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Abstract. This article is the second in a series of three that
describes the results of a Natural Resource Damage Assess-
ment (NRDA) conducted in the Grand Calumet River and
Indiana Harbor Area of Concern (IHAOC). The assessment
area is located in northwest Indiana and was divided into nine
reaches to facilitate the assessment. This component of the
NRDA was undertaken to determine if fish and wildlife re-
sources have been injured due to exposure to contaminants that
are associated with discharges of oil or releases of other haz-
ardous substances. To support this assessment, information was
compiled on the chemical composition of sediment and tissues;
on the toxicity of whole sediments, pore water, and elutriates to
fish; on the status of fish communities; and on fish health. The
data on each of these indicators were compared to regionally
relevant benchmarks to assess the presence and extent of injury
to fish and wildlife resources. The results of this assessment
indicate that injury to fish and wildlife resources has occurred
throughout the assessment area, with up to five distinct lines of
evidence demonstrating injury within the various reaches. Based
on the frequency of exceedance of the benchmarks for assessing
sediment and tissue chemistry data, total polychlorinated biphe-
nyls is the primary bioaccumulative contaminant of concern in the
assessment area. It is important to note, however, that this assess-
ment was restricted by the availability of published bioaccumula-
tion-based sediment quality guidelines, tissue residue guidelines,
and other benchmarks of sediment quality conditions. The avail-
ability of chemistry data for tissues also restricted this assessment
in certain reaches of the assessment area. Furthermore, insufficient
information was located to facilitate identification of the sub-
stances that are causing or substantially contributing to effects on
fish (i.e., sediment toxicity, impaired fish health, or impaired fish
community structure). Therefore, substances not included on the
list of COCs cannot necessarily be considered to be of low priority
with respect to sediment injury (e.g., metals, polycyclic aromatic
hydrocarbons, alkanes, alkenes, organochlorine pesticides, phtha-
lates, dioxins, and furans, etc.).

The Grand Calumet River system is a relatively small drainage
basin that flows through northwestern Indiana and northeastern
Illinois. Information from a number of sources indicates that
the Grand Calumet River drainage basin is one of the most
highly industrialized areas in the United States (Bright 1988;
Brannon et al. 1989; Ryder 1993). MacDonald et al. (2002)
described the point and non-point contaminant sources in this
watershed. To address concerns associated with the widespread
contamination of surface waters and sediments, the Interna-
tional Joint Commission designated the Grand Calumet River–
Indiana Harbor complex as an Area of Concern (IHAOC)
under the Great Lakes Water Quality Agreement (IJC 1989).

Concerns regarding historic discharges of oil and releases of
other hazardous substances led the United States Fish and
Wildlife Service (U.S. FWS) and the State of Indiana (the
trustees) to initiate a Natural Resource Damage Assessment
(NRDA) of the Grand Calumet River (GCR; which includes
two reaches on the East Branch [EB] and two reaches on the
West Branch [WB] of the river; i.e., EBGCR-I, EBGCR-II,
WBGCR-I, WBGCR-II), U.S. Canal (USC), Indiana Harbor
Canal (IHC), Lake George Branch (LGB), Indiana Harbor
(IH), and waters of nearshore Lake Michigan (LM; i.e., the
assessment area; see MacDonald et al. 2002 for a map of the
assessment area; Natural Resources Trustees 1997). As de-
scribed in the assessment plan for the NRDA (Natural Re-
sources Trustees 1997) and mandated under the Comprehen-
sive Environmental Response, Compensation, and Liability
Act, the Oil Pollution Act, and the Clean Water Act, the
trustees are documenting the cumulative injuries resulting from
exposure to multiple contaminants (i.e., arising from dis-
charges of oil and releases of other hazardous substances) and
to determine the appropriate scope and scale of restoration and
compensation (Natural Resources Trustees 1997). As identified
by the Natural Resources Trustees (1997), the primary chem-
icals of potential concern (COPCs) were polychlorinated bi-
phenyls (PCBs), oils and oil-related compounds (including
alkanes, alkenes, naphthalenes, and polyaromatic hydrocarbonsCorrespondence to: D. D. MacDonald; email: mesl@island.net
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[PAHs]), and metals. Based on the activities that have been
conducted in the assessment area, various pesticides, cyanide,
phenols, and conventional variables—such as total organic
carbon (TOC), dissolved oxygen (DO), sediment oxygen de-
mand (SOD), and unionized ammonia (NH3)—were identified
as additional COPCs.

This investigation was conducted to support the NRDA of
the assessment area by (1) determining if discharges of oil or
releases of other hazardous substances have injured or are
likely to have injured fish and wildlife resources (i.e., fish,
amphibians, reptiles, birds, or mammals) within the assessment
area; and (2) identifying contaminants of concern (COCs; i.e.,
those substances that are causing or substantially contributing
to sediment injury) in the assessment area. Definitions of injury
to natural resources are provided by MacDonald et al. (2002).
The indicators of injury to fish and wildlife resources that were
used in this investigation included toxicity to fish, fish com-
munity structure, sediment fish health, chemistry, and tissue
chemistry. An evaluation of injury to sediments and sediment-
dwelling organisms was also conducted and is presented in the
first manuscript in this series (MacDonald et al., 2002). The
third manuscript in the series will describes the results of an
assessment of sediment toxicity that was recently conducted in
the assessment area.

