

Cadmkim

Chromium

Copper

Lead

Mercury

Nickel

SHver

Zinc

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

01



Table 1-4. Continued

III. Biota
Edmonds Tidal Martin Creek Mill Brook

llummlchog
PCBs:

Aroclor 1248

Aroclor 1254

Aroclor 1260

X

X

X

X

X

X

X

Metals:
Cadmium
Chromium
Lead

X X

X

X

X

X

Fiddler Crab

RGBs:
Aroclor 1248

Aroclor 1254

Aroclor 1260

X

X

X

Metals:
Cadmium
Chromium
Lea"

X

X

X



Table 1-4. Continued

III. Biota
Edmonds Tidal Martin's Creek

Muskrot

PCBs:

Aroctor 1254 X X

Metals:

Cadmium

Chromium

Lead
Norway rat:

X

X

X

X

X

X

PCBs:

Arockx 1260 X
UA*A|«*ffVWiaiV •

Cadmium

Chromium

Lead

X

X

X

House mouse
PCBs:

Aroclor 1260 X

086 T



Table 1-5. Conpomfc dttactad in Mdlaontt mt KIn-auc II sit*.*

Compound

wocc (Ma/kg)
Acaton*
Bciuon*
2-Outonona
Cartoon Oiaulf Ida
Chlorobcnxano
1.1-OicMoroatbona
ftnylbtnsan*
Nathylom Cblorldt
Tatrochloroatbona
Toluona
1. 1. 1-Trfcbloroatbom
Vinyl Acatoto
My (ana (total)

MHa <oa/ka)
Aconopbtbona
Acanopbthylano
Antbracono
8onso(o)ontbrocoiw
Banio(o)pyrano
8onio(b)f iuorantbona
Boniotc.b. 1 )parylona
8onio(k)fluorofitbana
Chryaoiio
Fluor antbano
fluarana
Indono(1t2,3-cd)pyrana
2-Nathylnaphtft*lono
Haphtbalano
fbanontbrono (a.e.d)
fyron* (a.c)

Total MM (a.b.o.f.b)
Otbar 8o»l-Volotllo
Caopoimfci (o*/kB>

2-Cbloropbanol
1,2-OlcblorobonMfw
1.4-8lcbloroboniam
2.4-Blnltropbonol
4-Notbylpbonal
Oontalc acid
Boniyl alcohol
Biboniafuron
laophorona
N-NI troMdlpbonyla»lm
1,2.4-Tricblorotooiuana

•btbalotoa
bla(2-Etbylbaiiyl )obtbalatO
Butylbarayl pbtbol oto
PlalliylnMbalato
OlMtbylphtholoto

A. POOl

FREQUENCY

1/8
3/8
2/8
0/8
3/8
0/8
3/8
0/8
0/8
2/8
0/8

-r °'*co "•
O

0/8
0 '/•
0 3/8
ro 1/8

i/a
3/8

tn 0/a

00 I/B

£ 3/8
7/8
1/8
0/8
2/8
3/8
6/8a/aa/a

0/8
0/8
1/8
8/8
0/8
2/8
0/8
0/8o/a
2/8a/a

6/8
5/8
4/8
0/8

C AND CHANNEL
CEO.
MEAN MAXIMUM

NC
8.005
•.886

8.818

8.007

0.805

8.812

NN
NR
HC
HC

8.188

HC
.199
.706

HC

.176

.101
1HA

."•69

.746

HC •

8.858

8.818

14.553
8.447
8.129

8.220
8.044
8.082

8.069

8.036

8.040

8.056

0.060
0.051
0.250
8.190
8.340

0.200
8.320
2.900
8.818

3.900
8.110

M AOfl. ww
25.000
54.000

8.038

1.100

12.808

3500.000
42.000
0.150

8. EDMUNDS CREEK
CEO.

FREOCNCr MEAN

4/28
1/28
6/28
1/28
1/28
1/28
3/28
1/28
2/28
1/28
2/28
1/28
3/28

4/58
34/59
41/59
34/59
40/59
28/58
21/58
31/59
31/59
54/59
9/58

29/59
12/58
12/58
45/59
27/58
56/59

4/27
2/27
2/27
0/27
1/27

16/27
0/27
3/27
1/27
2/27
1/27

21/27
3/27
6/27
0/27

0.008
HC

0.007
NC
NC
HC

0.004
NC

0.004
NC

0.004
HC

0.004

.340

.119

.108

.212

.218

.281

.197

.310

.219

.122

.276

.183

.225

.249

.251

.382

.864

NR
8.806
8.806

NC
8.164

8.807
HC

8.006
HC

2.377
8.166

NR

- TIDAL

MAXIMUM

0.260
0.019
1.300
0.005
0.110
0.019

16.000
0.004
0.160
0.009
1.300
0.027

16.000

2.600
.150
.200
.200
.500
.600
.500
.8*0
.too
.900
.500
.500
.500
.500

5.900
4.900

15.970

.014

.190

.180

.066

.800

.160

.012

.398

.017

440.000
0.500
0.060

C. EDMUNDS • HONTIDAl
CEO.

mOUENCT MEAN MAXIMUM

O/I
1/1 NC 0.120
0/1
0/1
0/1
O/I
I/I HC 0.815
0/1
0/1
0/1
0/1
0/1
1/1 HC 0.019

0/1
0/1
0/1
0/1
0/1
0/1
0/1
0/1
0/1
1/1 8.028 8.839
0/1
0/1
0/1
1/1 HC 0.007
1/1 NC 8.819
1/1 0.036 0.049
3/3 8.887 8.888

O/I
8/1
8/1
0/1
0/1
2/1 0.072 8.198
8/1
0/1
0/1
8/1
8/1

I/I HC 1.108
8/1
1/1 HC 0.029
0/1

P. LOU

FREQUENCY

0/2
1/2
0/2'
0/2
1/2
0/2
0/2
0/2
0/2
0/2
0/2
0/2
1/2

2/2
2/2
2/2
2/2
2/2
2/2
0/2
2/2
2/2
2/2
2/2
2/2
1/2
1/2
2/2
2/2
2/2

0/2
8/2
1/2
8/2
8/2
2/2
8/2
2/2
8/2
1/2
8/2

8/2
2/2
1/2
0/2

LVIHC AREA
CEO.
MEAN MAXIMUM

HC

NC

HC

.017

.019

.045

.267

.280

.255

.134

.125

.422

.029

.111
HC
HC

.215

.626

.012

HC

8.104

8.809

NC

8.062
HC

0.078

0.042

0.011

0.018
.055
.076
.420
.460
.110

.380

.480

.668

.012

.220

.089

.160
1M

.980

.421

8.198

0.160

0.010

8.098

0.083
8.018
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Table 1-5 (cant.). Compound* detected In sedlecnts at Kin

A. POOL C AMD CHANNEL
«0.

FREQUENCY MEAN NAXINUN
Compound

•l-n-butylphthalate
Dl-n-octylphthalate

*«•*: (Mg/kg)
Aroclor-1242
•roelor-1248
Aroelor-1254 (a.b.d)
Aroclor-1260

Total PCt«" (a.b.d)
Metal*: (a*/kg)

Aluafnua
Antlamy (a.b.e)
Arsenic (a.b.h)
•arltM
••rylllua
Cad*>lua («>
Calclus
ChroMlua
Cobalt
Copper (b)
Iron
Load (b)
Netnestua
Manganese
Narcury (b.h)
Nlckal (a,b)
Potattlua
talanlua
Silver (h)
Cedlui
Thai llua
Vanedlus
line (b)
Cyanide

0/8
0/8

3/13 0.240
9/13 1.828
7/13 0.531
0/13
13/13 30.621

8/8 11820.05
5/8 5.26
8/8 20.92
8/8 65.95
8/8 1.03
2/8 1.08
5/5 U92.30
8/8 58.93
8/8 16.92
8/8 133.51
8/8 22577.07
8/8 115.51
6/6 3691.94
8/8 97.72
7/8 0.53
8/8 34.34
8/8 2143.62
5/8 1.19
5/8 1.02
5/5 1977.43
0/8
8/8 53.19
8/8 238.77
0/8

600.000
290.000
130.000

730.000

22000.00
13.10
174.00
166.00
2.20
2.80

2680.00
110.00
41.20
242.00

48000.00
258.00
6140.00
366.00
1.50
85.80

4010.00
3.80
4.10

3750.00

97.60
526.00

•uc II site.*

B. EDHONOS CREEK
CEO.

FREQUENCY MEAN

1/27
18/27

12/91
48/90
66/102
11/91
85/102

27/27
2/59
56/56
27/27
25/27
19/59
27/27
59/59
26/27
59/59
27/27
50/50
27/27
27/27
46/59
59/59
27/27
12/27
11/45
27/27
0/27
27/27
54/54
2/26

NC
0.109

0.900
0.349
0.264
0.137
0.423

15750.30
5.89
42.12
57.93
1.03
1.13

1751.83
57.46
17.10
98.21

28033.57
76.34

5276.74
160.89
0.49
43.47

2898.16
0.96
0.94

2491.16

44.16
190.68
0.71

• TIDAL

MAXIMUM

0.380
8.700

300.000
69.000
37.000
3.600

300.000

29800.00
25.25
257.00
142.00
1.90
3.30

5150.00
116.00
57.80
441.00

59500.00
372.00
8930.00
423.00
3.30

176.00
4800.00
13.80
4.70

12600.00

82.30
662.00
24.00

C. EDMONOS • NONTIOAl
CEO.

FREQUENCY MEAN MAXIMUM

0/3
3/3

0/3
0/3
0/3
0/3
0/3

3/3
0/3
1/1
3/3
3/3
0/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
0/3
3/3
3/3
0/3
0/3
3/3
1/3
3/3
1/1
0/3

0.165o.ost

13261.97

NC
52.65
1.29

1255.18
37.65
14.74
43.02

16035.82
19.53

5046.35
74.49

28. 73
4647.81

779.33
NC

43.66
NC

0.510

17800.00

2.70
58.50
1.50

2240.00
44.30
19.00
53.70

18200.00
22.20

8020.00
105.00

39.50
7990.00

1940.00
0.76
48.10
63.70

D. IOU IVINC AREA
CEO.

FREQUENCY MEAN MAXIMUM

0/2
2/2

.
0/2
1/2
1/2
1/2
2/2

2/2
0/2
R

2/2
2/2
0/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
0/2
1/2
2/2
0/2
2/2

R
0/3

0.0*0

NC
NC
NC

0.450

8431.14

63.30
0.97

1923.90
24.48
13.93
74.81

19889.70
51.27

2440.98
112.47
0.06
18.39

2075.72

NC
293.07
35.78

0.056

0.700
0.200
0.220
0.700

8690.00

93.40
1.10

1990.00
31.70
16.30
77.20

34400.00
60.30

2660.00
149.00
0.07
21.00

5580.00

0.81
352.00

44.60

• - talactad aa eheajlcal af potential concern:
b • Selected aa chearical •( potential concern:
c - Selected at chealcal of potential concern:
d • Selected aa cheated of potential concern:
a - Selected aa chealcal af potential concern:
f - Selected aa che»lcel af potential concern:
• • Selected aa ehe»leel af potential concern:
h - Selected a* chealcal af potential concern:
NC • Not calculated
NR • Not reported becauae geo. ajana exceeded MM I
• • Refected
• • Data fro* IMtran (1990); additional data froaj Uahran (1991).

MN*. and Mtala Identified aa contaarinsnts at concern.
•• - Total PCOe calculated using a value of 80 ug/Kg for non-dttects.

1248 and 1254.

fool C and Connecting Channel
Edaondi Tidal Area
Edaondt Non-tidal Area
Edwmdi Non-tidal Area
Low Lying Area
M»rtint Creek
Mill Orook

Oltch "VI

at al (1990). and
For ao«* ssnplet.

Charters at at. (1991) added far KBa.
data uera only presented far Arochlors

£00



T«t>U 1-5 (cant.). Ctmpaunh dtt«cl«d In MdiMnU •! Ktn-6uc II tit*.

E. MAR! INS CREEK
CEO.

FREQUENCY MEM MAXIMUM
Compound

VOCt: (He/kg)
Acetone 2/4 0.033 6.230
Neniene 1/4 NC 0.602
2-Butanone 3/4 0.019 6.671
Carbon Oiaul fide 1/4 K 6.814
Cklorobenione 1/4 K 6.166
1.1 OicMoroetfcane 0/4
Etkylbensene 0/4
Mtthytene Chloride 0/4
Tetracklaroetkene 0/4
lollMNW 0/4
1.1.1-trlckloroethane * 0/4
Vinyl Acetate £ 0/4
•y lone (total) f) 2/4 •.004 6.066

•Altai (•6/kf) o
Acenaphthene O 4/5 0.136 .360
Acenapfctkylene K) 4/5 .103 .190
Antkrecene 4/5 .321 .100
B*nio(e>anthraceno 4/5 .650 .200
Bcnio(a)pyrane ^ 4/5 .574 .830

J BenM(b)fliwrwitkefw $ 4/5 .462 .810
> 6enio(t.h,t)perylene r> 4/5 .154 .350

B*nto<k)fluorentkene 3/5 .266 .840
Ckryaene 4/5 .687 .300
Fluorantkene 5/5 .699 .600
Fluorene 5/5 .067 .570
lndtno(1.2.3-cd)pyr«w 4/5 .196 .300
2 NethylMffttfcatena 2/5 NR .037
Hapktkalane 4/5 .070 .120
Pkanantkrono (a.c.d) 4/5 .910 .200
fyrww (e.c) 5/5 1.223 .600

total MM (e,b,e.f,k) S/S 4.253 14.794

Other Seal-Volatile

2-Ckloropkenol * 0/4
1.2-OlcfcTorobMuene 0/4
1.4-Olcklorotteraem 2/4 6.009 6.616
2.4-Olnltrnpkenol 0/4
4-Metkylphenol 1/4 HC 6.033
Bemalc acid 3/4 •.077 0.336
•antyl alcokol 1/4 HC 6.040
•Ibeniofuran 1/4 K 6.666
liopiiOfoin 0/4
H-HitreeodlpkenytaMlna 2/4 6.022 0.276
1,2.4-lrtdttorobaniene 6/4

•htkalata*
bU(2-Etkylke«yl)r*tkelatt 3/4 1.777 4.300
Butylbeniylphtkalate 1/4 HC 6.756
Blethylphthalate 1/4 NC 6.011
OlMtkylphtkalate 1/4 NC 6.032

F. Mill BROOK
CEO.

FREQUENCY MEM MAXIMUM

1/3 HC 0.920
0/3
2/3 0.044 1.100
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
1/3 HC 0.025

1/3 HC .021
3/3 .016 .016
3/3 .030 .130
2/3 .165 .390
3/3 .106 .310
3/3 .102 .310
3/3 .052 .160
3/3 .060 .094
3/3 .135 .410
3/3 .238 .720
1/3 HC .043
3/3 0.077 .200
0/3
3/3 0.010 .011
3/3 0.128 .450
3/3 0.283 .790
3/3 1.353 .016

0/3
0/3
0/3
0/3
0/3
3/3 0.066 6.226
0/3
0/3
0/3
0/3
6/3

0/3
0/3
3/3 0.024 0.651
0/3

C. RARIIM RIVER
CEO.

FREQUENCY HEM MAXIMUM

0/2
0/2
0/2
0/2
0/2
0/2
0/2
0/2
0/2
0/2
0/2
0/2
0/2

1/2 HC .026
1/2 HC .019
2/2 .061 .072
2/2 .216 .260
2/2 .18) .240
2/2 .108 .130
1/2 HC .091
1/2 NC .110
1/2 .177 .190
2/2 .365 .380
1/2 HC .035
1/2 HC .110
1/2 HC .009
1/2 HC .016
2/2 0.126 .170
2/4 0.377 .430
2/2 1.750 .957

0/2
0/2
0/2
0/2
0/2
1/2 HC 0.067
0/2
0/2
0/2
0/2
0/2

1/2 HC 8.706
0/2
0/2
0/2

H. UNNAMED OIICN
CEO.

FREQUENCY MEM MAXIMUM

0/3
0/3
0/3
2/3 0.007 0.015
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3

1/15 NR .260
8/15 6.140 .170
8/15 NR .110

11/15 .140 .360
10/15 .180 .390
5/15 .240 .000
6/15 .170 .320
9/13 .090 .120

11/15 .150 .460
13/15 .170 .800
5/15 .170 .290
6/15 .150 .320
4/15 .190 .270
5/15 .140 .280

12/15 .150 .380
6/15 .220 .740

14/15 .600 .220

0/3
6/3
6/3
6/3
6/3
6/3
6/3
6/3
6/3
0/3
6/3

6/3
6/3
6/3
6/3

1. BACKGROUND AfEAS
CEO.

FREQUENCY HEM MAXIMUM

0/1 HC
0/1 HC
0/1 HC
1/1 HC 0.29
1/1 HC 0.37
1/1 NC 0.52
I/I HC 0.11
I/I NC 0.39
1/1 HC 0.39
1/1 NC 0.64
1/1 HC
1/1 HC 0.13
0/1 HC
0/1 HC
0/1 NC 0.30
1/1 HC 0.73
1/1 HC 3.67

/

i

j '
' ;.*3

IT:-'*
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Table 1-5 (cent.). ConpotMfc detected In aedlaenta ot 1C In-Due II »lte.

E. MARTINS CREEK
CEO.

FREQUENCY MEAN MAXIMUM
Coapound

Dl-n-butylphthelato 0/4
Dl-n-octylphthalate 1/5 NC 0.140

fCB'a: (ag/kg)
Aroclor-1242 0/4
Aroclor-1248 0/4
Aroetor-1254 0/5
Aroclor-1260 0/5

Total PCBa 0/4

Hotel a: (ag/kg)
Alualnua 5/5 10555.40 20400.00
Antlaony 1/5 NC 4.00
Araenlc 2/2 21.79 23.50
Berlin 5/5 113.88 276.00
Beryl HUB 5/5 98.00 1.70
CadMlua 2/5 1.62 29.40
Calclua 5/5 3085.15 17100.00
Chroalua 5/5 50.95 62.80
Cobalt 5/5 9.88 18.90
Copper 5/5 63.58 126.00
iron 5/5 24662.00 32400.00
Lead 5/5 77. 73 227.00
Nagnoelua 5/5 4326.22 7100.00
Nonganeee 3/5 200.92 279.00
Mercury 4/5 0.18 0.69
Nickel 5/5 23.41 25.80
•otOBBlua 5/5 1908.00 3910.00
Selenlua 2/5 0.51 1.40
Silver 2/5 0.88 2.20
Sodlua 5/5 939.29 1110.00
Thai HUB 0/5
Vanadlua 5/5 43.22 57.50
Zinc 2/2 218.83 292.00
Cyanide 0/4

F. MILL BROOK
CEO.

FREQUENCY MEAN MAXIMUM

0/3
1/3 NC 0.008

0/3
0/3
1/3 0.085 0.096
0/3
1/1 0.085 0.096

3/3 8075.41 22800.00
0/3
R

3/3 65.84 80.00
3/3 1.17 2.10
0/3
3/3 1166.08 1680.00
3/3 30.66 39.20
3/3 9.13 21.50
3/3 47.64 57.00
3/3 17715.54 21100.00
3/3 80.90 161.00
3/3 2792.44 8180.00
1/3 145.89 230.00
1/3 NC 0.07
3/3 27.27 35.30
3/3 1626.15 5880.00
0/3
2/3 0.44 0.77
3/3 175.18 324.00
1/3 NC 0.68
3/3 24.66 55.70
•

0/3

6. RARITAN RIVER
CEO.

FREQUENCY MEAN MAXIMUM

0/2
1/2 NC 0.025

0/5
1/5 NC 3.300
1/5 NC 0.140
0/5
2/5 0.250 3.300

1/1 NC 24600.00
0/1

R
1/1 NC 123.00
1/1 NC 1.60
0/1
1/1 NC 2010.00
t/t NC 41.10
1/1 NC 14.10
1/1 NC 35.40
1/1 NC 31700.00
1/1 NC 49.10
1/1 NC 7150.00
1/1 NC 704.00
1/1 NC 0.18
1/1 NC 29.10
1/1 NC 3010.00
0/1
1/1 NC 0.98
1/1 NC 2480.00
0/1
1/1 NC 51.00
g

0/1

N. UNNAMED DITCN
CEO.

FREQUENCY MEAN MAXIMUM

0/3
0/1

,

0/10
1/tO 0.100 2.100
9/15 0.240 0.870
0/10
9/15 0.120 2.970

3/3 16882.90 18100.00
0/26
14/14 22.99 125.00
1/1 48.10 52.60
1/1 NC 0.86

9/15 1.02 2.50
1/3 2454.79 5600.00

15/15 43.14 117.00
2/1 9.72 17.50

11/14 58.16 297.00
3/3 36432.01 50300.00

10/10 25.36 172.00
3/3 5713.97 7120.00
3/3 182.41 219.00

8/15 0.39 3.40
15/15 23.65 57.40
3/3 2916.96 3620.00
2/3 1.21 3.20
7/11 1.43 7.50
3/3 6366.78 16900.00
0/3
3/3 46.05 49.90

15/15 110.82 293.00
0/3

1. BACKGROUND AREAS
CEO.

FREQUENCY MEAN MAXIMUM

0/1
6/6 22.70 31.50

0/1
6/6 40.10 67.80

6/6 51.00 162.00

6/6 90.00 160.00

6/6 0.35 1.00
6/6 23.60 16.00

2/6 1.72 3.50

6/6 118.80 268.00

b
c
d

NC
MR

•elected aa cheatcal of potential concern:
Selected aa chealcal of potential concern:
Selected oa cheaical of potential concern:
Selected aa cheaical of potential concern:
Selected aa chealcal of potential concern:
Selected aa chealcal of potential concern:
Selected aa chealcal of potential concern:
Selected aa chealcal of potential concern:
Not calculated
Not reported becauae too. aena exceeded aailaua value
•ejected
Data froa Wthren (1990); additional data froa Uettran (1991).
Identified aa centaalnenta of concern.
Totol K8a calculated ualng o value of 80 ug/Kf for non-ditectt.
1748 and 1254.

