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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

AN ASSESSMENT OF SEDIMENT INJURY



EXECUTIVE SUMMARY — PAGE XXXI

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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Table ES.1. Summary of assessment of sediment injury to sediment-dwelling organisms.

Indicator of Injury to Sediment-Dwelling Organisms1

Number of Lines of

Evidence for Demonstrating

Reach/Segment Sediment Pore Water Sediment Benthic Injury to Sediment-
Chemistry2 Chemistry3 Toxicity4 Community5 Dwelling Organisms

Grand Calumet River Lagoons 27% (n=215)* 0% (n=5) 50% (n=12)* ID (n=0) 2

East Branch Grand Calumet River-| 83% (n=269)* 55% (n=20)* 73% (n=44)* 100% (n=14)* 4

East Branch Grand Calumet River-11 72% (n=131)* 100% (n=2)* 88% (n=52)* 100% (n=5)* 4

West Branch Grand Calumet River-I 90% (n=31)* 100% (n=2)* 100% (n=2)* 100% (n=3)* 4

West Branch Grand Calumet River-I| 76% (N=172)* 88% (n=8)* 83% (n=18)* 71% (n=14)* 4

Indiana Harbor Canal 89% (n=36)* 60% (n=5)* 80% (n=5)* 100% (n=6)* 4

Lake George Branch 82% (n=33)* 83% (n=6)* 57% (n=7)* 100% (n=4)* 4

US Cana 89% (n=215)* 67% (n=3)* 80% (n=90)* 96% (n=25)* 4

Indiana Harbor / Lake Michigan 61% (n=111)* 100% (n=3)* 74% (n=38)* 51% (n=72)* 4

Overall 70% (n=1213)* 65% (n=54)* 78% (n=268)* 72% (n=143)* 4

! For each line of evidence, sediment injury is indicated if two or more samples have conditions sufficient to cause or substantially contribute to sediment injury.

Evidence of sediment injury is denoted with an asterisk (*).

2 Percent of sediment samples with mean PEC-Qs of > 0.7.

® Percent of pore water samples with chemical concentrations > published toxicity thresholds.

* Percent of sediment samples that are toxic to aguatic organismsin laboratory tests.

® Percent of samples with altered benthic invertebrate community structure.
ID = insufficient data; n = number of samples.
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Table ES.2. Summary of the distribution of mean PEC-Qs in surficial sediments in the Assessment Area.

Reach Segment Number Average of  Minimum Maximum 10th 90th Median
of Samples  Mean PEC-Q Mean PEC-Q Mean PEC-Q Percentile Percentile

Grand Calumet River Lagoons
West Lagoon 58 555 0.0556 23800 0.146 26.6 104
Middle Lagoon 49 0.941 0.0914 161 0.101 218 0.290
East Lagoon 47 0.558 0.0768 230 0.106 128 0.376
Little West Pond 25 0.326 0.0646 251 0.0937 0.425 0.178
Little East Pond 23 0111 0.0639 0.220 0.0668 0.141 0.0995
Overall 202 160 0.0556 23800 0.0925 3.19 0.289

East Branch Grand Calumet River-1
EB and WB Confluence to Kennedy Avenue 29 834 0112 774 0.255 259 2.83
USS Lead Cand 17 27.7 3.60 726 545 65.3 130
Kennedy Avenueto Cline Avenue 51 7.20 0.457 58.2 120 123 461
Cline Avenueto Cline/I-90 Ramps 15 459 0104 121 131 7.29 373
Cline/1-90 Rampsto Industrial Highway 21 289 071 184 212 454 594
Industrial Highway to ConRail Bridge 12 36.8 192 357 224 189 358
EB Wetland 17 399 0.0655 157 0.208 6.88 3.23
Overall 162 14.0 0.0655 357 0.875 30.3 4.58

