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I . INTRODUCTION

Waukegan Harbor, Illinois was designated an area of concern (or AOC) in 1981 by the International Joint

Commission (HC), the United States Environmental Protection Agency (USEPA), and the Illinois

Environmental Protection Agency (IEP A). This designation as an AOC was prompted by the discovery of

high levels of polychlorinated biphenyls (PCBs) in harbor sediments.

The Great Lakes Water Quality Agreement (GLWQA) required state and provincialgovernments to designate

geographic Areas of Concern on the Great Lakes where conditions have caused or are likely to cause the

impairment of beneficialuses. The GLWQA further required that a Remedial Action Plan (RAP) be submitted

to the public and to the International Joint Commission(HC) for review and comment at three stages:

I. When a definitionof the problem at the AOC has been completed;

2 When remedial and regulatory measures are selected; and

3. When monitoring indicates that identifiedbeneficialuses have been restored.

A Citizens Advisory Group (CAG) was formed by the IEPA in 1990 to provide recommendations on the

development and implementation of the RAP. The Waukegan CAG is made up of business, civic, education,

environment, government, industry, and recreation interests in the area. As part of the overall environmental

assessment process, the CAG and the IEPA have worked together to identifypotential pollution sources in the

Waukegan area beyond PCB contamination in the harbor. The Stage I RAP identified an expanded study area

(ESA) beyond the harbor proper (Fig. I. I.).

The CAG currently consists of representatives trom 28 organizations (Table] .].) plus unaffiliated individuals.

The CAG has sponsored several activities aimed at heightening public awareness of the environmental

conditions near the harbor and lakeshore areas. This group is a prime example of how public-private

partnerships can resolve water quality problems. The CAG's active participation has accelerated the

restoration of formerly impaired uses. A number of subcommittees and workgroups have been formed within

the CAG to provide assistance with specificRAP topics or CAG activities.

This report serves as an update for the Remedial Action Plan process to meet local expectations in restoring

environmental conditions leading to the de-listing of Waukegan Harbor as an Area of Concern (AOC).

Previous Stage ] and II documents provide extensive information on the Area of Concern (AOC) and

Expanded Study Area (ESA). This Stage III report is presented to provide updated information on progress.

Additional updates will be provided on the Waukegan Harbor Citizens Advisory Group Home Page at

http://www.nsn.org/wkkhome/iepa and ocassional printed reports.
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Figure I.l The Watershed Tributary to the Waukegan Expanded Study Area for the Waukegan Remedial
Action Plan.
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Table 1.1. Organizations Comprising the Waukegan Harbor Citizens Advisory Group - 1998

Liberty Prairie Conservancy Illinois Audubon Society

Lake County Health Department College of Lake County

City ofWaukegan Lake MichiganFederation

Great Lakes Sport FishingCouncil LaFarge Corporation

Sierra Club. IllinoisChapter Waukegan Park DistrictlHistorical Society

Outboard Marine Corporation Lake County Department of Planning

League of Women Voters of Illinois Dexter Corporation

North Shore Sanitary District North Shore Gas

Salmon Unlimited Commonwealth Edison Company

Lake County Chamber of Commerce City of North Chicago

Waukegan Charter Boat Association Larsen Marine

Waukegan Port District Northeastern IllinoisPlanning Commission

Waukegan Yacht Club EJ. & E. Railroad

Levine, Fricke. Recon Tanner EnvironmentalCo.

Citizen Representatives
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2. ENVIRONMENTALSTATUS

This Remedial Action Plan (RAP) relies on an "ecosystem approach" for identitying remediation needs and

plans within the Expanded Study Area (ESA). The ecosystem approach considers the impairment of beneficial

water resource uses within the ESA as well as contaminant sources and loadings. The International Joint

Commission has developed criteria for the identification of use impairments (Table 2. I.), and the current use

impairments identified within the Waukegan ESA were determined through the application of these criteria

weighed against local goals.

Once the use impairments were defined, the environmental condition of the harbor was identified usmg

existing monitoring data. Data reviewed included water quality, sediment quality, biomonitoring, benthic

community assessments, and environmental contaminant monitoring data for sediments and fish.

The organization of this chapter reflects the above described use impairment procedure. Section 2.1. Impaired

Uses, describes use impairnlents identified through documented observations. Sections 2.2. through 2.4.

discuss the nature and extent of contamination associated with the identified use impairments. Updated

information has been included to reflect changes to conditions that have occurred since publication of the

Stage I and II RAP report in December, 1994.

2.1. IMPAIREDUSES

Five use impairments have been identified for the Waukegan ESA based on the listing criteria approved by the

IJC (1991). These impairments are shown in Table 2.2. Impairments include benthos degradation, restrictions

on dredging, beach closings, degradation of phytoplankton and zooplankton populations, and loss of fish and

wildlife habitat.

2.1.1. Restrictions on Fish and Wildlife Consumption

Substantial progress has been made at Waukegan Harbor since 1981, when the Illinois Department of Public

Health first recommended that fish caught in the harbor not be eaten. The Lake County Health Department

thereafter had posted signs in the harbor area warning that consumption of fish taken /Tomthe north portion of

Waukegan Harbor may be dangerous to human health. After cleanup of high-concentration PCBs in the North

Harbor sediments in 1993, the Lake County Health Department updated the warning signs. Even as recently

as 1993, IDOC Fishing Information regulations (IDOC, 1993) had noted that "the Department of Public

Health advises that no fish /TomWaukegan Old North Harbor be consumed". However, by 1996, evidence of

a dramatic turnaround in the condition of fish /Tom North Harbor was noted. Levels of PCBs in fish taken
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Table 2.1. Guidelines for Recommendingthe Listing and Delisting of Great Lakes Areas of Concern (lJC,
]99]).