C and Connecting Channel
Eoaonda Tidal Area
Edaonda Nan-tidal Area
Edaonda Non-tidal Area
Low Lying Area
Martint Creek
Mill Brook

Ditch

at al (1990). and Charter* ot al. (1991) added for K8a, MNa, and Mtala
'or Boat aaaplea. data Hero only preaented for ArocMora



Although SQC analogous to AWQC have not been formally adopted by EPA, sediment
guidance values are available and were used as a toxicity screen. EPA (1988) published interim
SQC for the following chemicals which were detected in Kin-Buc sediments: Aroclor 1254,
acenaphthene, benzo(a)anthracene, benzo(a)pyrene, flouranthene. phenanthrene, and pyrene.
Site-specific criteria (Table 1-6) were calculated for each site area based on organic carbon
content (EPA 1988). For these calculations, the geometric mean total organic carbon content for
each site area was used. For each site area, chemicals detected at a maximum concentration
less than one-half of the organic carbon adjusted SQC were removed from consideration as
chemicals of potential concern.

In this risk assessment, the ER-L (Effects Range-Low) and ER-M (Effects Range-Median)
values (Table 1-6) listed in Long and Morgan (1990) were used as guidance for the chemicals
of potential concern (total PCBs. total PAHs. and metals) for which EPA SQC have not been
proposed. The derivation of these sediment guidance values is discussed in Section 3.1.2.
These values are not adjusted for organic carbon content. All site areas where maximum
concentrations were less than the ER-L values were removed from consideration.

Versar is aware that there are concerns over the accuracy and applicability of the interim
SQC and the ER-L and ER-M values. These values are used in the absence of other guidance
values for sediment contamination. EPA's Science Advisory Board (1990) reviewed the
Equilibrium Partitioning Approach which is the basis for the interim SQC. They concluded that
there were considerable uncertainties associated with the Approach (and therefore the derivation
of the SQC), which would limit its application. Long and Morgan (1990) state that whereas the
ER-L and ER-M values may be used as guidance values, they are not to be construed as NOAA
standards or criteria. They state further that their degree of confidence in the individual values
varies from chemical to chemical.

A number of chemicals measured in on-site sediments do not have guidance values.
These chemicals were removed from further consideration as chemicals of potential concern
because, due to the sparse database on the toxic effects of contaminants in sediments, it is highly
unlikely that data linking sediment concentrations with toxic effects exist. Applying this criterion
resulted in the elimination of the following chemicals from further consideration: acetone,
aluminum, barium, benzene, benzoic acid, benzyl alcohol, beryllium, bis(2-ethylhexyl)phthalate,
2-butanone. butylbenzylphthalate. carbon disulfide, chlorobenzene. 2-chlorophenol, cobalt
cyanide, dibenzofuran, 1,4-dichlorobenzene, diethylphthalate. dimethylphthalate,
di-n-octylphthalate, ethylbenzene, iron, manganese. N-nitrosodiphenylamine, selenium, 1,1,1- <*
tetrachloroethene, thallium, toluene, trichloroethane, vanadium, and total xylenes. °

oo
K)
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Table 1 -6. Sediment quality values used as guidance for selecting chemicals of potential concern in sediments
(mglkg)

1. EPA Sediment Quality Criteria (mg/kg)*

A.
Pool C and
Channel

B.
Edmonds

Tidal

C.
Edmonds
Non-tidal

D.
Low
Lying
Area

E.
Martins
Creek

F.
Mill

Brook

G.
Rarltan
River

H.
Unnamed

Ditch

PAHs:

Acenaphthene

Benzo(a) anthracene
Benzo(a) pyrene
Fluoranthene

Phenanlhrene

Pyrene

NO

12.80

13.82

24.96

1.40

15.64

7.56

9.11

9.45

17.77

1.00

11.3

ND

ND

ND

4.65

0.26

2.96

4.50

5.42

5.62

10.58

0.60

6.62

6.48

7.81

8.10

15.23

0.86

9.54

0.90

1.08

1.12

2.16

0.12

1.32

3.78

4.56

4.72

8.88

0.50

5.56

4.67

5.63

5.84

11.00

0.62

6.89

PCBs:
Aroclor 1254 | 0.23 0.16 ND 0.097 ND 0.019 0.080 0.100

ND - Not detected; sediment quality criteria not calculated.
* EPA Sediment Qualty Criteria are calculated using the lower of the freshwater and saltwater values adjusted for the geometric mean total organic

carbon content for the area.
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Table 1-6. Continued

N. ER-L, ER-M Values (all areas) (mg/lcg)

Total PAHs:

Total PCBs:

ER-L

4

0.05

ER-M

35

0.400

Metals:
Antimony

Arsenic

Cadmium
Chromium

Copper

Lead
Mercury

Nickel
Silver
Zinc

2

33

5

80

70

35

0.15

30

1

120

25

85

9

145

390

110

1.3

50

2.2

270
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Concentrations of PAHs and metals in sediments may also be attributed to natural and
regional anthropogenic inputs as well as site-related contamination. The background areas (from
Adams et al. (1990) and Charters et al. (1991) were fairly well characterized for metals (6
samples) but not for PAHs (only 1 sample). Therefore, maximum metal concentrations in the
background areas were compared against metal concentrations in the site areas. If any of the
site area samples for a metal exceeded twice the maximum background concentration, and this
concentration was greater than the ER-M, the site area was considered to be elevated for that
metal. Because only one sample was analyzed for PAHs at the background areas, comparisons
to background were not used for selecting chemicals of concern for PAHs. Site areas were
considered to be elevated for individual PAHs if mean concentrations exceed site-specific SQCs,
and if mean total PAHs exceed the ER-L

The chemicals of potential concern for sediments are listed in Table 1-4.

1.3.5 Biota

A small number of chemicals (PCBs, cadmium, chromium, lead, and mercury) were
analyzed in aquatic and terrestrial biota in order to characterize contaminant bioavailability and
potential effects. Detected concentrations in biota are listed in Table 1-7a, b, and c. Mercury was
not detected in any of the samples. These data are from three separate investigations and
cannot be combined because of differences in sampling and compositing procedures. For
example, Charters et al. (1991) analyzed juvenile and adult muskrats of each sex separately
whereas the Wehran (1990) data is not segregated by sex or age.

PCBs were selected as a contaminant of concern in fiddler crabs because these chemicals
were detected in all analyses of animals collected from tidal Edmonds Creek reported by Wehran
(1990). Adams et al. (1990) reported detecting PCBs in crabs from tidal Edmonds Creek, and
from Martins Creek but not from the reference area.

Cadmium, chromium, and lead were also selected as chemicals of potential concern
because they were detected in tidal Edmonds Creek animals in the Wehran (1990) study. The
maximum chromium concentration measured in crabs in tidal Edmonds Creek in the Adams et
al. (1990) study was nearly 30 times the concentration in crabs from the reference area Although
Adams et al. (1990) also measured copper and zinc in animals collected from the site, the levels
in on-site and reference animals were similar (Table 1-7b). Therefore, copper and zinc were not j£
selected as chemicals of potential concern. °

oo
PCBs were selected as chemicals of concern in muskrats, rats, and mice because of their ^

detection in livers of 6/7 muskrats, 3/3 rats, and the only mouse sampled by Wehran (1990). To ^
*>
CO
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TAME 1-7a. Compound! Detected in •iota at Kin-auc II Site (data from Wehran 1990).

M
0»

Orvanleai/
Compound

NuMlchoa,

PCi't: (a«/k0)
Aroclor-1248
Aroclor- 1254
Total "CBa

Net alt: («g/k0)
Cadalua
Chixttiua
lead

Fiddler crab

•CMs (ng/kf)
Aroclor 1240
Aroclor 1254
Total *Cta

Netalei (no/kg)
Cadalua
Chraeiua
Lead

Huakrat
•das <a«/kf) (liver)

Aroclor 1254
Nttalat (MQ/kg) (kidney)

CadBliai
Chroilua
lead

VonMff rut

fCiat (a«/kt) (llvwl
Aroclor 1260

Hetalat (agykt) (kidney)
Cadalua
Chroailua
lead

Houae ajouae (liver)

•€••> (a«/kf)
Aroclor 1260

A. fDNONDS CREEK

r*EouENcr wo.
MEAN

6/6
6/6
6/6

0/6
6/6
0/6

12/12
12/12
12/12

12/12
12/12
12/12

6/r
5/r
7/7
0/7

J/3

2/3
3/1
3/3

1/1

2.070
0.890
2.970

0.970

0.490
0.330
0.830

0.300
0.840
1.510

0.06

0.280
0.280

0.230

0.100
0.280
1.500

NC

- TIDAl

NAXIHM

2.900
1.200
4.100

2.300

1.600
0.570
2.090

0.360
1.300
1.800

0.20

1.800
0.450

0.370

0.110
0.340
2.000

0.067

B. MARTINS CREEK

FREQUENCY CEO. MAXIMUM
MEAN

3/3 0.400 0.430
3/3 0.640 0.780
3/3 1.040 1.200

0/3
3/3 0.500 0.950
1/3 NC 0.580

3/3 0.620 2.300
3/3 0.240 0.440
1/3 NC 0.500

C. Mill 8ROOK

FREQUENCY CEO. MM 1 NUN
MEAN

2/2 0.640 0.880
3/3 0.580 0.910
2/2 1.380 1.390

1/3 NC 0.180
3/3 0.490 0.740
1/3 NC 0.580

NC • Not calculated

686T 300 08X
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Table l-7c. Compounds detected In muskrat Hver tt Ktn-Buc II file end
• South River rifirtncc site (fron Charters tt al. 1991).

Compound

PCBs: (mg/kg)
Aroclor 1016
Aroclor 1221
Aroelor 1232
Aroclor 12*2
Aroclor 12*8
Aroclor 1254
Aroclor 1260

Pesticides: (mg/kg)
alpha DEC
bet* BHC
gamma BHC
oclu BHC
HePtaenior
Aldrin
Enoesulfan sulfate
Metho*yenlor
Enoesuiftn I
Enocsuifan I!
Dielonn
Heotacnlor epoxide
ODTDC:
DDE

Metals: (mg/kg)
Capper

Juvtmlt iMles
Juvenile Females
Adult Miles
Adult Fern* let

Lead
Juvenile miles
Juvenile Females
Adult Males
Aoult Females

Manganese
Juvenile males
Juvenile Females
Adult Males
Adult Females

Zinc
Juvenile males
Juvenile Females
Adult Males
Adult Females

A. EDNONOS CREEK • TIDAL

FREQUENCY MEAN MAXIMUM

0/61
0/61
0/61
0/61
0/61
0/61
0/61

2/24
2/24
2/24
1/24
1/24
1/24
1/24
1/24

16/16
18/18
13/13
13/13
16/16
IB/18
13/13
13/13
16/16
16/18
13/13
13/13

16/16
IB/18
13/13
13/13

NR 0.004
NR 0.017
NR 0.005
NC 0.007
NC 0.007
NC 0.003
NC 0.004
NC 0.020

18.52
24.19
18.79
16.90
0.47
0.32
0.50
0.48
2.98
3.50
2.64
2.38

41.18
41.95
40.67
39.05

FREQUENCY

0/16
0/16
0/16
0/16
0/16
0/16
0/16

9/16
1/16
7/16
10/16
1/16
1/16
10/16

4/4
1/1
4/4
6/6
4/4
1/1
4/4
6/6
4/4
1/1
4/4
6/6

4/4
1/1
4/4
6/6

SOUTH RIVER

MEAN MAXIMUM

1.2E-03
5.0E-05
3.3E-04
S.OE-05
2.4E-04
1.6E-04
4.0E-05

a.is
NC

8.98
7.83
0.16
NC

0.20
0.20
1.77
NC

1.20
1.77

28.25
NC

20.23
19.00

4.4E-02
2.9E-04
1.IE-01
9.0E-05
1.4E-02
1.9E-04
1.3E-04

14.00

0.18

2.40

11.00
•

NC - Not Calculated.
NR - Not resorted because
* • Only means reported.

trie Man exceeded maximum value.
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be conservative, PCBs were retained as a chemical of potential concern in muskrats, despite the
Charters et al. (1991) study which did not detect PCBs in 61 animals collected from tidal
Edmonds Creek.

Cadmium, chromium, and lead were detected in kidney tissues of muskrats and rats, and
were selected as chemicals of potential concern. In the Wehran (1990) study. 5/7 muskrat
kidneys had detectable concentrations of cadmium, and 7/7 muskrats had detectable levels of
chromium. Lead was detected in all three rat kidneys. Lead was also detected in all muskrat
livers sampled by Charters et al. (1991). Although maximum concentrations were not reported,
the mean concentrations from on-site animals were about twice those reported from reference
animals. Cadmium, chromium, and lead were also selected as chemicals of concern because
of their known mammalian toxicity. Copper, manganese, and zinc, which were also measured
in muskrat livers, are all essential elements and of generally less lexicological concern in
mammals (Hammond and Beliles 1980).

The chemicals of potential concern in biota are listed in Table 1-4.

El;', ~r
COo

ooro
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2.0 ENVIRONMENTAL EXPOSURE

2.1 Potential Ecological Receptors

2.1.1 Aquatic Biota

Aquatic receptors include fish and invertebrates living in the creeks and marshes on the
site. Sampling performed as part of the Rl investigation identified the following fish species on
the site: mummichog (Fundulus heteroditus). American eel (Anguilla rostrata), and bluegill
(Lepomis macrochirus). Mummichogs were the most abundant species by far (TES 1990) and
were found in both the Edmonds and Mill Brook/Martins Creek systems. Because minnow traps
were the only sampling equipment used, it is unknown whether larger species are also present.

Fish species likely to feed at the site include the striped bass (Morone saxatilis) and white
perch (Morone americana), which have been reported in the Raritan River in Middlesex County
(New Jersey Natural Heritage Data Base 1989) and are known to feed on mummichogs (Abraham
1985).

The most abundant macroinvertebrate was the fiddler crab (Uca minax) which was found
exclusively in Edmonds Creek (TES 1990). Occasional blue crabs (Callinectes sapidus) were
collected in both creeks. A small number of grass shrimp (Hippolyte sp.) were collected in
Edmonds Creek. The benthic community was not sampled during Rl activities.

The failure to sample larger fish species or the benthic community are sources of
uncertainty in the analysis. This issue is addressed in Section 5.0.

Amphibians and reptiles observed on-site include the Fowler's toad (Bufo woodhousei
fowleri), common snapping turtle (Chelydra serpentina serpentina}. Northern diamondback terrapin
(Malaclemys terrapin terrapin), and the Eastern garter snake (Thamnophis sirtalis).

2.1.2 Plants L'j....' .

The dominant wetland plant species are Phragmites communisand Spartina cynosuroides.
In some areas. Phragmites is mixed with the following species: rose mallow (Hibiscus
mosheutos), narrow-leaved cattail (Typha angustifolia). salt marsh fleabane (Pluchea ' ro
purpurascens). water hemp (Amaranthus cannabinus), and water smartweed (Polygonum
pujnctatum). In the Spa/trna-dominated area, the marsh elder (Iva frutescens) has also been g
observed. *>

i->
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2.1.3 Birds

Bird species identified on-site are listed in Table 2-1. Wehran (1990) stated that
mammalian predator activity is likely to be limiting the populations of ground nesting species. The
primary species observed to nest in the marsh was the marsh wren (Cistothorus palustris).

2.1.4 Mammals

Mammals observed in the marsh are listed in Table 2-1. The dominant species were the
muskrat (Ondatra zibethicus). house mouse (Mus musculus), and Norway rat (Rattus norvegicus).

2.1.5 Identification of Rare, Threatened, and Endangered Species

Rare, threatened, and endangered species in the vicinity of the Kin-Buc II site were
identified through a review of the Draft Rl and searches of the New Jersey Natural Heritage Data
Base (NHDB). Cautions and restrictions on the use of NHOB data are provided in Appendix A.
No confirmed occurrences of rare, threatened, or endangered species were found in NHDB
records. However, five rare, threatened, or endangered bird species were observed on or
adjacent to the site by TES (1990) as part of the Draft Rl (Table 2-2). NHDB records for rare.
threatened, or endangered species found within a five mile radius identified 14 species including
one reptile, five birds, and eight plants (Table 2-2). The results of an earlier NHDB search for
Middlesex County are also included in Table 2-2.

2.2 Exposure Assessment

An exposure pathway consists of four elements: (1 ) a source and mechanism for chemical
release to the environment; (2) an environmental transport medium (e.g., surface water) for the
released chemical; (3) a point of potential contact between the receptor and the chemical; and
(4) an exposure route at the contact point All four of these elements are likely to be present at
the site. A potential source of on-site contaminants at Kin-Buc is the Pool C and Connecting
Channel area (Wehran 1 990). Release of the chemicals of potential concern has resulted in their
detection in surface waters and sediments at the sits. Potential contact with receptors is
demonstrated by the measurement of chemicals of concern in biota sampled on the site (although
it is necessary to determine whether portions of the body burdens are attributable to other
sources). In this section, the identification of potential exposure pathways and the quantification
of exposure are addressed. ro

oo
ro
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Table 2-1 Birds and mammals observed by TES (1990) on or adjacent
to Kin-Buc II

Common Name Latin Name

A. Birds
Double-crested cormorant"*

Great egret***

Snowy egret"1

Great blue heron*"

Uttle blue heron1**

Green-baked heron'*1

Black-crowned night-heron'*1

Yellow-crowned night-heron1*1

Canada goose"
Snow goose1"

American black duck1**

Mallard1*1

Northern harrier1*1

Red-tailed hawk**1

Osprey"1

Ring-necked pheasant4**

Northern bobwhite'**

Clapper rait""

Greater yellowlegs'**

Wlllet'*'

Spotted sandpiper4*1

Laughing gull"
Ring-billed gulf*1

Herring gull'"

Mourning dove1*1

Belted kingfisher'*1

Willow flycatcher""

Phalacrocorax auritus

Casmarodius alba
Egretta thuta

Ardta htrodias

Florida careluea

Butorides striatus

Nycticorax nycticorax

Nyctanassa vielacea

Branta canadensis
Chen caeruiescens

Anas rutripes
Anas platyrhynchos

Circus cyaneus

Buteo jamaictnsis

Pandion haliaatus

Phasianus colchicus
Colinus virginianus

Rallus tongirostris

Tringa melanoleuca

Catoptrophorus semipaimatus

Actitis macutaria

Larvs affidlla
Laws delawarfnsis

Larusmarinus ' •— ?
Ztnaida macroura
Ctrytoalcyon

Empidonax traillii oo
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Table 2-1 Continued

Common Name
Eastern kingbird'"

American crow (a)
Rsh crow (a)

Marsh wren1*
American robin*1

Gray catbird"*
Northern mockingbird"
Brown thrasher*1

European starting""
Yellow wartlerC"

Common yellowthroat*1

Northern cardinal""

Indigo bunting*1

Field sparrow*'
Song sparrow1*1

Swamp sparrow*1

White-throated sparrow"'
Red-winged ba)ckbird"M

Common grackel"M

house finch*'
American goldfinch"*

Latin Name

Tynmus tyrwnus

Corvus oracnyryncnos

Corvus ossilngia
Cistothoms pttuslris
Turdus migrttortus

Oumttatfa caroihensto
Mimus po/yytottw
Toxtst oma rvfum

Stumut wlgiris
Oendrotoa pot»chit

Qeofny/p/s trichn
Cardinal eardintHs
P»s39f9tt» cyan**
Spizill* puaillM

Mdospiz* mttodi*

Mefosptz gtorgiani*
Zonotrichi* tlbtcdlla
Agttuna pnoenfeeu*
Qiiisalits flutscute^•UnVMV UV tfUIUULMH

Ca/podacus mexicanu*
Cardueffs Wstfs

B. Mammals
Least shrew
Eastern conrrtaH
White-footed mouse
Meadow vole
Muskrat

Crypfotfs parva/

SyMltgus florid*nu»

Perwm/scus <§ucopu» .* / ; ' -A ^
Mircotu$ penrwyrvantous
Ondatra ztbetfrfeuf DO

O

O
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Table 2-1 Continued

Common Name

Norway rat

House mouse
Feral cat

Red fox

Raccoon

Domestic dog

Stripe skunk
White-tailed deer

Latin Name

Rtttus norvegicus

Musmusculus
Fete domesticus

Vulpts vulpes
Procycon lotor

Carts tonUiaris

Mephitis mephitis

Odocoilous virffinivtus

w» Observed
*' * Evidence of breeding

"r*
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Table 2-2. Rare, threatened soecies identified in the vicinity of the Kin-Bue site.
Common Name Species Federal

Status •
Fish:
Atlantic sturgeon
Shormost sturgeon

Adotnstr oxyrhynchus
Adptnsfr c/tvfrcstrum

Reptllea:
Bog turtle C/emmys muhbnbtrgii
Birds:
American bittern
Bald eagle

Great blue heron
Hensiow's sparrow

Little blue heron
Northern harrier
Osprtv
Peregrine Falcon
Savannah sparrow

Short-eared owl
Upland sandpioer
Yellow-crowned night heron

Botauna Itnuginosus
Hi/feeeft/s
/•ucoceprw/uf
Ardta htrodias
Ammondrtmta
rmnslawa

Florida ctfrutoa
Circus eyaneus
Pandion fta/ferus
Ftteo p^rtgrinus
Pusncuhj*
sandwicrttraa
Astorlsmmfus
Btrtrvna tongicaudt
Nyctanus* vietaetus

E

Stats
Status*

T

E

EH"

E
T

E

T

E

T
E

Tfl»

E
T

E

E
E
T

A B c

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Vascular Plants:
Nutters mudwort

Sea-beach knotweed
Srnafl skulcao
Stiff goldenred
Swanvpink
Variable bunchflower
Whorted water-mute*

AMvanine/num
rrocnmrwnoidM
PoyQonufn Qltucurn
ScuWHria tasntnff
SoSdtgo rtgH*
Hetonia* buHtUt
MMantn/um totrpfrwcum
juynbpnytfum
vvticiHttum

PE

T

E

E
E
E
E
E
E

X

X
X
X

X

X

X

X

•E -
A .
B .