East Branch Grand Calumet River-I1
EB Il Wetland 55 112 0.000636 16.0 0.0901 2.75 0.230
ConRail Bridge to Bridge Street 8 253 131 51.9 131 333 225
Bridge Street to Grant Street 6 10.7 258 176 258 134 111
Grant Street to 1-90 3 300 4.66 68.8 4.66 16.6 16.6
1-90 to Broadway 9 52.1 154 375 154 395 6.44
Broadway to Virginia Street 4 275 259 634 259 29.9 221
Virginia Street to Tennessee Street 4 473 87.2 821 87.2 705 492
Tennessee Street to Lagoon Culvert 9 286 143 937 143 539 9.25
Overall 98 55.7 0.000636 987 0.0986 63.4 2.42
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Table ES.2. Summary of the distribution of mean PEC-Qs in surficial sediments in the Assessment Area.

Reach Segment Number Average of  Minimum Maximum 10th 90th Median
of Samples Mean PEC-Q Mean PEC-Q Mean PEC-Q Percentile Percentile
West Branch Grand Calumet River-1
EB and WB Confluence to Indianapolis Boulevard 19 29.5 1.13 231 1.35 56.9 11.7
West Branch Grand Calumet River-11
Indianapolis Boulevard to I-90 14 155 0.149 75.3 0.243 353 6.22
RoxanaMarsh 5 0.428 0.123 0.603 0.123 0595 0515
1-90 to Columbia Avenue 22 12.3 0.0395 76.0 101 16.2 6.53
Columbia Avenue to Calumet Avenue 2 371 0.259 717 NA NA NA
Calumet Avenue to Hohman Avenue 9 376 0311 210 0311 88.6 6.85
Hohman Avenueto State Line Avenue 21 475 0.875 34 251 94.9 28.7
Illinois Portion 11 6.00 271 10.1 297 9.65 4.89
Overall 84 22.6 0.0395 304 0.347 67.1 6.71
Indiana Harbor Canal
EB and WB Confluenceto 151st Street 7 5.44 210 104 210 821 485
151st Street to Chicago Avenue 10 3.00 0191 834 0191 7.19 229
Chicago Avenueto Columbus Drive 12 7.29 109 259 169 115 534
IHC Wetland 1 0.718 0.718 0.718 NA NA NA
Overall 30 5.21 0.191 25.9 0.491 10.4 4.08
Lake George Branch
Indianapolis Boulevard to B & O Railroad Bridge 7 481 175 145 175 6.00 291
B & O Railroad Bridgeto Fill Area 4 139 313 315 313 164 105
Lake George Wetlands 12 0.870 0.0786 167 0.0916 160 0.729
Overall 23 4.33 0.0786 31.5 0.484 6.00 1.67
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Table ES.2. Summary of the distribution of mean PEC-Qs in surficial sediments in the Assessment Area.

Reach Segment Number Average of  Minimum Maximum 10th 90th Median
of Samples Mean PEC-Q Mean PEC-Q Mean PEC-Q Percentile Percentile

US Canal
Columbus Drive to Forks 12 5.99 225 220 225 7.98 441
Indianapolis Boulevard to Forks 11 132 351 35.2 410 249 8.18
Forksto Highway 912 21 105 061 61.3 307 237 521
Highway 912 to Dickey Road 18 572 0.0652 29.3 055 126 314
Dickey Road to B & O Railroad Bridge 36 188 0.0395 177 117 29.7 9.90
B & O Railroad Bridgeto IH 16 704 0.233 25.2 0.691 10.8 6.33
Overall 114 11.7 0.0395 177 1.11 24.9 5.16

IH and Nearshore Areas of Lake Michigan
Indiana Harbor 55 6.81 0.0699 9.1 0.652 6.84 235
Nearshore areas of Lake Michigan 32 0.215 0.0447 131 0.0523 0.379 0.142
Overall 87 4.4 0.0447 90.1 0.104 4.92 1.27

NA = not applicable.
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Table ES.3. Summary of the distribution of mean PEC-Qs in sub-surface sediments in the Assessment Area.