Materials and Methods

Description of the Assessment Area

This investigation was focused on the GCR, IHC, IH, and associated
LM environments (Figure 1). The riparian and upland habitats closely
associated with these waters were also considered in this assessment,
including lands within the boundaries of the Indiana Dunes National
Lakeshore. A description of the assessment area is provided by Mac-
Donald et al. (2002).

Identification of Key Indicators of Sediment
Quality Conditions

This assessment, which was conducted in accordance with the Depart-
ment of the Interior regulations (US DOI 1996), was undertaken to
determine if fish and wildlife resources within the assessment area
have been injured by discharges of oil or releases of other hazardous
substances from industrial, municipal, and nonpoint sources. To sup-
port this assessment, a suite of five indicators of sediment quality
conditions was identified that could be used to assess injury to fish and
wildlife resources, including sediment toxicity, fish health, fish com-
munity status, sediment chemistry, and tissue chemistry.

Sediment Toxicity Tests: In this investigation, the results of toxicity
tests with fish were considered to be a primary indicator of injury to
fish and wildlife resources. More specifically, demonstration of toxic-
ity to fish was considered to provide the necessary evidence to con-
clude that contaminated sediments have the potential to adversely
affect fish in the assessment area. The toxicity tests that were used in
this evaluation included 10-day elutriate and 4- to 12-day whole
sediment toxicity tests with fathead minnow (Pimephales promelas;
endpoints: survival and growth; Lucas and Steinfeld 1972; Burton
1994; Gillespie et al. 1998). Sediment samples were designated as
toxic to fish if the response of the test organism exposed to IHAOC

sediments was reported to be significantly different from the response
that was observed in an appropriately selected control or reference
sediment.

Fish Health: Data on fish health provide important information for
determining if fish have been adversely affected by discharges of oil or
releases of other hazardous substances. Fish health represents a rele-
vant indicator of sediment quality conditions because fish that are
exposed to contaminated sediment can exhibit impaired health, such as
an increased incidence of tumors (Malins et al. 1985; Goyette et al.
1988; Payne et al. 1988). In turn, impaired fish health can result in
increased rates of fish mortality and associated effects on fish popu-
lations and fish communities. In this investigation, the incidence of
deformities, fin erosion, lesions, and tumors (i.e., DELT abnormalities)
in fish was used as an important indicator of injury to fish and wildlife
resources (Sobiech et al. 1994). Information on the health of fish
utilizing habitats within the IHAOC was obtained from several studies,
including Simon (1993), Sobiech et al. (1994), Simon and Stewart
(1998), and Simon et al. (2000). Fish health was considered impaired
if the incidence of DELT abnormalities was � 1.3%, which was the
incidence of abnormalities that was observed in the most impacted
sites within the Central Corn Belt Plain ecoregion (Simon 1991;
Sobiech et al. 1994).

Status of Fish Communities: Data on the status of fish populations and
fish communities provides important information for assessing injury
to fish and wildlife resources. In this investigation, index of biotic
integrity (IBI) scores were used as primary indicators of the status of
fish communities and, hence, injury to fish and wildlife resources. The
IBI integrates information on species composition (i.e., total number of
species; number of three key groups of species, including darter/
sculpin/madtom, sunfish, and minnow species; types of species; num-
ber of sensitive species; and percent tolerant species), on trophic
composition (i.e., percent omnivores, percent insectivores, and percent
pioneer species), and on fish condition (i.e., catch per unit effort,
percent simple lithophils, and percent DELT abnormalities; Simon
1991). Based on calibration of the IBI for use in the Central Corn Belt
Plains ecoregion (Simon 1991), which contains the IHAOC, fish
communities were considered to be impaired at IBI scores of � 34
(which is the upper limit of the range of scores for fish communities
that are classified as having poor integrity). In Indiana, waters with IBI
scores of � 34 are considered to only partially support or not support
beneficial uses as defined in the Indiana Clean Water Report (IDEM
2000). By comparison, the mean IBI score for the Eastern Corn Belt
Plains ecoregion was 44 � 12 (OEPA 1988). Therefore, the threshold
for fish community impairment (i.e., IBI score of � 34) is similar to
the benchmarks that have been used to evaluate the integrity of fish
populations elsewhere in Indiana and the midwest.

Information on the status of fish communities in the IHAOC (i.e.,
IBI scores) were obtained from several sources including Simon
(1993), Sobiech et al. (1994), Simon and Stewart (1998), Stewart et al.
(1999), and Simon et al. (2000). In each of these studies, the near-
shore margins along both stream banks were sampled, using electro-
shocking equipment, over a distance of 500 m. All fish netted were
identified to species, measured for length, and enumerated in the field.
Larger individuals were assessed for DELT abnormalities. The result-
ant data were compiled and used to calculate IBI scores for each river
reach sampled.