C -

Endangered, T • Threatened, T(b) • Identified as Threatened (breeding status only) by TES
(1990)" _
Observed on or adjacent to WrvBuc site by TES (1990).
Rare, threatened and endangered species occurring wttMn one mile of Wn-Buc.
New Jersey Natural Heritage Data Base seerch mraated by Versar (1990).
Rare, threatened and endangered spedes occurring In Middlesex County, NJ.
New Jersey Natural Heritage Data Base search mraated by FWS (1989).
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2.2.1 Pathways for Exposure of Aquatic Biota , " '

Aquatic biota may be exposed to chemical contaminants at the Kin-Buc II site through the
water column (via respiration for fish and invertebrates), by contact and incidental ingestion of
sediments, and through the food web. Hydro-phobic chemicals such as PCBs released to surface
waters tend to partition from the water column into sediments (Eisler 1986a). Sediments can
serve both as a sink and a source for hydrophobia chemicals (Jennett et al. 1980). Processes
such as storm events, sedimentation, and foraging and burrowing movements of aquatic biota
influence the transfer of chemicals between the water column and sediments. Aquatic organisms
can also accumulate contaminants such as PCBs through the food chain (Thomann 1981).

Relevant environmental fate processes for the chemicals of potential concern in biota are
provided in Section 2.0 of the Human Health Assessment portion of this RA.

2.2.2 Pathways for Exposure of Wetland Species

Plants may be exposed to contaminants in air, soil, or water. Because phytotoxicity data
generally link soil concentrations with effects, the focus of the hazard assessment for plants will
be on exposure to contaminants in marsh sediments.

Birds that inhabit the marsh areas may be exposed to contaminants through the drinking
of surface water, contact and incidental ingestion of sediments, and through the diet. Two
potential pathways for contamination will be evaluated based on the species observed in the
marsh. The red-tailed hawk (Buteo jamaicensis) has been observed in the marsh area and is
known to feed on small rodents such as mice and rats which are also present in the marsh. The
great blue heron (Ardea herodias) has also been observed on the banks of the Raritan River and
has been observed to feed on fiddler crabs in a nearby marsh (Wehran 1990).

In birds, dietary exposures appear to be a major route for the uptake of PCBs, and several
heavy metals (Eisler 1986a, 1987a, 1988a). Exposures of the heron and hawk will be estimated
for the chemicals of potential concern that have been measured in their prey: PCBs, cadmium,
chromium, and lead. For these chemicals, dietary and drinking water exposures will be added.
There is insufficient information to estimate contaminant exposure through incidental ingestion of
sediment. The assessment is restricted to these chemicals because prey concentrations would ^
need to be modeled from sediment or surface water concentrations for the other chemicals of o
concern. Because bioconcentration factors vary considerably among species and because the
relationships between sediment and biota concentrations are also variable, these estimates {•>
cannot be made with any confidence.

H>

•&
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Estimates of exposure will be made for each area where concentrations were measured in ;
prey species. For the heron, exposures will be estimated at tidal Edmonds Creek, Martins Creek,
and Mill Brook. For the hawk, .exposures will be estimated at fJdaJ Edmonds Creek. Exposure (
through drinking water will be estimated only at tidal Edmonds Creek because no samples were '
collected from' Martins Creek or Mill Brook.

Both an average and a maximum exposure will be estimated. For the average exposure, '
estimates of the geometric mean surface water or diet concentration will be used. For the
estimation of maximum exposure, the maximum concentrations will be used. Where data permit '
the average and maximum percentage of the year spent feeding on-site will be used for the
average exposure and maximum exposure estimates, respectively.

4

Drinking and feeding rates for the hawk and heron will be estimated using equations
developed by the Wisconsin Department of Natural Resources (1989). which relate these rates
to body weight. For both birds, information on the amount of time likely to be spent feeding on
the site was gathered through tfie literature and from personal communications with local experts.
Year-round populations of red-tailed hawks have been observed at nearby landfills (R. Kane, New i
Jersey Audubon Society, personal communication). According to R. Kane, these hawks
frequently feed exclusively in a single landfill because of the abundant rodent population. Thus,
for the hawk, it was assumed that the birds would spend 100 percent of the year feeding. Onsite
PCB concentrations measured in liver tissues of rats, will be used in estimating exposures to the
hawk. Metal concentrations in rat kidneys will also be used. It is recognized that these
concentrations may only approximate whole body concentrations, which were not measured at
the site. Uncertainties associated with this approximation are addressed in Section 5.0. j

Herons feeding onsite tend to travel from nest sites in the Great Swamp (NJ), Staten
Island. (NY), or East River (NY) (R. Kane, personal communication). Thus, it is likely that many
herons should feed at a number of marshes rather than exclusively at tidal Edmonds Creek. PCB
concentrations in tiddler crabs were determined in two manners. Wehran (1990) reported whole
body residues, whereas Adams et al. (1990) measured one sample for residues with the carapace
removed. Separate estimates of chemical dosages will be computed using Wehran (1990) whole
body and Adams et at (1990) carapace-free data. However, it is difficult to estimate a
percentage of the time herons would feed at any one location. Therefore, to be conservative, for
the purposes of this assessment it was assumed that herons would feed exclusively at the site. I

x
Recher and Recher (1980) reported that the diet of New Jersey Great Blue Herons o ,

consisted of 91.9 percent fish. 6.3 percent crustaceans, and 1.8 percent'other*. Based on these Q I
data diet in tidal Edmonds Creek is presumed to be 90 percent mummichog and 10 percent o
fiddler crab for the purposes of estimating exposure. I
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Both year-round (12 month) and migratory (6-month) residents exists in the area (R. Kane,
personal communication). It was therefore assumed that an average heron would spend 9
months feeding onsite and a maximally exposed heron would spend 12 months feeding onsite.

The parameters used to model bird exposures and the chemical dosages are summarized
in Tables 2-3 and 2-4. The uncertainties of these model assumptions are discussed in
Section 5.0.

Mammals may be exposed to contaminants through drinking of surface water, contact and
incidental ingestion of sediments, and through the diet. Although risks from ingestion of surface
water can be estimated, there are insufficient data to estimate exposure through the other routes.
The diet of mice and rats is largely vegetation; no samples of marsh plants were analyzed for
contaminants. Therefore, since these species are residing in the marsh, it will be assumed that
contaminant exposure is through a combination of these routes. In view of the uncertainties
involved, rather than attempting to model mammalian exposure, risk assessment will be
performed by comparing body burdens in Kin-Buc species with levels associated with effects in
studies found in the literature.
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Table 2-3. Parameters used to model exposure of birds to contaminants at Kin Buc

A. Great Blue Heron

Body wt.
Feeding rate
Drinking rate
Diet
Number of months on-site

Fraction feeding performed
on-site
Site areas

Dietary Exposure
Equation

Drinking Water Equation

3.0kg
0.1 19 kg/day
0.123 L/day
90% mummichog; 10% fiddler crab
9 (average); 12 (maximum)

1.0

Tidal Edmonds Creek
Martins Creek
Mill Brook

Forbush (1925)

Estimated; equation from Wisconsin DNR (1990)
Estimated; equation from Wisconsin DNR (1990)
Recher and Recher (1980)
Average of year-round (12 month) and migrant (6-
montri) populations (R. Kane. personal communication)
Conservative assumption

Use 90% fish + 10% crab as diet
100% fish diet (no crab body burden data)
100% fish diet (no crab body burden data)

(00 • Mam |»*ri| ?* . 0.1 » Mean |crab| £•) x — — ̂  * I.OflracMon of y*v orate)
kg kfl oay

3.0 kg body wt

Mean (surface water] IRQ u V.lZ3L u « j»<«_^ _*• —— ^m - — — - -^_^at—A

3.0 kg body weight

r

(D

• I.
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•Table 2-3 . (Continued)

B. Red-tailed Hawk
Parameter

Body Wl.

Feeding rale
Drinking rate
Diet
Number of months on-site
Fraction of feeding on-site
Dietary Exposure Equation

Drinking Water Equation

Value ,
It kg

0.062 kg/day
0.063 L/day

100% rat
12
1.0

1

Comments/Reference
Claik (1987)

Wisconsin DNR (1989)

Wisconsin DNR (1989)
R. Kane (personal communication)
R. Kane (personal communication)
R. Kane (personal communication)

rail mB x ° °62 kfl
""' kg day
1.1 kg body weight

(surface water) fTlfl x 0.083 -}=-L day
;' . 1.1 kg. body weight
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Table 2-4. Estimated chemical dosages for birds exposed to PCBs cadmium, chromium, and lead.

A. Great Blue Heron (mg/kg/day)

Chemical

Tidal Edmonds

Dlel Drinking
Water

Total
Exposure

Martins Creek

Dt«t Drinking
Water

Total
Exposure

Mill Brook

Diet Drinking
Water

Total

Average Exposure

PCBsw

Cddmiuvn

CnfCMVnUfn

Lead

PCBs

CftCMmJIVI

Chromium

Lead

8.20E*;
1.21E'

0*

2.85E'

0"

1.55E'
tME I

0"

8.73E'

0"

0«

0"»

1.91E'"*

«31E*

8.20E';
121E1

0

287E'

4.31E*

3. IDE2

Ow

1.49E'

1.73E1

O"1

QM

0(<l

QH

3.10E1

0

1.49E*

1.73E'

Maximum Exposure

o«

O1*

2.54E*

1.56E*

1.55E1

t»it i

0

875E'

1.56E'

4.76E*

QM

3.77E'

2.30E1

0«

O"1

o«-
o"1

4.76E1

0

3.77E*

2.30E*

4. IDE*

s.seE**

1.46E'

\.72E™

5.51 E1

7.14E*

294E'

2.30E*

o"«

OM

o"»
o"«

4.10E1

5.36E'

146E'

1.72EW

o"»

o"»
o"»
o1"

5.51E'

7.14E1

294E*

230E'

ZOO 08M



Table 2-4. (Continued)

B. Red-laMed Hawk (mg/kg/day)

Chemical

Tktel Edmonds | Martins Creek | Mill Brook

DM

PCBs

Cadmium

Chromium

Lead

1.30E1

S.64E*

1.S8E4

e.48E*

Drinking
Water

Total I Dlel
Exposures |

Drinking
Water

Total 1 DkM
Exposure |

Drinking
Water

Total

Average Exposure

0»

0«

3.55E4

8.02E4

1.30E*

S.64E'

194E1

8.54E1

Maximum Exposure

PCBs

Cadmium

Chromium

Lead

2.08E*

6.20E*

1.92E*

1.13E1

0*

0"

3.55E^

2.18E-1

2.0BE*

620E1

1.96E1

M3E'

•_•

10

M Not detected In surface water.
M Not detected in ttoh tissue.
* Based on single measured concentration In llsh.
M Based on single, measured concentration in water.
M First value to based on Wehran (1990) data tor whole tiddler crabs; second value Is based on Adams el al. (1990) data lor IkkNer crabs without carapace.
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3.0 Toxicmr ASSESSMENT

3.1 Methods for Assessing Toxlcltv and Risks of Contaminants to Aquatic
Species

3.1.1 Surface Water Exposure

Potential risks to aquatic life are assessed by comparing the measured surface water
concentrations with the EPA (1980,1986) Ambient Water Quality Criteria (AWQC), which were
developed to protect 95 percent of all aquatic species. Geometric mean surface water
concentrations are compared with chronic (4-day average) AWOC, and maximum surface water
concentrations are compared with acute (1-hour maximum) AWQC. For the contaminants for
which no AWQC exist, concentrations are compared with measured or estimated chronic toxicity
values (preferably lowest observed effect levels (LOELs) or no observed effect levels (NOELs))
obtained from the literature. Chemicals at concentrations that equal or exceed the LOELs, or
exceed the NOELs, may pose an increased risk to the aquatic life of the area.

For several of the chemicals of potential concern in surface water, chronic toxicity data
such as NOELs or LOELs, were unavailable. In these cases, fish acute toxicity data (LC^s) were
located and included in the report to provide the reader with some indication of the chemical's
toxicity. It is recognized that LCsos are measures of toxicity whereas AWQC are protective
concentrations. However. LCsos were listed because values associated with less mortality (such
as LC.gS) are rarely calculated.

Various water quality parameters must be known in order to apply the correct AWQC
value. Although no measurements of salinity were made for the Rl. salinity was reported to vary
from 0 to 7.5 parts per thousand in samples collected from the Raritan River about 3 river miles
downstream of the site (Schmid and Company 1987). Because this is an estuarine area, the
lower of the freshwater and marine AWQC was selected for assessing risk (as recommended by
T. Purcell. U.S. EPA. Water Quality Standards Branch, personal communication). Hardness
varied from 40 to 1,000 mg CaCOyl at this location with a geometric mean of 120 mg CaCOj/1
(Schmid and Company 1987). Therefore, for the metals with hardness-based freshwater criteria,
a value of 100 mg CaCOyl was used. Schmid and Company (1987) reported that pH varied from
2.72 to 8.15 with a median value of 5.6-5.7. For calculating ammonia criteria, a pH of 6.5 (the x
lowest value for which criteria exist) and a temperature of 20°C (representative of spring and fall o
temperatures) was used. 0

o
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3.1.2 Sediment Exposure

Toxicity of sediment contaminants are assessed by comparing geometric mean
concentrations with recommended criteria or guidance values. ERA (1988) interim SQC are
available for six PAHs and one PCB present at the site. Following ERA (1988) procedures.
criteria are calculated for each area of the site by multiplying the geometric mean total organic
carbon concentration measured at locations in the area by the criteria value. EPA interim SQC
are presented as a mean and a 95 percent confidence interval. As recommended by EPA. the
lower value of the 95 percent confidence interval for the criteria was used to represent the limiting
concentration which, with 97.5 percent certainty, will result in protection from chronic effects.
Geometric mean rather than maximum sediment concentrations are compared because the SQC
are analogous to chronic AWQC. Maximum concentrations are evaluated iin the assessment as
providing evidence of "hot spots* and therefore, provide valuable data on the pattern of
contamination.

EPA has not issued SQC for the following chemicals of concern: antimony, arsenic,
cadmium, copper, lead, mercury, nickel, silver, zinc, total PAHs. and total PCBs. Long and
Morgan (1990) summarized available field and laboratory studies on the toodcity of chemicals in
sediments. By listing the measured sediment concentrations in ascending order along with the
observed effects, they calculated an ER-L and an ER-M (Effect Range-Median). The ER-L is the
10th percentile concentration and is used as an estimate of the concentration above which
adverse effects may begin. The ER-M is the 50th percentile and is used an the concentration at
which effects were frequently observed. In this report both the ER-L and the ER-M
concentrations are used as guidance values for assessing toxic effects on benthic species.

Uncertainty in the use of sediment guidance values is discussed in Section 5.0.

3.1.3 Evaluation of The Significance of Body Burdens of Chemicals of
Potential Concern

A small body of literature exists in which both body burdens sind toxic effects are
described in fish and macrocrustaceans. For each of the chemicals of concern in biota, these
data will be obtained. Toxicity will be assessed by comparing body burdens associated with
adverse effects (Table 3-1) with geometric mean and maximum concentrations measured in fish
and crabs at Kin-Buc II.

x
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Table 31 . Concentrations of PCBs, cadmium, chromium, and lead associated with toxic effects in flsh and
mammals

A. Fish
Chemical

PCBs

<*Mum

M§^_^_L^_\smimivuvn

Lead

ConccnirMlon
2.7 mgfcg (eggs)

0.12 mgffcg (ovaries)

02 mg%g (ovaries)

3.8 mgfcg (whole body)
(Hexachtoro-biphenyl)

17.0 mg/Vg (eggs)

•5 19t0w0 (•dull* wnow
body)
1 .6 mo/kg (adult, whole
body)

S.O mgfeg (whole body)

•< 1 mgftg* (lesles)

HA

-17 mgftg (ovary)

Species
Rwnbow Iraul
(Oncorhynchus myUaa)

BaMctoundar (gonads)
(Phtkblhys Hesus)

Stofty Hounclsc
(Slafchtys s*t**us}

CninooK tMnon
(Qtcortynchus
tshawytsch)

AlanHc salmon (Smkno
Mfarj

Mbmow (Photdnus
phoxinus)

Mbmow f Pnonnus
pttoxinus}

Mummlchoa (Fundulua
rMf0fULOTt/9f

Brook Iroul (Safcwfnu*
^-.-^*- ^a»_*KlfMN10ll9|

Oftviwn9 pfcn ̂ WMMM
Iwludvf̂ cftff

EHecis
R«duc*d hatch; Increased larvae
delormiVen

Association with population dednea

Decreased reproductive success

Daa«i

mtf -, , a - Mfc tOUT* rnonainy

Eicess fcy mortally from premature
hatching of eggs

No eNect on reproduction

IHe twealening*

TesMcular necrosis

lUo r̂̂ -oduclten

Reference
Hogan and Draughn

Von Weslemhagen at
al. (1981)

Spies el al. (1985)

Broyles and Noveck
(19?9)

JOfWI4WtS9OO •! M.
(1970)

Bengtsson (1980)

Benglsson (I960)

Ebler (1985a)

Sangalang el al.
(1979)

Tutasl el al. (1989)

B. Mammals
Chemical

PCBs

Conc«nlr»tlon

2.3 mo*g(whoU body)

248«o>o(«ipo )̂

Spvctott

iRmltô OOî Q IHOU89
(P«fomyscus feucoapus)

MmK |nKlS§Mi W9(V^

Effects

reproduction IFien study; results
may be partlafy attributable to PCBs|

ReproducMVe falure

Reference

Bally et al. (1990)

LaW«H âA«î ^M •*•* ^A
1 VUHIBfMsw VI •§.

(1983)

Ul
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Table 31 (continued)
Chemical

Cadmium

Chromium

Lead

Concentration

1 17 mg/Kg (renal
cortex)

> lOmgftg

Species

RafcbH (Orycfofagus
cuniculusj

Raccoons (Procyon
tofor)

E Heels

Depressed kidney function

No effects In chronic oral
exposure studies
Brain lesions characlerislic of
lead poisoning

•teieience
&IMBML .__-_ i^noitNorrayama (19B1)

ATSDR (I989C)

Oilers and Niebeo
(1978)

NA No studfes found retattng whole body or organ levels v*h loxfctty effects.
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3.2 Methods for Assessing Toxicity To Wetland Species

3.2.1 Birds and Mammals

Although EPA has not issued criteria for the protection of wildlife from chemicals in surface
water, the State of Wisconsin recently issued wild and domestic animal criteria (WDAC)
(Wisconsin Department of Natural Resources (ONR) 1989). These values are expressed as
surface water concentrations and are designed to protect wildlife species from adverse effects
resulting from drinking of surface waters and from ingestion of aquatic organisms taken from
surface waters. For the chemicals of concern in surface waters, values are available for mercury
(0.002 u.g/1), DOT (0.00015 \ug/\) and PCBs (0.003 (ig/l). Geometric mean and maximum surface
water concentrations of these three chemicals will be compared with Wisconsin WDAC.

For the purposes of this assessment, toxicity reference values (TRVs), listed in Table 3-2,
will be derived to assess the risks of exposures of birds to PCBs, cadmium, chromium, and lead
at the site. TRVs will be derived for each chemical by locating appropriate laboratory studies and
applying safety factors. The guidance provided by Wisconsin DNR (1990) for developing toxicity
values to protect wildlife wil! be followed. When available, long-term studies which reported a no
observed effect level (NOEL) will be used as a basis for TRVs. Wisconsin DNR applied safety
factors to toxicity values to account for differences in species sensitivity, to extrapolate from short-
term studies to chronic studies, and to extrapolate from LOELs to NOELs. For chemicals in which
many bird species have been tested, the lowest NOEL will be used as a TRV without dividing by
a safety factor. In cases where few data exist, Wisconsin DNR recommended that a NOEL may
be divided by a factor of 1-100 to account for differences in species sensitivity. For studies in
which a LOEL rather than NOEL was identified, a TRV can be estimated by dividing the lowest
LOEL by a safety factor of 1-10 depending on the severity of the observed effects.

For the mammals, the lack of data for contaminants in diet organisms precludes the use
of this approach. Therefore, effects in the mammalian species will be evaluated by comparing
body burdens associated with toxic effects in laboratory studies (Table 3-1) with geometric mean
and maximum tissue concentrations measured in mammals at Kin-Buc II.

22.2 Plants

The toxicity of chemicals of potential concern will be evaluated by comparing soil or ro
sediment concentrations reported to be phytotoxic (Table 3-2) with geometric mean concen-
trations in Kin-Buc II sediments. It is recognized that use of soil data to estimate sediment §
exposure is subject to considerable uncertainty (see Section 5.0). "
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Table 3-2. Toxicity Reference Values (TRVs) for birds and
plants'

A. Birds
Chemical

PCBs
Cadmium
Chromium

Lead

TRV (mg/kg/day wet wt)
0.375

0.05

0.125

0.312

B. Plants
Chemical
PCBs
PAHs

Antimony

Arsenic

Cadmium

Chromium

Copper

Lead
Mercury

Nickel

Silver
Zinc

TRV (mg/kg/dry wt)
26

NA

5

15

2.5

64

60

46

6

100

2

260

Derivations of TRVs are described in Section 3.0
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3.3 Toxlcltv Profiles For Key Chemicals of Potential Concern

For the chemicals of concern in biota, toxicity profiles describe: (1) effects on aquatic life
from water and sediment exposure: (2) effects on marsh plants from sediment exposures; and
(3) toxicity to wildlife species. For the chemicals of concern in sediments, toxicity profiles
describe effects on aquatic life from water and sediment exposure and effects on marsh plants
from sediment exposure. For the chemicals of concern in surface water, AWOC and other toxicity
data are listed in Table 1 -3.