Number Average of Minimum Maximum 10th 90th .
Reach Segment . . Median
of Samples Mean PEC-Q Mean PEC-Q Mean PEC-Q Percentile Percentile
Grand Calumet River Lagoons
West Lagoon 6 427 0.0185 2560 0.0185 0.317 0.0964
Middle Lagoon 3 0.0336 0.0147 0.0600 0.0147 0.0260 0.0260
East Lagoon 0 NA NA NA NA NA NA
Little West Pond 2 0.120 0.0675 0.172 NA NA NA
Little East Pond 2 0.0412 0.0334 0.0490 NA NA NA
Overall 13 197 0.0147 2560 0.0185 0.172 0.0490
East Branch Grand Calumet River-1
EB and WB Confluence to Kennedy Avenue 18 351 0.0692 131 0.193 8.30 277
USS Lead Cand 9 242 5.64 80.8 5.64 544 121
Kennedy Avenueto Cline Avenue 54 16.9 0.0286 497 0.0887 16.9 3.06
Cline Avenueto Cline/I-90 Ramps 7 147 0.0555 4.20 0.0555 263 121
Cline/1-90 Rampsto Industrial Highway 12 355 0.0847 136 0.123 550 278
Industrial Highway to ConRail Bridge 6 18.6 0.593 9.1 0.593 515 298
EB Wetland 1 0.627 0.627 0.627 NA NA NA
Overall 107 12.7 0.0286 497 0.107 16.9 2.98
East Branch Grand Calumet River-11
EB Il Wetland 0 NA NA NA NA NA NA
ConRail Bridgeto Bridge Street 9 141 255 65.3 255 191 721
Bridge Street to Grant Street 4 494 247 6.58 247 589 536
Grant Street to [-90 4 443 209 7.19 209 6.28 421
1-90 to Broadway 6 291 213 116 213 36.2 784
Broadway to Virginia Street 0 NA NA NA NA NA NA
Virginia Street to Tennessee Street 3 450 118 937 118 296 296
Tennessee Street to Lagoon Culvert 7 218 2.80 765 2.80 458 66.3
Overall 33 97.6 2.09 937 2.47 188 7.21
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Table ES.3. Summary of the distribution of mean PEC-Qs in sub-surface sediments in the Assessment Area.

Number Average of Minimum Maximum 10th 90th .
Reach Segment . . Median
of Samples Mean PEC-Q Mean PEC-Q Mean PEC-Q Percentile Percentile
West Branch Grand Calumet River-1
EB and WB Confluence to Indianapolis Boulevard 12 4.80 0.139 13.7 0.368 8.80 3.77
West Branch Grand Calumet River-11
Indianapolis Boulevard to 1-90 10 0.191 0.0976 0.357 0.0976 0.278 0.205
RoxanaMarsh 5 0.0005 0.0652 0.111 0.0652 0.101 0.0919
1-90 to Columbia Avenue 25 8.18 0.0658 30.2 0.128 169 334
Columbia Avenue to Calumet Avenue 3 321 0.215 5.89 0.215 353 353
Calumet Avenue to Hohman Avenue 13 131 0.109 97.3 0.325 17.9 378
Hohman Avenue to State Line Avenue 25 51.0 0.0712 193 247 129 334
Illinois Portion 7 4,69 0.148 133 0.148 8.45 374
Overall 88 19.3 0.0652 193 0.101 51.7 3.84
Indiana Harbor Canal
EB and WB Confluenceto 151st Street 4 290 0434 4.36 0434 412 341
151st Street to Chicago Avenue 0 NA NA NA NA NA NA
Chicago Avenueto Columbus Drive 2 5.87 2.09 9.64 NA NA NA
IHC Wetland 0 NA NA NA NA NA NA
Overall 6 3.89 0.434 9.64 0.434 4.36 3.41
Lake George Branch
Indianapolis Boulevard to B & O Railroad Bridge 3 5.88 2.66 118 2.66 319 319
B & O Railroad Bridgeto Fill Area 6 6.15 0.367 14.2 0.367 9.87 540
L ake George Wetlands 1 0.0457 0.0457 0.0457 NA NA 0.0457
Overall 10 5.46 0.0457 14.2 0.0457 11.8 3.20
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Table ES.3. Summary of the distribution of mean PEC-Qs in sub-surface sediments in the Assessment Area.

