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List of Terms

Acute toxicity — The immediate or short-term response of an organism to a chemical
substance. Lethality is the response that is most commonly measured in acute
toxicity tests.

Acute toxicity threshold — The concentration of a substance above which adverse effects
are likely to be observed in short-term toxicity tests.

Altered benthic invertebrate community — An assemblage of benthicinvertebratesthat has
characteristics (i.e., mIBI score, abundance of EPT taxa, etc.) That are outside the
normal range that has been observed at uncontaminated reference sites.

Aquatic organisms — The species that utilize habitats within aguatic ecosystems (e.g.,
aquatic plants, invertebrates, fish, amphibians and reptiles).

Agquatic ecosystem — All the living and nonliving material interacting within an aguatic
system (e.g., pond, lake, river, ocean).

Aquatic invertebrates — Animals without backbones that utilize habitats in freshwater,
estuaries, or marine systems.

Assessment Area — The areas within which natural resources have been affected directly
or indirectly by the discharge of oil or release of a hazardous substance and that
serves as the geographic basis for the injury assessment in this report. The
assessment areaincludesthe Grand Calumet River, IndianaHarbor Canal, Indiana
Harbor, and the nearshore areas of Lake Michigan.

Benthic invertebrate community — The assemblage of various species of sediment-
dwelling organisms that are found within an aquatic ecosystem.

Bioaccumulation — The net accumulation of a substance by an organism as a result of
uptake from all environmental sources.

Bioaccumulation-based SQGs —Sediment quality guidelinesthat are established to protect
fish and wildlife resources against effects that are associated with the
bi oaccumul ation of contaminantsin sediment-dwel ling organismsand subsequent
food web transfer.

Bioaccumulative substances — The chemicals that tend to accumulate in the tissues of
aquatic organisms.
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Biological resources —Thosenatural resourcesreferredtoin Section 101(16) of CERCLA
as fish and wildlife and other biota. Fish and wildlife include marine and
freshwater aquatic and terrestrial species; game, nongame, and commercial
species; and threatened, endangered, and State sensitive species. Other biota
encompass shellfish, terrestrial and aquatic plants, and other living organisms not
otherwise listed in this definition.

CERCLA —Comprehensive Environmental Response, Compensation, and Liability Act of
1980, 42 U.S.C. 9601 et seq.

CERCLIS — Comprehensive Environmental Response, Compensation, and Liability
Information System.

Chemicals of Concern —The substancesthat have been identified by the Natural Resource
Trustees that have the potential to cause injury to surface water or biological
resourcesin the Assessment Area, including PCBs, oil and oil-related compounds
(including akanes, alkenes, naphthalenes, and PAHS), and metals. Other
substances that were considered in this study include pesticides, sediment oxygen
demand (SOD), unionized ammonia (NH,)

Chemical benchmark — Guidelines for water or sediment quality which define the
concentration of contaminantsthat are associated with high or low probabilities of
observing harmful biological effects, depending on the narrative intent.

Chronic toxicity threshold — The concentration of asubstance above which adverseeffects
on sediment-dwelling organisms are likely to occur in longer-term toxicity tests.

Chronic toxicity — The response of an organism to long-term exposure to a chemical
substance. Among others, the responses that are typically measured in chronic
toxicity tests include lethality, decreased growth, and impaired reproduction.

Consensus-based SECs —The sediment effect concentrations, including consensus-based
threshold effect concentrations and probable effect concentrations, that were
devel oped from published sediment quality guidelines.

Consensus-based TECs — The threshold effect concentrations that were devel oped from
published sediment quality guidelines. A subset of the SECs.

Consensus-based PECs — The probable effect concentrations that were developed from
published sediment quality guidelines. A subset of the SECs.

Contaminants of concern — The toxic or bioaccumulative substances that occur in
sediments at concentrations that are sufficient to cause or substantially contribute
to sediment injury, including injury to sediment-dwelling organisms, of fish and
wildlife.
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Contaminated sediment — Sediment that contains chemical substances at concentrations
that could harm sediment-dwelling organisms, wildlife, or human health.

Conventional variables — A number of variables that are commonly measured in water
and/or sediment quality assessments, including water hardness, DO, conductivity,
total organic carbon (TOC), SOD, NH,, temperature, dissolved oxygen (DO), pH,
akalinity.

Core sampler — A device that is used to collect both surficial and sub-surface sediments.

DELT abnormalities — A number of variables that are measured to assess fish hedlth,
including deformities, fin erosion, lesions, and tumors.

Discharge —Discharge of oil asdefined in Section 311(a)(2) of the Clean Water Act, and
includes, but is not limited to, any spilling, leaking, pumping, pouring, emitting,
emptying, or dumping of ail.

Ecosystem — All the living (e.g., plants, animals, and humans) and nonliving (rocks,
sediments, soil, water, and air) material interacting within a specified location in
time and space.

Effects-based SECs — Consensus-based sediment quality guidelines.

Endpoint — A measured response of areceptor to apotential stressor. Anendpoint can be
measured in atoxicity test or afield survey.

Epibenthic organisms — The organisms that live on the surface of bottom sediments.

Exposure — Co-occurrence of or contact between astressor (e.g., chemical substance) and
an ecological component (e.g., aguatic organism).

Grab (Dredge) samplers — A devicethat isused to collect surficial sediments(e.g., petite
ponar dredge).

Hazardous substances — A hazardous substance as defined in Section 101(14) of
CERCLA.

Index of Biotic Integrity (IBI) — A parameter that is used to evaluate the status of fish
communities. The IBI integrates information on species composition (i.e., total
number of species, typesof species, percent sensitive species, and percent tol erant
species), ontrophic composition (i.e., percent omnivores, percent insectivores, and
percent pioneer species), and on fish condition.

Indicators of environmental quality conditions —Measurablefeatures or characteristics of
an ecosystem that provide information on the status of the ecosystem as awhole.
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Infaunal organisms — The organisms that live in bottom sediments.

Injury — a measurable adverse change, either long or short-term, in the chemical or
physical quality or the viability of a natural resource resulting either directly or
indirectly from exposure to adischarge of oil or release of a hazardous substance,
or exposure to a product of reactions resulting from the discharge to oil or release
of a hazardous substance. As used in this part, injury encompasses the phrases
“injury”, “destruction”, and “loss’. Injury definitions applicable to specific
resources are provided in 8 11.62 of this part.

Life cycle tests — Toxicity tests that investigate the long-term effects of one or more
stressors on a receptor over two or more generations.

Macroinvertebrate Index of Biotic Integrity (IBI) — Anindicator of the overall structure of
benthic invertebrate communities (OEPA 1989). The scoring criteria for this
metric includes such variables as number of taxa, percent dominant taxa, relative
abundance of EPT taxa, and abundance of chironomids.

Mean PEC-Q — Mean PEC-Qs were cal culated using the procedure that was established
by USEPA (2000a). Using this method, a PEC-Q was first determined for each
metal for which areliable PEC wasavailable. Then, an average PEC-Q for metals
was cal culated by summing the PEC-Qs of each metal and dividing by the number
of metalsthat were included in the calculation. PEC-Qswere aso calculated for
total PAHs and total PCBs. Finally, the mean of the average PEC-Q for metals,
the PEC-Q for PAHSs, and the PEC-Q for PCBs was determined for each sediment
sample (termed the mean PEC-Q).

Natural resources — land, fish, wildlife, biota, air, water, ground water, drinking water
supplies, and other such resources belonging to, managed by, held in trust by,
appertaining to, or otherwise controlled by the United States (including the
resources of the fishery conservation zone established by the Magnuson Fishery
Conservationand Management Act of 1976), and State or local government, or any
foreign government, any Indian tribe, or, if such resources are subject to a trust
restriction on alienation, any member of an Indianatribe. These natural resource
have been categorized into the following five groups: surface water resources,
ground water resources, air resources, geol ogic resources, and biological resources.

Natural resources damage assessment — the process of collection, compiling, and
analyzing information, statistics, or data through prescribed methodologies to
determine damages for injuries to natural resources as set forth in this part.

Oil — oil as defined in Section 311(a)(1) of the Clean Water Act, of any kind or in any
form, including, but not limited to, petroleum, fuel oil, sludge, oil refuse, and ail
mixed with wastes other that dredged spoil.
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Piscivorus wildlife species — The wildlife species that consume fish as part or al of their
diets (e.g., herons, kingfishers, otter, mink or osprey).

Population — An aggregate of individual of a species within a specified location in time
and space.

Pore water — The water that occupies the spaces between sediment particles.
Release — arelease of a hazardous substance as defined in Section 101(22) of CERCLA.

Sediment quality guideline — Chemical benchmark that is intended to define the
concentration of a sediment-associated contaminant that is associated with ahigh
or alow probability of observing harmful biological effectsor unacceptablelevels
of bioaccumulation, depending on its purpose and narrative intent.

Sediment injury — The presence of conditionsthat have injured or are sufficient to injure
sediment-dwelling organisms, fish or wildlife.

Sediment — Particulate material that usually lies below water.

Sediment chemistry data — Information on the concentrations of chemical substancesin
bulk sediments or pore water.

Sediment-associated contaminants —Contaminantsthat are present in sediments, including
bulk sediments or pore water.

Sediment-dwelling organisms — The organismsthat livein, on, or near bottom sediments,
including both epibenthic and infaunal species.

Surface Water Resources — the waters of the United States, including the sediments
suspended in water or lying on the bank, bed, or shoreline and sediments in or
transported through coastal and marine areas. Thisterm does not include ground
water or water or sediments in ponds, lakes, or reservoirs designed for waste
treatment under the Resource Conservation and Recovery Act of 1976, 42 U.S.C.
6901-6987 or the Clean Water Act, and applicable regulations.

Tissue Residue Guideline — Chemical benchmark that is intended to define the
concentration of asubstancein thetissues of fish or invertebrates that will protect
wildlife against effects that are associated with dietary exposure to hazardous
substances.
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Trustee — any Federal natural resources management agency designated in the National
Contingency Plan and any State agency designated by the Governor of each State,
pursuant to Section 107(f)(2)(B) of CERCLA, that may prosecute claims for
damages under Section 107(f) or 111(b) of CERCLA; or an Indianatribe, that may
commence an action under Section 126(d) of CERCLA.

Whole sediment — Sediment and associated pore water.

Wildlife — The fish, reptiles, amphibians, birds, and mammals that are associated with
aquatic ecosystems (i.e., fish and wildlife resources).
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Background Information Relevant to the Preparation of this
Report

Professional Qualifications
The professional experience and educational qualifications which qualify Dr.
Ingersoll and Mr. MacDonald to give the opinions that included in this report are
set out in the curricula vitae, which are included in Appendix 7.

Dr. Ingersoll’ s experience in the field of sediment quality assessment included:

C Chair of ASTM Committee E47 on Environmental Fate and Effects
of Contaminants (1995 to present) and chair of chair Subcommittee
E47.03: Sediment Toxicology (1988 to 1995);

C  Task group leader in ASTM Subcommittee E47.03 on Sediment
Toxicology for the development of standard methods for assessing
sediment toxicity with freshwater invertebrates (ASTM standard test
method E1706);

C  Task group member in ASTM Subcommittee E47.03 on Sediment
Toxicology for the development of standard methods for assessing
sediment toxicity with estuarine and marine amphipod (ASTM
standard guide E1367);

C  Task group member in ASTM Subcommittee E47.03 on Sediment
Toxicology for the development of standard methods for assessing
bioaccumulation of sediment contaminants (ASTM standard guide
E1688);

C  Task group member in ASTM Subcommittee E47.03 on Sediment
Toxicology for the development of standard methods for assessing
and designing sediment toxicity assessments (ASTM standard guide
E1525);

C Primary author for the USEPA (1994) standard method for measuring
the toxicity and bioaccumulation of sediment-associated
contaminants with freshwater invertebrates (EPA 600/R-94/024);
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C Primary author for the USEPA (2000b) standard method for
measuring the chronic toxicity of sediment-associated contaminants
with freshwater invertebrates (EPA/600/R-99/064);

C  Co-author for the USEPA (1994) standard method for measuring the
toxicity of sediment-associated contaminants with estuarine and
marine invertebrates (EPA 600/R-94/025);

C Member of the USEPA Science Advisory Board (SAB) on
Environmental Effects and Fate Committee - Sediment criteria
subcommittee member (1988 to present; the SAB has reviewed
numerous approaches for assessing sediment quality included
equilibrium partitioning, apparent effects threshold, weight-of-
evidence approach, and the USEPA National Sediment Inventory);

C Development of an approach for the derivation of freshwater
sediment quality guidelines for the Great L akes;

C  Participation on the development of numerical sediment quality
guidelinesfor NOAA’s Nationa Status and Trends Program;

C Participation in the development of a sediment toxicity database for
evaluating matching sediment chemistry and biological effects data;
and,

C Editor of the book Ecological Risk Assessments of Contaminated
Sediment. (1997, SETAC Press. Pensacola, Florida. 389 pages).

Mr. MacDonad sexperiencein thefield of sediment quality assessment includes:
C Development of an approach to the derivation of Canadian sediment
quality guidelines,

C Development of numerical sediment quality assessment guidelines
for 34 chemical substancesin Florida coastal waters;

C  Development of Canadian sediment quality guidelinesfor freshwater
ecosystems;

C Devel opment of Canadian sediment quality guidelinesfor marineand
estuarine ecosystems;
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C Participation in the development of numerical sediment quality
guidelinesfor NOAA's National Status and Trends Program;

C Development of procedures for deriving site-specific sediment
quality remediation objectives;

C  Development of asediment toxicity databasefor eval uating matching
sediment chemistry and biological effects data;

C  Development of Canadian sediment quality guidelinesfor toxaphene,
DDTs, and PCBs;

C Development of sediment effect concentrations for assessing
sediment injury in the Southern California Bight; and

C Development of aframework for assessing contaminated sediments
using multiple indicators of sediment quality conditions.

Conflict of Interest

Neither Dr. Ingersoll nor Mr. MacDonald have any personal interest in thisreport
other than as paid consultants to U.S. Fish and Wildlife Service. Our prior
involvement with U.S. government sediment injury has been as paid consultants
on specific projects related to hazard and environmental assessments. We have
had no prior involvement with the potentially responsible parties relative to the
Assessment Area. The United States Geological Survey and MacDonald
Environmental Sciences Ltd. will be paid the same regardless of the outcome of
this case.

Documents Used to Prepare Report

In preparing thisreport, we have reviewed numeroustexts, articles, protocols, and
publications relating to the fate and effects of sediment-associated contaminants
on aguatic organisms. A list of the documents that were considered during the
preparation of thisreport is presented in the references cited section of thisreport.
In addition, we have relied on our knowledge of this river system, as acquired
through a site reconnaissance (conducted in January, 1998) and previous
investigations conducted within this Area of Concern.
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Executive Summary

This investigation was conducted to determine if sediments within the Grand Calumet
River, Indiana Harbor Canal, Indiana Harbor, or the nearshore areas of Lake Michigan
(i.e., the Assessment Area) have been injured due to discharges of oil or releases of other
hazardous substances. If the results of this assessment indicated that sediment injury has
occurred within the A ssessment Area, then the subsequent objectives of thisinvestigation
wereto identify contaminants of concernin the Assessment Areaand to evaluatethe areal
extent of sediment injury.

In thisreport, sediment injury was defined as the presence of conditions that haveinjured
or are sufficient to injure sediment-dwelling organismsand/or fish and wildlife resources.
As such, this assessment of sediment injury was intended to provide the information
needed to evaluate injury to surface water resources and biological resources within the
Assessment Area.  Contaminants of concern were defined as those toxic or
bi oaccumul ative substances that occur in sediments at concentrations that are sufficient
to cause or substantialy contribute to sediment injury, including injury to sediment-
dwelling organisms, and/or fish and wildlife resources.

In accordance with the Assessment Plan (Natural Resources Trustees 1997), this
assessment of sediment injury was focused on eval uating the effects on natural resources
that have occurred due to discharges of oil or releases of other hazardous substances. The
chemicals of concern in the Assessment Areainclude polychlorinated biphenyls (PCBS),
oil and oil-related compounds (including alkanes, alkenes, naphthalenes, and polycyclic
aromatic hydrocarbons, PAHs), and metal s (Natural Resources Trustees 1997). Theother
substances that were considered in this study include various pesticides, phenols, and
conventional variables [such as total organic carbon (TOC), sediment oxygen demand
(SOD), and unionized ammonia (NH,)]. As many of these substances tend to become
associated with sediments upon rel ease into aquati c ecosystems, sediment contamination
represents a concern with respect to the restoration of beneficial usesin the Assessment
Area (IDEM 1991).

Tofacilitate this evaluation, the Assessment Areawas divided into nine separate reaches,
including the Grand Calumet River Lagoons (GCRL ), East Branch Grand Calumet River-I
(EBGCR-1), East Branch Grand Caumet River-Il (EBGCR-1I), West Branch Grand
Caumet River-1 (WBGCR-I), West Branch Grand Calumet River-11 (WBGCR-I11), Indiana
Harbor Cana (IHC), Lake George Branch (LGB), US Cana (USC) and Indiana
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Harbor/Lake Michigan (IH/LM). In each of these reaches, the available sediment quality
and related information was collected, evaluated, compiled, and used to assess injury to
sediments and associated biological resources. The results of these assessments are
presented in Sections5to 13 of thisreport. A summary of theseresultsis presented bel ow
to provide an overview of sediment quality and related conditions within the Assessment
Area.

Injury to Sediment-Dwelling Organisms

Intotal, four primary indicatorswere used to assessinjury to sediment-dwel ling organisms
within the Assessment Area. These indicators included whole sediment chemistry, pore
water chemistry, sediment toxicity (including whole sediment, pore water, and/or
elutriates), and benthic invertebrate community structure. The status of physical habitats
in each reach of the Assessment Area was also described.

Information on the concentrations of sediment-associated contaminants hasbeen gathered
for the entire Assessment Area. Collectively, these sediment chemistry dataindicate that
both surficial and sub-surface sedimentsin all of the reaches have beeninjured asaresult
of dischargesof oil or releases of other hazardous substances (FigureES.1 and ES.2). The
highest frequencies of exceedance of the chronic toxicity threshold for amphipods (i.e.,

mean probable effect concentration-quotients;, PEC-Q of $ 0.7; USEPA 2000a) were
observed in the WBGCR-I (90%; n=31 samples), IHC (89%; n=36 samples) and, USC
(89%; n=215 samples, Table ES.1). Thefrequency of exceedance of the chronic toxicity
threshold ranged from 72% to 86% in the EBGCR-I, EBGCR-11, WBGCR-II, LGB, and
the IH segment of the IH/LM reach (Table ES.1). By comparison, only one of 33 samples
(3%) from the nearshore areas of the LM segment of the IH/LM reach, had chemical

characteristicssufficient to cause or substantially contributetoinjury to sediment-dwelling
organisms. Relatively lower levels of sediment contamination were also observed in the
L ake George wetlands and in the Roxana Marsh portion of the WBGCR-I1I (Table ES.2
and ES.3). The contaminants of concern in whole sediments from the Assessment Area
included metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc),
PAHs (13 individual PAHs and total PAHS), and total PCBs.

The available information on pore water chemistry confirms that sediments within the
Assessment Areahave been injured dueto discharges of oil or releases of other hazardous
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substances. In particular, the levels of metals, phenol, and unionized ammonia (NH,)
frequently exceeded published toxicity thresholds for sediment-dwelling organisms. The
levels of simultaneously extracted metals (SEM) frequently exceeded the concentrations
of acid volatile sulfides (AVS) in sediments, indicating that elevated levels of metals are
likely to occur in porewater (in 70 of 169 sediment samplesinwhich thesevariableswere
measured; Table ES.4). The concentrationsof contaminantsin porewater were sufficient
to cause or substantially contribute to sediment toxicity in sediments from the EBGCR-I,
EBGCR-II, WBGCR-I, WBGCR-II, IHC, LGB, and IH (i.e., two or more samples had
contaminant concentrations in excess of the published toxicity thresholds; Table ES.1).
Insufficient datawere available to characterize contaminant concentrationsin pore water
from GCRL, USC, and LM sediments.

Information on the toxicity of whole sediments, porewater, or elutriateswas availablefor
all of the reaches in the Assessment Area. The results of the laboratory toxicity tests
demonstrate that whole sediments, pore water, and elutriates were frequently toxic to
aquatic organisms throughout the Assessment Area (Table ES.1; Figure ES.3). Among
thevariousreachesthat wereinvestigated, the frequency of sediment toxicity ranged from
33% in LM to 100% in the WBGCR-I. The frequency of sediment toxicity equaled or
exceeded 50% in all nine of the reaches, including GCRL (50%; n=12), EBGCR-I (73%;
n=44), EBGCR-1I (88% n=52), WBGCR-I (100%; n=2), WBGCR-II (83%; n=18), IHC
(80%; n=5), LGB (57%; n=7), USC (80%; n=90) and IH/LM (74%; n=38; Table ES.1).
The frequency of sediment toxicity tended to be lowest in the Middle and East Lagoons
(GCRL), Roxana Marsh (WBGCR-Il), Lake George wetlands (LGB), the wetlands
associated with the IHC, and the nearshore areas of Lake Michigan. Collectively, the
sediment toxicity datademonstrate that sediments and sediment-dwelling organisms have
been injured throughout the Assessment Area.

Information on the structure of benthic invertebrate communitiesisavailablefor all of the
reacheswithin the Assessment Area. Evaluation of these datarelativeto conditionsinthe
nearshore areas of LM indicate that the structure of benthic invertebrate communities has
been altered throughout the Assessment Area(TableES.1; FigureES.4). Inthe EBGCR-I
(n=14), EBGCR-II (n=5), WBGCR-I (n=3), IHC (n=6), and LGB (n=4), 100% of the
samplesthat have been collected had characteristicsthat wereindicative of altered benthic
invertebrate communities (Table ES.1). A somewhat lower frequency of benthic
community alteration was observed in the WBGCR-II (71% of samples;, n=14), USC
(96%; n=25 samples), IH (81%; n=16 samples), and LM (43%; n=56). Overall, average
macroinvertebrate index of biotic integrity (mIBI) scores for the various reaches ranged
from0.7to 1.4 (TableES.5). Benthicinvertebrate communitiesweretypically dominated
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by pollution-tolerant species, primarily oligochaetes, throughout much of the A ssessment
Area. Pollution-sensitive species, such as the EPT taxa (mayflies, stoneflies, and
caddisflies) were rarely present in any of the reaches within the Assessment Area
Collectively, thesedataconfirm that environmental conditionsinthe Assessment Areaare
sufficient to injure sediments and sediment-dwelling organisms.

Most of the reachesin the Assessment Areawere characterized as having altered habitats.
Qualitative habitat evaluation index (QHEI) scores ranged from 16 to 65.5 within the
Assessment Area, with the lowest scores reported for IHC, LGB, USC, and IH (Simon et
al. 2000; TableES.6). Elevated levelsof TOC were observed throughout the Assessment
Area; the upper limit of the 95% confidenceinterval of TOC for reference sites(i.e., 3.4%
TOC) wasfrequently exceededintheEBGCR-11, WBGCR-I, WBGCR-II, LGB, USC, and
IH. The lowest levels of TOC were observed in the sediments collected from the
nearshore areas of LM. Based on the levels of oil and grease and the levels of PAHs that
have been measured in sediments, oil and oil-related compounds comprise much of the
TOC that occurswithinthe Assessment Area. Together, these dataconfirm that sediments
within the Assessment Area have been contaminated due to discharges of oil or releases
of other hazardous substances.

Overdl, there was a high level of concordance among the four primary indicators of
sediment injury (i.e., whole sediment chemistry, pore water chemistry, sediment toxicity,
and benthic invertebrate community structure; Table ES.1). All four lines of evidence
indicated that conditionssufficient to injure sediment-dwel ling organismsoccurred within
the EBGCR-1, EBGCR-II, WBGCR-I, WBGCR-II, IHC, LGB, USC, and IH/LM. Inthe
GCRL, two lines of evidence— sediment chemistry and sediment toxicity — indicated the
presence of conditions sufficient to injure sediments and sediment-dwelling organisms.
These conditions were most prevalent in the West Lagoon. Evaluation of the available
dataindicatesthat sediment injury islesslikely to occur in the nearshore areasof LM (i.e.,
two linesof evidenceindicatethat sediment injury hasoccurred). Withinthe LM segment
of thelH/LM reach, sediment toxicity and alteration of the benthicinvertebratecommunity
occurred most frequently within 0.5 miles from the entrance to IH. Collectively, this
information indicates that benthic habitats throughout the Assessment Area, with afew
exceptions, have been degraded due to discharges of oil or releases of other hazardous
substances. Benthic habitats located in areas farther removed from the harbor entrance
tended to reflect uninjured conditions.
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Effects on Fish and Wildlife Resources

A total of fivelines of evidence were used to assess effects on fish and wildlife resources
that are associated with sediment contamination (i.e., related to the sediment injury that
was demonstrated within the various reaches of the Assessment Area. The primary
indicators that were used in this report to assess sediment injury relative to fish and
wildlife resources included toxicity to fish, fish health, fish community structure, whole
sediment chemistry, and tissue chemistry (Table ES.7).

Information of the toxicity of whole sediments, pore water, and/or elutriatesto fish (i.e.,
fathead minnows, Pimephales promelas) are available for four reaches within the
Assessment Area, including the GCRL, EBGCR-I, EBGCR-II, and WBGCR-II. The
results of such laboratory toxicity tests demonstrate that sediments from the EBGCR-I,
EBGCR-11, and WBGCR-I1 arefrequently acutely toxictofish. Theincidence of sediment
toxicity ranged from 57% (n=23) in the EBGCR-I to 100% (n=7) inthe WBGCR-II (Table
ES.7). Incontrast, only one samplefrom the GCRL wastoxic to fish, which indicates that
conditions sufficient to cause acute toxicity to fish were observed only in the western
portion of the West Lagoon.

In this report, information on incidence of deformities, fin erosion, lesions, and tumors
(i.e.,, DELT abnormalities) in fish was used to assess fish health in the Assessment Area
(TableES.8). Based ontheinformation that was collated for thisarea, fish health hasbeen
compromised (i.e., incidence of DELT abnormalities > 1.3%) in several of the reaches
including the EBGCR-I, EBGCR-1I and the WBGCR-I. The averageincidence of DELT
abnormalities ranged from 0% in the GCRL to 12.8% in IH/LM. The highest incidence
of DELT abnormalities (17.4%) was observed in the EBGCR-I.

A number of field surveys have been conducted over the past 15 years to evaluate the
status of fish communities in the Assessment Area. The results of these surveys
demonstrate that the integrity of fish communities has been impaired (i.e., relative to
reference sites in Indiana) in all of the reaches that have been examined (Table ES.9).
Overal, index of biotic integrity (1BI) scores ranged from O to 43 in the various stream
reaches, which classifies fish communitiesas“fair”, “poor”, “very poor”, or as having no
fish (Table ES.9). The lowest average IBI scores were reported for IH/LM (14; n=1);
WBGCR-II (15.9 £ 9.8; n=17); WBGCR-I (16.5 + 10.4; n=12); IHC (17.5 £ 4.4; n=4).
Based on these IBI scores, the integrity of fish communitiesin these four reaches would
be classified as “very poor”. Somewhat higher average IBl scores were reported for the
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EBGCR-1, EBGCR-II, LGB, and USC; average IBI scoresin these reaches ranged from
2310 26. Assuch, fish communities in these four reaches would be classified as having
“poor” to “very poor” integrity. Withinthe LGB, the wetland areasthat arelocated to the
west of the Lake George Cana had the highest 1Bl score (38; Simon et al. 2000).
Relatively higher IBI scores were also reported for the GCRL, with IBI scores ranging
from 31 to 43 (mean IBI score of 38.1 £ 5.0; n=13). Inthe GCRL, the lowest IBI scores
(i.e., 31to 38) werereported for the West Lagoon (whichislocated closest to aniron and
steel manufacturer’ sslag landfill; Simon and Stewart 1998). In contrast, I Bl scoresfor the
Middle Lagoon averaged 42 (Simon and Stewart 1998).

In this report, the sediment injury relative to wildlife was also evaluated using sediment
chemistry data. More specifically, the measured concentrations of bioaccumulative
substancesinwhol e sedimentswere compared to bioaccumul ation-based sediment quality
guidelines (SQGs) for the protection of wildlife (NYSDEC 1994). The results of this
evaluation demonstrated that the concentrations of various sediment-associated
contaminantswere sufficient to adversely affect wildlife speciesthat utilize habitatswithin
the Grand Calumet River watershed (i.e., through bioaccumulation of contaminants in
sediment-dwelling organisms and subsequent food web transfer to wildlife species, such
asgreen herons). Among the variousreaches, the frequency of exceedance of one or more
of the bioaccumulation-based SQGs ranged from 18% to 93% of the sediment samples
(Table ES.7), indicating that all of the reaches have levels of biocaccumulative substances
in sediments that are sufficient to cause or substantially contribute to adverse effects on
wildlife. Thehighestincidences of exceedance of the bioaccumul ation-based SQGswere
observed in the GCRL (84%; n=58), IHC (93%; n=15) LGB (83%; n=29), USC (84%;
n=37) and IH/LM (88%; n=33). Total PCBs represented the only bioaccumulative
contaminantsof concerninthe Assessment Area; however, chlordane, total DDTSs, endrin,
heptachlor, heptachl or epoxide, lindane, and 2,3,7,8-tetrachl orodibenzo-p-dioxin (2,3,7,8-
TCDD) also exceeded the bioaccumulation-based SQGs in many sediment samples.
Bioaccumul ation-based SQGswere not availablefor metalsor PAHSs, which precluded an
evaluation of the potential for bioaccumulation of these chemical classes.

Tissue chemistry data provide important information for determining if bioaccumulative
substances pose unacceptable hazards to wildlife species. In this report, the measured
concentrations of bioaccumulative substances in the tissues of fish and other aquatic
organisms were compared to the tissue residue guidelines (TRGs) that have been
established for the protection of piscivorus wildlife species (Newell e al. 1987). The
results of this evaluation indicate that tissue residue levelsin fish and invertebrates from
the Assessment Area frequently exceeded the TRGs for piscivorus wildlife. The
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concentrations of one or more bi caccumul ative substances exceeded the TRGs in 50% to
100% of the tissue samples, depending on which reach of the Assessment Area was
considered. Thehighest frequenciesof exceedanceof the TRGs(i.e., 100%) werereported
for the GCRL,, EBGCR-1, EBGCR-11, WBGCR-I, WBGCR-II, IHC, and USC. Eighty-six
percent (n=21) of the tissue samplesfrom IH/LM had tissueresidue levelsin excess of the
TRGs. Total PCBsrepresented the bioaccumul ative contaminantsof concerninthetissues
of aquatic organisms; however, chlordane, total DDTSs, dieldrin + aldrin, and endrin were
also measured at elevated levelsin fish and invertebrate tissues.

In this report, five separate lines of evidence were used to assess sediment injury relative
towildlife species. Overall, the results of this assessment indicate that conditions within
the GCRL, EBGCR-I, EBGCR-II, WBGCR-I, WBGCR-II, IHC, LGB, USC, and IH/LM

are sufficient to adversely affect wildlife species (i.e., one or more lines of evidence
demonstrateeffectsonwildlife, including, amphibians, reptiles, fish, birds, and mammals,

Table ES.7). More specificaly, sediments have been demonstrated to be toxic to fishiin
three reaches of the Assessment Area. 1n addition, fish health has been compromised in
three reaches of the Assessment Area. Aswould be expected in areas that have impaired
fish health and toxic conditions, the integrity of fish communities was “poor” to “very
poor” (as measured using IBI scores) throughout most of the Assessment Area(i.e., in
seven of nine reaches). Finally, the available sediment chemistry data indicate that the
concentrations of bioaccumulative substances are high enough to pose hazardsto wildlife
(i.e., asaresult of bioaccumulation in the sediment-dwelling organisms and subsequent
food web transport to piscivorus wildlife species) in al ninereaches. The available data
on tissue chemistry confirm that bioaccumulation isoccurring throughout the A ssessment
Areaand that the concentrations of bioaccumul ative substances in the tissues of aquatic
organismsaresufficient to adversely affect piscivoruswildlifespecies(i.e., ineight of nine
reaches). Therefore, sediment injury relative to wildlife resources has been demonstrated
throughout the Assessment Area.

Overall Assessment of Injury to Sediments

An evaluation of the harmful effects of sediment-associated contaminants in the
Assessment Areawas conducted. To support this assessment, the study areawas divided
into nineseparatereaches, including GCRL, EBGCR-I, EBGCR-11, WBGCR-1, WBGCR-
I1,IHC, LGB, USC, and IH/LM. Theresultsof thisevaluation demonstrate that sediments
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throughout the A ssessment Area have been injured due to discharges of oil or releases of
other hazardous substances. This conclusion is supported by up to nine of the following
separate lines of evidence:

C Concentrations of metals, PAHs, and/or PCBs, in whole sediments
frequently exceeded the consensus-based probable effect
concentrations (PECs) throughout the Assessment Areg;

C  Concentrations of metals, phenol, and/or anmonia in pore water
from Assessment Area sediments exceeded published toxicity
thresholds at various locations;

C  Wholesediments, porewater, and/or elutriates from the Assessment
Areawerefrequently toxicto aquatic organisms, including sediment-
dwelling species,

C  The structure of benthic invertebrate communities throughout the
Assessment Area has been severely altered relative to communities
in the nearshore areas of LM or elsewherein Indiang;

C  Thehealth of fishin the Assessment Areahas been compromised, as
indicated by ahigh incidence of deformities, fin erosion, lesions, and
tumors;

C  Wholesediments, pore water, and/or elutriates from the Assessment
Areawere frequently toxic to fish;

C  Theintegrity of fish communities in the Assessment Area has been
frequently degraded relative to reference sitesin Indiana;

C  Concentrations of total PCBs in sediments frequently exceeded the
bioaccumulation-based SQGs for the protection of wildlife; and,

C  Concentrations of total PCBs in the tissues of aguatic organisms
frequently exceeded the TRGs for the protection of wildlife.

Any one of these independent lines of evidence could be used aone to support the
conclusion that sediment injury has occurred in the Assessment Area. When taken
together, however, these nine separatelinesof evidence provideanindisputabl ewei ght-of -
evidence for concluding that discharges of oil or releases of other hazardous substances
have created conditions that are sufficient to severely injure sediments and the organisms
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that depend on these critical habitats. The levels of metals, PAHs, PCBs, unionized
ammoniaand phenolsin whole sediments, pore water, and/or fish tissues were sufficient
to cause or substantially contribute to the injury of sediments, sediment-dwelling
organisms, and/or fish and wildlife resources.

Various metals (arsenic, cadmium, chromium, copper, lead, nickel, and zinc), PAHs
(anthracene, fluorene, 2-methylnaphthalene, naphthalene, phenanthrene,
benz(a)anthracene, dibenz(a,h)anthracene, benzo(a)pyrene, chrysene, fluoranthene, pyrene,
and total PAHs), PCBs (total PCBs), phenols (phenol) and unionized ammonia are
considered to be the toxic and/or bioaccumulative contaminants of concern in the
Assessment Area. All of these substances frequently exceeded the chemical benchmarks
in surficial and sub-surface sediments throughout the Assessment Area. In addition, the
concentrations of these substancesin sediments often exceeded the chemical benchmarks
by substantial margins, frequently by more than a factor of 100. Therefore, al of these
substances were present in whole sediment and/or pore water at concentrations that are
sufficient to cause or substantially contribute to injury to sediment-dwelling organisms,
and/or adversely affect fish and wildlife resources. It isimportant to note, however, that
this assessment was restricted by the availability of PECs, published bioaccumul ation-
based SQGs, and other benchmarks that are relevant for assessing sediment quality
conditions. In certain reaches of the A ssessment Area, this assessment was also restricted
by limitations on the availability of data on the concentrations of chemical analytes in
whole sediments and/or pore waters. Therefore, substances not included on the list of
contaminants of concern can not necessarily be considered to be of low priority with
respect to sediment injury.

The levels of sediment-associated contaminants are sufficient to cause or substantially
contributeto injury to surficial sedimentsthroughout most of the Assessment Area(Table
ES.2). Insurficial sediments, the highest levels of sediment contamination occur in the
GCRL, with mean PEC-Qs of up to 23,800 calculated for this reach; the average mean
PEC-Q for thisreach was approximately 160. These chemical characteristics make these
sediments the most contaminated and toxic surficial sediment samples that we have ever
evaluated. Theaverage mean PEC-Qinthe EBGCR-I1 wassimilar (i.e., 126; rangeof 1.4
to 987). Lower average mean PEC-Qs were calculated for the WBGCR-I and the
WBGCR-II (i.e., 29.5and 22.6, respectively). The EBGCR-I and USC had average mean
PEC-Qsof 14.0 and 11.7, respectively. Lower levels of contamination were reported in
the IHC (average mean PEC-Q of 5.2), LGB (average mean PEC-Q of 4.3), and IH/LM
(average mean PEC-Q of 4.4). Thelowest levels of contamination in surficial sediments
were observed in Roxana Marsh (in the WBGCR-I11; average mean PEC-Q of 0.4), Lake
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George wetlands (in the LGB; average mean PEC-Q of 0.9), East Lagoon (in the GCRL;
average mean PEC-Q of 0.6), Little West Pond (in the GCRL ; average mean PEC-Q of
0.3), Little East Pond (in the GCRL; average mean PEC-Q of 0.1), IHC wetlands (in the
IHC; average mean PEC-Q of 0.7) and the nearshore areas of LM (inthe IH/LM; average
mean PEC-Q of 0.2). By comparison USEPA (2000a) reported that acute and chronic
toxicity to sediment-dwelling organismsislikely to be observed when mean PEC-Qs are
$4.0and $ 0.7 respectively.

Thelevels of chemical contamination in sub-surface sediments were similar to those that
were observed in surficial sediments (Table ES.3). The highest mean PEC-Qs in sub-
surface sediments occurred in the EBGCR-11 and the GCRL, with mean PEC-Qs of up to
937 and 2,560, respectively, calculated for these reaches (with average mean PEC-Qs of
approximately 98 and 197, respectively). Based on these chemical characteristics, these
sub-surface sediment samples are among the most contaminated and toxic that we have
ever evaluated. Lower average mean PEC-Qs were calculated for the EBGCR-I (12.7),
WBGCR-II (19.3), and USC (17.0). Indiana Harbor and the nearshore areas of LM had
the lowest average mean PEC-Qs (2.4). While most of the sub-surface sedimentsin the
Assessment Areahad levels of contaminants that were sufficient to cause or substantially
contribute to sediment injury, relatively low levels of contamination were observed in
Roxana Marsh (in WBGCR-II; average mean PEC-Q of 0.05), Lake George wetlands
(LGB; average mean PEC-Q of 0.1), Middle Lagoon (in GCRL ; average mean PEC-Q of
0.03), and the nearshore areas of LM (IH/LM average mean PEC-Q of 0.1).

Theresultsof thisinvestigationindicated that sedimentsand associ ated sediment-dwelling
organisms throughout the Assessment Area have been injured by discharges of oil or
releases of other hazardous substances. Similarly, fish and wildlife resources have been
adversely affected by ambient conditions within the Assessment Area. Restoration of
natural resourcesin the Assessment will necessitate the devel opment and implementation
of arestoration plan that will improve the quality of bed and bank sediments (Natural
Resource Trustees 1997).

Restoration planningislikely to involve, anong other activities, the devel opment of target
clean-up levelsfor the various contaminants of concern. While this task was beyond the
scope of thisinvestigation, the sediment effect concentrations that were employed in this
assessment represent relevant tools for deriving such target clean-up levels. More
specificaly, the PECs and associated mean PEC-Qs were used to identify the
concentrationsof sediment-associated contaminantsthat arelikely to causeor substantially
contribute to sediment toxicity. Therefore, target clean-up levelswould need to be lower
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than the PECsto ensure that bed sediments would once again support healthy and diverse
popul ations of sediment-dwelling organismsand associated fish and wildlifecommunities.
USEPA (2000a) reported that the incidence of toxicity to freshwater amphipods is
generaly less than 20% at mean PEC-Qs of < 0.1 and increases with increasing levels of
sediment contamination. If virtual elimination of sediment toxicity and restoration of the
benthicinvertebratecommunity were primary restoration goals, then target clean-uplevels
for sediments might be in the order of 0.25 for mean PEC-Qs. Such alevel of sediment
contamination would be predicted to be associated with roughly a 20% incidence of
toxicity to freshwater amphipods (USEPA 2000a).

As certain contaminants of concern have the potential to bioaccumulate in the food web,
target clean-up level s should be established to facilitate the restoration of fish and wildlife
resources. New Y ork State Department of Environmental Conservation (NY SDEC 1994)
derived numerical sediment quality criteria for the protection of wildlife. Such criteria
could beusedto establish target clean-up level sfor bioaccumul ative substanceswithin the
Assessment Area
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1.0

Introduction

The Grand Calumet River system isarelatively small drainage basin that flows through
northwestern Indiana and northeastern Illinois (Figure 1.1 and 1.2). The Grand Calumet
River iscomprised of two east-west oriented branchesthat meet at the southern end of the
Indiana Harbor Canal (IHC; Natural Resources Trustees 1997). The East Branch of the
Grand Calumet River (EBGCR) originates at the Grand Calumet River Lagoons (GCRL),
just east of the United States Steel Division of USX Corporation (U.S. Steel) facility in
Gary, Indiana. From the headwaters, the EBGCR flowsin awesterly direction for about
10 milesto its confluence with the IHC and the West Branch of the Grand Calumet River
(WBGCR; Brannon et al. 1989). The WBGCR extends some six miles from the IHC to
the confluence with the Little Calumet River in northeastern Illinois. The WBGCR is
atypical from a hydrological perspective in that the river usualy flows in a westerly
direction from ColumbiaAvenueto the confluencewiththeLittle Calumet River (USACE
1995). However, the river can flow in either an easterly or westerly direction between
Columbia Avenue and the IHC, depending on the water level in Lake Michigan (USACE
1995).

The Grand Calumet River system is connected to Lake Michigan by the IHC, US Canal
(USC), and Indiana Harbor (IH). The IHC extends in a northerly direction from the
confluence of the East and West branches of the Grand Calumet River toitsjunction with
L ake George Branch (LGB) and USC (termed the Forks), adistance of approximately two
miles. From the Forks, USC extends in a northeasterly direction for about two miles to
IH. The LGB of the canal extendsto the west from the Forksto thel-90 toll road (Natural
Resources Trustees 1997).

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 er al. 1989; Ryder 1993). Some of the industries that operate, or have operated,
in the area include steel mills, foundries, chemical plants, packing plants, a distillery, a
concrete/cement fabricator, oil refineries, and milling and machining companies (Ryder
1993). Permitted discharges from industrial operations, municipal wastewater treatment
plants (WWTPs), and other sources contribute substantial quantities of wastewater to the
river system. Non-point sources of contaminants to the system include urban and
industrial run-off, combined sewer overflows(CSOs), |eachate or overflow fromanumber
of wastefillsor ponds, and spillsof pollutantsinand around industrial operations (Brannon
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et al. 1989). Releases of waste and wastewaters from these sources have resulted in the
contamination of surface water, ground water, sediment, and biotawith avariety of toxic
and bioaccumulative substances, including heavy metals, phenols, polycyclic aromatic
hydrocarbons (PAHS), polychlorinated biphenyls (PCBSs), pesticides, cyanide, and severa
other organic chemicals (Crane 1996; Cohen et al. 2000). Concerns associated with the
widespread contamination of surface waters and sediments led the International Joint
Commission to designate the Grand Calumet River-Indiana Harbor complex as an Area
of Concern under the Great Lakes Water Quality Agreement (1JC 1989).

To address concerns regarding historic discharges of oil and releases of other hazardous
substances, the United States Fish and Wildlife Service (USFWS) and the State of Indiana
(the trustees) are conducting anatural resource damage assessment (NRDA) of the Grand
Caumet River, Indiana Harbor Ship Canal (including USC, IHC, and LGB), IH, and
waters of nearshore Lake Michigan (Natural Resources Trustees 1997). Asdescribedin
the assessment plan for the NRDA (Natural Resources Trustees 1997), the trustees are
documenting the cumulative injuries resulting from exposure to multiple contaminants
(i.e., dueto dischargesof oil and releases of other hazardous substances) and to determine
the appropriate scope and scale of restoration and compensation (Natural Resources
Trustees 1997). The chemicalsof concerninthe Assessment Areaare PCBs, oilsand oil-
related compounds (including alkanes, alkenes, naphthalenes, and PAHS), and metals
(Natural Resources Trustees 1997). Other chemicals of concern in the Assessment Area
include various pesticides, cyanide, phenols, and conventional variables, such as total
organic carbon (TOC), dissolved oxygen (DO), sediment oxygen demand (SOD), and
unionized ammonia (NH;). As many of the chemicals of concern tend to become
associated with sediments upon release into aquatic systems, sediment contamination
represents a concern with respect to the restoration of beneficial water usesin this system
(Ingersoll et al. 1997).

This report, which was prepared collaboratively by MacDonald Environmental Sciences
Ltd. (MESL), United States Geologica Survey (USGS), and Industrial Economics, Inc.
(IEC), isintended to support the NRDA by providing an assessment of sediment injury
within the Assessment Area (including evaluations of injury to various surface water and
biological resources). In the context of this report, sediment injury is defined as the
presence of conditions that have injured or are sufficient to injure sediment-dwelling
organisms, and/or fish and wildlife resources. Assuch, thisinvestigation was conducted
to:
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C Determine if discharges of oil or releases of other hazardous substances
have injured or are likely to have injured sediments and/or biological
resources (i.e., benthic invertebrates, fish, amphibians, reptiles, birds, or
mammals) within the Assessment Areg;

C Identify contaminants of concern (i.e., those substancesthat are causing or
substantially contributing to sediment injury) inthe Assessment Area; and,

C Characterize the areal extent of sediment injury within the Assessment
Area

In this report, the Assessment Area is considered to include the GCRL, EBGCR, the
portion of the WBGCR located east of Indianapolis Boulevard, IHC, LGB, USC, IH, and
the nearshore watersof Lake Michigan. Whilethe WBGCR from Indianapolis Boulevard
to the confluence with the Little Calumet River was not included in the initial definition
of the Assessment Area (i.e., as defined in the Assessment Plan; Natural Resources
Trustees 1997), these reaches of the river are included in this assessment of sediment
injury. Morespecifically, the Assessment Areaisconsidered toincludethefollowing nine
reaches in this sediment injury assessment (Figure 1.2):

C Grand Calumet River Lagoons (GCRL);

C East Branch of the Grand Calumet River | (EBGCR-I; i.e., from the first
railroad bridge located upstream of Industrial Highway to the confluence
with IHC; hereafter the aforementioned railway bridge is termed the
ConRail Bridge);

C East Branch of the Grand Calumet River Il (EBGCR-II; i.e., from the
GCRL to the ConRail Bridge);

C West Branch of the Grand Calumet River | (WBGCR-I; i.e., from IHC to
Indianapolis Boulevard);

C West Branch of the Grand Calumet River 1| (WBGCR-II; i.e., from
Indianapolis Boulevard to the confluence with the Little Calumet River);

C IndianaHarbor Cana (IHC; i.e., from the confluence of the east and west
branches of the Grand Calumet River to Columbus Drive);
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C Lake George Branch (LGB; i.e, from the headwater areas to the
Indianapolis Boulevard bridge);

C USCand (USC; i.e, the Federal Project Area; from Columbus Drive on
IHC and the Indianapolis Boulevard bridge on LGB to IH); and,

C Indiana Harbor and the waters of nearshore Lake Michigan (IH/LM; i.e.,
including the inner harbor, the outer harbor, and nearshore areas of the
lake).

The specific boundaries of the portion of the Assessment Area that is located in Lake
Michigan werenot defined inthe assessment plan (Natural Resources Trustees1997). The
establishment of such boundaries depends upon a better understanding of injuries to
natural resourcesin the Grand Calumet River and elsewhereinthe Assessment Area. The
trusteesal so indicated that a better understanding of the nature of the relationship between
the river, the canal, and the lake was aso needed to establish these boundaries (Natural
Resources Trustees1997). Inthisreport, the portionsof southern Lake Michigan that were
included in the assessment of sediment injury were defined based on the availability of
acceptable data on sediment quality conditions and on the proximity of the sampling
stationsto IH. Theresults of the sediment injury assessment will provide theinformation
needed to better define the boundaries of the Assessment Area

Role of Sediments in Aquatic Ecosystems

The particulate materialsthat lie below the water in ponds, lakes, stream, rivers, and other
aguatic systems are called sediments (ASTM 2000a). Sediments represent essential
elements of aquatic ecosystems because they support both autotrophic and heterotrophic
organisms. Autotrophic (which means self-nourishing) organisms are those that are able
to synthesize food from simple inorganic substances (e.g., carbon dioxide, nitrogen, and
phosphorus) and the sun's energy. Green plants, such as algae, bryophytes (e.g., mosses
and liverworts), and aguatic macrophytes (e.g., sedges, reeds, and pond weed), are the
main autotrophic organismsin freshwater ecosystems. In contrast, heterotrophic (which
means other-nourishing) organisms utilize, transform, and decompose the materials that
are synthesized by autotrophic organisms(i.e., by consuming or decomposing autotrophic
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and other heterotrophic organisms). Some of the important heterotrophic organisms that
can be present in aguatic ecosystems include bacteria, epibenthic, and infaunal
invertebrates, fish, amphibians, and reptiles. Birds and mammals can also represent
important heterotrophic components of agquatic food webs (i.e., through the consumption
of aguatic organisms).

Sediments support the production of food organismsin several ways. For example, hard-
bottom sediments, which are characteristic of faster-flowing streams and are comprised
largely of gravels, cobbles, and boulders, provide stable substrates to which periphyton
(i.e., the algae that grows on rocks) can attach and grow. Soft sediments, which are
common in ponds, lakes, estuaries, and slower-flowing sections of riversand streams, are
comprised largely of sand, silt, and clay. Such sediments provide substrates in which
aguatic macrophytes can root and grow. The nutrients that are present in such sediments
can also nourish aguatic macrophytes. By providing habitats and nutrients for aguatic
plants, sediments support autotrophic production (i.e., the production of green plants) in
aquatic systems. Sediments can also support prolific bacterial and meiobenthic
communities, the latter including protozoans, nematodes, rotifers, benthic cladocerans,
copepods, and other organisms. Bacteria represent important elements of aguatic
ecosystems because they decompose organic matter (e.g., the organisms that die and
accumulate on the surface of the sediment, and anthropogenic organic chemicals) and, in
so doing, release nutrients to the water column and increase bacterial biomass. Bacteria
represent the primary heterotrophic producers in aquatic ecosystems, upon which many
meiobenthic organisms depend. The role that sediments play in supporting primary
productivity (both autotrophic and heterotrophic) is essential because green plants and
bacteria represent the foundation of food webs upon which all other aquatic organisms
depend (i.e., they are consumed by many other aquatic species).

In addition to their role in supporting primary productivity, sediments also provide
essential habitats for many sediment-dwelling invertebrates and benthic fish. Some of
theseinvertebrate species live on the sediments (termed epibenthic species), while others
livein the sediments (termed infaunal species). Both epibenthic and infaunal invertebrate
species consume plants, bacteria, and other organisms that are associated with the
sediments. Invertebratesrepresent important elementsof aguati c ecosystemsbecausethey
are consumed by a wide range of wildlife species, including amphibians, reptiles, fish,
birds, and mammals. For example, virtually all fish speciesconsume aquaticinvertebrates
during all or a portion of their life cycle. In addition, many birds (e.g., dippers, sand
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1.2

pipers, and swallows) consume aquatic invertebrates. Similarly, aquatic invertebrates
represent important food sources for both amphibians (e.g., frogs and salamanders) and
reptiles (e.g., turtlesand snakes). Therefore, sedimentsare of critical importance to many
wildlife species due to the role that they play in terms of the production of aquatic
invertebrates.

Importantly, sediments can al so provide habitatsfor many wildlife speciesduring portions
of their life cycle. For example, avariety of fish species utilize sediments for spawning
and incubation of their eggs and alevins (e.g., trout, salmon, and whitefish). In addition,
juvenilefishoften find refuge from predatorsin sedimentsand/or in the aguatic vegetation
that issupported by the sediments. Furthermore, many amphibian speciesburrow into the
sedimentsin the fall and remain there throughout the winter months, such that sediments
provideimportant overwintering habitats. Therefore, sedimentsplay avariety of essentia
roles in terms of maintaining the structure (i.e., assemblage of organisms in the system)
and function (i.e., the processes that occur in the system) of agquatic ecosystems.

Sediment Quality Issues and Concerns

Traditionally, concerns relative to the management of aquatic resources in freshwater
systems have focused primarily on water quality. However, the importance of sediments
in determining the harmful effectsof chemical substanceson sediment-dwelling organisms
(i.e., plantsand invertebrates) and wildlife (amphibians, reptiles, fish, birds, and mammals)
has become more apparent in recent years (Long and Morgan 1991; Ingersoll et al. 1997).
Specifically, sediment quality isimportant because many toxic chemicals (such asmetals,
PAHSs, PCBs, chlorophenols, and pesticides), found in only trace amounts in water, can
accumulate to elevated levels in sediments. As such, sediments can serve both as
reservoirs and as potential sources of chemical substances to the water column. In
addition, sediment-associated chemicals have the potential to adversely affect sediment-
dwelling organisms (e.g., by causing direct toxicity or atering benthic invertebrate
community structure; Chapman 1989). Therefore, sediment quality data(i.e., information
on the concentrationsof chemical substances) provideessential informationfor evaluating
ambient environmental quality conditions in freshwater systems (i.e., for determining if
sediments, sediment-dwelling organisms, and/or fish and wildlife resources have been
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injured by discharges of oil or releases of other hazardous substances into the
environment).

Therehasbeen along history of industrial activitieswithinthe Grand Calumet River basin,
with the land located north of the river being one of the most heavily industrialized areas
intheUnited States (Natural Resources Trustees 1997). Inresponseto concernsregarding
environmental contamination and associated impairment of beneficial uses, the Indiana
Department of Environmental Management (IDEM) and its partners developed a Stage
One Remedial Action Plan for the IHC, the Grand Calumet River, and nearshore Lake
Michigan in 1991 (IDEM 1991). As part of this effort, the IDEM (1991) compiled
information on potential contaminant sourceswithinthe Areaof Concern, whichincluded:

C Four major permitted industrial point source dischargers [i.e., permitted
under the National Pollutant Discharge Elimination System (NPDES),
including U.S. Steel, E.I. du Pont de Nemours (DuPont), LTV Steel, and
Inland Steel];

C 52 properties that were listed in the Comprehensive Environmental
Response, Compensation, and Liability Information System (CERCLIS)
as containing potentially uncontrolled hazardous wastes that require
investigation;

C Morethan 400 facilitiesthat were subject to regul ation under the Resource
Conservation and Recovery Act (RCRA), which meansthat they generate,
transport, treat, store, or dispose of hazardous wastes; and,

C Three municipal WWTP (i.e., that are operated by the Hammond, Gary,
and East Chicago Sanitary Districts).

In total, it was estimated that the Grand Calumet River and the IHC also received more
than 11 billion gallons/year of untreated stormwater via 12 CSO outfalls (IDEM 1991).
The locations of existing and historic outfalls within the Assessment Area are shown in
Figure 1.3.

Discharges of oil and releases of other hazardous substances from both historic and
ongoing contaminant sources have resulted in the release of a variety of toxic and/or
bioaccumulative substances into receiving water systems within the Assessment Area.
Some of the substances that have been released include TOC, nutrients, metals, oil and
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grease, phenolics, PAHSs, phthalates, pesticides, and PCBs (Bright 1988; Pollser al. 1993;
Hoke et al. 1993; Dorkin 1994; Ingersoll and MacDonald 1999). However, the trustees
conducting thisNRDA have agreed to primarily focus the assessment on natural resource
injuries and damages which are associated with releases of PCBs, oil and oil-related
compounds, and metals (Natural Resources Trustees 1997). Therefore, the chemicals of
concern in this assessment include PCBs, four classes of petroleum hydrocarbons
(including alkanes, naphthalenes, aromatics, and alkenes), and various heavy metas
(including arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc). The
subcategory of aromatic hydrocarbons includes a variety of PAHs, 16 of which are
classified as priority pollutants by the USEPA (Natural Resources Trustees 1997).

While some of the chemicals of concern listed above remain in the water column, many
others are known to accumulate in sediments (CCME 1999). The results of numerous
sediment quality assessments conducted in recent years indicate that many of these
substances occur at elevated concentrations in sediments within the Assessment Area
(Floyd-Browne 1993; IDEM 1994; USEPA 1996a; 1996b; Tetra Tech EM Inc. 1998;
Maxim Technologies 1999; Ingersoll and MacDonald 1999). The presence of elevated
concentrations of contaminantsin aquati c sediments represents an environmental concern
because:

C Bed sediments provide essential and productive habitats for communities
of sediment-dwelling organisms, including epibenthic and infaunal
organisms. These organisms include such species as scuds (amphipods),
mayflies (ephemeropterans), stoneflies (plecopterans), caddisflies
(trichopterans), dragonflies and damselflies (odonatans), midges
(dipterans), water fleas (cladocerans), worms (oligochaetes), snails
(gastropods), and clams (bivalves);

C Sediment-dwelling organisms (including epibenthic and infaunal
organisms) areimportant elements of freshwater ecosystems, representing
important sources of food for many fish and other wildlife species,

C The presence of sediment-associated contaminants in freshwater
ecosystems can adversely affect sediment-dwelling organisms and other
components of the ecosystem; and,
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1.3

C Certainsediment-associated contaminants can bioaccumul ateinthetissues
of aquatic organisms and, as a result, pose a potential hazard to those
species that consume aquatic organisms, including wildlife and humans.

Study Objectives

Thisreport has been prepared to determineif sedimentswithin the Assessment Areahave
beeninjured or arelikely to have been injured due to discharges of oil or releases of other
hazardous substances. If the results of this assessment indicate that injuriesto sediments,
including surface water resources or biological resources (asindicated by the presence of
conditionsthat are sufficient to adversely affect sediment-dwelling organisms, and/or fish
and wildlife resources; Section 2.3), have occurred within the Assessment Area, then the
subsequent objectiveof thisreport isto identify contaminants of concernin the assessment
(i.e., thosesubstancesthat are causing or substantially contributing to sediment injury) and
to evaluate the spatial extent of sediment injury.

To support completion of the overall project objectives, anumber of specific project tasks
were identified, including:

C Collect, evaluate, and compileinformation on sediment quality conditions
within the Assessment Ares;

C Identify chemica benchmarksfor whole sediment, relevant for evaluating
risks to sediment-dwelling organisms, for the chemicals of concern that
have been identified in the Assessment Area;

C Identify chemica benchmarksfor porewater, relevant for eval uating risks
to sediment-dwelling organisms, for the chemicals of concern that have
been identified in the Assessment Areg;

C Identify chemical benchmarks for sediments, relevant for evaluating risks
to wildlife, for the chemicals of concern that have been identified in the
Assessment Area;
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C Identify chemical benchmarks for tissues, relevant for evaluating risks to
wildlife, for the chemicals of concern that have been identified in the
Assessment Area;

C Determine if the levels of the chemicals of concern, either alone or in
chemical mixtures, in sediments or pore water are sufficient to cause or
substantially contribute to injury to sediments, sediment-dwelling
organisms, and/or fish and wildlife resources in the Assessment Areg;

C Determine if sediment-dwelling organisms and/or fish and wildlife
resources have been adversely affected by exposures to contaminated
sediments,

C Identify priority toxic or bioaccumulative contaminants of concern in
sediments and pore water (i.e., the substancesthat occur at concentrations,
either individually or in combination, sufficient to cause or substantially
contribute to sediment injury) in the Assessment Area; and,

C Determinethe area extent of sediment injury in the Assessment Area.

Definitions of many of the termsthat have been used in this document are provided in the
Glossary of Terms and the List of Acronyms that appear at the beginning of this report.
The extent to which contaminated sediments have caused or contributed to the issuance
of fish consumption advisories in the Assessment Area is discussed in a companion
document entitled, Fish Consumption Advisories in the Grand Calumet River, Indiana
Harbor Canal, Indiana Harbor, and the Nearshore Areas of Lake Michigan (MacDonald
et al. In preparation).
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2.0 Background

2.1

This study was conducted as part of abroader NRDA that isintended to assessinjuriesto
avariety of natural resourcesthat are associated with discharges of oil or releases of other
hazardous substances within the Assessment Area (Natural Resources Trustees 1997;
Simon et al. 2000). To support the development and communication of a plan for
assessing natural resource damages, Natural Resources Trustees(1997) compiled rel evant
background information on the Assessment Area. Thisbackground information included
a description of the geographic scope of the Assessment Area, the history of industrial
activities within that area, the nature of the hazardous substance and oil releases into the
environment, and the natural resources subject to injury resulting from these releases.
Portionsof this Assessment Planfor NRDA (Natural Resources Trustees1997) have been
reproduced here (with minor edits) to provide the reader with enhanced access to this
background information.

Geographic Scope of the Assessment Area

ThisNRDA focuseson the Grand Calumet River, IHC, IH, and associated L ake Michigan
environments, and on theriparian and upland habitats closely associated with these waters,
including lands within the boundaries of the Indiana Dunes National Lakeshore. The
following descriptions establish more specific boundaries for what will be referred to as
the “ Assessment Ared’.

2.1.1 Grand Calumet River

The Grand Calumet River comprises two east-west oriented branches that meet at the
southern end of the IHC. The EBGCR originates at the GCRL, just east of the U.S. Steel

Gary Worksfacility. The EBGCR flowswest from this point for approximately 10 miles
to its confluence with the IHC. The WBGCR usually flows both east and west, with a
hydraulicdividetypically present in thevicinity of ColumbiaBoulevard. The Assessment
Areaincludesthe GCRL, the EBGCR fromitsorigin at USX outfall 001 to the confluence
with the [HC, and the reach of the WBGCR between Indianapolis Boulevard and the IHC,
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alongwiththeriparian, wetland and upland habitatsclosely associated with these stretches
of theriver. Inthisreport, the additional reach of the WBGCR (i.e., WBGCR-1I) wasalso
considered to provide a more comprehensive assessment of sediment injury (Figure 1.2).

2.1.2 Indiana Harbor Canal, US Canal, and Indiana Harbor

The IHC flows north for approximately two miles from its confluence with the east and
west branches of the Grand Calumet River to the junction with LGB (which is often
termed the Forks). The LGB of the canal extends to the west from the point where the
main canal turnsto the northeast. The USC extendsin anortheasterly direction for about
two miles from the Forks to IH. The Assessment Area includes USC, IH, and those
portions of the IHC and LGB that are not included in the Federal Project Area (i.e., the
Federal Project Areaincludes USC, LGB from the Forksto Indianapolis Boulevard, and
IHC from the Forks to Columbus Drive).

2.1.3 Lake Michigan

Thetrustees have not defined a specific boundary within which Lake Michigan resources
will besubject to assessment. The establishment of such aboundary dependsupon abetter
understanding of injuriesto Grand Calumet River and IHC resources and the nature of the
relationship between the river and canal and the lake. At a minimum, the trustees
committed to review existing information and assess the extent to which the Grand
Calumet River and IHC contribute to the degradation or diminishment in value of lake
resources and the services these resources provide.

2.1.4 Indiana Dunes National Lakeshore

The Indiana Dunes National Lakeshoreis aunit of the National Park system comprising
more than 12,000 acres east of and adjacent to the U.S. Steel Gary Works. The trustees
included the Indiana Dunes National Lakeshore in the Assessment Areadueto the park’s
proximity to known sources of contamination. The focus of trustee efforts was on the
western portion of the park, including portions of the GCRL system.
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2.2 Chemicals of Concern in the Assessment Area

Thetrustees have focused the assessment on natural resourceinjuries and damageswhich
are associated with the release of PCBs, oil and oil-related compounds, and metals. The
purpose of this sectionisto briefly describe these three categories of substances, focusing
on general characteristics, sources and environmental effects.

2.2.1 Polychlorinated Biphenyls

PCBs are synthetic compounds that were produced commercially in the United States
between 1929 and 1977, when their production in this country was subsequently banned.
The principal manufacturer of PCBsin the United States was the Monsanto Chemical Co.
Monsanto’s PCBs were sold under the registered trademark of Aroclor.