Sediment Chemistry: In addition to causing direct effects on aquatic
biota, contaminants can also accumulate in the tissues of sediment-
dwelling organisms and, in so doing, adversely affect wildlife species
that consume aquatic organisms. Bioaccumulation-based sediment
quality guidelines (SQGs) have been developed to determine the
concentrations of individual chemicals or classes of chemicals in
sediments that will not result in unacceptable levels of that substance
in the tissues of aquatic organisms (Ingersoll et al. 1997). In this
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investigation, sediment chemistry data (i.e., organic carbon-normal-
ized concentrations of total PCBs and organochlorine pesticides) were
compared to the bioaccumulation-based SQGs for the protection of
piscivorus wildlife that have been developed by the New York State
Department of Environmental Conservation (NYSDEC 1999). The
presence of elevated levels of contaminants in sediments, relative to
the SQGs, was considered to be indicative of sediment injury relative
to fish-eating wildlife species in the assessment area (i.e., contami-
nated sediments pose a hazard to piscivorus wildlife due to the poten-
tial for bioaccumulation in the food web). The sediment chemistry data
used in this evaluation were obtained from 30 studies conducted within
the IHAOC between 1979 and 1999, the results of which are reported
by MacDonald and Ingersoll (2000a, 2000b).

Tissue Chemistry: Data on the concentrations of COPCs in the tissues
of aquatic organisms provides important information for assessing the
extent to which bioaccumulative substances have accumulated in the
tissues of sediment-dwelling species and fish. Comparison of these
data to tissue residue guidelines (TRGs) provides a basis for deter-
mining if contaminants have accumulated in the tissues of aquatic
organisms to such an extent that adverse effects on piscivorus wildlife
species are likely to occur. In this investigation, the available tissue
residue data were compared to the TRGs for the protection of pis-
civorus wildlife that have been developed by NYSDEC (Newell et al.
1987) and the Canadian Council of Ministers of the Environment
(CCME 1999). The presence of elevated levels of contaminants in
tissues relative to the TRGs was considered to indicate the potential for
adverse effects on fish-eating wildlife species in the assessment area.
Information on the levels of bioaccumulative substances in the tissues

of fish and aquatic invertebrates were obtained from nine studies
conducted in the IHAOC between 1982 and 1999, the results of which
are reported by MacDonald and Ingersoll (2000a, 2000b).

Acquisition and Evaluation of Sediment Quality Data and
Related Information

To support this assessment, several types of data were acquired and
evaluated. First, information on the toxicity of whole sediments and
elutriates to fish was assembled for the assessment area. Information
on fish health and fish community structure was also compiled from
studies that had been conducted within the IHAOC. Furthermore, the
available information on the chemical composition of whole sediments
was compiled for both surficial and subsurface sediment samples
(samples from all sediment depths were used in this analysis to
evaluate potential exposures that could occur if surficial sediments are
removed). Surficial sediment samples were those that were collected
from the sediment–water interface to any depth (e.g., the first sample
from a sediment core or a sample from a grab sampler); subsurface
sediment samples included any other samples (e.g., subsequent sam-
ples from a sediment core). Finally, the available information on the
levels of COPCs in the tissues of invertebrates and fish was assembled.

Information on the physical, chemical, biological, and toxicological
characteristics of environmental media from the assessment area was
obtained from a number of sources. First, more than 10 bibliographic
databases were searched to identify candidate data sets. Next, more
than 300 scientists active in the sediment quality assessment field were

Fig. 1. Extent of sediment and elutriate toxicity to fathead minnows (Pimephales promelas) in the assessment area
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contacted to acquire the most recent information on freshwater sedi-
ments. Finally, U.S. Department of Justice, U.S. Environmental Pro-
tection Agency, U.S. FWS, and Indiana Department of Environmental
Management (IDEM) staff provided a number of reports and data sets
applicable to the study area.

Because the acquired studies had been conducted for different
reasons and employed a variety of methods, all of the candidate data
sets that were considered for use in this assessment (i.e., from the
IHAOC) were critically evaluated. The acceptance criteria that were
applied to individual studies provided a basis for determining if
experimental designs, measurement endpoints, sample collection and
handling procedures, toxicity testing protocols, environmental condi-
tions, control responses, and analytical methods were consistent with
established procedures (MacDonald and Ingersoll 2000b). All of the
data that met the acceptance criteria were incorporated into the project
database and published in MacDonald and Ingersoll (2000b; available
online at http://midwest.fws.gov/grandcalumetriver).

A relational project database was developed in Microsoft Access
format to support the compilation and subsequent analysis of the
assembled information. All of the sediment chemistry and fish tissue
residue data compiled in the database were georeferenced to facilitate
mapping and spatial analysis using geographic information system–
based applications (i.e., ESRI’s ArcView and Spatial Analyst soft-
ware). The data compiled in the database were verified against the
original data source to ensure data quality. For data acquired electron-
ically, a minimum of 10% of the data were compared to source files.
For data that were compiled from hard-copy materials (i.e., reports and
journal articles), 100% of the data were compared to the source
documents.