Number Average of Minimum Maximum 10th 90th .
Reach Segment . . Median
of Samples Mean PEC-Q Mean PEC-Q Mean PEC-Q Percentile Percentile
US Canal
Columbus Drive to Forks 33 209 435 579 490 430 138
Indianapolis Boulevard to Forks 18 128 0.178 37.8 0.207 344 6.72
Forksto Highway 912 23 149 0.0557 453 0.222 36.5 6.71
Highway 912 to Dickey Road 6 245 0.0522 528 0.0522 518 2.08
Dickey Road to B & O Railroad Bridge 12 34.2 0.222 170 0.256 67.9 821
B & O Railroad Bridgeto IH 9 323 0.225 504 0.225 4.96 347
Overall 101 17.0 0.0522 170 0.245 38.8 7.25
IH and nearshore areas of Lake Michigan
Indiana Harbor 23 245 0.0412 7.19 0.0607 590 181
Nearshore areas of Lake Michigan 1 0.136 0.136 0.136 NA NA NA
Overall 24 2.35 0.0412 7.19 0.0607 5.90 1.75

NA = not applicable.
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Table ES.4. Summary of the available information on SEM-AVS in the Assessment Area.

Number of Samples

Percent Samples

Reach/Segment " with SEM > AVS' with SEM > AVS'
Grand Calumet River Lagoons 5 0 0%
East Branch Grand Calumet River-I 105 51 49%
East Branch Grand Calumet River-I| 0 NA NA
West Branch Grand Calumet River-I 9 5 56%
West Branch Grand Calumet River-I1 0 NA NA
Indiana Harbor Canal 11 10 91%
Lake George Branch 30 4 13%
USCand 5 0 0%
Indiana Harbor / Lake Michigan 2 0 0%
Overall 169 70 41%

'As determined usi ng the molar concentrations of simultaneously extracted metals (SEM) and acid volatile sulfides (AVYS).

n = number of samples.
NA = not applicable.
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Table ES.5. Summary of mIBI scores for the various reaches in the Assessment Area, 1993-1998.

Reach
Grand East Branch East Branch  West Branch West Branch
Date Sample Calumet Grand Grand Grand Grand Indiana Lake Indiana
P River Calumet Calumet Calumet Calumet Harbor  George US Harbor/ Lake
Lagoons River-1 River-II River-1 River-II Canal Branch Canal Michigan

October, 1993 1 28
September, 1994 1 22
October, 1996 1 21 13 11 17

2 24 17
August, 1998 1 140 0.87 113 0.87 0.33 0.8

2 113 053 107 0.40 0.20

3 167 107 0.87

4 113

5 0.87

6 0.87
Average mIBI Score NA 14 13 0.7 14 11 0.7 14 0.8
Standard Deviation NA 057 NA 024 042 0.03 0.27 115 NA
Number of Samples 0 8 1 2 2 3 3 5 1

Sources: Sobiech et al. (1994); Simon and Stewart (1998); Simon ez a/. (2000).

NA = not applicable.
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Table ES.6. Summary of QHEI scores for the various reaches in the Assessment Area, 1993-1998.

Reach
Grand East Branch East Branch  West Branch  West Branch . .
Calumet Grand Grand Grand Grand Indiana Lake US Indiana
Date Sample . Harbor George Harbor/ Lake
River Calumet Calumet Calumet Calumet Canal Branch Canal Michigan
Lagoons River-1 River-I1 River-1 River-I1

September, 1992 1 65.5 57.9

2 50.7

3 54.7

4 51.8

5 56.9

6 46.0
June-July 1994 1 48 22

2 41

3 46

4 51
1998 1 47.4 48.6 49.7 16 16 18 17

2 41.3 49.7 24 45.2 21

3 45.2 24

4 42.8

5 48.8

6 43.0

7 39.5

8 42.5

9 48.6
Average QHEI Score NA 44.7 40 54.6 52.5 21.3 30.6 195 17
Standard Deviation NA 3.34 12.68 9.46 4.23 4.62 20.65 2.12 NA
Number of Samples 0 10 4 3 7 3 2 2 1

Sources. Sobiech et al. (1994); Simon and Stewart (1988); Simon et al. (2000).