PCBs found wide use in commercial and industrial applications due to their favorable
properties, including chemical stability, low flammability, and ability to serve as an
electrical insulator. Common uses of PCBsranged from dielectric fluidsin capacitorsand
transformers, to heat transfer fluids, hydraulic fluids, lubricating and cutting oils, to
additivesin pesticides, paints, copying paper, adhesives, sealantsand plastics. Their most
common use was in capacitor and transformer dielectric fluids. As a result of their
widespread use, the release of PCBsto the environment can occur or has occurred through
avariety of mechanisms, including past uncontrolled use, past disposal practices, illegal
disposal, and accidental releases (Erickson 1997).

Thechemical stability of PCBs makesthem highly persistent inthe environment after they
have been released. Because they have relatively high octanol-water partitioning
coefficients and low water solubilities, PCBs tend to accumulate in soils and sediments
that contain organic carbon. Having accumulated in these environmental media, PCBs
become availableto biological organismsand typically movethrough thefood chain from
invertebrates to fish, birds, mammals and other wildlife. Despite genera declines in
observed concentrations of PCBsin wildlife since the manufacture of PCBs ceased more
than twenty years ago, concentrations still occur at levels that are sufficient to cause
adverse effectsin exposed organisms. Theresults of field and laboratory studiesindicate
that PCBs can be associated with arange of such effects, including impaired reproductive
ability in fish, mammals and birds (Beyer et al. 1996; Eisler 1986).
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2.2.2 0Oil and Oil-Related Compounds

Oil isaterm used to classify a variety of complex mixtures of organic compounds and
trace elementsthat are commonly associated with the petrochemical industry. Ingenerd,
four classes of petroleum hydrocarbons make up the non-animal or plant oils: alkanes,
naphthenes, aromatics, and alkenes. Crude or refined oils have the potential to enter the
environment wherever they are used, manufactured, stored, or otherwise handled.
Releases to the environment can occur as aresult of direct discharge to the land surface
or to surface water, and can move through the environment via numerous pathways,
including thedischarge of ground water to surfacewater, and surfacewater runoff. Oil can
be harmful to the environment as aresult of both its physical and chemical properties.

A subcategory of the aromatic hydrocarbons is the group of chemicals known as PAHSs.
In addition to their occurrence as constituents in petroleum products, PAHs are also
formed as a product of incomplete combustion. Sixteen PAHSs are classified as priority
pollutantsby the USEPA. Exposureto PAHshas been associated with avariety of adverse
effects in fish, birds, mammals and other wildlife, including reduced growth, impaired
reproduction, narcosis, and mortality (Beyer et al. 1996).

2.2.3 Metals

Metals are naturally-occurring elements that are often found, as aresult of industrial and
commercial activity, at elevated concentrations in the environment. The group of metals
that can be toxic, particularly at high doses, are commonly referred to as the “heavy
metals.” These metals include arsenic, cadmium, chromium, copper, lead, mercury,
nickel, and zinc. Cadmium, lead, and mercury are among the more prominent metals
which have been associated with adverse effects observed in natural resources. Adverse
effects associated with exposure to metals have been observed ininvertebrates, fish, birds
and mammals, including reduced growth, impaired reproduction, and mortality (Beyer
et al. 1996).
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2.3

Natural Resources in the Assessment Area

Prior to the period of industrial development, the Assessment Area was characterized by
aplain of coastal sediments, the most prominent features of which were the globally-rare
dune and swale habitats running parallel to the shoreline. Today only scattered dune and
swale remnants are preserved. Nevertheless, the Grand Calumet River and IHC
environment continues to comprise a wide range of natural resources. Importantly, the
area has the capacity to support a much richer and much more diverse suite of resources
than are currently present.

The United States Department of the Interior regul ations define five categories of natural
resources for which natural resource damages may be sought: surface water resources,
ground water resources, air resources, geologic resources, and biological resources.
Surface water resources include both the water column and associated bed or bank
sediments. Thefollowing sectionsbriefly describe each of these categoriesin the context
of the Assessment Area.

2.3.1 Surface Water Resources

The surface water resources in the Assessment Area are particularly important in the
context of this damage assessment, as they have been and continue to be the principle
receptors of hazardous substances, including oil, released to the environment. The
contamination of these resources has both direct and indirect impacts on the health of
biological resources. For example, contaminated sediments can cause injury to benthic
invertebrate populations, which in turn can result in injuries to resident fish populations
for whom the invertebrates are asource of food. Similarly, injury to invertebrates and/or
fish resulting from exposure to contaminated sediments and surface water can lead to
injury in local insectivorous (i.e., insect-eating) or piscivorus (i.e., fish-eating) bird
populations. Inaddition, contaminated sediments serve as a source of continuing releases
of persistent hazardous substances (such asmetal's, PCBs, PAHs, etc.) to thewater column.
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2.3.2 Ground Water Resources

Ground water resourcesinclude the water in asaturated sub-surface zone and the rocks or
sediments through which this water flows. Ground water resources serve as a potential
pathway for contaminants to migrate from their source to surface water resources. Since
ground water within the Assessment Areaisnot used asapublic drinking water supply (as
aresult of contamination), the assessment of these resourcesfocused on establishing if the
ground water resource represents a pathway for contaminants to migrate to surface water
resources. The Calumet Aquifer, ashallow ground water aquifer within the Assessment
Area, has been documented to be directly connected with the waters of the Grand Calumet
River, IHC and Lake Michigan (IDEM 1991). Injury to ground water resources has been
evaluated in a separate report.

2.3.3 Air Resources

Air resources are typically assessed in the context of their ability to serve asapathway for
hazardous substances to reach, and potentially injure, other resource categories. The
trustees did not consider an assessment of the air pathway to be a cost-effective use of the
resources available for natural resource damage assessment in the Assessment Area.

2.3.4 Geologic Resources

Geologic resourcesinclude soilsand sedimentsthat are not otherwise accounted for under
the definition of surface water or ground water resources. In this NRDA, geologic
resources include the soils and sediments located in upland and wetland areas closely
associated with the Grand Calumet River, and the soils of lands within the Indiana Dunes
National Lakeshore.

2.3.5 Biological Resources

Alongwith surfacewater resources, biol ogical resourcescompriseakey component of this
damage assessment. In thisassessment, the trusteesfocused on evaluating injuriesto four
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categories of biological resources. benthic invertebrates, fish, birds, and mammals.
However, it was understood that fish and wildlife resources, such as amphibians and
reptiles, can aso be adversely affected by contaminated sediments and should be
considered when sufficient information is available to do so.
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3.0 Study Approach

A step-wise approach was used in this report to assess sediment injury in the Assessment
Area, including injury to sediment-dwelling organisms, and other components of the
ecosystem. The six main stepsin this process included:

C Identification of key indicatorsof sediment quality conditionsfor assessing
sediment injury;

C Caollection, evaluation, and compilation of the existing information on

sediment quality conditions in the Assessment Areg;

C Selection of chemica benchmarks for assessing sediment quality
conditionsinthe Assessment Area(including effects-based sediment effect
concentrations, bioaccumulation-based sediment quality guidelines,
toxicity thresholds in pore water, and tissue residue guidelines);

C Assessment of injury to sediments, sediment-dwelling organisms, and fish
and wildlife resources in the Assessment Areg;

C Identification of contaminants of concern in the Assessment Area; and,

C Determination of the areal extent of sediment injury in the Assessment
Area

Each of these steps is described in the following sections.

3.1 Identification of Key Indicators of Sediment Quality
Conditions for Assessing Sediment Injury

Thisinvestigation was conducted to assess sediment injury in the GCRL, Grand Calumet
River, IHC, LGB, USC, IH and the waters of nearshore Lake Michigan. This assessment
of sediment injury was conducted to determine if the sediments within the Assessment
Areaare likely to adversely affect sediment-dwelling organisms and/or fish and wildlife
resources, such asfish, amphibians, reptiles, and/or mammals. Therefore, it wasnecessary
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toidentify key indicators of sediment quality conditionsfor assessing injury to each group
of receptors. The suite of indicators that was used in this assessment is described in the
following sections of the report.

3..1 Indicators for Assessing Injury to Sediment-Dwelling
Organisms

Three types of information are commonly used to evaluate the effects of contaminated
sediments on sediment-dwelling organisms, including data on sediment chemistry,
sediment toxicity, and benthic invertebrate community structure (Long and Chapman
1985; Chapman 1992; Ingersoll et al. 1997; ASTM 2000a; USEPA 2000a). In addition,
data on pore water chemistry and pore water toxicity provide important information for
evaluating the hazards posed to aguatic organisms by sediment-associated contaminants
(ASTM 2000a; 2000b; USEPA 1994; 2000b). While any of these indicators can be used
aloneto determineif sediment injury has occurred, agreement among multiple indicators
of injury increases the level of confidence that can be placed on the overall evaluation.
Furthermore, information on conventional variables (such as TOC and NH,
concentrations) and on the physical characteristics of habitats should be considered in an
overall evaluation of ecosystem health and productivity.

Sediment Chemistry - Sediment chemistry data provide essentia information for
determining if discharges of oil or releases of other hazardous substances have caused or
substantially contributed to sediment injury. Sediment chemistry data provide direct
measurementsfor determining if the concentrations of sediment-associated contaminants
are sufficient to have caused or substantially contributed to injury to biological resources.
Such determinations can be made by comparing the measured concentrationsof chemicals
of concern to published acute or chronic toxicity thresholds for sediment-dwelling
organismsand other aquatic species. Importantly, suchtoxicity thresholds (which arealso
termed chemical benchmarks) can be established by determining dose-response
relationships from the results of controlled laboratory experiments (i.e., spiked-sediment
toxicity tests; Suedel and Rogers 1995; ASTM 2000a), from analyses of matching
sediment toxicity and sediment chemistry data (USEPA 1996a; Field et al. 1999; USEPA
2000a), from analyses of matching benthicinvertebrate community structure and sediment
chemistry data (Neff er al. 1987; Persaud et al. 1993; Canfield et al. 1996; 1998) and from
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matching sediment chemistry and various types of biological effects data (Long et al.
1995; Smitheral. 1996). Alternatively, consensus-based toxicity thresholds(i.e., probable
effect concentrations; PECs) can be established by estimating the central tendency of the
toxicity thresholds that have been established using a variety of accepted toxicol ogical
approaches (Ingersoll and MacDonald 1999; MacDonald et al. 2000a). Sediment
chemistry was used as an important indicator of sediment quality conditionsin thisreport.

Pore Water Chemistry - Pore water is the water that occupies the spaces between
sediment particles. Pore water is often isolated from the sediment matrix to measure the
concentrations of non-particle associated chemical substances, and to conduct toxicity
testing on the non-particulate phase of sediments (ASTM 2000a; USEPA 1994; 2000b).
Evaluation of the concentrations of contaminants in pore water is important because
sediment-dwelling organismsaredirectly exposed to dissolved and colloidally-associated
chemical substances in this sediment phase. Importantly, the toxicity of sediments to
aguatic organisms has been correlated with the concentrations of contaminants in pore
water (Di Toro et al. 1991). Contaminants in pore water also represent hazards to water
column species because these contaminants can be transported into overlying waters
through diffusion, bioturbation, or resuspension processes (ASTM 2000a; USEPA 1994,
2000b).

In this report, pore water chemistry was used as an important indicator for assessing
sediment injury. More specifically, the measured concentrations of contaminantsin pore
water were compared to published toxicity threshol dsfor aguatic organisms. Suchtoxicity
thresholds identify the concentrations of contaminantsin water that are likely to cause or
substantially contribute to acute or chronic toxicity in aquatic organisms. Comparison of
the concentration of a chemical in pore water to a median lethal concentration (LCy,) or
amedian effective concentration (EC,,) for that chemical providesameansof determining
if the concentration of that compound in the pore water was sufficient to cause or
substantially contributeto toxicity to sediment-dwelling organisms(i.e., sufficient to cause
sediment injury). Additionally, information on the concentrations of simultaneously
extracted metals (SEM) and acid volatile sulfides (AVYS) in sediments was used to
determineif metalswould be expected to be bioavailabl e to sediment-dwelling organisms
(Ankley et al. 1996).

Sediment Toxicity Tests - A number of |aboratory toxicity tests, including acute, chronic,
and life cycle tests, have been developed to evaluate the toxicological significance of

AN ASSESSMENT OF SEDIMENT INJURY



STUDY APPROACH — PAGE 21

contaminated sediments. These tests may be as simple as short-term tests on a single
contaminant using asingle species or as complex as mesocosm studiesin which the long-
term effects of mixtures of contaminants on ecosystem dynamics are investigated. In
addition, tests may be designed to assess the toxicity of whole sediments (solid phase),
elutriates, sediment extracts, or porewater. Theorganismsthat areroutinely testedinclude
microorganisms, algae, invertebrates, and fish.

Whole sediment toxicity tests are relevant for assessing the effects of contaminants that
are associated with bottom sediments. The American Society for Testing and Materials
(ASTM) has developed and approved whole sediment tests for assessing the toxicity of
freshwater sediments (ASTM 2000a; 2000b). For example, standard methods have been
established for assessing the acute and/or short-term chronic toxicity of sediment-
associated contaminants on the amphipod, Hyalella azteca, the midges, Chironomus
tentans and C. riparius, the mayfly, Hexagenia limbata, and severa other species. These
procedures may be modified to assess toxicity to other benthic invertebrate species that
occur in freshwater environments (ASTM 2000a).

In addition to whol e sediment toxicity tests, various procedures are availablefor assessing
the potential for adverseeffects on aquatic organismsdueto the resuspension of sediments
or partitioning of contaminants into the aqueous phase. Perhaps the most sensitive and
frequently used of these tests is the bacterial luminescence test (i.e., Microtox; Schiewe
et al. 1985; Burton and Stemmer 1988). USEPA (1994) recommended the use of
Microtox tests for identifying acutely toxic sediments in the Great Lakes Areas of
Concern. Tests using algae and invertebrates also have been employed to assess the
toxicity of the suspended and/or aqueous phases. In addition, forma procedures for
conducting toxicity and bioaccumul ation tests have been described by the ASTM (2000g;
2000b; 2000c; 2000d).

The results of toxicity tests conducted using whole sediments, pore waters, and/or
elutriatesrepresent important indicatorsfor assessing sediment injury and for determining
the areal extent of sediment injury for severa reasons. First, the results of sediment
toxicity tests provide quantitative information for discriminating between toxic and non-
toxic sediments. In addition, testing procedures have been established to support the
generation of reliable and repeatable data and minimize the effects of the physical
characteristics of the sediments (ASTM 2000a; USEPA 1994; 2000b). These
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characteristics make sediment toxicity tests relevant for evaluating sediment injury in
freshwater systems.

Inthisreport, sediment toxicity, asindicated by theresults of toxicity tests conducted with
whole sediments, pore waters, and elutriates, was used to identify the presence of
conditionsthat were sufficient to i njure sediment-dwelling organisms. More specificaly,
sediments were designated as toxic to sediment-dwelling organismsiif the results of one
or more sediment toxicity tests demonstrated that asediment samplewastoxic. Sediment
samples were designated as toxic if the response of the test organism was reported to be
significantly different from the response that was observed in a control or reference
sediment.

Benthic Invertebrate Community Status - Benthic communities are assemblages of
organismsthat livein or on the bottom sediment. In most benthic invertebrate community
assessments, the primary objectiveisto determinetheidentity, abundance, and distribution
of the species that are present. Because most benthic macroinvertebrates are relatively
sedentary and are closely associated with the sedimentary environment, they tend to be
sensitive to both short-term and long-term changesin habitat, sediment, and water quality
conditions (Davis and Lathrop 1992). Therefore, data on the distribution and abundance
of these species providesimportant information on the quality of the aquatic environment.

Assessments of benthic invertebrate community structure have been used to describe
reference conditions, to establish baseline conditions, and to eval uate the effects of natural
and anthropogenic disturbances (Striplin et al. 1992). In terms of evaluating sediment
quality conditions, such assessments are focused on establishing relationships between
various community metrics (e.g., species richness, total abundance, and biomass) and
measuresof sediment quality (e.g., chemical concentrations, organic carbon content). Data
from benthic invertebrate community assessments have the potential to provide relevant
information for identifying impacted sites and, with appropriate supporting data, the
factors that are contributing to the adverse effects that are observed.

Information on the status of benthic invertebrate communities provides important
information for evaluating the effects of contaminated sediments on sediment-dwelling
organisms(Canfield et al. 1996; 1998). Theresultsof benthic community assessmentsare
important for conducting assessments of sediment injury for several reasons. First and
foremost, the results of these assessments provideinformation that isdirectly relevant for
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eval uating benthic community status(i.e., impactson biol ogical resourcescan beeval uated
directly). In addition, methods for conducting such assessments have been established,
facilitating unbiased random sampling, broad geographic coverage (including both
contaminated and uncontaminated areas), and reducing variability in the results (i.e., by
sampling under consistent hydrological conditions; Striplin et al. 1992; Canfield et al.
1996; 1998). Furthermore, the information generated is ecologically relevant because
benthic invertebrates areimportant in carbon and nutrient cycling and represent important
food organisms for many species of fish.

In this report, information on the status of benthic invertebrate communities was used as
anindicator for assessing sediment injury within the Assessment Area. More specificaly,
three main indicators were used to evaluate the integrity of the benthic invertebrate
communities including the relative abundance of pollution-tolerant species (e.g.,
oligochaetes; in grab samples), the macroinvertebrate index of biotic integrity (mIBI; in
artificial substrate samples), and therelative abundance of pollution-sensitive species(i.e.,
mayflies- Ephemeroptera, stoneflies- Plecoptera, and caddisflies - Tricoptera; which are
also referred to as EPT taxa; in artificial substrate samples).

The abundance of pollution-tolerant speciesin grab sampleswas used to eval uate benthic
invertebrate community statusin the Assessment Area. Reynoldson et al. (1995) derived
biological guidelinesfor sedimentsby determining the normal range of benthic community
characteristics at reference sites [i.e., the 95% confidence intervals (Cls) for various
metrics]; the presence of conditions outside this range is considered to indicate that the
system was responding to stress (rather than normal environmental variability). Such
reference conditions are considered to be applicable for evaluating benthic communities
in both riverine and nearshore areas (Reynoldson et al. 1995). In thisreport, anumber of
reference sites in Lake Michigan were selected based on their proximity to the Indiana
shoreline, with sampling stations located more than 1 km from the shoreline considered
to be sufficiently removed from point sourcesto qualify as reference stations. A total of
15 grab samplesmet thiscriterion and were used to determinethe characteristicsof benthic
communitiesat thereferencestations. Theresultsof thisanalysisshowed that, on average,
oligochaetes and chironomids represented 38.3 + 17.6% and 33.3 = 15.4% of the total
abundance of benthic invertebrates at the reference stations. Therefore, the normal range
(i.e., 95% CI) of benthic community characteristicsfor the nearshorereference stationsin
LakeMichiganis3.0%to 73.6% oligochaetes and 2.5% to 64.1% chironomids (i.e., mean
+ 2 standard deviations). Grab sampleswith higher relative abundance of oligochaetes or
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chironomids than the upper limit of the normal range are considered to have conditions
that are sufficient to injure sediment-dwelling organisms (Reynoldson ez al. 1995). These
benchmarks were applied to grab samples that were collected throughout the A ssessment
Area.

The mIBI was used to provide information on the overall structure of benthic invertebrate
communities (OEPA 1989; i.e., in artificial substrate samples). The scoring criteria for
this metric includes such variables as number of taxa, percent dominant taxa, relative
abundance of EPT taxa, and abundance of chironomids. Using data that have been
collected throughout Indiana using artificial substrate samplers, Simon et al. (2000)
calibrated the statewide model for macroinvertebrate communitiesin the state. Based on
the calibration of the mIBI model, the average miBI score for Indiana was determined to
be about 3.5 + 0.29. The integrity of benthic macroinvertebrate communities in the
Assessment Area, was evaluated by comparing the calculated miBI scores (i.e., for
samplescollected using artificial substrates) tothenormal range of miBI scoresfor Indiana
(i.e., mean + 2 standard deviations; 2.93t04.07). Inthisreport, artificial substrate samples
with mIBI scores of #2.93 were considered to have altered benthic communitiesrelative
to those in the rest of the state. By comparison, the use support assessment criteria for
Indianaindicatethat benthicinvertebrate communitiesareimpaired when miBlsbelow 4.0
are observed (IDEM 2000c).

Mayflies, stoneflies, and caddisfliestend to be pollution-sensitiveinvertebrate species. For
this reason, the relative abundance of EPT taxain artificial substrate samples has been
selected as one of the variables for evaluating the status of benthic invertebrate
communitiesin the Assessment Area. Inthisreport, the scoring criteriafor themiBl were
used to establish the relative abundance of EPT taxa that would be indicative of altered
benthic communities. According to Simon ef al. (2000), the lowest mIBI metric scores
were assigned to artificial substrate samplesthat contain < 0.5% EPT taxa. Accordingly
artificial substrate samplesthat contained < 0.5% EPT taxawere considered in this report
to beindicative of conditionsthat were sufficient to injure sediment-dwelling organisms.

Habitat Status - Bed sediments and associated riverine features provide essential habitats
for a diverse array of aquatic organisms. As such, maintenance of the health and
productivity of communities of aquatic plants, aquatic invertebrates, and fish isdependent
on the availability of sufficient quantities of high quality aquatic habitats. To support this
assessment of sediment injury, information on the characteristics of aquatic habitats is
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described in order to better understand the secondary effectsof dischargesof oil or releases
of other hazardous substances on the physical habitats in the river. The types of
information that were used in this assessment included narrative descriptions of aquatic
habitat status, habitat indices, and measurements of the levels of conventional variables.
The conventional variablesthat were considered included the levels of NH, in pore water
and overlying water, TOC in sediment, DO concentration in overlying water, and SOD.

3.1.2 Indicators for Assessing Injury to Fish and Wildlife Resources

Sediment-associated contaminants have the potential to adversely affect wildlife species,
including fish, amphibians, reptiles, birds, and mammals. First, certain wildlife species
can be exposed directly to contaminated sediments through dermal contact (e.g., benthic
fish species, such as carp or sculpins) or through ingestion (e.g., bottom-feeding fish
speciesor birdsthat consume sediment-dwel ling organisms), potentially resulting in direct
toxicity. In addition, many wildlife species can be exposed to sediment-associated
contaminants as a result of food web transfers and associated bioaccumulation. The
accumulation of toxic substancesin the tissues of wildlife species can result in decreased
growth, impaired reproduction, reduced survival, or other harmful effects. Finaly,
sediment-associ ated contami nants can betoxic to sediment-dwelling organismsand, in so
doing, lead to decreased abundance of food organisms. Inthisreport, fiveindicatorswere
used to assess injury to wildlife species associated with exposure to environmental
contaminants.

Sediment Toxicity Tests - Varioustoxicity testing procedures are available for assessing
the potential for adverse effectson aquatic organismsdueto the resuspension of sediments
or partitioning of contaminants into the aqueous phase. Toxicity tests using fish can be
used to assess the toxicity of whole sediments and elutriates by applying the procedures
outlinedin ASTM (2000a) and USEPA (2000a). Inthisreport, theresultsof toxicity tests
with fish was considered to be a primary indicator of injury to wildlife.

Sediment Chemistry - In addition to causing direct effects on aquatic biota, contaminants
can also accumulatein thetissuesof sediment-dwelling organisms. Because many benthic
and epibenthic species represent important components of the food web, sediment-
associated contaminants can be transferred to higher trophic levels. In this way,
contaminated sediments represent a potential hazard to wildlife species that consume
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aguatic organisms. While assessments of bioaccumulation can be conducted in several
ways, residue-based sediment quality guidelines (SQGs) provide practical tools for
evaluating sediment quality relative to the potential for bioaccumulation (Cook et al.
1992).

Residue-based SQGs define the concentrations of individual chemicals or classes of
chemicalsin sediments that will not result in unacceptable levels of that substancein the
tissues of aquatic organisms (Ingersoll ef al. 1997). The first step in the development of
such SQGs involves the derivation or selection of an appropriate tissue residue guideline
(TRG) for the substance or substances under consideration [e.g., the New York State
Department of Environmental Conservation (NY SDEC) fish flesh criteriafor piscivorus
wildlife; Newell er al. 1987]. In addition, relationships between concentrations of
contami nants in sediments and contaminant residues in aguatic biotamust be established.
In general, the necessary lipid- and carbon-normalized biota-sediment bioaccumulation
factors (BSAFs) are determined from field studies or estimated using various modeling
approaches. The SQGs are then derived by dividing the TRG by the BSAF (Cook et al.
1992).

Residue-based SQGs areimportant toolsfor conducting sediment quality assessmentsfor
several reasons. First and foremost, residue-based SQGs explicitly consider the potential
for bioaccumulation of sediment-associated contaminants and the resultant effects on
higher trophiclevels. Inaddition, theresidue-based SQGsprovideabasisfor interpreting
sediment chemistry data in terms of the potential for adverse effects on wildlife.
Therefore, sediment chemistry data, relative to bioaccumulation-based SQGs for the
protection of piscivorus wildlife (NY SDEC 1994), were used in this report as primary
indicators for assessing injury to wildlife in the Assessment Area.

Tissue Chemistry - In addition to causing direct effects on aguatic biota, contaminantscan
also accumul atein thetissuesof sediment-dwelling organisms. Because many benthic and
epi benthi ¢ species represent important components of the food web, sediment-associated
contaminants can be transferred to higher trophic levels, such as fish. In this way,
contaminated sediments represent a potential hazard to the wildlife species that consume
aquatic organisms (i.e., dietary exposure).

Data on the concentrations of chemicals of concern in the tissues of aquatic organisms
providesimportant information for assessing the effects of discharges of oil or rel eases of
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other hazardous substances on wildlife. More specificaly, tissue chemistry data provide
information on the extent to which bioaccumul ative substances have accumulated in the
tissues of sediment-dwelling organisms and fish. Comparison of these data to TRGs
providesabasisfor determining if contaminants have accumulatedinthetissuesof aguatic
organisms to such an extent that adverse effects on piscivorus wildlife species are likely
to occur. Such TRGsfor the protection of piscivoruswildlife have been devel oped by the
NY SDEC (Newell et al. 1987) and the Canadian Council of Ministersof the Environment
(CCME 1999).

Fish Health - Data on fish health provides important information for determining if fish
have been adversely affected by discharges of oil or releases of other hazardous
substances. Fish health represents a relevant indicator of sediment quality conditions
because fish that are exposed to contaminated sediment can exhibit impaired fish health,
such as an increased incidence of tumors (Malins et al. 1985; Goyette er al. 1988; Payne
et al. 1988). Inturn, impaired fish health can result in increased rates of fish mortality and
associated effects on fish populations. In this report, the incidence of deformities, fin
erosion, lesions and tumors (i.e., DELT abnormalities) in fish was used as an important
indicator of injury towildliferesources(Sobiech et al. 1994), with DELT scoresof >1.3%
considered to be indicative of impaired fish health.

Status of Fish Communities - Dataon the status of fish populations and fish communities
provides important information for assessing injury to wildlife. Discharges of oil or
releases of other hazardous substances can adversely affect fish in several ways. First,
exposureto chemical contaminants can cause neurological and behavioral abnormalities,
increased incidence of disease, impaired reproduction, and mortality. These effects can
result in changes in the abundance of various fish species and/or aterations in the status
of the fish community. In addition, elevated levels of sediment-associated contaminants
can impact the benthic invertebrate community and, thereby, reduce the abundance of
preferred fish food organisms. Assuch, affected aquatic habitats arelesslikely to be able
to support viable populations of fish.

In thisreport, index of biotic integrity (IBI) scores were used as primary indicators of the
status of fish communities and, hence, injury to wildlife species. The IBI integrates
information on species composition (i.e., total number of species, types of species,
percent sensitive species, and percent tolerant species), on trophic composition (i.e.,
percent omnivores, percent insectivores, and percent pioneer species), and on fish

AN ASSESSMENT OF SEDIMENT INJURY



STUDY APPROACH — PAGE 28

3.2

condition. Importantly, the IBI hasbeen calibrated for usein the Central Corn Belt Plains
ecoregion and, therefore, it is applicable for use in the Assessment Area (Simon et al.
2000). Based on thiscalibration, fish communities were considered to beimpaired at 1Bl
scores of #34 (which isthe upper limit of the range of scoresfor fish communitiesthat are
classified as having “poor” integrity). This benchmark is similar to the use support
assessment criteria that have been established to identify impaired waters in Indiana
(IDEM 2000c). More specifically, waters with 1Bl scores of #34 are considered to only
partially support or not support beneficial uses. Therefore, the threshold for fish
community impairment (i.e., Bl score of #34) issimilar to the benchmarksthat have been
used to evaluate the integrity of fish populations elsewhere in Indiana.

Collection, Evaluation, and Compilation of Sediment Quality
Data and Related Information

Information on the chemical, toxicological, and biological characteristics of sedimentsin
the Assessment Area was collected in three stages. In the first stage, more than 10
bibliographic databases were searched for matching sediment chemistry and biological
effectsdata. 1naddition, over 300 scientistswere contacted by telephone or letter to obtain
additional information. This data collection effort resulted in the identification and
retrieval of more than 800 references that, potentially, included information on the
concentrationsof contaminantsin sedimentsfrom the IndianaHarbor Areaof Concernand
on the biological effects that have been associated with exposure to those sediments
(Smith er al. 1996; Ingersoll and MacDonald 1999; MacDonald et al. 2000b; USEPA
2000a).

In the second stage of the process, several additiona bibliographic databases were
searched to obtain more recent information on freshwater sediments. Additionally, many
researchers active in the sediment quality assessment field were contacted directly to
acquire the most recent information on freshwater sediments. Approximately 700
additional reports were obtained as a result of the second stage of the data acquisition
effort (MacDonald et al. 1996; USEPA 1996a; USEPA 1996b; Ingersoll and MacDonald
1999; USEPA 2000a). Thefirst two stages of the dataacquisition processwere compl eted
during the period January, 1992 to January, 1999 and were not conducted specifically for
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this study. Nonetheless, these references were reviewed to identify information on
sediment quality conditions within the Indiana Harbor Area of Concern.

In the final stage of the process, sediment chemistry, biological effects, and related data
specific to the Assessment Area were obtained to further support this assessment of
sediment injury. Importantly, the USFWS and the IDEM provided copies of anumber of
reports that had not been compiled in thefirst two phases of the data acquisition process.
In addition, the results of several recent investigations that were conducted explicitly to
support the current assessment were obtained (i.e., Tetra Tech EM Inc. 1998; Maxim
Technologies 1999; USGS 1999; IDEM 1999).

All of the data sets that were retrieved during the course of the study were critically
reviewed to determine their applicability to the assessment of sediment injury in the
Assessment Area. The criteriathat were used to evaluate each of the candidate data sets
aredescribed in Appendix 1 of thisreport. The data setsthat contained information on the
Assessment Areaand met the selection criteriawereincorporated into electronic datafiles
(in MS Excel format). These data were subsequently fully verified against the origina
data source.

Severa types of data were compiled as part of this study. First, the information of the
chemical composition of whole sediments (Appendix 2) was compiled for both surficial
and sub-surface sediment samples. 1n addition, the available information on the toxicity
of whole sediments, pore water, or elutriates to invertebrates and fish was assembled
(Appendix 3 and 4). Information on the composition of benthic invertebrate and fish
communitieswas also compiled fromtheresults of studiesthat had been conducted within
the Assessment Area. Information on the levels of chemicals of concern in the tissues of
invertebrates and fish were al so assembled when available (Appendix 5). Other relevant
data, such asinformation on conventional indicators of sediment quality conditions(i.e.,
NH,, SOD, TOC, and DO), and the status of physical habitats, were also obtained fromthe
studies that were assembled on the Assessment Area.

Inanumber of studies, additional sediment sampleswere collected and/or analyzed as part
of the quality assurance program. In thisreport, field replicate samples were treated as
unique samples in the data analyses (i.e., by providing information on the small scale
gpatia variability in sediment quality conditions). By comparison, laboratory split samples
were treated as duplicates and averaged to support subsequent data analysis.
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To support subsequent interpretation of the sediment chemistry data, the total
concentrations of several chemical classes were determined for each sediment sample.
Specificaly, the concentrations of total PAHs were calculated by summing the
concentrations of up to 13 individua PAHSs, including acenaphthene, acenaphthylene,
anthracene, fluorene, 2-methylnaphthal ene, naphthal ene, phenanthrene, benz(a)anthracene,
dibenz(a,h)anthracene, benzo(a)pyrene, chrysene, fluoranthene, and pyrene. 1n one study
(Risatti and Ross 1989), only total PAH concentrations were reported; in this case, the
reported value was used directly. For PCBs, the concentrations of total PCBs were
determined using various procedures, depending on how the data were reported in the
origina study. If only the concentrations of total PCBs was reported in the study, then
those values were used directly. If the concentrations of various Aroclors (e.g.,
Aroclorl242, Aroclor 1248) werereported, then the concentrationsof thevariousAroclors
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 DDTSs, the concentrationsof 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 cal culate 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. Finaly, the
concentrationsof chlordaneweredetermined by summing the concentrationsof alpha- and
gamma-chlordane isomers. If only the concentrations of total chlordane was reported in
the study, then those values were used directly. In calculating the total concentrations of
thevarious chemical classes, |lessthan detection limit valueswere assigned aval ue of one-
half of the detection, except when the detection limit wasgreater than the consensus-based
PEC (or an dternate SQG if aPEC was not available). Inthislatter case, the greater than
detection limit value was not used in the calculation of the total concentration of the
substance.

Tosupport the compilation and subsequent analysi sof theinformation on sediment quality
conditions in the Assessment Area, arelational project database was developed in MS
Access format. All of the sediment chemistry, toxicity, and benthic community data
compiled in the database were georeferenced to facilitate mapping and spatial analysis
using geographic information system (GI S)-based applications(i.e., ESRI’sArcView and
Spatial Analyst programs). The database structure made it possible to retrieve data in
severa ways, including by datatype(i.e., chemistry vs. toxicity), by sediment horizon(i.e.,
surficial vs. sub-surface sediments), by stream reach (i.e., EBGCR-1I vs. EBGCR-I), by
stream segment (i.e., confluence with WBGCR to Kennedy Avenuevs. Kennedy Avenue
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to Cline Avenue), and by date (i.e., data collected prior to 1996 vs. data collected in 1996
or later). Assuch, the database facilitated a variety of different types of data analyses.

Selection of Chemical Benchmarks for Assessing Sediment
Quality Conditions

Evaluation of the potential effects of sediment-associated contaminants on sediment-
dwelling organisms, and fish and wildlife resources necessitated the application of four
types of chemical benchmarks, including:

C Effects-based SQGs for assessing potential effects on sediment-dwelling
organisms (Table 3.1);

C Toxicity thresholds for pore water for assessing potential effects on
sediment-dwelling organisms (Table 3.2);

C Bioaccumulation-based SQGs for assessing potential effects on wildlife
species (Table 3.3); and,

C Tissue residue guidelines for assessing potential effects on wildlife
(Table 3.4).

3.3.1 Effects-Based Sediment Quality Guidelines

Numerical benchmarks (including sediment quality criteria, sediment quality objectives,
and sediment quality standards) represent useful tools for assessing the quality of
freshwater sediments(MacDonald ez al. 1992; USEPA 1992b; Adamset al. 1992; USEPA
1996a; USEPA 1996b; USEPA 1997; Ingersoll and MacDonald 1999; MacDonald et al.
2000a; 2000b). Such benchmarks have been developed by variousjurisdictionsin North
America using a variety of approaches. The approaches that have been selected by
individual jurisdictions depend on the receptorsthat are to be considered (e.g., sediment-
dwelling organisms, wildlife, or humans), the degree of protection that is to be afforded,
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the geographic areato which the values are intended to apply (e.g., Site-specific, regional,
or national), and their intended uses (e.g., asscreening tool sor for remediation obj ectives).

In this report, two general terms are used to describe the benchmarks that are used to
evaluate the potential effects of sediment-associated contaminants on sediment-dwelling
organisms. First, the term sediment quality guidelines (SQGS) is used to describe
previously published benchmarksfor assessing the biological significance of contaminant
concentrationsin whole sediments (e.g., threshold and probabl e effect levels- Smith et al.
1996; no effect concentrations - Ingersoll et al. 1996). By comparison, the term
consensus-based sediment effect concentrations (SECs) isused to describethe benchmarks
that provide an estimate of the central tendency of the published SQGs (Ingersoll and
MacDonald 1999; MacDonald et al. 2000a; USEPA 2000a). The consensus-based SECs
areintended to define the concentrations of sediment-associated contaminantsthat would
be sufficient to cause or substantially contributetoinjury to sediment-dwelling organisms,
including infaunal (i.e., those speciesthat livein the sediments) and epibenthic (i.e., those
species that live on the sediments) organisms.

Inthisreport, werelied on the consensus-based SECsthat were devel oped by Ingersoll and
MacDonald (1999) and MacDonald et al. (2000a) for assessing sediment injury in the
Assessment Area (i.e., evaluating whole sediment chemistry data). Asthetermimplies,
consensus-based SECs reflect the agreement among the various SQGs by providing an
estimate of their central tendency. Importantly, the consensus-based SECsare considered
to provide aunifying synthesis of the existing SQGs, reflect causal rather than correlative
effects, and account for the effects of contaminant mixtures in sediment (Swartz 1999;
MacDonald et al. 2000a; 2000b; Di Toro and McGrath 2000).

Ingersoll and MacDonald (1999) derived two consensus-based SECsfor each chemical of
concern in the WBGCR, including threshold effect concentrations (TECs) and PECs
(Table3.1). The TECsareintended to identify the concentrations of sediment-associated
contaminants below which adverse effects on sediment-dwelling organisms are unlikely
tooccur. Incontrast, the PECsareintended to identify the concentrations of contaminants
in whole sediments above which adverse effects are likely to be observed. The SECsfor
most of the chemicals of concern in the Assessment Area, including metals (arsenic,
cadmium, copper, chromium, lead, nickel, and zinc), total PAHs (and variousindividual
PAHS), total PCBs, and sum DDE have been demonstrated to provide areliable basis for
predicting the presence and absence of sediment toxicity in field-collected sediments
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(Ingersoll and MacDonald 1999; MacDonald et al. 2000b; USEPA 2000a). The PEC for
total PAHsishigher than the equilibrium partitioning sediment guideline and the narcosis
final chronic value that have been established using the equilibrium partitioning approach
(Di Toro and McGrath 2000), confirming that sediment toxicity is likely to occur at
concentrations of total PAHs above the PEC. While insufficient data were available to
fully evaluate the PECsfor mercury, certain PAHSs, and several pesticides (MacDonald et
al. 2000a), these additional PECs were used to assess sediment quality conditionsin the
Assessment Area.

In thisreport, the consensus-based PECs were used as primary benchmarks for assessing
injury to sediments and sediment-dwelling organisms. The PECswere used in two ways
to support the assessment of sediment injury within the Assessment Area (Table 3.1).
First, the measured concentrations of each substance in whole sediment samples were
compared to the corresponding PEC to determine if that substance was present at
concentrations that are sufficient to cause or substantially contribute to sediment injury.
The PECswere also used to support the cal culation of mean PEC-quotients (PEC-Qs) for
each sediment sample that was collected within the Assessment Area.

Mean PEC-Qs were calculated using the procedure that was established by USEPA
(2000a). Using this method, a PEC-Q was first determined for each metal for which a
reliable PEC was available (as identified in MacDonald et al. 2000a). Then, an average
PEC-Q for metal s was cal culated by summing the PEC-Qs of each metal and dividing by
the number of metalsthat were included in the calculation. PEC-Qswere also calculated
for total PAHs and total PCBs. Finally, the mean of the average PEC-Q for metals, the
PEC-Q for total PAHSs, and the PEC-Q for total PCBs was determined for each sediment
sample (termed the mean PEC-Q). The PEC-Qs for pesticides were not used in this
calculation to assure that the mean PEC-Q reflected the concentrations of the chemicals
of concern in the Assessment Area. It was not possible to include PEC-Qsfor alkanes or
alkenesin this cal cul ation because PECswere not available for these classes of petroleum
hydrocarbons. The PEC for total PAHS, rather than the PECsfor individual PAHsand for
total PAHSs, was used to calculate the mean PEC-Qs to avoid double accounting for the
PAH concentration data.

The mean PEC-Q provides a basis for assessing the potential effects of sediment-
associated contaminants when they occur in complex mixtures (Swartz 1999; MacDonald
et al. 2000a; 2000b; USEPA 2000a). Using the results of analyses conducted on alarge
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freshwater database, USEPA (2000a) reported that sediment samples with mean PEC-Qs
$ 0.7 arelikely to betoxic to sediment-dwelling organisms (i.e., the incidence of toxicity
to amphipods, in 28-day tests, was greater than 50% in sediment samples that had these
chemical characteristics). In 10- to 14-day tests, the incidence of toxicity to amphipods
was greater than 50% when mean PEC-Qs $ 4.0 in sediment samples (USEPA 2000a).
Inthe 28-day tests, the incidence of toxicity to amphipods was 100% when mean PEC-Qs
$ 4.0 in sediment samples (USEPA 2000a). Because sediment-dwelling organisms are
likely to be exposed to contaminated sediments for extended periods of time (i.e., > 30
days), sedimentswith mean PEC-Qs$ 0.7 were consi dered to be sufficiently contaminated
to injure sediment-dwelling organisms.

Asindicated above, the mean PEC-Qswere cal culated using thereliable PECsfor metals,
total PAHSs, and total PCBs. The PECs for pesticides were not used to calculate mean
PEC-Qs. Inaddition, PECswere not availablefor many of the chemicalsof concerninthe
Assessment Area (e.g., dkanes, alkenes, other metals, and phenols). Therefore it is
possible that the incidence and/or the areal extent of sediment injury has been under-
estimated using this approach.

In this report, evaluations of sediment injury were conducted using dry weight
concentrationsof chemical contaminants. Thisapproach wasused because organic carbon
normalized SQGs for nonpolar organic substances (i.e., Barrick et al. 1998; Long et al.
1995; USEPA 19964a) or normalization of metal concentrationsto AV S (Long et al. 1998)
has not improved predictions of sediment toxicity in field-collected samples (USEPA
2000a).

3.3.2 Toxicity Thresholds for Pore Water

Pore water is the water that occupies the spaces between sediment particles and usually
accounts for over 50% of the volume of surficial sediments (Power and Chapman 1992).
Because sedi ment-associ ated contaminants have the potential to partition into porewater,
this medium can represent an important source of contaminant exposure for sediment-
dwelling organisms. For this reason, pore water assessments can provide useful
information on the potential effects of sediment-associated contaminants, particularly on
infaunal species (i.e., those species that routinely reside within the sediment matrix).
While such assessments can include several components, pore water toxicity tests and
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evaluations of pore water chemistry represent the central elements of most pore water
assessments (ASTM 2000a). Importantly, interpretation of the pore water chemistry data
that is collected in such assessments is dependent on the availability of suitable
benchmarks for ng pore water quality.

A variety of benchmarksfor assessing pore water chemistry are availablein the published
literature. For example, numerical water quality criteria, such as those that have been
promul gated by the USEPA (1998), and site-specificwater quality standards, such asthose
that have been established by the IDEM (1991), provide relevant tools for assessing pore
water quality conditions. Alternatively, toxicity thresholds for pore water can be
established on a de novo basis by compiling data from the toxicological literature (i.e.,
median lethal concentrations or median effective concentrations; LC,,s or EC,,s) for
receptors of concern in the Assessment Area. Such toxicity thresholds identify the
concentrations of contaminantsin water that are likely to cause acute and chronic toxicity
to aquatic plants, amphipods and other aguatic invertebrates, and fish.

In this report, toxicity thresholds for pore water were established from the toxicological
datathat have been published in the scientific literature. Information on the acutetoxicity
of the chemicals of concern to sediment-dwelling organisms was acquired from the data
that are contained in the USEPA Acquire Database (USEPA 1992a) or from the data that
was generated subsequently (USEPA 1994; 2000b). Information on the acute and chronic
toxicity of the chemicals of concern to aguatic plants, other invertebrate species, and fish
were compiled from various sources, including Spear and Pierce (1979); CCREM (1987);
EC and HC (1994); Outridge et al. (1994); and USGS (1998). The published toxicity
thresholdsfor the chemicalsof concernin porewater inthe Assessment Areaare presented
in Table 3.2.

Comparison of themeasured concentrationsof contaminantsin porewater to the published
toxicity thresholds provides a means of determining which substances occur at
concentrations that are sufficient to cause or substantially contribute to sediment injury.
By dividing the pore water concentrations of each chemical of concern in each sample by
the reported L C,, concentration for that compound, it is possible to calculate avalue that
can be used to evaluate the overall toxicity of thesample. Thisvaluealso providesabasis
for reporting contaminant concentrations in terms of the number of toxic units that they
represent. The number of toxic units of each compound can be summed to evaluate the
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combined toxic effect of chemicalswith asimilar mode of toxicity. Samplesthat contain
$ 1 summed toxic units are likely to be toxic to sediment-dwelling organisms.

3.3.3 Tissues Residue Guidelines for the Protection of Wildlife

Tissue residue guidelines define the concentrations of individual chemicals or classes of
chemicals in the tissues of aquatic invertebrates or fish that will not result in adverse
biological effects on aquatic organisms, on fish and wildlife resources. As such, TRGs
represent important benchmarksfor assessing hazards associ ated with the bicaccumul ation
of contaminantsin thetissuesof aquatic organisms. Inthisreport, TRGsfor the protection
of piscivoruswildlife were used to assess sediment injury in the Assessment Area. More
specificaly, the fish flesh criteria that were developed by the NYSDEC (Newell et al.
1987), were compiled and used to assessinjury towildlifeassociated with dietary exposure
to contaminants (Table 3.4). These TRGs define the concentrations of contaminantsin
fish tissue which, if not exceeded, are likely to prevent carcinogenic or non-carcinogenic
impacts on piscivorus wildlife, including birds and mammals. Exceedance of the TRGs
is considered to indicate that the potential exists for toxic effects in wildlife due to the
consumption of contaminated fish tissues (Newell ef al. 1987).

Evaluation of Sediment Injury

Dischargesof oil and releases of other hazardous substancesinto aquatic ecosystems have
the potential to cause injury to surface water resources, and/or biological resources
(Natural Resources Trustees 1997), including sediments, sediment-dwelling organisms,
and/or wildlife. Contaminated sediments pose a hazard to sediment-dwelling organisms
or fish and wildlife resources when concentrations of one or more contaminants exceed
biological response thresholds. In thisreport, an injury to sediments has been identified
if the measured concentrations of contaminants in sediments, pore waters, and/or tissues
are sufficient to adversely affect biological resources (including sediment-dwelling
organisms and/or wildlife), or if direct effects on biological resources have been
demonstrated. Specifically, sediment injury is demonstrated by:
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C Degradation or loss of physical habitats (as indicated by exceedances of
benchmarks for conventional variables);

C Degraded sediment quality conditions (i.e., asindicated by exceedances of
the effects-based PECs or bioaccumul ation-based SQGS);

C Degraded pore water quality conditions (i.e., asindicated by exceedances
of published toxicity thresholds for aquatic organisms);

C Acute or chronic mortality, reduced growth, impaired reproduction, or
abnormal development of sediment-dwelling organisms (as indicated by
the results of laboratory toxicity tests);

C Degraded benthic invertebrate communities (asindicated by the results of
benthic invertebrate community assessments);

C Acute or chronic mortality, reduced growth, impaired reproduction, or
abnormal development of fish (as indicated by the results of laboratory
toxicity tests);

C  Accumulation of contaminantsin thetissuesof aquatic organismstolevels
that could injure wildlife species (as indicated by exceedances of TRGS);

C Increased incidence of altered organ morphology, tumors/lesions, or
degraded health of fish (asindicated by the results of field surveys); or,

C Degraded or depressed fish populations or atered fish communities (as
indicated by the results of field surveys).

In this report, sediments were considered to be injured if one or more of these conditions
had been documented in any of the reaches identified in the Assessment Area. The
presence of such conditions was evaluated using the results of chemical analyses of
sediments and pore water, laboratory toxicity tests, benthic invertebrate community
assessments, bioaccumulation assessments, and fisheries investigations that have been
conducted in the Assessment Area.

In this report, the available sediment quality and related information was evaluated to
determine if discharges of oil or releases of other hazardous substances have resulted in
conditionsthat are sufficient to cause sediment injury within the Assessment Area. While
such an assessment could be restricted to the biologically-active layer (i.e., thetop 10 to
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30 cm of sediment), the sediment injury assessment that is presented in this report was
designed to bemore comprehensive. More specifically, thisreport providesan assessment
of sediment injury for both surficial and sub-surface sediments. In this report, surficial
sediment is defined as any sample collected from the surface of the sediment to any depth
(i.e., sample depth of 0 to 0.33 feet, 0 to 0.5 feet, etc.). Sub-surface sediment is defined
asany samplethat does not include surficial sediments (e.g., sample depth of 0.33to 0.66
feet). This approach to sediment injury assessment was used in this report because
removal of contaminated surficial sediments represents one of the options that are
available for restoring beneficial usesin the Assessment Areg, if sediments are found to
be injured. If this remedial option were selected, then the removal of contaminated
surficial sediments could result in sub-surface sediments being exposed and becoming
available to sediment-dwelling organisms for colonization (i.e., sub-surface sediments
would becomethe new surficial sediments unlessthe sub-surface sediments were capped
by clean materials as part of the remedial actions). For this reason, it was considered
necessary to evaluate the injury to sub-surface sedimentsin this report.

Identification of Contaminants of Concern

In this report, contaminants of concern are defined as those substances that occur in
sedimentsat concentrationsthat are sufficient to cause or substantially contributeto injury
to sediment-dwelling organisms, and/or fish and wildlife resources. The contaminants of
concernwereidentified by comparing the concentrations of each substancethat have been
measured in sediments to the corresponding chemical benchmarks. The chemical
benchmarks that were used in this eval uation included the consensus effects-based PECs
(Table3.1), the published bioaccumul ation-based SQGs (Table 3.3), the published toxicity
thresholds for pore water (Table 3.2), and the published TRGs for the protection of
piscivorus wildlife (Table 3.4). Those substances that occurred in two or more sediment
sampleswithin the various reaches of the Assessment Areaat concentrationsin excess of
the chemical benchmarks were identified as contaminants of concern. For metals, those
substances that exceeded the PECs and upper limit of background levels were identified
as contaminants of concern. The maximum background concentrations of metals in
Indiana and Illinois lake and stream sediments are presented in Table 3.5.
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Evaluation of the Spatial Extent of Sediment Injury

In this report, the spatial extent of sediment injury was evaluated by linking the sediment
chemistry and sediment toxicity information contained in the project database with GIS-
based applications (ArcView and Spatial Analyst software). To facilitate spatial analyses
of thesedata, the Assessment Areawasfirst divided into ninedistinct reaches, asidentified
in Section 1.0. Next, each reach was divided into a number of segments using readily
identifiable landmarks (e.g., railway bridges, roadway bridges, and major streets). Inthis
way, it waspossibleto tabulatethe available datafor variousreaches and various segments
within each reach.

Inthiseval uation, sediment chemistry and sediment toxicity datawere used asthe primary
indicators of sediment injury. Based on the results of a comprehensive evaluation of
matching sediment chemistry and sediment toxicity datafrom throughout North America,
USEPA (2000a) reported that there is a high probability (i.e., > 50%) of observing acute
and chronic toxicity in the amphipod, Hyalella azteca, at mean PEC-Qs$ 4.0 and $ 0.7,
respectively. Because sediment-dwelling organisms are likely to be exposed to
contaminated sediments for extended time periods (i.e., > 30 days), the spatial extent of
sediment injury within the Assessment Areawas eval uated based on mean PEC-Qs$ 0.7.
More specifically, sedimentswith mean PEC-Qs $ 0.7 were considered to have chemical
characteristics that are sufficient to injure sediment-dwelling organisms. Sediment
samples that were found to be toxic in one or more toxicity tests were al'so considered to
have conditions that were sufficient to cause sediment injury.

The available sediment chemistry and sediment toxicity data were tabulated for each
segment and reach within the Assessment Area. Assuch, it was possible to calculate the
proportion of sediment sampleswithin each segment and reach that had levels of chemical
contamination that were sufficient to cause or substantially contribute to sediment injury
(i.e., using the calculated mean PEC-Qs for each sample). Likewise, it was possible to
calculate the proportion of sediment samplesthat weretoxic to one or more of the species
that were tested in toxicity tests. Segments and reaches with two or more sediment
samples (separated by more than 100 feet) with elevated levels of sediment-associated
contaminants (as indicated by a mean PEC-Q of $ 0.7) were considered to have been
injured by discharges of oil or releases of other hazardous substances. The results of
toxicity tests and benthic invertebrate community assessments were used to corroborate
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the conclusions that were drawn on the extent of sediment injury that were based on the
sediment chemistry data.

The gpatial extent of sediment injury was also evaluated using Gl S-based applications. In
thiseval uation, the geographic distribution of sediment sampleswith mean PEC-Qs<0.1,
$01t0<0.7,$ 0.7 to < 4.0, and $ 4.0 were plotted on base maps of the Assessment
Area. Likewise, the geographic distribution of toxic and not toxic sediment sampleswere
plotted on base maps (i.e., based on the results of laboratory toxicity tests). The
distribution of samples with altered benthic invertebrate communities was also plotted.
Inthisway, it was possibleto clearly delineate the spatial extent of sediment injury within
the Assessment Area. In addition, the spatial distribution of relatively |ess contaminated
sediment samples was also determined. In this analysis, surficial and sub-surface
sediments were considered separately. However, the spatial extent of sediment injury
relative to wildlife was not evaluated using the Gl S-based application.

In addition to these evaluations of the spatial extent of injury to sediment-dwelling
organisms, an overall assessment of the spatial extent of sediment injury was conducted.
In this evaluation, the information on the various indicators of sediment injury to
sediment-dwelling organisms, and wildlife was compiled for each reach in tabular form.
In thisway it was possible to compare the relative severity of sediment injury among the
various reaches in the Assessment Area. This evaluation was conducted to provide
information that could be used in priority setting, should remedial actions be required to
restore beneficial usesin the Assessment Area (as defined in the Remedial Action Plan;
IDEM 1991).
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4.0 Existing Information on Sediment Quality Conditions in
the Assessment Area

This report was prepared to determine if discharges of oil or releases of other hazardous
substances have caused or substantially contributed to sediment injury with the
Assessment Area. Thegeographic scopeof the Assessment AreaisoutlinedinFigures1.1
and 1.2. Tofacilitatethe assessment of sediment injury, the Assessment Areawasdivided
into nine sub-areas including:

C Grand Calumet River Lagoons (GCRL);

C East Branch of the Grand Caumet River | (EBGCR-I; i.e., from the first
railroad bridge located upstream of Industrial Highway to the confluence
with IHC; hereafter the aforementioned railway bridge is termed the
ConRail Bridge);

C East Branch of the Grand Calumet River || (EBGCR-II; i.e., from the
GCRL to the ConRail Bridge);

C West Branch of the Grand Calumet River | (WBGCR-l; i.e., from IHC to
Indianapolis Boulevard);

C West Branch of the Grand Calumet River Il (WBGCR-II; i.e., from
Indianapolis Boulevard to the confluence with the Little Calumet River);

C IndianaHarbor Cana (IHC; i.e., from the confluence of the east and west
branches of the Grand Calumet River to Columbus Drive);

C Lake George Branch (LGB; i.e, from the headwater areas to the
Indianapolis Boulevard bridge);

C USCand (USC; i.e, the Federa Project Area; from Columbus Drive on
IHC and the Indianapolis Boulevard bridge on LGB to IH); and,

C Indiana Harbor and the waters of nearshore Lake Michigan (IH/LM; i.e.,
including the inner harbor, the outer harbor, and nearshore areas of the
lake).
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4.1

This assessment was conducted using data and information on sediment quality and
associated environmental conditionsthat have been collected over the past 30 years. Over
that time, asubstantial quantity of data on sediment quality conditions has been collected
in the Assessment Area. In total, 122 documents relating to the Assessment Area were
identified and retrieved to acquire candidate data sets for possibleinclusion in the project
database. Each of these studies was then critically reviewed to determine if it contained
relevant information for assessing sediment quality conditionswithinthe A ssessment Area
(see Appendix 1 for alisting of the criteriathat were used to eval uate candidate data sets).
Of the 122 documents, atotal of 42 contained data setsthat met the evaluation criteriathat
were established for this study and were subsequently used to assess sediment quality
conditions in the Assessment Area. A brief description of each study is provided in the
following sections, including the sub-areas that were sampled and the types of data that
were reported in the study.

Data Collected During the Period, 1970 to 1980

In 1972, the United States Environmental Protection Agency (USEPA) Office of
Enforcement and General Counsel conducted asampling programonthe EBGCR to assess
sediment toxicity (Lucas and Steinfeld 1972; Appendix 3.1). A total of 65 sediment
samples were collected from 36 sampling stations that were located on the EBGCR
between the GCRL and the confluencewith the WBGCR (i.e., in sub-areas EBGCR-I and
EBGCR-II; Figure 4.1). As part of this investigation, surficial sediment samples were
collected at atotal of 34 sampling stations using a dredge sampler. Another 31 samples
of sub-surface sedimentswere obtained using acoresampler. Thetoxicity of the sediment
samples was evaluated using 96-hour laboratory toxicity tests with two test organisms,
including the amphipod, Hyalella azteca, and the fathead minnow, Pimephales promelas.
While some water chemistry data were also collected as part of this study, no sediment
chemistry data were reported.

In 1979, the United States Army Corps of Engineers (USACE; Waterways Experiment
Station) conducted an investigation on sediment quality conditionswithin the Assessment
Area (USACE 1980a). In total, 34 sediment samples were collected from 13 stations
during thisinvestigation. Of these, 11 sediment sampleswere obtained from five stations
inIH/LM and another 23 sediment sampleswere collected from eight stationsin the USC
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4.2

(Figure4.2). A sediment corewas obtained at each station, with core depthsranging from
6 to 15.5 feet. Individua sediment samples were prepared by compositing three foot
sections of the core. The chemical characteristics of each sample were determined by
measuring the concentrations of conventional variables (e.g., total organic carbon; TOC
and NH,), total metals, and total polychlorinated biphenyls (PCBs; Appendix 2.1).

Data Collected During the Period, 1980 to 1989

The following year (1980), the USACE (Waterways Experiment Station) conducted a
follow-up study to further evaluate the physical and chemical characteristics of sediment
and water from the USC (USA CE 1980b). Inthisstudy, sediment samplesfromthreesites
were collected and analyzed for total metals, oil and grease, total PCBs, phenols, and
several conventional variables (Appendix 2.2; Figure 4.3).

In 1982 and 1986, the Metropolitan Water Reclamation District of Greater Chicago
Research and Devel opment Department conducted surveys of water and sediment quality
conditionsin the EBGCR-I, IHC, USC, WBGCR-II and IH/LM (Polls et al. 1993). The
sampling program included the collection of water and sediment samples from 18
locations in the study area, including two stations in the EBGCR-I, one station in the
WBGCR-II, one station in the IHC, two stations in the USC, and 12 stations in IH/LM
(Figure4.4; Appendix 2.3 and 2.4). Inaddition, two sampling stationswerelocated onthe
Little Calumet River in Illinois. The water samples were analyzed for conventional
variables(e.g., water hardness, DO, conductivity), nutrients, fats, oil and grease, cyanides,
total metals, phenol, and severa other variables. By comparison, total solids, total volatile
solids, chemical oxygendemand, fats, oil and grease, phenol andtotal iron were quantified
in the sediment samples. Additionally, sediment samples were collected to assess the
status of benthic invertebrate communities.

In August 1983, the USA CE conducted a study to evaluate sediment quality conditionsin
the USC (USACE 1983). More specifically, this study was designed to provide
information on the distribution of PCBs in the bottom sediments and their associated
toxicity to determine whether dredged materials would be considered to be “ hazardous’
as defined under the RCRA. To this end, sediment cores were collected from eight
stationsin the USC (Figure 4.5). The concentrations of total PCBs were determined in a
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total of 27 sediment samples, with up to four sediment horizons sampled at each station
(Appendix 2.5).

In November 1983, the Metropolitan Sanitary District of Greater Chicago conducted a
similar study of environmental conditions in the USC and IH/LM (Polls and Dennison
1984). In this study, 18 sampling stations were selected to obtain samples for assessing
water quality conditions, including 10 stations in the USC and eight stations in |H/LM
(Figure 4.6). The analyses conducted on the water samples included conventional
variables, nutrients, total metals, phenol, cyanide, fats, oil and grease, and severa other
variables. Additionally, samples were collected to assess the status of the benthic
invertebrate community and fish populations at several of these stations.

In 1984, an investigation was conducted to assess the status of benthic invertebrate
communities in IH and two nearshore areas in southwestern Lake Michigan (LTI 1984).
The sampling locations included one station in IH, 15 stations east of the entranceto IH,
and 12 stationsinthevicinity of theWhiting lakeshore (Figure4.7). A petite Ponar dredge
was used to collect the benthic macroinvertebrate samplesat most of the stations; however,
it was necessary to utilize diversto obtain sediment samplesat one of the stations. Neither
water nor sediment chemistry data were collected as part of this sampling effort.

Two years later (1986), the USEPA carried out an investigation to evaluate sediment
contamination in the vicinity of LTV Steel Corporation and Inland Steel Company
(USEPA 1986a). Thepurposeof the survey wasto determinethedistribution of sediment-
associated polycyclic aromatic hydrocarbons (PAHSs) downstream of coke plant
dischargers (Figure 4.8; Appendix 2.6). Sediment sampleswere collected from atotal of
22 siteswithin the Assessment Area, with sampling depthsranging from surficial samples
to eight foot cores. One samplewassituated inthe WBGCR-11, 10 sampleswerefromIH,
and 11 sampleswerecollected fromthe USC. A total of 15 different PAHswere measured
in the sediment samples that were collected during this investigation.

Between July and September of 1986, the USEPA conducted an evaluation of 19 point
source dischargers within the Assessment Area (Simon 1986; USEPA 1986b). Grab
samples of effluent were obtained from atotal of 19 outfalls, including two outfallsin the
EBGCR-I [Gary sewage treatment plant (STP) and E.I. du Pont de Nemours (DuPont)],
sevenU.S. Steel outfallsinthe EBGCR-11, one East Chicago STPoutfall inthe WBGCR-I,
one Hammond STP outfal in the WBGCR-II, five Inland Steel outfallsin IH, and three
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LTV Sted outfallsintheUSC. Chronic, staticembryo-larval toxicity testswereperformed
on a dilution series comprising five effluent concentrations using embryonic fathead
minnows (Pimephales promelas). Theendpointseval uated weresurvival, hatchability and
relative percent teratogenicity. Several conventional variables were measured in each of
the effluent discharges, including temperature, dissolved oxygen (DO), specific
conductance, pH, alkalinity, and hardness. Additional effluent chemistry data was
collected for four of the dischargers (i.e., East Chicago STP outfall, DuPont outfall, and
two Inland Steel outfalls), with the variables measured including total and dissolved
metals, ammonia, cyanide, phenols, oil and grease, semi-volatile organic chemicals
(SVOCs), and hexavalent chromium.

In September of 1987, the Metropolitan Sanitary District of Greater Chicago initiated a
sediment survey to obtain information on thefate of contaminated sedimentsdrifting from
IH into Lake Michigan (Polls1988). Thisstudy was designed to support the devel opment
of maintenance dredging plansby the USACE. Surficial sediment sampleswere collected
from atotal of 30 stations, including onein the LGB, two inthe USC and 27 from IH/LM
(Figure 4.9). Each sediment sample was analyzed for selected metals (total) and PCBs
(Appendix 2.7).