Data Treatment

To support subsequent interpretation of the sediment chemistry data,
the total concentrations of several chemical classes were determined
for each sediment sample. Specifically, for PCBs the concentrations of
total PCBs were determined using various procedures, depending on
how the data were reported in the original study. If only the concen-
trations of total PCBs was reported in the study, then those values were
used directly. If the concentrations of various Aroclors (e.g., Aroclor
1242, Aroclor 1248) were reported, then the concentrations of the
various Aroclors were summed to determine the concentration of total
PCBs. When the concentrations of individual congeners were reported,
these values were summed to determine total PCB concentrations. For
DDTs, the concentrations of p,p�-DDD and o,p�-DDD, p,p�-DDE and
o,p�-DDE, and p,p�-DDT and o,p�-DDT were summed to calculate the
concentrations of sum DDD, sum DDE, and sum DDT, respectively.
Total DDTs was calculated by summing the concentrations of sum
DDD, sum DDE, and sum DDT. Finally, the concentrations of total
chlordane were determined by summing the concentrations of alpha-
and gamma-chlordane isomers. If only the concentrations of total
chlordane were reported in the study, then those values were used
directly. In calculating the total concentrations of the various chemical
classes, less than detection limit values were assigned a value of
one-half of the detection, except when the detection limit was greater
than the consensus-based probable effect concentration PEC, or an
alternate SQG if a PEC was not available; MacDonald et al. 2000). In
this latter case, the less than detection limit value was not used in the
calculation of the total concentration of the substance.

Evaluation of Sediment Injury

Discharges of oil and releases of other hazardous substances into
aquatic ecosystems have the potential to cause injury to biological

resources (Natural Resources Trustees 1997). Contaminated sediments
pose a hazard to fish or wildlife when concentrations of one or more
contaminants exceed biological response thresholds. In this investiga-
tion, an injury to sediments has been identified if the measured
concentrations of contaminants in sediments or tissues were sufficient
to adversely affect fish or wildlife resources, or if direct effects have
been demonstrated on biological resources. Specifically, injury to fish
or wildlife was established by documenting the presence of any of the
following conditions.

● Acute or chronic mortality, reduced growth, impaired reproduction,
or abnormal development of fish (as indicated by the results of
laboratory toxicity tests; US EPA 2000; ASTM 2001)

● Altered organ morphology, increased incidence of tumors/lesions, or
degraded health of fish (as indicated by the results of field surveys;
e.g., increased incidence of DELT abnormalities; Simon 1991; So-
biech et al. 1994)

● Degraded or depressed fish populations or altered fish communities
(as indicated by the results of field surveys; Simon 1991)

● Sediment quality conditions sufficient to adversely affect wildlife
species due to the accumulation of contaminants in the tissues of
prey species (i.e., fish or invertebrates; as indicated by concentra-
tions of PCBs, organochlorine pesticides, and/or polychlorinated
dibenzo-p-dioxins/furans [PCDDs/PCDFs] in whole sediment that
exceeded the bioaccumulation-based SQGs; NYSDEC 1999)

● Accumulation of contaminants in the tissues of aquatic organisms to
levels that could injure piscivorus wildlife species (as indicated by
concentrations of PCBs, organochlorine pesticides, and/or PCDDs/
PCDFs that exceeded TRGs; Newell et al. 1987; CCME 1999)

For each indicator, evidence from at least two samples from differ-
ent locations (separated by a straight-line distance of not less than 100
feet) was required to conclude that sediment quality conditions within
a specific reach were sufficient to adversely affect fish and wildlife
resources (Natural Resources Trustees 1997). Within each reach, ev-
idence of injury for any one of the indicators was considered to be
sufficient to conclude that injury to fish and wildlife resources had
occurred within a particular reach of the assessment area.

Identification of COCs

In this investigation, COCs are defined as those substances that occur
in sediments at concentrations that are sufficient to cause or substan-
tially contribute to injury to fish and wildlife resources. The COCs
were identified by comparing the concentrations of each substance that
have been measured in sediments to the corresponding chemical
benchmarks. The chemical benchmarks that were used in this evalu-
ation included the published bioaccumulation-based SQGs (NYSDEC
1999) and the TRGs for the protection of piscivorus wildlife (Newell
et al. 1987; MacDonald and Ingersoll 2000a). Those substances that
occurred in sediments and/or tissues within the various reaches of the
assessment area (i.e., in two or more samples) at concentrations in
excess of the chemical benchmarks were identified as COCs.

Results and Discussion

Information of the toxicity of whole sediments, pore water, or
elutriates to fish (fathead minnows; P. promelas) was available
for four reaches within the assessment area, including the GCL,
EBGCR-I, EBGCR-II, and WBGCR-II (Table 1). The results
of these laboratory toxicity tests demonstrate that sediments
from the EBGCR-I, EBGCR-II, and WBGCR-II are frequently
acutely toxic to fish in 4- to 10-day exposures (Figure 2).
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Overall, 55 of the 77 samples (71%) that were tested were
shown to be toxic to fish (Table 1). The incidence of sediment
toxicity ranged from 14% in the GCL to 100% in the WB-
GCR-II (Table 1). Only one sample from the GCL was toxic to
fish, which indicates that conditions sufficient to cause acute
toxicity to fish were observed only in the West Lagoon.