3.3.1 Chemicals of Concern In Biota

Polychlorinated Biphenyls (PCBs) "" "

Uses of polychlormated biphenyls (PCBs) included applications as heat transfer agents,
lubricants, dielectric agents, flame retardants, plasticizers, and waterproofing agents (Eisler
I986a). Although uses were severely restricted in the mid-1970s, PCBs continue to be
contaminants of concern due to their global distribution, persistence, tendency to bioaccumulate,
and toxic effects. Reviews of the environmental toxicity of PCBs include those prepared by EPA
(1980), Eisler (1986a), Field and Dexter (1988). and ATSDR (1989a).

In general, the acute toxicity of PCBs to aquatic organisms increases as the degree of
chlorination decreases (Eisler 1986a). However, the more chlorinated PCBs tend to
bioaccumulate to a greater extent than the less chlorinated PCBs (Shaw and Connell 1982).
Sublethal effects in fish include decreased growth, skeletal abnormalities, anemia, and
interferences with osmoregulation. Reproductive effects include decreased egg hatchability,
increased frequency of larval deformities, poor larval survival, and total reproductive failure. PCBs
cause induction of mixed function oxygenase (MFO) enzymes which may be related to
reproductive function (Field and Dexter 1988). MFO induction has been used as a biological
marker for PCB exposure.

EPA (1980) established acute and chronic average criteria of 2.0 and 0.014 pg/l total
PCBs in freshwater. For saltwater, the acute and chronic criteria are 10 and 0.03 iig/l,
respectively.

PCBs tend to partition into sediments where they may cause adverse effects on benthic ^
species and other aquatic organisms. EPA (1988) has proposed interim SQC for Aroclor 1254 g
in freshwater and saltwater sediments. At a total organic carbon concentration of one percent,
the lower 95 percent confidence value is 0.195 mg/kg for freshwater and 0.418 mg/kg tor o
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saltwater. Long and Morgan (1990) listed 0.050 mg/kg as an ER-L value and 0.400 mg/kg as an
ER-M value for total PCBs. All sediment values in this assessment are as dry weight.

There is also concern that PCBs in sediments can be bioaccumulated by fish and other
organisms in the water column through partitioning from sediment into water, ingestion of
sediments while feeding, and through the food web. These processes have been verified in
laboratory, field, and model ecosystem studies (Larsson 1986; Seetye et aJ. 1982; Rice and
White 1987; Rubinstein et al. 1984). Field and Dexter (1988) summarized studies in which
fish/sediment ratios ranged from 0.4 to 20. The authors concluded that a tissue/sediment
bioaccumulation factor of one is more likely to underestimate than to overestimate concentrations
in resident biota.

Fiddler crabs (Uca pugilator and Uca minax) accumulated PCBs from sediments in
laboratory studies by Clark et al. (1986). Crabs were exposed to PCB contaminated mud
(1 .0 mg/kg dry wt.) and a PCB contaminated mud-sand mixture (0.37-0.55 mg/kg dry wt) for 28-
42 days. Bioaccumulation factors [wet wt. tissue(induding carapace)/dry wt. sediment] ranged
from 0.19 to 1.07. Clark et al. (1986) concluded that sediments can serve as a PCB source for
fiddler crabs, although uptake is considerably less than that from water. PCB accumulation from
sediments is strongly affected by the organic carbon content of the sediments. Rubinstein et al.
(1983) reported tissue/sediment ratios for sandworms (Nereis wrens) were 0.15 in a highly
organic sediment and 1.59 in a low organic sediment

As summarized by Eisler (1986a), PCB exposure in birds has been associated with
biochemical, histopathological, and behavioral abnormalities. In field studies. PCB concentrations
were inversely related to eggsheH thickness but these effects may be due to other
organochlorines such as DOT and diekjrin. No effects on survival or reproduction were observed
in screech owls (Otus asio) fed at a dietary level of 3 ppm Arodor 1248 over two breeding
seasons (McLane and Hughes 1980). This corresponds to a dose of 0.375 mg/kg/day based on
a dietary conversion factor of 0.125 mg/kg body weight per ppm food, which was developed for
birds of similar size (USDA 1984). This value is used as a TRV in this assessment

Whereas no feeding tests with PCBs and great blue herons (Ardea herodias) were found,
several studies have shown that herons are sensitive to PCB exposure. Hoffman et al. (1986)
found a negative correlation between the growth of embryonic black-crowned night heron
(Nycticorax nycticoratf and PCB levels in eggs collected from the same nest PCB
concentrations ranged from 0.8-52.0 mg/kg (geometric mean: 4.1 mg/kg). Although ODE was
also reported in the eggs, there was no correlation between DDE levels and embryonic weight

oo
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PCBs can affect wild mammals by causing mortality, behavioral changes, or interfering
with reproduction. In his literature review, Eisler (1986a) stated that mink are especially sensitive
to PCBs. with a dietary level of 0.64 ppm producing reproductive failure and a level of 1.0 ppm
causing mortality. Homshaw et al. (1983) fed mink PCB-contaminated fish and monitored
reproductive effects and tissue residues. Mink fed a diet containing 1.5 ppm PCBs did not give
birth to any live"kits. The mean PCB concentration in adipose tissues was 24.8 mg/kg. In minks
fed at 0.48 ppm, there were no effects on reproduction. Mean adipose tissue PCB concentration
was 6.0 mg/kg. All tissue concentrations in this assessment are as wet weight unless stated
otherwise.

While no studies were found on the muskrat, house mouse, or Norway rat. several
multigenerational studies have been reported on the white-footed mouse (Peromyscusteucospus).
Linzey (1987, 1988) reported that chronic exposure to a dietary level of 10 ppm resulted in
decreased growth of young, longer intervals between births, and smaller fitter sizes at birth and
weaning. In a field study, white-footed mice exposed to PCBs, cadmium, copper, and zinc had
significantly elevated relative liver, kidney, spleen, and adrenal weights (Batty et al. 1990). PCB
body burdens averaged 2.3 mg/kg and were correlated with relative elevated liver weights. The
authors noted an absence of young during the breeding season and concluded that decreased
reproduction was attributable to exposure to PCB and/or cadmium. According to the authors, the
effect on liver weights was most likely attributable to PCBs. since, in ajjrevious feeding study with
rats, cadmium exposure did not affect liver weights.

PCBs are not very toxic to terrestrial plants, probably because of their strong sorption to
soils. A soil PCB concentration of 100 mg/kg resulted in a 27 percent reduction in growth in
soybean plants (Weber and Mrozek 1979). Significant reduction in growth was also observed in
com at 100 mg/kg PCBs (Strek et al. 1979, as cited in EPA 1985a). Strek et al. (1981, as cited
in EPA I985a) reported that reduction in growth was not however, significant for soybeans and
beets at 100 mg/kg PCBs. Fries and Marrow (1981, as cited in EPA 1985a) observed no
significant effects on soybean growth at 2 to 3 mg/kg PCBs. Ostrich ferns growing on sediments
with PCB residues of 26 mg/kg (mostly Aroclor 1254) showed five-fold increase in somatic
mutations as compared to ostrich ferns from control areas (Klekowski 1982 as cited in Eisler
I986a). Other plants in the contaminated area were not genetically damaged. Based on the
above discussion, a TRV of 26 mg/kg was used in this assessment

Plant uptake of PCBs was reviewed by Pal et al. (1980). They cited the study of Walsh ^
et al. (1974) who grew red mangrove seedlings on soil containing 0.03-6.0 mg/kg Aroclor 122. %
An uptake factor (plant concentration/soil concentration [both using dry weight]) of 0.25 was
calculated at the highest concentration. At soil concentrations below 0.3 mg/kg, PCBs were not o
detected in plant tissues.

o
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Cadmium

EPA (I985b) and Eisler (1985) reviewed the aquatic toxicity of cadmium. Cadmium
toxictty in freshwater decreases with increasing water hardness. EPA (I985b) established
freshwater acute and chronic criteria of 3.9 iig/l and 1 .1 u0/l, respectively at a hardness of
100 mg CaCCyi. EPA (I985b) marine acute and chronic criteria are 43 ng/l and 9.3 ng/l,
respectively.

Bioconcentration factors for cadmium range from 3 for brook trout muscle (Benoit et al.
1976) to 12.400 for whole body residues in mosquito fish (Gesy et al 1977). Cadmium is
preferentially accumulated in the liver, thus reducing concentrations in the muscle. Accumulated
cadmium is slowly depurated by freshwater fish (Benoit et al. 1976, Kumada et al. 1980; as cited
in EPA I985b). Kumada et al (1 980) found faster depuration of cadmium that was consumed in
the diet versus that taken from the water column. In fish, metal-binding proteins
(metallothioneins) provide some protection against cell injury.

Eisler (1985) reported that whole body residues equal to or greater than 5 mg/kg were
associated with increased mortality. These data are from Eisler's earlier studies with
mummichogs. Sangalang and Freeman (1 979) reported that, after a chronic laboratory exposure,
two brook trout with cadmium concentrations of "less than one" mg/kg in the testes showed
histopathoiogic lesions in the organ.

There are considerable data on the toxicity of cadmium in sediments to aquatic biota.
Long and Morgan (1990) summarized the results of 10-day spiked-sediment bioassays with the
marine amphipod (Rhepoxynius abronius). LCM ranged from 1.0 to 25.9 mg/kg. Based on
laboratory and field studies, an ER-L of 5.0 mg/kg and an ER-M of 9.0 mg/kg were proposed.

Rubinstein et al. (1983) found that sandworms (Nereis wrens), hard clams (Mercenaria
mercenaria), or grass shrimp (Palaemonetes pugio) did not accumulate cadmium after 100 days
exposure to contaminated sediments. They attributed the lack of uptake to the binding of
cadmium to organka and the formation of metal sulfides. DiToro et al. (1990) found that the
bioavailability and toxicity of cadmium in sediments varied inversely with the amount of acid
volatile sulfides, which are thought to bind with metals in sediments.

The effects of cadmium on birds and terrestrial wildlife were reviewed by Eisler (1985).
Behavioral changes were observed in young black ducks (Anas rubripes) produced from parents
fed 4 ppm dietary cadmium for approximately 4 months before egg laying (Heinz and Haseltne
1983). A bird TRV of 0.05 mg/kg/day was derived based on this study. A dietary conversion o
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factor of 0.125 mg/kg body weight per ppm food (ingestion rate/body weight; based on USOA
(1984) and safety factor of 10 (for a LOEL) were used.

A more recent study by Bache et al. (1986) supports the use of this value. In a four
generation feeding study with Japanese quail (Cotumix cotumix) fed oats containing 0.55 ppm
cadmium, there were increases in cadmium concentrations in the livers and kidneys. No effects
were observed on egg production or hatchability or on blood chemistry. This corresponds to a
no adverse effect dosage of 0.069 mg/kg/day (derived by multiplying by a dietary conversion
factor of 0.125 mg/kg body wt. per ppm (USDA 1984).

Mammals have no effective mechanism for the elimination of ingested cadmium. With
time it tends to accumulated in the liver and kidney. However, increased syntheses of
metallothionems (metal-binding proteins) occurs with exposure (ATSDR 1989b).

Studies with humans and laboratory animals have shown that depressed kidney function
occurs at renal cortex tissue levels of about 100-300 mg/kg (reviewed by ATSDR 1989b). A
study by Nomiyama (1981) was cited in which depressed reabsorption of enzymes occurred in
rabbits with renal cortex cadmium concentrations of 117 mg/kg. Tohyama et al. (1987) reported
that, in rats, kidney cadmium tissue concentrations in the 100-200 mg/kg range were associated
with adverse effects on kidney function. A value of 100 mg/kg is used in this assessment to
compare the measured concentrations in Kin Buc mammals with critical concentrations for kidney
toxicity.

Traynor and Knezek (1973) reported that com grown on cadmium-enriched soils readily
absorbed and translocated the element. They also found growth reduction in com when 281
mg/kg cadmium was added to the soil resulting in plant concentrations of 131 mg/kg (ash weight
basis). Cadmium has been found to concentrate in plants as high as ten times the soil
concentrations (Chaney and Homick 1977. as cited in Kabata-Pendias and Pendias. 1984).
Haghiri (1973) reported that a cadmium soil concentration of 2.5 mg/kg produced a 21 percent
reduction in wheat yield and a 40 percent reduction in lettuce yield. This value is used as a TRV
in this assessment

Chromium

Chromium exists in bivalent and hexavalent states. For freshwater aquatic organisms, ^
hexavalent chromium is more toxic than trivalent chromium. EPA (1985c) established freshwater ^
acute and chronic criteria for trivalent chromium of 1700 and 210 »ig/l at a hardness of 100mg
CaCCyi. For hexavalent chromium, freshwater acute and chronic criteria are 16 and 11 ng/l. o
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respectively. Marine acute and chronic criteria for hexavalent chromium are 1100 and 50 jig/1.
No marine criteria have been published for trivalent chromium.

EPA (1985C) reported whole-body bioconcentration factors of less than three for rainbow
trout. However. Buhler et al. (1977) reported whole-body bioconcentration factors of 18 to 116
for rainbow trout Removal of fish to control water resulted in a rapid depletion from muscle and
a slower loss from the kidney, liver, gill, gall bladder, and bile.

Long and Morgan (1990) reviewed the literature on the effects of chromium in sediments
on aquatic biota. No laboratory spiked sediment studies were found. A number of field studies
report biological effects as well as chromium concentrations and there "co-occurrence* studies
were used to estimate an ER-L of 80 mg/kg and an ER-M of 145 mg/kg. The lowest chromium
concentration associated with toxic effects used to estimate the ER-L and ER-M was the
observation of decreased richness of benthic species in Massachusetts by occurring at 60.9
mg/kg.

Seelye et al. (1982) exposed yellow perch to (Perca ftavesceus) to contaminated Great
lakes sediments which contained chromium levels of 33-38 mg/kg dry weight for 10 days.
Chromium concentrations were similar in fish exposed to sediments vs. fish exposed only to
water.

Eisler (I986b) cited a study by Haseltine et al. (in preparation) in which growth and
survival of ducklings was reduced in a two-generation feeding study in which black ducks (Anas
rubripes) were fed a dietary level of 10 ppm. A bird TRV of 0.125 mg/kg/day was derived based
on this study. A safety factor of 10 was applied to adjust the LOEL to a NOEL and a dietary
conversion factor of 0.125 mg/kg body weight per ppm food (USDA 1984) was used.

Chromium toxicity to humans and laboratory animals was reviewed by ATSOR (1989c).
In Eisler's (I986b) review, no studies of chromium effects on wild mammals were reported.
Although acutely lethal doses can be received from oral exposure, chronic oral studies in rats,
mice and dogs have not identified adverse effects. Thus, although chromium appears to be
accumulated in mammalian tissues (ATSDR1989c), no concentration associated with toxic effects
has been identified.

The chromium content of plants is controlled mainly by the amount of soluble chromium
in the soils. Chromium (VI) is the most soluble and available form to plants, but it is also the
most unstable form under normal soil conditions. Usually chromium distribution in plants results CD
in the highest concentrations in the roots, then the leaves and stems and the lowest
concentrations in the grain (Kabata-Pendias and Pendias 1984). Typical symptoms of chromium §
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phytotoxicity are wilting of plant tops, root injury, chlorosis; in young leaves, brownish-red leaves
and chiorotic bands on cereals (Kabata-Pendias and Penidias 1984).

Turner and Rust (1971) reported that the addition o f potassium bichromate to soil at a rate
of 10 mg/kg soil resulted in severe wilting in soybeans. Plants receiving chromium at 30 and 60
mg/kg were killed. Since the average chromium content of U.S. soils is reported to be 54 mg/kg
(Kabata-Pendias and Pendias 1984), a TRV of 64 mg/kg is estimated by adding the 10 mg/kg
application rate to the mean background concentration.

Lead

In freshwater, lead toxicity decreases with increasing water hardness. EPA (1985d) has
established acute and chronic freshwater criteria of 82 arid 3.2 u,g/l, respectively, at a hardness
of 100 mg CaCOj/l. The maximum acceptable toxicant concentration (MATC) from chronic
studies with the rainbow trout (Oncorhynhus mykiss) was 19 u.g/1 at a water hardness of 128
mg/kg CaC03 (Davies et al. 1976). Bioconcentration factors have ranged from 42 in fish to 1700
in snails (EPA. l9B5d).

Lead concentrations in the brain and ovary of a fre shwater fish from India (climbing perch
[Anabas testudineus]) were correlated with deleterious reproductive effects (Tulasi et al. 1989).
In fish exposed for 30 days to subiethal concentrations of lead nitrate, there were reductions in
the gonadosomatic index (ovary weight as a percentage of body weight) and in the number of
eggs in the ovary. The authors found that the lead-exposed fish spawned over a shorter time
period and were likely to have released immature oocytes. These effects occurred at the lowest
exposure concentration, in which fish had average ovary leiad residues of 3.43 mg/kg dry wt. (~17
mg/kg wet weight) and average brain residues of 29.3(3 mg/kg dry weight (-146 mg/kg wet
weight).

Long and Morgan (1990) summarized date on the toxicity of lead in sediments to aquatic
life. Since no spiked sediment studies were found, only co-occurrence field studies were used
to propose an ER-L of 35.0 mg/kg and an ER-M of 110.0 img/kg. The lowest concentration used
to propose the ER-L and ER-M values was the observation of toxicity to Daphnia magna in
sediments containing 26.6 mg/kg lead.

Eisler (I988a) reviewed the toxic effects of lead in birds. A number of studies report toxic
effects and accumulation in game birds that ingested lead shot. These exposures are often
lethal. Lead-poisoned birds show the following symptoms: loss of appetite, lethargy, weakness,
emaciation, tremors, drooped wings, and impaired locomotion and balance. Decreased levels of
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delta ammo levulinic acid dehydrogenase (ALAD) (an enzyme involved in hemoglobin synthesis)
are frequently an early symptom of poisoning.

In an experimental exposure with mallard ducks (Anas platyrhynchos), the only observed
effects from 1 2 week exposure to a diet containing 25 ppm lead (as lead nitrate) were decreases
in blood ALAD activity and increases in blood lead levels. This concentration can be converted
to a dose of 3.12 mg/kg by multiplying by a dietary conversion factor of 0.125 mg/kg body weight
per ppm diet (USDA 1 984). A bird TRV of 0.312 mg/kg was obtained by adding a safety factor
of 10forLOEL:NOEL

Lead toxicity to wild and domestic mammals has been reviewed by Oemayo et al. (1982)
and Eisler (I988a). Lead causes adverse effects on survival, growth, reproduction,
develoopment, behavior, learning, and metabolism. Lead levels in blood are often measured and
have been correlated with these effects. Lead accumulates preferentially in bone tissue (Oemayo
et al. 1 982). Levels in kidney and liver tissues are much less commonly measured than levels
in bone and blood. One of the major metabolic effects is the inhibition of delta-aminolevulinic acid
dehydratase (ALA-0), which regulates hemoglobin production.

Lead effects were examined in woodchucks (Marmota monax) fed plants grown adjacent
to a highway for 58 days (Young et al. 1986). Plants contained an average concentration of
50.65 mg/kg dry weight Kidney concentrations in these animals averaged 5.78 mg/kg dry weight
(approximately 28.9 mg/kg wet weight). Hematological screening of exposed woodchucks and
control animals indicated no significant differences. There were no effects on feeding or weight
gain.

A field study with raccoons (Procyon lotor) indicated that animals with liver concentrations
greater than 10 mg/kg had brain lesions characteristic of lead poisoning (Oiters and Nielsen
1 978). The authors stated that liver concentrations between 5 and 10 mg/kg can be regarded as
evidence of possible toxicity and that levels above 10 are diagnostic for lead poisoning.

Lead inhibits plant growth, photosynthesis, and water absorption (Eisler 1 988a). Inhibition
of photosynthesis is attributed to the blocking of protein sulfhydryl groups and to changes in
phosphate levels in the cell (Eisier 1988a). Exposure of two weed species to soils containing 46
mg/kg resulted in a 30-40 percent decrease in the percentage of seeds germinating (Krishnayya
and Bedi, 1986). This value is used as a TRV in this assessment
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33.2 Chemicals of Potential Concern In Surface Water and Sediments

Antimony

EPA (1986) has not published AWOC for antimony. Acute and chronic LOELS were 9.000
l and 1,600 \ig/\, respectively. However, these levels may exceed the water solubility of some

antimony compounds.

In an early life stage text with fathead minnows (Pimephales promelas), LeBlanc and Dean
1984) found that antimony (as antimony trioxide) had no adverse effects. Tests were initiated
with embryos 48-hours after fertilization and continued through 30-days after hatching. No effects
were found on hatching, larval survival, or larval growth at the highest concentration (7.5 ng/l) that
could be maintained in solution.

Sediment toxicity data were evaluated by Long and Morgan (1990). All data were from
field studies rather than "spiked sediment" tests in which known amounts of arsenic are added
to sediments and toxicity is measured. The lowest concentration associated with toxic effects was
2.0 mg/kg. In this study, sediment from Commencement Bay (WA) was toxic to oyster larvae.
In tests with sediments from San Francisco Bay containing 2.7 mg/kg antimony, there was
significantly increased mortality. An ER-L of 2.0 and an ER-M of 25.0 mg/kg were proposed.