In 1988, the Indiana Department of Environmental Management (IDEM) initiated a
monitoring program to evaluate sediment quality conditions at a number of locations
within the Assessment Area (IDEM 1994). Surficial sediment samples were collected at
up to seven sampling stations every two years between 1988 and 1994, including Dickey
Road on IHC; Cline Avenue and Kennedy Avenue on the EBGCR-I; Bridge Street on the
EBGCR-I1I; Indianapolis Boulevard on the WBGCR-1; Hohman Avenue on the WBGCR-
I1; and, the confluence of the EBGCR and the WBGCR (Figure 4.10). The concentrations
of conventional variables, total metals, PAHs, PCBs, pesticidesand AV Sweredetermined
in each of these sediment samples (Appendix 2.8 to 2.11). In addition to the sediment
guality monitoring program, periodic sampling of fishtissueswasal so conducted between
1982 and 1994. This program involved the collection and analysis of fish tissues
(including carp, golden shiner, pumpkinseed, and goldfish) at various locations on the
EBGCR-1, EBGCR-1I, WBGCR-II, and USC. Thetissues(wholebody, skin-onfillets, or
scaleless fillets) of these fish were then analyzed to determine the concentrations of
chemical contaminants, including total metals, pesticides, PCBs, acid extractable
compounds, base/neutral extractable compounds, and volatile organic compounds(VOCs,
Appendix 5.1t0 5.5).
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Between October 1988 and May 1990, Hoke er al. (1993) collected surficial sediment
samplesfrom atotal of 13 stationswithin the Assessment Area, including one station each
onthe WBGCR-1, USC and IH, two stations each on the WBGCR-I1, EBGCR-1l and IHC,
andfour stationsonthe EBGCR-I (Figure4.11). Thetoxicity of sedimentsand porewater
from these locations was evaluated using a battery of toxicity tests, including one whole
sediment test and three pore water tests. The whole sediment assay wasa 10-day survival
and growth test using the midge, Chironomus tentans. The porewater testsincluded a 30-
minute Microtox test and two 48-hour survival tests with the cladoceran, Ceriodaphnia
dubia and Daphnia magna (Appendix 4.1). These investigators measured the
concentrationsof conventional variables, total metals, PAHs, PCBs, pesticidesand 2,3,7,8-
tetrachlorodibenzo-p-dioxin in sediment samples and performed additional analyses for
other organic chemicalsin pore water samples.

In arelated study, Unger (1992) was commissioned by The IDEM to collect sediment
coresfrom 10 of the 13 stationsthat were sampled in the Hoke ef al. (1993) investigation.
This sampling program was also conducted between 1988 and 1990. Two stations were
located in each the WBGCR-II and the EBGCR-II, four stations were situated in the
EBGCR-I, and one station was found in each the WBGCR-1 and IHC (Figure 4.12;
Appendix 2.12). At each station, the sediment cores were divided into three samples that
reflected conditionsin the top horizon (i.e., O to 3 feet), the middle horizon (3 to 6 feet),
and the bottom horizon (i.e., 6 to 9 feet). The concentrations of PAHS, PCBSs, pesticides,
and phenol were determined in each sediment sample.

As part of a fiveyear project dealing with the Assessment and Remediation of
Contaminated Sediments in the Great Lakes (i.e., the ARCS Program), the Biological
Resources Division, USGS conducted a sediment quality evaluation in the Assessment
Area during 1989 (USEPA 19964). In this study, samples were collected at a total of
seven locations to assess sediment quality conditions within the Assessment Area,
including five stations in the USC and two stations in IH (Figure 4.13). The chemical
analyses that were conducted on the whole sediment samples included conventional
variables, total metals, PAHs, PCBs, pesticides, butyltins, and dioxins and furans
(Appendix 4.2). The concentrationsof SEM and pore water metalswere al so determined
inthisstudy. Finally, the toxicity of the sediments was evaluated using a battery of tests
utilizing thefollowing test organisms: the midges, Chironomus riparius and Chironomus
tentans; the amphipod, Hyalella azteca; the cladoceran, Daphnia magna; and Vibrio spp.
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(i.e., Microtox; Burton et al. 1996a; 1996b; Ingersoll ez al. 1996). Additionally, benthic
community assessments were conducted at each station (Canfield et al. 1996).

In 1989, the Illinois State Geological Survey conducted an investigation to evaluate the
potential environmental impactsassociated with dredging activitieswithinthe Assessment
Area(Risatti and Ross 1989). Sediment sampleswere collected at atotal of 13 sampling
stations, of which eight were located in IH/LM, three in the USC, and one in the LGB
(Figure4.14). The sediment sampleswere collected using apetite ponar grab sampler and
analyzed for total metals, total PCBs, total PAHs, and conventional variables (Appendix
4.3). A battery of toxicity tests was also conducted to assess protozoan colonization and
community respiration; algal photosyntheticinhibition (with Selenastrum capricornutum);
nematode growth and development (with Panagrellus redivivus); and bacterial response
(with Vibrio; Microtox). An evaluation of benthic macroinvertebrate community
characteristicswas also conducted as part of thisstudy. Finally, the concentrationsof total
metals and PCBs were measured in the tissues of periphyton, plankton, invertebrates
(crayfish), and fish collected from four locations within the study area (Appendix 5.6).

Inthe sameyear (1989), the Sanitary District of Hammond, I ndianacommissioned astudy
to determine the quantity and quality of sediments in the Hammond portion of the
WBGCR (HNTB 1989). The Hammond portion of theriver is defined as the reach from
White Oak Avenue to the Indiana-lllinois state line (i.e., WBGCR-II). In this study, 10
sediment sampleswere obtained from sediment coresthat were collected at six stationson
the river (Figure 4.15). The concentrations of sediment-associated contaminants were
measured in the top sediment horizon at all six locations; chemical concentrations were
also measured in sub-surface sediments at two of these stations (Appendix 2.13). The
chemical contaminants that were measured in these samples principally included total
metals, PAHs, PCBs, pesticides, phenols, and 2,3,7,8-tetrachlorodibenzo-p-dioxin
(2,3,7,8- TCDD).

Asafollow-up to theinitial investigation, a second study was conducted for the Sanitary
District of Hammond, Indiana to further characterize sediment quantity and quality
conditions in the river (HNTB 1990). In this investigation, sediment samples were
collected at seven locations on the Illinois portion of WBGCR-II (i.e., from the Indiana-
Illinois state line to the confluence with the Little Calumet River; Figure 4.16). The
chemical contaminantsthat were measured in these samplesincluded total metals, PAHS,
PCBs, pesticides, phenols, and 2,3,7,8-TCDD (Appendix 2.14).
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4.3

Data Collected During the Period, 1990 to Present

In November 1990, the Sanitary District of Hammond, Indianainitiated a third study on
the WBGCR to further characterize the quality and quantity of sedimentsin the system
(HNTB 1991). Sediment coring was conducted at six stationsin the WBGCR-I1I (Figure
4.17), with multiple sediment samples obtained from five of the sediment cores (i.e., top,
middle, and bottom sediments of each core). These stations corresponded to four of the
Six stationsthat were sampled in the preliminary study that was conductedin 1989 (HNTB
1989). While metals were the primary focus of this investigation, limited data on the
concentrations of PAHS, pesticides and dioxinsin sediments were also generated during
this study (Appendix 2.15).

In December of 1990, the Central District Office of the USEPA initiated an investigation
of sediment quality conditionsin IH and USC (USEPA 1990). In thisstudy, 18 sediment
sampleswere collected from 16 sampling sitesto characterize sediment quality conditions
inIH. A further 21 sediment samples were obtained from 19 sample sites in the USC
(Figure 4.18). The concentrations of total metals, PAHs and cyanide were measured in
each of the sediment samples collected during this investigation (Appendix 2.16).

A second investigation was conducted under the ARCS Program in 1990 to evaluate
sediment quality conditionsin the Assessment Area (USEPA 1996b). Inthissurvey, core
samples were collected at 41 locations within the Assessment Area, including seven
stations (21 samples) in IHC, five stations (12 samples) in LGB, 19 stations (48 samples)
in USC, and ten stations (27 samples) in IH (Figure 4.19). The levels of conventional
variables and total metals were measured in each of the 108 sediment samples that were
obtained. Inaddition, thetoxicity of sedimentswasevaluated using the Microtox test (i.e.,
with Vibrio fisheri; Appendix 4.4).

INn1991, U.S. Steel implemented amajor study to characterize sediment quality conditions
within a portion of the Assessment Area (Floyd-Browne 1993). In this study, atotal of
117 sediment samples were collected from 59 sampling stations, with the mgjority of the
sampling effort (35 of 59 stations; 66 sediment samples) conducted on the EBGCR-11
between the GCRL culvert (whichislocated upstream of U.S. Steel permitted outfall 001)
to the Industrial Highway (Highway 12) bridge. Another 29 sediment samples were
collected from 14 stations on EBGCR-I and three stations (nine samples) were located in
the WBGCR-I. Furthermore, 13 sediment samples were collected from seven stations
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located in the IHC (Figure 4.20). Three sediment horizons were sampled in this study,
including Oto 7.9 feet (65 samples), 8to 12.9 feet (42 samples), and 13+ feet (10 samples).
The chemical composition of each sediment sample was characterized by measuring the
levelsof conventional variables, total metals, SEM, PAHs, and PCBs (Appendix 2.17 and
2.18).

In November of the same year (1991), the USEPA implemented a sediment quality
investigation to further characterize sediment quality conditions in the IH and USC
(USEPA 1991). This investigation involved the collection of a total of eight surficial
sediment samples from seven locationsin IH and atotal of 13 samplesfrom 12 locations
inthe USC (Figure4.21). Aswasthe casein the 1990 study (USEPA 1990), the chemical
analyses conducted on these samples included metals and PAHs (Appendix 2.19). The
samples that were collected in this investigation were subsequently re-analyzed to
determine the concentrations of arsenic and selenium in sediments (USEPA 1992c).

In the summer of 1992, the USFWS conducted an investigation to assess
macroinvertebrate community structure in the WBGCR (Rainbolt 1993; Figure 2.22). A
total of six stations were sampled during this investigation, with the sampling stations
located at Indianapolis Boulevard on the WBGCR-I, and at Columbia Avenue, Calumet
Avenue, and Hohman Avenue on the Indiana side of the WBGCR-II. In addition, one
station was|ocated at the railroad bridge crossing near Burham Avenuein Illinois(Figure
4.22). Four multi-plate artificial substrate samplers were deployed at each station to
collect macroinvertebrates.

Later the same year (September 1992), USEPA conducted a study to characterize fish
communities in the WBGCR (Simon 1993). Seven stations were sampled in this study,
with one located in the WBGCR-I, four located in the Indiana portion of the WBGCR-II,
and two located in thelllinois portion of the WBGCR. At each station, 500 metersof river
was sampled using electroshocking equipment. Fish were identified, counted, and
assessed for the presence of DELT abnormalities (deformities, eroded fins, lesions and
tumors). The resultant data were used to assess the integrity of the fish community (i.e.,
using IBI scores). In addition to the fish survey, qualitative habitat evaluations were
completed at al seven stations (i.e., to support the determination of QHEI scores).

To support the development of a Remedia Action Plan for the IH Area of Concern, the
USACE conducted an investigation of sediment quality conditionsin the Grand Calumet
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River in 1993 (USACE 1994). Whilethisstudy was primarily designed to obtain dataon
the depth of soft, unconsolidated sediments, it also provided information on the
concentrations of sediment-associated contaminants in the river system. In total, 18
sediment sampleswere obtained from four stationslocated inthe USC between Columbus
Drive and the junction of the IHC with the LGB (Figure 4.23). At each station, sediment
cores were obtained and used to prepare sediment samples that represented various
sediment depths. Theconcentrationsof conventional variables, total metals, PCBs, PAHS,
and pesticides were determined in each sediment sample (Appendix 2.20).

Inthe sameyear (1993), an eval uation of sediment quality conditionswas conducted inthe
WBGCR (Burton 1994; Dorkin 1994). Inthisstudy, atotal of 61 samplesof surficial and
sub-surface sediments were collected from seven locations on the WBGCR-11 to evaluate
the toxicity of sediments on aquatic organisms. The samples were situated at Roxana
Marsh (two stations), Molsberger Place, Columbia Avenue, Sohl Avenue, State Line
Avenue, and Torrence Avenue (Figure 4.24). One surficial sediment sample from each
station wastested using two aquatic species, including theamphipod, Hyalella azteca, and
the fathead minnow, Pimephales promelas. The toxicity tests for both species were 10
days in duration, with survival and growth measured in the fathead minnow el utriate test
and survival measured in the whole sediment amphipod test. Chemical characterization
of the 61 sediment samplesincluded measurements of conventional variables, total metals
and PAHs (Appendix 4.5).

Between 1993 and 1996, the IDEM conducted a series of surveys to assess the status of
the benthic macroinvertebrate communitieswithin the Assessment Area (IDEM 2000a; as
presented in Simon et al. 2000). A total of six locations were sampled in this
investigation, including two stations on the WBGCR-11 (Indianapolis Boulevard and Sohl
Avenue), two stations on the EBGCR-1 (Kennedy Avenue and Cline Avenue), one station
onthe EBGCR-II (Bridge Street), and one station on the USC (Dickey Road; Figure 4.25).
At each sampling station, replicate samples were typically obtained for identification of
benthic macroinvertebrates.

In response to concernsregarding deteriorating water quality in the EBGCR, the USFWS
conducted an assessment of water and sediment quality conditionsin 1994 (Sobiech et al.
1994). Aspart of thisstudy, surficial sedimentswere collected from atotal of 10 stations
onthe EBGCR, which werelocated between Tennessee Street and thefirst railroad bridge
located upstream of Industrial Highway (ConRail Bridge; Figure 4.26). The toxicity of
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sediments from each of these locations was evaluated using 10-day survival assays with
the amphipod Hyalella azteca (Appendix 3.2). The toxicity of overlying water was
assessed using 6-day survival and reproduction assays with the cladoceran, Ceriodaphnia
dubia. In addition to toxicity testing, the status of benthic invertebrate and fish
communities was determined at five stations to assess environmental conditions in the
river. Artificial substrate samplerswere deployed for six weeksat each of thefivetransect
locationsto collect macroinvertebrate samples. Fish sampleswerecollected fromthesame
transects but the sampling locations consisted of 500 meter river stretches along the near-
shore marginsof both river banks. Qualitative evaluations of aguatic and riparian habitats
were also conducted in conjunction with this investigation.

Also in 1994, macroinvertebrate and fish samples were collected at 12 stations in the
vicinity of the GCRL, including five stations in the West Lagoon, three stations in the
Middle Lagoon, two stations in the Little West Pond, and two stations in the Little East
Pond (Stewart e al. 1999; Figure 4.27). Macroinvertebrate samples were obtained by
collecting sweep net samplesin thelittoral zone among the aquatic vegetation. Fish were
collected by electroshocking 100 meter zones at each of the stations in the Middle and
West Lagoons. Ten foot long minnow seine nets were used to conduct fish sampling at
the stationsin the Little East and Little West Pond. At each station, fish were inspected
for the presence of DELT abnormalities (deformities, eroded fins, lesions and tumors;
Simon and Stewart 1998). In addition, several specimens of carp (Cyprinus carpio) were
retained for PAH analysis on whole tissue samples (Appendix 5.7).

As part of acompanion study (also implemented in 1994), the Lake Michigan Ecological
Research Station of the United States Geol ogical Survey (USGS) initiated aninvestigation
of sediment quality conditionsin the GCRL (Gillespie e al. 1998). Aspart of this study,
12 surficia sediment samples were collected in the vicinity of an industrial landfill and
storage areathat contains slag waste and coke piles (Figure 4.28). Thedatafrom sampling
stations|ocated in the East and West Lagoonswerereported in Gillespieet al. 1998, while
the data from the sampling stations located in the Little East and Little West Ponds were
acquired from the FIEL DS database, which is administered by USEPA (USDOI 1994).
The concentrations of sediment-associated metals were measured in all of these sediment
samples; while the concentrations of selected PAHs were determined in three of the
samples (Appendix 4.6). Sedimentsfrom seven of theselocations were tested using three
aquati c species, including theamphipod, Hyalella azteca, thefathead minnow, Pimephales
promelas and the cladoceran, Ceriodaphnia dubia. The toxicity testsfor C. dubia were
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seven days in duration, with survival being the endpoint measured. The assays using H.
azteca were 20-day tests, in which both survival and growth were measured. Thetoxicity
of whole sedimentsto fathead minnowswas evaluated over 10 days and both survival and
growth were measured.

In 1996, the USA CE conducted an investigation to evaluate water and sediment quality
conditions in the GCRL (USACE 1996). In this study, surficial sediment samples were
collected from atotal of six sampling stationsthat were located between the western limit
of the Lagoon and asitelocated roughly 1.5 milesto the east (Figure 4.29). The sampling
depth varied among the samples collected, ranging from 0 to 1 feet (grab samples) to 0 to
4 feet (coresamples). Water sasmpleswerealso collected at two of these sampling stations.
The concentrations of total metals, PAHs, PCBs, pesticides, VOCs, SVOCs and
conventional variables were measured in each of the sediment samples (Appendix 2.21).

In response to environmental concerns regarding a former manufactured gas plant in
Hammond, Indiana, the Northern Indiana Public Service Company (NIPSCO)
commissioned a Phase | Site Investigation on the WBGCR-II in 1997 (RETEC 1997).
This study involved the collection of surface water, ground water, sediment, and soil
samplesfrom anumber of siteslocated on WBGCR-11 near Hohman Avenue. Intotal, 16
sediment sampleswere collected at 12 sitesin the vicinity of the former manufactured gas
plant, from just east of Hohman Avenue to approximately 50 feet west of the Norfolk and
Western railroad bridge (Figure 4.30). The concentrations of total metals, PAHs, PCBs,
cyanide, benzene, VOCs and SV OCswere measured in each of these samples (Appendix
2.22). Of the 16 sediment samples that were collected, 14 samples were taken from the
0to 2foot or 2 to 4 foot sediment horizons. Two of the samples were taken from the 3to
5 foot sediment horizon.

In September and October 1997, an evaluation of soil, sediment, water and ground water
quality conditionswas conducted inthevicinity of the USS L ead Refinery Inc. (USSL ead)
siteontheEBGCR-1 (ENTACT, Inc. 1998). Thesampling of all mediatypeswastargeted
on the former tank area and inlet cana of the site. The samples of the different media
types were analyzed for VOCs, SVOCs, total petroleum hydrocarbons, lead, PCBs, total
suspended solids, and/or akalinity (Appendix 2.23). A total of 13 sediment sampleswere
collected from eight different stations on the USS Lead Canal, which isin the vicinity of
the EBGCR’ s confluence with the IHC (Figure 4.31). The sediment samples were taken
from O to 2 foot cores, 2 to 3.5 foot cores, 2 to 4 foot cores, or 2 to 5 foot cores at each
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location. To evaluate the reliability of the data that were collected in this sampling
program, split sediment sampleswere prepared for all of the samplesthat were collected
inthe ENTACT, Inc. (1998) study (Figure 4.31; TechLaw, Inc. 1998). In addition, one
soil split sample and one ground water split sample was prepared to support this quality
assurance evaluation. The mgjority of split sasmples were analyzed for total metals only,
but two samples from the O to 2 foot interval and two samples from a> 2 foot interval
were analyzed for a wider variety of substances (i.e., total metals, VOCs, SVOCs,
tentatively identified compounds, PAHs, PCBs and total petroleum hydrocarbons;
Appendix 2.24).

In 1997, the USEPA initiated an investigation to evaluate sediment quality conditionsin
the GCRL (Simon 2000). As part of this study, atotal of 214 samples were collected to
determine the extent of chemical contamination in surficial sediments (Figure 4.32). A
variety of chemical analytes were measured in these samples, including TOC, nutrients,
metals, PCBs, pesticides and various volatile and semi-volatile organic contaminants
(Appendix 2.25). Subsequently (i.e., in 1998), 30 of the original 214 sampling stations
were re-sampled to further characterize sediment quality conditions. The concentrations
of many of the same anal yteswere determined in the sediment samplesthat were collected
in 1998; however, TOC and metals were not measured in the 1998 samples
(Appendix 2.26).

In September 1997, the IDEM collected tissue samples from carp in two general areas
within the GCRL, including the West Lagoon (27 samples) and the East L agoons (which
includes the Middle and East Lagoons;, 27 samples, IDEM 2000b). Each fish was
dissected to obtain skin-off fillet, gastrointestinal tract and whole body samples (i.e., the
remainder of thefish). Each sample consisted of acomposite of the tissue obtained from
five fish for each tissue type. Subsequently, the concentrations of metals, PAHSs, Total
PCBs, pesticides, and several other chemicalswere determined in each composite sample.

Based on the results of the Phase | Site Investigation, a more detailed river sediment
investigation was conducted on aportion of the WBGCR-I1 that isadjacent to the NIPSCO
site in 1998 (ThermoRetec 1999). The objectives of this investigation were to further
characterize surface water and sediment quality conditions in the vicinity of the former
manufactured gas plant, including the distribution of sediment-associated contaminants.
As part of this study, four surface water samples, 12 shallow sediment cores (0 to 5 feet
deep), and two whol e sediment surface grab samples were collected during the sampling
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program (Figure 4.33). The concentrations of various chemical contaminants (i.e., total
metals and PAHS) were measured in the portions of the sediment cores representing O to
2 foot, 2to 4 foot, or 2to 5 foot depths (i.e., atotal of 21 samples; Appendix 4.7). The
two grab sediment samples and one sub-surface sediment sample (i.e., 0 to 2 foot depths)
were used to eval uate sediment contamination (focusing on total metals, PAHs, VOCsand
SVOCs), sediment toxicity, and benthic invertebrate community structure. Sediment
toxicity waseval uated with 10-day survival and growth testsusing theamphipod, Hyalella
azteca, and the midge, Chironomus tentans.

The USEPA aso commissioned a study in 1998 to characterize sedimentsin the vicinity
of Roxana Marsh (WBGCR-1I; URS Greiner Woodward Clyde 1999). As part of this
study, two water samples and nine sediment samples were collected from atotal of three
sampling stations in the WBGCR. In addition, four water samples and 10 sediment
sampleswerecollected at atotal of fivelocationswithin RoxanaMarsh (Figure4.34). The
surface water grab samples were analyzed for conventional variables, nitrogen-based
compounds, and sulfides. Conventional variables, nitrogen-ammonia, and total sulfides
were measured in pore water samples. Sediment sampling consisted of the collection of
both surficial grab samples and sediment cores, with chemical analyses including
conventional variables, total metals, PCBs, PAHs, and pesticides (Appendix 4.8). Toxicity
testing with the amphipod, Hyalella azteca, and the midge, Chironomus tentans, Was
conducted on six surficial grab samples; however, the midge tests failed based on low
survival in the negative control. Information on the status of benthic invertebrate
community was also collected at one station on the WBGCR and two stations in Roxana
Marsh.

In 1998, the USFWS conducted an investigation to determine the status of benthic
invertebrate communities, fish communities, and aquatic habitats at 19 locations in the
Assessment Area (Figure 4.35; Simon et al. 2000). Of these 19 sampling stations, eight
were located on the EBGCR-I, one was located on the WBGCR-I, four were located on
the IHC, three were located on the LGB, two were located on the USC, and one was
located in IH. Samplesfor evaluating the status of benthic invertebrate communities and
fish communities were collected at 17 stations each. Macroinvertebrate samples were
obtained using artificial substrate samplers. Fish sampleswere obtained at each station by
electroshocking 500 meter sections of river along the near-shore margins of both river
banks. Information for calculating qualitative habitat eval uation index (QHEI) scoreswas
also collected at these sampling stations.
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In November 1998, the IDEM carried out a sediment sampling program within the
Assessment Area (IDEM 1998). A total of 14 surficial sediment samples were collected
inthisstudy, including six samplesfrom the EBGCR-I, six samplesfromthelHC, and two
from the WBGCR-I (Figure 4.36). Total metals, PAHs, PCBs and phenol were measured
in each sediment sample to determine the chemical characteristics of sediments
(Appendix 2.27).

In the same year (1998), a study was initiated by DuPont to evaluate sediment quality
conditions on EBGCR-I (Exponent 1999). Sediment samples were collected from 33
stations on the EBGCR-1 and six stationsin nearby wetland areas, primarily inthevicinity
of DuPont’ s East Chicago facility (which is adjacent to the EBGCR and IHC confluence;
Figure 4.37). Both surficial grab samples (68 samples) and core samples (25 samples, to
amaximum depth of 15 feet) were collected from the EBGCR-1 during thisinvestigation.
All six of the wetland samples collected were surficial grabs. Chemical characterization
of the sediment samplesincluded measuring conventional variables, VOCs, total metals,
SEM, AV'S, PAHs, PCBs and pesticides (Appendix 2.28).

In December 1998, Tetra Tech EM Inc. (1998) prepared a data validation report for the
DuPont study for the USEPA. To support this evaluation, three sediment split samples
were obtained during the DuPont sediment characterization study. Two of the samples
were taken from the EBGCR-11 and one was from awetland in the vicinity of the DuPont
site(Figure4.37). Two of thesampleswere analyzed for avariety of chemical compounds
(i.e.,, VOCs, PAHSs, pesticides, PCBs, total metals, SEM, and AV S), whilethe other sample
was analyzed for total metals only (Appendix 2.29).

In early 1999, the IDEM commissioned the USACE to characterize the chemical
composition of surficial and sub-surface sediments throughout the Assessment Area
(Maxim Technologies 1999). In total, 103 samples from 43 stations were collected and
analyzed from transects established on EBGCR-I (60 samples), IHC (10 samples), LGB
(18 samples), WBGCR-1 (nine samples), and GCRL (five samples). Another 24 samples
were collected from 18 wetland stations that were located in the vicinity of EBGCR-I (10
samples), IHC (one sample), and LGB (13 samples; Figure 4.38). Coresweretaken from
theright, center and left bank of theriver at each of the 14 transects that were established;
asinglecorewastaken at another samplinglocation. Samplesfrom these coresweretaken
from the surface layer (0 to 5 feet) and from one to three additional horizons (to a
maximum of 15 feet). In addition, surficial sediment grabs were collected from another
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16 locations. Each sediment sample was analyzed for total metals, SEM, AV'S, PAHS,
PCBs, VOCs, pesticides and oil/grease (Appendix 4.9). As part of this study, the USGS
(1999) conducted toxicity tests on 28 surficial sediment samples and two sub-surface
sediment samples (Figure 4.38). To evauate the toxicity of whole sediments, 10-day
toxicity tests, measuring survival and growth, were conducted on each sediment sample
with the amphipod, Hyalella azteca. This toxicity assessment also included a
characterization of metalsin sediment pore water.

In arelated sampling effort, USFWS (2000) initiated a study in May 1999 to evaluate the
levels of contaminants in sediment-dwelling organisms from the Assessment Area. In
total, 11 samples of benthic macroinvertebrates (primarily the bivalve, Corbicula
fluminea) were collected from various|ocations within the Assessment Area. Thetissues
from these organisms were subsequently analyzed to determine the concentrations of
various chemicals of concern including metals, PAHs, PCBs, and pesticides
(Appendix 5.9).

The IDEM conducted a follow-up sampling program in October 1999 (IDEM 1999). In
this study, atotal of 34 sediment sampleswere collected from 16 stations, including eight
stationson EBGCR-I (17 samples), onestation on EBGCR-I1 (two samples), threestations
on WBGCR-I (seven samples), two stations on IHC (four samples), and two stations on
the WBGCR-I11 (four samples; Figure4.39). At each station, asurficial sample and asub-
surfacesample(i.e., 0to 4 feet) werecollected and analyzed for total metals, PAHs, PCBs,
pesticides and a suite of organic chemicals (Appendix 2.30).
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5.0 Grand Calumet River Lagoons

Historically, the Grand Calumet River flowed in an easterly direction from southeastern
[llinoistoitsmouthin Lake Michigan. However, the construction of water diversionsand
associated changes in streamflow resulted in the sediment accumulation at the mouth of
the river in the latter half of the 19th century (Simon and Stewart 1998). The Grand
Caumet River Lagoons (GCRL) were formed when the mouth of the river was dammed
by sediment deposition (Simon and Stewart 1998). Sincethat time, further modifications
have occurred in the watershed such that the direction of streamflows has been reversed
and the GCRL now represent the headwaters of the EBGCR (Figure 1.1 and 1.2,
USEPA 1985).

In the context of this report, the GCRL comprise three lagoons (the East Lagoon, Middle
Lagoon, and the West Lagoon) and two ponds (Little East Pond and Little West Pond;
Figure5.1). TheEast Lagoon coversan areaof roughly eight hectaresand islocated inthe
City of Gary’s Marquette Park. The Middle Lagoon covers an area of nearly 10 hectares
andislargely situated within the Indiana Dunes National Lakeshore; however, the eastern
portion of the Middle Lagoon is within the limits of the City of Gary. The East and
Middle Lagoons are connected by a channel that islocated under the Lake Street Bridge.
The West Lagoon covers an area of nearly 15 hectares and is connected to the Middle
Lagoon by ashallow stream. Ownership of the shoreline of the Middle Lagoonisdivided
between the National Parks Service and U.S. Steel. The GCRL are connected to the
EBGCR by a buried concrete culvert. The Little East Pond and Little West Pond are
located just north of the stream that connectsthe Middle and West Lagoons. These ponds
are hydrologically connected to the lagoons via a highly permeable sand aquifer.

There are avariety of land use activities in the vicinity of the GCRL. While the GCRL
have not received any permitted wastewater discharges, the West Lagoon and Little West
Pond arelocated adjacent to an industrial landfill, with portions of the West Lagoonfilled
with slag and other wastesthat are associ ated with steel manufacturing (Simon and Stewart
1998). As much of the Middle Lagoon is located within anational park (Indiana Dunes
National Lakeshore), there are no direct point source contaminant dischargesto thiswater
body. One combined sewer overflow is located on the East Lagoon and may release
wastewater into thiswater body during periodsof high rain and/or snow melt (Figure 1.3).
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The present assessment is intended to evaluate injury to surface water and biological
resources in the GCRL that are associated with contaminated sediments (i.e., assessment
of sediment injury due to discharges of oil and releases of other hazardous substances).
In this assessment, oil and other hazardous substances are considered to include avariety
of toxic and bioaccumulative substances, including but not limited to PAHs, PCBs, and
metals. Inaddition, anumber of other indicatorsof environmental quality conditions, such
as pesticides, DO, SOD, TOC, and NH,, have been considered in this assessment of
sediment injury.

Thisassessment of sediment injury inthe GCRL includestwo main components. Thefirst
component consi sts of an assessment to determineif chemical characteristicsof sediments
in the GCRL are sufficient to have injured surface water resources and/or the biological
resources that are associated with sediments (i.e., sediment-dwelling organisms). The
second component of the assessment isfocused on determining if sedimentsin the GCRL
are sufficiently contaminated to harm fish and wildliferesources. Sedimentsinthe GCRL
were considered to have been injured if the available information indicates that surface
water or biological resources have been injured by discharges of oil or releases of other
hazardous substances.

Two additional evaluations were undertaken if the results of these two assessments
demonstrate that sediments have been injured. First, the chemicals of concern that are
present at concentrations sufficient to cause or substantially contribute to sediment injury
were identified (termed contaminants of concern). Second, the areal extent of sediment
injury wasdetermined, primarily using information on the concentrations of contaminants
in whole sediments. These latter two evaluations were intended to provide additional
information that could be used to support any restoration planning that might be
undertaken within the Assessment Area.
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5.

Assessment of Injury to Sediment and Associated Sediment -
Dwelling Organisms

5..1 Whole Sediment Chemistry

Whol esediment chemistry dataareessential for determiningif dischargesof oil or releases
of other hazardous substances have caused sediments to be contaminated by toxic or
bioaccumul ative substances. Evaluation of these datarelative to acute or chronic toxicity
thresholdsprovidesabasisfor determiningif individual chemicalsoccur at concentrations
that are sufficient to cause or substantially contribute to sediment injury (see Section 3.1).
Likewise evaluation of these data relative to mean PEC-Qs provides a means of
determining if chemical mixturesoccur at level sthat are sufficient to cause or substantially
contribute to sediment injury.

The project database contains information on the chemical characteristicsof 202 surficial
sediment samplesfromthe GCRL. Thelocationswhere these sampleswere collected are
showninFigure5.1. Theresultsof chemical analyses of these samplesindicate that many
of the surficial sediment samples from the GCRL have been contaminated by toxic
substances (Table 5.1). For example, the concentrations of sediment-associated metals
exceeded the PECs in 1% to 47% of the samples, depending on the metal that is
considered (i.e., 2 of 198 samplesfor nickel; 84 of 178 samplesfor arsenic). Tota PAH
concentrations exceeded the PEC in 19% (37 of 194 samples) of the samplesin which
these contaminants were measured; the frequency of exceedance of the PECs for
individual PAHsrangesfrom 26% to 100%. Total PCB concentrations exceeded the PEC
in 35% of the samples in which these contaminants were quantified (14 of 40 samples).
The PECsfor certain pesticides (chlordane and DDTs) were al so exceeded in anumber of
the surficial sediment samples from the GCRL.

While the data on the concentrations of individual contaminants provide important
information for assessing the quality of sediments in the GCRL, the mean PEC-Q
represents a more relevant measure of the overall chemical composition of surficia
sediments (i.e, relative to cumulative toxic potential of sediment-associated
contaminants). The results of the present evaluation indicate that many of the surficial
sediment samples from thisreach of the river system (28%; 56 of 202 samples) had mean
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PEC-Qs$ 0.7 (Table 5.2; Figures 5.5 and 5.6). USEPA (2000a) reported that sediments
with these chemical characteristicswerelikely to betoxic to amphipodsin 28-day toxicity
tests (Section 3.1). Of these samples, 32% (i.e., 18 of 56 samples) had mean PEC-Qs
$ 4.0, whichistheacutetoxicity threshol d for sediment-dwelling organisms (Section 3.1).
Most of the samplesthat were collected in the GCRL had intermediatelevels of chemical
contamination (i.e., 113 of 202 samples had mean PEC-Qs $ 0.1to < 0.7).

Information on the chemical characteristics of 13 sub-surface sediment samplesfrom the
GCRL is contained in the project database. The sampling sites where these sediments
were collected are shown in Figure 5.2. Although the available sediment chemistry data
are limited, it appears that sub-surface sediments in the GCRL have not been broadly
contaminated by toxic substances (Table 5.1). Relatively few sediment samples (i.e.,
between 0% and 8%) had metal concentrationsthat exceeded the PECs (depending on the
metal that is considered). Similarly, only one out of four samples (25%) had total PAH
concentrations that exceeded the PEC; the frequency of exceedance of the PECs for the
individual PAHs ranged from 0% to 100%. Total PCB concentrations were measured at
one sub-surface sediment station, but this value was not included in the analyses because
the detection limit exceeded the PEC. None of the pesticides that were quantified in sub-
surface sediments had concentrations in excess of the PECs.

Although the available sediment chemistry data are limited, it appears that sub-surface
sediment samplesin the GCRL have not been broadly contaminated by toxic substances.
Overal, only 1 of 13 (8%) of the sub-surface sediment samples that are reflected in the
project database had mean PEC-Qs $ 0.7. However, this sample had a mean PEC-Q of
2,560 (Table 5.9; Figures 5.7 and 5.8), indicating that it has very high concentrations of
oil and/or other hazardous substances. Sixty-nine percent of the samples collected inthe
GCRL would be classified asrelatively uncontaminated (i.e., mean PEC-Qs < 0.1) based
on the mean PEC-Qs that were calculated for these sub-surface sediments. Considering
the range of contaminant concentrations that have been measured, it is apparent that
insufficient data are currently availableto fully characterize the chemical composition of
sub-surface sediments from the GCRL. Therefore, further sampling and analysis of sub-
surface sediments is recommended within this portion of the study area.

Insummary, the available dataon the concentrations of chemical substancesdemonstrates
that surficial and, to a lesser extent, sub-surface sediments in the GCRL have been
contaminated by oil or other hazardous substances. Comparison of these data to the
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consensus-based PECs demonstrates that the concentrations of sediment-associated
contaminantsin surficial sediments are sufficient to injure sediment-dwelling organisms.
Therefore, it isconcluded that sedimentsinthe GCRL have beeninjured dueto discharges
of oil and/or releases of other hazardous substances. In addition, it is concluded that the
biological resources that depend on these critical aguatic habitats provided by surficial
sediments have been injured due to the presence of oil and/or other hazardous substances
(i.e., metals, PAHs, and PCBS).

5..2 Pore Water Chemistry

Data on the concentrations of contaminants in pore water provide important information
for determining if releases of oil or discharges of other hazardous substances have caused
sediments to be contaminated by toxic substances. Evaluation of these data relative to
published toxicity thresholds for aquatic organisms provides a basis for determining if
individual chemicals or chemical mixtures (i.e., using a toxic units approach) occur at
concentrations that are sufficient to cause or substantially contribute to sediment injury
(Section 3.1). Inthisreport, the available pore water chemistry data were compiled on a
reach-specific basis to facilitate assessment of sediment injury.

Information on the chemical composition of pore water from the GCRL sediments has
been collected at five locations in the GCRL (USGS 1999). The locations of these
sampling stations are shown on Figure 5.1. In al of these samples, the molar
concentrations of AV S exceeded the molar concentrations of SEM. As such, pore water
metal concentrations would be predicted to remain below the levels that are associated
with toxicity to sediment-dwelling organisms (Ankley et al. 1996). Accordingly, the
concentrations of cadmium, chromium, copper, lead, nickel, zinc, and sum toxic unitsfor
metals in pore water from GCRL sediments were all below the levels that have been
shown to betoxic to aquatic organismsin 10-day acutetoxicity tests(Table5.3). Thesum
toxic units for metals in pore water ranged from 0.21 to 0.64 units (Table 5.3). The
concentrations of NH, (to 0.01 mg/L) in pore water samples were also below the acute
toxicity thresholds that have been reported for aquatic invertebrates (CCREM 1987,
USEPA 1992a). Therefore, it isconcluded that the concentrations of metals and NH; in
porewater from GCRL sediments are not sufficient to cause or substantially contributeto
sediment injury. Noinformationwaslocated onthelevelsof PAHsor PCBsin porewater
from GCRL sediments.
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5.1.3 Sediment Toxicity Tests

Theresultsof toxicity testsconducted using whol e sediments, porewater, and/or el utriates
providecritical information for assessing the effects on contami nated sedimentson aquatic
organisms. Importantly, the results of such toxicity tests provide information that can be
used directly to determine if sediments have been injured.

Two studies have been conducted to determine if sediments or sediment-elutriates from
the GCRL aretoxic to sediment-dwelling organisms or other aquatic species (Gillespie et
al. 1998; USGS 1999). The results of these studies have been used to determine if
discharges of oil or releases of other hazardous substances have contaminated sediments
in the GCRL to such an extent that they have been rendered toxic to aguatic organisms.
Whol e sediment toxicity tests have been conducted on atotal of 12 sediment samplesfrom
the GCRL. The sampling sitesthat were visited in these studies are shown in Figure 5.3.
The species and endpoints that were tested in these studies included amphipod (Hyalella
azteca) survival and growth, cladoceran (Ceriodaphnia dubia) survival, and fathead
minnow (Pimephales promelas) survival and growth. Overall, 6 of the 12 (50%) of the
sediment samples that were collected from the GCRL were shown to be toxic to one or
more species(Table5.4; Figure5.9). Most of the sediment samples (63%; 5 of 8 samples)
taken from the West Lagoon were acutely toxic to aguatic organisms. By comparison, the
incidence of sediment toxicity tended to be lower in sediment samples from the Middle
and East Lagoons (i.e., 25%; 1 of 4 samples). The results of the studies that have been
conducted demonstrate that sediments from the GCRL, particularly the West Lagoon, are
acutely toxic to a variety of aguatic organisms, including sediment-dwelling species.
Therefore, these results demonstrate that the condition of sediments in the GCRL is
sufficient to cause sediment injury, including toxicity to sediment-dwelling organisms.

5.1.4 Status of Benthic Invertebrate Community

Because many aguatic invertebrates utilize benthic habitats, sediment quality conditions
havethe potential toinfluenceboth the abundance and composition of benthicinvertebrate
communities. Therefore, information on the status of benthic invertebrate communities
provides important information for evaluating the effects of contaminated sediments on
sediment-dwelling organisms (Canfield ez al. 1996; 1998). For thisreason, the available

AN ASSESSMENT OF SEDIMENT INJURY



GRAND CALUMET RIVER LAGOONS — PAGE 63

information on the status of benthic invertebrate communities was assembled and used to
determine if discharges of toxic or bioaccumulative substances have caused or
substantially contributed to sediment injury in the GCRL.

Few datawere located on the status of benthic invertebrate communitiesinthe GCRL. In
1994, however, Stewart et al. (1999) collected macroinvertebrates at 12 stations in the
vicinity of the GCRL, including five stations in the West Lagoon, three stations in the
Middle Lagoon, two stations in the Little West Pond, and two stations in the Little East
Pond (Figure4.27). Macroinvertebrateswere obtained at each station by collecting sweep
net samples in the littoral zone among the aquatic vegetation. The results of this study
indicated that thelowest number of taxaand speciesdiversity were observed at the stations
located in the West Lagoon closest to the industria landfill (Stewart et al. 1999).
However, the atypical sampling methods used in this survey make it difficult to compare
these results to those that have been obtained for other reaches in the Assessment Area
(i.e., sampling of invertebratesin littoral vegetation may not providedirect information for
evaluating the effects of contaminated sediments on benthic invertebrate communities).
Therefore, it is concluded that insufficient data are currently available to determine if
benthic invertebrate communities have been altered relative to reference conditions in
northern Indiana and Lake Michigan.

5.1.5 Other Indicators of Benthic Habitat Quality

Conventional indicators of environmental quality, such as DO, SOD, and TOC, can also
be used to determine the general status of aquatic habitats and their suitability for
supporting aquatic life. For this reason, the available information on conventional
indicators of environmental quality conditions (i.e., TOC, quantitative habitat evaluation
index scores, visual observations) was compiled and used to assess the status of benthic
habitats in the GCRL. This information is important because it provides a context for
interpreting the information on the other indicators of sediment quality conditions (e.g.,
sediment and porewater chemistry, sediment toxicity, and benthicinvertebrate community
status).

Based on areview of the available data, it is apparent that elevated levels of TOC occur
in portions of the GCRL. In surficial sediments, the levels of TOC range from 0.02% to
38.1%, with the highest levels observed in the West Lagoon (Table 5.5). The levels of
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TOC intheMiddleLagoon, East Lagoon, LittleWest Pond, and Little East Pond averaged
between 0.9 and 1.4%. By comparison, TOC levelsin the West Lagoon averaged 4.1%.
The highest levels of TOC in sub-surface sediments were also observed in the West
L agoon, with measured concentrations averaging 8.2% and ranging from 0.1% to 34.1%.
By comparison, Lake Michigan sediments in the vicinity of IH had an average level of
TOC of 0.5% (n=31); the upper 95% CI for these samples was 3.4%. The upper limit of
the normal range of TOC values (3.4%) is similar to the average level of TOC that has
been measured at other Areas of Concern in the Great Lakes (mean = 2.7%; 95% Cl is
2.0%t0 3.4%; USEPA 1996b). Based on the measured concentrations of total PAHs(i.e.,
up to 54.2% by weight) in the West Lagoon, it islikely that oil and oil-related compounds
comprise much of the TOC that occursin GCRL sediments. Thelevels of oil and grease
measured in the GCRL are presented in Table 5.6.

No information was located on the other indicators of the status of aquatic habitatsin the
GCRL, such as QHEI scores, visual observations, DO, or SOD. Therefore, it isdifficult
to determine the extent to which the current status of aquatic habitats in the GCRL
represent baseline conditions.

5..6 Summary

Based on areview of the available data, it is concluded that sedimentsin the GCRL have
been injured by discharges of oil or releases of other hazardous substances. More
specificaly, the available data show that metals, PAHs, and PCBs occur in GCRL
sediments at concentrations that are sufficient to injure sediment-dwelling organisms,
particularly in the West Lagoon. Calculated mean PEC-Qs demonstrate that surficia
sediment from the GCRL have chemical characteristicsthat are sufficient to causetoxicity
to sediment-dwelling organisms. The results of various sediment toxicity tests confirm
sedimentsfrom the GCRL aretoxic to aquatic organisms. Insufficient datawereavailable
for benthic invertebrate communities in the GCRL to fully evaluate the status of these
indicators of sediment quality conditions.
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5.2

Assessment of Effects on Fish and Wildlife Resources

In addition to effects on sediment-dwelling organisms, contaminated sediments have the
potential to adversely affect a variety of fish and wildlife resources, including fish,
amphibians, reptiles, birds, and mammals (i.e., aquatic-dependent wildlife), in a number
of ways(Ingersoll ez al. 1997). First, exposureto contaminated sedi mentscan compromise
fish health, asevidenced by anincreased incidence of deformities, eroded fins, lesions, and
tumors (i.e., DELT abnormalities). In addition, direct toxicity (i.e., due to exposure to
contaminated sediments) or reductionsin the availability of preferred fish food organisms
can result in reduced populations of fish species (e.g., epibenthic species) and/or altered
community characteristics (e.g., reduced diversity). Furthermore, accumulation of
contaminants in fish tissues can adversely affect the fish themselves or result in adverse
effects on piscivorus wildlife species (e.g., herons, kingfisher, otter, mink or osprey).
These types of ecological effects can be evaluated using information on the toxicity of
sediments to fish, fish health, fish community structure, whole sediment chemistry (i.e.,
relative bioaccumulation-based SQGs), and tissue chemistry (i.e., relative to TRGS).

5.2.1 Toxicity of Sediments to Fish

The results of a study conducted by Gillespie et al. (1998) provide information on the
toxicity of GCRL sediments to fish. In this study, sediment samples were collected in
1995 at two locations in the Middle Lagoon and five locations in the West Lagoon to
support toxicity testing (Table5.7). Thetoxicity teststhat were conducted consisted of 10-
day and 12-day survival and growth assays on fathead minnows (Pimephales promelas).
Both whole sediment and elutriate toxicity tests were conducted on these sediment
samples. The results of this study showed that whole sediments from the western-most
location in the West Lagoon were acutely toxic to fathead minnows (i.e., 100% mortality
in 12 hours); sediment elutriates were not tested for this station. Neither surviva nor
growth was significantly affected (relative to control sites) in the fathead minnows that
were exposed to whole sediments or elutriates from the other six stations that were
sampled. Therefore, it isconcluded that sediments from the western portion of the West
Lagoon are toxic to fish and, hence, have been injured.
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5.2.2 Fish Health

Simon and Stewart (1998) collected information on the health of fish utilizing habitatsin
the GCRL during 1994. In this study, fish were collected at 12 stations in the vicinity of
the GCRL and used to determine the incidence of abnormalities, which included
deformities, erodedfins, lesions, and tumors(DEL T abnormalities). Threeof thesampling
stationswerelocated inthe MiddleLagoon, five stationswerelocated in the West L agoon,
and two stations were located in each the Little East Pond and the Little West Pond. In
total, 17 speciesof fish were collected during thisstudy. Examination of thefish that were
obtai ned during the sampling program indicated that the frequency of DEL T abnormalities
was low (i.e., 0%) at al of the sampling locations. Therefore, it is concluded that fish
health hasnot been adversely affected by ambient aguati c environmental quality conditions
in the GCRL, based on measurements of DELT abnormalities.

5.2.3 Status of Fish Communities

Theresults of surveys of the status of fish communitiesalso providerelevant information
for evaluating environmental quality in the EBGCR-I. Simon et al. (2000) reported the
results of fish community surveys that were conducted between 1985 and 1990 (i.e., using
the IBI asthe primary tool for assessing the integrity of fish communities). Based on the
results of one survey, fish communitiesin thisreach would be classified as having “ poor”
integrity (IBI score = 32; Table 14.9).

In 1994, a survey was conducted to evaluate the status of fish communitiesin the GCRL
(Simon and Stewart 1998; Stewart et al. 1999). In this study, fish were collected from a
total of 12 locationsin the GCRL, including three stations located in the Middle Lagoon,
five stations in the West Lagoon, and two stations each in the Little East Pond and Little
West Pond (Figure 5.4). The status of fish communitiesinthe GCRL wasevaluated using
an I1BI that was originally developed by Karr (1981) and was subsequently calibrated for
usein Indiana (Simon and Stewart 1998). Based onthelBI scoresthat were calculated for
the various reach segmentswithin the GCRL, fish community function was considered to
range from “fair” to “poor” (Simon and Stewart 1998). The highest 1Bl scores were
calculated for the Middle Lagoon (42), Little East Pond (43), and Little West Pond (42).
By comparison, IBI scores were relatively lower in the West Lagoon, ranging from 31 to
38 (Stewart et al. 1999). The total number of fish species, the number of darter and
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madtom species, and number of sensitive fish species were lower in the West Lagoon
compared to the Middle Lagoon. In addition, the number of minnow species and
insensitive specieswere higher inthe West Lagoon. Together, thesedataindicatethat fish
community function throughout the GCRL has been degraded relative to reference
conditions in northwest Indiana, particularly in the West Lagoon. Nevertheless, the IBI
scores that were recorded for the GCRL were the highest that have been reported in the
Assessment Area. In particular, the status of the fish community in the Middle Lagoons
provides a sense of what could be achieved in the Assessment Area in the absence of
elevated levels of chemical contamination.

5.2.4 Bioaccumulation of Sediment-Associated Contaminants

In this report, bioaccumul ation-based SQGs have been used to assess the significance of
sediment-associated contaminants of concern to piscivorus wildlife species (e.g., herons,
kingfisher, otter, mink or osprey; NYSDEC 1994). Based on the whole sediment
chemistry data that have been collected in the GCRL, it is apparent that a variety of
bi oaccumul ative substances are present in surficial sediments at concentrations that pose
potential hazards to wildlife species utilizing the GCRL (Table 5.1). Specifically, the
concentrationsof total PCBs (29 of 29 samples), chlordane (14 of 14 samples), total DDTs
(20 of 33 samples), and endrin (1 of 22 samples) insurficia sedimentsexceededthelevels
that have been established to protect piscivorus wildlife species (Table 3.3). Therefore,
it is likely that these substances would occur in fish tissues at concentrations that are
sufficient to pose a hazard to piscivorus wildlife species. Insufficient data are available
to evaluate the extent to which the concentrations of biocaccumul ative substances exceed
the bioaccumulation-based SQGs in sub-surface sediments.

Comparison of tissue residue levels to fish flesh criteria for the protection of wildlife
provides a means of confirming that bioaccumulation in fish and/or invertebrate tissues
represents a hazard to wildlife species. Recently, the IDEM collected carp from two
general areas within the GCRL, including the West Lagoon and the East Lagoons
(Appendix 5.8; IDEM 2000b). Subsequently, the concentrations of metals, PAHSs, total
PCBs, pesticides, and several other chemicals were determined in three types of tissues,
including fillets (i.e., skin off), whole body (i.e., head, gills, bones and attached flesh,
without fillets or gastrointestinal tract), and the gastrointestinal tract (i.e., organsin body
cavity, post-gills). In addition to the IDEM data, Stewart et al. (1999) measured PAH
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levels in tissues from carp from the GCRL. The available tissue chemistry data were
compared to the TRGs for the protection of piscivorus wildlife (Newell er al. 1987; i.e.,
for PCBsand organochlorine pesticides) to determineif tissueresiduesin GCRL fish pose
ahazard to piscivorus wildlife species.

The available tissue chemistry indicates that a variety of chemicals have accumulated in
the tissues of fish from the GCRL (Table 5.8). Among the three tissue types tested, the
highest concentrations of metals tended to be observed in the organs of the body cavity
(i.e., samples of the gastrointestinal tract). In contrast, the highest levels of PAHs tended
to be observed in the whole body samples. Tissues residue guidelines for the protection
of piscivoruswildlifewere not availablefor metalsor PAHSs; therefore, it wasnot possible
to evaluate hazards to piscivorus wildlife associated with exposure to these classes of
chemicals due to the consumption of fish tissues. The concentrations of total PCBs in
whole carp ranged from 570 to 14,000 pug/kg wet weight (WW; n=18), consistently
exceeding the TRG of 110 ug/kg WW (i.e., in 17 of 18fillet samples, 18 of 18 wholefish
samplesand 18 of 18 gastrointestinal tract samples). ThisTRG correspondstoalin 100
cancer risk level for piscivorus wildlife species and is similarly to the TRG that is
recommended to protect against reproductive impairment in birds (110 pg/kg WW) and
mammals (130 pg/kg WW; Newell et al. 1987). While the measured concentrations of
chlordane did not exceed the TRGs in carp tissues, the levels of total DD Ts exceeded the
TRG (200 pg/lkg WW) in several of the whole body tissue samples (i.e., 4 of 10 samples),
all of which were from the East Lagoon. Therefore, it is concluded that total PCBs and
DDTsin fish tissues pose an unacceptable hazard to piscivoruswildlife utilizing habitats
inthe GCRL.

5.2.5 Summary

Based on theinformation that was eval uated to support thisassessment of sediment injury,
itislikely that contaminated sediments pose substantial hazardsto wildlifeinthe GCRL.
First, theavail abledatasuggest that macroinvertebrate communitiesmay havebeen altered
in the West Lagoon, potentially influencing the abundance of preferred fish food
organismsin thisriver reach. Second, GCRL sediments have been shown to be acutely
toxic to fish. Fish populations were also depressed in the West Lagoon relative to the
Middle Lagoon, as indicated by lower catch-per-unit-effort and lower 1Bl scores.
Furthermore, the concentrations of several substancesin sediments are sufficient to cause
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hazardous|evelsof bioaccumulation in thetissues of benthic macroinvertebratesand fish.
Measured concentrations of contaminants in the tissues of fish confirm that various
sediment-associated contaminants have accumulated to levels that pose hazards to
piscivoruswildlife species(e.g., herons, kingfishers, otter, mink or osprey). Therefore, it
Isconcluded that injured sedimentsin the GCRL are adversely affecting fish and wildlife
resources utilizing habitats within this reach of the Assessment Area.

Determination of Contaminants of Concern

Following the assessment of sediment injury, it is useful to identify the factors that are
causing or substantially contributing to adverse effects on sediment-dwelling organisms
and fish and wildliferesources. Inthisreport, thetoxic or bioaccumulative chemicalsthat
occur in GCRL sediments at levelsthat are sufficient to cause or substantially contribute
to sediment injury are termed contaminants of concern. The contaminants of concernin
whole sediments and pore water are identified in this section of this report.

The toxic contaminants of concern (i.e., those with a high potential for causing or
substantially-contributing to effects on sediment-dwelling organisms) wereidentified from
thelist of chemicalsof concern by comparing measured concentrationsinwhol e sediments
to the PECs (Table 5.1). The chemicals that occurred in GCRL sediments at
concentrations in excess of these chemica benchmarks were identified as contaminants
of concern. The results of this evaluation indicate that metals (i.e., arsenic, cadmium,
chromium, copper, lead, mercury, nickel, and zinc), PAHs(i.e., $ 12 individual PAHsand
total PAHSs), and total PCBs, are present in both surficial and/or sub-surface sediments
fromthe GCRL at concentrationsthat are sufficient to harm sediment-dwelling organisms.
The concentrations of these contaminants tend to be lower in sub-surface sediments than
they arein surficial sediments. Importantly, the concentrations of cadmium, chromium,
copper, nickel, lead, and zinc also exceeded the upper limit of background levels in
Indiana(Table3.5), confirmingthat they are present at elevated levelsin Assessment Area
sediments. Several pesticides also occurred in the GCRL sediments at levelsin excess of
the consensus-based PECs. The levels of metals and ammonia in pore water did not
exceed toxicity thresholds. Therefore, it is concluded that the toxic contaminants of
concern in GCRL sediments are metals, PAHs and PCBs.
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The bioaccumulative contaminants of concern were identified from the list of chemicals
of concern by comparing: (1) measured contaminant concentrations in whole sediments
to the bioaccumulation-based SQGs (Table 5.1); and, (2) measured contaminant
concentrationsintissuesto the TRGsfor the protection of piscivoruswildlife. Theresults
of thisevaluation indicatethat total PCBsoccurred in surficial sedimentsat concentrations
that are sufficient to cause or substantially contribute to adverse effects on wildlife (i.e.,
due to the accumulation of these substances in aquatic food webs). Various pesticides
(chlordane, total DDTs, and endrin) also occurred in surficial sedimentsat concentrations
in excess of the bioaccumulation-based SQGs. Insufficient data were available on the
chemical composition of sub-surface sedimentstoidentify bioaccumulative contaminants
of concern. Information on contaminant residues in fish tissues confirms that PCBs
represent the bioaccumulative contaminant of concern in the GCRL. Tissue residue
guidelineswerenot availablefor metalsor PAHS; therefore, it wasnot possibleto evaluate
hazards to piscivorus wildlife associated with exposure to these classes of chemicals due
to the consumption of fish tissues.

All of these contaminantsof concern frequently exceed the chemical benchmarksin GCRL
sediments. Of the contaminants of concern that were identified in the Assessment Area,
the frequency of exceedance of the PECswas highest for arsenic, chromium, lead, various
individual PAHSs, total PAHSs, and total PCBs. The highest frequencies of exceedance of
the bioaccumulation-based SQGs were observed for total PCBs, chlordane, and total
DDTs. Theconcentrationsof the contaminants of concernin GCRL sedimentsfrequently
exceeded the chemical benchmarks by substantial margins, in some samples by morethan
afactor of 100. Therefore, arsenic, chromium, lead, PAHs and PCBs occur in whole
sediments at concentrations in excess of the levels that are sufficient to cause or
substantially contributeto toxicity in sediment-dwelling organismsand/or adversely affect
fish and wildlife resourcesin the GCRL.

Evaluation of the Areal Extent of Sediment Injury

The areal extent of sediment injury was determined by merging the various data sets that
provided information on contaminant concentrationsin GCRL sediments. To support an
evaluation of the spatial distribution of contaminants of concern, mean PEC-quotients
were calculated for each of the sediment samplesthat were obtained fromthe GCRL. The
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extent of sediment injury was subsequently determined by mapping these data(i.e., mean
PEC-Qs) using ArcView/Spatial Analyst software (each sampling stationinthe GCRL was
georeferenced based on the latitude and longitude of the collection site). Thisevaluation
considered surficial (Figure 5.6) and sub-surface (Figure 5.8) sediments separately.

Based on the sediment chemistry datathat have been collected to date, it is apparent that
surficial sediments throughout portions of the GCRL have been contaminated by oil or
hazardous substances. Sediment chemistry datawere compiled for atotal of 202 surficia
sediment samples that were collected within the GCRL. Of these samples, 28% (i.e., 56
samples) had mean PEC-Qs $ 0.7 (Table 5.2; Figure 5.5). The mean PEC-Qs for these
samples ranged from 0.056 to 23,800 (Table 5.9). Sediments from the West Lagoon,
which is located adjacent to the U.S. Steel Gary Works facility, had the highest mean
PEC-Qs; morethan half (53%) of the sediment samplesfrom thisreach segment had mean
PEC-Qs$ 0.7 (Table 5.2). By comparison, 18% and 30% of the sediment samples from
the Middle Lagoon and East L agoon, respectively, had mean PEC-Qs $ 0.7 (Table 5.2).
Thelevels of contamination in surficial sediments were generally lower in the Little East
Pond and Little West Pond.

Although the available data are limited, sub-surface sediments exhibited asimilar pattern
of contamination as the surficial sediments (Figure 5.7). That is, sub-surface sediments
from the West Lagoon had the highest level sof contamination, with mean PEC-Qsashigh
as 2,560 reported in thisportion of the GCRL. Thisvalueis640timesthelevel that would
result in a50% probability of observing toxicity in 10-day tests and up to 3,660 timesthe
level that would result in a50% probability of observing toxicity in 28-day tests with the
amphipod Hyalella azteca (USEPA 2000a). Sub-surface sediments from the Middle
Lagoon, Little West Pond, and Little East Pond had much lower levels of contamination,
with maximum mean PEC-Qs of 0.17 reported for these reach segments. No data were
located on the levels of contaminants in sub-surface sediments from the East Lagoon.

Itisconcluded that surficial and sub-surface sedimentsfromtheWest Lagoonand surficia
sedimentsfrom the Middleand East L agoon are sufficiently contaminated with oil or other
hazardous substances to cause or substantially contribute to sediment injury. Theresults
of sediment toxicity tests conducted using GCRL sediments confirm that sedimentsfrom
the West Lagoon and, to alesser extent the Middle Lagoon, are toxic to aquatic organisms
(Table 5.4; Figure 5.9). Based on multiple lines of evidence, it is apparent that both
surficial and sub-surface sediments from the West Lagoon and surficial sediments from
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the Middle Lagoon have been injured by discharges of oil or releases of other hazardous
substances. Both surficia and sub-surface sediments are sufficiently contaminated to
cause or substantially contribute to sediment injury.

Summary

Information on a variety of indicators of sediment quality conditions was reviewed to
assess sediment injury in the GCRL. The results of this assessment indicated that whole
sedimentsand porewater from the GCRL are sufficiently contaminated to adversely affect
sediment-dwelling organisms and fish and wildlife resources. In addition, the results of
whole sediment and elutriate toxicity tests confirm that GCRL sediments are toxic to
sediment-dwelling organisms and fish. While fish communitiesin the GCRL are among
the healthiest inthe GCR basin, thesecommunitiesareimpairedrelativeto reference areas
in northwestern Indiana, suggesting that contaminated sediments and related factors are
adversely affecting fishinthisarea. Finaly, information on thelevelsof contaminantsin
fish tissues confirms that piscivorus wildlife utilizing habitats in the GCRL are at risk.
Therefore, it is concluded that both surficial and sub-surface sedimentsin the GCRL are
sufficiently contaminated with oil and/or other hazardous substances to cause or
substantially contribute to sediment injury. Surficial and sub-surface sediments in the
West Lagoon and surficial sediments in the Middle and East Lagoons pose the greatest
hazards to biological resourcesin the GCRL.

AN ASSESSMENT OF SEDIMENT INJURY



EAST BRANCH OF THE GRAND CALUMET RIVER - I — PAGE 73

6.0 East Branch of the Grand Calumet River - |

The EBGCR flows some 10 miles from the outlet of the GCRL to the confluence of the
WBGCR and IHC in northwest Indiana. For the purposes of conducting this assessment
of sediment injury, the EBGCR hasbeen divided into two reaches, including the EBGCR-I
and the EBGCR-II (Figure 1.1 and 1.2). The EBGCR-I extends some five milesfrom the
ConRail Bridge (whichisthefirst railway bridge located upstream of Industrial Highway,
also known as Highway 12) to the confluence with the WBGCR. The EBGCR-I1 extends
from the GCRL (i.e., the culvert that connects the GCRL to the EBGCR) to the ConRail
Bridge, adistance of roughly five miles. Thissection of the report provides an assessment
of sediment injury inthe EBGCR-I. The assessment of sediment injury inthe EBGCR-II
is presented in Section 7.0 of this report.

There are anumber of potential sources of contaminantsto the EBGCR-I1. First, thereare
avariety of industrial facilities that discharge or have historically discharged wastewater
intotheriver viaNPDESpermitted outfalls, including AM G Resources Corporation, Citgo
Petroleum Corporation-E Chicago, E.l. du Pont de Nemours and Company, USS Lead,
Harbison-Walker Refractories, and the 9" Avenue Dump Superfund Site. Shell Oil
Company, Equilon Enterprises, East Chicago and Citgo Petroleum Corporation also have
facilities nearby but have not reported the locations of their discharge points. 1n addition,
the Gary Sanitary District currently operatesfour NPDES permitted outfallsthroughwhich
treated municipal wastewater is discharged into the EBGCR-I; afifth outfall isno longer
being used. The Hammond Municipal STP also has an NPDES permitted outfall (i.e.,
CSO) at Kennedy Avenue. Furthermore, significant amounts of ammonia are produced
from existing (and former) coke ovens, sinter plants and blast furnace operations that are
part of theintegrated steel manufacturing plants|ocated upstream of the EBGCR-1. Other
potential contaminant sources include discharges of contaminated groundwater and/or
over-land runoff from variousindustrial facilities, leachate from alandfill located nearby
the river, and leaky pipeline crossings. Downstream transport of contaminated water
and/or sediments from upstream areas a so represents a potential contaminant source in
this reach of the Assessment Area

The present assessment is intended to evaluate injury to surface water and biological
resources in the GCRL that are associated with contaminated sediments (i.e., assessment
of sediment injury due to discharges of oil and releases of other hazardous substances).
In this assessment, oil and other hazardous substances are considered to include avariety
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of toxic and bioaccumulative substances, including but not limited to PAHs, PCBs, and
metals. Inaddition, anumber of other indicatorsof environmental quality conditions, such
as pesticides, DO, SOD, TOC, and NH,, have been considered in this assessment of
sediment injury.

Thisassessment of sediment injury in the EBGCR-1 includestwo main components. The
first component consists of an assessment to determine if chemical characteristics of
sedimentsinthe EBGCR-I aresufficient to haveinjured surfacewater resourcesand/or the
biological resources that are associated with sediments (i.e., sediment-dwelling
organisms). The second component of the assessment is focused on determining if
sediments in the EBGCR-I are sufficiently contaminated to harm fish and wildlife
resources. Sediments in the EBGCR-I were considered to have been injured if the
availableinformationindicatesthat surfacewater or biological resourceshave beeninjured
by discharges of oil or releases of other hazardous substances.