The available information on incidence of DELT abnormal-
ities indicated that fish health has been compromised in the
assessment area (i.e., relative to other riverine sites in the
Central Corn Belt Plain ecoregion; Table 2). Based on the
information that was compiled, fish health has been compro-
mised in several of the reaches, including EBGCR-I, EBGCR-
II, and WBGCR-I (Simon 1993; Sobiech et al. 1994; Simon
and Stewart 1998; Simon et al. 2000). The average incidence of
DELT abnormalities ranged from 0% in the GCLs to 12.8% in
IH/LM (Table 2). The highest incidence of DELT abnormali-
ties (17.4%) was observed in the EBGCR-II (Table 2).

A number of field surveys have been conducted over the past
15 years to evaluate the status of fish communities in the
assessment area (Simon et al. 1989, 2000; Simon and Moy
1997; Sobiech et al. 1994; Simon 1993; Simon and Stewart
1998). The results of these surveys demonstrate that the integ-
rity of fish communities has been impaired, relative to refer-
ence sites in the Central Corn Belt Plain ecoregion, in all of the
reaches that have been sufficiently examined. Overall, 99 of the
108 samples that have been collected had characteristics that
were indicative of impaired fish communities (Table 3). The
IBI scores ranged from 0 to 43 in the various stream reaches,
which classifies fish communities as no fish, very poor, poor, or

fair (Simon 1991). The lowest average IBI scores were re-
ported for the IH/LM (14.0; n � 1), WBGCR-II (15.9 � 9.8;
n � 17), WBGCR-I (16.5 � 10.4; n � 12), and IHC (17.5 �
4.4; n � 4). Based on these IBI scores, the integrity of fish
communities in these four reaches would be classified as very
poor. Somewhat higher average IBI scores were reported for
the EBGCR-I, EBGCR-II, LGB, and USC; average IBI scores
in these reaches ranged from 22.8 to 26.0. As such, fish
communities in these four reaches would be classified as hav-
ing poor to very poor integrity. Within the LGB, the wetland
areas that are located to the west of the Lake George Canal had
the highest IBI score (38; Simon et al. 2000). Relatively higher
IBI scores were also reported for the GCL, with IBI scores
ranging from 31 to 43 (mean IBI score of 38.1 � 5.0; n � 13).
In the GCL, the lowest IBI scores (i.e., 31 to 38) were reported
for the West Lagoon (classified as having poor to fair-poor
integrity; located closest to an iron and steel manufacturer’s
slag landfill; Simon and Stewart 1998). In contrast, IBI scores
for three of the other GCL segments were 42 to 43, indicating
fish communities with fair integrity. These data show that the
assessment area is capable of supporting fish communities that
are similar to those that have been observed in the Central Corn
Belt Plain ecoregion (Simon 1991). However, fish communities
with fair or better integrity have been observed only rarely
within the assessment area (MacDonald and Ingersoll 2000a,
2000b).

The potential for injury to fish and wildlife resources was
also evaluated using sediment chemistry data. More specifi-
cally, the measured concentrations of bioaccumulative sub-

Table 1. Summary of assessment of effects on fish and wildlife resources

Reach

Indicator of Injury on Fish and Wildlife Resourcesa
# of Lines of
Evidence
Demonstrating
Injury to Fish
and Wildlife
Resources

Toxicity to
Fishb Fish Healthc

Fish
Communityd

Whole
Sediment
Chemistrye

Tissue
Chemistryf

Grand Calumet Lagoons 14% (n � 7) 0% (n � 12) 38% (n � 13)* 84% (n � 58)* 100% (n � 18)* 3
East Branch Grand Calumet

River-I 57% (n � 23)* 40% (n � 10)* 100% (n � 29)* 74% (n � 110)* 100% (n � 22)* 5
East Branch Grand Calumet

River-II 85% (n � 40)* 75% (n � 4)* 100% (n � 22)* 66% (n � 90)* 100% (n � 5)* 5
West Branch Grand Calumet

River-I ID (n � 0)g 100% (n � 3)* 100% (n � 12)* 29% (n � 7)* 100% (n � 7)* 4
West Branch Grand Calumet

River-II 100% (n � 7)* 100% (n � 1) 100% (n � 17)* 18% (n � 17)* 100% (n � 5)* 4
Indiana Harbor Canal ID (n � 0) 33% (n � 3) 100% (n � 4)* 93% (n � 15)* 100% (n � 7)* 3
Lake George Branch ID (n � 0) 50% (n � 2) 50% (n � 2) 83% (n � 29)* ID (n � 0) 1
US Canal ID (n � 0) 50% (n � 2) 100% (n � 8)* 84% (n � 37)* 100% (n � 18)* 3
Indiana Harbor/Lake