NA = not applicable.
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Table ES.7. Summary of assessment of effects on fish and wildlife resources.

Indicator of Effects on Fish and Wildlife Resources’

Number of Lines of

Evidence for

Reach/Segment Toxicity Fish Fish ‘Whole Sediment Tissue Demonstrating
to Fish’ Health® Community4 Chemistry5 Chemistry6 Ecosystem Impacts
Grand Calumet River Lagoons 14% (n=7) 0% (n=12) 38% (n=13)* 84% (n=58)* 100% (n=18)* 3
East Branch Grand Calumet River-I 57% (n=23)* 40% (n=10)* 100% (n=29)* 74% (n=110)* 100% (n=22)* 5
East Branch Grand Calumet River-1 85% (n=40)* 75% (n=4)* 100% (n=22)* 66% (n=90)* 100% (n=5)* 5
West Branch Grand Calumet River-I ID (n=0) 100% (n=3)* 100% (n=12)* 29% (n=7)* 100% (n=7)* 4
West Branch Grand Calumet River-I1 100% (n=7)* 100% (n=1) 100% (n=17)* 18% (n=17)* 100% (n=5)* 4
Indiana Harbor Canal ID (n=0) 33% (n=3) 100% (n=4)* 93% (n=15)* 100% (n=7)* 3
Lake George Branch ID (n=0) 50% (n=2) 50% (n=2) 83% (n=29)* ID (n=0) 1
US Cand ID (n=0) 50% (n=2) 100% (n=8)* 84% (n=37)* 100% (n=18)* 3
Indiana Harbor / Lake Michigan ID (n=0) 100% (n=1) 100% (n=1) 88% (n=33)* 86% (n=21)* 2
Overall 71% (n=77)* 39% (n=38)* 92% (n=108)* 74% (n=396)* 97% (n=103)* 5

! For each line of evidence, sediment injury isindicated if two or more samples have conditions sufficient to cause or substantially contribute to sediment injury.
Evidence of sediment injury is denoted with an asterisk (*).

2 Percent of sediment samples that were toxic to fish in laboratory tests.

® Percent of fish samples with > 1.3% DELT abnormalities.

* Percent of fish samples with IBI scores of <34 (i.e., poor, very poor, or no fish).

® Percent of sediment samples with one or more chemical concentrations in excess of the bioaccumulation SQGs for wildlife.

® Percent of fish and invertebrate tissue samples with one or more chemical concentrations in excess of the TRGs for wildlife.
ID = insufficient data; n = number of samples.
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Table ES.8. Summary of DELT scores for the various reaches in the Assessment Area, 1993-1998.

Reach
Grand East Branch  East Branch West Branch  West Branch . Indiana
Calumet Grand Grand Grand Grand Indiana Lake US Harbor/
Date Sample River Calumet Calumet Calumet Calumet Harbor — George Canal Lake
Lagoons River-I River-IT River-I River-IT Canal  Branch Michigan
October, 1993 1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0
10 0
11 0
12 0
June-July, 1994 1 27 5.6
2 80
3 174
4 0
September, 1992 1 108
1998 1 0 6.15 28 6.15 168 0 12.8
2 0.74 28 0 0 328
3 157 0.36
4 0
5 0.65
6 0.7
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Table ES.8. Summary of DELT scores for the various reaches in the Assessment Area, 1993-1998.