Two additional evaluations were undertaken if the results of these two assessments
demonstrate that sediments have been injured. First, the chemicals of concern that are
present at concentrations sufficient to cause or substantially contribute to sediment injury
were identified (termed contaminants of concern). Second, the areal extent of sediment
injury was determined, primarily using information on the concentrations of contaminants
in whole sediments. These latter two evaluations were intended to provide additional
information that coul d be used to support restoration planning within the Assessment Area.

Assessment of Injury to Sediment and Associated Sediment -
Dwelling Organisms

6.1.1 Whole Sediment Chemistry

Whol e sediment chemistry dataareessential for determiningif dischargesof oil or releases
of other hazardous substances have caused sediments to be contaminated by toxic
substances. Evaluation of these data relative to acute or chronic toxicity thresholds
provides a basis for determining if individual chemicals occur at concentrations that are
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sufficient to cause or substantially contribute to sediment injury (see Section 3.1).
Likewise, evaluation of these data relative to mean PEC-Qs provides a means of
determiningif chemical mixturesoccur at level sthat are sufficient to causeor substantially
contribute to sediment injury.

The project database contains information on the chemical characteristics of 162 surficial
sediment samplesfrom the EBGCR-1. Thelocationswhere these sampleswere collected
are shown in Figure 6.1. The results of chemical analyses of these samplesindicate that
a substantial proportion of surficial sedimentsin the EBGCR-I have been contaminated
by toxic substances (Table 6.1). For example, the concentrations of sediment-associated
metals exceeded the PECs in up to 88% of the samples, depending on the metal under
consideration (e.g., 112 of 128 samplesfor zinc). Total PAH concentrations exceeded the
PEC in 81% of the samples in which these contaminants were measured (i.e., 79 of 98
samples); thefrequency of exceedance of the PECsfor individual PAHsranged from 80%
to 100%. The concentrations of total PCBs also exceeded the PEC in most of the samples
in which these contaminants were quantified (83%; 83 of 100 samples).

While the data on the concentrations of individual contaminants provide important
information for assessing the quality of sediments in the EBGCR-I, the mean PEC-Q
represents a more relevant measure of the overal chemical composition of surficia
sediments. The results of the present evaluation indicate that 91% (148 of 162 samples)
of the surficial sediment samples from this reach of the river had mean PEC-Qs $ 0.7
(Table 6.2; Figure 6.6 and 6.7). USEPA (2000a) reported that sediments with these
chemical characteristics were likely to be toxic to amphipodsin 28-day toxicity tests. Of
these samples, 59% (i.e., 88 of 148 samples) had mean PEC-Qs $ 4.0, which isthe acute
toxicity threshold for amphipods (USEPA 2000a). A total of 13 samples had mean
PEC-Qs$0.1t0<0.7 (i.e., 8% of the samples), while only one sample had amean PEC-Q
of < 0.1 (i.e, 0.6% of the samples).

Information on the chemical characteristicsof 107 sub-surface sediment samplesfromthe
EBGCR-I iscontained in the project database. The sampling sites where these sediments
were collected are shown in Figure 6.2. Evaluation of the available sediment chemistry
dataindicatesthat sub-surface sedimentsin the EBGCR-I have al so been contaminated by
toxic substances, but not to the same extent as surficial sediments (Table6.1). Relatively
fewer sediment samples(i.e., up to 65%) had metal concentrationsthat exceeded the PECs
(depending on the metal that isconsidered). Most of these samples had concentrations of
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total PAHs (52%; 33 of 63 samples) and total PCBs (56%; 22 of 39 samples) that
exceeded the PECs.

Based on the mean PEC-Qs that were calculated, it is apparent that sub-surface sediment
samplesin the EBGCR-1 have been contaminated by toxic substances. Overall, 75 of the
107 (70%) sub-surface sediment samples that are reflected in the project database have
mean PEC-Qs $ 0.7, thereby classifying them asinjured. Of these, 57% of the samples
(43 of 75 samples) had mean PEC-Qs $ 4.0 (Table 6.2; Figure 6.8 and 6.9). A total of 22
samples (21%) had mean PEC-Qs $ 0.1 to < 0.7, while only 10 samples (9%) had mean
PEC-Qs<0.1.

Insummary, the available dataon the concentrations of chemical substancesdemonstrates
that both surficial and sub-surface sedimentsin the EBGCR-I have been contaminated by
oil or other hazardous substances. Comparison of these datato the consensus-based PECs
demonstratesthat the concentrationsof sediment-associated contaminants, in both surficial
and sub-surface sediments, are sufficient to injure sediment-dwelling organisms.
Therefore, it is concluded that sediments in the EBGCR-I have been injured due to
dischargesof oil or releases of other hazardous substances. Inaddition, itisconcluded that
the sediment-dwelling organisms that depend on the critical aquatic habitats provided by
sediments have been injured due to the presence of toxic substances (i.e., metals, PAHS,
and PCBs).

6.1.2 Pore Water Chemistry

Data on the concentrations of contaminants in pore water provide important information
for determining if discharges of oil or releases of other hazardous substances have caused
sediments to be contaminated by toxic substances. Evaluation of these data relative to
published toxicity thresholds for aguatic organisms provides a basis for determining if
individual chemicals or chemical mixtures (i.e., using a toxic units approach) occur at
concentrations that are sufficient to cause or substantially contribute to sediment injury
(Section 3.1).

Information fromtwo studiesisavailableto characterizethe chemical composition of pore
water from the EBGCR-1 sediments (Hoke et al. 1993; USGS 1999). In the first
investigation, Hoke er al. (1993) collected sediment samples from four stations on the
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EBGCR-I to determine the concentrations of various contaminantsin pore water (Figure
4.11). Thesesampling stationswerelocated near Clark Street, upstream of Cline Avenue,
downstream of Cline Avenue, and upstream of the confluence with the WBGCR.
Evaluation of the results of this study using the toxic units approach indicated that the
concentrations of cadmium, copper, lead, zinc and the sum toxic unitsfor metalsin pore
water from EBGCR-I sediments equaled or exceeded the concentrations that have been
shown to betoxic to aquatic organismsin 10-day acutetoxicity tests. The sum toxic units
for metalsin porewater ranged from 0.59 to 6.91 units among the four samplesfor which
pore water chemistry data are available (Table 6.3). The concentrations of metals were
sufficient to causeor substantially contributeto sediment toxicity inthree of these samples.
The detection limit that was reported for cadmium was too high to be ableto interpret the
chemistry datarelative to the published 10-day LC,, for Hyalella azteca (USEPA 1994,
2000b). In addition to metals, phenol (27.8 to 257 mg/L) and unionized ammonia (0.5 to
5.3 mg/L) were present in pore water samples at concentrations above the acute toxicity
thresholds that have been reported for aquatic invertebrates (Table 6.3).

Morerecently, USGS (1999) obtained 16 sediment samplesfrom 15 sampling stationsin
EBGCR-1 and associated wetlandsto support the preparation of samplesof porewater for
chemical analysis. The concentrationsof metalsand unionized ammoniaweredetermined
in most of these pore water samples. Based on the results of these analyses, it is apparent
that pore water throughout much of the EBGCR-I have been contaminated by oil or other
hazardous substances. More specifically, seven of the 16 samplesthat were collected had
levels of metals that are sufficient to cause or substantially contribute to toxicity to
amphipods in 10-day toxicity tests (Table 6.3). Cadmium, copper, lead, zinc, and sum
toxic units were all reported in pore water at concentrations in excess of acute toxicity
thresholds (USEPA 1994; 2000b) in one or more samples. In addition, the concentration
of unionized ammoniaexceeded thetoxicity threshold for aquaticinvertebratesinasample
that was collected upstream of Cline Avenue.

Dataon the concentrationsof SEM and AV Sin sediments providesadditional information
for interpreting the pore water chemistry data. Specifically, Ankley et al. (1996) reported
that sedimentswith molar concentrations of AV Sin excessof the molar concentrations of
SEM had pore water metal levels below the concentration that were predicted to cause
toxicity. In sediments from the EBGCR-I and associated wetlands nearly 50% of the
samples (i.e., 51 of 105) had SEM > AVS. These data indicate that pore water metal
concentrations could be elevated in these sediments (i.e., above toxicity thresholds).
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Hence, the available SEM and AV S data confirm that metals are present in pore water at
levels that are predicted to be toxic to sediment-dwelling organisms.

The avail able data on the concentrations of metals, phenols, and ammoniain pore water
indicate that EBGCR-1 sediments have been contaminated by oil or other hazardous
substances. Comparison of thesedatato acutetoxicity thresholdsfor amphipodsand other
aquatic invertebrates demonstrates that the concentrations of these contaminantsin pore
water are sufficient to cause or substantially contribute to toxicity to sediment-dwelling
organisms. The results of acute toxicity tests conducted with pore water from EBGCR-I
sediments support the conclusion that contaminant concentrations in pore water were
sufficiently elevated to cause or substantialy contribute to toxicity to crustaceans and
bacteria(Hokeet al. 1993). Therefore, itisconcluded that EBGCR-1 sedimentshave been
injured dueto the presence of oil or other hazardous substancesin porewater. Inaddition,
it is concluded that the sediment-dwelling organismsthat depend on habitats provided by
surficial sedimentshave beeninjured dueto the presence of toxic substancesin porewater.

6.1.3 Sediment Toxicity Tests

Theresults of toxicity tests conducted using whole sediment, pore water, and/or el utriates
providecritical information for assessing the effectsof contaminated sedimentson aguatic
organisms. Importantly, the results of such toxicity tests provide information that can be
used directly to determine if sediments have been injured by discharges of oil or releases
of other hazardous substances.

Inthe EBGCR-I, four studies have been conducted to determineif sediments or associated
pore waters are toxic to sediment-dwelling organisms or other aquatic organisms (Figure
6.3). Intotal, dataareavailable onthetoxicity of 44 sediment samplesfromthe EBGCR-I.
The species and endpoints that were tested in these studies included amphipod (Hyalella
azteca) survival and growth, midge (Chironomus tentans) growth, cladoceran (Daphnia
magna and Ceriodaphnia dubia) survival, fathead minnow (Pimephales promelas)
survival, and bacterial (Vibrio fisheri) bioluminescence (i.e., as asurrogate for metabolic
rate). Overall, 32 of the 44 (73%) sediment samplesthat were collected from the EBGCR-
| were shown to be toxic to one or more of these species (Table 6.4; Figure 6.10). While
sediments from the EBGCR-I would likely have been toxic more frequently had longer
term tests (including sublethal endpoints) been employed, the results of the studies that
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have been conducted demonstrate that sediments from the EBGCR-I are acutely toxic to
a variety of aquatic organisms, including sediment-dwelling species. Therefore, these
results demonstrate that the condition of sediments and associated pore waters in the
EBGCR-I issufficient to injure sediments and associated organisms, including sediment-
dwelling species.

6.1.4 Status of Benthic Invertebrate Community

Because many aguatic invertebrates utilize benthic habitats, sediment quality conditions
havethe potential to influence both the abundance and composition of benthicinvertebrate
communities. Therefore, information on the status of benthic invertebrate communities
provides important information for evaluating the effects of contaminated sediments on
sediment-dwelling organisms (Canfield e al. 1996; 1998). For thisreason, the available
information on the status of benthicinvertebrate communitieswas assembled and used to
determine if discharges of oil or releases of other hazardous substances have caused or
substantially contributed to sediment injury in the EBGCR-I.

Four surveys have been conducted to evaluate the status of benthic invertebrate
communitiesinthe EBGCR-I (Table6.5; Figure6.4; Pollset al. 1993; Sobiech et al. 1994,
IDEM 2000a as presented in Simon et al. 2000). The results of these surveys generally
demonstrate that the benthic invertebrate community in the EBGCR-I has been degraded
relative to uncontaminated sites in northern Indiana. For example, (Polls et al. 1993)
conducted benthic surveys, using grab samplers, at two locationsinthe EBGCR-I (i.e., one
located downstream of Kennedy Avenue and onelocated upstream of Industrial Highway)
in 1982 and again in 1986 to assess temporal trends in benthic invertebrate community
status. At the station located upstream of Industrial Highway, the benthic invertebrate
community was dominated by pollution-tolerant species in both years. Oligochaetes
(worms) represented between 78% and 97% of the community over this period, with
leeches, midges, and mollusks also observed (Table 6.6). Similarly, oligochaetes
comprised 98% to 99% of the benthic invertebrate community at the station located
downstream of Kennedy Avenue (Polls et al. 1993). More sensitive species, such as
amphipods and caddisflies, were not observed at either of the sampling stationsin either
year. Polls et al. (1993) concluded that benthic community structure in the EBGCR-I
remained poor from 1982 to 1986, as compared to other locations sampled in northern
Indiana and in Lake Michigan. At both stations, the relative abundance of oligochaetes
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exceeded the upper limit of the range of normal conditionsin this Assessment Area(i.e.,
3.0% to 73.6% for oligochaetes).

In 1994, Sobiech er al. (1994) deployed artificial substrates at five locations in the
EBGCR, with one of these stations located in the EBGCR-I (i.e., upstream of Industrial
Highway). Theresultsof the Sobiech ez al. (1994) investigation indicated that the benthic
invertebrate community that colonized artificial substratesinthe EBGCR-1 wasdominated
by midges (i.e., representing 89% of the organisms that were collected), with leeches,
oligochaetes, and mollusks also present (Table 6.5). None of the EPT taxa (i.e., mayflies,
stoneflies, and caddisflies) were observed on the artificial substrates that were deployed
at this station, indicating that conditions were sufficient to injure sediment-dwelling
organisms (i.e.,, EPT represented 0.5% of the total abundance of invertebrates, the
threshold for altered communities).

More recently (i.e., 1996), the IDEM collected information on the status of benthic
invertebrate communities at two locations on the EBGCR-I using artificial substrates,
including one station near Cline Avenue and one station near Kennedy Avenue (IDEM
2000a; as presented in Simon et al. 2000). The results of thisinvestigation indicated that
pollution-tolerant species, such as oligochaetes and chironomids, dominated the benthic
invertebrate community at both locations, collectively representing 67% and 68% of the
total abundance of macroinvertebrates at the Cline Avenue and K ennedy Avenue stations,
respectively (Table 6.5). While gastropod and bivalve molluskswere rel atively abundant
at both locations, none of the pollution-sensitive EPT taxawere observed at these stations.
Macroinvertebrate 1Bl (mIBI) scores ranged from 2.1 to 2.4 at these sampling stations,
indicating that the benthic invertebrate community was degraded rel ative other locations
in Indiana (i.e., # 2.93; the average miBI score for Indianaisin the order of 3.5 + 0.29;
Simon et al. 2000).

In 1998, Simon et al. (2000) used artificial substrates to evaluate the status of the benthic
macroinvertebrate community at six locations in the EBGCR-I (Figure 6.4). Aswasthe
casein previousinvestigations, the benthic macroinvertebrate community at al six stations
wasdominated by oligochaetesand chironomids. Thesepollution-sensitivetaxarepresent
from 75% to 98% of the total number of benthic invertebrates that were collected at these
stations(Table6.5). Mollusksrepresented up to 21% of the organismsthat were collected
at these stations, while the EPT taxarepresented < 0.5% of the total abundance of benthic
macroinvertebrates. ThemiBI scorefor these samplesranged from 0.87 to 1.67. Thelow
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miBIl score and low abundance of EPT taxa indicate that the structure of benthic
invertebrate communitieswas significantly altered in all of these stationsrelative to other
locations in Indiana

Collectively, the data that have been collected on the status of benthic invertebrate
communities indicate that conditions in the EBGCR-I have improved somewhat since
1982 (i.e., asindicated by the nominal presence of EPT taxaand the increased abundance
of gastropod mollusks). Nevertheless, the results of these four surveys indicate that
benthic invertebrate communities have been altered at all 14 stations (Table 6.5) in the
EBGCR-I, relativeto reference conditionsin northern Indianaand LakeMichigan (i.e., the
range of normal conditionsfor themlBI scoresand the abundance of oligochaetesand EPT
taxa; Section 3.1.1). Impacts on sediment-dwelling organisms, as indicated by altered
benthic invertebrate communities, are particularly important because invertebrates
represent important food sources for fish and other wildlife speciesthat utilize habitatsin
the EBGCR-I. Therefore, theresultsof these surveys provide confirmatory evidence(i.e.,
in addition to the sediment chemistry and toxicity data) that the environmental quality
conditions in the EBGCR-I are sufficient to injure sediments and associated sediment-
dwelling organisms.

6.1.5 Other Indicators of Benthic Habitat Quality

Conventional indicators of environmental quality, such as DO, SOD, TOC, and NH, can
be used to determine the general status of aquatic habitats and their suitability for
supporting aquatic life. Littleinformation waslocated on thelevelsof DO or SOD inthe
EBGCR-I; therefore, it was not possible to evaluate sediment quality conditions relative
to these conventional indicators.

The available information indicates that the levels of TOC are elevated throughout the
EBGCR-I. Insurficial sediments, the levels of TOC ranged from 0.32% to 15.9%, with
thehighest level sobserved downstream of Kennedy Avenue(i.e., near the confluencewith
the WBGCR). Wetlands in the vicinity of the EBGCR-1 had similar levels of TOC in
surficial sediments, ranging from 0.17% to 14% (Table 6.6). Sub-surface sediments
generally had lower levels of TOC than did surficial sediments. Overall, TOC levels
ranged from 0.14% to 14% in sub-surface sediments. By comparison, Lake Michigan
sediments in the vicinity of IH had an average level of TOC of 0.5% (n=31); the upper
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95% CI for these samples was 3.4%. The upper limit of the normal range of TOC values
(3.4%) is similar to the average level of TOC that has been measured at other Areas of
Concern in the Great Lakes (mean = 2.7%; 95% ClI is 2.0% to 3.4%; USEPA 1996b).
Therefore, both surficial and sub-surface sediments in the EBGCR-1 have received
substantial inputs of organic matter relativeto other contaminated sitesin the Great Lakes
basin.

Information on the concentrations of oil and greasein EBGCR-I sedimentsindicates that
much of the TOC in EBGCR-1 sediments is present in the form of oil and oil-related
compounds. In surficial sediments, oil and grease concentrations ranged from 500 to
147,000 mg/kg (i.e., 0.05%t0 14.7%; Table6.7), averaging 2.9%. Somewhat lower levels
of oil and grease have been reported in sub-surface sediments, ranging ashigh as9.4%in
the EBGCR-1. Assuch, oil and grease represent, on average, more than 50% of the TOC
that is present in both surficial and sub-surface sediments.

In aguatic ecosystems, ammonia is excreted by aquatic organisms, formed during the
decomposition of biological tissues and nitrogen-containing wastes, or released from
anthropogenic sources. Thereareavariety of anthropogenic sources of ammonia, such as
municipal and industrial wastewater discharges. Free ammonia can be present either as
NH, or as NH," (depending on pH and temperature). Unionized ammonia (NH,) isvery
toxic to aquatic life, with lethal thresholds aslow as 0.1 mg/L reported in the literature
(Thurston and Russo 1983; Thurston and Meyn 1984; Thurston ef al. 1984). In the
EBGCR-I, the concentrations of NH; in pore water ranged from < 0.01 to 6.61 mg/L
(Table 6.3). Of the 20 pore samples in which NH; levels were measured, four had
concentrations that exceeded the acute toxicity threshold for aguatic invertebrates (0.53
mg/L; CCREM 1987). Therefore, the concentrationsof NH, in pore water were sufficient
to cause or substantially contribute to injury to sediment-dwelling organisms in the
EBGCR-I.

In 1994, Sobeich et al. (1994) evaluated the status of aguatic habitats at one station in the
EBGCR-I. Simon et al. (2000) evaluated an additional nine stations in 1998. In these
investigations, data were collected on the characteristics of bottom substrates, instream
cover, channel morphology, riparian zone and bank erosion, pool and riffle quality, and
gradient at each sampling location. These data were then compiled to support the
calculation of QHEI scoresfor each sampling location. The QHEI scorewas4.8 at theone
station Sobeich ef al. (1994) evaluated. The results of the Simon et al. (2000) study
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showed that QHEI scores averaged 44.7 and ranged from 39.5 to 48.8 in the EBGCR-I.
By comparison, OEPA (1988) reported that mean (= SD) QHEI scores for rivers and
streamsin the Eastern corn belt plains (ECBPSs) eco-regionwas 74 (+ 13.1), with thelower
limit of the normal range of QHEI scores being 48. Eighty percent (8 of 10) of the QHEI
scoresreported for thisreach were outside the normal range of QHEI scoresfor the ECBPs
eco-region (i.e., normal rangeis48to 100; OEPA 1988). Additionally, theIDEM (2000c)
has established use support assessment criteria for streams in Indiana. These criteria
indicated that use impairment is likely to occur when QHEI scores are < 64. Therefore,
aquatic habitats in the EBGCR-I were considered to be degraded relative to unimpacted
sitesin the ECBPs.

In summary, the available information indicates that aquatic habitats have been degraded
in the EBGCR-I. In addition, the levels of TOC and associated oil and oil-related
compoundsareel evatedin EBGCR-I sediments, even compared to other Areasof Concern
in the Great Lakes. Furthermore, the levels of NH; in pore water from EBGCR-I
sediments are sufficient to injure sediment-dwelling organisms. Therefore, the available
information on conventional indicators of sediment quality conditions indicates that
sediments in the EBGCR-1 have been injured due to discharges of oil or releases of other
hazardous substances.

6.1.6 Summary

Based on areview of the available data, it is concluded that sediments in the EBGCR-I
have been injured by discharges of oil or releases of other hazardous substances. More
specificaly, the data show that metals, PAHs, and PCBs occur in whole sediments at
concentrationsthat aresufficient toinjure sediment-dwelling organisms. Calculated mean
PEC-Qs exceed, often by awide margin, the levels that are sufficient to injure sediment-
dwelling organisms. Thelevelsof metas, unionized ammonia, and phenol in pore water
arealso sufficient to causetoxicity to aquatic organisms. Inaddition, theresultsof toxicity
tests confirm that whole sediments, pore water, and elutriates are toxic to aguatic
organisms. That benthic invertebrate communities in this reach of the river are
significantly altered relative to reference sites providesfurther confirmatory evidence that
environmental conditions in the reach of the Assessment Area are sufficient to injure
sediments and associated biological resources. Together, these multiplelines of evidence
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demonstrate that sediments and associated biological resources have been injured as a
result of discharges of oil or releases of other hazardous substances.

Assessment of Effects on Fish and Wildlife Resources

In addition to effects on sediment-dwelling organisms, contaminated sediments have the
potential to adversely affect a variety of fish and wildlife resources, including fish,
amphibians, reptiles, birds, and mammals (i.e., aquatic-dependent wildlife), in anumber
of ways(Ingersoll et al. 1997). First, exposureto contaminated sedimentscan compromise
fish health, asevidenced by anincreased incidence of deformities, erodedfins, lesions, and
tumors (i.e., DELT abnormalities). In addition, direct toxicity (i.e., due to exposure to
contaminated sediments) or reductionsin the availability of preferred fish food organisms
can result in reduced populations of fish species (e.g., epibenthic species) and/or altered
community characteristics (e.g., reduced diversity). Furthermore, accumulation of
contaminants in fish tissues can adversely affect the fish themselves or result in adverse
effects on piscivorus wildlife species (e.g., herons, kingfisher, otter, mink or osprey).
These types of ecological effects can be evaluated using information on the toxicity of
sediments to fish, fish health, fish community structure, whole sediment chemistry (i.e.,
relative bioaccumulation-based SQGs), and tissue chemistry (i.e., relative to TRGS).

6.2.1 Toxicity of Sediments to Fish

Lucasand Steinfeld (1972) collected atotal of 23 sediment samplesto evaluatethetoxicity
of EBGCR-I sedimentsto fathead minnows. Theresultsof thesetoxicity tests, whichwere
96-hoursin duration, indicated that 13 of the 23 sediment samples(i.e., 57%) wereacutely
toxicto fish, with mortality rates ranging from 10% to 100% in these samples (Table 6.8).
Itislikely that a higher incidence of toxicity would have been observed had longer term
toxicity tests been conducted and/or more sensitive endpoints been measured. Therefore,
the available dataindicate that sedimentsfrom the EBGCR-1 are acutely toxic to fish and,
hence, the environmental conditionsinthe EBGCR-I aresufficient to adversely affect fish.
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6.2.2 Fish Health

Two studies have been conducted to assessthe status of fish healthinthe EBGCR-I (Table
14.8). Sobiech et al. (1994) collected fish from the vicinity of the ConRail Bridge and
determined the incidence of DELT abnormalities, including deformations, eroded fins,
lesions, and tumors. In total, 2.7% of the fish taken from this location had DELT
abnormalities. This frequency of DELT abnormalities is higher than the threshold for
impaired fish health (i.e., > 1.3% incidence of DELT abnormalities; Simon 1991). The
higher incidence of DELT abnormalitiesrelative to the threshold for impaired fish health
indicates that fish health has been compromised in the EBGCR-I

More recently, Simon et al. (2000) collected fish at nine stations in the EBGCR-I to
support evaluations of the integrity of the fish community. The results of this study
indicate that the incidence of DELT abnormalities ranged from 0% to 6.2% at these
stations. Fish healthwasimpaired at three of the nine stationsthat were sampled (i.e., the
incidence of DELT abnormalitieswas> 1.3%). Therefore, the results of these surveys
provide confirmatory evidence (i.e., in addition to the sediment chemistry and toxicity
data) that the environmental quality conditions in the EBGCR-I are sufficient to injure
sediments and associated sediment-dwelling organisms

6.2.3 Status of Fish Communities

Theresults of surveys of the status of fish communities also provide relevant information
for evaluating environmental quality in the EBGCR-I. Simon et al. (2000) summarized
the available information on the status of fish communitiesin the EBGCR-I using an IBI
that was originally developed by Karr (1981) and was subsequently calibrated for usein
Indiana (Simon and Stewart 1998). Data collected between 1985 and 1990 demonstrated
that 1BI scoresranged from 20 to 32 in the EBGCR-I, which indicates that the integrity of
fish communities was “poor” to “very poor” (Table 14.9). Data collected more recently
in this reach of the Assessment Area demonstrated that the integrity of fish communities
has not improved in the past decade. First, Sobeich et al. (1994) reported an IBI score of
22 at a station located near the ConRail Bridge. Subsequently, Simon et al. (2000)
reported IBI scores of 16 to 26 for the eight stations that were sampled in 1998 and
concluded that the integrity of fish communities was “poor” to “very poor” at these
stations (Table 14.9). Overall, theresults of the various surveysthat have been conducted

AN ASSESSMENT OF SEDIMENT INJURY



EAST BRANCH OF THE GRAND CALUMET RIVER - I — PAGE 86

indicate that, while the EBGCR-I has the potential of providing a suitable habitat for
relatively healthy and diverse communities of warm-water fish, such communities were
not present in the EBGCR-I (Simon et al. 2000).

6.2.4 Bioaccumulation of Sediment-Associated Contaminants

In this report, bioaccumulation-based SQGs have been used to assess the significance of
sediment-associated chemicals of concern to piscivorus wildlife species (e.g., herons,
kingfisher, otter, mink or osprey; NYSDEC 1994). Based on the whole sediment
chemistry data that have been collected in the EBGCR-I, it is apparent that a variety of
bioaccumul ative substances are present in surficial sediments at concentrations that pose
potential hazards to wildlife species utilizing the EBGCR-I.  Specificaly, the
concentrations of total PCBs, chlordane, total DDTSs, endrin, heptachlor, heptachlor
epoxide, and lindane in surficial sediments exceed the levels that have been established
to protect piscivorus wildlife species (Table 6.1). In sub-surface sediments, the same
substances, except for heptachlor epoxide, were present at concentrationsin excess of the
bioaccumulation-based SQGs. Therefore, it isapparent that avariety of bioaccumulative
substances, including PCBs and various organochlorine pesticides, occur in whole
sediments from the EBGCR-I at levelsthat are sufficient to result in the accumulation of
these substances in invertebrate and fish tissues to concentrations that pose a risk to
piscivorus wildlife.

Comparison of tissue residue levels to fish flesh criteria for the protection of wildlife
provides a means of confirming that bioaccumulation in invertebrate and/or fish tissues
represents a hazard to wildlife species. Recently, the United States Fish and Wildlife
Service collected samples of invertebrate tissues from a number of locations within the
Assessment Area (Appendix 5.9; USFWS 2000). The concentrations of metals, PAHS,
PCBSs, and various pesticideswere measured in each sample. Comparison of themeasured
concentrations of chemicals of concern with published tissue residue guidelines (TRGS)
for the protection of piscivorus wildlife (Newell er al. 1987) indicated that bivalve
mollusks (i.e., Corbicula fluminea) from the Assessment Areahad elevated levels of total
PCBs in their tissues (Table 6.9). At all three locations that were sampled (Industrial
Highway, Cline Avenue, and Kennedy Avenue) and in al six samples, the levels of total
PCBs exceeded the TRG for the protection of wildlife by more than a factor of 28 (i.e.,
concentrations ranged from 9.0 to 1,303 pg/lkg WW; TRG = 110 pglkg WW). None of
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the pesticides measured in sediments were detected in the tissues of these bivalves,
however. Although metals and PAHswere measured in Corbicula fluminea tissuesfrom
the EBGCR-I, the significance of the measured concentrations relative to hazards to
wildlife could not be evaluated due to the lack of corresponding TRGs.

A total of 18 samples of fish tissues have been collected to determine the concentrations
of tissue-associated contaminantsin the EBGCR-I (Appendix 5.1, 5.2, 5.3, 5.4 and 5.5).
In 1982, two fish tissue samples (whol e fish) were obtained from carp that were collected
at the confluence with the WBGCR. In these samples, the concentrations of total PCBs
(4,630 to 12,500 pg/lkg WW; Table 6.9; Figure 6.5) exceeded the TRG (10 ug/lkg WW)
for the protection of piscivorus wildlife; the concentrations of total DDTs were elevated
in both samples, and; chlordane levels were also elevated in one sample. During the
period 1984 to 1994, eight additional tissue samples were collected in the vicinity of
Kennedy Avenue (seven samplesof carp and one sampl e of goldfish; wholefish or skin-on
fillets). Theconcentrationsof total PCBs(4,700to 15,900 ug/kg WW) exceeded the TRG
for the protection of piscivoruswildlifein all of these samples (Newell et al. 1987); total
DDT, dieldrin + aldrin, and endrin level swere also elevated in certain samples. Chemical
concentrations could not be evaluated in one of the samples because none of the values
were reported for those chemicalswhich TRGsareavailable. At Cline Avenue, eight fish
tissue samples were collected between 1986 and 1994, including five samples of carp
(whole fish or skin-on fillets), one sample of golden shiners (whole fish), one sample of
goldfish (wholefish) and one sample of pumpkinseed (wholefish). Inthese samples, the
concentrations of total PCBs (810 to 27,100 pug/lkg WW) exceeded the TRG for the
protection of piscivorus wildlife in seven of these eight samples; PCB levels were not
reported in the pumpkinseed sample. Total DDT levelswere also elevated relative to the
TRG in several samples. Therefore, it is concluded that total PCBs, chlordane, dieldrin
+ adrin, endrin and total DDTs have accumulated in fish tissues to levels that are
sufficient to cause or substantially contribute to sediment injury relative to piscivorus
wildlife species utilizing habitats in the EBGCR-I.

6.2.5 Summary

Based on the information available from various studies, it is apparent that contaminated
sediments pose substantial hazardsto wildlifein the EBGCR-1. Contaminated sediments
in the EBGCR-I are adversely affecting wildlife species in at least four ways. First,
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alteration of benthicinvertebrate communitieshasreduced the abundance of preferredfish
food organisms in this river reach. Second, sediments from the EBGCR-1 have been
shown to be acutely toxic to fish. Fish health and the integrity of fish populations (as
measured using theBI) inhabiting the EBGCR-1 have also been compromised. Third, the
concentrations of sediment-associated contaminants are known to exceed, often by wide
margins, the levelsthat have been established to protect piscivorus wildlife species (e.g.,
herons, kingfishers, otter, mink or osprey). Finally, theconcentrationsof certainchemicals
of concern in benthic invertebrates and fish exceed the TRGs that have been established
to protect piscivoruswildlife species. Therefore, it isconcluded that injured sedimentsin
the EBGCR-| are adversely affecting fish and wildlife resources utilizing habitats within
this reach of the Assessment Area.

Determination of Contaminants of Concern

Following the assessment of sediment injury, it is useful to identify the factors that are
causing or substantially contributing to adverse effects on sediment-dwelling organisms
andfishandwildliferesources. Inthisreport, thetoxic or bioaccumulative chemicalsthat
occur in EBGCR-1 sediments at levels that are sufficient to cause or substantially
contribute to sediment injury are termed contaminants of concern. The contaminants of
concern in whole sediments and pore water are identified in this section of this report.

The toxic contaminants of concern (i.e., those with a high potential for causing or
substantially contributing to effectson sediment-dwelling organisms) wereidentified from
thelist of chemicalsof concern by comparing measured concentrationsinwhol e sediments
to the PECs (Table 6.1). The substances which occurred in EBGCR-I sediments at
concentrations in excess of these chemical benchmarks were identified as contaminants
of concern. The results of this evaluation indicate that metals (i.e., arsenic, cadmium,
chromium, copper, lead, mercury, nickel, and zinc), PAHs (i.e., 13 individual PAHs and
total PAHS), and PCBs are frequently present in both surficial and sub-surface sediments
from the EBGCR-I at concentrations that are sufficient to injure sediment-dwelling
organisms. However, the concentrations of these contaminants tend to be lower in sub-
surface sedimentsthan they arein surficial sediments. Importantly, the concentrations of
cadmium, chromium, copper, nickel, lead, and zinc also exceeded the upper limit of
background levels in Indiana (Table 3.5), confirming that they are present at elevated
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levels in Assessment Area sediments. Several pesticides also occurred in EBGCR-I
sediments at levels in excess of the consensus-based PECs.

Theconcentrationsof several chemicalsof concern exceeded publishedtoxicity thresholds
inporewater from EBGCR-| sediments. Evaluation of the datareportedin variousstudies
using thetoxic unitsapproach indicatesthat concentrationsof cadmium, copper, lead, zinc,
and the sum toxic units in pore water from EBGCR-1 sediments were frequently at or
above concentrationsthat have been shown to be toxic to aquatic organisms. Therelative
levelsof SEM and AV S confirm that sediment-associated metalsarelikely to beavailable
to sediment-dwelling organismsin many of these samples. Inaddition, the concentrations
of phenol frequently equaled or exceeded the concentrations that are known to be acutely
toxic to aquatic organisms. The concentrations of unionized ammoniain porewater were
also sufficient to cause acute toxicity in aquatic invertebrates. Therefore, the toxic
contaminants of concern in pore water are cadmium, copper, lead, zinc, phenol, and
ammonia (Table 6.3).

The bioaccumulative contaminants of concern were identified from the list of chemicals
of concern by comparing: (1) measured contaminant concentrations in whole sediments
to the bioaccumulation-based SQGs (Table 6.1); and, (2) measured contaminant
concentrationsin tissuesto the TRGsfor the protection of piscivoruswildlife. Theresults
of this evaluation indicate that total PCBs, chlordane, total DDTSs, endrin, heptachlor,
heptachlor epoxide, and lindane occurredin EBGCR-I sedimentsat concentrationsthat are
sufficient to cause or substantially contribute to effects on wildlife (i.e., due to the
accumulation of these substances in aquatic food webs). Surficial and sub-surface
sediments have been contaminated by one or more of these substances. The available
tissueresidue dataconfirm that PCBs, chlordane, dieldrin + adrin, endrin, and total DDTs
have frequently accumulated in fish tissuesto levelsthat pose risksto piscivoruswildlife
(Table 6.9).

All of the contaminants of concern frequently exceed the chemical benchmarks in
EBGCR-I sediments. Thefrequency of exceedance of the PECswashighest for lead, zinc,
total PAHs, and tota PCBs, while the highest frequencies of exceedance of the
bi oaccumul ation-based SQGs were observed for total PCBs, chlordane, heptachlor, and
heptachlor epoxide. The concentrations of these substances in EBGCR-1 sediments
frequently exceeded the chemical benchmarks by substantial margins, in some samplesby
morethan afactor of 100. Therefore, NH,, metals, PAHs, and PCBs are present in whole
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sediments at concentrations in excess of the levels that are sufficient to cause or
substantially contributeto toxicity in sediment-dwel ling organismsand to adversely affect
wildlife in the EBGCR-I. In tissues, PCBs, chlordane, and total DDTs occurred most
frequently at levelsin excess of TRGs.

Evaluation of the Areal Extent of Sediment Injury

The areal extent of sediment injury was determined by merging the various data sets that
provided information on contaminant concentrationsin EBGCR-I sediments. To support
an evaluation of the spatial distribution of contaminants of concern, mean PEC-Qs were
calculated for each of the sediment samples that were obtained from the EBGCR-I. The
areal extent of sediment injury was subsequently determined by mapping these data (i.e.,
mean PEC-Qs) using ArcView/Spatial Analyst software (each sample was georeferenced
based on the latitude and longitude of the collection site). This evaluation considered
surficial and sub-surface sediments separately.

Based on the sediment chemistry data that have been collected to date, it is apparent that
surficial sediments throughout the EBGCR-1 have been contaminated by oil or other
hazardous substances (Table 6.2; Figures 6.6 and 6.7). Sediment chemistry data were
compiled for atotal of 29 surficial sediment samplesthat were collected within the portion
of the EBGCR-I from the confluence with the WBGCR to Kennedy Avenue. Of these,
76% of the samples (i.e., 22 samples) had mean PEC-Qs $ 0.7 (Table 6.2). Importantly,
all of the samples (i.e., 17 of 17 samples) collected in the USS Lead Cana had mean
PEC-Qs $ 0.7. Evaluation of the available sediment chemistry data demonstrates that
surficial sediments collected upstream of Kennedy Avenue have also been contaminated
by oil or other hazardous substances. For example, 94%, 93%, and 100% of the samples
collected between Kennedy Avenue and Cline Avenue, between Cline Avenue and the
Cline/190 Ramps, and between Cline/I 90 Rampsand Industrial Highway, respectively, had
mean PEC-Qs$ 0.7 (Figure6.6 and 6.7). Mean PEC-Qs$ 0.7 inall thesurficial sediment
samples (i.e., 12 of 12 samples) collected between Industrial Highway and the ConRail
Bridge. The available sediment chemistry data also demonstrate that wetland sediments
in this portion of the Assessment Area have been contaminated to the extent that they are
likely to be toxic to sediment-dwelling organisms (i.e., 14 of 17 samples had mean
PEC-Qs$ 0.7). Therefore, surficial sediments throughout the EBGCR-1 are sufficiently
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contaminated with oil or other hazardous substances to cause or substantially contribute
to sediment injury.

In general, sub-surface sedimentsin the EBGCR-1 tend to be somewhat | ess contaminated
than surficial sediments (Table 6.2; Figure 6.8 and 6.9). For example, 13 of the 18 (72%)
sub-surface sediment sampl escollected west of K ennedy Avenuehad mean PEC-Qs$0.7.
All of the sub-surface sediment samples (i.e., 9 of 9 samples) that were collected in the
USS Lead Canal had chemical characteristics that are sufficient to cause sediment injury
(i.e., mean PEC-Qof $ 0.7). Between Kennedy Avenueand Industrial Highway, 48 of 73
(66%) sub-surface sediment samples that were collected had mean PEC-Qs $ 0.7. A
higher proportion of the sub-surface sediment samples (i.e., 83%, 5 of 6) from the
Industrial Highway to ConRail Bridge reach of the river were classified as having
conditions sufficient to injure sediments. A mean PEC-Q of 0.6 was calculated for the
singlesub-surfacewetland sediment that was sampl ed, suggesting that sub-surfacewetland
sediments may be somewhat less contaminated than surficial sediments (Table 6.10).
Overal, sub-surface sediments throughout the EBGCR-I are sufficiently contaminated
with oil or other hazardous substances to cause or substantially contribute to sediment
injury.

Based on the available sediment chemistry data, it is apparent that sediments throughout
the EBGCR-1 are likely to be toxic to sediment-dwelling organisms. To put the mean
PEC-Q resultsinto perspective, USEPA (2000a) reported that the probability of observing
a50% incidence of toxicity to amphipodsin sedimentsoccurred at amean PEC-Q of $4.0
in 10-day acute tests and at a mean PEC-Q of $ 0.7 in 28-day chronic tests. Therefore,
surficial sediments would be expected to be frequently toxic to sediment-dwelling
organisms (i.e., sediment samples from the EBGCR-1 had mean PEC-Qs of up to 124
timesthe level that would result in a50% probability of observing toxicity in 10-day tests
and up to 710 times the level that would result in a 50% probability of observing toxicity
in 28-day tests with the amphipod Hyalella azteca; USEPA 2000a).

The data on other indicators of sediment quality conditions confirm that sediments
throughout the EBGCR have been injured as a result of discharges of oil or releases of
other hazardous substances. For example, sedimentsthroughout the EBGCR-I areknown
to betoxic to aquatic organisms (Table 6.4; Figure 6.10). Likewise, the results of benthic
invertebrate community assessments conducted at various locations from the ConRail
Bridge to the confluence with the WBGCR demonstrate that benthic invertebrate
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6.5

communities have been degraded throughout this reach of the river (Section 6.1.4; Table
6.5; Figure 6.4).

Summary

Based on nine lines of evidence, it is concluded that both surficial and sub-surface
sediments from the EBGCR-I between the ConRail Bridge and the confluence with
WBGCR, including USS Lead Canal and various wetland areas, have been injured by
dischargesof oil or releases of other hazardous substances. Whilesurficial sedimentstend
to be the most contaminated, sub-surface sediments throughout this portion of the
Assessment Area also have conditions that are sufficient to cause or substantially
contribute to sediment injury and injury to associated biological resources.
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7.0 East Branch of the Grand Calumet River - Il

The EBGCR flows some 10 miles from the outlet of the GCRL to the confluence of the
WBGCR and IHC in northwest Indiana. For the purposes of conducting this assessment
of sediment injury, the EBGCR hasbeen divided into two reaches, including the EBGCR-I
and the EBGCR-II (Figure 1.1 and 1.2). The EBGCR-I extends some five milesfrom the
ConRail Bridge[which isthefirst railway bridge located upstream of Industrial Highway
(Highway 12)] to the confluence with the WBGCR. The EBGCR-II extends from the
GCRL (i.e., the culvert that connects the GCRL to the EBGCR) to the ConRail Bridge, a
distance of roughly five miles. This section of the report provides an assessment of
sediment injury in the EBGCR-II. The assessment of sediment injury inthe EBGCR-I is
presented in Section 6.0 of this report.

There are a number of potential sources of contaminants to the EBGCR-II. First, U.S.
Steel currently discharges or has historically discharged wastewater into the river (on
average, 8.68 hillion gallons per year) via 21 outfalls that have been permitted under the
NPDES, three of which have now been decommissioned. Significant amountsof anmonia
are produced from existing (and former) coke ovens, sinter plants and blast furnace
operations that are part of the integrated steel manufacturing plants adjacent to the
EBGCR-1I. The Gary Sanitary District has seven NPDES permitted outfalls through
which wastewater (on average, 0.754 billion gallons per year) and/or stormwater is
discharged into the EBGCR-II. H-V Roll Center, Inc. aso has an NPDES permitted
outfall on thisreach of the EBGCR. Marblehead Lime Company had a permitted outfall
on the EBGCR-II; however, this outfal has been decommissioned. Other potential
contaminant sources include discharges of contaminated groundwater and/or over-land
runoff from various industrial facilities, leachate from landfills located nearby the river,
and leaky pipeline crossings. Downstream transport of contaminated water and/or
sedimentsfrom the GCRL also represents apotential source of contaminantsto thisreach
of theriver.

The present assessment is intended to evaluate injury to surface water and biological
resources in the EBGCR-II that are associated with contaminated sediments (i.e.,
assessment of sediment injury due to discharges of oil and releases of other hazardous
substances). In this assessment, oil and other hazardous substances are considered to
include a variety of toxic and bioaccumulative substances, including but not limited to
PAHs, PCBs, and metals. In addition, a number of other indicators of environmental
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quality conditions, such as pesticides, DO, SOD, TOC, and NH,, have been considered in
this assessment of sediment injury.

Thisassessment of sediment injury inthe EBGCR-I1 includestwo main components. The
first component consists of an assessment to determine if chemical characteristics of
sediments in the EBGCR-II are sufficient to have injured surface water resources and/or
the biological resources that are associated with sediments (i.e., sediment-dwelling
organisms). The second component of the assessment is focused on determining if
sediments in the EBGCR-II are sufficiently contaminated to harm fish and wildlife
resources. Sediments in the EBGCR-I1 were considered to have been injured if the
availableinformationindicatesthat surfacewater or biol ogical resourceshavebeeninjured
by discharges of oil or releases of other hazardous substances.

Two additional evaluations were undertaken if the results of these two assessments
demonstrate that sediments have been injured. First, the chemicals of concern that are
present at concentrations sufficient to cause or substantially contribute to sediment injury
were identified (termed contaminants of concern). Second, the areal extent of sediment
injury wasdetermined, primarily using information on the concentrations of contaminants
in whole sediments. These latter two evaluations were intended to provide additional
informationthat could be used to support restoration planning within the Assessment Area.

Assessment of Injury to Sediment and Associated Sediment -
Dwelling Organisms

7.1.1  Whole Sediment Chemistry

Whol esediment chemistry dataareessential for determiningif dischargesof oil or releases
of other hazardous substances have caused sediments to be contaminated by toxic
substances. Evaluation of these data relative to acute or chronic toxicity thresholds
provides a basis for determining if individual chemicals occur at concentrations that are
sufficient to cause or substantially contribute to sediment injury (see Section 3.1).
Likewise evaluation of these data relative to mean PEC-Qs provides a means of
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determining if chemical mixturesoccur at levelsthat are sufficient to cause or substantially
contribute to sediment injury.

The project database contains information on the chemical characteristics of 98 surficial
sediment samplesfrom the EBGCR-I1. Thelocationswhere these sampleswere collected
areshown in Figure 7.1. The results of chemical analyses of these samplesindicate that
asubstantial proportion of surficial sedimentsinthe EBGCR-I1 and nearby wetlands have
been contaminated by toxic substances (Table 7.1). For example, the concentrations of
sediment-associated metals exceeded the PECs in up to 58% of the samples, depending
on the metal considered (i.e., 55 of 95 samples for lead). Tota PAH concentrations
exceeded the PEC in 50% (49 of 98 samples) of the samplesin which these contaminants
were measured; thefrequency of exceedance of the PECsfor individual PAHsrangesfrom
56% to 100%. Total PCB concentrations exceeded the PEC in 96% of the samplesin
which these contaminantswere quantified (51 of 53 samples). Importantly, when samples
from the relatively less contaminated wetland sites are not included in these analyses,
concentrations of metals exceed the PECsin up to 90% (37 of 41 samplesfor lead) of the
samples, total PAH concentrations exceed the PECsin 98% (42 of 43) of the samples, and
total PCBs exceed the PECs in 100% of the samples (n=36).

While the data on the concentrations of individual contaminants provide important
information for assessing the quality of sediments in the EBGCR-I11, the mean PEC-Q
represents a more relevant measure of the overall chemical composition of surficia
sediments. Theresults of the present evaluation indicate that all of the surficial sediment
samples from this reach of the river (43 of 43 samples) had mean PEC-Qs $ 0.7
(Table7.2). USEPA (2000a) reported that sediments with these chemical characteristics
werelikely to betoxic to amphipodsin 28-day toxicity tests. Of these samples, 81% (i.e.,
35 of 43 samples) had mean PEC-Qs $ 4.0, which is the acute toxicity threshold for
sediment-dwelling organisms. In the nearby wetlands, 33% (18 of 55) of surficial
sediment samples had mean PEC-Qs $ 0.7, of which 11% are $ 4.0.

Information on the chemical characteristics of 33 sub-surface sediment samplesfrom the
EBGCR-1I iscontained inthe project database. The sampling siteswhere these sediments
were collected are shown in Figure 7.2. Evaluation of the available sediment chemistry
data indicates that sub-surface sediments in the riverine portion of EBGCR-II have also
been contaminated by toxic substances, however, not to the same extent as surficial
sediments (Table 7.1). Relatively fewer sediment samples (i.e., up to 72%) have metal
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concentrations that exceeded the PECs (depending on the metal that is considered).
However, al of the samples (33 of 33 samples) had total PAH concentrations that
exceeded the PEC; the frequency of exceedance of the PECs for the individual PAHs
ranged from 94% to 100%. For total PCBs, 94% (15 of 16 samples) of the samples had
elevated concentrations relative to the PEC.

Based on the mean PEC-Qs that were calculated, it is apparent that sub-surface sediment
samplesin the EBGCR-II have also been contaminated by toxic substances. Overall, 33
of the 33 (100%0) sub-surface sediment sampl esreflected in the project databasehave mean
PEC-Qs$ 0.7, thereby classifying them asinjured. Of these, 76% of the samples (25 of
33 samples) had mean PEC-Qs $ 4.0 (Table 7.2). None of the samples collected in the
EBGCR-11 would be classified as relatively uncontaminated (i.e., mean PEC-Qs < 0.7)
based on the mean PEC-Qs that were calculated for these sub-surface sediments.

Insummary, the available dataon the concentrations of chemical substancesdemonstrates
that both surficial and sub-surface sedimentsinthe EBGCR-I1 have been contaminated by
oil or other hazardous substances. Comparison of these datato the consensus-based PECs
demonstratesthat the concentrations of sediment-associated contaminants, in both surficial
and sub-surface sediments, are sufficient to injure sediment-dwelling organisms.
Therefore, it is concluded that sediments in the EBGCR-II have been injured due to
dischargesof oil or releases of other hazardous substances. Inaddition, itisconcluded that
thebiological resourcesthat depend on these critical aquatic habitats provided by surficia
sediments have been injured due to the presence of toxic substances (i.e., metals, PAHS,
and PCBs).

7.1.2  Pore Water Chemistry

Data on the concentrations of contaminantsin pore water provide important information
for determining if discharges of oil or releases of other hazardous substances have caused
sediments to be contaminated by toxic substances. Evaluation of these data relative to
published toxicity thresholds for aguatic organisms provides a basis for determining if
individual chemicals or chemical mixtures (i.e., using a toxic units approach) occur at
concentrations that are sufficient to cause or substantially contribute to sediment injury
(Section 3.1).
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Information on the chemical composition of pore water from the EBGCR-I1 sedimentsis
summarized in Table 7.3. Sediment samples were collected from two stations on the
EBGCR-1I to determine the concentrations of various contaminants in pore water (Hoke
et al. 1993). These two sampling stations were located between Grant Street and
Broadway (UG 2) and downstream of the GCRL culvert (UG 1). Evaluation of theresults
of this study indicatesthat the concentrations of copper, lead, zinc and the sum toxic units
for metals in pore water from UG 2 sediments exceeded concentrations that have been
shown to betoxic to aguatic organismsin 10-day acutetoxicity tests. The sum toxic units
for metalsin pore water was 3.2 units. The detection limit for cadmium was too high to
be able to interpret the chemistry data relative to the published 10-day LC., for Hyalella
azteca (USEPA 1994; 2000b). The concentrations of divalent metals exceeded the level
of AVS (i.e., on amolar basis) at this station, indicating that elevated levels of metalsin
pore water are likely to be observed (Ankley ef al. 1996). Phenol (50.3 to 226 mg/L) and
unionized ammonia (8.1 mg/L) were also present in pore water samplesfrom one or both
of these stations at concentrations above the acute toxicity thresholds that have been
reported for aguatic invertebrates. The results of acute toxicity tests conducted with pore
water from EBGCR-I1 sediments support the conclusion that contaminant concentrations
in pore water were sufficiently elevated in EBGCR-I1 sedimentsto cause or substantially
contribute to toxicity to crustaceans and bacteria (Hoke et al. 1993).

The avail able data on the concentrations of metals, phenols, and ammoniain pore water
indicate that EBGCR-11 sediments have been contaminated by oil or other hazardous
substances. Comparison of these datato acutetoxicity thresholdsfor amphipodsand other
aquatic invertebrates demonstrates that the concentrations of these contaminantsin pore
water are sufficient toinjure sediment-dwelling organisms. Therefore, it isconcluded that
EBGCR-1I sediments have been injured due to the presence of toxic substances in pore
water. In addition, it is concluded that the sediment-dwelling organisms that depend on
habitats provided by surficial sediments have been injured due to the presence of toxic
substances in pore water.

7.1.3  Sediment Toxicity Tests

Theresults of toxicity tests conducted using whole sediment, pore water, and/or elutriates
providecritical information for assessing the effects of contaminated sedimentson aguatic
organisms. Importantly, the results of such toxicity tests provide information that can be
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used directly to determine if sediments have been injured by discharges of oil or releases
of other hazardous substances.

In the EBGCR-II, three studies have been conducted to determine if sediments and
associated pore waters are toxic to sediment-dwelling organisms or other aquatic
organisms (Lucas and Steinfeld 1972; Hoke et al. 1993; Sobiech er al. 1994; Figure 7.3).
Intotal, dataareavailable onthetoxicity of 52 sediment samplesfromthe EBGCR-1I. The
speciesand endpointstested inthese studiesincluded amphipod (Hyalella azteca) survival,
midge (Chironomus tentans) growth, cladoceran (Daphnia magna and Ceriodaphnia
dubia) survival, fathead minnow (Pimephales promelas) survival, and bacterial (Vibrio
fisheri) bioluminescence (i.e., as a surrogate for metabolic rate). Overall, 46 of the 52
(88%) sediment samples collected from the EBGCR-11 were shown to be toxic to one or
more species(Table 7.4; Figure 7.10). While sedimentsfrom the EBGCR-II would likely
have beentoxic morefrequently had longer termtests (including sublethal endpoints) been
employed, the results of the studiesthat have been conducted demonstrate that sediments
from the EBGCR-11 are acutely toxic to a variety of aguatic organisms, including
sediment-dwelling species. Therefore, these results demonstrate that the condition of
sedimentsand associated porewatersinthe EBGCR-I1 issufficient toinjure sedimentsand
associated organisms, including sediment-dwelling species.

7.1.4 Status of Benthic Invertebrate Community

Because many aguatic invertebrates utilize benthic habitats, sediment quality conditions
havethe potential toinfluence both the abundance and composition of benthicinvertebrate
communities. Therefore, information on the status of benthic invertebrate communities
provides important information for evaluating the effects of contaminated sediments on
sediment-dwelling organisms (Canfield et a/l. 1996; 1998). For thisreason, the available
information on the status of benthic invertebrate communities was assembled and used to
determine if discharges of oil or releases of other hazardous substances have caused or
substantially contributed to sediment injury in the EBGCR-II.

In 1994, Sobiech er al. (1994) deployed artificial substrates at five locations in the
EBGCR, with four of these stationslocated in the EBGCR-I1 (Figure 7.4). These stations
were located upstream of Tennessee Avenue, downstream of Broadway, downstream of
Grant Street, and downstream of Bridge Street. Theresultsof thisstudy indicated that the
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benthic invertebrate community that colonized artificial substratesin the EBGCR-11 was
dominated by midges and gastropods (i.e., collectively representing 57% to 99% of the
organisms that were collected), with leeches, oligochaetes, and bivalve mollusks also
present (Table 7.5). None of the EPT taxa(i.e., mayflies, stoneflies, and caddisflies) were
observed on the artificial substrates that were deployed at this station. Based on an
evaluation of these data, Sobiech er al. (1994) classified the integrity of the benthic
invertebrate community as very poor throughout the EBGCR-11. As these samples had
< 0.5% EPT taxa, they are classified as having altered benthic invertebrate communities.

More recently (1996), The IDEM (2000a) collected information on the status of benthic
macroinvertebrate communities at one location on the EBGCR-II using an artificia
substrate sampler. This station was located near Bridge Street. The results of this
investigation indicated that pollution-tolerant species, such as oligochaetes and
chironomids, dominated the benthicinvertebrate community at thislocation. Collectively,
these taxa accounted for about 92% of the total abundance of invertebrates at this site.
Limited numbers of gastropod and bivalve mollusks, and other dipteran species were
observed at thislocation. None of the pollution-sensitive EPT taxa were observed. The
miBI score for this sampleis 1.3, indicating that the benthic invertebrate community was
degraded relative to other locations in Indiana (i.e., # 2.93; the average miBI score for
Indianaisin the order of 3.5 £ 0.29; Simon et al. 2000).

Collectively, the data that have been collected indicate that the benthic invertebrate
communities in the EBGCR-II have been altered at all sampling stations (Table 7.5),
relative to reference conditions in northern Indiana and Lake Michigan. Impacts of
sediment-dwelling organisms are particularly important because benthic invertebrates
represent important food sourcesfor fish and other wildlife speciesthat utilize habitatsin
the EBGCR-1I. The presence of altered benthic invertebrate communities provides
confirmatory evidence (i.e., in addition to the sediment chemistry and toxicity data) that
environmental quality conditions in the EBGCR-II are sufficient to injure sediments and
sediment-dwelling organisms.

7.1.5 Other Indicators of Benthic Habitat Quality

Conventional indicators of environmental quality, such as DO, SOD, TOC, and NHj,,
provideimportant information for thegeneral statusof aguatic habitatsand their suitability
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for supporting aquatic life. For this reason, the available information on conventional
indicators of environmental quality conditionswas compiled and used to assessthe status
of benthic habitatsin the EBGCR-11. No information was located on the levels of DO or
SOD in the EBGCR-1I. Therefore, evauating sediment quality conditions was not
possible relative to these conventional indicators.

The available information indicates that the levels of TOC are elevated throughout the
EBGCR-II. In surficia sediments, the levels of TOC ranged from1.2% to 28.1% and
averaged 6.1%, withthe highest level sof TOC observed between Tennessee Street and the
GCRL culvert (average of 10.4%; Table 7.6). Concentrations of TOC as high as 16.7%
were observed in the reach segment between Virginia Street and Tennessee Street. Reach
segments downstream of Virginia Street generally had lower levels of TOC in surficial
sediments, ranging from 1.2% to 11%. The average concentration of TOC in sub-surface
sediments was 3.6% (Table 7.6). The highest concentrations of TOC in sub-surface
sediments were also observed between Tennessee Street and the GCRL culvert (ranging
from 1.2% to 12%). By comparison, Lake Michigan sedimentsin the vicinity of IH had
an average level of TOC of 0.5% (n=31,; Table 13.6); the upper 95% ClI for these samples
was 3.4%. The upper limit of the normal range of TOC values (3.4%) is similar to the
averagelevel of TOC that hasbeen measured at other Areas of Concerninthe Great Lakes
(mean = 2.7%; 95% CI is 2.0% to 3.4%; USEPA 1996b). Therefore, both surficial and
sub-surface sedimentsinthe EBGCR-11 havereceived substantial inputsof organic matter
relative to other contaminated sites in the Great Lakes basin. Based on measured
concentrations of total PAHs in the EBGCR-II (i.e., up to 6.7%), it is apparent that much
of the TOC in these sedimentsis present in the form of oil and oil-related compounds.

In aquatic ecosystems, ammonia is excreted by aguatic organisms, formed during the
decomposition of biological tissuesand nitrogen-containing wastes, and/or rel eased from
anthropogenic sources. Thereareavariety of anthropogenic sources of anmmonia, such as
municipal and industrial wastewater discharges. Free ammonia can be present either as
NH, or asNH," (depending on pH and temperature). Unionized ammonia (NH,) isvery
toxic to aquatic life, with lethal thresholds as low as 0.1 mg/L reported in the literature
(Thurston and Russo 1983; Thurston and Meyn 1984; Thurston et al. 1984). In the
EBGCR-II, the concentrations of NH, in pore water were measured at two locations,
including between Grant Street and Broadway and downstream of the GCRL culvert.
Unionized ammoniaconcentrations at these two sampling stationswere 0.2 mg/L and 8.1
mg/L, respectively (Table 7.3). The concentration of ammoniain porewater of sediments
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from thelatter station was high enough to cause or substantially contribute to mortality of
aguatic invertebrates.

In 1994, Sobiech et al. (1994) evaluated the status of physical habitatsin the EBGCR-II.
Intotal, the status of physical habitats was evaluated at four locationsin this portion of the
Assessment Area, including upstream of Tennessee Avenue, downstream of Broadway,
downstream of Grant Street, and downstream of Bridge Street. In thisstudy, information
on bottom substrate, instream cover, channel morphology, riparian zoneand bank erosion,
pool and rifflequality, and gradient was compiled at each sampling location and eval uated
using aQHEI (Sobiech et al. 1994). Theresults of thisevaluation indicated QHEI scores
ranged from 22 to 51 inthe EBGCR-I1. By comparison, OEPA (1988) reported that mean
(= SD) QHEI scoresfor riversand streamsin the ECBPs eco-region was 74 (+ 13.1), with
the lower limit of the normal range of QHEI scores being 48. Three of the four QHEI
scoresreported for thisreach were outside the normal range of the ECBPseco-region (i.e.,
normal rangeis48to 100; OEPA 1988). Additionally, the IDEM (2000c) has established
use support assessment criteriafor streamsin Indiana. These criteria indicated that use
impairment islikely to occur when QHEI scoresare < 64. Assuch, it was concluded that
the condition of physical habitats may be one of the factors that are limiting the
productivity of benthic and fish communities in this reach of the river (Sobiech et al.
1994).

In summary, the availableinformation indicates that aguatic habitats have been degraded
in the EBGCR-I1. In addition, the levels of TOC and associated oil and oil-related
compound are elevated in EBGCR-11 sediments compared to other Areas of Concernin
the Great Lakes. Furthermore, the levels of ammonia in pore water from EBGCR-11
sediments have exceeded the concentrations that are known to cause or substantially
contributeto injury to sediment-dwelling organisms. Therefore, theavailableinformation
on the conventional indicators of sediment quality conditions indicates that sedimentsin
the EBGCR-11 have been injured due to discharges of oil or releases of other hazardous
substances.

7.1.6 Summary

Based on areview of the available data, it is concluded that sediments in the EBGCR-II
have been injured by discharges of oil or releases of other hazardous substances. More
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specificaly, the data show that metals, PAHs, and PCBs occur in whole sediments at
concentrationsthat are sufficient toinjure sediment-dwelling organisms. Calculated mean
PEC-Qs exceed, often by awide margin, the levelsthat are sufficient to injure sediment-
dwelling organisms. Thelevelsof metas, unionized ammonia, and phenol in pore water
arealso sufficient to causetoxicity to aquatic organisms. Inaddition, theresultsof toxicity
tests confirm that whole sediments, and pore water are toxic to aquatic organisms. That
benthicinvertebrate communitiesin thisreach of theriver aresignificantly altered relative
toreferencesitesprovidesfurther confirmatory evidencethat environmental conditionsin
the reach of the Assessment Area are sufficient to injure sediments and associated
biological resources. Together, these multiple lines of evidence demonstrate that
sediments and associated biological resources have been injured as aresult of discharges
of oil or releases of other hazardous substances.

Assessment of Effects on Fish and Wildlife Resources

In addition to effects on sediment-dwelling organisms, contaminated sediments have the
potential to adversely affect a variety of fish and wildlife resources, including fish,
amphibians, reptiles, birds, and mammals (i.e., aquatic-dependent wildlife), in a number
of ways(Ingersoll et al. 1997). First, exposureto contaminated sediments can compromise
fish health, asevidenced by anincreased incidence of deformities, eroded fins, lesions, and
tumors (i.e., DELT abnormalities). In addition, direct toxicity (i.e., due to exposure to
contaminated sediments) or reductionsin the availability of preferred fish food organisms
can result in reduced populations of fish species (e.g, epibenthic species) and/or altered
community characteristics (e.g., reduced diversity). Furthermore, accumulation of
contaminants in fish tissues can adversely affect the fish themselves or result in adverse
effects on piscivorus wildlife species (e.g., herons, kingfisher, otter, mink or osprey).
These types of ecological effects can be evaluated using information on the toxicity of
sediments to fish, fish health, fish community structure, whole sediment chemistry (i.e.,
relative bioaccumulation-based SQGs), and tissue chemistry (i.e., relative to TRGS).
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7.2.1 Toxicity of Sediments to Fish

In 1971, Lucas and Steinfeld (1972) conducted an investigation of the toxicity of Grand
Calumet River sediments. Aspart of thisinvestigation, surface and sub-surface sediments
were collected from a number of locations between Cline Street and the GCRL culvert.
In total, 40 samples from the EBGCR-II were obtained to evaluate the toxicity of
sediments to fathead minnows (Pimephales promelas). The results of thisinvestigation
showed that 85% of the surficial and sub-surface sedimentsfromthe EBGCR-I1 weretoxic
to fish. Therefore, it is concluded that EBGCR-II sediments are acutely toxic to fish
(Table 7.7), confirming that environmental conditions are sufficient to adversely affect
fish.