Very limited information is available on the toxicity of antimony to plants. Kabata-Pendias
and Pendias (1984) report a phytotoxic level in soil of 5 mg/kg which is used as a TRV in this
assessment.

»
Arsenic

The mechanism of arsenic toxicity is through enzyme inhibition. Arsenic replaces
phosphorus and sulfur in metabolic processes. There are two ionic forms (trtvalent and
pentavalent) with the trivalent form being more toxic. The environmental effects of arsenic have
been reviewed by Sorensen (1987) and Eisler (1988b).

For trivalent arsenic, EPA (1985e) established acute and chronic freshwater criteria of
360 ng/l and 190 ng/l. Marine acute and chronic criteria are 69 and 36 ng/I, respectively. For
pentavalent arsenic, acute and chronic freshwater LOELS are 850 and 48 np/l. while marine acute,
and chronic LOELs are 2319 and 13 ng/1. ,-*
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Human activities that have caused releases of arsenic to the environment include the o
burning of coal in power plants and the use of arsenic in biotides. Arsenic is released as °
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participates from the stack and through the leaching of fly ash (Sorensen 1987). tn aquatic
systems arsenic appears to partition into sediments. Bioconcentration factors of up to 17 have
been reported for fish (Eisler 1988b). Sorensen (1987) cited studies which showed that bottom
feeding fish accumulate greater concentrations of arsenic than top feeders. Routes of
accumulation include feeding on bottom-dwelling invertebrates and incidental ingestjon of
sediments.

Sediment toxicity data for arsenic were summarized by Long and Morgan (1990) who
proposed an ER-L of 33.0 mg/kg and an ER-M of 85.0 mg/kg. All studies were field or laboratory
studies which reported the occurrence of toxic effects at measured sediment concentrations. No
spiked sediment test studies were reported. The lowest concentration used to calculate the ER-L
and ER-M was 22.1 mg/kg. In this study, exposure of bivalve larvae to San Francisco Bay
sediments containing 22.1 mg/kg arsenic resulting in a high incidence of abnormalities.

Arsenic can interfere with essential plant processes such as mitosis, photosynthesis, and
nucleic acid and protein synthesis. Concentrations of arsenic as low as 15 mg/kg have been
reported to be phytotoxic (Kabata-Pendias and Pendias 1984). This value is used as a TRV in
this assessment.

Copper

Copper toxicity has been tested on a wide variety of aquatic species, in freshwater.
copper toxicity is inversely related to water hardness. EPA (19850 freshwater acute and chronic
AWQC. at a hardness of 100 mg CaCCyi, are 18 and 12 wj/l. respectively. Marine acute and
chronic criteria are both 2.9 ng/l. Environmental effects of copper have been reviewed by
Oemayo etal. (1982).

Fish and invertebrate species seem to be about equally sensitive to the chronic toxicity of
copper. In a chronic life-cycle test with the amphipod. Gammarus pseudoliminaeus, a maximum
allowable toxicant concentration (MATC) of 6.1 ng/l was reported at a water hardness of 45 mg
CaCOj/l. In an early life stage-test using Salvelinus fontinalis (brook trout), a MATC of 3.9 ng/l
was reported at a water hardness of 375 mg CaCCyi (EPA 1985f).

Human activities that cause copper to be released to the environment include mining and
smelting operations, industrial discharges, and biocidal uses (ATSOR 1989d). Copper released
to surface waters tends to bind to organic matter in sediments. ATSDR (1989d) reported •*
bioconcentration factors in fish of 10-100. Oysters have a high capacity to bind copper; a °
bioconcentration factor of 30.000 was reported (Perwak et a!. 1980; as cited in ATSDR 1989d). oo
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Sediment toxicity data were reviewed by Long and Morgan (1990). Two spiked sediment
tests were reported. In one test, the burrowing behavior of the little neck clam (Prothaca
staminea) was altered at concentrations equal to or greater than 17.8 mg/kg. In a series of tests
with various freshwater organisms, LC^ ranged from 681 mg/kg in Daphnia magna to 2296
mg/kg in the midge, Chironomus tentans. In a test which surveyed sediment toxicity in a Lake
Michigan harbor with the amphipod, Hyalella azteca, toxicity was correlated with copper
concentrations. The lowest level associated with toxic effects was 19.5 mg/kg. Long and Morgan
(1990) proposed an ER-L of 70 mg/kg and an ER-M of 390 mg/kg.

Dowdy and Larson (1975) and Purr et al. (1976) tested plant growth on soils amended with
sludge. They reported no effects on plant growth at concentrations of 245 and 395 mg/kg,
respectively. However. Kabata-Pendias and Pendias (1984) reported that soil copper levels as
low as 60 mg/kg have been phytotoxic. This value is used as a TRV in this assessment

Mercury

Mercury has no known biological function, and any presence of the metal in organisms
is considered undesirable (NAS 1978). Inorganic mercury is relatively non-toxic to organisms.
Inorganic mercury, however, may be transformed through biological processes to form methyl
mercury which can be bioaccumulated and biomagnified. Methyl mercury has been found to be
mutagenic and teratogenic in various species and is also associated with neurotoxic and other
histopathoiogical effects. Mercury generally tends to accumulate rapidly and be eliminated slowly
(Eisier I987a). The EPA (I985g) freshwater acute and chronic criteria are 2.4 and 0.012 \IQ/\
respectively. Marine acute and chronic criteria are 2.1 and 0.021 iig/1. respectively. These values
are based on methyl mercury and are therefore very conservative estimates for inorganic mercury
which is neither as toxic or as easily bioaccumulated as methyl mercury.

Mercury toxicity to fish and wildlife was reviewed by Eisier (1987a). Human activities
resulting in environmental releases include the burning of fossil fuels, mining and processing of
other metals, chemical manufacturing, and use and disposal of batteries. Methylating bacteria
are present in freshwater and marine sediments; methylation serves to remobilize inorganic
mercury (Eisier 1987a).

In their summary of mercury sediment toxicity data, Long and Morgan (1990) proposed
an ER-L of 0.15 mg/kg and an ER-M of 1.3 mg/kg. The data base includes two spiked sediment ro
tests. In one study, an LCW of 13.1 mg/kg was reported for the amphipod, Rhepoxynius abronius,
in a 10-day test In the second study, there was a significant reduction in activity in the amphipod §
Pontoporeia affinis in a 5-day test Tests with contaminated sediments have indicated toxic ro

effects in locations with mercury concentrations as low as 0.15 mg/kg. rv>
N>
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Mercury is not known to be readily taken up by plants. Symptoms of phytotoxictty include
stunting of seedling growth and root development and inhibition of photosynthesis resulting in
yield reduction (Kabata-Pendias and Pendias 1984). Weaver et al. (1984) reported that 8 mg/kg
in soil reduced growth in Bermuda grass and this value is used as a TRV.

Nickel

The adverse effects of nickel on aquatic organisms include alteration of cell membranes.
formation of precipitates on gills, hematological effects, and reproductive impairment The EPA
(1986) freshwater criteria for nickel vary with water hardness. The acute and chronic criteria at
a hardness of 100 mg CaCOyt are 1400 and 160 iig/1, respectively. The EPA (1986) acute and
chronic marine criteria are 75 and 8.3 u.g/1, respectively. EPA (1986) reported freshwater
bioconcentration factors to range from 0.8 in fish musde to 193 for a cladoceran. Marine
bioconcemratjon factors ranged from 262 in an oyster to 675 in a brown alga.

Sediment toxicity data were reviewed by Long and Morgan (1990) who proposed an ER-L
of 30 mg/kg and an ER-M of 50 mg/kg. No spiked sediment studies were reported. Field studies
indicated low benthic species richness occurred in Massachusetts Bay sediments with mean
nickel concentrations of 33 mg/kg. Significant mortality was observed in Daphnia magna exposed
to Trinity River (TX) sediments containing 29 mg/kg nickel.

Kabata-Pendias and Pendias (1984) reviewed the literature on metal phytotoxicity and
identified the total concentrations of selected metals in surface soils that were phytotoxicaily
excessive. The concentration for nickel was 100 mg/kg (dry weight).

Polynuclear Aromatic Hydrocarbons

PAH toxicity to fish and wildlife was reviewed by Eisler (I987a). EPA (1986) reported a
marine acute LOEL of 300 ug/1 for PAHs. Freshwater LOELs for naphthalene of 2300 jig/I (acute)
and 620 ng/l (chronic) and a marine acute LOEL of 2350 ng/1 were reported by EPA (1986).

Human and natural processes both release PAHs to the environment Major
anthropogenic sources are the combustion of fossil fuels, municipal incineration, and the use of
petroleum products (Eisler I987a). Urban runoff contributes substantial amounts of PAHs to
aquatic systems. In water. PAHs tend to associate with particles and elevated levels can persist
in sediments.

o
Concern about PAH concentrations in sediments arises from the association between 0

these concentrations and tumors in fish (reviewed by Eisler (1987a) and Mix (1986). Although °
M
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PAHs tend to be rapidly metabolized by fish, metabolites may be carcinogenic. Uptake through
the food chain was demonstrated by McCain et at. (1990) who measured PAHs in the stomach
contents of Chinook salmon (Oncorhynchus tshawytscha) from the Duwamish Waterway which
has PAH- and PCB-contaminated sediments. PAH metabolites were detected in the bile of these
fish.

EPA (19B8) proposed interim sediment quality criteria for acenaphthene,
benzo(a)anthracene, benzo(a)pyrene. fluoranthene, phenanthrene, and pyrene. For total PAHs,
Long and Morgan (1990) proposed ER-L and ER-M values of 4 and 35 mg/kg. respectively. They
stated that it is difficult to assess total PAH data since investigators frequently measure different
PAHs. The ER-L of 4 is supported by a study showing that San Francisco Bay sediments with
this concentration of total PAHs were toxic to oyster larvae and to amphipods (Rhepoxynius
abronius).

Insufficient data were available to estimate a plant TRV. • ;
' ' . ' •

Silver

EPA (1986) proposed a hardness-based freshwater acute criterion for silver. At 100 mg
CaCCyi, the acute criterion is 4.1 ug/1. The chronic criterion of 0.12 iig/l is not hardness-based.
The acute marine criterion is 2.3 jig/l. There were insufficient data to establish a chronic criterion.

Two major sources of silver release are through mining and smelting activities and
photographic uses (ATSDR 1990). Silver tends to become particle-bound and reside in
sediments. Bioconcentration factors of less than 10 were reported for freshwater fish. The highest
factors (1055-7650) were reported in the mussel (Mytilus edulis). Field studies have shown
elevated levels in clams and scallops in areas near sewage outfalls or sludge disposal sites.

Long and Morgan (1990) stated that few studies evaluated silver toxicrty in sediments.
The data base did not include any spiked sediment tests. They proposed an ER-L of 1.0 mg/kg
and an ER-M of 2.2 mg/kg. The ER-L is supported by the observation that San Francisco Bay
sediments containing 1.1 mg/kg were toxic to bivalve larvae. Studies with Puget Sound
sediments have reported toxicrty in the amphipod, Rhepoxynius abronius, at 0.6 mg/kg.

Zinc

Zinc is an essential trace nutrient important for cell growth and differentiation. Exposure
of fish to lethal concentrations of zinc results in extensive edema and necrosis of gill tissue with
death resulting from a lack of oxygen uptake. Zinc toxicity is dependent on water hardness. EPA
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(I985h) proposed freshwater acute and chronic criteria of 120 and 110 ug/l, respectively at a
hardness of 100 mg CaCCyl. The marine acute and chronic criteria are 95 and 86 ng/l.
respectively.

The environmental toxicity of zinc was reviewed by Taylor et at. (1982) and EPA (1985h).
Bioconcentration factors have ranged from 521 to 1130 in fresh water and 3.7 to 23,820 in salt
water. Zinc released to surface water tends to be sorbed to particles and can reside in
sediments. Accumulation of zinc from sediments was reported in the review by Taylor et al.
(1982). Concentrations in sediments along a pollution gradient were found to be reflected in
tissue residues in benthic species.

Zinc sediment toxicity was reviewed by Long and Morgan (1990), who proposed an ER-L
of 120 mg/kg and ER-M of 270 mg/kg. Three spiked sediment studies were reported. An LC,0
of 276 mg/kg was reported in a 10-day test with the marine amphipod. Rhepoxynius abronius.
In a 5-day test with the freshwater amphipod, Pontoporeia hoya. there was a significant decrease
in activity between 59 and 124 mg/kg. In a 72-hour bioassay with R. abronius, an LCM of 79
mg/kg was reported. The ER-L value is supported by the observation of decreased species
richness in Massachusetts Bay benthos at a zinc concentration of 117 mg/kg.

Zinc toxicity to plants was reviewed by Taylor et at. (1982). Although zinc is essential for
plants, excess levels are toxic and toxicity appears to be greater at lower soil pH levels. Several
studies report the rate of application rather than the soil concentration associated with toxic
effects, in calculating a TRV, a value of 100 mg/kg will be added to account for soil
concentrations in non-enriched soil. This value approximates the mean concentration reported
in several Canadian surveys and the value reported in untreated controls from an enrichment
study.

MacLean and Oekker (1978, as crted-in Taylor et al. 1982) reported that lettuce yield was
decreased in soils with added zinc concentrations of 120 mg/kg (day. pH 5.3) and 240 mg/kg
(loam. pH 6.3). A report by Mitchell et al. (1978, as cited in Taylor et al. 1982) indicated that
lettuce yield was reduced by 25 percent when zinc was added to pH 5.7 soil at a rate of
130 mg/kg.

By adding a background concentration of 100 mg/kg, and averaging the three toxic
loadings, a TRV of 260 mg/kg is derived for this assessment
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COo

SX2.OOl-KIN4UCHAOHAfTFNM.PT2 62

oo

N)
O



4.0 RISK CHARACTERIZATION : . . ' . . j

Risks to aquatic and wetland species may occur through the various routes of exposure
discussed above. Potential risks are discussed for each receptor and pathway.

4.1 Risks to Fish and Aouatlc Life

Risks are evaluated from exposure to surface water and sediments and by evaluating the
significance of the tissue residue data. Patterns in concentrations are used to determine if the
contaminants are site related. Chemicals that show a strong gradient with the highest
concentrations in the source area (Pool C and the Connecting Channel) are most likely site-
related. The primary concern for ecological effects is in receiving waters (e.g., Edmonds Creek,
Martins Creek/Mill Brook, Raritan River) where populations of ecological receptors have been
sampled. Concerns may also exist at Pool C and the Connecting Channel, although the area was
not sampled for biota by Wehran (1990).

4.1.1 Surface Water

Potential risks are assessed by comparing the geometric mean concentration of the
chemicals of potential concern with the chronic AWQC and the maximum concentration with the
acute AWQC. If the chemical was only detected in a single sample, no average concentration
was calculated and the chemical was compared to the acute rather than chronic AWQC. Other
guidance values were used if AWQC were unavailable (see Section 3.1.1). Comparisons of
surface water concentrations and AWQC and other guidance levels are provided in Table 4-1.

Organics

Only one organic chemical of potential concern, DOT was detected at a concentration
exceeding an acute AWQC. In one of three samples collected from the source area (Pool C and
the Connecting Channel), the DOT concentration of 0.16 u.g/1 slightly exceeded the acute AWQC
of 0.13 (ig/l and exceeded the chronic AWQC of 0.001 ng/l. PCBs were only detected in one out
of three samples from Pool C. The concentration (0.33 u.g/1) did not exceed the acute AWQC of
2.0 ng/l but exceeded the chronic AWQC of 0.014 u£/l. Both compounds do not appear to pose
substantial risks to ecological receptors from surface water exposure since they were not detected
in receiving waters which were sampled for biota. The only other organic chemical of potential
concern that exceeds a guidance value is chlorobenzene. It was detected in one of two samples
from Pool C and the Connecting Channel at a concentration roughly twice the EPA LOEL In
view of the absence of detectable concentrations of chlorobenzene from receiving waters, this
compound does not appear to pose risks to major ecological receptors.

SX2.001 -KIH4UC RA DRAFT FMAL FT 2 $3



Table 4-1. Comparison of surface water concentrations with Ambient Water Quality Criteria (AWQC) or other toxicity
data for chemicals of potential concentrations
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Table 4-1. (Continued)
Chronic
A WOC
«*•*-)

Geometric Itoan Surlaca Water
Concentration* (pg/L)

SiteAraa

A*' B* C"» 0*

Acute AWOC («4j/L) llailntMM Surface Water Concentrations (pB/L)
Site AIM

A a
a^_*_*_ Jf̂ hflB^gWaaftMft*

Cohak

Copper

ban

LMd

ManganOM

Mercury

NicM

Vanadium

Zinc

Inwgaitto*:

Ammonia-N

Cyanida

20

1000

3.2

• 3

0012

M

394

5430

81

3300

--

1032

•-

644

1730

I

45.700

••

275

1545

14

1496

154

••

1283

908

3160

28

5421

•-

2039

--

227.7

--

--

--

--

--

--

--

-

48.000"

29

1000

82

1000*

21

750

4.800 I7.400"

95

707

30.500

153

4680

-•

1620

50

666

2200

1290

5.900

38

6520

-•

4070

88

3970

C

1630

1270

5.200

31

5630

--

2950

60

2470

800

--

100

--

•-

•-

24.000

1

158.000

--

7.400

-•

7.400

115

D

278

1330

54,100

472

7900

011

590

1520

1530

13.100

222

o>
tH

NA

Pool C and Chamal
Tidal Edmomfc.
Non tidal Edmondr
Low Lying AM*.
96-nour LCSOa tor Mi tpaciaf bund in 8w Uarakm

EPA (1986) LOEL.
. Suggaalad •» norHtelalarioui tovai by McKaa and Wo» (1063)

. NolAvaiHiai

200



Inorganics

The following metals were identified in both a source and a receiving water at levels
exceeding AWOC: aluminum, iron, lead, and nickel. Chromium was detected in the one Low
Lying Area sample collected at a level of 120 u.g/1. which greatly exceeds both the acute AWQC
of 16 u.g/1 and concentrations in Pool C and the Connecting Channel (maximum: 6.8 ng/l). The
Low Lying Area covers a relatively small area of the site and may receive runoff from the adjacent
Edison Landfill. The Low Lying Area has not been sampled for ecological receptors, and
therefore, is not considered a primary area for ecological concern and is not viewed as a
receiving water for risk assessment. Whereas copper was found at levels exceeding AWQC in
receiving waters, the rejection of sample data for Pool C and the Connecting Channel precludes
analysis of the relation of the chemical to the site. Zinc was found at concentrations exceeding
AWQC in receiving waters but not in Pool C and the Connecting Channel.

Concentrations of iron greatly exceed the AWQC of 1000 ug/l at all locations. According
to Schmid and Company (1987), iron is elevated in the area due to natural substrate materials.
Schmid and Company (1987) stated that aquatic life of the Meadowlands Region may be
impacted by the elevated iron concentrations. Although few samples were collected, the pattern
of iron levels suggests the importance of offsite sources. Although the maximum concentration
was higher in Pool C and the Connecting Channel (30,500 u.g/1) than in tidal Edmonds
(5,900 ug/l), the highest concentration was found in the Low Lying Area (54,100 ufl/I). which may
receive input from the adjacent Edison landfill.

An examination of the concentration data for aluminum indicates that levels were
considerably higher in receiving waters then in Pool C and the Connecting Channel. These data
suggest that concentrations may result from natural substrates and regional inputs rather than
site-related contamination.

Lead concentrations were several fold higher in Pool C and the Connecting Channel than
in either Edmonds Creek site area. Because sediment concentrations of lead are elevated above
background concentrations in Pool C and the Connecting Channel, and sediment-bound metals
may be released to the water column, the Pool C area may serve as a source for the surface
water concentrations. However, the concentration measured in the Low Lying Area (47.2 u.g/1)
was about three times the maximum concentration measured in Poof C and the Connecting
Channel (15.3 ug/l). In view of this pattern in concentrations, it is not possible to conclude that
Pool C is the only source of lead contamination in surface waters at Kin-Buc. §o
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Nickel concentrations in surface waters do not show a gradient from the source area.
Maximum concentrations were greatest in tidal Edmonds (407 jig/I vs. 162 ng/l in Pool C and the
Connecting Channel), while mean concentrations were greatest in non-tidal Edmonds (203.9 iig/l
vs. 103.2 ng/l in Pool C and the Connecting Channel). Nickel contamination in surface waters
cannot be attributed exclusively to site sources, although elevated concentrations in Pool C
sediments may be a contributing factor.

Zinc surface water concentrations show a similar pattern. Maximum concentrations were
greatest in tidal Edmonds while mean concentrations were greatest in non-tidal Edmonds. These
data indicate that zinc contamination in surface water cannot be attributed exclusively to site
sources although sediments from Pool C and the Connecting Channel may be contributing
factors.

Ammonia-nitrogen was found at levels exceeding AWQC in Pool C and the Connecting
Channel but not in receiving waters. Ammonia contamination may be site-related since there is
a strong concentration gradient with the maximum concentration 1 0-20 times greater at the source
area than in receiving waters. There are likely to be risks to aquatic life (if they exist) in Pool C
and the Connecting Channel from these ammonia levels.

Cyanide concentrations in non-tidal Edmonds and the Low Lying Area exceed AWQC.
However, cyanide contamination does not appear to be site-related since the compound was not
detected in the Pool C and Connecting Channel area.