Michigan ID (n � 0) 100% (n � 1) 100% (n � 1) 88% (n � 33)* 86% (n � 21)* 2
Overall 71% (n � 77)* 39% (n � 38)* 92% (n � 108)* 74% (n � 396)* 97% (n � 103)* 5

a For each line of evidence, sediment injury is indicated if two or more samples have conditions sufficient to cause or substantially contribute to
sediment injury. Evidence of sediment injury is denoted with an asterisk (*).
b Percent of sediment samples that were toxic to fish in laboratory tests.
c Percent of fish samples with � 1.3% DELT abnormalities.
d Percent of fish samples with IBI scores of � 34 (i.e., poor, very poor, or no fish).
e Percent of sediment samples with one or more chemical concentrations in excess of the bioaccumulation SQGs for wildlife.
f Percent of fish and invertebrate tissue samples with one or more chemical concentrations in excess of the TRGs for wildlife.
g ID � insufficient data; n � number of samples.
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stances were compared to bioaccumulation-based SQGs for the
protection of wildlife (NYSDEC 1999). The results of this
evaluation demonstrated that the concentrations of various
sediment-associated contaminants were sufficient to adversely
affect fish and wildlife species that utilize habitats within the
GCR watershed (i.e., through bioaccumulation of contaminants
in sediment-dwelling organisms and subsequent food web
transfer to wildlife species, such as osprey). Overall, 74% of
the sediment samples (i.e., 295 of 396 samples) had elevated
levels of one or more bioaccumulative contaminants (i.e.,
PCBs, organochlorine pesticides, and/or dioxins). Among the
various reaches, the frequency of exceedance of one or more of
the bioaccumulation-based SQGs ranged from 18% to 93% of
the sediment samples (Table 1), indicating that all of the
reaches have levels of bioaccumulative substances in sediments
that are sufficient to cause or substantially contribute to adverse
effects to fish and wildlife resources. The levels of total PCBs,
total chlordane, total DDTs, endrin, heptachlor, heptachlor
epoxide, and lindane exceeded the bioaccumulation-based
SQGs in many samples with the highest frequency of ex-
ceedance observed for PCBs (258 of 269 samples; 96%; Table
4). Such bioaccumulation SQGs were not available for metals
or PAHs, which precluded an evaluation of the potential for
bioaccumulation of these chemical classes.

Tissue chemistry data provide direct information for deter-

mining if bioaccumulative substances pose unacceptable haz-
ards to fish and wildlife species. In this investigation, the
measured concentrations of bioaccumulative substances in the
tissues of fish and other aquatic organisms (i.e., benthic inver-
tebrates) were compared to the TRGs that have been estab-
lished for the protection of fish-eating wildlife species (Newell
et al. 1987). The results of this evaluation indicate that tissue
residue levels in fish and invertebrates from the assessment
area frequently exceed the TRGs for piscivorus wildlife. Over-
all, 100 of 103 tissue samples (97%) had elevated levels of one
or more bioaccumulative substances (Table 1). One or more of
the TRGs were exceeded in 100% of the samples in all the
reaches except the LGB (insufficient data) and IH/LM (86%;
18 of 21 samples). Based on the frequency of exceedance of the
TRGs (130 of 136 samples; 96%; Table 5), total PCBs repre-
sented the primary bioaccumulative COC in the tissues of
aquatic organisms. Nevertheless, total chlordane, endrin, diel-
drin � aldrin, and total DDTs were also measured at elevated
levels in 2% to 24% of fish and invertebrate tissues from the
assessment area (Table 5).

In this investigation, five lines of evidence were used to
assess sediment injury relative to fish and wildlife resources.
Overall, the results of this assessment indicate that conditions
in all nine reaches are sufficient to adversely affect fish and
wildlife resources (Table 1). More specifically, sediments from

Fig. 2. Extent of injury to fish and wildlife resources, based on comparisons of sediment chemistry data to bioaccumulation-based SQGs
(NYSDEC 1999; one or more exceedance of the SQGs is considered to be indicative of injury to fish and wildlife resources)
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several reaches of the assessment area have been demonstrated
to be toxic to fish (Table 1). In addition, fish health has been
compromised in three of the reaches of the assessment area
(Table 2). As would be expected in areas that have impaired
fish health and toxic conditions, the integrity of fish commu-
nities within the assessment area is generally poor to very poor
(as measured using IBI scores; Table 3). Finally, the available
sediment chemistry data indicate that the concentrations of
bioaccumulative substances are high enough to pose hazards to
wildlife (i.e., as a result of bioaccumulation in the sediment-
dwelling organisms and subsequent food web transport to
piscivorus wildlife species; Table 1). The available data on
tissue chemistry confirm that bioaccumulation is occurring
within the assessment area and that the concentrations of bio-
accumulative substances in the tissues of aquatic organisms are
sufficient to adversely affect fish-eating wildlife species (Table
1; MacDonald and Ingersoll 2000a).