Reach
Grand East Branch  East Branch West Branch  West Branch . Indiana
Calumet Grand Grand Grand Grand Indiana Lake US Harbor/
Date Sample River Calumet Calumet Calumet Calumet Harbor — George Canal Lake
Lagoons River-I River-IT River-I River-IT Canal  Branch Michigan
1998 (cont.) 7 0.15
8 24
9 6.15
Average DELT Score 0 15 7.8 6.6 28 22 0.8 16 12.8
Standard Deviation NA 1.89 725 4,02 NA 345 119 232 NA
Number of Samples 12 10 4 3 1 3 2 2 1

Sources. Sobiech ef al. (1994); Simon and Stewart (1998); Simon ef al. (2000); Simon (1993)

NA = not applicable.

DELT score = % incidence of deformities, fin erosion, lesions, and tumors.
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Table ES.9. Summary of IBI scores for the various reaches in the Assessment Area, 1985-1998.

Reach
Grand East Branch East Branch West Branch West Branch . Indiana
Indiana Lake
Calumet Grand Grand Grand Grand US Harbor/
Date Sample ) Harbor  George
River Calumet Calumet Calumet Calumet Canal Branch Canal Lake
Lagoons River-1 River-11 River-1 River-II Michigan

October, 1985 1 24 24 24

2 24 0
June, 1986 1 32 24 26 22 22 24

2 24 24
October, 1986 1 30 28 20 20 26

2 28 28
April, 1987 1 22 30 24 24 22

2 22 32 22 24

3 22 24
April, 1987 1 24 24 22 22 28

2 26 26
November, 1987 1 30 32 0 0 4

2 30 30
May, 1988 1 26 0 0

2 24 24
July, 1988 1 32 28 0 0 24

2 26 26
July, 1990 1 20 24 21 21 16

2 32 32
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Table ES.9. Summary of IBI scores for the various reaches in the Assessment Area, 1985-1998.

Reach
Grand East Branch East Branch West Branch West Branch . Indiana
Indiana Lake
Calumet Grand Grand Grand Grand US Harbor/
Date Sample ) Harbor  George
River Calumet Calumet Calumet Calumet Canal Branch Canal Lake
Lagoons River-1 River-11 River-1 River-II Michigan

September, 1992 1 29 24

2 24

3 12

4 12

5 19
June, 1994 1 2 12

2 18

3 22

4 22
194 1 42

2 42

3 42

4 A

5 R

6 31

7 38

8 R

9 43

10 43

11 42

12 42
1998 1 16 16 22 16 14 12 14

2 22 22 12 38 18

3 16 20
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Table ES.9. Summary of IBI scores for the various reaches in the Assessment Area, 1985-1998.

Reach
Grand East Branch East Branch West Branch West Branch . Indiana
Calumet Grand Grand Grand Grand Indiana Lake US Harbor/
Date Sample ) Harbor  George
River Calumet Calumet Calumet Calumet Canal Branch Canal Lake
Lagoons River-1 River-11 River-1 River-II Michigan
1998 (cont.) 4 18
5 20
6 24
7 24
8 26
9 18
Average IBI Score 381 239 255 16.5 159 175 26.0 28 140
Standard Deviation 50 43 47 104 9.8 44 17.0 7.1 NA
Number of Samples 13 29 2 12 17 4 2 8 1
Percent Altered 38% 100% 100% 100% 100% 100% 50% 100% 100%
poor- poor- poor- poor-
Classification for Average Score  fair-poor  very poor very poor very poor VEery poor  Very poor Very poor Very poor Vvery poor

Sources. Sobiech et al. (1994); Simon and Stewart (1988); Simon (1993); Stewart et a/ . (1999); Simon et al. (2000).
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Figure ES.1.

Areal extent of injury to surficial sediments in the Assessment Area.
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Figure ES.2. Areal extent of injury to sub-surface sediments in the Assessment Area.
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Figure ES.3. Areal extent of sediment toxicity in the Assessment Area.
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Figure ES.4. Areal extent of altered and unaltered benthic invertebrate communities in the Assessment Area.
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