7.2.2 Fish Health

Sobiech et al. (1994) collected fish at atotal of four locations to assess the health of fish
and fish communities in the EBGCR-II. The incidence of DELT abnormalities, which
included deformities, eroded fins, lesions, and tumors, was determined to support the
assessment of fish health in this study. The sampling stations were located downstream
of the upstream of Tennessee Avenue, downstream of Broadway, downstream of Grant
Street, and downstream of Bridge Street. At these stations, the incidence of DELT
abnormalities ranged from 0% upstream of Tennessee Avenue to 17.4% downstream of
Broadway. At three of thefour stations, theincidence of DEL T abnormalitieswas greater
than the threshold for impaired fish health (i.e., > 1.3%; Sobiech et al. 1994). Therefore,
it is concluded that fish health has been impaired in the EBGCR-II.

7.2.3 Status of Fish Communities

A number of surveys of the status of fish communities have been conducted on the
EBGCR-II over the past 25 years. Simon et al. (2000) summarized the results of the
studies conducted between 1985 and 1990 using amodified IBI (originally devel oped by
Karr 1981 and subsequently calibrated for use in Indiana; Simon and Stewart 1998).
Information on the status of fish populations was available for four locations on the
EBGCR-II; these sampling stations were located near Broadway, Bridge Street, Grant
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Street and Kennedy Avenue (Table 14.9). Overall, IBI scores ranged from 24 to 32 at
these locations, which indicates that the integrity of the fish communities was “poor” to
“very poor”.

Morerecently (1994), Sobiech ez al. (1994) assessed the status of fish communitiesat four
locations on the EBGCR-II, including upstream of Tennessee Street, downstream of
Broadway, upstream of Grant Street, and downstream of Bridge Street. Theresultsof this
study indicate that fish populations throughout this reach of the Assessment Area have
been degraded. The calculated IBI scores ranged from 12 to 22 at these locations, which
areindicativeof fishcommunitieswith*very poor” integrity. Thenumber of sensitivefish
specieswaslow, whilethe percent tolerant specieswas high at these stations. In addition,
no darter, sculpin, or madtom species were identified at any of these locations.
Collectively, the results of these studies indicate that the integrity of fish communitiesin
the EBGCR-II is “poor” to “very poor”. Therefore, environmental conditions in the
EBGCR-II are sufficient to adversely affect fish.

1.2.4 Bioaccumulation of Sediment-Associated Contaminants

In this report, bioaccumul ation-based SQGs have been used to assess the significance of
sediment-associated chemicals of concern to piscivorus wildlife species (e.g., herons,
kingfisher, otter, mink or osprey; NYSDEC 1994). Based on the whole sediment
chemistry data that have been collected in the EBGCR-II, it is apparent that a variety of
bioaccumul ative substances are present in surficial sediments at concentrations that pose
potential hazards to wildlife species utilizing the EBGCR-II.  Specificaly, the
concentrations of total PCBs, chlordane, total DDTSs, heptachlor, and lindane occur in
surficial sediments exceed the levels that have been established to protect piscivorus
wildlife species (Table 7.1). In sub-surface sediments, total PCBs were present at
concentrations in excess of the bioaccumulation-based SQGs. Therefore, it is concluded
that concentrations of PCBs and other bioaccumulative substances occur in EBGCR-11
sediments at levels sufficient to result in bioaccumulation of these substances in
invertebrate and fish tissues to concentrations that pose arisk to piscivorus wildlife.

Comparison of tissue residue levels in fish to fish flesh criteria for the protection of
wildlife provides abasis for confirming that bioaccumulation in invertebrate and/or fish
tissues represents ahazard to wildlife species. A total of six samples of fish tissues have
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been collected to determine the concentrations of tissue-associated contaminants in the
EBGCR-II (Appendix 5.3, 5.4, and 5.5; Table 7.8). All of these samples were collected
in the vicinity of Bridge Street, with one sample obtained in 1986 (carp; wholefish), two
samples obtained in 1987 (carp; whole fish and golden shiners; whole fish), and three
samples obtained in 1994 (two samples of carp; skin onfilletsand one sample of gol dfish;
whole fish). In one of the samples collected in 1987 (i.e., golden shiners), none of the
chemicals for which TRGs are available were analyzed (Appendix 5.4). The results of
these investigations indicated that total PCBs occurred in fish tissues at concentrations
ranging from 3,300t0 9,700 pg/kg WW. Thelevelsof total DD Tsinthese samplesranged
from 112 to 3,350 pg/kg WW. For PCBs, all of the sampleshad concentrationsin excess
of the level that has been established for the protection of piscivorus wildlife (i.e., 110
Hg/kg WW; Newell et al. 1987). One of these sampleshad elevated levels of total DDTs
relative to the TRGs for the protection of wildlife (200 pg/kg WW). Therefore, it is
concluded that total PCBs and total DDTs have accumulated in fish tissuesto levels that
are sufficient to cause or substantially contribute to sediment injury relative to piscivorus
wildlife species utilizing habitats in the EBGCR-II.

7.2.5 Summary

Based on the information available from various studies, it is apparent that contaminated
sediments pose substantial hazardsto wildlifeinthe EBGCR-I1. Contaminated sediments
inthe EBGCR-I1 are adversely affecting wildlife speciesin several ways. First, ateration
of benthic invertebrate communities has reduced the abundance of preferred fish food
organismsinthisriver reach. Second, fish health hasbeen compromisedinthe EBGCR-II.
In addition, these sediments are acutely toxic to fish and fish populations inhabiting the
EBGCR-1I. The concentrations of sediment-associated contaminants are also known to
exceed, often by wide margins, the levelsthat have been established to protect piscivorus
wildlife species (e.g., herons, kingfishers, otter, mink or osprey). Finally, the levels of
PCBsand other bioaccumul ative substancesinfish tissuesexceed thelevel sthat have been
established to protect piscivorus wildlife. Therefore, it is concluded that the injured
sedimentsin the EBGCR-11 are adversely affecting fish and wildlife resources within this
reach of the Assessment Area.
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7.3

Determination of Contaminants of Concern

Following the assessment of sediment injury, it is useful to identify the factors that are
causing or substantially contributing to adverse effects on sediment-dwelling organisms
andfish and wildliferesources. Inthisreport, thetoxic or bioaccumulative chemicalsthat
occur in EBGCR-1I sediments at levels that are sufficient to cause or substantially
contribute to sediment injury are termed contaminants of concern. The contaminants of
concern in whole sediments and pore water are identified in this section of this report.

The toxic contaminants of concern (i.e., those with a high potential for causing or
substantially-contributing to effects on sediment-dwelling organisms) wereidentified from
the list of chemicals of concern by comparing measured contaminant concentrations in
whole sedimentsto the PECs (Table 7.1). The contaminants that occurred in EBGCR-11
sediments at concentrations in excess of these chemical benchmarks were identified as
toxic contaminants of concern. Theresults of thisevaluation indicate that metals, PAHSs,
and PCBs, are frequently present in both surficial and sub-surface sediments from the
EBGCR-II at concentrations that are sufficient to injure sediment-dwelling organisms.
However, the concentrations of these contaminants tend to be lower in sub-surface
sediments than they are in surficia sediments. Importantly, the concentrations of
cadmium, chromium, copper, nickel, lead, and zinc also exceeded the upper limit of
background levels in Indiana (Table 3.5), confirming that they are present at elevated
levels in Assessment Area sediments. Several pesticides also occurred in EBGCR-II
sediments at levels in excess of the consensus-based PECs.

Theconcentrationsof several chemicalsof concern exceeded publishedtoxicity thresholds
in porewater from EBGCR-I1 sediments. Evaluation of the available datareported in this
study using thetoxic unitsapproach indicatesthat concentrations of copper, lead, zinc, and
the sum toxic unitsin pore water from EBGCR-I1 sediments exceeded the concentrations
that have been shown to be toxic to aquatic organisms. In addition, the concentrations of
phenol in two samples equaled or exceeded the concentrations known to be acutely toxic
to aguatic organisms. The concentrations of unionized ammoniain pore water were also
sufficient to cause acute toxicity in aguatic invertebrates. Therefore, the toxic
contaminants of concern in pore water are copper, lead, zinc, phenol, and ammonia
(Table 7.3).
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7.4

The bioaccumulative contaminants of concern were identified from the list of chemicals
of concern by comparing: (1) measured contaminant concentrations in whole sediments
to the bioaccumulation-based SQGs (Table 7.1); and, (2) measured contaminant
concentrations in fish tissues to the TRGs for the protection of piscivorus wildlife
(Table7.8). Theresultsof thisevaluation indicatethat total PCBs, chlordane, total DDTS,
heptachlor, and lindane, occurred in EBGCR-I1 sediments at concentrations that are
sufficient to cause or substantialy contribute to effects on wildlife (i.e., due to the
accumulation of these substancesin aquatic food webs). The availabletissueresidue data
confirm that PCBs have accumulated in fish tissuesto levels that pose risks to piscivorus
wildlife.

All of the contaminants of concern frequently exceeded the chemical benchmarks in
EBGCR-1I sediments. The frequency of exceedance of the PECs was highest for lead,
zinc, total PAHs, and total PCBs, while the highest frequency of exceedance of the
bioaccumul ation-based SQGs was observed for total PCBs. The concentrations of these
substances in EBGCR-11 sediments frequently exceeded the chemical benchmarks by
substantial margins, in some samples by more than a factor of 100. Therefore, NH,,
phenol, metals, PAHs, and PCBs are present in whole sediments at concentrations in
excess of the levels that are sufficient to cause or substantially contribute to toxicity in
sediment-dwelling organisms and to adversely affect wildlife in the EBGCR-II.

Evaluation of the Areal Extent of Sediment Injury

The areal extent of sediment injury was determined by merging the various data sets that
provided information on contaminant concentrationsin EBGCR-11 sediments. To support
an evauation of the spatial distribution of contaminants of concern, mean PEC-Qs were
calculated for each of the sediment samplesthat were obtained from the EBGCR-II. The
extent of sediment injury was subsequently determined by mapping these data(i.e., mean
PEC-Qs) using ArcView/Spatial Analyst software (each sample was georeferenced based
on the latitude and longitude of the collection site). This evaluation considered surficial
and sub-surface sediments separately.

Based on the sediment chemistry data that have been collected to date, it is apparent that
surficial sediments throughout the EBGCR-II have been contaminated by oil or other
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hazardous substances. Sediment chemistry data were compiled for atotal of 98 surficia
sediment samplesthat were collected within the portion of the EBGCR-I1 from the GCRL
culvert to the ConRail Bridge. Of these, 62% of the samples (i.e., 61 samples) had mean
PEC-Qs $ 0.7 (Table 7.2; Figures 7.6 and 7.7). The mean PEC-Qs for these samples
ranged upto 987 (Table7.9). Generally, thesurficial sediment samplesthat were collected
immediately to the west of the GCRL culvert had relatively lower levels of chemical
contamination (i.e., mean PEC-Qs# 10). In contrast, surficial sedimentscollected inthe
vicinity of Tennessee Street were highly contaminated, with mean PEC-Qs of over 900
calculated for this segment of the stream reach. From Virginia Street to the ConRail
Bridge, thelevel of contamination tended to belower. Mean PEC-Qsrarely exceeded 100
within this portion of the Assessment Area.

All of the sub-surface sediment samples that have been collected in the EBGCR-I1 had
mean PEC-Qs $ 0.7 (Table 7.2; Figures 7.8 and 7.9). As was the case for surficial
sediments, the sub-surface sediments in the vicinity of Tennessee Street were the most
contaminated. Mean PEC-Qs ranged as high as 937 in this segment of the stream reach
(Table7.9). By comparison, sub-surface sedimentsfrom Broadway to the ConRail Bridge
were generally less contaminated, with mean PEC-Qsranging from roughly 2.1t0 116 in
these sediments (Table 7.9). Therefore, both surficial and sub-surface sediments
throughout the EBGCR-I1 are sufficiently contaminated with oil or other hazardous
substances to cause or substantially contribute to sediment injury.

Based on the available sediment chemistry data, it is apparent that EBGCR-11 sediments
arelikely to betoxic to sediment-dwelling organisms. To put themean PEC-Q resultsinto
perspective, USEPA (2000a) reported that the probability of observing a 50% incidence
of toxicity to amphipodsin sediments occurred at amean PEC-Q of $ 4.0in 10-day acute
testsand at amean PEC-Q of $ 0.7 in 28-day chronictests. Therefore, surficial sediments
areexpected to befrequently toxicto sediment-dwelling organisms(i.e., sediment samples
from the EBGCR-I1 had mean PEC-Qs of up to 247 timesthe level that would resultin a
50% probability of observing toxicity in 10-day tests and up to 1410 times the level that
would result in 50% probability of observing toxicity in 28-day tests with the amphipod
Hyalella azteca; USEPA 2000a).

The data on other indicators of sediment quality conditions confirm that sediments
throughout the EBGCR have been injured as a result of discharges of oil or releases of
other hazardoussubstances. For example, sedimentsthroughout the EBGCR-II areknown
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1.5

to be toxic to aguatic organisms (Table 7.4; Figure 7.10). In addition, the results of
benthic invertebrate community assessments demonstrate that benthic invertebrate
communities have been degraded throughout this stream reach (Sobiech et al. 1994,
Table 7.5).

Summary

Based on nine lines of evidence, it is concluded that both surficial and sub-surface
sediments from the EBGCR-11 between the GCRL culvert and the ConRail Bridge, have
been injured by discharges of oil or releases of other hazardous substances. Both surficia
and sub-surface sediments throughout this stream reach are sufficiently contaminated to
cause or substantially contribute to sediment injury and injury to associated biological
resources.
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8.0 West Branch of the Grand Calumet River - |

The WBGCR extends some six miles from the confluence with the EBGCR and IHC in
northwest Indianato the confluence with the Little Calumet River in northeastern Illinois.
For the purposes of conducting thisassessment of sediment, the WBGCR hasbeendivided
into two reaches. The eastern portion of the river, which extends about 0.7 miles from
Indianapolis Boulevard to the confluence of the EBGCR and IHC, has been designated as
WBGCR-I (Figure 1.1 and 1.2). The other reach of the river, which has been designated
as WBGCR-I11, extends from Indianapolis Boulevard to the confluence with the Little
Calumet River. Thissection of thereport providesan assessment of sedimentinjury inthe
WBGCR-I. The assessment of sediment injury in the WBGCR-II is presented in
Section 9.0.

Fromahydrol ogical perspective, theWBGCR-I iscomplicated. River dischargesand flow
direction can change significantly on an hourly basis (Bierman 1995). Whilethisportion
of theriver generally flowsin an easterly direction, it canflow in awesterly direction when
the water level of Lake Michiganishigh (USACE 1995). In general, most of the flow in
theriver reachisderived fromwastewater dischargesfrom the Hammond Sanitary District
WWTP and the East Chicago WWTP. However, stormwater runoff and dischargesfrom
various CSOs can al so contributesignificantly to theflow of theriver duringand following
rain and snowmelt events.

There are a number of potential sources of contaminants to the WBGCR-I. First, the
Sanitary District of East Chicago operates one NPDES permitted outfall in this reach of
theriver system. Other potential sourcesof contaminantsto thisportion of the Assessment
Areainclude downstream transport of wastewater from the Hammond Sanitary District
WWTP, leakage from various pipeline crossings, and the transport of contaminants from
other stream reaches (i.e., from IHC and EBGCR during periods of flow reversal).
Historical dischargesfrom variousindustrial facilities, such asNational Recovery Systems
and National Briquette Corp. (which are located west of Indianapolis Boulevard), could
also have contributed to the contamination of sediments. Other potential contaminant
sources include discharges of contaminated groundwater and/or over-land runoff from
various industrial facilities, and leachate from landfills located nearby the river.

The present assessment is intended to evaluate injury to surface water and biological
resources in the WBGCR-I that are associated with contaminated sediments (i.e.,
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assessment of sediment injury due to discharges of oil and releases of other hazardous
substances). In this assessment, oil and other hazardous substances are considered to
include a variety of toxic and bioaccumulative substances, including but not limited to
PAHs, PCBs, and metals. In addition, a number of other indicators of environmental
quality conditions, such as pesticides, DO, SOD, TOC, and NH,, have been considered in
this assessment of sediment injury.

Thisassessment of sediment injury inthe WBGCR-I includestwo main components. The
first component consists of an assessment to determine if chemica characteristics of
sediments in the WBGCR-I are sufficient to have injured surface water resources and/or
the biological resources that are associated with sediments (i.e., sediment-dwelling
organisms). The second component of the assessment is focused on determining if
sediments in the WBGCR-I are sufficiently contaminated to harm fish and wildlife
resources. Sediments in the WBGCR-1 were considered to have been injured if the
availableinformationindicatesthat surfacewater or biol ogical resourceshave beeninjured
by discharges of oil or releases of other hazardous substances.

Two additional evaluations were undertaken if the results of these two assessments
demonstrate that sediments have been injured. First, the chemicals of concern that are
present at concentrations sufficient to cause or substantially contribute to sediment injury
were identified (termed contaminants of concern). Second, the areal extent of sediment
injury was determined, primarily using information on the concentrations of contaminants
in whole sediments. These latter two evaluations were intended to provide additional
informationthat coul d be used to support restoration planning within the Assessment Area.
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8.l

Assessment of Injury to Sediment and Associated Sediment -
Dwelling Organisms

8.1.1 Whole Sediment Chemistry

Whol esediment chemistry dataareessential for determiningif dischargesof oil or releases
of other hazardous substances have caused sediments to be contaminated by toxic
substances. Evaluation of these data relative to acute or chronic toxicity thresholds
provides a basis for determining if individual chemicals occur at concentrations that are
sufficient to cause or substantially contribute to sediment injury (see Section 3.1).
Likewise, evaluation of these data relative to mean PEC-Qs provides a means of
determining if chemical mixturesoccur at level sthat are sufficient to causeor substantially
contribute to sediment injury.

The project database contains information on the chemical characteristics of 19 surficial
sediment samplesfrom the WBGCR-I. Thelocationswhere these sampleswere collected
are shown in Figure 8.1. The results of chemical analyses of these samplesindicate that
alarge proportion of surficial sedimentsin the WBGCR-I have been contaminated by oil
or other hazardous substances, including metals, PAHs, and PCBs (Table 8.1). For
example, the concentrations of sediment-associated metals exceeded the PECs in up to
100% of the samples, depending on the metal that is considered. Total PAH
concentrations exceeded the PEC in 94% of the samples (16 of 17 samples) inwhichthese
contaminants were measured. Total PCB concentrations exceeded the PEC in all of the
samples in which these contaminants were quantified (i.e., 11 of 11 samples).

While the data on the concentrations of individual contaminants provide important
information for assessing the quality of sediments in the WBGCR-I, the mean PEC-Q
represents a more relevant measure of the overall chemical composition of surficia
sediments. The results of the present evaluation indicate that all 19 of the surficial
sediment samples from this reach of the river have chemical characteristics that would
classify them as injured (i.e., mean PEC-Qs $ 0.7; which is associated with a high
probability of observing adverse effects to sediment-dwelling organisms in long-term
toxicity tests). None of the samplesthat have been collected in thisstream reach had mean
PEC-Qs<0.10r $0.1to< 0.7 (Table 8.2). Eighty-nine percent of the samples (i.e., 17
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of 19 samples) had mean PEC-Qs $ 4.0, which is associated with a high probability of
observing adverse effects to sediment-dwelling organismsin acute toxicity tests.

Based on an evaluation of the available data, it appears that surficial sediments collected
from the WBGCR-I over a number of years (i.e., 1988 to 1999) generaly have similar
chemical characteristics (Table 8.2). Five sediment samples were collected in thisriver
reach prior to 1996; all five of these samples had mean PEC-Qs $ 0.7. By comparison,
all 14 of the sediment samples collected 1996 and later also had mean PEC-Qs $ 0.7.
However, a somewhat lower proportion of the surficial sediment samples that were
collected most recently had mean PEC-Qs $ 4.0 (i.e., 86% vs. 100% for the samples
collected pre-1996).

Information on the chemical characteristics of 12 sub-surface sediment samplesfrom the
WBGCR-I iscontained in the project database. The sampling siteswhere these sediments
were collected are shown in Figure 8.2. Evaluation of the available sediment chemistry
data indicates that sub-surface sedimentsin the WBGCR-I have also been contaminated
by toxic substances, but not to the same extent as surficial sediments (Table 8.1). For
example, relatively fewer sub-surface sediment samples (i.e., up to 70%) had metal
concentrations that exceeded the PECs (depending on the metal that is considered).
Likewise, only 78% of the nine sub-surface sediment samples that were collected on the
WBGCR-1 had concentrations of total PAHSs that exceeded the PEC. All of the sub-
surface sediment samples in which total PCBs were measured had concentrations that
exceeded the PEC (i.e., 2 of 2 samples).

Based on the mean PEC-Qs that were calculated, it is likely that sub-surface sediment
samplesin the WBGCR-I have been contaminated by oil or other hazardous substances.
Overadl, nine of the 12 sub-surface sediment samples that are reflected in the project
database had mean PEC-Qs $ 0.7 (Table 8.2). Again, adverse effects on sediment-
dwelling organisms are likely to occur at mean PEC-Q of $ 0.7. Over half of these
samples (i.e., 5 of 9 samples) had mean PEC-Qs $ 4.0. Three of the 12 sub-surface
sediment samples that were collected in this river reach had mean PEC-Qs < 0.7. The
chemical characteristics of sub-surface sediment samples collected before and after 1996
are similar, based on the relative proportions of the samples with mean PEC-Qs $ 0.7 to
<4.0. However, fewer of the samplescollected in 1996 and | ater had mean PEC-Qs $ 4.0
(i.e., relative to the samples collected prior to 1996). It isdifficult to determineif these
differences reflect temporal or small-scale spatial variability.
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Insummary, the available dataon the concentrations of chemical substancesdemonstrates
that both surficial and sub-surface sedimentsinthe WBGCR-1 have been contaminated by
oil or other hazardous substances. Comparison of these datato the consensus-based PECs
demonstrates that the concentrations of sediment-associated contaminants are sufficient
to injure both surficial and sub-surface sediments. In addition, it is concluded that the
sediment-dwelling organisms that depend on the critical aguatic habitats provided by
sedimentshavebeeninjured dueto the presence of oil and hazardous substances, including
metals, PAHs, and PCBs.

8.1.2 Pore Water Chemistry

Data on the concentrations of contaminants in pore water provide important information
for determining if discharges of oil or releases of other hazardous substances have caused
sediments to be contaminated by toxic substances. Evaluation of these data relative to
published toxicity thresholds for aguatic organisms provides a basis for determining if
individual chemicals or chemical mixtures (i.e., using a toxic units approach) occur at
concentrations that are sufficient to cause or substantially contribute to sediment injury
(Section 3.1).

The concentrations of SEM and AV S were measured in nine sediment samples from the
WBGCR-I. Infour of these samples, themolar concentrationsof SEM exceeded themolar
concentrations of AVS. Elevated levels of metalsin pore water are likely to be observed
in sediments with these characteristics (Ankley er al. 1996). As such, pore water from
WBGCR-1 sediments could have levels of metals that exceed toxicity thresholds.

Theconcentrations of metals, phenols, and unionized ammoniahave been measured intwo
pore water samples from the WBGCR-1 (Table 8.3). Theresults of chemical analyses of
these pore water samples indicate that lead, zinc, phenol, unionized ammonia, and sum
toxicunitswere present at concentrationsthat exceeded either the 10-day L Cy, for Hyalella
azteca oOr the other acutetoxicity thresholds reported for aquatic invertebrates (Table 8.3).
The results of toxicity tests conducted on pore water from the WBGCR-1 support the
conclusion that the concentrations of contaminants are sufficiently elevated in pore water
to cause or substantially contribute to sediment injury.
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The avail able data on the concentrations of metals, phenols, and ammoniain pore water
indicate that WBGCR-1 sediments have been contaminated by oil or other hazardous
substances. Comparison of these data to acute and estimated chronic toxicity thresholds
demonstrates that the concentrations of these contaminantsin pore water are sufficient to
injure sediment-dwelling organisms. Therefore, it isconcluded that WBGCR-1 sediments
have been injured due to the presence of toxic substancesin porewater. Inaddition, itis
concluded that the sediment-dwelling organisms that depend on habitats provided by
surficial sedimentshavebeeninjured dueto the presence of toxic substancesin porewater.

8.1.3 Sediment Toxicity Tests

Theresults of toxicity tests conducted using whol e sediment, pore water, and/or elutriates
providecritical information for assessing the effects of contaminated sedimentson aguatic
organisms. Importantly, the results of such toxicity tests provide information that can be
used directly to determine if sediments have been injured by discharges of oil or releases
of other hazardous substances.

In the WBGCR-I, two studies have been conducted to determine if sediments and
associated pore waters are toxic to sediment-dwelling organisms or other aquatic species
(Figure 8.3). Intotal, dataare available on the toxicity of two sediment samplesfrom the
WBGCR-I (Table 8.4; Figure 8.10). The species and endpoints that were tested in these
studies included amphipod (Hyalella azteca) survival, midge (Chironomus tentans)
growth, cladoceran (Daphnia magna and Ceriodaphnia dubia) survival, and bacterial
(Vibrio fisheri) bioluminescence (i.e., as a surrogate for metabolic rate). The results of
these toxicity tests demonstrate that both sediment samples were toxic to one or more of
the organisms that were tested. While sediments from the WBGCR-I would likely have
been toxic more frequently had longer term tests (including sublethal endpoints) been
employed, the results of the studiesthat have been conducted demonstrate that sediments
from the WBGCR-1 are acutely toxic to a variety of aquatic organisms, including
sediment-dwelling species. Therefore, these results demonstrate that the condition of
sediments and associated pore waters is sufficient to injure biological resources in the
WBGCR-I, including sediment-dwelling species.
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8.1.4 Status of Benthic Invertebrate Community

Because many aguatic invertebrates utilize benthic habitats, sediment quality conditions
havethepotential toinfluenceboth the abundance and composition of benthicinvertebrate
communities. Therefore, information on the status of benthic invertebrate communities
provides important information for evaluating the effects of contaminated sediments on
sediment-dwelling organisms (Canfield ez al. 1996; 1998). For thisreason, the available
information on the status of benthic invertebrate communitieswas assembled and used to
determine if discharges of oil or releases of other hazardous substances have caused or
substantially contributed to sediment injury in the WBGCR-I.

Information from two studies was used to assess the status of benthic invertebrate
communities in the WBGCR-I. In the first study, artificial substrate samplers were
deployed at five sites on the WBGCR, including one site located east of Indianapolis
Boulevard (Rainbolt 1993). The results of this study indicated that the benthic
macroinvertebrate community was characterized by |ow speciesrichness, grossdominance
by a single taxon (chironomids) and an absence of EPT taxa (Table 8.5). As such, the
benthicinvertebrate community exhibited significant impairment rel ativetoreferencesites
in Indiana(i.e., EPT represented < 0.5% of total invertebrate abundance).

In the second study, Simon et al. (2000) used artificial substrates to collect samples for
assessing the status of the benthic invertebrate community at two locations on the
WBGCR-I, including immediately east of Indianapolis Boulevard and at the confluence
with the EBGCR. Theresultsof thisinvestigation indicated that the benthic invertebrate
communitiesat thesel ocationswere dominated by pollution-tolerant species. Collectively,
oligochaetes and chironomids represented 86% to 94% of the total abundance of benthic
invertebrates at these stations (Table 8.5). Other dipteran species, leeches, gastropod
mollusks, and bivalve mollusks comprised the majority of the other benthic invertebrates
that were collected. Although EPT taxa were represented at one of these sites, these
sensitive species accounted for a minor proportion (i.e., 0.2%) of the total abundance of
benthic invertebrates. The mIBI score for these samples ranged from 0.53 to 0.87,
indicating that the structure of benthic invertebrate communities was significantly atered
(3 of 3samples; 100%) relativeto other locationsin Indiana(i.e., # 2.93; theaverage mi Bl
score for Indianaisin the order of 3.5 £ 0.29; Simon et al. 2000; Table 8.5; Figure 8.4).
Impacts on sediment-dwelling organismsare particularly important because invertebrates
represent important food sources for fish and other wildlife speciesthat utilize habitatsin
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the WBGCR-I. The presence of altered benthic invertebrate communities provides
confirmatory evidence (i.e., in addition to the sediment chemistry and toxicity data) that
the environmental quality conditions in the WBGCR-I are sufficient to injure sediments
and sediment-dwelling organisms.

8.1.5 Other Indicators of Benthic Habitat Quality

Conventional indicators of environmental quality, such asDO, SOD, TOC, and NH, can
be used to determine the genera status of aguatic habitats and their suitability for
supporting aquatic life. For this reason, the available information on conventional
indicators of environmental quality conditionswas compiled and used to assessthe status
of benthic habitatsin the WBGCR-I. Little information was located on the levels of DO
or SOD in the WBGCR-I. Therefore, it was not possible to evaluate sediment quality
conditions relative to these conventional indicators.

The available information indicates that the levels of TOC are elevated throughout the
WBGCR-I (Table 8.6). In surficial sediments, the levels of TOC averaged 11% in this
portion of the Assessment Area, with a range of 1.3% to 40.0% reported. Sub-surface
sediments generally had lower levels of TOC than did surficial sediments. Overall, TOC
levels ranged from 0.13% to 8.6% in sub-surface sediments, averaging 4.2%. By
comparison, Lake Michigan sedimentsin the vicinity of IH had an average level of TOC
of 0.5% (n=31; Table 13.6); the upper 95% ClI for these samples was 3.4%. The upper
limit of the normal range of TOC values (3.4%) issimilar to theaveragelevel of TOC that
has been measured at other Areas of Concern in the Great Lakes (mean = 2.7%; 95% ClI
is2.0% to 3.4%; USEPA 1996b). Therefore, both surficial and sub-surface sedimentsin
the WBGCR-1 have received substantial inputs of organic matter relative to other
contaminated sitesin the Great L akes basin.

Information on the levels of oil and greasein WBGCR-I sedimentsindicates that much of
the TOC in these sediments are present in the form of oil and oil-related compounds. In
surficial sediments, oil and greaselevelsranged from 15,900 to 404,000 mg/kg (i.e., 1.6%
to 40.4%; Table 8.7), averaging 18.1%. Oil and grease levels were lower in sub-surface
sediments, ranging as high as 2.3% and averaging 0.69%.
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In aquatic ecosystems, ammonia is excreted by aquatic organisms, formed during the
decomposition of biological tissuesand nitrogen-containing wastes, and/or released from
anthropogenic sources. Thereareavariety of anthropogenic sources of ammonia, such as
municipal and industrial wastewater discharges. Free ammonia can be present either as
NH, or asNH," (depending on pH and temperature). Unionized ammoniaisvery toxic to
aquatic life, with lethal thresholds aslow as 0.1 mg/L reported in the literature (Thurston
and Russo 1983; Thurston and Meyn 1984; Thurston et al. 1984). Inthe WBGCR-I, the
concentrations of unionized ammonia have been measured in pore water samples (Hoke
et al. 1993; USGS 1999). The concentrations of unionized anmoniawere 0.07 mg/L and
6.4 mg/L (Table8.3), the higher of which exceeded the acutetoxicity threshold for aquatic
invertebrates (0.53 mg/L; CCREM 1987). As such, the concentrations of unionized
ammonia in pore water were sufficient to injure sediment-dwelling organisms in the
WBGCR-I.

In 1992, Simon (1993) evaluated the status of aguatic habitats at one station |located east
of Indianapolis Boulevard. Subsequently (1998), Simon ez al. (2000) eval uated the status
of aguatic habitats at two stations in the WBGCR-I. In these investigations, data were
collected on the characteristics of bottom substrates, instream cover, channel morphology,
riparian zone and bank erosion, pool and riffle quality, and gradient at each sampling
location. These data were then compiled to support the calculation of QHEI scores for
each sampling location. The QHEI score calculated at the one station sampled in Simon
(1993) was 65.5. The results of the Simon et al. (2000) study showed that QHEI scores
were similar at the two sites (i.e., 49.7 near Indianapolis Boulevard and 48.6 at the
confluence with the EBGCR). By comparison, OEPA (1988) reported that the mean (+
SD) QHEI score for the ECBPs eco-region was 74 (+ 13.1; the normal range of QHEI
scores is 48 to 100). As such, aguatic habitats in the WBGCR-I were considered to be
within the normal range of conditions at unimpacted sitesin the ECBPs.

In summary, the availableinformation indicates that aguatic habitats have been degraded
in the WBGCR-1. In addition, the levels of TOC and associated oil and oil-related
compounds are elevated in WBGCR-1 sediments, even compared to other Areas of
Concerninthe Great Lakes. Furthermore, the levels of unionized ammoniain pore water
from WBGCR-I sediments are sufficient to injure sediment-dwelling organisms.
Therefore, the available information on conventional indicators of sediment quality
conditionsindicates that sedimentsin the WBGCR-1 have been injured dueto discharges
of oil or releases of other hazardous substances.
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8.2

8.1.6 Summary

Based on areview of the available data, it is concluded that sediments in the WBGCR-I
have been injured by discharges of oil or releases of other hazardous substances. More
specificaly, the data show that metals, PAHs, and total PCBs occur in whole sediments
at concentrations that are sufficient to injure sediment-dwelling organisms. Calculated
mean PEC-Qs exceed, often by a wide margin, the levels that are sufficient to injure
sediment-dwelling organisms. The levels of metals, unionized ammonia, and phenol in
pore water are also sufficient to cause toxicity to aquatic organisms. In addition, the
results of toxicity tests confirm that whole sediments, and pore water are toxic to aguatic
organisms. That benthic invertebrate communities in this reach of the river are
significantly altered relativeto reference sites provides further confirmatory evidence that
environmental conditions in this reach of the Assessment Area are sufficient to injure
sediments and associated biological resources. Together, these multiplelinesof evidence
demonstrate that sediments and associated biological resources have been injured as a
result of discharges of oil or releases of other hazardous substances.

Assessment of Effects on Fish and Wildlife Resources

In addition to effects on sediment-dwelling organisms, contaminated sediments have the
potential to adversely affect a variety of fish and wildlife resources, including fish,
amphibians, reptiles, birds, and mammals (i.e., aquatic-dependent wildlife), in anumber
of ways(Ingersoll ez al. 1997). First, exposureto contaminated sediments can compromise
fish health, asevidenced by anincreasedincidence of deformities, erodedfins, lesions, and
tumors (i.e., DELT abnormalities). In addition, direct toxicity (i.e., due to exposure to
contaminated sediments) or reductionsin theavailability of preferred fish food organisms
can result in reduced populations of fish species (e.g., epibenthic species) and/or altered
community characteristics (e.g., reduced diversity). Furthermore, accumulation of
contaminants in fish tissues can adversely affect the fish themselves or result in adverse
effects on piscivorus wildlife species (e.g., herons, kingfisher, otter, mink or osprey).
These types of ecological effects can be evaluated using information on the toxicity of
sediments to fish, fish health, fish community structure, whole sediment chemistry (i.e.,
relative bioaccumulation-based SQGSs), and tissue chemistry (i.e., relative to TRGS).
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8.2.1 Toxicity of Sediments to Fish

No information was located on the toxicity of WBGCR-1 sedimentsto fish. Therefore, it
was not possible to directly evaluate environmental quality conditions in the WBGCR-I
using thisindicator.

8.2.2 Fish Health

In 1992, the USEPA conducted astudy to evaluate the integrity of fish communitiesinthe
WBGCR (Simon 1993). In total, sampling was conducted at seven stations, with one of
these stations located in the WBGCR-I (i.e., east of Indianapolis Boulevard). Theresults
of this study showed that fish from this sampling station had a high incidence of DELT
abnormalities (10.8%; Table 14.8), which included deformities, fin erosion, lesions, and
tumors. The disfigurements that were observed included blindness and morphol ogical
alteration.

More recently, Simon et al. (2000) collected fish at two stations in the WBGCR-1. These
stations were located east of Indianapolis Boulevard and at the confluence with the
EBGCR and IHC. The results of this study indicated that the incidence of DELT
abnormalities was elevated at both of these stations, with 2.8% and 6.2% of the fish
showing signs of impaired health at the Indianapolis Boulevard and confluence stations,
respectively. Therefore, the results of these surveys provide confirmatory evidence (i.e.,
in addition to the sediment chemistry and toxicity data) that the environmental quality
conditions in the WBGCR-I are sufficient to injure sediments and associated sediment-
dwelling organisms

8.2.3 Status of Fish Communities

The results of surveys of the status of fish communities provide relevant information for
evaluating environmental quality in the WBGCR-I. Between 1985 and 1990, a number
of surveys were conducted to evaluate the status of fish communities in the vicinity of
Indianapolis Boulevard and the confluence with the EBGCR (Simon et al. 2000). The
results of these surveys were interpreted using a modified 1BI, which was originally
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developed by Karr (1981) and was subsequently calibrated for usein Indiana (Simon and
Stewart 1998). AtthelndianapolisBoulevard station, |BI scoresaveraged 13.6 and ranged
from O to 24 (n=8 surveys). An IBI score of 22 was calculated for one sample from the
confluence of the WBGCR-1 with the EBGCR. 1n 1992, Simon (1993) calculated an 1BI
score of 29 for one station located in the WBGCR-I, east of IndianapolisBoulevard. The
results of these investigations indicated that, while the WBGCR-I had the potential of
providing asuitable habitat for healthy and diverse communities of warm-water fish, such
communitieswerenot present (Simon 1993). Rather, fish communitiesinthisreach of the
river were rated as“poor” to “very poor” or as having no fish, based on the calculated I B
scores (Table 14.9). Catches of indicator species groups were typically low, and benthic
fish or sunfish were generally not present in the WBGCR-I.

The results of a more recent investigation confirm that fish communities have been
impacted in the WBGCR-I. In 1998, Simon et al. (2000) conducted a follow-up survey
of fish populations at the two stations that had been sampled previoudy (i.e., east of
Indianapolis Boulevard and at the confluence with the EBGCR). Index of biotic integrity
scores of 22 and 16, respectively, were reported for these two stations (Table 14.9). As
such, theintegrity of fish communitiesisstill classified as“very poor” in thisreach of the
Assessment Area. Therefore, it is concluded that environmental conditions in the
WBGCR-I are sufficient to adversely affect fish.

8.2.4 Bioaccumulation of Sediment-Associated Contaminants

In thisreport, the sediment quality criteriafor the protection of wildlife (NY SDEC 1994)
were used to assess the significance of sediment-associated chemicals of concern to
piscivoruswildlife. Considering the sediment chemistry datathat hasbeen collected inthe
WBGCR-I, it is apparent that a variety of bioaccumulative substances are present in
sedimentsat concentrationsthat pose potential hazardstowildlife speciesutilizing habitats
within this reach of the river system. Specifically, the concentrations of total PCBs,
chlordane, total DDTSs, heptachlor and lindane that were measured in surficial sediments
exceeded the levels that have been established to protect piscivorus wildlife species
(Table 8.1). Therefore, it is apparent that a variety of bioaccumulative substances,
including PCBs and various organochlorine pesticides, occur inwhole surficial sediments
at levelsthat are sufficient to result in the accumulation of these substancesin invertebrate
and fish tissues to concentrations that pose arisk to piscivorus wildlife.
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Tissue residue guidelines provide another means of assessing the significance of
bioaccumulative chemicals of concern to piscivorus wildlife species (e.g., herons,
kingfisher, otter, mink or osprey; Newell ez al. 1987). Comparison of tissueresiduelevels
to fish flesh criteria for the protection of wildlife provides a basis for confirming if
bioaccumulation represents a hazard to wildlife species. A total of seven fish tissues
samples have been collected to determine the concentrations of tissue-associated
contaminants in the WBGCR-I (Appendix 5.1, 5.3, and 5.5; Table 8.8). Two of these
samples were collected at the confluence of the east and west branches of the GCR (i.e.,
the Junction) in 1982 (carp; whole fish), one sample was collected near Indianapolis
Boulevard in 1986 (carp; whole fish), and four samples were collected near Indianapolis
Boulevard in 1994 (three samples of carp; skin-on fillets, one sample of goldfish; whole
fish). Theresultsof theseinvestigationsindicated that total PCBs occurred in fish tissues
at concentrations ranging from 3,600 to18,500 pug/kg WW. Thelevels of total chlordane
and total DDTsranged from 23 to 442 pg/kg WW and from 102 to 1,490 pug/lkg WW. For
PCBs, all seven sampleshad concentrationsin excess of thelevel that hasbeen established
for the protection of piscivorus wildlife (i.e., 110 pg’lkg WW; Newell ez al. 1987). One
of these samples had elevated levels of total chlordane and four of the samples had
elevated levels of total DDTSs (i.e., relative to the TRGs for the protection of wildlife;
370 pg/kg WW and 200 pg/kg WW, respectively). The levels of dieldrin + aldrin were
also elevated in one sample. Therefore, it is concluded that total PCBs, and several
organochlorine pesticides have accumulated in fish tissues to levels that are sufficient to
cause or substantially contribute to sediment injury relative to piscivorus wildlife species
utilizing habitats in the WBGCR-I.

8.2.5 Summary

Based on the information available from various studies, it is apparent that contaminated
sediments pose substantial hazardstowildlifeinthe WBGCR-I. Contaminated sediments
inthe WBGCR-| are adversely affecting wildlife speciesin several ways. First, theresults
of sediment toxicity tests and benthic invertebrate community assessments suggest that
surficial sediments in this reach of the river are unlikely to support healthy and diverse
benthic invertebrate communities. Therefore, it islikely that the abundance of preferred
fish food organisms has been reduced in the WBGCR-I. Second, the health of fish
utilizing habitats in the WBGCR-I has been impaired. Fish populations inhabiting the
WBGCR-| are also depressed relative to those that occur in uncontaminated areas of
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northernIndiana. Finally, the concentrationsof sediment-associated and tissue-associated
contaminants are known to exceed, often by wide margins, the levels that have been
established to protect piscivoruswildlife species (e.g., herons, kingfishers, otter, mink or
osprey). Therefore, it isconcluded that injured sedimentsin the WBGCR-1 are adversely
affecting fish and wildlife resources utilizing habitats with the Assessment Area.

Determination of Contaminants of Concern

Following the assessment of sediment injury, it is useful to identify the factors that are
causing or substantially contributing to adverse effects on sediment-dwelling organisms
and fish and wildliferesources. Inthisreport, thetoxic or bioaccumulative chemicalsthat
occur in WBGCR-1 sediments at levels that are sufficient to cause or substantially
contribute to sediment injury are termed contaminants of concern. The contaminants of
concern in whole sediments and pore water are identified in this section of the report.

The toxic contaminants of concern (i.e., those with a high potential for causing or
substantially-contributing to effectson sediment-dwelling organisms) wereidentified from
the list of chemicals of concern by comparing measured contaminant concentrations in
whole sedimentsto the PECs (Table 8.1). The substances which occurred in WBGCR-I
sediments at concentrations in excess of these chemical benchmarks were identified as
contaminants of concern. Theresults of this evaluation indicate that metals (i.e., arsenic,
cadmium, chromium, copper, lead, mercury, nickel, and zinc), PAHs (i.e., 13 individual
PAHs and total PAHS), and PCBs occur in surficial sediments from the WBGCR-I at
concentrations that are sufficient to injure sediment-dwelling organisms. While the
concentrations of these substances tend to be lower in sub-surface sediments, most of the
metals (i.e., arsenic, cadmium, copper, lead, mercury, and zinc), PAHs(i.e., 12 individual
PAHs and total PAHS), and total PCBs are present in sub-surface sediments at
concentrations that are sufficient to cause or substantially contribute to sediment injury.
Importantly, the concentrations of cadmium, chromium, copper, nickel, lead, and zincalso
exceeded the upper limit of background levelsin Indiana(Table 3.5), confirming that they
are present at elevated levels in Assessment Area sediments. Several pesticides also
occurred in WBGCR-I sediments at levelsin excess of the PECs.
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The concentrations of several chemicals of concern exceeded published toxicity
thresholds, in pore water from WBGCR-1 sediments (Table 8.3). Evaluation of the data
reported in this study using the toxic units approach indicates that concentrations of lead,
zinc, phenol, and unionized ammonia in pore water from WBGCR-1 sediments were
frequently at or above concentrations that have been shown to be toxic to aquatic
organisms in standardized toxicity tests. The high detection limits achieved for many
substances in the Hoke ez al. (1993) study and the lack of published toxicity thresholds
precluded the identification of other chemicals as contaminants of concern. The relative
molar concentrationsof SEM and AV S confirm that sediment-associated metalsarelikely
to be avail able to sediment-dwelling organismsin many of these samples. Therefore, the
toxic contaminants of concern in pore water are lead, zinc, and phenol, and unionized
ammonia (Table 8.3).

The bioaccumulative contaminants of concern were identified from the list of chemicals
of concern by comparing: (1) measured contaminant concentrations in whole sediments
to the bioaccumulation-based SQGs (Table 8.1); and, (2) measured contaminant
concentrationsintissuesto the TRGsfor the protection of piscivoruswildlife. Theresults
of this evaluation indicate that total PCBs and several organochlorine pesticides (i.e.,
chlordane, total DDTSs, heptachlor, and lindane) occurred in surficial sediments from the
WBGCR-I at concentrations that are sufficient to cause or substantially contribute to
effectsonwildlife (i.e., dueto the accumulation of these substancesin aquatic food webs).
The available tissue residue data confirm that total PCBs, chlordane, total DDTSs, and
dieldrin + aldrin have accumulated in fish tissues to levels that pose risks to piscivorus
wildlife (Table 8.8).

All of the contaminants of concern frequently exceeded the chemical benchmarks in
WBGCR-1 sediments. In addition, the concentrations of these substancesin WBGCR-I
sediments often exceeded the chemical benchmarks by substantial margins, frequently by
more than afactor of 100. Therefore, NH;, phenol, metals, PAHs, and PCBs are present
in whole sediments from the WBGCR-I at concentrations that are sufficient to cause or
substantially contributeto toxicity in sediment-dwel ling organismsand to adversely affect
wildlife.
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8.4 Evaluation of the Areal Extent of Sediment Injury

The areal extent of sediment injury was determined by merging the various data sets that
provided information on contaminant concentrationsin WBGCR-1 sediments. To support
an evaluation of the spatial distribution of contaminants of concern, mean PEC-Qs were
calculated for each of the sediment samplesthat were obtained from the WBGCR-I. The
extent of sediment injury was subsequently determined by mapping these data(i.e., mean
PEC-Qs) using ArcView/Spatial Analyst software (i.e., each sample was georeferenced
based on the latitude and longitude of the collection site). This evaluation considered
surficial and sub-surface sediments separately.

Based on the sediment chemistry data collected to date, it is apparent that surficial
sediments throughout the WBGCR-I have been contaminated by oil or other hazardous
substances. All 19 of the surficial sediment samples that have been collected between
Indianapolis Boulevard and the confluence with the EBGCR, a distance of some 0.65
miles, had mean PEC-Qs $ 0.7 (Table 8.2; Figure 8.6 and 8.7). Mean PEC-Qs averaged
29.5 and ranged ashigh as 231 in the surficial sediment samplesthat were collected inthis
reach of the Assessment Area (Table 8.9).

Sub-surface sediments throughout the WBGCR-I have also been contaminated by oil or
other hazardous substances. Of the 12 sub-surface sediment samples reflected in the
project database, most of the samples (i.e., 75%; 9 of 12 samples) had chemical
characteristics that were sufficient to cause or substantially contribute to sediment injury
(i.e., mean PEC-Qs $ 0.7; Table 8.2). Such levels of contamination were evident in sub-
surface sediments from throughout the stream reach (Figure 8.8 and 8.9). Mean PEC-Qs
averaged 4.8 and ranged as high as 13.7 in this reach of the Assessment Area.

Based on the available sediment chemistry data, it is apparent that sediments throughout
the WBGCR-I arelikely to betoxic to sediment-dwelling organisms (Figure 8.10). To put
the mean PEC-Q resultsinto perspective, USEPA (2000a) reported that the probability of
observing a 50% incidence of toxicity to amphipods in sediments occurred at a mean
PEC-Q of $ 4.0 in 10-day acute tests and at a mean PEC-Q of $ 0.7 in 28-day chronic
tests. Therefore, surficial sediments are expected to be frequently toxic to sediment-
dwelling organisms (i.e., sediment samples from the WBGCR-1 had mean PEC-Qs of up
to 58 timesthelevel that would result in a50% probability of observing toxicity in 10-day
tests, and up to 330 times the level that would result in a 50% probability of observing
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8.5

toxicity in 28-day tests with the amphipod Hyalella azteca; Table 8.9; Figure 8.10;
USEPA 2000a).

Summary

Based on eight lines of evidence, it is concluded that both surficial and sub-surface
sediments from the WBGCR-I between Indianapolis Boulevard and the confluence with
EBGCR have been injured by discharges of oil or releases of other hazardous substances.
While surficial sediments tend to be the most contaminated, sub-surface sediments
throughout this portion of the Assessment Area a so have conditionsthat are sufficient to
cause or substantially-contribute to sediment injury and injury to associated biological
resources.
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9.0 West Branch of the Grand Calumet River - Il

The WBGCR extends some six miles from the confluence of the EBGCR and IHC in
northwest Indianato the confluence with the Little Calumet River in northeastern Illinois
(Figure 1.1 and 1.2). Section 8.0 of the report provides an assessment of sediment injury
inthe WBGCR-1. Thissection of the report provides an assessment of sediment injury in
the WBGCR-II. This reach extends some 5.4 miles from Indianapolis Boulevard to the
confluence with the Little Calumet River.

From a hydrological perspective, this portion of the WBGCR is complicated. Theriver
usually flowsin awesterly direction from ColumbiaAvenueto the confluence of theLittle
Caumet River. However, the river can flow in either an easterly or awesterly direction
between Columbia Avenue and Indianapolis Boulevard, depending on the water level in
Lake Michigan (USACE 1995). Most of the flow in the river reach is derived from
wastewater dischargesfromtheHammond Sanitary District WWTP; however, stormwater
runoff and discharges from various CSOs also contribute significantly to the flow of the
river during and following rain and snowmelt events.

There are anumber of potential sources of contaminants to the WBGCR-I1. First, there
is one publically-owned treatment works that releases treated wastewater into the river
system (i.e., Hammond Sanitary District WWTP; on average, 0.536 billion gallons per
year). Both municipal (i.e., sewage and greywater) and industrial wastewaters are treated
at thisfacility. Inaddition, there are anumber of CSOs that are known to release oil and
other hazardous substances into the river system (HNTB 1995), including the Columbia
Avenue, Johnson Avenue, and Sohl Avenue CSOs. Calumet Flexicore Corporation and
the Explorer Pipeline Company aso have permits under the NPDES to discharge
wastewater into this reach of the Assessment Area. There are also several historical
dischargesthat havelikely released oil or other hazardous substancesinto the WBGCR-I1,
such as the NIPSCO gasification plant (which is located near State Line Avenue), the
National Briquette Corp. and Natural Recovery Systemsfacilities (which arelocated north
of RoxanaMarsh), the American Steel plant (whichislocated west of ColumbiaAvenue),
and the Clark Oil and Refining plant (which is located east of Calumet Avenue). Other
potential contaminant sources include discharges of contaminated groundwater and/or
over-land runoff from various industrial facilities, and leaky pipeline crossings.
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The present assessment is intended to evaluate injury to surface water and biological
resources in the WBGCR-II that are associated with contaminated sediments (i.e.,
assessment of sediment injury due to discharges of oil and releases of other hazardous
substances). In this assessment, oil and other hazardous substances are considered to
include a variety of toxic and bioaccumulative substances, including but not limited to
PAHs, PCBs, and metals. In addition, a number of other indicators of environmental
quality conditions, such as pesticides, DO, SOD, TOC, and NH;, have been considered in
this assessment of sediment injury.

Thisassessment of sediment injury inthe WBGCR-I1 includestwo main components. The
first component consists of an assessment to determine if chemical characteristics of
sedimentsin the WBGCR-I11 are sufficient to have injured surface water resources and/or
the biological resources that are associated with sediments (i.e., sediment-dwelling
organisms). The second component of the assessment is focused on determining if
sediments in the WBGCR-II are sufficiently contaminated to harm fish and wildlife
resources. Sediments in the WBGCR-II were considered to have been injured if the
availableinformationindicatesthat surfacewater or biological resourceshave beeninjured
by discharges of oil or releases of other hazardous substances.

Two additional evaluations were undertaken if the results of these two assessments
demonstrate that sediments have been injured. First, the chemicals of concern that are
present at concentrations sufficient to cause or substantially contribute to sediment injury
were identified (termed contaminants of concern). Second, the areal extent of sediment
injury weredetermined, primarily using information on the concentrationsof contaminants
in whole sediments. These latter two evaluations were intended to provide additional
information that could be used to support restoration planning within the Assessment Area.
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9.1

Assessment of Injury to Sediment and Associated Sediment -
Dwelling Organisms

9.1.1 Whole Sediment Chemistry

Whol esediment chemistry dataareessential for determiningif dischargesof oil or releases
of other hazardous substances have caused sediments to be contaminated by toxic
substances. Evaluation of these data relative to acute or chronic toxicity thresholds
provides a basis for determining if individual chemicals occur at concentrations that are
sufficient to cause or substantially contribute to sediment injury (see Section 3.1).
Likewise evaluation of these data relative to mean PEC-Qs provides a means of
determining if chemical mixturesoccur at level sthat are sufficient to cause or substantially
contribute to sediment injury.

The project database contains information on the chemical characteristics of 84 surficial
sediment samplesfromthe WBGCR-11. Thelocationswherethese sampleswerecollected
are shown in Figure 9.1. The results of chemical analyses of these samplesindicate that
alarge proportion of surficial sediments in the WBGCR-11 have been contaminated by
toxic substances (Table 9.1). For example, the concentrations of sediment-associated
metal s exceed the PECsin up to 88% of the samples (depending on the metal considered).
Total PAH concentrations exceed the PEC in 82% (67 of 82 samples) of the samplesin
which these contaminantswere measured. Total PCB concentrations also exceed the PEC
in most (83%; 25 of 30 samples) of the samples in which these contaminants were
quantified.

While the data on the concentrations of individual contaminants provide important
information for assessing the quality of sediments in the WBGCR-II, the mean PEC-Q
represents a more relevant measure of the overall chemical composition of surficia
sediments. The results of this evaluation indicate that 86% (72 of 84 samples) of the
surficial sediment samples from this reach of the river have chemical characteristics that
would classify them as injured (i.e., mean PEC-Qs $ 0.7; which is the chronic toxicity
threshold for sediment-dwelling organisms). Most of the surficial sediment samples(i.e.,
67%) that have been collected in this stream reach had mean PEC-Qs $ 4.0, which isthe
threshold for acute toxicity in sediment-dwelling organisms (Table 9.2). A total of 11
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samples (13%) had mean PEC-Qs $0.1 to < 0.7, while only one sample had a mean
PEC-Q of <0.1.

Information on the chemical characteristics of 88 sub-surface sediment samplesfrom the
WBGCR-Il iscontainedintheproject database. The sampling siteswherethese sediments
were collected are shown in Figure 9.2. Evaluation of the available sediment chemistry
dataindicates that sub-surface sedimentsin the WBGCR-I1 have a so been contaminated
by toxic substances, but not to the same extent as surficia sediments (Table 9.1).
Relatively fewer sediment samples (i.e.,, up to 43%) have metal concentrations that
exceeded the PECs (depending on themetal considered). However, most of these samples
had total PAH (75%; 50 of 67 samples) concentrations exceed the PECs. Roughly 43%
(i.e., 6 of 14) of the samplesin which PCBs were measured had concentrations in excess
of the PEC for total PCBs.

Based on the mean PEC-Qs that were calculated, it is apparent that sub-surface sediment
samplesinthe WBGCR-II have been contaminated by toxic substances. Overall, 59 of the
88 (67%) sub-surface sediment samples that are reflected in the project database have
mean PEC-Qs $ 0.7, thereby classifying them asinjured (Table 9.2). Nearly half of the
samples (49%; 43 of 88 samples) had mean PEC-Qs $ 4.0, which indicates that the
concentrations of contaminants are sufficient to cause or substantially contribute to acute
toxicity to sediment-dwelling organisms. A total of 22 samples (25%) had mean PEC-Qs
$ 0.1to0 < 0.7, while seven samples (8%) had mean PEC-Qs < 0.1. Overall, these data
indicate that sub-surface sediments in the WBGCR-II are somewhat |less contaminated
than the surficial samples that have been collected in this stream reach.

Insummary, the available dataon the concentrations of chemical substancesdemonstrates
that both surficial and sub-surface sedimentsin the WBGCR have been contaminated by
oil or other hazardous substances. Comparison of these datato the consensus-based PECs
demonstrates that the concentrations of sediment-associated contaminants are sufficient
toinjuresediments. Inaddition, itisconcluded that the sediment-dwelling organismsthat
depend on the critical aguatic habitats provided by sediments have been injured dueto the
presence of toxic substances, including metals, PAHs, and PCBs.
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9.1.2 Pore Water Chemistry

Data on the concentrations of contaminants in pore water provide important information
for determining if discharges of oil or releases of other hazardous substances have caused
sediments to be contaminated by toxic substances. Evaluation of these data relative to
published toxicity thresholds for aquatic organisms provides a basis for determining if
individual chemicals or chemical mixtures (i.e., using a toxic units approach) occur at
concentrations that are sufficient to cause or substantially contribute to sediment injury
(Section 3.1).

Information from two studiesisavailableto characterizethe chemical composition of pore
water from the WBGCR-I1 sediments. In one of these studies, the concentrations of
divalent metals and AV S were measured in two sediment samples from the WBGCR-I|
(Hoke et al. 1993). In both of these samples the molar concentrations of divalent metals
were lower than the molar concentrations of AVS. Sediments with these characteristics
would not be predicted to have elevated levels of metals in pore water (Ankley et al.
1996). However, evaluation of the results of this study using this toxic units approach
indicates that concentrations of zinc and the sum toxic unitsfor metalsin pore water from
one sample exceeded the concentrations that have been shown to be toxic to aquatic
organismsin 10-day acutetoxicity tests(Table9.3). Thesumtoxic unitsfor metalsin pore
water ranged from 0.38t0 2.3 unitsin thetwo pore water samplesthat were collected from
the WBGCR-II (Table 9.3). The detection limit for cadmium was too high to be able to
interpret toxicity datarelative to the published 10-day LC,, for Hyalella azteca (USEPA
1994; 2000b). In addition, phenol (256 to 326 mg/L) and unionized ammonia (0.38 to
8.02 mg/L) were present in one or more pore water samples at concentrations above the
acutetoxicity thresholdsthat have been reported for aquatic invertebrates (CCREM 1987,
USEPA 1992a). The results of acute toxicity tests conducted with pore water from
WBGCR-1I sediments support the conclusion that contaminant concentrations in pore
water were sufficiently elevated in WBGCR-1I sediments to cause or substantially
contributeto toxicity to sediment-dwelling organisms(i.e., crustaceansand bacteria; Hoke
et al. 1993).

The available data on the concentrations of metal's, phenols, and ammoniain pore water
indicate that WBGCR-11 sediments have been contaminated by oil or other hazardous
substances. Comparison of these data to acute and estimated chronic toxicity thresholds
demonstrates that the concentrations of these contaminantsin pore water are sufficient to
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injuresediment-dwelling organisms. Therefore, itisconcluded that WBGCR-11 sediments
have been injured due to the presence of toxic substancesin porewater. Inaddition, itis
concluded that the sediment-dwelling organisms that depend on habitats provided by
surficial sedimentshave beeninjured dueto the presence of toxic substancesin porewater.

9.1.3 Sediment Toxicity Tests

Theresults of toxicity tests conducted using whole sediment, pore water, and/or elutriates
providecritical information for assessing the effectsof contaminated sedimentson aguatic
organisms. Importantly, the results of such toxicity tests provide information that can be
used directly to determine if sediments have been injured by discharges of oil or releases
of other hazardous substances.

In the WBGCR-II, four studies have been conducted to determine if sediments and
associated pore waters are toxic to sediment-dwelling organisms or other aquatic
organisms. In total, data are available on the toxicity of 18 sediment samples from the
WBGCR-II (Figure 9.3). The species and endpointstested in these four studiesincluded
amphipod (Hyalella azteca) survival and growth, midge (Chironomus tentans) survival
and growth, cladoceran (Daphnia magna and Ceriodaphnia dubia) survival, fathead
minnow (Pimephales promelas) survival, and bacterial (Vibrio fisheri) bioluminescence
(i.e., asasurrogatefor metabolicrate). Overall, 15 of the 18 (83%) sediment samplesthat
were collected from the WBGCR-II were shown to be toxic to one or more species
(Table 9.4; Figure 9.10). The incidence of sediment toxicity was 100% in every reach
segment except Roxana Marsh (in which 25% of the samples were toxic). While
sediments from the WBGCR-11 would likely have been toxic more frequently had longer
term tests (including sublethal endpoints) been employed, the results of the studies that
have been conducted demonstrate that sediments and/or associated pore water from the
WBGCR-II are acutely toxic to a variety of aquatic organisms, including sediment-
dwelling species. Therefore, theseresultsdemonstrate that the condition of sedimentsand
associated pore waters in the WBGCR-11 is sufficient to injure sediments and associated
organisms, including sediment-dwelling species.

AN ASSESSMENT OF SEDIMENT INJURY



WEST BRANCH OF THE GRAND CALUMET RIVER - Il — PAGE 133

9.1.4 Status of Benthic Invertebrate Community

Because many aguatic invertebrates utilize benthic habitats, sediment quality conditions
havethepotential toinfluenceboth the abundance and composition of benthicinvertebrate
communities. Therefore, information on the status of benthic invertebrate communities
provides important information for evaluating the effects of contaminated sediments on
sediment-dwelling organisms (Canfield ez al. 1996; 1998). For thisreason, the available
information on the status of benthic invertebrate communitieswas assembled and used to
determine if discharges of sewage sludge, municipal wastewaters, and other toxic or
bi oaccumul ative substances have caused or substantially contributed to sediment injury
in the WBGCR-II.

Severa surveys have been conducted to evaluate the status of benthic invertebrate
communitiesin the WBGCR-II. The results of these surveys generally demonstrate that
the benthic invertebrate community in the WBGCR-II has been degraded relative to
uncontaminated sites in northern Indiana (Figure 9.4). Overal, 71% of the benthic
invertebrate samples (10 of 14) that have been collected in the WBGCR-11 have been
alteredrelativetoreference conditionsin northern Indianaand LakeMichigan. Theresults
of the various surveys that have been conducted are described below.

Benthic surveys were conducted in the WBGCR-1I near Hohman Avenue in 1982 and
again in 1986, using grab samplers, to assess temporal trends in benthic invertebrate
community status (Pollsez al. 1993). Theresultsof both of these surveysdemonstrate that
this segment of the WBGCR-II (i.e.,, Hohman Avenue to State Line Avenue) was
dominated by pollution-tolerant species, primarily oligochaete worms (97.9% to 99.8%),
which exceeds the upper limit of the range of normal conditions for the Assessment Area
(i.e., 3.0% to 73.6% for oligochaetes). Midges (chironomids) and leeches were also
observed in the WBGCR-II sediments collected from this location in 1986. However,
more sensitive organisms, such as amphipods and EPT taxa, were absent in WBGCR-I|
sedimentsin both years(Table9.5). Pollser al. (1993) concluded that benthic community
structure in the WBGCR-1I remained poor from 1982 to 1986, as compared to other
locations sampled in northern Indiana and in Lake Michigan.

In 1992, the USFWS collected benthic macroinvertebrate samples at four locationson the
WBGCR-II using artificial substrate samplers (Table 9.5; Rainbolt 1993). These stations
were located near Columbia Avenue, Calumet Avenue, Hohman Avenue, and Burnham
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Avenue. Theresultsof thisstudy indicated that the benthic community was characterized
by low speciesrichness, lack of EPT taxa, and moderately high Family Biotic Index (FBI)
scores (i.e., 6.0t0 6.09). Sampleswith FBI scoresin thisrange are expected at siteswith
substantial levelsof pollution, and theintegrity of theinvertebrate community at such sites
would be rated as fairly poor (Hilsenhoff 1988).