There was a high level of concordance between the five indi-
cators of adverse effects on fish and wildlife resources. In four of

the reaches, EBGCR-I, EBCGR-II, WBGCR-I, and WBGCR-II,
four or five lines of evidence indicated that conditions sufficient to
adversely affect fish and wildlife resources were encountered
within the assessment area. In the GCL, IHC, and USC, adverse
effects on fish and wildlife resources was indicated by three lines
of evidence. The assessment of adverse effects on fish and wildlife
resources in the LGB (one line of evidence) and IH/LM (two lines
of evidence) was restricted by limitations on the available data,
particularly with respect to sediment toxicity to fish and tissue
chemistry. Nevertheless, injury to fish and wildlife resources has
been demonstrated (i.e., one or more lines of evidence) throughout
the assessment area.

COCs

Based on the results of this assessment total PCBs is the
primary bioaccumulative COC identified in the assessment area

Table 2. Summary of DELT (% incidence of deformities, fin erosion, lesions, and tumors) scores for the various reaches in the assessment
area, 1993–1998 (from Sobiech et al. 1994; Simon and Stewart 1998; Simon et al. 2000; Simon 1993)

Sampling
Date

Sample
Number

Reach of Assessment Area

Grand
Calumet
Lagoons

East Branch
Grand
Calumet
River-I

East Branch
Grand
Calumet
River-II

West Branch
Grand
Calumet
River-I

West Branch
Grand
Calumet
River-II

Indiana
Harbor
Canal

Lake
George
Branch US Canal

Indiana
Harbor/
Lake
Michigan

October 1993 1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0

10 0
11 0
12 0

June–July 1 2.7 5.6
1994 2 8.0

3 17.4
4 0

September
1992

1 10.8

1998 1 0 6.15 2.8 6.15 1.68 0 12.8
2 0.74 2.8 0 0 3.28
3 1.57 0.36
4 0
5 0.65
6 0.7
7 0.15
8 2.4
9 6.15

Average
DELT
score

0 1.5 7.8 6.6 2.8 2.2 0.8 1.6 12.8

SD NA 1.89 7.25 4.02 NA 3.45 1.19 2.32 NA
Number of

samples
12 10 4 3 1 3 2 2 1

NA � Not applicable.
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Table 3. Summary of IBI scores for the various reaches in the assessment area, 1985–1998 (from Sobiech et al. 1994; Simon and Stewart
1998; Simon 1993; Stewart et al. 1999; Simon et al. 2000)

Sampling Date
Sample
Number

Reach of Assessment Area

Grand
Calumet
Lagoons

East Branch
Grand
Calumet
River-I

East Branch
Grand
Calumet
River-II

West Branch
Grand
Calumet
River-I

West Branch
Grand
Calumet
River-II

Indiana
Harbor
Canal

Lake
George
Branch US Canal

Indiana
Harbor/
Lake
Michigan

October 1985 1 24 24 24
2 24 0

June 1986 1 32 24 26 22 22 24
2 24 24

October 1986 1 30 28 20 20 26
2 28 28

April 1987 1 22 30 24 24 22
2 22 32 22 24
3 22 24

April 1987 1 24 24 22 22 28
2 26 26

November 1987 1 30 32 0 0 34
2 30 30

May 1988 1 22 26 0 0
2 24 24

July 1988 1 32 28 0 0 24
2 26 26

July 1990 1 20 24 21 21 16
2 32 32

September 1992 1 29 24
2 24
3 12
4 12
5 19

June 1994 1 22 12
2 18
3 22
4 22

1994 1 42
2 42
3 42
4 34
5 32
6 31
7 38
8 32
9 43

10 43
11 42
12 42

1998 1 16 16 22 16 14 12 14
2 22 22 12 38 18
3 16 20

1998 4 18
5 20
6 24
7 24
8 26
9 18

Average IBI
score

38.1 23.9 25.5 16.5 15.9 17.5 26.0 22.8 14.0

SD 5.0 4.3 4.7 10.4 9.8 4.4 17.0 7.1 NA
Number of

samples
13 29 22 12 17 4 2 8 1

Percent altered 38 100 100 100 100 100 50 100 100
Classification for

average score
fair-poor poor-very

poor
poor-very
poor

very poor very poor very poor poor-very
poor

poor-very
poor

very poor
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(MacDonald and Ingersoll 2000a). Total PCBs frequently ex-
ceeded chemical benchmarks in surficial and subsurface sedi-
ments and/or in tissues throughout the assessment area (Tables
4 and 5). In addition, the concentrations of total PCBs in
sediments often exceeded the chemical benchmarks by a sub-
stantial margin (i.e., by up to a factor of 247). Therefore, total
PCBs were present in whole sediment and tissues at concen-
trations that are sufficient to adversely affect fish and wildlife
resources. It is important to note, however, that this assessment
was restricted by the availability of published bioaccumulation-
based SQGs, TRGs, and other benchmarks of sediment quality
conditions. The availability of chemistry data for tissues also
restricted this assessment in certain reaches of the assessment
area. Furthermore, insufficient information was located to fa-
cilitate identification of the substances that are causing or
substantially contributing to effects on fish (i.e., sediment tox-
icity, impaired fish health, or impaired fish community struc-
ture). Therefore, substances not included on the list of COCs
can not necessarily be considered to be of low priority with
respect to sediment injury (e.g., metals, PAHs, alkanes, alk-
enes, organochlorine pesticides, phthalates, dioxins, and
furans, etc.).