4.1.2 Sediments

Polychlorinated biphenyls

Sediment concentrations in each of the sections of the site are compared with interim
sediment quality criteria and other guidance levels (Table 4-2). The primary chemicals of
potential concern are PCBs where greater than 1 00 mg/kg have been reported In Pool C and tidal
Edmonds Creek sediments. Although Arodors 1242, 1248, and 1254 were detected in Pool C
and Connecting Channel sediments. SQC only exist for Arodor 1 254. Risks will be characterized
by comparing Arodor 1 254 concentrations with the site-specific SQC and by comparing total PCS
concentrations with the ER-L and ER-M values (Table 1-6). Because the SQC are calculated to
be protective of chronic effects (EPA 1988). the geometric mean concentrations will be used in
the comparisons. The maximum concentrations will be discussed in the characterization of the
pattern of contamination. The vast majority of sampling took place at tidal Edmonds Creek and, *
to a lesser extent, at Pool C and the Connecting Channel. Characterization of the other areas °
is based on a maximum of five samples per area. 0
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Table 42. Comparisons of geometric mean and maximum sediment concentrations with guidance values for chemicals
of potential concern

" ^ A, Comparisons wlih EPA SQC In Site Area (mg/kg)
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Geometric mean Aroclor 1254 concentrations exceeded site-specific SQC at Pool C and the
Connecting Channel, tidal Edmonds Creek, and Mill Brook. ER-L and ER-M values for total PCBs
were exceeded at these areas, the Low Lying Area, and the Raritan River. The major areas of
concern are the Pool C and the Connecting Channel (geometric means (mg/kg): Aroclor 1254
» 0.531, total PCBs = 30.621} and tidal Edmonds Creek (geometric means (mg/kg): Aroclor 1254
« 0.264, total PCBs = 0.423). Highly elevated locations in these areas exist; maximum total PCB
concentrations were 730.00 mg/kg at Pool C and 300.000 mg/kg at tidal Edmonds. PCB
contamination was widespread in both areas, since the frequency of detection was 100 percent
in Pool C and the Connecting Channel and 80 percent in tidal Edmonds. With the exception of
the Unnamed Ditch and Low Lying Area, frequency of detection was less than 50 percent in all
other areas. Except for a single sample from the Raritan River at 3.300 mg/kg and an Unnamed
Ditch sample at 2.970 mg/kg, all of the samples had total PCB levels of 0.900 mg/kg or less.

In the Pool C and Connecting Channel area, geometric mean Aroclor 1254 exceeded the
SQC by a factor of 2:3. Mean total PCB concentrations exceeded the ER-L by 612 and the ER-M
by 76. In tidal Edmonds Creek, geometric mean Aroclor 1254 concentrations exceeded the SQC
by a factor of 1.6. Mean total PCBs exceeded the ER-L by a factor of 8 and slightly exceeded
the ER-M. In the Unnamed Ditch area, mean Aroclor 1254 concentrations exceeded the SQC
by a factor of 2.4; mean total PCBs were 6.4 times the ER-L. in the Low Lying Area, mean total
PCBs exceeded the ER-L by a factor of 9 and slightly exceeded the ER-M. Occasional samples
from other areas had detectable PCBs, but pervasive contamination was not indicated.

PAHs

Several site areas had high maximum concentrations of total PAHs: Pool C and
Connecting Channel-54.000 mg/kg, tidal Edmonds Creek-15.970 mg/kg, and Martins Creek -
14.794 mg/kg. All other areas had maximum total PAH concentrations of less than 6 mg/kg.
Comparisons of the mean total PAH concentrations to the ER-L value of 4 mg/kg indicated that
this guidance value was exceeded at the following locations: Pool C and Connecting Channel -
5.746 mg/kg; Martins Creek-4.253 mg/kg. At tidal Edmonds, the mean total PAHs concentration
was 0.864 mg/kg.

, For the individual PAHs, only phenanthrene was detected at mean concentrations
exceeding the SQC. At Martins Creek, the mean value of 0.951 mg/kg exceeded the SQC of
0.86 mg/kg. At Mill Brook, the mean value of 0.128 mg/kg exceeded the SQC of 0.120 mg/kg.

Analysis of the patterns of PAH concentration does not clearly indicate that contamination
is site-related. Although several elevated concentrations were found at the source area, there
is no overall concentration gradient. The geometric mean concentration in tidal Edmonds is about
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one-fifth of the ER-L and about one-half of the geometric mean concentration in the sediments
from the Raritan River at the mouths of Edmonds Creek and Martins Creek (although few
samples were collected from the area). Whereas total PAH concentrations in Martins Creek
approach the ER-L value, these levels may be attributable to multiple sources including inputs
from the Raritan River.

Metals — -

For many of the metals, mean concentrations were equal to or greater than the ER-L or
ER-M guidance values. However, in order to evaluate the likelihood that site activities rather than
natural sources or regional anthropogenic activities are responsible, comparisons were made to
the background area. Thus, site areas were cosidered to have metal concentrations of concern
if: (1) at least one sample was greater than twice the maximum measured in the background
areas and (2) the geometric mean concentrations were greater than the ER-L guidance value for
sediment toxicity (see Section 1.3.4). For antimony, no data were available from the background
areas so all site areas with mean concentrations exceeding ER-L values were selected. As
shown in Tables 1-4 and 4-2, the site areas with elevated metals concentrations are tidal
Edmonds Creek (where antimony, arsenic, copper, lead, mercury, nickel, and zinc are
contaminants of concern), Pool C and the Connecting Channel (for antimony, arsenic, and nickel),
the Unnamed Oitch area (for arsenic, mercury, and silver), and Martins Creek (for antimony and
cadmium).

The primary area of concern for ecological impacts from metal contaminants is tidal
Edmonds Creek. A small number of samples have maximum concentrations greatly exceeding
ER-M concentrations. It is likely that these samples would'be toxic to benthic organisms due to
the effects of multiple metals and PCS contamination. For example, the maximum concentration
of arsenic in tidal Edmonds Creek was 257 mg/kg which exceeds the ER-M of 85 by a factor of
three. Maximum concentrations of copper (440 mg/kg; ER-M-390 mg/kg), lead (372.00 mg/kg;
ER-M--110 mg/kg), mercury (3.30 mg/kg; ER-M-1.3 mg/kg), nickel (176.00 mg/kg; ER-M-50
mg/kg), and zinc (662.00 mg/kg; ER-M-270 mg/kg) are of concern in tidal Edmonds Creek.

Maximum levels of several of these metals in Pool C and the Connecting Channel are also
high: arsenic-174.00 mg/kg; lead-258.00 mg/kg; nickel-85.80 mg/kg, and zinc-526.00 mg/kg.
Although a strict concentration gradient from Pool C and the Connecting Channel as a source
area to the other site areas is not evident, it appears likely that these concentrations contribute
to the elevated levels in Edmonds Creek.

7^
CO

Although mean concentrations of the metals of concern at tidal Edmonds Creek exceed
the ER-L value, none of the mean values exceed the ER-M. The only site area where a mean o
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value exceeded an ER-M was the Pool C and Connecting Channel area, where the mean lead
concentration (115.51 mg/kg) exceeded the ER-M of 110 mg/kg.

These comparisons indicate that the primary area for concern from metal contamination
is tidal Edmonds Creek where seven metals (antimony, arsenic, copper, lead, mercury, nickel,
and zinc were found to be both elevated relative to the background areas and at mean levels
exceeding ER-Ls. Of these metals, antimony may be of lesser concern since it was detected in
only 2 of 59 tidal Edmonds Creek samples. Lesser concern for metal contamination is warranted
at the Unnamed Ditch where arsenic, mercury, and silver were elevated and at mean levels
exceeding the ER-L and at Martins Creek where antimony and cadmium were of concern. Any
benthic species that may be present in Pool C and the Connecting Channel may be at risk from
concentrations of antimony, arsenic, and nickel. It is conservative to assume that metal toxicity
in sediments is additive: areas where a large number of metals exceed guidance values are more
likely to exhibit sediment toxicity than areas where only one or two metals slightly exceed
guidance values. The limitations and uncertainties in using the ER-L and ER-M values are
discussed in Section 1 .8.

Conclusions

Benthic species appear to be at risk from contaminants in sediments in three areas:
Pool C and the Connecting Channel, tidal Edmonds Creek, and the Low Lying Area. The greatest
concern for adverse ecological effects is at the tidal Edmonds Creek area since it is the largest
area of the site and it is where ecological receptors have been identified (although the benthic
community has not been characterized). The presence of ecological receptors at the other two
areas is not known. Benthic species presumed to inhabit tidal Edmonds Creek appear to be at
risk primarily from the presence of PCBs, where the geometric mean concentration is slightly
greater than the ER-M and a number of samples had concentrations greater than 1 0 mg/kg or
25 times the ER-M. Additional risks may be attributable to the presence of six metals (arsenic,
copper, lead, mercury, nickel, and zinc) at mean concentrations exceeding ER-L values.

4.1.3 Body Burden Data

Risks to aquatic life from exposure to contaminants in surface water, sediments, and diet
were analyzed by comparing body burdens with levels associated with toxic effects. In order to
place body burdens in perspective, concentrations will be compared with data from national or
localized surveys of contaminant tissue residues.
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Polychlorinated biphenyls U--

•

Geometric mean and maximum total PCB concentrations in mummichogs (Fundulus
heteroclitus) (whole fish samples) collected from tidal Edmonds Creek were 2.97 and 4.10 mg/kg,
respectively (Table 1-7). These levels were compared with concentrations measured in whole
freshwater fish samples in the National Contaminant Biomonitoring Program in 1984 (the most
recent available data; Schmitt et al. 1990). The national geometric mean and maximum total
PCBs concentrations were 0.39 and 6.7 mg/kg, respectively. Thus, fish sampled at Kin-Buc have
average PCB concentrations 7.6 times the national average and maximum concentrations about
60 percent of the national maximum.

PCB body burdens in both fiddler crabs and mummichogs are likely to be attributable to
sediment contamination in tidal Edmonds Creek. Both species are known to be stationary (Krebs
and Valletta 1978: Abraham 1985) and are therefore good indicators of localized contamination.
Bioaccumulation of PCBs from contaminated sediments has been reported for fiddler crabs (Clark
et al. 1986) and fish (Rubinstein et al. 1984). The patterns in tissue concentrations at the site
areas are similar to the patterns in PCB concentrations in sediments. PCBs were only detected
in one out of seven samples in the Martins Creek/Mill Brook system. Mean and maximum PCB
concentrations in fish from these areas were about 1.0 mg/kg and may be attributable to regional
sources. Concentrations in tidal Edmonds Creek fish were about three times higher and appear
to reflect the higher sediment concentrations. Since fiddler crabs were only collected at tidal
Edmonds Creek, it is not possible to characterize patterns in PCB levels.

Although no studies were found relating PCB concentrations in mummichogs with adverse
effects, data are available for other fish species (summarized in Table 1-12). These studies can
be used as guidance to indicate a range of concentrations that have been associated with toxic
effects although there may be great differences between species. Several of the studies are field
surveys in which fish contained other contaminants as well as PCBs. Comparisons between
studies are complicated by the measurement of specific organs rather than whole body residues.

With these caveats in mind, it is apparent that toxic effects have been reported in fish with
tissue concentrations in specific organs that are less than the 3.0 mg/kg mean Kin-Buc level. A
study with rainbow trout (Oncorhynchus mykiss) found that the presence of PCB concentrations
of 2.7 mg/kg in eggs, resulted in a 75 percent mortality rate by day 25 after hatching (Hogan and
Braughn 1975). Seventy percent of the survivors had deformities. Von Westemhagen et al.
(1981) collected ripe Balthic flounder (Platichthys flesus) from the Balthic sea. mixed eggs and g
milt, and monitored both egg viability and PCB concentrations in ovaries and liver. The authors °
found that when ovarian PCB concentrations were greater than 0.120 mg/kg, viable hatch rate 0

was significantly reduced. At concentrations of 0.250 mg/kg there was less than 15 percent °
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viable hatch. Concentrations in gonads appear to be similar to levels measured in muscle or
whole fish with excised gonads (Von Westemhagen et al. 1981; Bengtsson 1980).

Von Westemhagen et al. (1981) reviewed other studies linking PCB tissue residues with
adverse effects. In a study by Johansson et al. (1970). there was 60 percent mortality in Atlantic
salmon eggs containing 17.0 mg/kg total PCBs. Bengtsson (1980) fed the minnow (Phoxinus
phoxinus) a PCB (Clophen A50) for 40 days and monitored tissue residues and reproduction for
an additional 260 days. Premature hatching which resulted in fry mortality occurred in the
progeny of fish which contained whole body residues greater than or equal to 15 mg/kg. No
effects were observed at a concentration of 1.6 mg/kg.

PCB concentrations in fiddler crabs (Uca minax) were lower than in mummichogs;
geometric mean and maximum levels in individuals from tidal Edmonds Creek were 0.830 mg/kg
and 2.09 mg/kg, respectively (Table 1-7). Crabs were not collected from the other site areas.
In the only study found linking concentrations and effects with this species, mortality was not
increased in fiddler crabs that obtained concentrations of 0.30 mg/kg after 42 day exposure to
contaminated sediments (Clark et al. 1986). Clark et al. (1986) measured whole body residues;
no data were found linking concentrations in carapace-free tissues with toxic effects. In a 36-day
bioaccumulation study with Uca pugnax. there were no reported effects in animals that
accumulated body burdens of 4-6 mg/kg by day 10 and maintained these concentrations until the
end of the study (Marinucci and Bartha 1982). No studies were found that examined PCB effects
on growth or reproduction in fiddler crabs and also measured tissue concentrations.

There may be great differences between fish in their sensitivity to PCB tissue residues.
No studies that linked residues and effects in mummichogs were found. A conservative
conclusion is that mummichogs appear to be at risk from reproductive effects from the mean and
maximum tissue residues measured at Kin Buc. There are insufficient data to make inferences
on the effects of the PCB body burdens measured at the site on fiddler crabs.

Cadmium

Cadmium was not detected in fish tissues at tidal Edmonds Creek or Martins Creek
(Table 1 -7). It was found in a single sample (0.180 mg/kg) at Mill Brook. The national geometric
mean and maximum concentrations for cadmium in freshwater fish were 0.03 and 022 mg/kg,
respectively (Schmitt and Brumbaugh 1990).

o

Eisler (1 985) stated that whole body cadmium concentrations of 5.0 mg/kg may be life o
threatening to fish and that levels exceeding 2.0 mg/kg should be viewed as evidence of "
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contamination. In view of the lack of detection of cadmium in tidal Edmonds Creek and its
detection in only a single sample at a fraction of these levels of concern, cadmium concentrations
in fish do not appear to warrant concern for ecological effects.

Cadmium concentrations in fiddler crabs were somewhat higher (mean: 0.300 mg/kg,
maximum: 0.360 mg/kg). There are no national surveys for contaminants in fiddler crabs. Winger
et al. (1990) measured cadmium concentrations in fiddler crabs (Uca pugilator) at the Savannah
National Wildlife Refuge and the lower Savannah River. At all five locations where crabs were
sampled, average crab concentrations were substantially greater than average fish
concentrations. The authors stated that evidence of cadmium contamination was found at a
station in the Savannah River where fiddler crabs contained 1 .57 mg/kg. Three other stations in
the River contained concentrations of 0.15 to 0.36 mg/kg. In the sample collected in the Wildlife
Refuge, the average cadmium concentration was 0.20 mg/kg.

No studies were available linking tissue levels and effects in fiddler crabs.

Based on the available data, cadmium concentrations do not appear to pose risks to
mummichogs at the site. Although no data were found linking tissue levels and effects in fiddler
crabs, the concentrations observed do not appear to indicate site-related contamination.

Chromium

Chromium was detected in mummichogs at mean and maximum concentration of 0.970
and 2.300 mg/kg at tidal Edmonds Creek, 0.500 and 0.950 mg/kg at Martins Creek, and 0.490
and 0.740 mg/kg at Mill Brook (Table 1-7). In fiddler crabs at tidal Edmonds Creek, mean and
maximum concentrations were 0.840 and 1.300 mg/kg, respectively.

No national survey data were available for fish or fiddler crabs. Winger et al. (1990)
reported chromium levels of 0.71 to 2.03 mg/kg in longnose gar (Lepisosteus osseus) in the
Savannah National Wildlife Refuge and 0.87 to 1 .34 in the Savannah River. They stated that
these concentrations were elevated relative to concentrations reported by Gesy and Wiener
(1977) in fish from a South Carolina reservoir (0.02-0.06 mg/kg). Winger et al. (1990) measured
concentrations of 0.90 to 2.06 mg/kg in fiddler crabs from four stations in the Savannah River and
1 .17 mg/kg in a station in the Wildlife Refuge, iv- nformation on other areas where chromium
was measured in fiddler crabs were provided in this paper.

Eisler (1 986b) stated that tissue concentrations greater than 0.8 mg/kg should be viewec &
as presumptive evidence of contamination, however, no studies supporting this concentration
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were cited. No other reports relating concentrations with adverse effects were found in the
literature.

The relationship between concentrations of chromium in sediments and aquatic biota has
not been demonstrated to the same extent as for PCBs. Accumulation from sediments was
demonstrated'in mussels (Mytilus edulis) and softshell clams (Mya arenaria) (Cappuzzo and
Sasner 1977, as cited in Eisler 1986b). Bioavailability of sediment-bound chromium is suggested
by the study of Doughtie et al. (1983). These authors reported chromium concentrations of
greater than 100 mg/kg in the New York Bight and found that lobsters, crabs, and shrimp in the
area had a high incidence of cuticular lesions. These same lesions were induced in grass shrimp
(Palaemoneles pugio) by exposure to 0.5 mg/l hexavalent chromium in water for 28 days.

The pattern of chromium sediment concentration at Kin-Buc shows similar levels at tidal
Edmonds Creek and Martins Creek. However, chromium concentrations in mummichogs are
about twice as high at tidal Edmonds Creek. It is clear that, in addition to concentration, factors
such as particle size, organic content, sulfides, salinity, and oxidation-reduction potential (Jennert
et al. 1980) are of major importance in determining the bioavailability of chromium.

There are insufficient evidence to suggest that the tissue concentrations of chromium
measured in mummichogs and fiddler crabs provide evidence of toxic exposure.

Lead

Lead was not detected in fish tissues at tidal Edmonds Creek. It was found in single
samples at Martins Creek and Mill Brook, at the same concentration (0.580 mg/kg). Mean and
maximum concentrations in fiddler crabs at tidal Edmonds Creek were 1.510 and 1.800 mg/kg,
respectively (Table 1-7).

The national geometric mean and maximum concentrations for lead in freshwater fish were
0.11 and 4.88 mg/kg, respectively (Schmitt and Brumbaugh 1990). While no national survey data
were available for fiddler crabs, concentrations were 0.2 to 1.3 mg/kg in four Savannah River
stations and 0.5 mg/kg in the Savannah River Wildlife Refuge station (Winger et al. 1990). Based
on the presence of several fish samples at concentrations greater than 2 mg/kg, Winger et al.
(1990) stated that there appears to be a lead contamination problem in the refuge and suggested
that traffic from a nearby highway was a possible source.

Although lead is bioaccumulated to some extent (Eisler I988a), the relationship between
sediment and biota concentrations is complex and dependent on the same factors as described
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for chromium. Whereas data are available which link blood lead levels with adverse effects, no
studies were found linking whole body residues and effects.

The lack of detectable lead concentrations at tidal Edmonds Creek and the infrequent
detection at Martins Creek/Mill Brook indicate that lead contamination of fish tissues is not a
concern at the site. The significance of the concentrations detected in fiddler crabs is not known.

4.2 Risks to Wetland Species

Risks were assessed by comparing surface water concentrations to WDAC developed by
the Wisconsin Department of Natural Resources (1989; see Section 3.2.1), by evaluating
exposure in birds (Section 4.2.1), and by comparing tissue concentrations with literature for
mammals (Section 4.2.2).

Comparisons with WDAC are only possible for the three chemicals for which criteria exist:
mercury, DOT, and PCBs. None of the these chemicals were detected in surface waters of tidal
or non-tidal Edmonds Creek, which is the largest habitat for wildlife at the site. No samples were
collected at the other major system (Martins Creek/Mill Brook). In the only sample measured in
the Low Lying Area, the mercury concentration of 0.1 jig/1 exceeded the WDAC of 0.002 ^g/1.
In the Pool C and Connecting Channel area, DDT and Arocior 1254 were each detected in one
of three samples at concentrations of 0.2 and 0.3 ug/l, respectively. These concentrations exceed
the WDAC of 0.00015 ng/l for DDT and metabolites and 0.003 u.g/1 for Arocior 1254. While the
presence of these concentrations is cause for concern, it is not known whether there are wildlife
residing or feeding in these areas.

4.2.1 Risks to Birds

Risks to birds were assessed by comparing average and maximum estimated dosages
(Table 2-4) with TRVs (Table 3-2). As shown in Table 4-3, for all chemicals, neither the average
nor the maximum estimated dosage exceeds the TRV.

For the heron, the estimated average dosage of PCBs were calculated using both whole
fiddler crabs (Wehran 1990) data and carapace-free fiddler crabe data of Adams et al. (1990).
Using the whole fiddler crab data, the estimated average dosage is 0.082 mg/kg/day which is 22
percent of the TRV (0.375,mg/kg/day). The estimated maximum dosage is 0.155 mg/kg/day or
31 percent of the TRV. Using the carapace-free fiddler crab data, the average and maximum
estimated dosages are 0.121 mg/kg/day (32% of TRV) and 0.202 mg/kg/day (54% of TRV). The 5
estimated average chromium dosage at tidal Edmonds Creek is 30 percent of the TRV while the
maximum is 70 percent of the TRV. Estimated doses of PCBs and chromium were several times g
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Table 4-3. Risks to birds from exposure to PCBs. cadmium, chromium, and lead al Kin-Buc.