In 1996, the IDEM collected samples of benthicinvertebratesusing artificial substrates at
two locations on the WBGCR-II, including Indianapolis Boulevard and Sohl Avenue
(IDEM 20004, as presented in Simon et al. 2000). At the Indianapolis Boulevard site,
pollution-tol erant species, such as oligochaetes and chironomids, were the most abundant
taxa, collectively accounting for 77% of the total abundance of benthic invertebrates.
Similar results were observed at the Sohl Avenue station (i.e., oligochaetes and
chironomids collectively represented 80% of the total abundance). While gastropod
mollusks and other dipterans were recorded at these stations, no mayflies, stoneflies, or
caddisflies (i.e., EPT taxa) were reported at either of these stations. At these locations,
mIBI scores averaged 1.1 to 1.7, which indicates that the benthic community has been
degraded relative to other locationsin Indiana (i.e., the average miBI score for Indianais
in the order of 3.5 = 0.29; Simon et al. 2000).

More recently (October 1998), ThermoRetec (1999) conducted a benthic survey in the
vicinity of the NIPSCO coal gasification plant, which is located near Hohman Avenue.
The results of this survey confirm that benthic invertebrate communities in this reach of
the WBGCR-II have been degraded (Table 9.5). In total, three sites were sampled using
grab samplers in this investigation. At two of the three locations that were sampled,
oligochaetes and chironomids dominated the benthic invertebrate community (i.e.,
representing 80% to 95% of the benthic organisms that were collected). No mayflies,
stoneflies, or caddisflies (i.e., EPT taxa) were reported at these stations. No sediment-
dwelling organismswere present at the third site that was sampled (i.e., 0.2 mileswest of
Hohman Avenue). Based ontheresultsof the Pollser al. (1993) and ThermoRetec (1999)
studies, benthic invertebrate densities in the EBGCR-I portion of the river were much
lower in 1998 than they were in either 1982 or 1986.

The portion of the WBGCR-II in the vicinity of RoxanaMarsh was also sampled in 1998
to evaluatethe statusof benthicinvertebrate communities (URS Greiner Woodward Clyde
1999). Two stations in Roxana Marsh and one station in the WBGCR-11 were sampled
using grab samplers as part of this investigation (Table 9.5). The results of this study
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showed that the densities of benthic invertebrates were generally lower in this portion of
the WBGCR-I1 relative to the reference site (which waslocated in the Grant Street Marsh
on the Little Calumet River). The samples that were collected in the WBGCR-II and
Roxana Marsh were dominated by oligochaetes, representing 63% to 98% of the total
abundance of benthic invertebrates. In two of the samples, the relative abundance of
oligochaeteswasoutsidethennormal rangefor the Assessment Area. Whilesomedipterans
(including various chironomid species; representing 3% to 37% of the total abundance)
were present in these samples, more sensitive species such as ostracods, amphipods,
caddisflies, dragonflies and damselflies were absent.

The available information from the benthic surveys indicates benthic invertebrate
communities have been altered in the WBGCR-II relative to reference conditions in
northern Indiana and Lake Michigan. Impacts on sediment-dwelling organisms are
particularly important becauseinvertebrates represent important food sourcesfor fish and
other wildlife species that might inhabit the WBGCR-11. The presence of altered benthic
invertebrate communities providesconfirmatory evidence (i.e., in addition to the sediment
chemistry and toxicity data) that the condition of sedimentsinthe WBGCR-II issufficient
to injure sediments and sediment-dwelling organisms.

9.1.5 Other Indicators of Benthic Habitat Quality

Conventional indicators of environmental quality, such as DO, SOD, TOC, and NH, can
be used to determine the general status of aquatic habitats and their suitability for
supporting aquatic life. For this reason, the available information on conventional
indicators of environmental quality conditionswas compiled and used to assessthe status
of benthic habitatsin the WBGCR-II. Littleinformation waslocated onthelevelsof DO
or SOD in the WBGCR-II. Therefore, it was not possible to evaluate sediment quality
conditions relative to these conventional indicators.

Sediment oxygen demand of 3 to 5 g/m?day have been reported for sediments in the
WBGCR-Il (HydroQual, Inc. 1984; Brannon et al. 1989). The data collected more
recently demonstrate that SOD in WBGCR-I1 sedimentsranged from 1.5 to 11.3 g/m?/day
(Unger 1992). To put these measurements in perspective, sedimentswith SOD in excess
of 10 g/m?/day are classified as“ sewage-dudge like,” while sediments with SOD ranging
from 5 to 10 g/m?/day are classified as “grossly polluted” (Butts 1987). By comparison,
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sediments with SOD of less than 0.5 g/m?%day are classified as “clean” (Butts 1987).
Using this classification system, sediments from the WBGCR-II are of variable quality,
with some of the sediments having sewage-sludge like properties. Therefore, sediments
of the WBGCR-1I can have avery high demand for oxygen (Polls et al. 1993).

Considering the high SODs that have been reported, it is not surprising that low
concentrations of DO have been observed in the WBGCR-I11 (Brannon et al. 1989). For
example, datareported in Simmerset al. (1991) indicatethat low DO level swere observed
in the water column at numerous sites in the WBGCR-I1 (ranging from 0.6 to 4 mg/L).
More recently, Simon (1993) reported concentrations of DO in theriver ranging from 0.4
to 4.4 mg/L. By comparison, the water quality standard for DO is 4.0 mg/L for the
protection of aguatic life (USEPA 1988).

The levels of TOC are elevated throughout the WBGCR 1. In surficial sediments, the
levels of TOC ranged from 5.8% to 27.4% between Indianapolis Boulevard and the 1-90
toll road, with RoxanaMarsh sedimentshaving the highest levelsof TOC (Table9.6). The
levels of TOC in surficial sediments tended to be lower in the western portion of this
stream reach (i.e., from [-90 to the confluence with the Little Calumet River; ranging from
1.3% to 19.2%). In sub-surface sediments, the highest concentrations of TOC were
observed between Columbia Avenue and Hohman Avenue, ranging from 0.4% to 25.3%.
Sub-surface sediments in the vicinity of Roxana Marsh tended to have the lowest levels
of TOC, with levels of 2.4% to 5.3% reported (Table 9.6). By comparison, the nearshore
areas of Lake Michigan in the vicinity of IH had an average level of sediment-associated
TOC of 0.5% (n=31; Table 13.6); the upper 95% CI for these samples was 3.4%. The
upper limit of the normal range of TOC values (3.4%) is similar to the average level of
TOC that has been measured at other Areas of Concern in the Great Lakes (mean = 2.7%;
95% ClI is 2.0% to 3.4%; USEPA 1996b). Therefore, both surficial and sub-surface
sedimentsinthe WBGCR-I1 have received substantial inputs of organic matter relativeto
other contaminated sitesin the Great Lakesbasin. Although oil and grease measurements
were not available for this reach of the Assessment Area, the measured levels of PAHS
suggest that oil and oil-related compounds likely comprise at |east a portion of the TOC
in WBGCR-Il sediments. For example, the maximum level of total PAHs that was
measured in the Hohman Avenue to State Line Avenue reach segment was 13,800 mg/kg
(or roughly 1.4%). By comparison, the maximum TOC level in this reach segment was
15% (Table 9.6). Therefore, oil and oil-related compounds represent 9.3% or more of the
TOC in these sediments.

AN ASSESSMENT OF SEDIMENT INJURY



WEST BRANCH OF THE GRAND CALUMET RIVER - Il — PAGE 137

In aquatic ecosystems, ammonia is excreted by aquatic organisms, formed during the
decomposition of biological tissuesand nitrogen-containing wastes, and/or released from
anthropogenic sources. Thereareavariety of anthropogenic sources of ammonia, such as
municipal and industrial wastewater discharges. Free ammonia can be present either as
NH, or asNH," (depending on pH and temperature). Unionized ammonia (NH,) isvery
toxic to fish and other aquatic life, with lethal thresholds aslow as 0.1 mg/L reported in
theliterature (Thurston and Russo 1983; Thurston and Meyn 1984; Thurston et al. 1984).
CCREM (1987) reported an acutetoxicity threshold of 0.53 mg/L for aquaticinvertebrates.
The concentrations of NH, in pore waters of sedimentsin the WBGCR ranged from 0.38
mg/L to 8.02 mg/L (Hoke et al. 1993; URS Greiner Woodward Clyde 1999; Table 9.3).
Concentrations of NH; in overlying water ranged from 0.35 to 0.82 mg/L in samplesfrom
Roxana Marsh (Dorkin 1994). Water samples from Columbia Avenue and Torrence
Avenue had 1.6 mg/L and 3.9 mg/L of NH,, respectively (Dorkin 1994). These
concentrations of ammonia in overlying water and in pore water of sediments in the
WBGCR-II are high enough to cause mortality in cladoceran (Daphnia magna,
Ceriodaphnia dubia) in amphipods (Hyalella azteca), and in fish (fathead minnows,
Pimephales promelas;, Hoke et al. 1993; Dorkin 1994; Besser et al. 1998).

Two surveys have been conducted to evaluate the status of physical habitats in the
WBGCR-II. In 1992, asurvey of aguatic habitat quality and fish community structure at
six stationsin the WBGCR-11 was conducted by Simon (1993). The results of this study
demonstrate that aquatic habitats have been lost or degraded due to inputs of sewage
dudge into the WBGCR-Il. Layers of sludge were observed blanketing submerged
vegetation and inhibiting plant growth along the margins of the WBGCR-I1. Thislayer of
sludge blanketed macrophytesin theimmediatevicinity of the Hammond Sanitary District
WWT P and diminished further downstream fromthislocation. Sectionsof theWBGCR-11
from Columbia Avenue to Sohl Avenue contained islands of sludge, sanitary napkins,
toilet paper, and cigarette butts. Simon (1993) reported that all the stations evaluated on
the WBGCR-11 have the potential for sustaining adiverse community of warm-water fish
(i.e., QHEI scoresranged from 46 to 57.9, with all but one measurement falling within the
normal range for the ECBPs eco-region; 48 to 100). In 1998, Simon et al. (2000)
evaluated aquatic habitat quality at one station that produced similar results (i.e., QHEI
score of 49.7). However, fish communities were virtually non-existent in the river (see
Section 8.0). Simon (1993) concluded alimiting factor for habitat in the WBGCR-11 was
deposition of sludge that blanketed physical habitats that were otherwise capable of
supporting communities of fish and aguatic invertebrates. In addition, high biochemical
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oxygen demand and SOD depleted oxygen from the sediment and the overlying water in
the WBGCR-1I. Low oxygen concentrations would also severely impact aguatic
organisms, including fish. Overall, the results of this physical habitat survey (i.e., Simon
1993) demonstrate that aguatic habitats have been severely degraded in the WBGCR-II.
Therefore, it is apparent that sediments and associated biological resources have been
injured as aresult of discharges of oil and other hazardous substances, including sewage
sludge and municipa wastewaters, into the WBGCR-II.

In summary, the available information indicates that aguatic habitats have been degraded
in the WBGCR-1I. The levels of DO and SOD are indicative of a system that has been
impacted by releases of organic matter. In addition, the levels of TOC are elevated in
WBGCR-II sediments compared to other Areas of Concern in the Great Lakes.
Furthermore, the levels of NH; in pore water from WBGCR-11 sediments are sufficient to
injure sediment-dwelling organisms. Therefore, theavailableinformation on conventional
indicators of sediment quality conditionsindicatesthat sedimentsin the WBGCR-I1I have
been injured due to discharges of oil or releases of other hazardous substances.

9.1.6 Summary

Based on areview of the available data, it is concluded that sedimentsin the WBGCR-II
have been injured by discharges of oil or releases of other hazardous substances. More
specificaly, the data show that metals, PAHs, and PCBs occur in whole sediments at
concentrationsthat are sufficient toinjure sediment-dwel ling organisms. Calculated mean
PEC-Qs exceed, often by awide margin, the levelsthat are sufficient to injure sediment-
dwelling organisms. Thelevelsof metals(zinc and sum toxic units), unionized ammonia,
and phenol in pore water are also sufficient to cause toxicity to aquatic organisms. In
addition, the results of toxicity tests confirm that whole sediments, pore water, and/or
elutriates are toxic to aguatic organisms. That benthic invertebrate communitiesin this
reach of the river are significantly altered relative to reference sites provides further
confirmatory evidence that environmental conditionsin the reach of the Assessment Area
are sufficient to injure sediments and associated biological resources. Together, these
multiplelines of evidence demonstrate that sediments and associated biological resources
have beeninjured asaresult of dischargesof oil or releases of other hazardous substances.
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9.2 Assessment of Effects on Fish and Wildlife Resources

In addition to effects on sediment-dwelling organisms, contaminated sediments have the
potential to adversely affect a variety of fish and wildlife resources, including fish,
amphibians, reptiles, birds, and mammals (i.e., aquatic-dependent wildlife), in a number
of ways(Ingersoll ez al. 1997). First, exposureto contaminated sedi mentscan compromise
fish health, asevidenced by anincreased incidence of deformities, eroded fins, lesions, and
tumors (i.e., DELT abnormalities). In addition, direct toxicity (i.e., due to exposure to
contaminated sediments) or reductionsin the availability of preferred fish food organisms
can result in reduced populations of fish species (e.g., epibenthic species) and/or altered
community characteristics (e.g., reduced diversity). Furthermore, accumulation of
contaminants in fish tissues can adversely affect the fish themselves or result in adverse
effects on piscivorus wildlife species (e.g., herons, kingfisher, otter, mink or osprey).
These types of ecological effects can be evaluated using information on the toxicity of
sediments to fish, fish health, fish community structure, whole sediment chemistry (i.e.,
relative bioaccumulation-based SQGs), and tissue chemistry (i.e., relative to TRGS).

9.2.1 Toxicity of Sediments to Fish

The effects of contaminated sediments on fish were evaluated by testing sediment
elutriatesfrom seven locationsin the WBGCR using larval fathead minnows, Pimephales
promelas (Table 9.7; Burton 1994). The results of these 10-day acute toxicity tests
demonstrated that fathead minnows exposed to elutriates from WBGCR sediments had
lower survival rates (survival ranged from 0% to 73.3% in the treatment groups from the
seven locations) than those in the control treatment. These data indicate contaminant
concentrations in sediments are sufficient to injure fish utilizing habitats within the
WBGCR-II. Therefore, theresults of these surveys provide confirmatory evidence(i.e.,
in addition to the sediment chemistry and toxicity data) that the environmental quality
conditions in the WBGCR-II are sufficient to injure sediments and associated sediment-
dwelling organisms
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9.2.2 Fish Health

In 1992, the USEPA conducted a study to evaluatetheintegrity of fish communitiesinthe
WBGCR (Simon 1993). In total, sampling was conducted at seven stations in the
WBGCR. Theresultsof thisstudy showed that theincidence of DEL T abnormalitieswas
10.8% at the station located near Indianapolis Boulevard. In contrast, the fish collected
between Indianapolis Boulevard and Columbia Avenue had a low incidence of DELT
abnormalities (i.e., < 1.3% of the fish had deformities, fin erosion, lesions, or tumors).
Simon (1993) indicated that most of these fish were young-of-the-year and, as such, had
not been exposed to ambient conditions long enough to develop lesions or eroded fins.
Likewise, the age structure and near absence of fish in the Illinois stations were the
primary factors influencing the low incidence of DELT abnormalities. Simon (1993)
indicated that theincidence of DEL T abnormalitieswould likely increaseasenvironmental
conditions in the river improve because fish will be able to reach older ages and, as such,
increase their exposure time to contaminated sediments.

More recently, Simon et al. (2000) collected fish at one station in the WBGCR-II. This
station was located near Indianapolis Boulevard. The results of this study indicated that
the incidence of DELT abnormalities was elevated at this station, with 2.8% of the fish
showing signs of impaired health.  Therefore, the results of these surveys provide
confirmatory evidence (i.e., in addition to the sediment chemistry and toxicity data) that
the environmental quality conditionsin the WBGCR-1I are sufficient to injure sediments
and associated sediment-dwelling organisms

9.2.3 Status of Fish Communities

Theresults of surveys on the status of fish communitiesalso providerelevant information
for evaluating environmental quality in the WBGCR-Il. Between 1985 and 1990, a
number of surveys were conducted to evaluate the status of fish communities in the
WBGCR-II (Simon 2000). Theresultsof these surveyswereinterpreted using amodified
IBI, whichwasoriginally developed by Karr 1981 and was subsequently calibrated for use
in Indiana (Simon and Stewart 1998). During this period, a total of 11 surveys were
conducted at variouslocationsin the WBGCR-I11, including near Indianapolis Boulevard,
near thel-90 Bridge, and ColumbiaAvenue. AtthelndianapolisBoulevardsite, Bl scores
ranged from O to 24 (n=8). At the I-90 Bridge, IBI scores of 24 were reported for two
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sampling dates. An|BI score of 0 (n=1) wasreported for the Columbia Avenue sampling
station. As such, fish communities in the WBGCR-I1 were largely classified as having
“poor” to “very poor” integrity, or as having no fish.

In 1992, Simon (1993) collected fish from seven locationsin the WBGCR to evaluate the
statusof fishcommunities. Theresultsof thissurvey indicated that theintegrity of thefish
community was* poor” to “very poor” between near | ndianapolis Boulevard and Torrence
Avenue (IBI scores ranged from 12 to 24; n=4). No fish were observed at the Hohman
Avenue site (n=1). The integrity of the fish community was rated as “very poor” at the
station located in the Illinois segment of the river (the IBI score was 12 at Burnham
Avenue).

In 1998, Simon et al. (2000) conducted a follow-up survey to evaluate the status of fish
populations at Indianapolis Boulevard. Based on the results of this survey, an 1Bl score
of 22 wascalculated for thisstation. Assuch, it was concluded that theintegrity of thefish
community was “very poor” at this location. In addition, there is no evidence that the
integrity of fish communitiesin the WBGCR-II haveimproved sincethe original surveys
were conducted. Therefore, it is concluded that environmental conditions in the
WBGCR-II are sufficient to adversely affect fish.

9.2.4 Bioaccumulation of Sediment-Associated Contaminants

In this report, the sediment quality criteriafor the protection of wildlife (NY SDEC 1994)
were used as chemical benchmarksfor evaluating the ecological significance of sediment-
associated contaminantsin the WBGCR-11. Considering the sediment chemistry datathat
has been collected in the WBGCR-II, it is apparent that a variety of bioaccumulative
substancesare present in sedimentsat concentrationsthat pose potential hazardstowildlife
speciesutilizingtheWBGCR-I11. Specifically, theconcentrationsof total PCBs, chlordane,
total DDTSs, heptachlor, and lindanein surficial sedimentsfromthe WBGCR-I1 exceed the
levelsthat have been established to protect piscivoruswildlife species (Table9.1). None
of the chemicals of concern were elevated relative to the SQGs, in sub-surface sediments.
Therefore, it isapparent that avariety of bioaccumul ative substances, including PCBsand
various organochlorine pesticides, occur in whole surficial sediments at levels that are
sufficient to result in the bioaccumulation of these substances in invertebrates and fish
tissues to concentrations that pose arisk to piscivorus wildlife.
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Tissue residue guidelines provide another means of assessing the significance of
bioaccumulative chemicals of concern to piscivorus wildlife species (e.g., herons,
kingfisher, otter, mink or osprey; Newell ez al. 1987). Comparison of tissueresiduelevels
to fish flesh criteria for the protection of wildlife provides a basis for confirming if
bioaccumul ation representsahazard to wildlife species. A total of fivefishtissue samples
have been collected in the vicinity of Indianapolis Boulevard on the WBGCR. In 1986,
one sample of carp tissue (wholefish) was collected at thislocation. Another four tissue
samples were collected in 1994, including three samples of carp tissues (skin-on fillets)
and one sample of goldfish (wholefish). Theresultsof chemical analyses of thesetissue
samples indicated that total PCBs exceeded the TRGs for the protection of piscivorus
wildlifeinall five samples, with concentrationsranging from 3,610 to 18,500 ug/kg WW.
The levels of dieldrin + adrin and of total DDTs were also elevated (i.e., relative to the
TRGS) in one of the samples. Therefore, it is concluded that total PCBs and two
organochlorine pesticides have accumulated in fish tissues to levels that are sufficient to
cause or substantially contribute to injury to piscivorus wildlife species utilizing habitats
inthe WBGCR-II.

9.2.5 Summary

Based on the information available from various studies, it is apparent that contaminated
sedimentsposesubstantial hazardstowildlifeinthe WBGCR-11. Contaminated sediments
intheWBGCR-I| areadversely affectingwildlife speciesin several ways. First, ateration
of benthic invertebrate communities has reduced the abundance of preferred fish food
organisms. Second, elutriates from WBGCR-11 sediments have been demonstrated to be
severely toxic to fish. Third, fish health has also been impaired within this reach of the
Assessment Area. Fish populationsinhabitingthe WBGCR-II arealso severely depressed
or absent. The concentrations of sediment-associated contaminants are known to exceed,
often by wide margins, the level s that have been established to protect piscivoruswildlife
species (e.g., herons, kingfishers, otter, mink or osprey). That PCBsand other substances
haveaccumulated infishtissuesto level sthat are hazardousto piscivoruswildlife hasbeen
confirmed by the available tissue residue data. Therefore, it is concluded that injured
sediments in the WBGCR-I11 are adversely affecting fish and wildlife resources utilizing
habitats with this reach of the Assessment Area.
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93

Determination of Contaminants of Concern

Following the assessment of sediment injury, it is useful to identify the factors that are
causing or substantially contributing to adverse effects on sediment-dwelling organisms
andfish and wildliferesources. Inthisreport, thetoxic or bioaccumulative chemicalsthat
occur in WBGCR-1l sediments at levels that are sufficient to cause or substantially
contribute to sediment injury are termed contaminants of concern. The contaminants of
concern in whole sediments and pore water are identified in this section of this report.

The toxic contaminants of concern (i.e., those with a high potential for causing or
substantially-contributing to effects on sediment-dwelling organisms) in whol e sediments
wereidentified fromthelist of chemicalsof concern by comparing measured contaminant
concentrations in whole sediments to the PECs (Table 9.1). The substances which
occurred in WBGCR-II sediments at concentrations in excess of these chemical
benchmarks were identified as contaminants of concern. The results of this evaluation
indicate that metals (arsenic, cadmium, copper, lead, mercury, nickel, and zinc), PAHs
(i.e., 13individual PAHsand total PAHSs), and PCBsare present in both surficial and sub-
surface sediments from the WBGCR-II at concentrations that are sufficient to injure
sediment-dwelling organisms. However, the concentrations of metalstend to belower in
sub-surface sedimentsthanthey arein surficial sediments. Importantly, the concentrations
of cadmium, chromium, copper, nickel, lead, and zinc also exceeded the upper limit of
background levels in Indiana (Table 3.5), confirming that they are present at elevated
levels in Assessment Area sediments. Several pesticides also occurred in WBGCR-I1
sediments at levelsin excess of the PECs.

The concentrations of several contaminants of concern exceeded published toxicity
thresholds in pore water from WBGCR-1I sediments (Table 9.3). Evauation of the
available data indicates that the concentrations of zinc, phenol, and unionized ammonia
were frequently at or above concentrations that have been shown to be toxic to aquatic
organisms. The high detection limits achieved for several substances and the lack of
published toxicity thresholds precluded the identification of other chemicals as the toxic
contaminants of concern in pore water.

The bioaccumulative contaminants of concern were identified from the list of chemicals
of concern by comparing: (1) measured contaminant concentrations in whole sediments
to the bioaccumulation-based SQGs (Table 9.1); and, (2) measured contaminant
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concentrationsin tissuesto the TRGsfor the protection of piscivoruswildlife. Theresults
of thisevaluation indicatethat total PCBs, chlordane, total DDTSs, heptachlor, and lindane
occurred in surficial sediments from the WBGCR-I11 at concentrations that are sufficient
to cause or substantially contribute to effects on wildlife (i.e., due to the accumul ation of
these substancesin aquaticfood webs). Theavailabletissueresiduedataconfirmthat total
PCBsand various organochl orine pesticides have accumul ated in fish tissuesto level sthat
pose risks to piscivorus wildlife.

All of these contaminants of concern frequently exceed the chemical benchmarks in
WBGCR-II sediments. I1n addition, the concentrations of these substancesin WBGCR-11
sediments exceed the chemical benchmarks by substantial margins, frequently by more
than afactor of 100. Therefore, NH,, phenol, metals, PAHsand PCBsarepresentinwhole
sediments from the WBGCR-I1 at concentrationsthat are in excess of concentrations that
are sufficient to cause or substantially contribute to toxicity in sediment-dwelling
organisms and/or to adversely affect wildlife.

Evaluation of the Areal Extent of Sediment Injury

The areal extent of sediment injury was determined by merging the various data sets that
provided information on contaminant concentrationsin WBGCR-I1 sediments. To support
an evaluation of the spatial distribution of contaminants of concern, mean PEC-Qs were
calculated for each of the sediment samples obtained from the WBGCR-I1. The extent of
sediment injury was subsequently determined by mapping these data (i.e., mean PEC-QS)
using ArcView/Spatia Analyst software (each sample was georeferenced based on the
latitude and longitude of the collection site). Thisevaluation considered surficia and sub-
surface sediments separately.

Based on the sediment chemistry datathat have been collected to date, it is apparent that
surficial sediments throughout the WBGCR-11 have been contaminated by oil or other
hazardous substances (Figures 9.6 and 9.7). A total of 19 surficia sediment sampleshave
been collected between Indianapolis Boulevard and the 1-90 toll road including Roxana
Marsh; 11 of these samples (58%) had mean PEC-Qs $ 0.7 (Table 9.2). The least
contaminated samples were obtained from Roxana Marsh; none of the five samplesfrom
thisreach segment had mean PEC-Qs$ 0.7. Surficial sedimentsfrom the eastern portions
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of this stream reach (i.e., east of the 1-90 toll road) tend to be more contaminated than
those from the western portion of the WBGCR-1I. For example, most of the samples
collected between the 1-90 tol | road and Hohman Avenue(i.e., 88%; 29 of 33 samples) had
chemical concentrations that were sufficient to cause or substantially-contribute to
sediment injury (i.e., mean PEC-Q of $ 0.7; Table 9.2). All of the samples (i.e., 100%;
21 of 21) collected in the vicinity of and downstream of the NIPSCO coal gasification
plant (i.e., between Hohman Avenue and State Line Avenue) had mean PEC-Qs $ 0.7.
Thelllinois portion of the WBGCR-I1 was a so found to contain contaminated sediments,
with mean PEC-Qs $ 0.7 in al 11 sediment samples that were collected in this area.
Therefore, surficial sediments throughout the WBGCR-11, excluding Roxana Marsh, are
sufficiently contaminated with oil or other hazardous substancesto cause or substantially
contribute to sediment injury.

In general, sub-surface sediments in the WBGCR-II tend to be less contaminated than
surficial sediments(Figure9.8and 9.9). For example, none of the 15 sub-surface sediment
samplesthat were collected east of the1-90 toll road had mean PEC-Qs $ 0.7 (Table 9.2).
In contrast, 31 of the 41 (i.e., 76%) sediment samplesthat were collected between the [-90
toll road and Hohman Avenue had chemical characteristics that were sufficient to injure
sediment-dwelling organisms (i.e., mean PEC-Qs $ 0.7). A higher proportion of sub-
surface sediment samples (i.e., 92%; 23 of 25 samples) from the Hohman Avenueto State
Line Avenue portion of the river had mean PEC-Qs $ 0.7. Mean PEC-Qsin the Illinois
portion of theriver were$ 0.7 in 5 of the 7 sub-surface sediment samples (71%) that have
been collected. Therefore, sub-surface sedimentsfrom thel-90toll road to the confluence
with the Little Calumet River are sufficiently contaminated with oil or other hazardous
substances to cause or substantially contribute to sediment injury.

Based on the available sediment chemistry data, it is apparent that WBGCR-I1 sediments
arelikely to betoxic to sediment-dwelling organisms. To put themean PEC-Q resultsinto
perspective, USEPA (2000a) reported that the probability of observing a 50% incidence
of toxicity to amphipodsin sediments occurred at amean PEC-Q of $ 4.0in 10-day acute
testsand at amean PEC-Q of $ 0.7 in 28-day chronic tests. Therefore, surficial sediments
would be expected to be frequently toxic to sediment-dwelling organisms (i.e., sediment
samples from the WBGCR-11 had mean PEC-Qs of up to 76 times the level that would
result in a 50% probability of observing toxicity in 10-day tests and up to 434 times the
level that would result in a50% probability of observing toxicity in 28-day tests with the
amphipod Hyalella azteca; USEPA 2000a).
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The data on other indicators of sediment quality conditions support the results of the
evaluation of the areal extent of injury that was conducted using the mean PEC-Qs. For
example, sediments and/or elutriates from Roxana Marsh, Molsberger Place, Columbia
Avenue, Sohl Avenue, State Line Avenue, and Torrence Avenue are known to betoxic to
fish and invertebrates (Section 9.1.3), with sediments from the Torrence Avenue and
Roxana Marsh locations being the least toxic of the samples tested (Table 9.7;
Figure 9.10). In addition, the results of benthic invertebrate community assessments
conducted between Indianapolis Boulevard and Hohman Avenue (including Roxana
Marsh) demonstrate that benthic communities have been degraded (Pollser al. 1993; URS
Greiner Woodward Clyde 1999; ThermoRetec 1999; IDEM 2000; Rainbolt 1993).
Furthermore, benthic habitats from Columbia Avenueto Sohl Avenue have been severely
degraded by discharges of sewage sludge (Simon 1993). Taken together, these ancillary
data confirm that sediments located from the western portion of Roxana Marsh to the
confluence with the Little Calumet River have been injured.

Summary

Based on eight lines of evidence, it is concluded that both surficial and sub-surface
sediments from the WBGCR-II have been injured. With the exception of portions of
Roxana Marsh, sediments from Indianapolis Boulevard to the confluence with the Little
Calumet River have been injured as a result of discharges of oil and releases of other
hazardous substances. While surficial sedimentstend to be the most contaminated, sub-
surface sediments throughout the majority of this sub-area have conditions that are
sufficient to cause or substantially contribute to sediment injury and injury to associated
biological resources.
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10.0 Indiana Harbor Canal

The IHC reach extends approximately 1.5 miles from the confluence of the WBGCR and
EBGCR reaches (i.e., the Junction) north to Columbus Drive. The IHC has been divided
into four reach segmentsto facilitate this assessment, including three segmentswithin the
main channel. These segments extend from the Junction to 151% Street, from 151% Street
to Chicago Avenue, and from Chicago Avenue to Columbus Drive. The IHC reach also
includes the IHC wetlands east of the main channel (Figure 1.1 and 1.2).

There are a number of potential sources of contaminants to the IHC. First, there are a
variety of industrial facilitiesthat discharge or have historically discharged wastewater to
the canal via NPDES permitted outfalls, including Buckeye Pipeline Company, Union
Tank Car Company, Blaw-Knox Foundry and Mill, Energy Cooperative, Praxair, Inc.,
Phillips Pipeline Company, and Mobile Oil Corp. While some of these outfallsdischarge
directly to IHC, others are located off channel. Other potential contaminant sources
include discharges of contaminated groundwater and/or over-land runoff from various
industrial facilities, leaky pipeline crossings, and downstream transport of contaminated
water and/or sediments from upstream areas.

The present assessment is intended to evaluate injury to surface water and biological
resources in the IHC that are associated with contaminated sediments (i.e., assessment of
sediment injury due to discharges of oil and releases of other hazardous substances). In
this assessment, oil and other hazardous substances are considered to include a variety of
toxic and bioaccumulative substances, including but not limited to PAHs, PCBs, and
metals. Inaddition, anumber of other indicatorsof environmental quality conditions, such
as pesticides, DO, SOD, TOC, and NH,, have been considered in this assessment of
sediment injury.

This assessment of sediment injury in the IHC includes two main components. Thefirst
component consists of an assessment to determineif chemical characteristicsof sediments
in the IHC are sufficient to have injured surface water resources and/or the biological
resources that are associated with sediments (i.e., sediment-dwelling organisms). The
second component of the assessment isfocused on determiningif sedimentsinthelHC are
sufficiently contaminated to harm fish and wildlife resources. Sedimentsinthe | HC were
considered to have been injured if the available information indicates that surface water
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or biological resources have been injured by discharges of oil or releases of other
hazardous substances.

Two additional evaluations were undertaken if the results of these two assessments
demonstrate that sediments have been injured. First, the chemicals of concern that are
present at concentrations sufficient to cause or substantially contribute to sediment injury
were identified (termed contaminants of concern). Second, the areal extent of sediment
injury weredetermined, primarily using information on the concentrationsof contaminants
in whole sediments. These latter two evaluations were intended to provide additional
information that coul d be used to support restoration planning within the Assessment Area.

Assessment of Injury to Sediment and Associated Sediment -
Dwelling Organisms

10.I.1 Whole Sediment Chemistry

Whol e sediment chemistry dataareessential for determiningif dischargesof oil or releases
of other hazardous substances have caused sediments to be contaminated by toxic
substances. Evaluation of these data relative to acute or chronic toxicity thresholds
provides a basis for determining if individual chemicals occur at concentrations that are
sufficient to cause or substantially contribute to sediment injury (see Section 3.1).
Likewise evaluation of these data relative to mean PEC-Qs provides a means of
determiningif chemical mixturesoccur at levelsthat are sufficient to causeor substantially
contribute to sediment injury.

The project database contains information on the chemical characteristics of 30 surficial
sediment samples from the IHC (Table 10.1). The locations where these samples were
collected are shown in Figure 10.1. The results of chemical analyses of these samples
indicate that alarge proportion of surficial sedimentsin the IHC have been contaminated
by oil or other hazardous substances (Table 10.1). For example, the concentrations of
sediment-associated metals exceed the PECs in up to 77% of the samples (depending on
themetal that isconsidered). Total PAH concentrations exceed the PEC in 74% (20 of 27
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samples) of the samples in which these contaminants were measured. Total PCB
concentrations also exceed the PEC in most (84%; 21 of 25 samples) of the surface
samples in which these contaminants were quantified.

While the data on the concentrations of individual contaminants provide important
information for assessing the quality of sedimentsin the IHC, the mean PEC-Q represents
a more relevant measure of the overall chemical composition of surficia sediments
(Table 10.2, Figures 10.6 and 10.7). Theresults of this evaluation indicate that 90% (27
of 30 samples) of the surficial sediments equaled or exceeded the chronic PEC-Q of 0.7
and 50% (15 of 30 samples) of the surficial sediments equaled or exceeded the acute
PEC-Q of 4.0. These dataindicate that most of the surficial sedimentsfrom thisreach of
the river are likely to be toxic to sediment-dwelling organisms. A total of 40% of the
sediment samplesfromthelHC had chemical characteristicsthat werebetween thechronic
mean PEC-Q of $ 0.7 and acute mean PEC-Q of < 4.0. In the IHC reach, none of the
surface samples had a mean PEC-Q of < 0.1 and only 10% of the surface samples had a
mean PEC-Q of $ 0.1t0<0.7. The chemistry of the samples collected prior to 1996 were
consi stent with the chemistry of the samples that were collected in 1996 and later (Table
10.2). Concentrations of contaminants were lower in the IHC wetlands compared to
samples collected from the main canal of the IHC reach. Samples with mean PEC-Q of
$ 0.7 or amean PEC-Q of $ 4.0 were distributed throughout the main canal of the IHC
reach.

Information on the chemical characteristicsof sub-surface sedimentshas been reported for
only six samples from the IHC (Figure 10.2). Evaluation of the available sediment
chemistry dataindicatethat sub-surface sedimentsin thel HC have al so been contaminated
by oil or other hazardous substances (Table 10.1). The concentrations of sediment-
associated metals exceed the PECsin up to 75% of the samples (depending on the metal
considered). Total PAH concentrations exceed the PEC in 83% (5 of 6 samples) of the
samples in which these contaminants were measured. Total PCB concentrations aso
exceed the PEC all three of the sub-surface samples in which these contaminants were
quantified. Pesticides were reported in only two sub-surface samples from the IHC.

Based on the mean PEC-Qs that were calculated, it is apparent that sub-surface sediment
samples in the IHC have been contaminated by oil or other hazardous substances
(Table 10.2; Figures 10.8 and 10.9). Overall, 83% (5 of 6 samples) of the sub-surface
sediments equal ed or exceeded the chronic PEC-Q of 0.7 and 50% (3 of 6 samples) of the
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sub-surface sediments equaled or exceeded the acute mean PEC-Q of 4.0. Hence, most
of the sub-surface sedimentsfrom thisreach of theriver have chemical characteristicsthat
are sufficient to cause or substantially contribute to sediment injury. A total of 33% of the
sediment samplesfromtheHC had chemical characteristicsthat were between thechronic
mean PEC-Q of $ 0.7 and acute mean PEC-Q of < 4.0. Inthe|HC reach, none of the sub-
surface samples had amean PEC-Q of < 0.1, and only 17% of the sub-surface sampleshad
amean PEC-Qof $0.1t0<0.7.

In summary, the available data on the concentrations of chemicals in sediment
demonstrates that both surficial and sub-surface sediments in the IHC have been
contaminated by oil or other hazardous substances. Comparison of these data to the
consensus-based PECs demonstrates that the concentrations of sediment-associated
contaminants are sufficient to injure sediments. In addition, it is concluded that the
biological resources that depend on the critical aquatic habitats provided by surficia
sediments have been injured due to the presence of oil or other hazardous substances,
including metals, PAHs, and PCBs.

10.1.2 Pore Water Chemistry

Data on the concentrations of contaminants in pore water provide important information
for determining if discharges of oil or releases of other hazardous substances have caused
sediments to be contaminated by toxic substances. Evaluation of these data relative to
published toxicity thresholds for aguatic organisms provides a basis for determining if
individual chemicals or chemical mixtures (i.e., using a toxic units approach) occur at
concentrations that are sufficient to cause or substantially contribute to sediment injury
(Section 3.1). The concentrations of SEM and AVS were measured in 10 sediment
samples from the IHC. In 90% of these samples, the molar concentrations of SEM
exceeded the molar concentrations of AVS. The concentrations of divalent metals
exceeded the concentrations of SEM, on amolar basis, in one additional samplefromthis
reach (Hoke et al. 1993). Elevated levelsof metalsin porewater arelikely to be observed
in sediments with SEM>AVS (Ankley et al. 1996). As such, pore water from IHC
sediments could have levels of metals that exceed toxicity thresholds.

Concentrations of metals and/or unionized ammonia (NH,) in pore water from IHC
sediments were reported from five sampling locations (Table 10.3). The concentrations
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of metals were elevated in two of these five samples (i.e., copper, lead, or zinc levels
exceed the thresholds that have been shown to be toxic to the amphipod Hyalella azteca
in 10-day acutetests). The sum toxic unitsfor metalsin these two sampleswere 1.73 and
3.2, which indicated that there were sufficient concentrations of metalsin these samples
to cause or contributeto toxicity. The detection limit for cadmium wastoo high in two of
the samplesto be able to interpret the pore water concentrations relative to the published
10-day LC,, for H. azteca (Table 10.3). The concentration of NH; in pore waters of
sedimentsin the IHC wasreported for four samples. The concentrations of NH, in two of
these samples were 1.0 and 1.6 mg/L, which both exceed the acute lethal effect
concentration reported for freshwater invertebrates (CCREM 1987).

The results of this evaluation indicate that concentrations of contaminants in pore water
samplesfromthe |HC are sufficiently elevated to cause or substantially contributeto acute
and chronic toxicity to sediment-dwelling organisms. The results of toxicity tests
conducted with pore water samples support the conclusion that concentrations of
contaminants were sufficiently elevated in IHC sediments to cause or substantially
contribute to sediment injury (Section 10.1.3).

10.1.3 Sediment Toxicity Tests

Theresults of toxicity tests conducted using whol e sediment, pore water, and/or el utriates
providecritical information for assessing the effects of contaminated sedimentson aguatic
organisms. Importantly, the results of such toxicity tests provide information that can be
used directly to determine if sediments have been injured by discharges of oil or releases
of other hazardous substances.

In the IHC, four studies have been conducted with sediment samples to determine if
sediments and associated pore water are toxic to sediment-dwelling organisms or other
aquatic species(Table 10.4; Figure 10.3). Intotal, dataare available onthetoxicity of five
sediment samples from the IHC. The species and endpoints that were tested in these
studies included cladoceran (Daphnia magna and Ceriodaphnia dubia) survival, midge
(Chironomus tentans) growth, amphipod (Hyalella azteca) survival and growth, and
bacterial bioluminescence (Vibrio fisheri, i.e., asasurrogatefor bacterial metabolic rate).
Overal, 80% of the five samplesthat were collected from the IHC were shown to betoxic
to one or more species (Figure 10.10). All of the samples tested from the main canal of
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the IHC reach wereidentified astoxic. One sample from the IHC wetlands was not toxic
to amphipods in a 10-day test. While sediments from the IHC would likely have been
toxicmorefrequently hadlonger termtests(including sublethal endpoints) been employed,
the results of the studies that have been conducted demonstrate that sediments and/or
associated pore water from the main canal of the IHC are acutely toxic to a variety of
aguatic organisms, including sediment-dwelling species. Therefore, the results of these
toxicity tests demonstrate that conditions of sediments and associated pore watersin the
IHC are sufficient to injure sediments and associated biological resources, including
sediment-dwelling species.

10.1.4 Status of Benthic Invertebrate Community

Because many aguatic invertebrates utilize benthic habitats, sediment quality conditions
havethe potential toinfluenceboth the abundance and composition of benthicinvertebrate
communities. Therefore, information on the status of benthic invertebrate communities
provides important information for evaluating the effects of contaminated sediments on
sediment-dwelling organisms (Canfield et al. 1996; 1998). For thisreason, the available
information on the status of benthic invertebrate communitieswas assembled and used to
determine if discharges of sewage sludge, municipal wastewaters, and other toxic or
bi oaccumul ative substances have caused or substantially contributed to sediment injury
inthe IHC.

Two grab samples have been collected for assessing the status of benthic invertebrate
communities inhabiting sedimentsin the IHC reach (Table 10.5; Figure 10.4; Polls et al.
1993). Theresultsof thissurvey indicatethat benthicinvertebratecommunitiesinthe|[HC
are dominated by pollution-tolerant species. Over 99% of the major benthic taxain these
samples were oligochaetes, with leeches or mollusks occasionally observed. The
oligochaeteswere predominantly pollution-tolerant tubificids. More sensitive organisms,
such asmayflies, stoneflies, caddisflies (i.e., EPT taxa), and amphipods were absent from
these IHC sampling stations. For both grab samples, the relative abundance of
oligochaetes exceeded the upper limit of therange of normal conditionsinthis Assessment
Area(i.e., 3.0% to 73.6% for oligochaetes). Therefore, both grab samples from the IHC
were considered to have conditionsthat were sufficient to cause or substantially contribute
toinjury to sediment-dwelling organisms(i.e., an altered benthicinvertebrate community).
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Simon et al. (2000) evaluated benthic invertebrate samples collected from four stationsin
the IHC reach using multi-plate artificial substrate samplers. The miIBI score for these
samples ranged from 0.53 to 1.13, indicating that the structure of benthic invertebrate
communities was significantly altered relative to other locations in Indiana (i.e., # 2.93;
the average miBI score for Indianaisin the order of 3.5 + 0.29; Simon et al. 2000). The
benthic invertebrate community was dominated by pollution-tolerant oligochaetes and
chironomids, with pollution-sensitive EPT taxa representing # 0.15% of the total
abundance. Artificial substrate samples containing < 0.5% EPT taxa were considered to
be indicative of conditions that are sufficient to injure sediment-dwelling organisms
(Simon et al. 2000). A higher percentage of midges were reported in samples collected
fromtheartificial substrates compared to the grab samplesthat were collected previoudly.
Swift et al. (1996) also observed that artificial substrates tended to be colonized by a
higher proportion of non-oligochaete taxa compared to grab samples collected from
sediments. Simon et al. (2000) concluded that the sampl es collected from the IHC showed
extremely poor benthic invertebrate communities, with alack of sensitivetaxa. Simon et
al. (2000) also concluded that the lack of sensitive benthic invertebrate speciesisdirectly
the result of contaminated sediments and the highly toxic conditions that limit
colonization.

The available information indicates that benthic invertebrate communities have been
atered inthe IHC relative to reference conditionsin northern Indianaand Lake Michigan
(i.e, in 6 of 6 samples, Table 10.5). Impacts on sediment-dwelling organisms are
particularly important becauseinvertebrates represent important food sourcesfor fish and
other wildlife species that might inhabit the IHC. Therefore, the results of these benthic
community surveys provide confirmatory evidence (i.e., in addition to the sediment
chemistry and toxicity data) that conditionsof sedimentsinthe IHC aresufficient toinjure
sediments and sediment-dwelling organisms.

10.1.5 Other Indicators of Benthic Habitat Quality

Conventional indicators of environmental quality, such as DO, SOD, TOC, and NH,,
provideimportant information for the general statusof aquatic habitatsand their suitability
for supporting aquatic life. For this reason, the available information on conventional
indicators of environmental quality conditionswas compiled and used to assess sediment
injury inthe IHC. No information was located on the levels of DO or SOD in the IHC.
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Therefore, it was not possible to evaluate sediment quality conditions relative to these
conventional indicators.

The available data indicate that the levels of TOC are elevated in the IHC (Table 10.6).
In surficial sediments, the concentration of TOC averaged 3.5% and ranged from 0.51%
to 14.7% (excluding the IHC wetland). The TOC in one sediment sample from the IHC
wetland was 13%. In sub-surface sediments, the levels of TOC ranged from 0.95% to
11.5%, with amean of 4.1% reported. By comparison, Lake Michigan sedimentsin the
vicinity of thelH had an average level of TOC of 0.5% (n=31); the upper 95% ClI for these
sampleswas 3.4%. The upper limit of the normal range of TOC values (3.4%) issimilar
totheaveragelevel of TOC that has been measured at other Areas of Concerninthe Great
L akes (mean = 2.7%; 95% Cl is 2.0% to 3.4%; USEPA 1996b). Therefore, both surficia
and sub-surface sediments in the IHC have received substantial inputs of organic matter
relative to other contaminated sites in the Great Lakes basin. Based on measurements of
oil and grease, it is apparent that oil and oil-related compounds likely comprise much of
the TOC in IHC sediments. The maximum concentration of oil and grease in surficial
sediments was 54,800 mg/kg (or 5.48%; Table 10.7). As such, oil and grease could
account for a substantial proportion of the TOC in these sediments.

In aguatic ecosystems, ammonia is excreted by aquatic organisms, formed during the
decomposition of biological tissues and nitrogen-containing wastes, and/or released from
anthropogenic sources. Thereareavariety of anthropogenic sources of ammonia, such as
municipal and industrial wastewater discharges. Free ammonia can be present either as
NH, or asNH," (depending on pH and temperature). Unionized ammonia (NH,) isvery
toxic to aguatic life, with lethal thresholds as low as 0.1 mg/L reported in the literature
(Thurston and Russo 1983; Thurston and Meyn 1984; Thurston et al. 1984). The
concentration of NH, in porewaters of sedimentsinthe |HC wasreported for four samples
(Section 10.1.2; Table 10.3). The concentrationsof NH, intwo of these sampleswere 1.0
and 1.6 mg/L.

INn 1998, Simon et al. (2000) evaluated the status of aquatic habitats at three stationsin the
IHC reach. In this investigation, data was collected on the characteristics of bottom
substrates, instream cover, channel morphology, riparian zone and bank erosion, pool and
riffle quality, and gradient at each sampling location. These data were then compiled to
support the calculation of QHEI scores for each sampling location. The results of this
study showed that QHEI scores ranged from 24 to 48.6 at these three stationsin the IHC.
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By comparison, OEPA (1988) reported that the mean (£ SD) QHEI score for the ECBPs
was 74 (x 13.1; normal range is 48 to 100). Additionally, the IDEM (2000c) has
established use support assessment criteriafor streamsinIndiana. Thesecriteriaindicated
that use impairment is likely to occur when QHEI scores are < 64. As such, aquatic
habitats in the IHC reach were considered to be degraded relative to unimpacted sitesin
the ECBPs.

In summary, the available information indicates that aquatic habitats have been degraded
inthe IHC. In addition, high levels of TOC (and associated oil and grease) and elevated
concentrations of ammonia would exacerbate the effects of lost habitat for fish and
invertebratesintheriver. Therefore, the avail ableinformation on conventional indicators
of sediment quality conditionsindicatesthat sedimentsin the IHC reach have beeninjured
due to discharges of oil or other hazardous substances.

10.1.6 Summary

Based on areview of the available data, it is concluded that sedimentsin the IHC have
been injured by discharges of oil or releases of other hazardous substances. More
specificaly, the data show that metals, PAHs, and total PCBs occur in whole sediments
at concentrations that are sufficient to injure sediment-dwelling organisms. Calculated
mean PEC-Qs exceed, often by a wide margin, the levels that are sufficient to injure
sediment-dwelling organisms. The levels of metals, unionized anmonia, and/or phenol
in pore water are also sufficient to cause toxicity to aguatic organisms. In addition, the
resultsof toxicity tests confirm that whol e sedimentsand/or porewater aretoxicto aguatic
organisms. That benthic invertebrate communities in this reach of the river are
significantly altered relative to reference sites providesfurther confirmatory evidence that
environmental conditions in the reach of the Assessment Area are sufficient to injure
sediments and associated biological resources. Together, these multiplelinesof evidence
demonstrate that sediments and associated biological resources have been injured as a
result of discharges of oil or releases of other hazardous substances.
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10.2 Assessment of Effects on Fish and Wildlife Resources

In addition to effects on sediment-dwelling organisms, contaminated sediments have the
potential to adversely affect a variety of fish and wildlife resources, including fish,
amphibians, reptiles, birds, and mammals (i.e., aquatic-dependent wildlife), in a number
of ways(Ingersoll ez al. 1997). First, exposureto contaminated sedi mentscan compromise
fish health, asevidenced by anincreased incidence of deformities, eroded fins, lesions, and
tumors (i.e., DELT abnormalities). In addition, direct toxicity (i.e., due to exposure to
contaminated sediments) or reductionsin the availability of preferred fish food organisms
can result in reduced populations of fish species (e.g., epibenthic species) and/or altered
community characteristics (e.g., reduced diversity). Furthermore, accumulation of
contaminants in fish tissues can adversely affect the fish themselves or result in adverse
effects on piscivorus wildlife species (e.g., herons, kingfisher, otter, mink or osprey).
These types of ecological effects can be evaluated using information on the toxicity of
sediments to fish, fish health, fish community structure, whole sediment chemistry (i.e.,
relative bioaccumulation-based SQGs), and tissue chemistry (i.e., relative to TRGS).

10.2.1 Toxicity of Sediments to Fish

No information was located on the toxicity to fish of whole sediments, pore water, or
elutriatesfromthe IHC. Therefore, it was not possibleto directly evaluate environmental
quality conditionsin the IHC using this indicator.

10.2.2 Fish Health

In 1998, Simon et al. (2000) conducted an investigation to evaluate the status of fish
communities, including fish health, inthe IHC. Fish were collected at three stationsin the
IHC (including the confluence with the east and west branches of the GCR, 151* Street,
and Columbus Drive) and examined for the presence of deformities, eroded fins, lesions,
and tumors (i.e., DELT abnormalities). The results of this study indicated that the
incidence of DELT abnormalities was 6.15%, 0%, and 0.36% at these three stations,
respectively. As such, these data show that fish health has been adversely affected by
ambient environmental conditions at one station in the IHC.  Therefore, the results of
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these surveys provide confirmatory evidence (i.e., in addition to the sediment chemistry
and toxicity data) that the environmental quality conditions in the IHC are sufficient to
injure sediments and associated sediment-dwelling organisms

10.2.3 Status of Fish Communities

The results of surveys of the status of fish communities can provide relevant information
for evaluating environmental quality inthe IHC. Simon et al. (2000) reported the results
of fish community surveysthat were conducted between 1985 and 1990 (i.e., using the 1Bl
asthe primary tool for assessing the integrity of fish communities; Karr 1981; Simon and
Stewart 1998). Based on the results of one survey, conducted in 1987, fish communities
in this reach would be classified as having “very poor” integrity (and an IBI score of 22
was calculated; Table 14.9). In 1998, Simon et al. (2000) conducted a follow-up survey
that included three stationsin the IHC reach. The results of thissurvey indicated the fish
communitiesin the Assessment Area generaly reflected “very poor” biological integrity
relative to fish communities expected for northwestern Indianaand the Central Corn Belt
Plains (CCBPs) eco-region. ThelBI scoresfor the three stationsin the IHC reach ranged
from 12 to 20.

10.2.4 Bioaccumulation of Sediment-Associated Contaminants

In thisreport, the sediment quality criteriafor the protection of wildlife (NY SDEC 1994)
were used as chemical benchmarksfor evaluating the ecological significance of sediment-
associated contaminants in the IHC. Considering the sediment chemistry data that has
been collected in the IHC, it is likely that a variety of bioaccumulative substances are
present in sediments at concentrations that pose potential hazards to wildlife species
utilizing the IHC. Specifically, the concentrations of total PCBs, chlordane, total DDTS,
heptachlor, and lindane in surficia sediments and concentrations of total PCBs in sub-
surface sediments exceeded the levels that have been established to protect piscivorus
wildlife species(Table 10.1). Therefore, it isconcluded that concentrations of PCBsand
other bioaccumulative substances occur in the IHC sediments at levelsthat are sufficient
to result in bioaccumulation of these substances in fish and invertebrate tissues to
concentrations that pose arisk to piscivorus wildlife.
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Comparison of tissue residue levels to fish flesh criteria for the protection of wildlife
providesameansof confirming that bioaccumul ation of sediment-associated contaminants
inthetissues of fish and/or invertebratesrepresentsahazard to wildlife species. Recently,
USFWS(2000) collected bivalvemollusks(Corbicula fluminea) at severa locationsinthe
IHC. Theresultsof chemical analyses of these samplesindicated that the concentrations
of PCBs exceeded the TRG for the protection of piscivorus wildlife in al five samples
from thisreach (Table 10.8; Figure 10.5). None of the pesticideswere detected in bivalve
tissues at levels in excess of the TRGs, however (Newell et al. 1987). The significance
of measured |levels of metals and PAHs in these tissues could not be evaluated due to the
absence of applicable TRGs.

Information on the levels of bioaccumulative substances was availablefor two fish tissue
samplesfrom the IHC. These samples of carp tissues (whole fish) had elevated levels of
total PCBs (4,630 to 12,500 pg/kg), total chlordane (273 to 442 ug/kg), and total DDTs
(49410 1,490 ng/kg). Theseresultsshow that total PCBs, total DDTs, and chlordanewere
present in wholefish at levelsthat posed arisk to piscivoruswildlife (i.e., in excess of the
TRGspresentedin Table 3.4). Therefore, it isconcluded that total PCBs, total DDTs, and
chlordane have accumulated in the tissues of fish and/or invertebrates to levels that are
sufficient to cause or substantialy contribute to sediment injury relative to piscivorus
wildlife species.

10.2.5 Summary

Based on the information available from various studies, it is likely that contaminated
sediments pose substantial hazardsto wildlifeinthe |[HC. Therewereinsufficient datato
determine if sediments were directly toxic to fish in the IHC reach. Nevertheless,
contaminated sedimentsin the IHC arelikely to be adversely affecting wildlife speciesin
several ways. First, alteration of benthic invertebrate communities has reduced the
abundance of preferred fish food organisms. Second, fish health and fish communities
have been shown to be impaired relative to uncontaminated reference sites. Third, the
concentrations of sediment-associated contaminants are known to exceed, often by wide
margins, the levels that have been established to protect piscivorus wildlife species (e.g.,
herons, kingfishers, otter, mink or osprey). Fourth, the available tissue residue data
confirm that PCBs and severa other substances pose a risk to piscivorus wildlife.
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10.3

Therefore, it is concluded that injured sedimentsin the IHC are adversely affecting fish
and wildlife resources in this reach of the Assessment Area

Determination of Contaminants of Concern

Following the assessment of sediment injury, it is useful to identify the factors that are
causing or substantially contributing to adverse effects on sediment-dwelling organisms
andfishandwildliferesources. Inthisreport, thetoxic or bioaccumulative chemicalsthat
occur in IHC sediments at levelsthat are sufficient to cause or substantially contribute to
sediment injury are termed contaminants of concern. The contaminants of concern in
whole sediments and pore water are identified in this section of the report.

The toxic contaminants of concern (i.e., those with a high potential for causing or
substantially contributing to effects on sediment-dwelling organisms) wereidentified from
the list of chemicals of concern by comparing measured contaminant concentrations in
whole sediments to the PECs (Table 10.1). The contaminants which occurred in IHC
sediments at concentrations in excess of these chemical benchmarks were identified as
toxic contaminantsof concern. Theresultsof thisevaluation indicate that metals (arsenic,
cadmium, chromium, copper, lead, mercury, nickel, and zinc), PAHs (i.e., 13 individual
PAHs and total PAHS), and total PCBs, are present in surficial and/or sub-surface
sediments from the IHC at concentrations that are sufficient to injure sediment-dwelling
organisms (Table 10.1). Importantly, the concentrations of cadmium, chromium, copper,
nickel, lead, and zinc also exceeded the upper limit of background levels in Indiana
(Table 3.5), confirming that they are present at elevated levels in Assessment Area
sediments.

Theconcentrationsof severa chemicalsof concernwere measured in porewater fromfive
sediment samples from the IHC reach (Table 10.3). These data, in conjunction with
published toxicity thresholds, were used to identify toxic contaminants of concernin pore
water from IHC sediments. Evaluation of the data reported in this study using the toxic
unitsapproach indicates that the concentration of metals (copper lead, zinc, and sumtoxic
units), ammonia, and phenol were above concentrations that have been shown to betoxic
to aquatic organisms. Therefore, thetoxic contaminantsof concernin porewater included
ammonia, phenols, and metals.
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10.4

The bioaccumulative contaminants of concern were identified from the list of chemicals
of concern by comparing: (1) measured contaminant concentrations in whole sediments
to the bioaccumulation-based SQGs (Table 10.1); and, (2) measured contaminant
concentrationsintissuesto the TRGsfor the protection of piscivoruswildlife. Theresults
of thisevaluationindicatethat total PCBs, chlordane, total DDTs, heptachlor, and lindane
occurred in IHC sediments at concentrations that are sufficient to cause or substantially
contribute to effects on wildlife (i.e., due to the accumulation of these substances in
aquatic food webs). That total PCBs, chlordane, and total DDTs have accumulated in
invertebrate and/or fish tissuesto levelsthat poserisksto piscivoruswildlife confirmsthat
these substances are bioaccumul ative contaminants of concern.

All of the contaminants of concern frequently exceed the chemical benchmarksin IHC
sediments. The concentrations of these substancesin IHC sedimentsequal or exceed both
the acute (mean PEC-Q of 4.0) and chronic (mean PEC-Q of 0.7) benchmarks by
substantial margins (upto 6.5 timesthe acutethreshold and 37 timesthe chronic threshol d;
Table 10.9). Therefore, NH,, phenol, metals, PAHs, and PCBs are present in whole
sediments at concentrations that are sufficient to cause or substantially contribute to
toxicity in sediment-dwelling organisms and to adversely affect wildlifein the IHC.

Evaluation of the Areal Extent of Sediment Injury

Theareal extent of sediment injury and associated biological resourceswas determined by
mergingthevariousdatasetsthat provided information on contaminantsof concernin|HC
sediments. To support an evaluation of the spatial distribution of chemical contaminants,
mean PEC-Qs were calculated for each of the sediment samples that were obtained from
the IHC. The extent of sediment injury was subsequently determined by mapping these
data (i.e., mean PEC-Qs) using ArcView/Spatial Analyst software (each sample was
georeferenced based on the | atitude and longitude of the collection site). Thisevaluation
considered surficial and sub-surface sediments separately.

Based on the sediment chemistry data that have been collected to date, it is likely that
surficial sedimentsthroughout the IHC have been contaminated by oil or other hazardous
substances. Mean PEC-Qsfor surficial sediments from the confluence with the east and
west branches of the GCR to Columbus Drive were frequently at or above the acute mean
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10.5

PEC-Q of 4.0 and the chronic mean quotient of 0.7 (ranging up to 25.9; Table 10.9;
Figures 10.6 and 10.7). The mean PEC-Q for the one sample from the IHC wetlandswas
0.7. While contaminant concentrations tended to be somewhat lower in sub-surface
sediments (i.e., relative to surficial sediments), the available data show that these
sediments have been contaminated by oil and other hazardous substances. Mean PEC-Qs
ranged from 0.4 to 9.6 in sub-surface sediments from this reach fo the Assessment Area
(Table 10.9; Figures 10.8 and 10.9).

Based on the available sediment chemistry data, it is apparent that IHC sediments are
likely to be toxic to sediment-dwelling organisms (Table 10.4; Figurel0.10). To put the
mean PEC-Q results into perspective, USEPA (2000a) reported that the probability of
observing a 50% incidence of toxicity to amphipods in sediments occurred at a mean
PEC-Q of $ 4.0 in 10-day acute tests and at a mean PEC-Q of $ 0.7 in 28-day chronic
tests. Therefore, surficial sedimentswould be expected to befrequently toxic to sediment-
dwelling organisms (i.e., sediment samples from the IHC had mean PEC-Qs of up to 6.5
timesthe level that would result in a50% probability of observing toxicity in 10-day tests
and up to 37 times the level that would result in a 50% probability of observing toxicity
in 28-day tests with the amphipod Hyalella azteca; USEPA 2000a).

The data on other indicators of sediment quality conditions support the results of the
evaluation of the areal extent of sediment injury that was conducted using mean PEC-Qs.
Specifically, toxic effects of sedimentsin laboratory testswith aquatic organisms (Section
10.1.3) and adverse effects on benthic community structure (Section 10.1.4) also support
the conclusion that sediments throughout the IHC have been injured by discharges of oil
or releases of other hazardous substances.

Summary

Based on seven lines of evidence, it is concluded that both surficial and sub-surface
sediments from the IHC have been injured by discharges of oil or releases of other
hazardous substances. While surficial sedimentstend to be the most contaminated, sub-
surface sedimentsthroughout thisportion of the A ssessment Areaal so have conditionsthat
are sufficient to cause or substantially-contribute to sediment injury and injury to
associated biological resources.
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1.0 Lake George Branch

The LGB reach extends approximately two miles from the L ake George wetlands east to
Indianapolis Boulevard (Figure 1.1 and 1.2). The LGB consists of two separate
waterbodies, including the Lake George wetlands and the Lake George Canal. A fill area
that extends roughly 0.1 miles separates the wetlands from the canal. However, these
water bodies are connected by agated pipe, which dischargeswater from thewetlandsinto
the Canal, but does not permit flow in the westerly direction. In thisreport, the wetlands
are considered to consist of the western portion of the original canal, associated wetland
areas, and Lake St. Mary’s. The canal includes the two reach segments between the
headwaters (i.e., east of the fill ared) to Indianapolis Boulevard.

There are several historic and ongoing sources of contaminantsin the LGB. First, Clark
Refining (Hammond Terminal), Marathon Oil (Hammond Terminal), and the American
Oil Company (AMOCO), havecurrent or historical NPDES permitted outfallsonthe Lake
George Canal. Asthe Energy Cooperative (formerly ARCO) siteislocated on the Lake
George Canal, spills of petroleum hydrocarbons and other substances have resulted in
discharges of oil or releases of other hazardous substances into surface waters. Other
potential contaminant sources include over-land runoff from various industrial facilities,
leaky pipeline crossings, and discharge of contaminated ground water though the sheet pile
bulkheads.

The present assessment is intended to evaluate injury to surface water and biological
resourcesin the LGB that are associated with contaminated sediments (i.e., assessment of
sediment injury due to discharges of oil and releases of other hazardous substances). In
this assessment, oil and other hazardous substances are considered to include a variety of
toxic and bioaccumulative substances, including but not limited to PAHs, PCBs, and
metals. Inaddition, anumber of other indicatorsof environmental quality conditions, such
as pesticides, DO, SOD, TOC, and NH,, have been considered in this assessment of
sediment injury.

Thisassessment of sediment injury in the LGB includes two main components. Thefirst
component consistsof an assessment to determineif chemical characteristicsof sediments
in the LGB are sufficient to have injured surface water resources and/or the biological
resources that are associated with sediments (i.e., sediment-dwelling organisms). The
second component of the assessment is focused on determining if sedimentsin the LGB
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are sufficiently contaminated to harm fish and wildlife resources. Sedimentsin the LGB
were considered to have been injured if the available information indicates that surface
water or biological resources have been injured by discharges of oil or releases of other
hazardous substances.

Two additional evaluations were undertaken if the results of these two assessments
demonstrate that sediments have been injured. First, the chemicals of concern that are
present at concentrations sufficient to cause or substantially contribute to sediment injury
were identified (termed contaminants of concern). Second, the areal extent of sediment
injury was determined, primarily using information on the concentrations of contaminants
in whole sediments. These latter two evaluations were intended to provide additional
informationthat could be used to support restoration planning within the Assessment Area.