Summary

An evaluation of injury associated with contaminated sedi-
ments was conducted in the assessment area. To support this
evaluation, the assessment area was divided into nine reaches:
GCL, EBGCR-I, EBGCR-II, WBGCR-I, WBGCR-II, IHC,
LGB, USC, and IH/LM. The results of this evaluation demon-
strate that sediments throughout the assessment area have been
injured due to discharges of oil or releases of other hazardous
substances. This conclusion is supported by up to five of the
following separate lines of evidence (Table 1).

● Whole sediments, pore water, or elutriates from the assess-
ment area were frequently toxic to fish

● The health of fish in the assessment area, as indicated by an
elevated incidence of DELT abnormalities, has been com-
promised relative to fish utilizing aquatic habitats elsewhere
in the Central Corn Belt Plain ecoregion

● The integrity of fish communities in the assessment area has
frequently been degraded relative to reference sites in the
Central Corn Belt Plain ecoregion

● Concentrations of total PCBs and other bioaccumulative

Table 4. Summary of the available data on the concentrations of bioaccumulative substances (in �g/kg organic carbon) in assessment area
sediments (MacDonald and Ingersoll 2000b).

Substance n Mean SD Range SQGa
Number of Exceedances
of SQGs (%)

Polychlorinated biphenyls
Total PCBs 269 337,000 1,020,000 7.86–12,700,000 1,400 258 (96%)

Organochlorine pesticides
Total DDTs 159 27,400 223,000 62.0–2,790,000 1,000 65 (41%)
Chlordane 51 4,790 7,020 106–38,100 6 51 (100%)
Endrin 145 224 436 12.6–4,340 800 4 (3%)
Heptachlor 30 3,180 7,080 10.1–36,900 30 18 (60%)
Heptachlor epoxide 27 1,780 4,950 10.1–25,700 30 16 (59%)
Lindane 246 506 2,100 10.1–25,400 1,500 10 (4%)

Dioxins/furans
2,3,7,8-TCDDb 2 0.886 1.15 0.0735–1.70 0.2 1 (50%)

a SQG � Bioaccumulation-based sediment quality guideline (from NYSDEC 1999).
b 2,3,7,8-TCDD � 2,3,7,8-tetrachlorodibenzodioxin.

Table 5. Summary of the available data on the concentrations of bioaccumulative substances (�g/kg wet weight) in fish and invertebrate tis-
sues from the assessment area (MacDonald and Ingersoll 2000b)

Substance n Mean SD Range TRGa
Number of Exceedances
of TRGs (%)

Polychlorinated biphenyls
Total PCBs 136 2,530 4,130 15.1–27,100 110 130 (96%)

Organochlorine pesticides
Total DDTs 63 282 542 11–3,350 200 15 (24%)
Chlordane 62 48.0 72.5 8–442 370 1 (2%)
Endrin 37 6.82 7.22 5–41 25 2 (5%)
Heptachlor and

Heptachlor Epoxide
39 7.76 3.87 4–24 25 0 (0%)

Lindane 37 4.93 1.99 3–13 100 0 (0%)
Mirex 11 5 — 5–5 330 0 (0%)
Dieldrin and aldrin 40 23.0 39.8 5–207 22 8 (20%)

a TRG � Tissue residue guideline (from Newell et al. 1987).
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substances in sediments frequently exceeded the bioaccumu-
lation-based SQGs for the protection of wildlife

● Concentrations of total PCBs and other bioaccumulative
substances in the tissues of aquatic organisms frequently
exceeded the TRGs for the protection of wildlife

Any one of these lines of evidence could be used alone to
support the conclusion that sediment injury has occurred in the
assessment area. When considered together, however, these
five separate lines of evidence provide a weight of evidence for
concluding that discharges of oil or releases of other hazardous
substances have created conditions that are sufficient to ad-
versely affect fish and wildlife resources. Total PCBs and other
bioaccumulative substances are present in assessment area
sediments and tissues at concentrations sufficient to cause or
substantially contribute to the injury of fish and wildlife re-
sources.

This investigation was conducted to document the impact of
oil and other hazardous substances on the resources of the
assessment area (i.e., injury determination). With the comple-
tion of the injury determination phase of the assessment, it is
anticipated that the Natural Resource Trustees will proceed to
the injury quantification phase to determine the loss or impair-
ment of specific natural resource services (e.g., provision of
habitat for biological resources) that are associated with injury
to sediments and sediment-dwelling organisms. In the final step
of the NRDA process, the trustees will determine the type and
magnitude of compensation required to restore injured natural
resources to appropriate baseline conditions and to address the
public’s loss of natural resource services for the period preced-
ing restoration to baseline (Natural Resources Trustees 1997).
Collectively, the results of the various components of the
NRDA will support decisions regarding the restoration of nat-
ural resources within the assessment area.
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