Chemical

PCBs'"
pCBw

Cadmium

Chromium

Lead

Estimated Dosage (mg/kg/day)

A. Great Blue Heron

Tidal Edmonds
Average

8.20E*

1.21E1

0

2.87E*

4.31E5

Maximum

1.55E'

2.02E'

0

8.75E'

1.56E*

Martins Creek

Average

3.10E'

0

0

1.49E*

1.73E2

Maximum

4.76E2

0

0

3.77E*

2.30E*

Mill Brook

Average

4.10E*

0

5.36E3

1.46E2

1.72E*

Maximum

551E*

0

7.14E3

2.94E2

2.30E*

TRV
(mg/kg/day)

3.75E1

3.75E1

5.0EJ

1.25E1

3.12E1

Estimated
Dosage (mg/kg/day)

B. Red-Tailed Hawk
Tidal Edmonds

Average

1 .30E *

2.02E1

5.64E3

1.94E8

8.54E*

Maximum

208E2

0

6.20E3

1.96E2

1.13E1

TRV
(mg/kg/day)

3.75E '

3.75E '

5.0E?

1 25E'

3.12E'

w.
M,

Based on Wehran (1990) fiddler crab data.
Using Adams et al (1990) fiddler crab data (without carapace).
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lower at Martins Creek or Mill Brook compared to tidal Edmonds Creek. At tidal Edmonds Creek
and at Martins Creek, the estimated exposure to cadmium was zero because it was not detected
in surface water or biota. Estimated average and maximum cadmium dosages at Mill Brook were
11 percent and 14 percent of the TRV, respectively. Lead, which was found only in surface water
at tidal Edmonds Creek, posed minimal risks at all locations.

For the hawk, the estimated average and maximum PCB dosages were 4 percent and 6
percent of the TRV, respectively. The greatest potential risks were attributable to lead where the
average estimated dosage was 27.3 percent of the TRV and the maximum estimated dosage was
36.9 percent of the TRV. Average and maximum dosages of cadmium and chromium were
between 10 and 20 percent of their TRVs.

Fish-eating birds (e.g., herons) are likely to be exposed to higher levels of PCBs and
chromium than are rodent-eating birds (e.g., red-tailed hawk). However, exposure to lead may
be greater in the rodent-eating than fish-eating birds. Since the rodent body burdens are based
on kidney rather than whole body residues', there are substantial uncertainties associated with
these estimates.

The greatest concern for ecological impact is from exposure of the heron to PCBs and
chromium and exposure of the hawk to lead. Estimated dosages of these chemicals do not pose
substantial risks. However, because the estimated dosages were about one-fifth to one-half of
the TRVs. and in view of the considerable uncertainties in both the estimates of exposure and
of risk (see Section 5.0), the possibility that adverse impacts may occur cannot be ruled out.

422 Risks to Mammals

Risks to mammals were evaluated by comparing tissue residue data (Table 1-7) with
concentrations reported to be associated with toxic effects.

Polychlorlnated blphenyls

PCBs were sampled in livers of muskrats, rats, mice from the tidal Edmonds Creek area
by Wehran (1990). Only Arodor 1254 was detected in muskrat livers whereas only Arodor 1260
was detected in mouse and rat livers. Geometric mean and maximum concentrations were 0.06
and 020 mg/kg in the muskrat and 0230 and 0.370 mg/kg in the rat In the single mouse sample.
a concentration of 0.067 mg/kg was measured. CD
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Charters et al. (1991) also analyzed PCBs in the livers from 61 muskrats collected from
tidal Edmonds Creek and 16 samples from a reference area. PCBs were not detected in any of
the samples.

The concentrations detected in mammals are compared with the concentrations in adipose
tissue associated with reproductive effects (Homshaw et al. 1983). To make the comparison, it
was necessary to estimate adipose tissue concentrations in Kin-Buc mammals. Felt et al. (1979)
found that the concentration of a pentachlorobiphenyl isomer in fat of laboratory rats (average of
abdominal and subcutaneous) was 16 times the concentration in the liver. This factor will be
used to compare the tissue levels measured in mammals at Kin-Buc with the levels associated
with toxic effects in mink. There are considerable uncertainties in using this factor for a specific
PCB with field data for commercial mixtures and in using laboratory rat data to estimate
distributions in wild mammals.

Multiplying the mean and maximum concentrations in Kin-Buc liver samples by 16 yields
estimated adipose concentrations of 0.96 and 3.20 mg/kg for the muskrat and 3.68 and 5.92
mg/kg for the rat. The estimated concentration in the single mouse sample was 1.07 mg/kg.

A comparison of the adipose concentrations reported by Homshaw et al. (1983) with the
estimated concentrations indicates that tissue concentrations are unlikely to be associated with
risks to Kin-Buc mammals. The maximum concentration estimated for a rat sample at Kin-Buc
(5.92 mg/kg) is less than the 6.0 mg/kg level which was not associated with adverse reproductive
effects in the mink. Since the mink appears to be more sensitive than the rat (Eisler 1986a). the
estimated levels in adipose tissues at the site are unlikely to be associated with toxic effects.

Cadmium

Cadmium was measured in the kidneys of muskrats and rats from tidal Edmonds Creek.
Geometric mean and maximum concentrations were 0.280 and 1 .800 mg/kg in the muskrat and
0.100 and 0.110 mg/kg in the rat In muskrats from Martins Creek, geometric mean and
maximum concentrations were 0.620 and 2.300 mg/kg, respectively.

These concentrations are considerably lower than the 100 mg/kg level identified as a
critical levels for adverse effects on the kidney. Although liver effects can also occur in laboratory
animals exposed to cadmium (Tohyama et al. 1987). it is unlikely that these effects would be
present at the concentrations observed in mammals at Kin-Buc.

I *
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Chromium

In samples collected at tidal Edmonds Creek, geometric mean and maximum
concentrations were 0.280 and 0.450 mg/kg in the muskrat kidney and 0.28 and 0.34 mg/kg in
the rat kidney. In samples collected from Martins Creek, geometric mean and maximum
concentrations in the muskrat kidney were 0.240 and 0.440 mg/kg, respectively.

Eisler (I986b) stated that organs and tissues of wildlife containing residues of greater than
0.8 mg/kg should be viewed as possibly contaminated. No studies linking tissue concentrations
with effects were cited in this review or were found in the literature.

The significance of the tissue residues of chromium in mammals at the site is not known.
No data were found associating these concentrations with adverse health effects in mammals.

Lead

In samples collected at tidal Edmonds Creek, geometric mean and maximum
concentrations were 1.500 and 2.000 mg/kg in the rat kidney (Wehran, 1990). Lead was not
detected in muskrat kidney tissues. At Martins Creek, lead was detected in one of three muskrat
kidney samples at a concentration of 0.500 mg/kg. Charters et al. (1991) detected lead at mean
concentrations of 0.32-0.50 mg/kg in livers of muskrats collected from tidal Edmonds Creek.
Mean concentration in livers of animals from the reference area were approximately 8.20 mg/kg.

Young et al. (1986) found similar concentrations of lead in the liver and kidneys of
woodchucks. Therefore, it is possible to compare the concentrations in Kin-Buc kidney samples
with those in liver or kidney from studies with wild mammals.

The study of Oiters and Nielsen (1978) indicates that liver concentrations above 5 mg/kg
may be associated with toxic effects in mammals. Since the maximum concentration found at
Kin-Buc was 2.0 mg/kg in the rat kidney and because the mean levels of lead in muskrats were
about about an order of magnitude less than 5 mg/kg, it is unlikely that lead toxicity in mammals
is an ecological concern at the site.

4.2.3 Risks to Plants

Risks to plants were evaluated by comparing geometric mean sediment concentrations g
in the wetland areas (tidal Edmonds Creek, Martins Creek, and Mill Brook) (Table 1-5) with TRVs °
(Table 3-2). As shown in Table 4-4, plants do not appear to be at risk from exposure to PCBs o
in sediments. However, several metals were reported at mean concentrations exceeding TRVs. N>
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Table 4-4 Risks to plants from exposure to chemicals in sediments at
Kin-Buc II.

Geometric mean sediment concentrations (mg/kg)

PCBs

Antimony

Arsenic
Cadmium

Chromium

Copper

Lead
Mercury

Nickel

Silver

Zinc

Tidal
Edmonds

0.423

5.89

42.12

1.13

57.46

98.21

76.34

0.49

43.47

0.94

190.68

Martins
Creek

• ND

4.00*

21.79'

1.62

50.95

63.58

77.73

0.18

23.41

0.88

218.83

Mill
Brook

0.085

ND

NO

ND

30.66

47.64

80.90

0.07*

27.27

0.44

ND

TRV
(mg/kg)

26

5

15

2.5

64

60

46

8

100

2

260

ND - Not detected.
• Maximum value Usted because mean was not calculated.
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At tidal Edmonds. the geometric mean concentration of arsenic exceeded the TRV by a
factor of 2.8. The geometric mean lead concentration (76.34 mg/kg) is 1.6 times the TRV of 46
mg/kg. while the mean copper concentration of 98.21 mg/kg is 1.6 times the TRV of 60 mg/kg.
At Martins Creek, mean concentrations of lead exceeded the TRV by a factor of 1.7, while mean
concentrations of arsenic and copper slightly exceeded the TRVs. At Mill Brook, the mean
concentration of lead exceeded the TRV by a factor of 1.B.

As discussed in Section 5.0. there are considerable uncertainties associated with the use
of the plant TRVs. The greatest uncertainty is the use of these soil concentrations to represent
levels in sediment. Bioavailability and effects of metals in sediments vs. soils is likely to differ
substantially due to factors such as redox potential, sulfide content, salinity, and pH.

Marsh plants may be at risk from exposure to metals such as arsenic, copper, and lead
in tidal Edmonds Creek sediments. Lead and copper concentrations in the Martins Creek/Mill
Brook system may also pose risks to marsh plants. However, as described in the following
section, there are considerable uncertainties associated with these estimates.
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5.0 UNCERTAINTIES IN THE ECOLOGICAL ASSESSMENT

The primary sources of uncertainty are the small number of samples collected for surface
water and biota, the lack of sampling of the benthic community, the assumptions used to model
exposure, and the derivation and use of guidance values to evaluate risks.

A major source of uncertainty is the small number of samples collected in some locations
of the site. No more than five surface water samples were collected in any site area and there
were no samples collected at Martins Creek or Mill Brook Sample analyses for several metals
were rejected due to laboratory contamination. These data gaps limit the ability to perform a
comprehensive assessment of surface water risks. Sediment analyses of several other Raritan
River samples would have been useful in comparing site contaminant levels with levels from other
local areas. Samples of fish and mammals never exceeded six organisms per site area.

The fish community at the site has not been well characterized. The only sampling gear
used-minnow traps-is selective for small fish. Although the mummichog is an excellent fish for
hazard assessment (because of its stationary nature), it is possible that unsampled species may
have greater PCB body burdens and greater risks. Thus, the characterization of risk to fish using
only the mummichog data contains considerable uncertainty.

It is unknown whether ecological receptors exist in Pool C and the Connecting Channel
and the Low Lying Area. These data would be useful in characterizing environmental risks in
these areas. Benthic data would be especially useful at Pool C and the Connecting Channel
which has the highest concentrations of PCBs in sediments.

It must be assumed that a benthic community exists in the tidal marsh since many other
ecological receptors were found. Data on benthic community abundance and diversity would be
useful in assessing possible sediment impacts.

Considerable uncertainties arise in the estimation of exposure for birds. Limited data were
available on the movements and feeding habits of great blue heron and red-tailed hawks in the
Raritan River system. Estimates of prey concentrations were based on a small number of
samples. Concentrations of PCBs in fiddler crabs were considerably higher in a single sample
analyzed with the carapace removed. Further analyses of carapace-free crabs would be needed
as confirmation. For hawks, estimates of dietary concentrations were based on rat liver and ^
kidney since whole body concentrations were not available. These organ concentrations may be o
greater or lower than whole body concentrations.
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Comparisons of body burdens in fish and mammal samples at Kin-Buc II with levels
associated with toxicity in literature studies are also subject to uncertainty. In most cases
comparisons are between different species and involve tissue concentrations in different organs.
Animals from field studies frequently have measurable concentrations of other contaminants.

Aquatic toxicity data, which are the basis for ambient water quality criteria, have inherent
variability. Sprague (1985) reported that LCM tests, performed by the same investigators using
the same dilution water over a period of years, varied by factors of 1.3-5.5. Ambient water quality
criteria based on these studies are, therefore, also subject to uncertainty.

There are greater uncertainties in the guidance values for sediment toxicity. The EPA
(1988) interim sediment quality criteria are based on partitioning theory which uses parameters
such as distribution coefficients (K0J to estimate interstitial water concentrations to evaluate
toxicity. A further source of uncertainty is the adjustment of these values by the total organic
carbon content for the site area (which are based on few measurements and can greatfy affect
the SQC). The ER-L and ER-M guidance values are statistical estimates based on a variety of
studies. The vast majority of these studies are tests with field-collected sediments which contain
many compounds in addition to the one under investigation. Thus, these values may be strongly
influenced by sediment characteristics such as the presence of other contaminants, organic
carbon content, acid volatile sulfides, redox potential, and particle size.

Plant toxicity values are based on studies which may not accurately model realistic
exposures. Hansen and Chaney (1987) reviewed the phytotoxicity database. One major error
in phytotoxicity tests is the application of soluble metal salts to soils since metals in solution are
more bioavailable and toxic than metals incorporated in a soil matrix. Other sources of error are
the use of small pots which confines roots and overestimates uptake. Soil pH is a major factor
affecting uptake. Often pH is not controlled or measured in these tests. Use of these soil-derived
data for sediments also adds considerable uncertainty since contaminant mobility will be very
different.
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6.0 SUMMARY AND CONCLUSIONS

Potential risks to ecological receptors have been evaluated based on site monitoring data,
a review of the toxicity of the chemicals of concern, and exposure estimates. The assumptions
used in estimating exposures and deriving toxicity reference values have been described in this
assessment. The results of the environmental assessment are summarized below.

Exposure of aquatic life to chemicals measured in surface water were assessed by
comparing concentrations with ambient water quality criteria and other guidance values. Organic
chemicals were infrequently detected in surface waters. PCBs and DOT were detected in only
one of three samples in the primary source area for contaminants (Pool C and the Connecting
Channel). The DOT concentration of 0.20 (ig/l slightly exceeded the acute AWQC of 0.12 jig/I
and exceeded the chronic AWQC of 0.001 ug/l. The PCB concentration of 0.3 pg/l did not
exceed the acute AWQC of 2.0 ng/l but exceeded the chronic AWOC of 0.014 ng/l. Neither
compound was detected in the major receiving system (tidal Edmonds Creek), where ecological
receptors were sampled. Aquatic life at the site does not appear to be at risk from exposure to
organic chemicals in surface waters.

A number of inorganic chemicals were found at concentrations exceeding AWQC. Aquatic
life in tidal Edmonds Creek may be at risk from the levels of aluminum, copper, iron, nickel, and
zinc. However, aluminum and zinc concentrations were higher in tidal Edmonds than in Pool C
and the Connecting Channel. Concentrations of copper in the site areas cannot be compared
because Pool C and Connecting Channel samples were rejected during data validation. Iron
appears to be elevated regionally and the pattern of contamination does not implicate Pool C and
the Connecting Channel as a source. Similarly, nickel concentrations were higher in the non-tidal
Edmonds Creek samples than in the source area. Thus, although aquatic life may be at risk from
exposure to several metals in site surface waters, regional inputs and natural sources appear to
be more important than site-related contamination.

The major site-related risk to aquatic life is from exposure to PCBs in sediments at tidal
Edmonds Creek (including the mosquito channel area). A concentration gradient was evident with
total PCB levels as high as 730 mg/kg measured in the source area and a maximum
concentration of 300 mg/kg measured in tidal Edmonds Creek. Geometric mean Aroclor 1254
concentrations exceeded the site-specific sediment quality criteria at Pool C and the Connecting
Channel, tidal Edmonds Creek, the Unnamed Ditch, and Mill Brook, Mean total PCB
concentrations also exceeded both the ER-L and ER-M concentrations used as guidance for
sediment toxicity at Pool C and the Connecting Channel, tidal Edmonds Creek, and the Low Lying
Area. -, --.
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Several PAH compounds and total PAHs were found at levels exceeding toxicity guidance
values. Although several samples at Pool C and the Connecting Channel contained individual
PAHs at the highest levels reported onsite (greater than 10 mg/kg), there is not clear pattern of
contamination implicating Pool C and the Connecting Channel as the primary source of PAHs.

Seven metals (antimony, arsenic, copper, lead, mercury, nickel, and zinc) appear to be
at elevated levels in tidal Edmonds Creek sediments relative to sediments from nearby
background areas. These seven metals were found at mean concentrations exceeding their ER-L
guidance values; thus sediments from tidal Edmonds Creek may be toxic due to metals
contamination as well as PCS contamination. Of these metals, antimony is of lesser concern
since it was only detected in 2 of 59 samples from the area. Although there is no strict
concentration gradient from Pool C and the Connecting Channel to the receiving streams in all
cases, the areas with the highest sediment metal concentrations were usually Pool C and the
Connecting Channel and tidal Edmonds Creek. Thus site-related metals cannot be.ruled out as
a contributor to the observed metal concentrations in site. **••*'*' •„'«=*< ~ ""'"*

It is conservative to assume that metal toxicity in sediments is additive; sediments with a
large number of metals exceeding guidance values are more likely to be toxic than sediments with
few metals exceeding guidance values. Thus, the greatest concern for metal toxicity is at tidal
Edmonds Creek. Other areas where sediment metals appear to be elevated relative to
background samples at levels of concern are Pool C and the Connecting Channel (for antimony,
arsenic, and nickel), the Unnamed Ditch (for arsenic, mercury, and silver) and Martins Creek (for
antimony and cadmium).

Sediments can serve as a source for PCBs and metals contamination to fish and
macrocrustaceans such as the fiddler crab. PCB concentrations in mummichogs at tidal
Edmonds Creek (geometric mean: 2.97 mg/kg; maximum: 4.10 mg/kg) were about three times
the concentrations measured in the Martins Creek/Mill Brook system and reflect the higher
sediment concentrations. Although no literature was found linking tissue concentrations with
effects in mummichogs, data for other species indicates the potential adverse effects of the body
burdens in the tidal Edmonds Creek fish. Data are inadequate to evaluate the possible effects
of the body burdens measured in fiddler crabs at tidal Edmonds Creek, which was the only site
area sampled. Concentrations of cadmium, chromium, and lead measured in fish and fiddler
crabs do not appear to pose risks and cannot be strongly attributed to site contamination.

Exposure of predatory birds to contaminants in their prey and drinking water have been
estimated using the great blue heron as an example of a bird that consumes fish and crabs and ^
the red-tailed hawk as a rodent-eating bird. Estimated dosages were compared with toxicity o
reference values (TRVs; estimated no adverse effect concentrations). Estimated dosages do not
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appear to pose substantial risk in that, in all cases, dosages were less than the TRVs. The
greatest concern is from exposure of the heron to PCBs and chromium and exposure of the hawk
to lead. Because estimated dosages were about one-fifth to one-half of the TRVs, and in view
of the uncertainties in both the estimates of exposure and risk, the possibility that adverse impacts
on these receptors may occur cannot be ruled out.

Based on body burden analysis, mammals do not appear to be at risk from exposure to
PCBs, cadmium, chromium, and lead. PCB body burdens were highest in the rat samples.
Estimated adipose tissue concentrations in rats are equivalent to levels that were not associated
with reproductive effects in mink which is the most PCB-sensitive mammal tested to date. Tissue
concentrations of cadmium in mammalian kidneys at the site are about 50 times less than the
critical level associated with renal toxicity. No data were found linking chromium kidney
concentrations with toxic effects. The maximum lead concentrations measured in rat kidney are
several times lower than levels associated with toxic effects.

Marsh plants at tidal Edmonds Creek and Martins Creek may be at risk from exposure to
arsenic, copper, and lead. Geometric mean concentrations exceeded the toxicity reference
values for all three metals. However, there are considerable uncertainties in the toxicity reference
values which were derived for soil rather than sediment exposures.

Threatened and endangered bird species have been observed at or adjacent to Kin-Buc
as pan of the Rl investigation. Exposure pathways were explicitly assessed for the great blue
heron (New Jersey threatened). Pathways evaluated for the red-tailed hawk are relevant for
evaluating risks to other threatened or endangered predatory birds. Based on the exposure and
toxicity assessment, these species do not appear to be at substantial risk from site-related
contamination.
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APPENDIX

CAUTIONS AND RESTRICTIONS ON NATURAL HERITAGE DATA
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CAUTIONS AND RESTRICTIONS ON NATURAL HERITAGE DATA

The quantity and quality of data collected by the Natural Heritage Program is dependent
on the research and observations of many individuals and organizations. Not all of this
information is the result of comprehensive or site-specific field surveys. Some natural areas in
New Jersey have never been thoroughly surveyed. As a result, new locations for plant and
animal species are continuously added to the data base. Since data acquisition is a dynamic,
ongoing process, this Office cannot provide a definitive statement on the presence, absence, or
condition of biological elements in any part of New Jersey. Information supplied by the Natural
Heritage Program summarizes existing data known to the program at the time of the request
regarding the biological elements or location in question. The information should never be
regarded as final statements on the elements or areas being considered, nor should they be
substituted for on-site surveys required for environmental assessments. The attached data is
provided as one source of information to assist others in the preservation of natural diversity.

This office cannot provide a letter of interpretation or a statement addressing the
classification of wetlands as defined by the Freshwater Wetlands Act. Requests for such
determination should be sent to DEP Division of Coastal Resources, Bureau of Freshwater
Wetlands. CN 402. Trenton. NJ 08625.