Assessment of Injury to Sediment and Associated Sediment -
Dwelling Organisms

LI Whole Sediment Chemistry

Whol e sediment chemistry dataareessential for determiningif dischargesof oil or releases
of other hazardous substances have caused sediments to be contaminated by toxic
substances. Evaluation of these data relative to acute or chronic toxicity thresholds
provides a basis for determining if individual chemicals occur at concentrations that are
sufficient to cause or substantially contribute to sediment injury (see Section 3.1).
Likewise evaluation of these data relative to mean PEC-Qs provides a means of
determiningif chemical mixturesoccur at level sthat are sufficient to causeor substantially
contribute to sediment injury.

The project database contains information on the chemical characteristics of 23 surficial
sediment samples from the LGB. The locations where these samples were collected are
shown in Figure 11.1. The results of chemical analyses of these samples indicate that a
large proportion of surficial sedimentsin the LGB have been contaminated by oil or other
hazardous substances (Table 11.1). For example, the concentrations of sediment-
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associated metals exceed the PECs in up to 91% of the samples (depending on the metal
that is considered). Total PAH concentrations exceed the PEC in 41% (9 of 22 samples)
of the samples in which these contaminants were measured. Total PCB concentrations
also exceed the PEC in most (81%; 13 of 16 samples) of the surface samples in which
these contaminants were quantified. For pesticides and PAHS, the detection limits that
were achieved were frequently above the PECs in samples collected from the LGB reach,
which limited the number of samples available to make comparisons to individual PECs
(samples with high detection limits were not included in the analyses presented in
Table 11.1). For example, the detection limits for acenaphthylene exceeded the PEC in
all of the surficial sediment samplesin which this substance was quantified. These high
detection limits resulted from matrix interferences due to the elevated levels of organic
contaminantsin thesesamples. Therefore, arelatively low incidence of exceedance of the
PECs should not be interpreted to mean that a substance is actually present in sediments
only infrequently at hazardous concentrations.

While the data on the concentrations of individual contaminants provide important
information for assessing the quality of sedimentsin the LGB, the mean PEC-Q represents
a more relevant measure of the overall chemical composition of surficia sediments
(Table 11.2; Figures 11.5 and 11.6). Theresults of this evaluation indicate that 83% (19
of 23 samples) of the surficial sedimentsequaled or exceeded the chronic mean PEC-Q of
0.7; 32% of these samples (6 of 19) equaled or exceeded the acute mean PEC-Q of 4.0.
These dataindicate that a high percentage of the surficial sedimentsfrom thisreach of the
river arelikely to betoxic to sediment-dwelling organisms. A total of 57% of the sediment
samples (13 of 23) from the LGB had chemical characteristics that were between the
chronic mean PEC-Q of $ 0.7 and the acute mean PEC-Q of <4.0. Inthe LGB reach, two
of the surficial samples had a mean PEC-Q of < 0.1 (9% of the samples), and two of the
surficial samples had amean PEC-Q of $ 0.1 to < 0.7 (9% of the samples). Therefore, it
is concluded that surficial sedimentsin the LGB reach of the Assessment Area have been
injured due to discharges of oil or releases of other hazardous substances.

Only two of the 23 samples for surficial sediment chemistry in the LGB reach were
collected prior to 1996. Therefore, it is not possible to make a thorough comparison of
recent sediment chemistry to historic sediment chemistry inthe LGB reach. However, the
chemistry of the two samples collected prior to 1996 was consistent with the chemistry of
the remainder of the samples collected in 1996 and later (Table 11.2). The LGB reach
exhibited a substantial degree of spatial variation in chemical contamination levels. For
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example, the lowest mean PEC-Qs were observed in the wetlands located west of thefill
area (i.e.,, up to 1.7). In contrast, the portion of the LGB located east of the fill area
generally had higher PEC-Qs (i.e., 1.8 to 31.5). As such, there are distinct patterns of
sediment injury in the LGB, with conditions sufficient to injure sediment-dwelling
organisms generaly restricted to the surficial and sub-surface sediments located in the
main channel of the canad (i.e., both upstream and downstream of the fill area).

Information on the chemical characteristics of 10 sub-surface sediment samplesfrom the
LGB iscontained in the project database. The sampling siteswhere these sedimentswere
collected are shown in Figure 11.2. Evaluation of the available sediment chemistry data
indicates that sub-surface sediments in the LGB have aso been contaminated by oil or
other hazardous substances to a similar extent as surficial sediments (Table 11.1). For
exampl e, the concentrations of sediment-associated metals exceed the PECsin up to 80%
of the samples (depending on the metal that is considered). Total PAH concentrations
exceedthe PEC in 70% (7 of 10 samples) of the samplesin which these contaminantswere
measured. Total PCB concentrations also exceed the PEC in most (71%; 5 of 7 samples)
of the sub-surface samples in which these contaminants were quantified.

Based on the mean PEC-Qsthat were calculated, it is apparent that sub-surface sediment
samples in the LGB have aso been contaminated by oil or other hazardous substances
(Table 11.2; Figures 11.7 and 11.8). Overall, 80% (8 of 10 samples) of the sub-surface
sediments equaled or exceeded the chronic mean PEC-Q of 0.7, and half of these samples
(4 of 8 samples) equaled or exceeded the acute mean PEC-Q of 4.0. Hence, a high
percentage of the sub-surface sediments from this reach of the river have chemical
characteristics that are sufficient to cause or substantially contribute to sediment injury.
A total of 40% of the sediment samples from the LGB had chemical characteristics that
were between the chronic mean PEC-Q of $ 0.7 and acute mean PEC-Q of < 4.0. Inthe
LGB reach, only one of the sub-surface samples had a mean PEC-Q of < 0.1 (i.e., in the
eastern portion of the old canal), and only 10% of the sub-surface samples had a mean
PEC-Q of $ 0.1to < 0.7. Concentrations of contaminants were generally lower in the
Lake George wetlands compared to the eastern most portions of the LGB reach
(Table 11.7; Figure 11.8).

In summary, the available data on the concentrations of chemicals in sediment
demonstrates that both surficial and sub-surface sediments in the LGB have been
contaminated by oil or other hazardous substances. Comparison of these data to the
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consensus-based PECs demonstrates that the concentrations of sediment-associated
contaminants are sufficient to injure sediments. In addition, it is concluded that the
biological resources that depend on the critical aguatic habitats provided by surficia
sediments have been injured due to the presence of oil or other hazardous substances(i.e.,
metals, PAHs, and PCBs). Sedimentsinthetruewetlandsportion of thewetlands segment
and in Lake St. Mary’ s have not been injured, based on the analysis of existing sediment
chemistry data.

I..2  Pore Water Chemistry

Data on the concentrations of contaminants in pore water provide important information
for determining if discharges of oil or releases of other hazardous substances have caused
sediments to be contaminated by toxic substances. Evaluation of these data relative to
published toxicity thresholds for aguatic organisms provides a basis for determining if
individual chemicals or chemical mixtures (i.e., using a toxic units approach) occur at
concentrations that are sufficient to cause or substantially contribute to sediment injury
(Section 3.1).

The concentration of SEM and AV'S were measured in 30 sediment samples from the
LGB. In four of these samples, the molar concentrations of SEM exceeded the molar
concentrations of AVS. Sediments with these characteristics are likely to have elevated
concentrations of pore water metals (i.e., relative to toxicity thresholds; Ankley et al.,
1996). As such, pore water from some of the LGB sediments could have metal
concentrations that exceed toxicity thresholds.

Concentrations of metals or ammoniain pore water from LGB sediments were reported
from six sampling locations (Table 11.3). Concentrations of metalswere elevated in five
of these six samplesrelativeto thresholdsfor lead or zinc that have been shown to betoxic
to the amphipod Hyalella azteca in 10-day acute tests. The sum toxic unitsfor metalsin
these samples ranged from 0.31 to 2.24, which indicated that there were sufficient
concentrations of metals in some of these samples to cause or substantially contribute to
toxicity. The concentrations of unionized ammonia in pore waters of sedimentsin six
samples from the LGB range from < 0.01 to 0.03 mg/L (Section 11.1.3). These
concentrations of NH, are well below the lethal effect concentrations that have been
reported for freshwater invertebrates (Section 11.1.3).
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Theresultsof thisevaluation indicate that concentrations of metalsin pore water samples
from the LGB are sufficiently elevated to cause or substantially contribute to acute and
chronic toxicity to sediment-dwelling organisms. The results of toxicity tests conducted
with whole sediment sampl es support the conclusion that concentrations of contaminants
were sufficiently elevated in LGB sediments to cause or substantialy contribute to
sediment injury (Section 11.1.3).

I.I.3  Sediment Toxicity Tests

Theresults of toxicity tests conducted using whole sediment, pore water, and/or el utriates
providecritical informationfor assessing the effects of contaminated sedimentson aguatic
organisms. Importantly, the results of such toxicity tests provide information that can be
used directly to determine if sediments have been injured by discharges of oil or releases
of other hazardous substances.

In the LGB, two studies have been conducted to determine if whole sediment or elutriate
samples are toxic to sediment-dwelling organisms or other aquatic species (Table 11.4;
Figure 11.3). Intotal, data are available on the toxicity of seven sediment samples from
theLGB (Table11.4). Thespeciesand endpointsthat weretestedinthesestudiesincluded
amphipod (Hyalella azteca) survival and growth, and bacterial (Vibrio fisheri)
bioluminescence (i.e., as a surrogate for bacterial metabolic rate). Overall, four of the
seven samples (i.e., 57%) that were collected from the LGB were shown to be toxic one
or both species (Figure 11.9). Sediment samples from all of the individual segments
within the LGB reach wereidentified astoxic in at least one of the tests (25% to 100% of
the samples for each reach segment were toxic). With exception of Catalyst Pond, the
samples collected in the wetlands west of the fill area and in Lake St. Mary’s were not
acutely toxic to amphipods. Overal, the results of the studies that have been conducted
demonstratethat sedimentsfromtheL GB areacutely toxic to aguatic organisms, including
sediment-dwelling species. Therefore, the results of these toxicity tests demonstrate that
conditions of sediments and associated pore waters in the LGB are sufficient to injure
biological resources, including sediment-dwelling species.
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Il.1.4  Status of Benthic Invertebrate Community

Because many aguatic invertebrates utilize benthic habitats, sediment quality conditions
havethepotential toinfluenceboth the abundance and composition of benthicinvertebrate
communities. Therefore, information on the status of benthic invertebrate communities
provides important information for evaluating the effects of contaminated sediments on
sediment-dwelling organisms (Canfield ez al. 1996; 1998).

One grab sample has been collected for assessing benthic invertebrates inhabiting
sediments in the LGB reach (Table 11.5, Figure 11.4; Risatti and Ross 1989).
Oligochaetesrepresented the dominant taxain this sample, accounting for 78% of thetotal
abundance observed. By comparison, the normal range of oligochaete rel ative abundance
in Lake Michigan reference sitesis 3.0%to 73.6%. Assuch, thissampleindicatesthat the
benthic community in the LGB has been altered relative to reference sites in Lake
Michigan.

Simon et al. (2000) collected benthic invertebrate samples using artificial substrate
samplers at three locations on the LGB. The calculated miBI scores for each of these
locations (one in the Lake George Canal and two in the Lake George wetlands) ranged
from 0.4 to 0.87, indicating that the structure of benthic invertebrate communities was
significantly degraded relative to other locationsin Indiana (i.e., #2.93; the average mi Bl
score for Indiana is in the order of 3.5 + 0.29; Simon et al. 2000). At each of these
stations, the proportion of mayflies, caddisflies, and stoneflies (i.e.,, EPT taxa) was
relatively low, averaging 0.87% of thetotal abundance. No EPT taxawere observedinthe
sample from the Lake George Canal. In contrast, the samples from the Lake George
wetlands had 0.9% to 1.7% EPT taxa. Artificial substrate samplesthat contained < 0.5%
EPT taxa were considered to be indicative of conditions that were sufficient to injure
sediment-dwelling organisms. Pollution-tolerant oligochaetes and chironomids were the
dominant taxain two of the three samples. Although the benthic community was altered
in al three samples relative to reference sites (i.e., based on miBI scores), these results
suggest that thewetlandsarelikely to have healthier benthicinvertebrate communitiesthan
the Canal.

The available information indicates that benthic invertebrate communities have been
atered (i.e, 4 of 4 samples; Table 11.5) in the LGB relative to reference conditions in
northern Indiana. Impacts on sediment-dwelling organisms are particularly important
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because invertebrates represent important food sources for fish and other wildlife species
that might inhabit the LGB. The presence of atered benthic invertebrate communities
provides confirmatory evidence (i.e., in addition to the sediment chemistry and toxicity
data) that conditions of sediments in the LGB are sufficient to injure sediments and
sediment-dwelling organisms.

.5  Other Indicators of Benthic Habitat Quality

Conventional indicators of environmental quality, such as DO, SOD, TOC, and NHj,,
provideimportant information for thegeneral statusof aguatic habitatsand their suitability
for supporting aquatic life. For this reason, the available information on conventional
indicators of environmental quality conditionswas compiled and used to assess sediment
injury in the LGB reach. No information was located on the levels of DO or SOD in the
LGB reach. Therefore, it wasnot possibleto eval uate sediment quality conditionsrelative
to these conventional indicators.

The levels of TOC in the LGB are elevated relative to the levels that occur in southern
Lake Michigan and at other areas of concern in the Great Lakes. Overal, the mean
concentrationsof TOC in surficial sedimentscollected fromthe LGB reach averaged 7.5%
(Table11.6). Amongthethreereach segments(see Table 11.6 for definitions), the highest
levels of TOC were observed in surficial sediments between the Fill area and the B& O
Railroad Bridge (i.e., mean TOC of 18.3%; range 14% to 22%; n=4). Lower levels of
TOC were observed in the Lake George wetlands (mean of 5.3%; n=12) and downstream
of the B& O Railroad Bridge (mean of 5.2%; n=7). Sub-surface sediment in this reach of
the Assessment Areahad, on average, 7.9% TOC (n=10). By comparison, Lake Michigan
sediment in the vicinity of IH had an average level of TOC of 0.5% (n=31); the upper ClI
for these samples was 3.4%. The upper limit of the normal range of TOC values (3.4%)
issimilar to the average level of TOC that has been measured at other Areas of Concern
in the Great Lakes (mean = 2.7%; 95% ClI is 2.0% to 3.4%; USEPA 1996b). These data
indicate that the sedimentsin the LGB have received substantial inputs of organic matter
relative to other contaminated sites in the Great L akes basin.

The available data on the levels of oil and grease in LGB sediments provide important
information for interpreting the TOC data. Inthe LGB surficial sediments, oil and grease
concentrations range from 1,100 to 227,000 mg/kg, averaging 43,700 mg/kg or 4.4%
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(Table 11.7). The average level of oil and grease represents nearly 60% of the average
TOC concentration in thereach. Inthe B& O Railroad Bridge to headwaters segment, oil
and greaserepresents, on average, 77% of the TOC. Oil and greaselevelsareaso elevated
in sub-surface sediments, averaging 5.1% and ranging as high as 15.4%. Therefore, itis
likely that oil and oil-related compounds comprise most of the TOC that ispresent in LGB
sediments.

In aguatic ecosystems, ammonia is excreted by aquatic organisms, formed during the
decomposition of biological tissuesand nitrogen-containing wastes, and/or released from
anthropogenic sources. There areavariety of anthropogenic sources of ammonia, such as
municipal and industrial wastewater discharges. Free ammonia can be present either as
NH, or as NH," (depending on pH and temperature). Unionized ammonia (NH,) isvery
toxic to aquatic life, with lethal thresholds as low as 0.1 mg/L reported in the literature
(Thurston and Russo 1983; Thurston and Meyn 1984; Thurston et al. 1984). The
concentrations of NH, in pore waters of sedimentsin six samples from the LGB ranged
from < 0.01 to 0.03 mg/L (Table 11.3). These concentrations of NH, are well below the
lethal effect concentration reported for freshwater invertebrates (Section 11.1.2).

In 1998, Simon et al. (2000) evaluated the status of aquatic habitats at two stationsin the
LGB. Inthisinvestigation, datawas collected on the characteristics of bottom substrates,
instream cover, channel morphology, riparian zone and bank erosion, pool and riffle
quality, and gradient at each sampling location. These datawere then compiled to support
the calculation of QHEI scores for each sampling location. The results of this study
showed that QHEI scoresranged from 16 to 45inthe LGB. By comparison, OEPA (1988)
reported that the mean (+SD) QHEI score for the ECBPs eco-region was 74 (+13.1), with
the lower limit of the normal range of QHEI scores being 48. Additionally, the IDEM
(2000c) has established use support assessment criteria for streams in Indiana. These
criteriaindicated that use impairment is likely to occur when QHEI scores are < 64. As
such, aquatic habitats downstream of the fill area in the LGB were considered to be
degraded relative to unimpacted sites in the ECBPs.

In summary, the available information indicates that aquatic habitats have been degraded
inthe LGB. In addition, high levels of TOC and associated oil and grease in the LGB
would exacerbate the effects of lost habitat for fish and invertebrates in the river.
Therefore, it is concluded that sedimentsin the LGB reach of the Assessment Area have
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been injured due to discharges of oil or other hazardous substances that have resulted in
high levels of TOC.

I.LI.L6 Summary

Based on areview of the available data, it is concluded that sediments in the LGB have
been injured by discharges of oil or releases of other hazardous substances. More
specificaly, the data show that metals, PAHs, and total PCBs occur in whole sediments
(both surface and sub-surface) at concentrations that are sufficient to injure sediment-
dwelling organisms. Calculated mean PEC-Qs exceed, often by awide margin, thelevels
that are sufficient to injure sediment-dwelling organisms. Thelevelsof metals(lead, zinc
and sum toxic units) in pore water are also sufficient to cause toxicity to aguatic
organisms. In addition, the results of toxicity tests confirm that whole sediments and
elutriates are toxic to aguatic organisms. That benthic invertebrate communitiesin this
reach of the river are significantly altered relative to reference sites provides further
confirmatory evidence that environmental conditionsin the reach of the Assessment Area
are sufficient to injure sediments and associated biological resources. Together, these
multiplelines of evidence demonstrate that sediments and associated biological resources
have beeninjured asaresult of dischargesof oil or releases of other hazardous substances.

Assessment of Effects on Fish and Wildlife Resources

In addition to effects on sediment-dwelling organisms, contaminated sediments have the
potential to adversely affect a variety of fish and wildlife resources, including fish,
amphibians, reptiles, birds, and mammals (i.e., aquatic-dependent wildlife), in anumber
of ways(Ingersoll et al. 1997). First, exposureto contaminated sediments can compromise
fish health, asevidenced by anincreased incidence of deformities, erodedfins, lesions, and
tumors (i.e., DELT abnormalities). In addition, direct toxicity (i.e., due to exposure to
contaminated sediments) or reductionsin the availability of preferred fish food organisms
can result in reduced populations of fish species (e.g., epibenthic species) and/or altered
community characteristics (e.g., reduced diversity). Furthermore, accumulation of
contaminants in fish tissues can adversely affect the fish themselves or result in adverse
effects on piscivorus wildlife species (e.g., herons, kingfisher, otter, mink or osprey).

AN ASSESSMENT OF SEDIMENT INJURY



LAKE GEORGE BRANCH — PAGE 172

These types of ecological effects can be evaluated using information on the toxicity of
sediments to fish, fish health, fish community structure, whole sediment chemistry (i.e.,
relative bioaccumulation-based SQGs), and tissue chemistry (i.e., relative to TRGS).

I.2.1 Toxicity of Sediments to Fish

No information was located on the toxicity to fish of whole sediments, pore water, or
elutriatesfromthe LGB. Therefore, it was not possibleto directly evaluate environmental
quality conditionsin the LGB using this indicator.

11.2.2 Fish Health

In 1998, Simon et al. (2000) conducted an investigation to evaluate the status of fish
communities, including fish health, inthe LGB. Fishwere collected at two stationsin the
LGB (including west of Indianapolis Boulevard and east of Calumet Avenue) and
examined for the presence of deformities, eroded fins, lesions, and tumors (i.e., DELT
abnormalities). The results of this study indicated that the incidence of DELT
abnormalities was 1.68% and 0% at these stations, respectively. Assuch, these data show
that fish health has been adversely affected by ambient environmental conditions at one
station in the LGB.

11.2.3 Status of Fish Communities

In 1998, Simon et al. (2000) conducted afish community survey of the Assessment Area
and used amodified I1BI (originally developed by Karr 1981 and subsequently calibrated
for use in Indiana; Simon and Stewart 1998) to describe the results. This fish survey
included two stations in the LGB reach. The IBI score for the station that was located in
the Lake George Canal was 14 (Table 14.9), which indicates that the fish community has
“very poor” integrity. In contrast, the station that was located in the Lake George
Wetlands had an IBI score of 38. Importantly, these dataindicate that the integrity of fish
communities differs substantially within thisreach of the Assessment Area. Although an
IBI score of 38 israted as “fair-poor”, the fish community in this area is substantially
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healthier than communities elsewhere in the Assessment Area. The status of the fish
community in the Lake George wetlands reflects what can likely be expected at siteswith
moderately good physical habitats and relatively low levels of chemica contamination.

11.2.4 Bioaccumulation of Sediment-Associated Contaminants

In thisreport, the sediment quality criteriafor the protection of wildlife (NY SDEC 1994)
were used as chemical benchmarksfor evaluating the ecological significance of sediment-
associated contaminants in the LGB. Considering the sediment chemistry data that has
been collected in the LGB, it is likely that a variety of bioaccumulative substances are
present in sediments at concentrations that pose potential hazards to wildlife species
utilizing the LGB. Specifically, the concentrations of total PCBs and total DD Ts exceed
the bioaccumulation-based SQGs in both surficial and sub-surface LGB sediments
exceeded the levels that have been established to protect piscivorus wildlife species
(Table 11.1). The absence of applicable TRGs for metals and PAHs precluded an
evaluation of the risked posed by these substancesto wildlife. Therefore, it is concluded
that concentrations of PCBs and other bioaccumulative substances occur in LGB
sediments at levelsthat are sufficient to result in the bioaccumul ation of these substances
in invertebrate and fish tissues to concentrations that pose arisk to piscivorus wildlife.

Tissue residue guidelines provide another means of assessing the significance of
bioaccumulative chemicals of concern to piscivorus wildlife species (e.g., herons,
kingfisher, otter, mink or osprey; Newell ez al. 1987). Comparison of tissueresiduelevels
to fish flesh criteria for the protection of wildlife provides a basis for confirming if
bioaccumulation represents a hazard to wildlife species. No data were located on
concentrations of tissue-associated contaminantsfor organismsfromtheLGB. Therefore,
it was not possible to assess the risks posed by tissue-associated contaminants to
piscivorus wildlife in the LGB.

1.2.5 Summary

Based on the information available from various studies, it is likely that contaminated
sediments pose substantial hazards to wildlifein the LGB. There were insufficient data
to determine if sediments were directly toxic to fish in the LGB reach. Nevertheless,
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contaminated sedimentsinthe LGB arelikely to be adversely affecting wildlife speciesin
several ways. Firgt, alteration of benthic invertebrate communities has reduced the
abundance of preferred fish food organisms. Second, fish health and fish communities
have been shown to be impaired relative to uncontaminated reference sites. Third, the
concentrations of sediment-associated contaminants are known to exceed, often by wide
margins, the levelsthat have been established to protect piscivorus wildlife species (e.g.,
herons, kingfishers, otter, mink or osprey). Therefore, it is concluded that injured
sedimentsin the LGB are adversely affecting fish and wildlife resources in this reach of
the Assessment Area.

Determination of Contaminants of Concern

Following the assessment of sediment injury, it is useful to identify the factors that are
causing or substantially contributing to adverse effects on sediment-dwelling organisms
andfishandwildliferesources. Inthisreport, thetoxic or biocaccumulative chemicalsthat
occur in LGB sediments at levelsthat are sufficient to cause or substantially contribute to
sediment injury are termed contaminants of concern. The contaminants of concern in
whole sediments and pore water are identified in this section of the report.

The toxic contaminants of concern (i.e., those with a high potential for causing or
substantially contributing to effects on sediment-dwelling organisms) wereidentified from
the list of chemicals of concern by comparing measured contaminant concentrations in
whole sediments to the PECs (Table 11.1). The substances which occurred in LGB
sediments at concentrations in excess of these chemica benchmarks were identified as
toxic contaminantsof concern. Theresultsof thisevaluation indicate that metals (arsenic,
cadmium, chromium, copper, lead, mercury, nickel, and zinc), PAHs (12 individual PAHs
and total PAHSs) and total PCBs are present in both surficial and sub-surface sediments
from the LGB at concentrationsthat are sufficient to injure sediment-dwelling organisms
(Table11.1). Importantly, the concentrationsof cadmium, chromium, copper, nickel, lead,
and zinc also exceeded the upper limit of background levels in Indiana (Table 3.5),
confirming that they are present at elevated levelsin Assessment Area sediments.

The concentrations of several chemicalsof concernweremeasured in porewater fromfive
sediment samples from the LGB reach (Table 11.3). These data, in conjunction with
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published toxicity threshol ds, were used to identify toxic contaminants of concernin pore
water from LGB sediments. Evaluation of the data reported in this study using the toxic
unitsapproach indicatesthat the concentrations of metals (lead, zinc, and sum toxic units)
were elevated relative to concentrations that have been shown to be toxic to aquatic
organismsin standardized 10-day acutetoxicity tests. Therefore, the toxic contaminants
of concern in pore water included metals.

The bioaccumulative contaminants of concern were identified from thelist of chemicals
of concern by comparing: (1) measured contaminant concentrations in whole sediments
to the bioaccumulation-based SQGs (Table 11.1); and, (2) measured contaminant
concentrationsin tissuesto the TRGsfor the protection of piscivoruswildlife. Theresults
of this evaluation indicate that total PCBs and total DDTs occurred in LGB sediments at
concentrationsthat are sufficient to cause or substantially contributeto effectson wildlife
(i.e., due to the accumulation of these substances in aquatic food webs). No data were
located on thelevels of bioaccumulative chemicalsinfish or invertebratetissuesformthe
LGB.

All of the contaminants of concern frequently exceed the chemical benchmarksin LGB
sediments. The concentrations of these substancesin LGB sediments frequently equaled
or exceeded the chemical acute (mean PEC-Q of 4.0) and chronic (mean PEC-Q of 0.7)
benchmarks by substantial margins (up to eight timesthe acute threshold and 45 timesthe
chronic threshold; Table 11.8). Therefore, metals, PAHs and PCBs are present in whole
sediments at concentrations that are sufficient to cause or substantially contribute to
toxicity in sediment-dwelling organisms and to adversely affect wildlife in the LGB.

Evaluation of the Areal Extent of Sediment Injury

Theareal extent of sediment injury and associated biological resourceswas determined by
merging the various data sets that provided information on contaminant concentrationsin
LGB sediments. To support an evaluation of the spatial distribution of contaminants of
concern, mean PEC-Qs were calculated for each of the sediment samples that were
obtained from the LGB. The extent of sediment injury was subsequently determined by
mapping these data (i.e., mean PEC-Qs) using ArcView/Spatial Analyst software (each
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samplewas georeferenced based on thelatitude and longitude of the collection site). This
evaluation considered surficial and sub-surface sediments separately.

Based on the sediment chemistry data that have been collected to date, it is likely that
surficial sediments throughout much of the LGB have been contaminated by oil or other
hazardous substances. Mean PEC-Qs for surficial sediments in the Lake George Canal
segment of the LGB reach aways equaled or exceeded 0.7 and frequently equaled or
exceeded 4.0 (i.e., the chronic and acute toxicity thresholds, respectively; Table 11.8;
Figures 11.5 and 11.6). In contrast, surficial sediments from the Lake George wetlands
and Lake St. Mary’s tended to have lower levels of contamination, with mean PEC-Qs
ranging from 0.08 to 1.67. The concentrations of chemical contaminants in sub-surface
samples were similar to surficial sediments in the LGB (Table 11.8; Figures 11.7 and
11.8).

Based on the available sediment chemistry data, it is apparent that LGB sediments are
likely to be frequently toxic to sediment-dwelling organisms. To put the mean PEC-Q
resultsinto perspective, USEPA (2000a) reported that the probability of observing a50%
incidence of toxicity to amphipodsin sediments occurred at amean PEC-Q of $ 4.0in 10-
day acutetestsand at amean PEC-Q of $ 0.7 in 28-day chronictests. Therefore, surficial
and sub-surface sediments would be expected to be frequently toxic to sediment-dwelling
organisms (i.e., sediment samples from the Lake George Canal had mean PEC-Qs of up
to eight timesthe level that would result in a50% probability of observing toxicity in 10-
day tests and up to 45 times the level that would result in a50% probability of observing
toxicity in 28-day tests with the amphipod Hyalella azteca; Figure 11.9; USEPA 2000a).

Summary

Based on areview of six lines of evidence, sediments from areas located east of the fill
areainthe LGB reach have beeninjured by dischargesof oil or rel eases of other hazardous
substances. Sedimentsin the old canal area west of the fill area have aso been injured.
It isalso concluded that the biological resourcesthat depend onthecritical aguatic habitats
provided by surficial sediments have been injured in the segments of the LGB east of the
fill area due to the presence of oil or other hazardous substances (i.e., metals, PAHs, and
PCBs). However, sediments in the wetlands portion and in Lake St. Mary’s, except
Catalyst Pond, have not been injured.
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12.0 US Canal

The USC reach of the Assessment Area (i.e., the Federal Project Area) is comprised of
three main components (Figure 1.1 and 1.2). First, the USC reach includes the portion of
IHC from Columbus Drive to the Forks. In addition, the portion of the LGB from
Indianapolis Boulevard to the Forksis also included within thisreach. The USC from the
Forks to IH represents the third portion of the USC reach. In total, the USC reach, as
defined in thisreport, is approximately 3.2 milesin length.

There anumber of potential sources of contaminantsto the USC reach of the Assessment
Area. First, LTV Steel Company, Inland Steel Company, and American Steel Foundries
currently discharge or have historically discharged wastewater into the canal viapermitted
outfalls under the NPDES. Five of Inland Steel Company’s outfalls are now inactive.
Significant amounts of ammonia are produced from existing (and former) coke ovens,
sinter plantsand blast furnace operationsthat are part of theintegrated steel manufacturing
plants adjacent to the USC. In addition, Phillips Pipeline Company, Praxair, Inc., and
MobileOil Corporation haveoutfallsoff the channel that may dischargeindirectly into the
USC. Other potential contaminant sourcesinclude downstream transport of contaminated
water and/or sediments from upstream areas, discharges of contaminated ground water
through sheet pile bulkheads, and leaky pipeline crossings.

The present assessment is intended to evaluate injury to surface water and biological
resourcesin the USC that are associated with contaminated sediments (i.e., assessment of
sediment injury due to discharges of oil and releases of other hazardous substances). In
this assessment, oil and other hazardous substances are considered to include a variety of
toxic and bioaccumulative substances, including but not limited to PAHs, PCBs, and
metals. Inaddition, anumber of other indicatorsof environmental quality conditions, such
as pesticides, DO, SOD, TOC, and NH,, have been considered in this assessment of
sediment injury.

This assessment of sediment injury in the USC includes two main components. Thefirst
component consi sts of an assessment to determineif chemical characteristics of sediments
in the USC are sufficient to have injured surface water resources and/or the biological
resources that are associated with sediments (i.e., sediment-dwelling organisms). The
second component of the assessment is focused on determining if sedimentsin the USC
are sufficiently contaminated to harm fish and wildlife resources. Sedimentsin the USC
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were considered to have been injured if the available information indicates that surface
water or biological resources have been injured by discharges of oil or releases of other
hazardous substances.

Two additional evaluations were undertaken if the results of these two assessments
demonstrate that sediments have been injured. First, the chemicals of concern that are
present at concentrations sufficient to cause or substantially contribute to sediment injury
were identified (termed contaminants of concern). Second, the areal extent of sediment
injury was determined, primarily using information on the concentrations of contaminants
in whole sediments. These latter two evaluations were intended to provide additional
informationthat could be used to support restoration planning withinthe A ssessment Area.

Assessment of Injury to Sediment and Associated Sediment -
Dwelling Organisms

12.1.1 Whole Sediment Chemistry

Whol e sediment chemistry dataareessential for determiningif dischargesof oil or releases
of other hazardous substances have caused sediments to be contaminated by toxic
substances. Evaluation of these data relative to acute or chronic toxicity thresholds
provides a basis for determining if individual chemicals occur at concentrations that are
sufficient to cause or substantially contribute to sediment injury (see Section 3.1).
Likewise evaluation of these data relative to mean PEC-Qs provides a means of
determiningif chemical mixturesoccur at level sthat are sufficient to causeor substantially
contribute to sediment injury.

The project database contains information on the chemical characteristics of 114 surficial
sediment samples from the USC. The locations where these samples were collected are
shown in Figure 12.1. The results of chemical analyses of these samples indicate that a
large proportion of surficial sedimentsinthe USC have been contaminated by oil or other
hazardous substances (Table 12.1). For example, the concentrations of sediment-
associated metals exceed the PECs in up to 93% of the samples (depending on the metal
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considered). Total PAH concentrations exceed the PEC in 89% of the samples (54 of 61)
in which these contaminants were measured. Total PCB concentrations also exceed the
PEC in most of the surface samples (79%; 30 of 38) in which these contaminants were
quantified.

While the data on the concentrations of individual contaminants provide important
information for assessing the quality of sedimentsinthe USC, the mean PEC-Q represents
a more relevant measure of the overall chemical composition of surficial sediments
(Table 12.2, Figures 12.6 a-c and 12.7). The results of this evaluation indicate that 92%
(105 of 114 samples) of the surficial sediments equaled or exceeded the chronic mean
PEC-Qof 0.7 and 61% (70 of 114 samples) of the sedimentsequal ed or exceeded theacute
mean PEC-Q of 4.0. These data indicate that most of the surficial sediments from this
reach of the river are likely to be toxic to sediment-dwelling organisms. A total of 31%
of the sediment samplesfrom the USC had chemical characteristicsthat were between the
chronic mean PEC-Q of $ 0.7 and acute mean PEC-Q of < 4.0. In the USC reach, only
2% the surface samples had a mean PEC-Q of < 0.1, and only 6% of the surface samples
had amean PEC-Q of $ 0.1 to < 0.7. Therefore, it is concluded that surficial sediments
in the USC reach of the Assessment Area have been injured due to discharges of oil or
releases of other hazardous substances. All of the datafor sediment chemistry inthe USC
reach were collected prior to 1996. The natural resource trustees and the nine cooperating
potentially responsible parties agreed that additional sampling of this well-characterized
areawas unwarranted. Thisiswhy there are no recent sediment chemistry data for this
reach of the Assessment Area.

Information on the chemical characteristicsof 101 sub-surface sediment samplesfromthe
USC iscontained in the project database. The sampling siteswhere these sedimentswere
collected are shown in Figure 12.2. Evaluation of the available sediment chemistry data
indicate that sub-surface sediments in the USC have been contaminated by oil or other
hazardous substancesto asimilar extent assurficial sediments(Table12.1). For example,
the concentrations of sediment-associated metals exceed the PECs in up to 88% of the
samples (depending on the metal that is considered). Total PAH concentrations exceed
the PEC in 100% (18 of 18 samples) of the samples in which these contaminants were
measured. Total PCB concentrations also exceed the PEC in most (82%; 42 of 51
samples) of the sub-surface samples in which these contaminants were quantified.
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Based on the mean PEC-Qs that were calculated, it is apparent that sub-surface sediment
samples in the USC have been contaminated by oil or other hazardous substances
(Table 12.2; Figures 12.8a-c and 12.9). Overall, 85% (86 of 101 samples) of the sub-
surface sediments equaled or exceeded the chronic mean PEC-Q of 0.7 and 73% (74 of
101 samples) of the sub-surface sediments equal ed or exceeded the acute mean PEC-Q of
4.0. Hence, most of the sub-surface sediments from this reach of the river have chemical
characteristicsthat arelikely to havebeeninjured. A total of 12% of the sediment samples
from the USC had chemical characteristics that were between the chronic mean PEC-Q
of $ 0.7 and acute mean PEC-Q of < 4.0. In the USC reach, only 3% the sub-surface
samples had amean PEC-Q of < 0.1, and only 12% of the sub-surface sampleshad amean
PEC-Qof $0.1t0<0.7.

Insummary, theavailable dataon the concentrationsof chemical sin sediment demonstrate
that both surficial and sub-surface sediments in the USC have been contaminated by oil
or other hazardous substances. Comparison of these data to the consensus-based PECs
demonstrates that the concentrations of sediment-associated contaminants are sufficient
to cause or substantially contributeto injury of sediments. Therefore, it isconcluded that
sediments of the USC reach have been injured dueto discharges of oil or releases of other
hazardous substances. In addition, it is concluded that the sediment-dwelling organisms
that depend on the critical aquatic habitats provided by sediments have been injured due
to the presence of oil or other hazardous substances (i.e., metals, PAHs, and PCBs).

12.1.2 Pore Water Chemistry

Data on the concentrations of contaminants in pore water provide important information
for determining if discharges of oil or releases of other hazardous substances have caused
sediments to be contaminated by toxic substances. Evaluation of these data relative to
published toxicity thresholds for aguatic organisms provides a basis for determining if
individual chemicals or chemical mixtures (i.e., using a toxic units approach) occur at
concentrations that are sufficient to cause or substantially contribute to sediment injury
(Section 3.1).

The concentrations of SEM and AV S were measured in five sediment samples from the
USC reach. Inall of these samples, the molar concentrations of AV S exceeded the molar
concentrations of SEM. Sedimentsin which AVSis greater than SEM are predicted to
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have pore water metal concentrations below those that are expected to cause toxicity
(Ankley et al. 1996). Assuch, porewater from USC reach sedimentsis predicted to have
levels of metals that are below toxicity thresholds.

Concentrations of metals or ammoniain pore water from USC sediments were reported
for three sampling locations (Table 12.3). Concentrations of metals were elevated in one
of these three samplesabove thresholdsfor cadmium, copper, lead and zinc that have been
shown to be toxic to the amphipod Hyalella azteca in 10-day acute tests. The sum toxic
unit for metals in this sample was 23.6, which indicated that there were sufficient
concentrations of metals in this sample to cause or substantially contribute to sediment
toxicity. The detection limits for cadmium and lead were too high in one of the samples
to be ableto interpret the pore water concentrations relative to the published 10-day LC,
for H. azteca. The concentration of unionized ammonia (NH,) was measured in one of
these three pore water samples. The concentration of NH; of 6.2 mg/L in thissampleis
about 10 times the acute lethal effect concentration reported for freshwater invertebrates
and would be high enough to cause mortality in aquatic organisms (CCREM 1987).

Results of this evaluation indicate that concentrations of contaminants in pore water
samplesfromthe USC aresufficiently elevated to cause or substantially contributeto acute
and chronic toxicity to sediment-dwelling organisms. Importantly, the results of toxicity
tests conducted with pore water and elutriate samples support the conclusion that
concentrations of contaminants were sufficiently elevated in USC sediments to cause or
substantially contribute to the observed toxicity to crustaceans and bacteria
(Section12.1.3). Therefore, itisconcluded that the concentrationsof contaminantsin pore
water are sufficiently elevated to cause or substantially contributeto sediment injury inthe
USC.

12.1.3 Sediment Toxicity Tests

Theresults of toxicity tests conducted using whole sediment, pore water, and/or el utriates
providecritical information for assessing the effectsof contaminated sedimentson aguatic
organisms. Importantly, the results of such toxicity tests provide information that can be
used directly to determine if sediments have been injured by discharges of oil or releases
of other hazardous substances.
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In the USC, four studies have been conducted with sediment samples to determine if
sediments and associated pore water or elutriate samples are toxic to sediment-dwelling
organisms or other aguatic species (Table 12.4; Figure 12.3). In total, data are available
on thetoxicity of 90 sediment samplesfromthe USC. The speciesand endpointsthat were
tested in these studies included cladoceran (Daphnia magna and Ceriodaphnia dubia)
survival, midge (Chironomus tentans or C. riparius) survival and growth, amphipod
(Hyalella azteca) survival, growth, number of antennal segmentsand percent mature; and
bacteria (Vibrio fisheri) bioluminescence(i.e., asasurrogatefor bacterial metabolic rate).
Overadl, 80% of the samples that were collected from the USC were shown to betoxic to
one or more species (Table 12.4; Figure 12.10). Sediment samples from al of the
individual segmentswithin the USC reach were identified astoxic to one or more species
(58% to 95% of the samples collected from the various reach segments were shown to be
toxic). While sedimentsfrom the USC would likely have been toxic more frequently had
longer term tests (including sublethal endpoints) been employed, the results of the studies
that have been conducted demonstrate that sediments from the USC are acutely toxic to
avariety of aquatic organisms, including sediment-dwelling species. Therefore, theresults
of thesetoxicity testsdemonstrate that conditions of sedimentsand associated pore waters
in the USC are sufficient to injure biological resources, including sediment-dwelling
Species.

12.1.4 Status of Benthic Invertebrate Community

Because many aguatic invertebrates utilize benthic habitats, sediment quality conditions
havethe potential toinfluenceboth the abundance and composition of benthicinvertebrate
communities. Therefore, information on the status of benthic invertebrate communities
provides important information for evaluating the effects of contaminated sediments on
sediment-dwelling organisms (Canfield ez al. 1996; 1998). For thisreason, the available
information on the status of benthic invertebrate communities was assembled and used to
determine if discharges of oil or releases of other hazardous substances have caused or
substantially contributed to sediment injury in the USC.

Information from 20 grab samples of benthic invertebrates inhabiting sediments in the
USC was used to assess injury to sediments and biological resourcesin thisriver system
(Table 12.5; Figure 12.4; Polls and Dennison 1984; Risatti and Ross 1989; Polls et al.
1993; USEPA 1996a). Theresults of these surveys demonstrate that benthic invertebrate
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communities in the USC are dominated by pollution-tolerant species. The normal range
(i.e., 95% Cl) of oligochaeterel ative abundancein the Assessment Areais 3.0% to 73.6%.
Oligochaetes comprised > 73.6% of the organismsin 19 of these 20 sampl es, with leeches,
chironomids, other diptera, or mollusks observed only occasionally. Inthe other sample,
the percent abundance of chironomids was outside the norma range for nearshore
reference stations in Lake Michigan. The oligochaetes were predominantly pollution-
tolerant tubificids (Polls er al. 1993). More sensitive organisms, such as mayflies,
stoneflies, caddisflies (i.e., EPT taxa) were absent from these USC sampling stations.
Therefore, al of the sediments sampled from the USC were considered to have conditions
that were sufficient to cause or substantially contribute to injury of sediment-dwelling
organisms.

Simon et al. (2000) reported the results of analyses of five benthic invertebrate samples
collected from two stations in the USC reach (i.e., the Forks and Dickey Road) using
multi-plate artificial substrate samplers (IDEM 2000g, as presented in Simon et al. 2000).
Theresults of these surveys are consistent with the historical dataobtained from sediment
grab samples. ThemlBI scorefor these samplesranged from 0.2 to 2.8, indicating that the
structure of benthic invertebrate communities is degraded relative to other locations in
Indiana(i.e., the average miBI score for Indianaisin the order of 3.5 + 0.29; Simon et al.
2000). The benthic invertebrates were primarily pollution-tolerant oligochaetes, with
< 0.5% pollution-sensitive EPT taxa observed in four of the five samples. Artificial
substrate samples containing < 0.5% EPT taxa were considered to be indicative of
conditionsthat are sufficient to injure sediment-dwelling organisms(Section 3.1.1; Simon
et al. 2000). Simon et al. (2000) concluded that the lack of sensitive benthic invertebrate
speciesisdirectly theresult of contaminated sedimentsand the highly toxic conditionsthat
prohibit colonization.

The available information indicates that benthic invertebrate communities have been
altered in the USC relative to reference conditions in northern Indiana (i.e., 24 of 25
samples altered). Impacts on sediment-dwelling organisms are particularly important
because invertebrates represent important food sources for fish and other wildlife species
that utilize habitats within the USC. Therefore, the results of these benthic community
surveys provide confirmatory evidence (i.e., in addition to the sediment chemistry and
toxicity data) that environmental quality conditions in the USC are sufficient to injure
sediments and sediment-dwelling organisms.
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12.1.5 Other Indicators of Benthic Habitat Quality

Conventional indicators of environmental quality, such as DO, SOD, TOC, and NH,,
provideimportant information for thegeneral statusof aguatic habitatsand their suitability
for supporting aquatic life. For this reason, the available information on conventional
indicators of environmental quality conditionswas compiled and used to assess sediment
injury in the USC reach. No information was located on the levels of DO or SOD in the
USCreach. Therefore, it wasnot possibleto evaluate sediment quality conditionsrelative
to these conventional indicators.

Thelevels of TOC inthe USC reach are elevated relative to the levelsin sediments from
the nearshore areas of Lake Michigan. Mean concentrations of TOC within the various
segments of the USC reach ranged from 10.4% to 14.6% in surficial sediments and from
4.3% to 12.6% in sub-surface sediments (Table 12.6). These data indicate that the
sedimentsin the USC have received substantial inputs of organic matter relative to other
contaminated sites in the Great Lakes basin. By comparison, Lake Michigan sediments
in the vicinity of IH had an average level of TOC of 0.5% (n=31); the upper 95% CI for
these samples was 3.4%. The upper limit of the normal range of TOC values (3.4%) is
similar to the average level of TOC that has been measured at other Areas of Concernin
the Great Lakes (mean = 2.7%; 95% ClI is 2.0% to 3.4%; USEPA 1996b). AsTOC are
outside the normal range for the nearshore areas of Lake Michigan and in excess of the
levelsthat have been observed at other areas of concern, it is apparent that the USC reach
has received substantial inputs of organic matter.

Information on the levels of oil and grease in sediments provide important data for
interpretingthedataon TOC. Insurficial sediments, average oil and grease concentrations
in the various segments ranged from 25,100 to 136,000 mg/kg or 0.86% to 17.5%
(Table12.7). By comparison, average oil and greaselevelsinthe various segmentsranged
from 14,300 to 101,000 mg/kg in sub-surface sediments (i.e., 1.4% to 10.1%). For the
whole reach, oil and grease levels averaged 7.4% and 6.1% in surficial and sub-surface
sediments, respectively. These data indicate that, on average, oil and grease represents
more than 55% of the TOC that is present in USC sediments. Therefore, discharges of ail
and other petroleum hydrocarbons have contaminated sediments and account for most of
the TOC in USC sediments.
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In aquatic ecosystems, ammonia is excreted by aquatic organisms, formed during the
decomposition of biological tissuesand nitrogen-containing wastes, and/or released from
anthropogenic sources. Thereareavariety of anthropogenic sources of ammonia, such as
municipal and industrial wastewater discharges (i.e., from steel coke making, sintering,
and blast furnace). Free ammonia can be present either as NH, or asNH," (depending on
pH and temperature). Unionized anmonia (NH,)is very toxic to aquatic life, with letha
thresholds as low as 0.1 mg/L reported in the literature (Thurston and Russo 1983;
Thurston and Meyn 1984; Thurston et al. 1984). The concentration of NH, in porewaters
of sediments in the USC was reported for one sample (6.2 mg/L; Table 12.3). This
concentration of NH; is about 10 times the acute lethal concentration reported for
freshwater invertebratesand woul d be high enough to cause mortality inaquatic organisms
(CCREM 1987).

A survey of aquatic habitat quality and fish community structure in the USC was
conducted by Risatti and Ross (1989). The results of this study demonstrate that aquatic
habitats have been lost or degraded due to the presence of contaminated sediment in the
USC. Layersof oily sludge and tar balls were observed on the sediment surface at six
stationsalong the USC reach. 1n 1998, Simon et al. (2000) evaluated the status of aquatic
habitats at two stations in the USC. In this investigation, data was collected on the
characteristics of bottom substrates, instream cover, channel morphology, riparian zone
and bank erosion, pool and riffle quality, and gradient at each sampling location. These
data were then compiled to support the calculation of QHEI scores for each sampling
location. The results of this study showed that QHEI scores ranged from 18 to 21 in the
USC. By comparison, OEPA (1988) reported that the mean (+ SD) QHEI score for the
ECBPs eco-region was 74 (+ 13.1), with the lower limit of the normal range of QHEI
scoresbeing 48. Additionally, the IDEM (2000c) has established use support assessment
criteriafor streamsin Indiana. These criteria indicated that use impairment is likely to
occur when QHEI scoresare < 64. Assuch, aquatic habitatsin the USC were considered
to be degraded relative to unimpacted sites in the ECBPs.

In summary, the available information indicates that aquatic habitats have been degraded
in the USC. In addition, high levels of TOC (largely in the form of oil and oil-related
compounds) and elevated concentrations of ammonia in the USC would exacerbate the
effectsof lost habitat for fish and invertebratesin theriver. Therefore, it isconcluded that
sediments in the USC reach of the Assessment Area have been injured due to discharges
of oil or releases of other hazardous substances.
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12.1.6 Summary

Based on areview of the available data, it is concluded that sediments in the USC have
been injured by discharges of oil or releases of other hazardous substances. More
specifically, the data show that metals, PAHs, and PCBs occur in whole sediments at
concentrationsthat are sufficient toinjure sediment-dwelling organisms. Calculated mean
PEC-Qs exceed, often by awide margin, the levelsthat are sufficient to injure sediment-
dwelling organisms. Thelevels of metals and unionized ammoniain pore water are also
sufficient to cause toxicity to aquatic organisms. In addition, the results of toxicity tests
confirm that whole sediments, pore water, and elutriates are toxic to aquatic organisms.
That benthic invertebrate communities in this reach of the river are significantly altered
relative to reference sites provides further confirmatory evidence that environmental
conditions in the reach of the Assessment Area are sufficient to injure sediments and
associated biological resources. Together, these multiple lines of evidence demonstrate
that sediments and associated biological resources have been injured as a result of
discharges of oil or releases of other hazardous substances.

12.2 Assessment of Effects on Fish and Wildlife Resources

In addition to effects on sediment-dwelling organisms, contaminated sediments have the
potential to adversely affect a variety of fish and wildlife resources, including fish,
amphibians, reptiles, birds, and mammals (i.e., aquatic-dependent wildlife), in anumber
of ways(Ingersoll ez al. 1997). First, exposureto contaminated sediments can compromise
fish health, asevidenced by anincreasedincidence of deformities, erodedfins, lesions, and
tumors (i.e., DELT abnormalities). In addition, direct toxicity (i.e., due to exposure to
contaminated sediments) or reductionsin theavailability of preferred fish food organisms
can result in reduced populations of fish species (e.g., epibenthic species) and/or altered
community characteristics (e.g., reduced diversity). Furthermore, accumulation of
contaminants in fish tissues can adversely affect the fish themselves or result in adverse
effects on piscivorus wildlife species (e.g., herons, kingfisher, otter, mink or osprey).
These types of ecological effects can be evaluated using information on the toxicity of
sediments to fish, fish health, fish community structure, whole sediment chemistry (i.e.,
relative bioaccumulation-based SQGSs), and tissue chemistry (i.e., relative to TRGS).
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12.2.1 Toxicity of Sediments to Fish

No information was located on the toxicity to fish of whole sediments, pore water, or
elutriatesfromthe USC. Therefore, it wasnot possibleto directly evaluate environmental
quality conditionsin the USC reach using this indicator.

12.2.2 Fish Health

In 1998, Simon et al. (2000) conducted an investigation to evaluate the status of fish
communities, including fish health, inthe USC. Fishwere collected at two stationsin the
USC (including the Forks and Dickey Road and examined for the presence of deformities,
eroded fins, lesions, and tumors (i.e., DELT abnormalities). The results of this study
indicated that the incidence of DELT abnormalities was 0% and 3.3% at these stations,
respectively (note: only one fish was captured in the sample for which 0% DELT
abnormalities were observed). As such, these data show that fish health has been
adversely affected by ambient environmental conditions at one station in the USC.

12.2.3 Status of Fish Communities

Theresults of surveys of the status of fish communities can provide relevant information
for evaluating environmental quality in the USC. Risatti and Ross (1989) summarized
datafrom the fish surveys that were conducted in the USC Assessment Area during 1983
(USEPA 1985; 15 species of fish), 1984 (USACE 1986; 23 species of fish), and 1988
(Risatti and Ross 1989; 10 species of fish). However, there were insufficient data
presented in these studies to fully assess the structure of fish communitiesin the various
reaches of the IH Assessment Area. Nevertheless, the results of fish sampling conducted
in 1988 indicated that the IH and USC reaches were dominated by pollution-tolerant carp,
goldfish, shad, and shiners.

Simon et al. (2000) summarized the results of the studies that were conducted between
1985 and 1990 at one station in the USC reach (Dickey Road) using a modified 1BI
(originally developed by Karr 1981 and subsequently calibrated for usein Indiana; Simon
and Stewart 1998). During that period, 1Bl scores averaged 25 (range 16 to 34) at this
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location (Table14.9), whichindicatesthat theintegrity of thefish communitieswas* poor”
to “very poor”. More recently (1998), Simon et al. (2000) conducted a follow-up fish
community survey in the Assessment Area, including two stationsin the USC. The IBI
scores for the two stations sampled in 1998 in the USC (i.e., the Forks and Dickey Road)
were 12 and 18, which indicate that the integrity of the fish community is “very poor”
relativeto fish communitiesel sewherein northwestern I ndianaand the CCBPseco-region.
Therefore, it is concluded that fish communities have been degraded in the USC reach.

12.2.4 Bioaccumulation of Sediment-Associated Contaminants

In addition to direct effects on aguatic organisms, sediment-associated contaminants can
have harmful effects on those wildlife speciesthat feed on fish and other aquatic species.
Bioaccumul ation-based SQGs provide abasisfor assessing the significance of chemicals
of concern to piscivorus wildlife species (e.g., herons, kingfisher, otter, mink or osprey;
NY SDEC 1994). Considering the sediment chemistry datathat has been collected in the
USC, itislikely that avariety of bioaccumulative substances are present in sediments at
concentrationsthat poseriskstowildlifespeciesutilizing habitatsinthe USC (Table12.1).
Specificaly, the concentrations of total PCBs, chlordane, total DDTs, heptachlor, and
heptachlor epoxide in surface USC sediments and of total PCBs, total DDTs, and
heptachlor epoxide in sub-surface USC sediments exceed the levels that have been
established to protect piscivorus wildlife species (Table 3.3). The concentrations of
2,3,7,8-TCDD aso exceeded the SQG in surficial sediments.

Comparison of tissue residue levels to fish flesh criteria for the protection of wildlife
provides means of confirming that bioaccumul ation of sediment-associated contaminants
in fish and invertebrate tissues represents a hazard to wildlife species. Risatti and Ross
(1989) and the IDEM (1994) sampled fish and crayfish from the USC to determine the
concentrations of tissue-associated contaminants (Figure 12.5). A total of three samples
were collected from near Dickey Road (IDEM 1994; skin-on fillets of carp wet weight;
Appendix 5.5) and 15 samples were collected from the Forks (Risatti and Ross 1989,
whole body of alewife, carp, golden shiners, crayfish, gizzard shad, sunfish, wet weight;
Appendix 5.6). Theresultsof theseinvestigationsindicated that the concentrationsof total
PCBsin crayfish ranged from 125 to 382 pg/kg WW. Forage fish, such as gizzard shad,
golden shiner, and alewifes had higher levels of total PCBs, ranging from 126 to
1,130 pg/lkg WW. Thehighest levels of total PCBswere observed in whole carp samples
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12.3

(200 to 7,860 ng/kg WW) and skin-on carp fillets (3,040 to 22,900 ug/lkg WW). All of
the tissue samples that have been collected to date have levels of total PCBs that exceed
the TRGsfor the protection of piscivoruswildlife. Total DDTsand dieldrin + aldrin also
occurred at elevated concentrationsin one or more samplesof carp tissues(skin-onfillets).
Therefore, it is concluded that total PCBs, dieldrin + aldrin, and total DDTs have
accumulated in tissues to levels that are sufficient to cause or substantially contribute to
sediment injury relative to piscivorus wildlife species utilizing habitats in the USC.

12.2.5 Summary

Based on the information available from various studies, it is likely that contaminated
sediments pose substantial hazards to wildlife in the USC. There were insufficient data
to determine if sediments were directly toxic to fish in the USC reach. However,
contaminated sedimentsin the USC arelikely to be adversely affecting wildlife speciesin
several ways. Firgt, ateration of benthic invertebrate communities has reduced the
abundance of preferred fish food organisms. Second, the fish community in the portion
of the USC reach has been impaired relative to uncontaminated reference sites. Third, the
concentrations of sediment-associated contaminants are known to exceed, often by wide
margins, the levelsthat have been established to protect piscivoruswildlife species (e.g.,
herons, kingfishers, otter, mink or osprey). Finally, concentrations of total PCBs, total
DDTs, and dieldrin+ aldrin in aquatic organismsfrom the USC reach exceeded level sthat
are associated with adverse effects on piscivorus wildlife species (based on TRG for the
protection of wildlife species). Therefore, it is concluded that injured sediments in the
USC reach are adversely affecting fish and wildlife resources utilizing this reach of the
Assessment Area.

Determination of Contaminants of Concern

Following the assessment of sediment injury, it is useful to identify the factors that are
causing or substantially contributing to adverse effects on sediment-dwelling organisms
andfishandwildliferesources. Inthisreport, thetoxic or biocaccumulative chemicalsthat
occur in USC sediments at levelsthat are sufficient to cause or substantially contribute to
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sediment injury are termed contaminants of concern. The contaminants of concern in
whole sediments and pore water are identified in this section of the report.

The toxic contaminants of concern (i.e., those with a high potential for causing or
substantially contributing to effectson sediment-dwelling organisms) wereidentified from
the list of chemicals of concern by comparing measured contaminant concentrations in
whole sediments to the PECs (Table 12.1). The substances which occurred in USC
sediments at concentrations in excess of these chemical benchmarks were identified as
toxic contaminants of concern. Theresultsof thisevaluation indicatethat metals (arsenic,
cadmium, chromium, copper, lead, mercury, nickel, and zinc), PAHs ($ 11 individual
PAHs and total PAHS), and total PCBs are present in both surficial and sub-surface
sediments from the USC at concentrations that are sufficient to injure sediment-dwelling
organisms (Table12.1). Importantly, the concentrations of cadmium, chromium, copper,
nickel, lead, and zinc aso exceeded the upper limit of background levels in Indiana
(Table 3.5), confirming that they are present at elevated levels in Assessment Area
sediments.

The concentrations of chemicalsof concernin porewater were measured in three sediment
samples from the USC reach. These data, in conjunction with published toxicity
thresholds, were used to identify contaminants of concern in pore water from USC
sediments. Evaluation of the data reported in this study using the toxic units approach
indicates that the concentrations of metals (cadmium, copper, lead, zinc, and sum toxic
units) and unionized ammoniawere above concentrationsthat have been shownto betoxic
to aquatic organisms. Therefore, thetoxic contaminantsof concernin porewater included
unionized ammonia and metals.

The bioaccumul ative contaminants of concern were identified from the list of chemicals
of concern by comparing: (1) measured contaminant concentrations in whole sediments
to the bioaccumulation-based SQGs (Table 12.1); and, (2) measured contaminant
concentrations in the tissues to the TRGs for the protection of piscivorus wildlife (Table
3.4). The results of this evaluation indicate that total PCBs, chlordane, total DDTS,
heptachlor, heptachlor epoxide, and 2,3,7,8-TCDD occurred in USC sediments at
concentrationsthat are sufficient to cause or substantially contributeto effectsonwildlife
(i.e., dueto the accumulation of these substancesin aquatic food webs). Surficial and sub-
surface sediments have been contaminated by one or more of these substances. The
available tissue residue data confirm that total PCBs, dieldrin + adrin, and total DDTs
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12.4

have accumulated in fish and/or invertebrate tissues to level sthat post risks to piscivorus
wildlife.

All of these contaminants of concern frequently exceed the chemical benchmarksin USC
sediments. In addition, the concentrations of these substancesin USC sediments equaled
or exceeded the chemical acute (mean PEC-Q of 4.0) and chronic (mean PEC-Q of 0.7)
benchmarksby substantial margins (44 timestheacutethreshold and 253 timesthechronic
threshold; Table 12.9). Therefore, NH;, metals, PAHSs, and PCBs are present in whole
sediments at concentrations that are sufficient to cause or substantialy contribute to
toxicity in sediment-dwelling organismsand to adversely affect wildlifeinthe USC reach.

Evaluation of the Areal Extent of Sediment Injury

The areal extent of sediment injury was determined by merging the various data sets that
provided information on contaminant concentrations in USC sediments. To support an
evaluation of the spatia distribution of contaminants of concern, mean PEC-Qs were
calculated for each of the sediment samplesthat were obtained from the USC. The extent
of sediment injury was subsequently determined by mapping these data (i.e., mean
PEC-Qs) using ArcView/Spatial Analyst software (each samplewas georeferenced based
on the latitude and longitude of the collection site). This evaluation considered surficial
and sub-surface sediments separately.

Based on the sediment chemistry data that have been collected to date, it is likely that
surficial sediments throughout the USC have been contaminated by a variety of toxic
substances. Mean PEC-Qsfor surficial sedimentsin the segment of the USC reach from
Columbus Driveto the Forkswereroutinely at or above amean PEC-Q of 4.0 (rangefrom
2.3 to 22, 10" percentile 2.3; Table 12.9; Figures 12.6a and 12.7). Similarly, mean
PEC-Qs in surficial sediments in the segment of the USC reach from Indianapolis
Boulevard to the Forksranged from 3.5to 35 (10" percentile4.1; Figures 12.6b and 12.7).
Mean PEC-Qs in surficial sediments in the segment of the USC from the Forks to the
entranceto IH wereashigh as 177 and frequently exceeded 4.0. However, therewereonly
alimited number of sampleswith quotients< 4.0 or < 0.7 in the segment of the USC from
the Forksto the entrance to IH (Figures 12.6aand 12.7).
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12.5

Datafrom severa studiesindicate that the concentrations of chemical contaminants tend
to be higher in sub-surface samples in the segment of the USC from Columbus Drive to
the Forks (Figures 12.8a and 12.9). In contrast, mean PEC-Qs in sub-surface sediments
weresimilar to or lower than the mean PEC-Qsin surficial sediment inthe segment of the
USC from Indianapolis Boulevard to the Forks (Figures 12.8b and 12.9). Sub-surface and
surficial sedimentsexhibited asimilar pattern of contamination in the segment of the USC
from the Forksto the entrance to IH (Figure 12.6¢, 12.8¢c, 12.7, and 12.9).

Based on the available sediment chemistry data, it is apparent that sediments throughout
the USC arelikely to be toxic to sediment-dwelling organisms. To put these resultsinto
perspective, USEPA (2000a) reported that the probability of observing a 50% incidence
of toxicity to amphipodsin sediments occurred at amean PEC-Q of $ 4.0in 10-day acute
testsand at amean PEC-Q of $ 0.7 in 28-day chronictests. Therefore, surficial sediments
would be expected to be frequently toxic to sediment-dwelling organisms (i.e., sediment
samples from the USC had mean PEC-Qs of up to 44 timesthe level that would result in
a 50% probability of observing toxicity in 10-day tests and up to 253 times the level that
would result in a50% probability of observing toxicity in 28-day tests with the amphipod
Hyalella azteca; Figure 12.10; USEPA 2000a).

Summary

Based on seven lines of evidence, it is concluded that both surficial and sub-surface
sedimentsfrom the USC have beeninjured. While surficial sedimentstend to be the most
contaminated, sub-surface sediments throughout the mgority of this sub-area have
conditions that are sufficient to cause or substantially contribute to sediment injury and
injury to associated biological resources.
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13.0 Indiana Harbor

The Indiana Harbor/Lake Michigan (IH/LM) reach of the Assessment Area includes
Indiana Harbor and the nearshore areas of Lake Michigan. Indiana Harbor is
approximately 1.2 milesin length and 0.4 miles in width, extending from the USC reach
to the harbor mouth. For this report, the outer limits of the Assessment Area were
established by the geographic scope of the data that are available from studies on the
Indiana Harbor Area of Concern. Generally, these studies provide data on conditionsin
southern LM within approximately seven milesof the harbor mouth, including the Whiting
and Gary lakeshore areas.

Thereanumber of potential sources of contaminant sourceswithinthelH/LM reach of the
Assessment Area. First, downstream transport of contaminated water and sediment from
elsewhere in the Assessment Area represents a potential and, probably, an important
source of contaminantsto IH and southern LM. In addition, there are avariety of NPDES
permitted outfalls that are currently or have historically discharged wastewatersinto IH,
including those operated by Inland Steel Company and LTV Steel Company. Significant
amounts of ammonia are produced from existing (and former) coke ovens, sinter plants
and blast furnace operations that are part of the integrated steel manufacturing plants
adjacent to the |H/LM reach. Various companies also discharge wastewatersdirectly into
LM (i.e., between the Illinois border to the Indiana Dunes National Lakeshore).

Other potential contaminant sources include over-land runoff from industrial facilities,
stormwater runoff, contaminant spills, and contaminated ground water leaking through
sheet pile bulkheads.

The present assessment is intended to evaluate injury to surface water and biological
resourcesin the IH/LM that are associated with contaminated sediments (i.e., assessment
of sediment injury due to discharges of oil and releases of other hazardous substances).
In this assessment, oil and other hazardous substances are considered to include avariety
of toxic and bioaccumulative substances, including but not limited to PAHs, PCBs, and
metals. Inaddition, anumber of other indicatorsof environmental quality conditions, such
as pesticides, DO, SOD, TOC, and NH,, have been considered in this assessment of
sediment injury.
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13.1

Thisassessment of sediment injury inthe lH/LM includestwo main components. Thefirst
component consistsof an assessment to determineif chemical characteristicsof sediments
inthe IH/LM are sufficient to have injured surface water resources and/or the biological
resources that are associated with sediments (i.e., sediment-dwelling organisms). The
second component of the assessment isfocused on determiningif sedimentsinthe IH/LM
aresufficiently contaminated to harm fish and wildliferesources. SedimentsinthelH/LM
were considered to have been injured if the available information indicates that surface
water or biological resources have been injured by discharges of oil or releases of other
hazardous substances.

Two additional evaluations were undertaken if the results of these two assessments
demonstrate that sediments have been injured. First, the chemicals of concern that are
present at concentrations sufficient to cause or substantially contribute to sediment injury
were identified (termed contaminants of concern). Second, the areal extent of sediment
injury was determined, primarily using information on the concentrations of contaminants
in whole sediments. These latter two evaluations were intended to provide additional
information that coul d be used to support restoration planning within the Assessment Area.

Assessment of Injury to Sediment and Associated Sediment -
Dwelling Organisms

13.1.1 Whole Sediment Chemistry

Whol esediment chemistry dataareessential for determiningif dischargesof oil or releases
of other hazardous substances have caused sediments to be contaminated by toxic
substances. Evaluation of these data relative to acute or chronic toxicity thresholds
provides a basis for determining if individual chemicals occur at concentrations that are
sufficient to cause or substantially contribute to sediment injury (see Section 3.1).
Likewise evaluation of these data relative to mean PEC-Qs provides a means of
determiningif chemical mixturesoccur at level sthat are sufficient to causeor substantially
contribute to sediment injury.
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The project database contains information on the chemical characteristics of 87 surficial
sediment samplesfromthelH/LM reach (Tables13.1). Thelocationswherethese samples
were collected are shown in Figures 13.1a and b). The results of chemical analyses of
these samples indicate that a large proportion of surficial sedimentsin the IH/LM reach
have been contaminated by oil or other hazardous substances. For example, the
concentrationsof sediment-associated metal sexceed the PECsin up to 56% of the samples
(depending on the metal considered). Total PAH concentrations exceed the PEC in 75%
(33 of 44 samples) of the samplesin which these contaminantswere measured. Total PCB
concentrations exceed the PEC in only 15% of the surface samples (6 of 40 samples) in
which these contaminants were quantified.

While the data on the concentrations of individual contaminants provide important
information for assessing the quality of sedimentsin the IH/LM reach, the mean PEC-Q
represents a more relevant measure of the overall chemical composition of surficial
sediments (Tables 13.2; Figures 13.6 ad and 13.7a-b). The results of this evaluation
indicate that 57% (50 to 87 samples) of the surficial sediments equaled or exceeded the
chronic PEC-Q of 0.7 and 14% (12 of 87 samples) of the surficial sediments equaled or
exceeded the acute PEC-Q of 4.0. Thesedataindicatethat most of the surficial sediments
from this reach of the Assessment Area are likely to be toxic to sediment-dwelling
organisms. A total of 44% of the sediment samples from the IH/LM reach had chemical
characteristics that were between the chronic mean PEC-Q of $ 0.7 and acute mean
PEC-Q of <4.0. InthelH/LM reach, 33% of the surface samples had a mean PEC-Q of
$0.1t0< 0.7 and 9.2% of the surface samples had a mean PEC-Q of < 0.1.

The IH segment of the IH/LM reach had a higher portion of samples that equaled or
exceeded mean PEC-Qs of 0.7 compared to the nearshore areas of LM (Tables 13.2 and
13.9). There was no consistent pattern in the distribution of samples that equaled or
exceeded mean PEC-Qs of 0.7 in the IH segment of the IH/LM reach (Figure 13.6a) and
the median of the mean PEC-Q for this segment was 2.4. In contrast, the median of the
mean PEC-Q in the nearshore areas of LM was 0.1. The sediments in these nearshore
areas with mean PEC-Qs ranging from $ 0.1 to < 0.7 were generally located west of the
IH segment and samples with amean PEC-Q < 0.1 were generally located east of the IH
segment (Figure 13.7b). Thesedatashow that surficial sedimentsinthe |H segment of the
IH/LM reach of the Assessment Areahave beeninjured dueto dischargesof oil or releases
of other hazardous substances. In contrast, the nearshore areas of LM had relatively low
concentrationsof contaminants. All of thedatafor sediment chemistry inthelH/LM reach
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were collected prior to 1996. The natural resource trustees and the nine cooperating
potentially responsible parties agreed that additional sampling of this well-characterized
areawas unwarranted. Thisiswhy there are no recent sediment chemistry data.

Information on the chemical characteristics of 24 sub-surface sediment samplesfrom the
IH/LM reach is contained in the project database. The sampling sites where these
sediments were collected are shown in Figure 13.2. Only one of these 24 samples was
located in the nearshore area of LM. No PAHSs or pesticides were reported for these
sub-surface sediment samples. Evaluation of the available sediment chemistry data
indicates that sub-surface sedimentsin the IH/LM reach have also been contaminated by
metal sand total PCBsto asimilar extent assurficial sediments(Table13.1). For example,
the concentrations of sediment-associated metals exceed the PECs in up to 75% of the
samples (depending onthemetal that isconsidered). Total PCB concentrationsexceed the
PEC in 29% of the sub-surface samples (2 of 7 samples) in which these contaminantswere
quantified.

Based on the mean PEC-Qs that were calculated, it is likely that sub-surface sediment
samplesinthe IH/LM reach have aso been contaminated by discharges of oil or releases
of hazardous substances (Tables 13.2; Figures 13.8 and 13.9). Overall, 75% (18 of 24
samples) of the sub-surface sediments equaled or exceeded the chronic mean PEC-Q of
0.7 and 17% (4 of 24 samples) of the sub-surface sediments equal ed or exceeded the acute
PEC-Q of 4.0. Hence, most of the sub-surface sediments from this reach of the
Assessment Area have chemical characteristicsthat are indicative of sediment injury. A
total of 58% of the sediment samplesfrom the IH/LM reach had chemical characteristics
that were between the chronic mean PEC-Q of $ 0.7 and acute mean PEC-Q of < 4.0.
Thirteen percent of the sub-surface samples from this reach had mean PEC-Qs $ 0.1 to
< 0.7; these samples were taken from the central and western portions of the harbor and
outside the mouth of the harbor. Inthe IH/LM reach, only 13% the sub-surface samples
had a mean PEC-Q of < 0.1; these samples were clustered along the western shore of the
IH segment of the IH/LM reach.

In summary, the available data on the concentrations of chemicals in sediment
demonstratesthat both surficial and sub-surface sedimentsinthelH segment of the [H/LM
reach have been contaminated by oil or other hazardous substances. Comparison of these
data to the consensus-based PECs demonstrates that the concentrations of sediment-
associated contaminants are sufficient to injure sediment-dwelling organisms. Therefore,
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it is concluded that the sediments and sediment-dwelling organisms that depend on the
critical aguatic habitatsinthe |H segment of the |H/LM reach have been injured dueto the
dischargesof oil or releasesof other hazardous substances (i.e., metals, PAHs, and PCBS).
In contrast, the available data on whole sediment chemistry indicate that sediments in
nearshore areas of LM have not been injured.

13.1.2 Pore Water Chemistry

Data on the concentrations of contaminantsin pore water provide important information
for determining if discharges of oil or releases of other hazardous substances have caused
sediments to be contaminated by toxic substances. Evaluation of these data relative to
published toxicity thresholds for aguatic organisms provides a basis for determining if
individual chemicals or chemical mixtures (i.e., using a toxic units approach) occur at
concentrations that are sufficient to cause or substantially contribute to sediment injury
(Section 3.1). Inthisreport, the available pore water chemistry data were compiled on a
reach-specific basis to facilitate assessment of sediment injury.

The concentrations of SEM and AV S were measured in two sediment samples from the
IH/LM reach of the Assessment Area. In both of these samples, the molar concentrations
of AV S exceeded the molar concentrationsof SEM. SedimentsinwhichAVS> SEM are
predicted to have pore water metal concentrations below those that are expected to cause
toxicity (Ankley et al. 1996). Assuch, pore water from IH/LM sedimentsis predicted to
have levels of metals that are below toxicity thresholds.

Concentrationsof metalsor ammoniain porewater from IH sedimentswerereported from
three sampling locations within the IH segment of the IH/LM reach (Table 13.3).
Concentrations of lead and zinc were elevated in these samples relative to the toxicity
threshold for the amphipod Hyalella azteca in 10-day acutetests. The sum toxic unit for
metals in these samples ranged from 1.65 to 1.83, which indicated that there were
sufficient concentrations of metals in these samples to have contributed to the observed
toxicity in porewater toxicity tests (Section 13.1.3). Thedetection limit for cadmium was
too high in one of the samplesto be ableto interpret the pore water concentrationsrelative
to the published 10-day LC, for H. azteca. The concentration of unionized ammonia
(NH,) in pore waters of sediments was reported for one sample within the IH segment of
the IH/LM reach (0.3 mg/L; Table 13.3). This concentration of NH; is below the acute
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lethal effect concentration reported for freshwater invertebrates (CCREM 1987). There
were no samples of pore water from the LM segment of the IH/LM reach.

Results of this evaluation indicate that concentrations of contaminants in pore water
samples from the IH segment of the IH/LM reach are sufficiently elevated to cause or
contribute to acute and chronic toxicity to sediment-dwelling organisms. The results of
toxicity tests conducted with pore water and el utriate samples support the conclusion that
concentrations of contaminants were sufficiently elevated in IH sediments to cause or
substantially contribute to the observed toxicity to sediment-dwelling organisms (Section
13.1.3). Therefore, it is concluded that concentrations of contaminants are sufficiently
elevated to cause or substantially contribute to sediment injury in the IH segment of the
IH/LM reach (see Section 13.1.4). Insufficient data were available to assess pore water
quality in LM.

13.1.3 Sediment Toxicity Tests

Theresults of toxicity tests conducted using whol e sediment, pore water, and/or elutriates
providecritical informationfor assessing the effects of contaminated sedimentson aguatic
organisms. Importantly, the results of such toxicity tests provide information that can be
used directly to determineif sediments have been injured by discharges of oil or releases
of other hazardous substances.

InthelH/LM reach, four studieshave been conducted with sediment samplesto determine
if sediments and associated pore water or el utriate samplesaretoxic to sediment-dwelling
organisms or other aguatic species (Table 13.4; Figure 13.3). Intotal, data are available
on thetoxicity of 38 sediment samplesfrom the |H/LM reach. The speciesand endpoints
that were tested in these studies included cladoceran (Daphnia magna and Ceriodaphnia
dubia) survival; midge (Chironomus tentans or C. riparius) survival and growth;
amphipod (Hyalella azteca) survival, growth, number of antennal segments, and percent
mature; and bacteria (Vibrio fisheri) bioluminescence (i.e., as a surrogate for bacteria
metabolic rate). Overall, 74% of the samples (n=38) that were collected from the IH/LM
reach were shown to be toxic to one or more species (Table 13.4; Figure 13.10). A tota
of 81% of the sediment samples (i.e., 26 of 32) from the IH segment were identified as
toxic. By comparison, only 33% of the sediment samples (i.e., 2 of 6) from the nearshore
areas of LM were shown to be toxic to aquatic organisms. While sediments from the IH
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segment of the IH/LM reach would likely have been toxic more frequently had long-term
tests (including sublethal endpoints) been employed, the results of the studies that have
been conducted demonstrate that sediments from the IH segment of the IH/LM reach are
acutely toxic to a variety of aquatic organisms, including sediment-dwelling species.
Therefore, it is concluded that the conditions of sediments and associated pore watersin
the IH segment of the IH/LM reach are sufficient to injure sediments and associated
biological resources, including sediment-dwelling species. Therewasinsufficient toxicity
for the nearshore areas of LM to determine if sediments from this area would be
consistently toxic to sediment-dwelling organisms.

13.1.4 Status of Benthic Invertebrate Community

Because many aguatic invertebrates utilize benthic habitats, sediment quality conditions
havethe potential toinfluenceboth the abundance and composition of benthicinvertebrate
communities. Therefore, information on the status of benthic invertebrate communities
provides important information for evaluating the effects of contaminated sediments on
sediment-dwelling organisms (Canfield et al. 1996; 1998).

I nformation from 16 benthos samples (15 grab samplesand oneartificial substrate sample)
collected from sedimentslocated in thelH segment and 56 benthos samplescollected from
sediments located in nearshore areas of LM were used to assess injury to sediments and
biological resourcesinthelH/LM reach (Table 13.5; Figures 13.4aand b; LTI 1984; Polls
and Dennison 1984; Risatti and Ross 1989; Polls et al. 1993; USEPA 1996a; Simon et al.
2000). The results of the surveys conducted in the IH segment of the IH/LM reach
demonstrate that benthic invertebrate communities are dominated by pollution-tolerant
species. The normal range of oligochagete relative abundance in the Assessment Areais
3.0% to 73.6% (Section 3.1.1). Oligochaete abundance exceeded 73.6% in 12 of the 15
grab samples(i.e., 80%) collected from the IH segment of the IH/LM reach, with leeches,
chironomids, other diptera, or mollusks only occasionally observed. The oligochaetes
were predominantly pollution-tolerant tubificids (Polls er al. 1993). More sensitive
organisms, such asmayflies, stoneflies, caddisflies(i.e., EPT taxa) were absent from these
sampling stations located in the IH segment of the IH/LM reach. Together, these data
indicate the benthic community structure in IH is poor compared to other locations
sampled in northern Indianaand in LM (Pollsand Dennison 1984; Risatti and Ross 1989,
Polls et al. 1993; USEPA 1996a).

AN ASSESSMENT OF SEDIMENT INJURY



INDIANA HARBOR — PAGE 200

The results of the surveys conducted in the nearshore areas of LM indicated that samples
from these areas had a more diverse assemblage of benthic invertebrates compared to the
IH segment of the IH/LM reach. The oligochaetes in the nearshore samples were not
predominantly pollution-tolerant tubificids (Polls et al. 1993). Leeches, dipterans,
mollusks, EPT taxa and other taxa frequently made up a higher percentage of the
organismsinthe nearshore LM samplesevaluated by Risatti and Ross (1989) and by Polls
et al. (1993; Table 13.5; Figures 13.4a and b). Specifically, the non-oligochaete taxa
represented 26% to 86% of the taxa in 21 of 23 samples from these two studies. The
percentage of oligochaetesin 20 of these 21 sampleswas below 73.6% (the upper limit of
the normal range of oligochaete abundance).

LTI (1984) collected samples from two locations in the nearshore areas of LM (“WS’
samples located to the west of the IH segment, offshore of Whiting, and “S8” samples
located just east of IH mouth; Figure 4.7). Additionally, Polls and Dennison (1984)
collected samples from the eastern (*G” samples) and western (“H” samples) areas of
nearshore LM (Figure 4.6). Consistent with the samples evaluated by Risatti and Ross
(1989) and by Pollser al. (1993), the“W” and “H” samples|ocated at a distance from the
IH segment contained a high proportion of dipterans and mollusks and alow proportion
of oligochaetes (Table 13.5). In contrast, the*S” and “G” sampleswere generally similar
to samples evaluated from the IH segment of the IH/LM reach (i.e., containing a higher
proportion of oligochaetes relative to other taxa).

Simon et al. (2000) evaluated benthic invertebrate samples from one station in the I1H
segment of the |H/LM reach using artificial substrate samplers. Resultsof thissurvey are
consistent with the historical dataobtained from sediment grab samplescollected fromthe
IH segment of the IH/LM reach by LTI (1984); Polls and Dennison (1984); Risatti and
Ross (1989); Polls et al. (1993); and, USEPA (1996a). The mIBI score for this sample
was 0.8, indicating that the structure of benthic invertebrate communities is degraded
relativeto other locationsin Indiana(i.e., theaverage mi Bl scorefor Indianaisin the order
of 3.5+ 0.29; Simon et al. 2000). The benthic invertebrates were primarily pollution-
tolerant oligochaetes, with only 0.2% pollution-sensitive EPT taxa observed. Artificial
substrate samples containing < 0.5% EPT taxa were considered to be indicative of
conditions that are sufficient to injure sediment-dwelling organisms (Simon et al. 2000;
Section 3.1.1). Simon et al. (2000) concluded that the sample collected from the IH
segment of the IH/LM reach showed extremely poor benthic invertebrate communities,
with alack of sensitive taxa
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The available information indicates that benthic invertebrate communities in the IH
segment of the IH/LM reach and the nearshore samples from LM that surround the IH
segment have been altered relative to reference conditions in LM and elsewhere in
northern Indiana (i.e., 13 of 16 samples were atered; Table 13.5). In contrast, the
remai ning nearshore samplesfrom LM generally supported arelatively diversecommunity
of benthic invertebrates (i.e., 24 of 56 samples were altered). Impacts on sediment-
dwelling organisms are particularly important because invertebrates represent important
food sources for fish and other wildlife species that might inhabit the IH segment of the
IH/LM reach. The presence of altered benthic invertebrate communities provides
confirmatory evidence (in addition to the sediment toxicity data) that conditionsin the IH
segment of the IH/LM reach and the nearshore areas of LM surrounding the IH segment
are sufficient to injure sediments and sediment-dwelling organisms. The LM segment of
this reach does not appear to have conditions sufficient to injure sediment-dwelling
organisms beyond roughly a half mile from the mouth of IH or the shoreline of LM.

13.1.5 Other Indicators of Benthic Habitat Quality

Conventional indicators of environmental quality, such as DO, SOD, TOC, and NH,,
provideimportant information for thegeneral statusof aguatic habitatsand their suitability
for supporting aquatic life. For this reason, the available information on conventional
indicators of environmental quality conditionswas compiled and used to assess sediment
injury inthe IH/LM reach. No information was|ocated on thelevelsof DO or SOD inthe
IH/LM reach. Therefore, it was not possible to evaluate sediment quality conditions
relative to these conventional indicators.

The levels of TOC in the IH segment tend to be higher than those that occur in the
nearshore areas of LM. Mean concentrations of TOC in surficial sediments were 11.8%
(range 0.1% to 32%) within the IH segment of the IH/LM reach and 0.5% (range 0.002%
to 7.6%) in the nearshore areas of LM (Table 13.6). Sub-surface sediments in the IH
segment of the IH/LM reach averaged 13.4% (range 0.1% to 60.2%). By comparison,
Lake Michigan sedimentsin the vicinity of the IH had an average level of TOC of 0.5%
(n=31); the upper 95% CI for these samples was 3.4%. The upper limit of the normal
range of TOC values(3.4%) issimilar to theaveragelevel of TOC that has been measured
at other Areas of Concern in the Great Lakes (mean = 2.7%; 95% CI is 2.0% to 3.4%;
USEPA 1996b).
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Dataon oil and grease concentrations provide useful information for interpreting the data
on TOC. These datashow that oil and grease levels averaged 42,600 mg/kg (or 4.3%) in
surficial sedimentsfrom IH (Table 13.7). Similar levelsof oil and grease (mean of 4.4%)
were reported for sub-surface sediments from IH. As such, it is likely that oil and oil-
related compounds comprise a substantial proportion of the TOC in IH sediments.

In aguatic ecosystems, ammonia is excreted by aquatic organisms, formed during the
decomposition of biological tissues and nitrogen-containing wastes, and/or rel eased from
anthropogenic sources. Thereareavariety of anthropogenic sources of ammonia, such as
municipal and industrial wastewater discharges. Free ammonia can be present either as
NH, or as NH," (depending on pH and temperature). Unionized ammonia (NH,) isvery
toxic to aquatic life, with lethal thresholds aslow as 0.1 mg/L reported in the literature
(Thurston and Russo 1983; Thurston and Meyn 1984; Thurston et al. 1984). The
concentration of NH, in pore waters of sediments was reported for one sample within the
IH segment of the IH/LM reach (0.3 mg/L; Section 13.1.2). Thisconcentration of NH,; is
below the acute lethal effect concentration reported for freshwater invertebrates
(CCREM 1987).

A survey of aquatic habitat quality and fish community structurein IH and the USC reach
was conducted by Risatti and Ross (1989). The results of this study demonstrated that
aquatic habitats in the USC reach have been lost or degraded due to the presence of
contaminated sediments. Layersof oily Sludge and tar ballswere observed on the surface
of six stations along the USC reach. In contrast, oily sludge was not observed by LTI
(1984) or by Risatti and Ross (1989) in sediments|ocated in the IH segment of the |H/LM
reach or inthe nearshore areas of LM. Instead, therewasfine sand or gravel located at all
of the stations sampled in the IH/LM reach. LTI (1984) classified the physical habitats of
the nearshore sedimentsin LM as generally “fair” to “poor” for fish spawning potential
(Figure 4.7).

In 1998, Simon et al. (2000) evaluated the status of aguatic habitats at one station in the
IH/LM reach. In thisinvestigation, data was collected on the characteristics of bottom
substrates, instream cover, channel morphology, riparian zone and bank erosion, pool and
riffle quality, and gradient at each sampling location. These data were then compiled to
support the calculation of QHEI scores for each sampling location. The results of this
study showed that this station had a QHEI score of 17. By comparison, OEPA (1988)
reported that the mean (+ SD) QHEI scorefor the ECBPs eco-regionwas 74 (+ 13.1), with
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the lower limit of the normal range of QHEI scores being 48. Additionaly, the IDEM
(2000c) has established use support assessment criteria for streams in Indiana. These
criteriaindicated that use impairment is likely to occur when QHEI scores are< 64. As
such, aquatic habitats in the IH/LM reach were considered to be degraded relative to
unimpacted sitesin ECBPs.

In summary, the available information indicates that aquatic habitats have been degraded
inthe IH segment of the IH/LM reach. In addition, high levels of TOC and associated ail
and oil-related compounds in the IH segment of the IH/LM reach would exacerbate the
effects of lost habitat for fish and invertebrates in the Assessment Area. Therefore, itis
concluded that sedimentsin the IH segment of the IH/LM reach of the Assessment Area
have been injured due to discharges of oil or releases of other hazardous substances.

13.1.6 Summary

Based on areview of the available data, it is concluded that sedimentsin the IH segment
and nearby areas of LM have been injured by discharges of oil or releases of hazardous
substances. More specifically, the data show that metals, PAHs, and PCBsoccur inwhole
sediments at concentrations that are sufficient to injure sediment-dwelling organisms.
Cal culated mean PEC-Qs exceed, often by awide margin, the levelsthat are sufficient to
injure sediment-dwelling organisms. Thelevelsof metalsin porewater are al so sufficient
to causetoxicity to aquatic organisms. Inaddition, theresults of toxicity testsconfirm that
whole sediments, pore water, and elutriates are toxic to aquatic organisms. That benthic
invertebrate communities are significantly altered relative to reference sites provides
further confirmatory evidence that environmental conditions in this reach of the
Assessment Area are sufficient to injure sediments and associated biological resources.
Together, these multiple lines of evidence demonstrate that sediments and associated
biological resources in the IH segment and nearby areas of LM have been injured as a
result of discharges of oil or releases of other hazardous substances. However, the
available dataindicate sediments and associated biological resources beyond 0.5 miles of
IH and the LM shoreline have not been injured.
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13.2 Assessment of Effects on Fish and Wildlife Resources

In addition to effects on sediment-dwelling organisms, contaminated sediments have the
potential to adversely affect a variety of fish and wildlife resources, including fish,
amphibians, reptiles, birds, and mammals (i.e., aquatic-dependent wildlife), in a number
of ways(Ingersoll ez al. 1997). First, exposureto contaminated sedi mentscan compromise
fish health, asevidenced by anincreased incidence of deformities, eroded fins, lesions, and
tumors (i.e., DELT abnormalities). In addition, direct toxicity (i.e., due to exposure to
contaminated sediments) or reductionsin the availability of preferred fish food organisms
can result in reduced populations of fish species (e.g., epibenthic species) and/or altered
community characteristics (e.g., reduced diversity). Furthermore, accumulation of
contaminants in fish tissues can adversely affect the fish themselves or result in adverse
effects on piscivorus wildlife species (e.g., herons, kingfisher, otter, mink or osprey).
These types of ecological effects can be evaluated using information on the toxicity of
sediments to fish, fish health, fish community structure, whole sediment chemistry (i.e.,
relative bioaccumulation-based SQGs), and tissue chemistry (i.e., relative to TRGS).

13.2.1 Toxicity of Sediments to Fish

No information was located on the toxicity of IH/LM to fish. Thereforeit isnot possible
to assess the toxicity of whole sediments, elutriates, or pore water to fish in this reach of
the Assessment Area.

13.2.2 Fish Health

In 1998, Simon et al. (2000) conducted an investigation to evaluate the status of fish
communities, including fish health, inthe IH/LM area. Fish were collected at one station
in Indiana Harbor and examined for the presence of deformities, eroded fins, lesions, and
tumors (i.e., DELT abnormalities). The results of this study indicated that the incidence
of DELT abnormalities was 12.8% at this station. Assuch, these datashow that fish health
has been adversely affected by ambient environmental conditionsin the IH/LM area.
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13.2.3 Status of Fish Communities

Theresults of surveys of the status of fish communities can provide relevant information
for evaluating environmental quality in the IH/LM reach. Risatti and Ross (1989)
summarized data from the fish surveys that were conducted in the IH Assessment Area
during 1983 (USEPA 1985; 15 species of fish), 1984 (USACE 1986; 23 species of fish),
and 1988 (Risatti and Ross 1989; 10 species of fish). The data presented in these studies
do not support a comprehensive evaluation of the structure of fish communities in the
various reaches of the IH Assessment Area. Nevertheless, the results of fish sampling
conducted in 1988 indicated that IH and the USC reach were dominated by pollution-
tolerant carp, goldfish, shad, and shiners.

Simon et al. (2000) conducted a survey of fish communities in the Assessment Areain
1998 (Table 14.9). Fish communities were evaluated using an IBI that was originally
developed by Karr (1981) and was subsequently calibrated for usein Indiana (Simon and
Stewart 1998). This survey included one station in the IH segment of the IH/LM reach.
Based on the results of this survey, an IBI score of 14 was calculated for this reach of the
Assessment Area. Assuch, fish communitiesin the harbor were considered to have “ very
poor” biological integrity relative to fish communities el sewhere in northwestern Indiana
and the CCBPs eco-region. Together, the data from these studies indicate that fish
communitiesin IH are impaired relative to reference conditions.

13.2.4 Bioaccumulation of Sediment-Associated Contaminants

In addition to direct effects on aguatic organisms, sediment-associated contaminants can
have harmful effects on those wildlife speciesthat feed on fish and other aquatic species.
In thisreport, the sediment quality criteriafor the protection of wildlife (NY SDEC 1994)
were used as chemical benchmarksfor evaluating the ecological significance of sediment-
associated contaminantsinthelH/LM reach. Considering the sediment chemistry datathat
has been collected in the IH/LM reach, the concentrations of total PCBs frequently (88%
of samples; 29 of 33 samples) exceed the chemical benchmark that has been established
for the protection of piscivoruswildlifein surficial sediments(Table13.1). Thelevelsof
chlordaneand 2,3,7,8-TCDD al so exceeded these bioaccumul ation-based SQGsin one or
moresurficial sediment samples. Insufficient datawerelocated to eval uate therisks posed
to wildlife by bioaccumulative substances in sub-surface sediments.
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Tissue residue guidelines provide another means of assessing the significance of
bioaccumulative chemicals of concern to piscivorus wildlife species (e.g., herons,
kingfisher, otter, mink or osprey; Newell ez al. 1987). Comparison of tissueresiduelevels
to fish flesh criteria for the protection of wildlife provides a basis for confirming if
bioaccumul ation represents a hazard to wildlife species.

Risatti and Ross (1989) sampled fish and crayfish from the IH segment or from nearshore
areasof LM to determinethe concentrations of tissue-associated contaminants. A total of
18 samples were collected from the IH segment and four samples were collected from
nearshore LM (whole body of alewife, carp, crayfish, gizzard shad, perch, sunfish;
Appendix 5.6). The results of this investigation indicated that the levels of total PCBs
ranged from 121 to 149 pug/kg WW in crayfish from the IH segment. Foragefish, such as
alewifes, gizzard shad, and sunfish, from this segment had somewhat higher levelsof total
PCBsintheir tissues, ranging from 15 to 986 ug’lkg WW. Thelevelsof total PCBsranged
from 634 t0 4,340 pg/kginthecarpfromIH. Crayfish and foragefish from Southern Lake
Michigan had similar levels of total PCBs in their tissues asthose in IH. Sixteen of 17
samples from the IH segment and two of four samples from nearshore LM had
concentrations of total PCBs that exceeded the level that has been established for the
protection of wildlife (i.e., 110 pg/kg). Therefore, it is concluded that total PCBs have
accumulated in tissues to levels that are sufficient to cause or substantially contribute to
injury to piscivorus wildlife species utilizing habitats in the IH/LM reach.

13.2.5 Summary

Based on the information that is available from various studies, it is apparent that
contaminated sediments pose substantial hazards to wildlife in the IH/LM reach of the
Assessment Area. Contaminated sedimentsin the IH/LM reach arelikely to be adversely
affecting wildlife species in several ways. First, alteration of benthic invertebrate
communities has reduced the abundance of preferred fish food organisms in the 1H
segment of the |H/LM reach (Section 13.1.4). Second, fish health has been compromised
withinthelH segment of the IH/LM reach. Third, fish populationsareimpaired withinlH,
potentially reducing the abundance of prey species to piscivorus wildlife. Finaly, the
concentrations of total PCBsin sediments exceed the level sthat have been established for
the protection of piscivoruswildlife. Therisksposed towildlifeby tissue associated PCBs
were confirmed by the presence of elevated levels of PCBsininvertebrate and fish tissues
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13.3

(i.e., in excess of the TRGs for the protection of wildlife species). Therefore, it is
concluded that the injured sedimentsin the IH/LM reach are adversely affecting fish and
wildlife resources within this reach of the Assessment Area.

Determination of Contaminants of Concern

Following the assessment of sediment injury, it is useful to identify the factors that are
causing or substantially contributing to adverse effects on sediment-dwelling organisms
and fishand wildliferesources. Inthisreport, thetoxic or bioaccumulative chemicalsthat
occur in IH/LM sediments at levelsthat are sufficient to cause or substantially contribute
to sediment injury are termed contaminants of concern. The contaminants of concernin
whole sediments and pore water are identified in this section of the report.

The toxic contaminants of concern (i.e., those with a high potential for causing or
substantially contributing to effects on sediment-dwel ling organisms) wereidentified from
the list of chemicals of concern by comparing measured contaminant concentrations in
whole sediments to the PECs (Table 13.1). The contaminants which occurred in IH
sediments at concentrations in excess of these chemical benchmarks were identified as
toxic contaminantsof concern. Theresultsof thisevaluation indicate that metals (arsenic,
cadmium, chromium, copper, lead, nickel, and zinc), PAHs (13 individual PAHsand total
PAHSs), and total PCBs are present in surficia sediments from the IH/LM reach at
concentrationsthat are sufficient to cause or substantially contributeto injury to sediment-
dwelling organisms. Thelevelsof metalsandtotal PCBswereal so el evated in sub-surface
sediments. Importantly, metal concentrationsin IH, (i.e., cadmium, chromium, copper,
nickel, lead, and zinc) and metal concentrationsin LM (i.e., chromium, copper, nickel,
lead, and zinc) also exceeded the upper limit of background levelsin Indiana (Table 3.5),
confirming that they are present at elevated levelsin Assessment Area sediments.

The concentrations of several chemicals of concern exceeded the published toxicity
thresholdsin pore water from IH sediments. Evaluation of the data using the toxic units
approach indicates that the concentration of metals (lead and zinc) was above
concentrations that have been shown to be toxic to aquatic organismsin standardized 10-
day acute toxicity tests (Table 13.3). Therefore, the metals represent the toxic
contaminants of concern in pore water.
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13.4

The bioaccumulative contaminants of concern were identified from the list of chemicals
of concern by comparing: (1) measured contaminant concentrations in whole sediments
to the bioaccumulation-based SQGs (Table 13.1); and, (2) measured contaminant
concentrations in tissues to the TRGs for the protection of piscivorus wildlife.
Exceedances of the TRGs in fish or invertebrate tissues were also used to identify
bi oaccumul ation contaminantsof concern. Theresultsof thiseval uationindicatethat total
PCBs, chlordane, and 2,3,7,8-TCDD occurred in IH surficial sediments at concentrations
that are sufficient to cause or substantially contributeto effectson wildlife (i.e., dueto the
accumul ation of these substancesin aquatic food webs). Theavailabletissueresidue data
confirmthat total PCBs have accumulated in thetissues of aquatic organismsto levelsthat
pose risks to piscivorus wildlife. Insufficient data were available for sub-surface
sediments to adequately eval uate these sub-surface sediments or pesticides.

All of the contaminants of concern frequently exceed the chemical benchmarks in
sediments from the IH segment of the IH/LM reach. The concentrations of these
substancesin sedimentsfrom the IH segment of the IH/LM reach equaled or exceeded the
chemical acute (mean PEC-Q of 4.0) and chronic (mean PEC-Q of 0.7) benchmarks by
substantial margins (23 times the acute threshold and 129 times the chronic threshold,;
Table13.9). Thehighest number of exceedances of the bioaccumul ation-based SQGswas
observed for total PCBs. Therefore, metals, PAHs, and PCBs are present in whole
sediments at concentrations that are sufficient to cause or substantially contribute to
toxicity in sediment-dwelling organismsand to adversely affect wildlifeinthe |H segment
of the IH/LM reach. In contrast, sediments in the nearshore areas of LM generally had
lower level sof contamination and, hence, posefewer risksto sediment-dwelling organisms
and fish and wildlife resources.

Evaluation of the Areal Extent of Sediment Injury

The areal extent of sediment injury was determined by merging the various data sets that
provided information on contaminant concentrations in IH sediments. To support an
evaluation of the spatial distribution of contaminants of concern, mean PEC-Qs were
calculated for each of the sediment samplesthat were obtained fromthelH/LM reach. The
extent of sediment injury was subsequently determined by mapping these data(i.e., mean
PEC-Qs) using ArcView/Spatial Analyst software (each sample was georeferenced based
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on the latitude and longitude of the collection site). This evaluation considered surficial
and sub-surface sediments separately.

Based on the sediment chemistry datathat have been collected to date, it islikely that both
surficial and sub-surface sediments throughout the IH segment of the IH/LM reach have
been contaminated by oil or other hazardous substances. Mean PEC-Qs for surficial
sediments in the IH segment of the IH/LM reach were frequently at or above a mean
PEC-Q of 0.7 (range from 0.07 to 90.1, median 2.4; Table 13.9; Figures 13.6aand 13.7a)
and were similar to themean PEC-Qsinthe upstream USC reach (Figures 12.6c and 12.7).
In contrast, mean PEC-Qsin samplesfrom the nearshore areas of LM wereroutinely <0.7
(90" percentile 0.4, Table 13.9; Figure 13.7b). Mean PEC-Qs in nearshore sediments
generally decreased in an easterly (Figure 13.6b) and northerly (Figure 13.6¢) direction
from the IH segment of the IH/LM reach. Whereas, there was no consistent pattern in
sediment contamination in western nearshore sediments from LM (Figures 13.6d).
Concentrations of contaminants in sub-surface sediments (Figures 13.8 and 13.9) tended
to be similar to or lower than surficial sedimentsin the IH segment of the IH/LM reach.
There was not sufficient data from sub-surface sediments to evaluate conditions in the
nearshore areas of LM.

Based on the available sediment chemistry data, it is apparent that sedimentsin IH andin
LM intheimmediate vicinity of IH arelikely to be toxic to sediment-dwelling organisms
(Figure 13.10). To put these results into perspective, USEPA (2000a) reported that the
probability of observing a50% incidence of toxicity to amphipods in sediments occurred
at amean PEC-Q of $ 4.0 in 10-day acute tests and at amean PEC-Q of $ 0.7 in 28-day
chronic tests. Therefore, sediments in the IH segment of the IH/LM reach would be
expected to be frequently toxic to sediment-dwelling organisms (i.e., sediment samples
from the IH segment had mean PEC-Qs of up to 23 times the level that would result in a
50% probability of observing toxicity in 10-day tests and up to 129 times the level that
would result in a50% probability of observing toxicity in 28-day tests with the amphipod
Hyalella azteca; USEPA 2000a).
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13.5 Summary

Based on areview of seven lines of evidence, it is concluded that both surficial and sub-
surface sediments in the IH/LM reach of the Assessment Area have been injured by
discharges of oil or releases of other hazardous substances. Information on whole
sediment and pore water chemistry indicates that metals, PAHs, and PCBs occur in
sediments from the IH/LM reach at levels that are sufficient to injure sediment-dwelling
organismsand/or wildlife. Sedimentsfrom IH and LM near the mouth of the IH have been
shown to betoxic to sediment-dwelling organismsand to have altered benthic invertebrate
communities. Fish communities and fish health in this area were also impaired relative
to reference sites elsewhere in Indiana. The IH segment of this reach has conditions
sufficient toinjure sediments, sediment-dwelling organisms, and wildlife. By comparison,
most of the LM segment of this reach have conditions that are not indicative of sediment
injury.
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14.0 Summary and Conclusions

This investigation was conducted to determine if sediments within the Grand Calumet
River, Indiana Harbor Canal, Indiana Harbor, or the nearshore areas of Lake Michigan
(i.e., the Assessment Area) have been injured due to discharges of oil or releases of other
hazardous substances. If the results of this assessment indicated that sediment injury has
occurred within the A ssessment Area, then the subsequent objectives of thisinvestigation
wereto identify contaminants of concerninthe Assessment Areaand to evaluatethe areal
extent of sediment injury.

In thisreport, sediment injury was defined as the presence of conditionsthat haveinjured
or aresufficient to injure sediment-dwelling organisms, and/or fish and wildliferesources.
As such, this assessment of sediment injury was intended to provide the information
needed to evaluate injury to surface water resources and biological resources within the
Assessment Area.  Contaminants of concern were defined as those toxic or
bioaccumul ative substances that occur in sediments at concentrations that are sufficient
to cause or substantialy contribute to sediment injury, including injury to sediment-
dwelling organisms, and/or fish and wildlife resources.

In accordance with the Assessment Plan (Natural Resources Trustees 1997), this
assessment of sediment injury was focused on eval uating the effects on natural resources
that have occurred dueto discharges of oil or releases of other hazardous substances. The
chemicals of concern in the Assessment Areainclude polychlorinated biphenyls (PCBSs),
oil and oil-related compounds (including alkanes, alkenes, naphthalenes, and polycyclic
aromatic hydrocarbons; PAHSs), and metals (Natural Resources Trustees 1997). Theother
substances that were considered in this study include various pesticides, phenols, and
conventional variables [such as total organic carbon (TOC), sediment oxygen demand
(SOD), and unionized ammonia (NH,)]. As many of these substances tend to become
associated with sediments upon rel ease into aguati c ecosystems, sediment contamination
represents a concern with respect to the restoration of beneficial usesin the Assessment
Area (IDEM 1991).

To facilitate this evaluation, the Assessment Areawas divided into nine separate reaches,
including the Grand Calumet River Lagoons (GCRL ), East Branch Grand Calumet River-I
(EBGCR-I), East Branch Grand Caumet River-Il (EBGCR-11), West Branch Grand
Caumet River-1 (WBGCR-I), West Branch Grand Calumet River-11 (WBGCR-I11), Indiana
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Harbor Cana (IHC), Lake George Branch (LGB), US Cana (USC) and Indiana
Harbor/Lake Michigan (IH/LM). In each of these reaches, the available sediment quality
and related information was collected, evaluated, compiled, and used to assess injury to
sediments and associated biological resources. The results of these assessments are
presented in Sections5to 13 of thisreport. A summary of theseresultsis presented bel ow
to provide an overview of sediment quality and related conditions within the Assessment
Area.

Injury to Sediment-Dwelling Organisms

Intotal, four primary indicatorswere used to assessinjury to sediment-dwelling organisms
within the Assessment Area. These indicators included whole sediment chemistry, pore
water chemistry, sediment toxicity (including whole sediment, pore water, and/or
elutriates), and benthic invertebrate community structure. The status of physical habitats
in each reach of the Assessment Areawas also described.

I nformation on the concentrations of sediment-associated contaminants hasbeen gathered
for the entire Assessment Area. Collectively, these sediment chemistry dataindicate that
both surficial and sub-surface sedimentsin all of the reaches have been injured asaresult
of dischargesof oil or releases of other hazardous substances (Figure 14.1 and 14.2). The
highest frequencies of exceedance of the chronic toxicity threshold for amphipods (i.e.,
mean probable effect concentration-quotients; PEC-Q of $ 0.7; USEPA 2000a) were
observed in the WBGCR-1 (90%; n=31 samples), IHC (89%; n=36 samples) and, USC
(89%; n=215 samples; Table 14.1). Thefrequency of exceedance of the chronic toxicity
threshold ranged from 72% to 86% in the EBGCR-I, EBGCR-I1, WBGCR-II, LGB, and
the IH segment of the IH/LM reach (Table 14.1). By comparison, only one of 33 samples
(3%) from the nearshore areas of the LM segment of the IH/LM reach, had chemical
characteristicssufficient to cause or substantially contributeto injury to sediment-dwelling
organisms. Relatively lower levels of sediment contamination were also observed in the
L ake George wetlandsand inthe RoxanaMarsh portion of the WBGCR-11 (Table 14.2 and
14.3). The contaminants of concern in whole sediments from the Assessment Area
included metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc),
PAHs (13 individual PAHs and total PAHSs), and total PCBs.
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The available information on pore water chemistry confirms that sediments within the
Assessment Areahave been injured dueto discharges of oil or releases of other hazardous
substances. In particular, the levels of metals, phenol, and unionized ammonia (NH,)
frequently exceeded published toxicity thresholds for sediment-dwelling organisms. The
levels of simultaneously extracted metals (SEM) frequently exceeded the concentrations
of acid volatile sulfides (AVS) in sediments, indicating that elevated levels of metals are
likely to occur in porewater (in 70 of 169 sediment samplesinwhich thesevariableswere
measured; Table 14.4). The concentrations of contaminantsin pore water were sufficient
to cause or substantially contribute to sediment toxicity in sediments from the EBGCR-I,
EBGCR-II, WBGCR-I, WBGCR-II, IHC, LGB, and IH (i.e., two or more samples had
contaminant concentrations in excess of the published toxicity thresholds; Table 14.1).
Insufficient datawere available to characterize contaminant concentrationsin pore water
from GCRL, USC, and LM sediments.

Information on the toxicity of whole sediments, porewater, or elutriateswas availablefor
all of the reaches in the Assessment Area. The results of the laboratory toxicity tests
demonstrate that whole sediments, pore water, and elutriates were frequently toxic to
aquatic organismsthroughout the Assessment Area(Table 14.1; Figure 14.3). Amongthe
various reaches that were investigated, the frequency of sediment toxicity ranged from
33% in LM to 100% in the WBGCR-I. The frequency of sediment toxicity equaled or
exceeded 50% in all nine of the reaches, including GCRL (50%; n=12), EBGCR-I (73%;
n=44), EBGCR-1I (88% n=52), WBGCR-I (100%; n=2), WBGCR-II (83%; n=18), IHC
(80%; n=5), LGB (57%; n=7), USC (80%; n=90) and IH/LM (74%; n=38; Table 14.1).
The frequency of sediment toxicity tended to be lowest in the Middle and East Lagoons
(GCRL), Roxana Marsh (WBGCR-Il), Lake George wetlands (LGB), the wetlands
associated with the IHC, and the nearshore areas of Lake Michigan. Collectively, the
sediment toxicity datademonstrate that sediments and sediment-dwelling organisms have
been injured throughout the Assessment Area.

Information on the structure of benthic invertebrate communitiesisavailablefor al of the
reaches within the Assessment Area. Evaluation of these datarelativeto conditionsinthe
nearshore areas of LM indicatesthat the structure of benthicinvertebrate communitieshas
been altered throughout the Assessment Area (Table 14.1; Figure 14.4). Inthe EBGCR-I
(n=14), EBGCR-II (n=5), WBGCR-I (n=3), IHC (n=6), and LGB (n=4), 100% of the
samplesthat have been collected had characteristicsthat wereindicative of altered benthic
invertebrate communities (Table 14.1). A somewhat lower frequency of benthic
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community alteration was observed in the WBGCR-II (71% of samples;, n=14), USC
(96%; n=25 samples), IH (81%; n=16 samples), and LM (43%; n=56). Overall, average
macroinvertebrate index of biotic integrity (mIBI) scores for the various reaches ranged
from0.7to 1.4 (Table 14.5). Benthicinvertebrate communitiesweretypically dominated
by pollution-tolerant species, primarily oligochaetes, throughout much of the A ssessment
Area. Pollution-sensitive species, such as the EPT taxa (mayflies, stoneflies, and
caddisflies) were rarely present in any of the reaches within the Assessment Area.
Collectively, thesedataconfirmthat environmental conditionsin the Assessment Areaare
sufficient to injure sediments and sediment-dwelling organisms.

Most of the reachesin the Assessment Areawere characterized as having altered habitats.
Qualitative habitat evaluation index (QHEI) scores ranged from 16 to 65.5 within the
Assessment Area, with the lowest scores reported for IHC, LGB, USC, and IH (Simon et
al. 2000; Table 14.6). Elevated levels of TOC were observed throughout the Assessment
Area; the upper limit of the 95% confidenceinterval of TOC for referencesites(i.e., 3.4%
TOC) wasfrequently exceededinthe EBGCR-I1, WBGCR-I, WBGCR-II, LGB, USC, and
IH. The lowest levels of TOC were observed in the sediments collected from the
nearshore areas of LM (Table 13.6). Based on the levels of oil and grease and the levels
of PAHs that have been measured in sediments, oil and oil-related compounds comprise
much of the TOC that occurs within the Assessment Area. Together, these data confirm
that sediments within the Assessment Area have been contaminated due to discharges of
oil or releases of other hazardous substances.

Overal, there was a high level of concordance among the four primary indicators of
sediment injury (i.e., whole sediment chemistry, pore water chemistry, sediment toxicity,
and benthic invertebrate community structure; Table 14.1). All four lines of evidence
indicated that conditionssufficient to injure sediment-dwel ling organismsoccurred within
the EBGCR-I, EBGCR-Il, WBGCR-1, WBGCR-II, IHC, LGB, USC, and IH/LM. Inthe
GCRL, two lines of evidence — sediment chemistry and sediment toxicity — indicated the
presence of conditions sufficient to injure sediments and sediment-dwelling organisms.
These conditions were most prevalent in the West Lagoon. Evaluation of the available
dataindicatesthat sediment injury islesslikely to occur inthe nearshore areasof LM (i.e.,
two linesof evidenceindicate that sediment injury hasoccurred). Withinthe LM segment
of thelH/LM reach, sediment toxicity and alteration of the benthicinvertebrate community
occurred most frequently within 0.5 miles from the entrance to IH. Collectively, this
information indicates that benthic habitats throughout the Assessment Area, with afew
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exceptions, have been degraded due to discharges of oil or releases of other hazardous
substances. Benthic habitats located in areas farther removed from the harbor entrance
tended to reflect uninjured conditions.

Effects on Fish and Wildlife Resources

A total of fivelines of evidence were used to assess effects on fish and wildlife resources
that are associated with sediment contamination (i.e., related to the sediment injury that
was demonstrated within the various reaches of the Assessment Area). The primary
indicators that were used in this report to assess sediment injury relative to fish and
wildlife resources included toxicity to fish, fish health, fish community structure, whole
sediment chemistry, and tissue chemistry (Table 14.7).

Information of the toxicity of whole sediments, pore water, and/or elutriatesto fish (i.e.,
fathead minnows, Pimephales promelas) are available for four reaches within the
Assessment Area, including the GCRL, EBGCR-I, EBGCR-II, and WBGCR-II. The
results of such laboratory toxicity tests demonstrate that sediments from the EBGCR-I,
EBGCR-11,and WBGCR-I11 arefrequently acutely toxicto fish. Theincidence of sediment
toxicity ranged from 57% (n=23) in the EBGCR-I to 100% (n=7) in the WBGCR-II
(Table 14.7). In contrast, only one sample from the GCRL was toxic to fish, which
indicatesthat conditions sufficient to cause acutetoxicity to fish were observed only inthe
western portion of the West Lagoon.

In this report, information on incidence of deformities, fin erosion, lesions, and tumors
(i.e.,, DELT abnormalities) in fish was used to assess fish health in the Assessment Area
(Table 14.8). Based ontheinformation that was collated for thisarea, fish health hasbeen
compromised (i.e., incidence of DELT abnormalities > 1.3%) in severa of the reaches
including the EBGCR-I, EBGCR-II and the WBGCR-I. The averageincidence of DELT
abnormalities ranged from 0% in the GCRL to 12.8% in IH/LM. The highest incidence
of DELT abnormalities (17.4%) was observed in the EBGCR-I.

A number of field surveys have been conducted over the past 15 years to evaluate the
status of fish communities in the Assessment Area. The results of these surveys
demonstrate that the integrity of fish communities has been impaired (i.e., relative to
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reference sites in Indiana) in all of the reaches that have been examined (Table 14.9).
Overdl, index of biotic integrity (IBI) scores ranged from O to 43 in the various stream
reaches, which classifiesfish communitiesas“fair”, “poor”, “very poor”, or as having no
fish (Table 14.9). The lowest average IBI scores were reported for IH/LM (14; n=1);
WBGCR-II (15.9 # 9.8; n=17); WBGCR-I (16.5 + 10.4; n=12); IHC (17.5 + 4.4; n=4).
Based on these IBI scores, the integrity of fish communitiesin these four reaches would
be classified as “very poor”. Somewhat higher average IBI scores were reported for the
EBGCR-1, EBGCR-II, LGB, and USC; average IBI scores in these reaches ranged from
23t0 26. Assuch, fish communities in these four reaches would be classified as having
“poor” to “very poor” integrity. Withinthe LGB, the wetland areasthat arelocated to the
west of the Lake George Cana had the highest IBI score (38; Simon et al. 2000).
Relatively higher IBI scores were also reported for the GCRL, with 1Bl scores ranging
from 31 to 43 (mean IBI score of 38.1 + 5.0; n=13). Inthe GCRL, the lowest IBI scores
(i.e., 31to 38) were reported for the West Lagoon (which islocated closest to aniron and
steel manufacturer’ sslag landfill; Simon and Stewart 1998). In contrast, IBI scoresfor the
Middle Lagoon averaged 42 (Simon and Stewart 1998).

In this report, the sediment injury relative to wildlife was also evaluated using sediment
chemistry data. More specifically, the measured concentrations of bioaccumulative
substancesin whol e sedimentswere compared to bioaccumul ation-based sediment quality
guidelines (SQGs) for the protection of wildlife (NYSDEC 1994). The results of this
evaluation demonstrated that the concentrations of various sediment-associated
contaminantsweresufficient to adversely affect wildlife speciesthat utilize habitatswithin
the Grand Calumet River watershed (i.e., through bioaccumulation of contaminantsin
sediment-dwelling organisms and subsequent food web transfer to wildlife species, such
asgreen herons). Among the variousreaches, the frequency of exceedance of one or more
of the bioaccumulation-based SQGs ranged from 18% to 93% of the sediment samples
(Table 14.7), indicating that all of the reaches have levels of bioaccumulative substances
in sediments that are sufficient to cause or substantially contribute to adverse effects on
wildlife. Thehighestincidences of exceedance of the bioaccumul ation-based SQGswere
observed in the GCRL (84%; n=58), IHC (93%; n=15) LGB (83%; n=29), USC (84%;
n=37) and IH/LM (88%; n=33). Total PCBs represented the only bioaccumulative
contaminantsof concerninthe Assessment Area; however, chlordane, total DD TS, endrin,
heptachlor, heptachlor epoxide, lindane, and 2,3,7,8-tetrachl orodibenzo-p-dioxin (2,3,7,8-
TCDD) also exceeded the bioaccumulation-based SQGs in many sediment samples.
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Bioaccumul ation-based SQGswerenot availablefor metalsor PAHs, which precluded an
evaluation of the potential for bioaccumulation of these chemical classes.

Tissue chemistry data provide important information for determining if bioaccumulative
substances pose unacceptable hazards to wildlife species. In this report, the measured
concentrations of bioaccumulative substances in the tissues of fish and other aquatic
organisms were compared to the tissue residue guidelines (TRGs) that have been
established for the protection of piscivorus wildlife species (Newell et al. 1987). The
results of this evaluation indicate that tissue residue levelsin fish and invertebrates from
the Assessment Area frequently exceeded the TRGs for piscivorus wildlife. The
concentrations of one or more bioaccumul ative substances exceeded the TRGs in 50% to
100% of the tissue samples, depending on which reach of the Assessment Area was
considered. Thehighest frequenciesof exceedanceof the TRGs(i.e., 100%) werereported
for the GCRL, EBGCR-I, EBGCR-11, WBGCR-I, WBGCR-II, IHC, and USC. Eighty-six
percent (n=21) of thetissue samplesfrom IH/LM had tissueresiduelevelsin excess of the
TRGs. Total PCBsrepresented the bioaccumul ative contaminantsof concerninthetissues
of aquatic organisms; however, chlordane, total DDTSs, dieldrin + aldrin, and endrin were
also measured at elevated levelsin fish and invertebrate tissues.

In this report, five separate lines of evidence were used to assess sediment injury relative
towildlife species. Overall, the results of this assessment indicate that conditions within
the GCRL, EBGCR-I, EBGCR-II, WBGCR-I, WBGCR-II, IHC, LGB, USC, and IH/LM
are sufficient to adversely affect wildlife species (i.e., one or more lines of evidence
demonstrateeffectsonwildlife, including, amphibians, reptiles, fish, birds, and mammals;
Table 14.7). More specifically, sediments have been demonstrated to be toxic to fishin
three reaches of the Assessment Area. In addition, fish health has been compromised in
three reaches of the Assessment Area. Aswould be expected in areas that have impaired
fish health and toxic conditions, the integrity of fish communities was “poor” to “very
poor” (as measured using IBI scores) throughout most of the Assessment Area (i.e., in
seven of nine reaches). Finally, the available sediment chemistry data indicate that the
concentrations of bioaccumulative substances are high enough to pose hazardsto wildlife
(i.e., asaresult of bioaccumulation in the sediment-dwelling organisms and subsequent
food web transport to piscivorus wildlife species) in all ninereaches. The available data
on tissue chemistry confirm that bioaccumulation isoccurring throughout the A ssessment
Areaand that the concentrations of bioaccumul ative substances in the tissues of aquatic
organismsare sufficient to adversely affect piscivoruswildlifespecies(i.e., ineight of nine

AN ASSESSMENT OF SEDIMENT INJURY



SUMMARY AND CONCLUSIONS — PAGE 218

14.3

reaches). Therefore, sediment injury relative to wildlife resources has been demonstrated
throughout the Assessment Area.

Overall Assessment of Injury to Sediments

An evaluation of the harmful effects of sediment-associated contaminants in the
Assessment Areawas conducted. To support this assessment, the study areawas divided
into nineseparatereaches, including GCRL, EBGCR-I, EBGCR-11, WBGCR-1, WBGCR-
I1,1HC, LGB, USC, and IH/LM. Theresultsof thisevaluation demonstrate that sediments
throughout the A ssessment Area have been injured due to discharges of oil or releases of
other hazardous substances. This conclusion is supported by up to nine of the following
separate lines of evidence:

C Concentrationsof metals, PAHs, and/or PCBs, in whol e sediments
frequently exceeded the consensus-based probable effect
concentrations (PECs) throughout the Assessment Areg;

C Concentrations of metals, phenol, and/or ammoniain pore water
from Assessment Area sediments exceeded published toxicity
thresholds at various locations;

C Whole sediments, pore water, and/or elutriates from the
Assessment Area were frequently toxic to aguatic organisms,
including sediment-dwelling species;

C The structure of benthic invertebrate communities throughout the
Assessment Area has been severely dtered relative to
communitiesinthenearshoreareasof LM or el sewhereinIndiang;

C The health of fish in the A ssessment Areahas been compromised,
as indicated by a high incidence of deformities, fin erosion,
lesions, and tumors;

C Whole sediments, pore water, and/or elutriates from the
Assessment Area were frequently toxic to fish;
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C The integrity of fish communities in the Assessment Area has
been frequently degraded relative to reference sites in Indiana;

C Concentrationsof total PCBsin sedimentsfrequently exceededthe
bi oaccumul ation-based SQGs for the protection of wildlife; and,

C Concentrations of total PCBs in the tissues of aquatic organisms
frequently exceeded the TRGs for the protection of wildlife.

Any one of these independent lines of evidence could be used alone to support the
conclusion that sediment injury has occurred in the Assessment Area. When taken
together, however, these nine separatelines of evidence provide anindisputablewei ght-of -
evidence for concluding that discharges of oil or releases of other hazardous substances
have created conditionsthat are sufficient to severely injure sediments and the organisms
that depend on these critical habitats. The levels of metas, PAHs, PCBs, unionized
ammoniaand phenolsin whole sediments, pore water, and/or fish tissues were sufficient
to cause or substantially contribute to the injury of sediments, sediment-dwelling
organisms, and/or fish and wildlife resources.

Various metals (arsenic, cadmium, chromium, copper, lead, nickel, and zinc), PAHs
(anthracene, fluorene, 2-methylnaphthalene, naphthalene, phenanthrene,
benz(a)anthracene, dibenz(a,h)anthracene, benzo(a)pyrene, chrysene, fluoranthene, pyrene,
and total PAHSs), PCBs (total PCBs), phenols (phenol) and unionized ammonia are
considered to be the toxic and/or bioaccumulative contaminants of concern in the
Assessment Area. All of these substances frequently exceeded the chemical benchmarks
in surficial and sub-surface sediments throughout the Assessment Area. In addition, the
concentrations of these substancesin sediments often exceeded the chemical benchmarks
by substantial margins, frequently by more than a factor of 100. Therefore, al of these
substances were present in whole sediment and/or pore water at concentrations that are
sufficient to cause or substantially contribute to injury to sediment-dwelling organisms,
and/or adversely affect fish and wildlife resources. It isimportant to note, however, that
this assessment was restricted by the availability of PECs, published bioaccumul ation-
based SQGs, and other benchmarks that are relevant for assessing sediment quality
conditions. In certain reaches of the A ssessment Area, this assessment was al so restricted
by limitations on the availability of data on the concentrations of chemical analytesin
whole sediments and/or pore waters. Therefore, substances not included on the list of
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contaminants of concern cannot necessarily be considered to be of low priority with
respect to sediment injury.

The levels of sediment-associated contaminants are sufficient to cause or substantially
contribute to injury to surficial sediments throughout most of the Assessment Area
(Table 14.2). Insurficia sediments, the highest levels of sediment contamination occur
in the GCRL, with mean PEC-Qs of up to 23,800 calculated for this reach; the average
mean PEC-Q for this reach was approximately 160. These chemical characteristics make
these sediments the most contaminated and toxic surficial sediment samplesthat we have
ever evaluated. The average mean PEC-Q in the EBGCR-II wassimilar (i.e., 126; range
of 1.4 to0 987). Lower average mean PEC-Qs were calculated for the WBGCR-1 and the
WBGCR-II (i.e., 29.5 and 22.6, respectively). The EBGCR-I and USC had average mean
PEC-Qsof 14.0 and 11.7, respectively. Lower levels of contamination were reported in
the IHC (average mean PEC-Q of 5.2), LGB (average mean PEC-Q of 4.3), and IH/LM

(average mean PEC-Q of 4.4). Thelowest levelsof contamination in surficial sediments
were observed in Roxana Marsh (in the WBGCR-I11; average mean PEC-Q of 0.4), Lake
George wetlands (in the LGB; average mean PEC-Q of 0.9), East Lagoon (in the GCRL,;

average mean PEC-Q of 0.6), Little West Pond (in the GCRL ; average mean PEC-Q of
0.3), Little East Pond (in the GCRL; average mean PEC-Q of 0.1), IHC wetlands (in the
IHC; average mean PEC-Q of 0.7) and the nearshore areas of LM (inthe IH/LM; average
mean PEC-Q of 0.2). By comparison USEPA (2000a) reported that acute and chronic
toxicity to sediment-dwelling organismsislikely to be observed when mean PEC-Qs are
$ 4.0and $ 0.7 respectively.

Thelevels of chemical contamination in sub-surface sedimentswere similar to those that
were observed in surficial sediments (Table 14.3). The highest mean PEC-Qs in sub-
surface sediments occurred in the EBGCR-I1 and the GCRL, with mean PEC-Qs of up to
937 and 2,560, respectively, calculated for these reaches (with average mean PEC-Qs of
approximately 98 and 197, respectively). Based on these chemical characteristics, these
sub-surface sediment samples are among the most contaminated and toxic that we have
ever evaluated. Lower average mean PEC-Qs were calculated for the EBGCR-I (12.7),
WBGCR-II (19.3), and USC (17.0). Indiana Harbor and the nearshore areas of LM had
the lowest average mean PEC-Qs (2.4). While most of the sub-surface sediments in the
Assessment Areahad levels of contaminantsthat were sufficient to cause or substantially
contribute to sediment injury, relatively low levels of contamination were observed in
Roxana Marsh (in WBGCR-I1I; average mean PEC-Q of 0.05), Lake George wetlands
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(LGB; average mean PEC-Q of 0.1), Middle Lagoon (in GCRL ; average mean PEC-Q of
0.03), and the nearshore areas of LM (IH/LM average mean PEC-Q of 0.1).

Theresultsof thisinvestigationindicated that sedimentsand associated sediment-dwelling
organisms throughout the Assessment Area have been injured by discharges of oil or
releases of other hazardous substances. Similarly, fish and wildlife resources have been
adversely affected by ambient conditions within the Assessment Area. Restoration of
natural resourcesin the Assessment will necessitate the devel opment and implementation
of arestoration plan that will improve the quality of bed and bank sediments (Natural
Resource Trustees 1997).

Restoration planningislikely toinvolve, anong other activities, the devel opment of target
clean-up levelsfor the various contaminants of concern. While thistask was beyond the
scope of thisinvestigation, the sediment effect concentrations that were employed in this
assessment represent relevant tools for deriving such target clean-up levels. More
specificaly, the PECs and associated mean PEC-Qs were used to identify the
concentrationsof sediment-associated contaminantsthat arelikely to causeor substantially
contribute to sediment toxicity. Therefore, target clean-up levelswould need to be lower
than the PECsto ensure that bed sediments would once again support healthy and diverse
popul ationsof sediment-dwelling organi smsand associated fishand wildlifecommunities.
USEPA (2000a) reported that the incidence of toxicity to freshwater amphipods is
generaly less than 20% at mean PEC-Qs of < 0.1 and increases with increasing levels of
sediment contamination. If virtual elimination of sediment toxicity and restoration of the
benthicinvertebratecommunity were primary restoration goals, then target clean-up levels
for sediments might be in the order of 0.25 for mean PEC-Qs. Such alevel of sediment
contamination would be predicted to be associated with roughly a 20% incidence of
toxicity to freshwater amphipods (USEPA 2000a).

As certain contaminants of concern have the potential to bioaccumulate in the food web,
target clean-up level s should be established to facilitate the restoration of fish and wildlife
resources. New Y ork State Department of Environmental Conservation (NY SDEC 1994)
derived numerical sediment quality criteria for the protection of wildlife. Such criteria
could beused to establish target clean-up level sfor bioaccumul ative substanceswithinthe
Assessment Area
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