Information provided by this database may not be published without first obtaining the
written permission of the Office of Natural Lands Management. In addition, the Natural Heritage
Program must be credited as an information source in any publication of data.
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APPENDIX B
CALCULATION OF MARSH GROUND PRESSURES
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APPENDIX C
DESCRIPTION AND COST OF GROUNDWATER

MONITORING PROGRAM
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APPENDIX C
DESCRIPTION AND COST OF GROUNDWATER

MONITORING PROGRAM

I. MONITORING PROGRAM DESCRIPTION
Groundwater in the Mound B and Low-Lying Areas of OU2 would be monitored to

determine the efficacy of no further action. A total of nine sand and gravel and bedrock
well couplets would be sampled annually. Every 5 years, the no further action remedy
would be reviewed. Based on the 5-year reviews of the groundwater data, the sampling
schedule could be modified or maintained for a period of up to 30 years. The couplet
locations are shown in Figures C-l and C-2. The samples would be analyzed for Target
Compound List parameters and the following indicator parameters: nitrate, ammonia, total
organic carbon, total kjeldahl nitrogen, total suspended solids, and total dissolved solids.

II. MONITORING PROGRAM COST ESTIMATE
The annual estimated cost for sampling and analysis of the nine couplets would be

approximately:

18 samples/yr x $2,450/sample = $44,100/yr

The present value cost over a period of 30 years (at 5 percent discount rate before
taxes and after inflation) would be $677,900. However, monitoring for 30 years may not
be required after the 5-year reviews of the monitoring data.
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APRIL 1992

LIMITS OF REMEDIAL
STUDY AREAS

MONITORING «CLL LOCATION!
OCI-SERIES EXISTING «LLS INSTALLED 11

GEOCNGINEERING

"F.-8CRIES NCV WELLS INSTALLED BY WEHRAN
AT EXISTING LOCATIONS

•CMRAN ENVIROTECH HAS UTILIZED SURVEY INFORMATION TAKEN
FROM SITE PLAN IFIG NO.it FROM THE REMEDIAL INVESTIGATION
REPORT PREPARED BY GEOCNDINEERING. INC. OF DCNVILLE. NE»
JERSEY, ENTITLED -GENERAL SITE PLAN AND NEW MONITOBING

LOCATIONS' DATED MAY IB, 1984 To DEVELOP GENERALIZED
SITC SKETCH AND ASSUMES NO ACCURACY FOR SAME. ALL
SURFACE FEATURES AND BOUNDARIES TAKEN FROM THE GEO-
ENGINEERING SITE PLAN «ERC ORIGINALLY PREPARED BY PHOTO-
GRAMMETRIC METHODS FROM AERIAL PHOTOGRAPHY TAKEN NOV. T.
19*0 BY AERIAL DATA REDUCTION ASSOCIATES, INC.. OF
PENNSAUKEN. Nt* JERSEY.

2. LOCATION AND ELEVATION OF MONITORING *ELLS, PIEZOMETERS
AND SURFACE *ATER GAUGES »ERt SURVEYED BY KHRAN FIELD
SURVEY CREW IN FEBRUARY AND APRIL, IMO.

}. HORIZONTAL CONTROL IS BASED ON NAD 1927
VERTICAL CONTROL IS BASED ON NATIONAL
eCOOCTIC VERTICAL DATUM INGVDI OF 1929.

500

SCALE IN FEET
(APPROXIMATE)

KIN-BUC OPERABLE UNIT 2
FEASIBILITY STUDY

LOW LYING AREA
PROPOSED GROONDWATER MONITORING
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APPENDIX D
RARFTAN RIVER DATA AND MONITORING PROGRAM

COST ESTIMATE

I. RARITAN RIVER DATA
Data were obtained for the Raritan River as part of the effort to develop effluent

discharge limits for the OU1 leachate/groundwater treatment plant. Tables D-l to D-8 show
the Raritan River surface water data obtained. (This data also appears in Appendix A of the
June 1992 Addendum to Background Information for Development of Effluent Limits.) The
data were obtained over an eight-week period over different tidal cycles. Figure D-l shows
the sampling location at the proposed effluent outfall location (denoted in Figure D-l as
outfall (submerged)). This location is approximately 60 feet from the shoreline. Samples
were obtained at a depth of 3 feet above the river bottom at the sampling location.

The data do not indicate any elevated levels of contaminants in the Raritan River
close to the shoreline in the vicinity of Mound B.

II. MONITORING PROGRAM COST ESTIMATE
In order to monitor potential impacts to the Raritan River, a monitoring program

would be instituted. This would consist of a gauging station in the Raritan River,
monitoring in the Raritan River (as described in Section 3.0), and automatic water level
gauging of a monitoring well in Mound B and the Low-Lying Area. The automatic water
level gauging of the monitoring wells would be done in addition to the monitoring well
sampling described in Appendix C.

The estimated cost for these activities is as follows:

River gauging station/monitoring well
water level recording stations $30.000 oo

N>
Subtotal Capital $30,000

D-l 10.7/92.09406. F9



0AM
Raritan River water quality sampling,
analysis/reporting $20,000/yr

River and monitoring well water level
data compilation/analysis/reporting $50.000/vr

Subtotal O&M $70,000/yr

The present value cost of these efforts over 30 years at a 5 percent discount rate
would be $1.1 million. However, 30 years of monitoring may not be required based on the
5-year reviews of the data.
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O
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TabteD-1
KINBUC / RARTTAN RIVER

SURFACE WATER QUALITY RESULTS
OCTOBER 10,1991

Sample Data
Tim*

Tide Cycle

Metals (ug/1)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
CttXMf*"̂ *p* •*•

Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Indicator Parameters (mg/l)
Ammonia-Nitrogen
Biochemical Oxygen Demand
Chemical Oxygen Demand
Cyanide
Total Dissolved Solids
Total KJekJahl Nitrogen
Total Suspended Solids

Volatile Organics (pg/l)
Acetone
Xyiene (total)

Semi Volatile Organics fag/I)
Dl-n-butylphthalate
Pyrene
Bis (2-BhylnexyO phthalate
Benzo (b) fluoranthene

Pestitides&CBsfafl)
beta-BHC
AMrtn

10/10/91
1:10PM

ME

1730
<60
<10

<200
<5

<10
83500

<10
<50

55
1560

7.7
206000

170
<0.2
<40

65600
<5

<10
1680000

<10
<50
52.2

0.3
<2

109
<0.01
5510
0.95

37

12
0.9J

<10
0.6J
0.3J
0.6J

<O.OS
0.06

10/10791
4:45PM

SBF

1450
<60
<10

<200
<S

<10
49800

<10
<SO
<2S

1030
4.5

90000
159

<0.2
<40

28000
<5

<10
691000

<10
<50
24.5

0.2
<2

122
<0.01
2630
1.41

25

<10
<s

<10
<10

0.7JB
<10

0.02J
0.04J

10/10/91
&OOPM

MF

1450
<60
<10

<200
<S

<10
93500

<10
<50
<2S

2850
11.3

246000
160

<0.2
<40

77800
<S

<10
2040000

<10
<50
39.2

0.31
<2

217
<0.01
7410
0.96

78

<10
<S

u
<10
<10
<10

<0.05
0.06

CO
O

o
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Table D-1
KINBUC / RARTTAN RIVER

SURFACE WATER QUALTTY RESULTS
OCTOBER 10,1991

Continued

Field Measurements
Temperature (C)
pH<S.U.)
eH(mV)
Conductivity (urnhoe)
Dissolved Oxygen (pom)
Salinity (pot)

17.1
NA
NA
NA
NA
3.4

16.8
NA
NA
NA
NA

1.88

NA
NA
NA
NA
NA
NA

< - Indicate* compound was below detection limit
(vakM shown is detection Km*)

J -Indicates compound was present In the sample at an estimated
value, greater then zero, but loss then the minimum detection Umlt

NA - Measurement not recorded
ME -Maximum ebb tide
MF - Maximum flood tide
SL -Slacktide
SBF-

CD
O
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TaWeD-2
KINBUC / RARTTAN RIVER

SURFACE WATER QUALITY RESULTS
OCTOBER 17.1991

Sample Date
Time

Tide Cycle

Metals (ug/l)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Indicator Parameters (mg/l)
Ammonia-Nitrogen
Biochemical Oxygen Demand
Chemical Oxygen Demand
Cyanide
Total Dissolved Solids
Total Kjetdahl Nitrogen
Total Suspended Solids

Volatile OrgarUcs (pg/l)
Acetone

Field Measurements
Temperature (C)
pH(S.U.)
eH(mV)
ConductMty(umhos)
Dissolved Oxygen (ppm)
Salinity (ppt)

10/17/91
7:SOAM

ME

368
<60
<10

<200
<5

<10
123000

<10
<50
<2S
424
<3

365000
90.1
<0.2
<40

122000
<10
<10

3230000
<10
<SO
<20

<0.04
NA
244

<0.01
11000

1.05
17

<10

NA
NA
NA
NA
NA
NA

10/17/91
10-.45AM

SL

<200
<60
<10

<200
<S

<10
114000

<10
<SO
<2S
404
<3

333000
91.1
<0.2
<40

111000
<5

<10
2860000

<10
<so
<20

0.24
NA
199

<0.01
10200

1
17

4JB

NA
NA
NA
NA
NA
NA

10/17/91
1:30PM

MF

271
<60
<10

<200
<5

<10
127000

<10
<50
<25
532
<3

387000
89.1
<0.2
<40

132000
<10
<10

3360000
<10
<50
<20

0.18
NA
177

<0.01
11700

1.17
17

<10

NA
NA
NA
NA
NA
NA

NA - Compound not analyzed for or measurement not recorded.
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Table D-3
HNBUC / RARTTAN RIVER

SURFACE WATER QUALITY RESULTS
OCTOBER 25.1991

Sample Date
Tim*

TWe Cycle

Metals (uf^
Aluminum
Antimony
ArMnic
Barium
BeryMkjm
Cadmium
Calcium
Chromium
CobaR
Coooer"^^*v^w

Iron
Lead
Magnesium
Manganese
Mercury
Nfckal
Potassium
Salanlum
Silver
Sodium
Thallium
Vanadium
Zinc

Indteator Parameters (mgfl)
Ammonla~Nltrogen
Bfochamlcal Oicygan Damand
Chemical Oxygen Demand
Cyanide
Total DlaaolvadSoHda
Total KlaldaMNiirogan
Total Sutpandad SoHdt

VotatHeOrganicsfaM
Acatona

Field Measurements
Tamparatura(C)
pH(S.U.)
eH(mV)
Conductivity (umhoa)
^f _M nfc •• rt l̂ fc ii in • n /MtMMh^Dietolved Oxygen (ppm)
SaNntty(ppt)

10/2M1
1:32PM

ME

696
<60
<10

<200
<S

<10
67200

<10
<50
<2S

1290
4.7

161000
106

<0.2
<40

46900
<S

<10
1310000

<10
<SO
<20

0.2S
6

120
<0.01
4880
1.01

14

<10

15
NA
NA

7000
7.2
4.8

10725/91
4:47PM

SBF

453
<60
<10

<200
<S

<10
40200

<10
<50
<25
902
3.7

67100
96.8
<0.2
<40

20800
<S

<10
511000

<10
<50
<20

0.18
12

50.1
<0.01
1970
1.58

10

<10

14.8
NA
NA

2500
6.4
1.8

10/25/91
&43PM

MF

1830
<60
<10

<200
<S

<10
55400

<10
<50
<25

3470
12

121000
125

<0.2
<40

36700
<5

<10
964000

<10
<so
24.4

0.16
7

86.1
<0.011

3600
1.09

75

6JB

14.2
NA
NA

6000
7.2
4.2

NA - Measurement not recorded.
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Table D-4
KINBUC / RARTTAN RIVER

SURFACE WATER QUALITY RESULTS
OCTOBER 30.1991

Sample Date
Time

TOe Cycle

Metals (ugfl)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Indicator Parameters (mg/l)
Ammonia-Nitrogen
Biochemical Oxygen Demand
Chemical Oxygen Demand
Cyanide
Total Dissolved Solids
Total KJeldahl Nitrogen
Total Suspended Solids

Sen* Volatile Organic* faff)
DMhytphthalate
Bis (2-Bhythexyf) phthalate

Field Measurements
Temperature (C)
PH(S.U.)
eH(mV)
Conductivity (umhos)
Dissolved Oxygen (ppm)
Salinity (ppt)

10/30/91
1&24AM

MF

1410
<60
<10

<200
<s

<10
103000

<10
<50
57.5
2370
13.2

294000
97.7
<0.2
<40

86900
<10
<10

2940000
<10
<50
63.6

0.28
6

258
<0.011

9310
0.48

32

0.6J
1.2JB

13.1
7.24
31.1

12510
7.9
9.4

10/30/91
220PM

SBE

1020
81

<10
<200

<5
<10

176000
<10
<so
72.7
1790

9.5
555000

81.5
<0.2
<40

168000
<10
<10

5770000
<10
<SO
43.3

0.31
23

731
<0.01
18600

0.97
57

<10
2.8JB

13.2
7.24

-54.6
21650

7.7
17.4

10/30/91
5:27PM

ME

2350
71.9
<10

<200
<5

<10
150000

<10
<SO
92.8
3900
15.6

464000
105

<0.2
<40

139000
<10
<10

3720000
<10
<50
117

0.27
9

287
<0.01
14200

0.49
195

<10
1.7JB

13.2
7.45

-64.65
14000

7.5
11
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Table D-5
E3NBUC / RARJTAN RIVER

SURFACE WATER QUALITY RESULTS
NOVEMBER 7,1991

SamptoOata
Tim*

TidaCycto

Metals (u&l)
Aluminum
Antimony
Arasnfc
Barium
BaryNlum
Cadmium
Calcium
Chromium
Cobak
COOMT•u^^^r^*

Iran
Laad
Magnaahim
Manganaaa
Mercury
Nfcfcal
Potassium
Sslsnlum
Sllvar
Sodium
Thallium
Vanadium
Zinc

Indcator Parameters (mg/t)
Ammonia-Nltropjen
Biochemical Oxygen Damand
Chemical Oxygen Demand
Cyanide
Total DtaeoNtedSoUde
Total KJaktaM Nitrogen
Total Suapandad SolUa

Volatile Organic* faff)
MathylafwCMorU*
Action*
<^ ajjiim ̂ ' JMiiacaroon UMUIIKM
1 ̂ -OicMoroatnana QotaO
1.1.1 TrtcMofoathan*
Xytow (total)

SemivotatOe Organic* (pgfl)
Bis (2-Bhylhaxyl) pnthalat*

11/07/91
11:40AM

ME

683
<60
<10

<200
<S

<10
91600

<10
<SO
55.1
1410

6.4
229000

113
<0.2
<40

60800
<5

<10
1900000

<10
<so
80.6

0.25
3

161
<0.01
6650

1.1
40

2JB
4JB
U

1JB
U

1JB

0.7JB

11/07/91
3:06PM

SBF

507
<60
<10

<200
<S

<10
71800

<10
<50
64.4
972
9.3

157000
111

<0.2
<40

43600
<S

<10
1200000

<10
<so
80.4

0.24
2

149
<aoi
4190

1.3
<S

<s
5JB
<S
<5
<S
<S

0.6JB

11/07/91
5:06PM

MF

535
<60
<10

<200
<S

<10
82200

<10
<50
75.6
1120

8.4
193000

113
<0.2
<40

54000
<5

<10
1380000

<10
<so
87.1

0.21
<2

138
0.012
5270
0.83

22

<S
4JB
<S
<5
<5
<S

0.9JB
COo

oo
N)

O
xl
O



Table D-5
KINBUC / RARTTAN RIVER

SURFACE WATER QUALITY RESULTS
NOVEMBER 7,1991

continued

Field Measurements
Temperature (C)
pH(S.U.)
eH(mV)
Conductivity (umhoe)
Dissolved Oxygen (ppm)
Salinity (pot)

10.1
7.16

-59.75
7900

7.6
5.4

10
7.28

-60.5
4375

4
3.9

9.2
7.4
-67

6050
8
5
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TaWeD-6
KINBUC / RARTTAN RIVER

SURFACE WATER QUALITY RESULTS
NOVEMBER 14,1991

Sample Date
Tim*

Tide Cycle

Metals (ug/l)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Laad
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Indicator Parameters (mg/l)

Biochemical Oxygen Demand
Chemical Oxygen Demand
Cyanide
Total Dissolved Solids
Total K)eldahl Nitrogen
Total Suspended Solids

SevnrVofetfe Organics (figfl)
Bto (2-ethymexyl) phthalate

Field Measurements
Temperature (C)
pH(S.U.)
eH(mV)
Conductivity (umhoe)
Dissolved Oxygen (ppm)
Salinity (ppt)

11/14/91
1&02AM

MF

522
66.4
<10

<200
<S

<10
133000

<10
<50
51.6
1100

<3
375000

76.8
<0.2
<40

101000
<6.5
<10

3580000
<10
<so
63.1

0.25
<2

503
<0.01
9960
0.7S

23

5J

8.5
6.24

-16.8
7500

7.5
7

11/14/91
254PM

SBE

<200
86.7
<10

<200
<5

<10
138000

<10
<50
56.8
466
<3

394000
73.4
<0.2
<40

105000
<6.5
<10

3650000
<10
<50
44.6

0.26
<2

639
<0.01
2680
0.71

26

0.7J

8.5
7.49

-77.7
13900

NA
12

11/14/91
5:08PM

ME

220
<60
<10

<200
<5

<10
73600

<10
<50
28.7
504

3
166000

73.6
<0.2
<40

45200
<S

<10
1670000

<10
<50
42.9

0.1
<2

179
<0.01
4890
0.62

11

0.9J

a
7.43

-74.7
8200

NA
7.1

NA - Measurement not recorded.
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Table D-7
ONBUC / RARTTAN RIVER

SURFACE WATER QUALITY RESULTS
NOVEMBER 21,1991

Sample Date
Time

TOe Cycle

Metals (ug/t)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
CooMr*• **p*t* **

Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Indicator Parameters (mg/1)
Ammonia-Nitrogen
Biochemical Oxygen Demand
Chemical Oxygen Demand
Cyanide
Total Dissolved Solids
Total tqettahl Nitrogen
Total Suspended Solids

Volatile Organic* (p&l)
Methyiene Chloride
Acetone
Toluene

Semivoiatile Organics (pgfl)
Bis (2-Bhylhexyl) pnthalate

11/21/91
1&30AM

ME

324
67.7
<10

<200
<S

<10
95800

<10
<50
77.7
825
3.8

253000
96.9
<0.2
<40

70200
<10
<10

1870000
<10
<50

41

0.22
3

132
<0.01
7070
1.12

24

3JB
88B
<5

<10

11/21/91
2:OOPM

SBF

320
<60
<10

<200
<5

<10
64300

<10
<50
30.5
637
3.3

141000
88.1
0.21
<40

42800
<5

<10
1080000

<10
<so
95.8

0.17
<2

147
0.011
3840
0.75

26

3JB
31 B
U

0.9J

11/21/91
4:OOPM

MF

712
78.8
<10

<200
<S

<10
92600

<10
<50
<25

1540
6

248000
101

<0.2
<40

72700
<10
<10

2010000
<10
<50
31.2

0.16
<2

203
<0.01
7120
0.82

37

2JB
8JB
<5

3J
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Table D-7
KINBUC / RARTTAN RIVER

SURFACE WATER QUALITY RESULTS
NOVEMBER 21,1991

continued

Field Measurements
Temperature (C)
pH<au.)
eH(mV)
Conductivity (umhoe)
Dieeotved Oxygen (ppm)
8aUntty(ppt)

9
6.68

-35.5
9040

12
5.04

10
7.35

-72.3
5130

9.5
Z05

9.5
7.25

-66.5
9050

10
5.23

03
O

O
O

O
CD
to



Table D-8
KINBUC / RARTTAN RIVER

SURFACE WATER QUALITY RESULTS
NOVEMBER 26,1991

Sample Date
Time

Tide Cycle

Metals (ug/l)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Indicator Parameters (mg/l)
Ammonia-Nitrogen
Biochemical Oxygen Demand
Chemical Oxygen Demand
Cyanide
Total Dissolved SoUds
Total KJetdahi Nitrogen
Total Suspended Solids

Volatile Organics fag/0
Methytene Chloride
Acetone
Carbon Dtsutflde
l.l.lTrichloroethane
Xytone (total)

11/26/91
7:45AM

MF

1340
<60
<10

<200
<S

<10
23800

<10
<50
<25

2340
8.1

24700
102

<0.2
<40

9920
<5

<10
170000

<10
<50
42.5

0.212
4

23
<0.01

432
0.764

69

0.9JB
6JB
0.3J

<S
0.5J

11/26/91
12:45PM

SL

695
<60
<10

<200
<5

<10
47100

<10
<50
<2S

1480
5.2

108000
105

<0.2
<40

34600
<S

<10
833000

<10
<50
51.5

0.21
2

92.4
<0.01
2970
1.06

53

0.8JB
<10
<S
<5
<5

11/26/91
2:40PM

ME

559
<60
<10

<200
<5

<10
30800

<10
<50
<25

1100
4.1

50500
92.3
<0.2
<40

18000
<S

<10
391000

<10
<50
50.5

0.155
<2
46

<0.01
1260
0.79

35

1JB
148
<S
1J
<s

cao
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TaWeD-8
KINBUC / RARTTAN RIVER

SURFACE WATER QUALITY RESULTS
NOVEMBER 26.1991

continued

Semivolatffe Organic* fat/I)
4-CMoro-3-Methylphenol
OMnylpnthalat*
n-n-butytpnthalate
Bis (2-BhythexyQ phthalate

Held Measurements
Temperature (C)
PHCS.U.)
eH(mV)
Conductivity (umho«)
Olssotvwl Oxygan (ppm)
Ŝ lnily (pp«)

U
<10
<10
1JB

7.5
NA
NA

1025
7.5
0.9

0.8J
<10
<10

0.9JB

8.5
NA
NA

3900
7.5

3.25

<10
0.7J

2J
2JB

8
NA
NA

1700
7.5
1.5

NA - M*asur«n«nt not recorded.
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