USE
IMPAIRMENT

REFERENCESLISTING GUIDELINE DELI STING GUIDELINE RA TIONN,E

RESTRICTIONS ON
I'ISH AND WILDLIFE
CONSUMPTION

TAINTING OF FISH
AND W[LDLIFE
FLAVOR

DEGRADED FISH
AND W[LDLIFE
POPULAT[ONS

F[SH TUMORS OR

OTHER
DEFORMITIES

BIRD OR AN[MAL
DEFORMITIES OR

REPRODUCTIVE
PROBLEMS

DEGRADATION OF
BENTHOS

When contaminant leve[s in fish or

wildlil" populalions exceed current
standards. objectives or guidelines. or
public health advisories are in efti:ct
for human consumption of fish or
wildlil". Contaminant levels in fish and
wildlife must be due to contaminant

input from the watershed.

When ambient water quality

standards. objectives. and guidelines.
lor the anthropogenic substance(s)
knowD to cause taiDtiDg. are being
exceeded or survey results have
ideDtified taintiDg of fish or wildlife
l1avor.

WheD fish aDd wildlife management
programs have identified degraded lish
or wildlife populations due to a cause
within the watershed. [n addition. this

use will be coDsidered impaired when
relevant, field-validatcd, fish or wildlife

bioassays with appropriate quality
assuraDce/quality cODtrols coDfirm
significant toxicity tium wnter column
or sedimentcontaminants.

When the ineideDce rates of fish
tumors or other deformities exceed

rates at unimpaeted control sites or

when survey data conlirm the presence
of neoplastic or preneopla<rtie liver
tumors in bullheads or suckers.

WheD wild Iii" survey data eonliml the
presence of deformities (e.g. cross-bill
s)lIdrome) or other reproductive
problems( e.g. egg-shell thiDning) in
sentiDel wildlife species.

When the beDthic macroinvertebrate

community structure s1gnificantly
diverges from uDimpacted control sites
of comparable physical and chemical
characteristics. [D addition. this use

will be coDsidered impaired when

toxicity (as defiDed by relevant, lield-
validated. bioassays »ith appropriate
quality assuraneCiquality controls) of
sediment- associated coDtamiDaDts at a

site is sigDificantly higher than
coDtrols.

When contaminaDt levels in fish and

wildliti, populatioDs do Dot exceed
current standards. objectives or
guideliDes. aDd DOpublic health
advisories are in efteet lor human

coDsumptioD of fish or »ildlife.
CoDtaminant levels iD fish aDd wildlife

must be due to coDtamiDaDt iDput tium
the watershed

WheD sur.'ey results coDfirm DO
taintiDg of fish or wildlife flavor

WheD eDvironmeDtal conditioDs

support healthy. self-sustaiDiDg
commuDities of desired fish and

,vildlife at predetermiDed levels of
abuDdaDce that would be expected
tium the amount and quality of
suitable physical. chemical aDd
biological habitat present. An elTort
must be made to eDsure that fish and

wildlife objectives for Areas of
CODcern are coDsistent with Great

Lakes ecosystem objectives aDd Great
Lakes Fishery CommissioD fish
commuDity goals. Further. iD the
abseDee of eommuDity structure data,
this use will be coDsidered restored

wheD fish and wildlife bioassays
CODfirmDOsignificaDt toxicity from
water columD or sedimeDt
contaminants.

WheD the iDeideDce rates of fish
tumors or other delormities do Dot

exceed rates at uDimpaeted cODtrol
sites aDd wheD survey data confiml the
absence of neoplastic or preneoplastic
tumors in bullheads or suckers.

When the incidence rates of

deformities( e.g. eros.s-bill syndrome) or
reproductive problems (e.g. egg-shell
thinniDg) in sentinel wildlife species do
not exceed background levels in iDland
control populatioDs

When the beDthie maeroinvertcbratc

community structure does not
significantly diverge from un impacted
control sites of comparable physical
and chemical characteristics. Further.

in the absence of community structure
data, this use will be considered
restored when toxicity of sediment-
associated coDtamiDaDts is DOt

significaDtly higher thaD controls.

AccouDts fiu jurisdictioDal
aDd looeral staudards;

emphasizes local
watershed sources.

Sensitiveto ambient water

quality staDdards lor
tainting substances:
emphasizes survey results.

Emphasizes /ish aDd
wildlife maDagemeDt
program goals: coDsistent
with Agreement aDd Great
Lakes Fishery
CommissioD goals;
accounts for toxicity
bioassays.

CODsisteDt with expert
opinion on tumors:
ackDowledges background
incidence rates.

Emphasizes confirmation
through survey data:
makes Decessary coDtrol

comparisons.

AccouDts for commuDity
structure and composition~
recogDizes sedimeDt
toxicity; uses appropriate
control sites.

Adapted from
Mack1988.

S.:e AmericaD
Public lIealth

Association( 1980)
for survey
Methods.

Adapted lTom
Manny and
Pacific. 1988:
WiscoDsin DNR.
1987: UDited
States aDd
Canada. 1987:
Great Lakes
Fishery
Commission.
1980.

Adapted from
Mack aDdSmith.
1988: Black 1983;
Bauman ct. al..
1982.

Adapted Irom
Kubiak. 1988:

Miller. 1988;

Wiemeyer el. al..
1984.

Adapted tium
Reynoldson.
1988; HeDry.
1988: IJC. 1988.
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Table 2.1. (continued)
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Guidelinesfor Recommendingthe Listing and Delistingof Great Lakes Areas of
Concern (HC, ]99]).

USE IMPAIRMENT REFERENCELISTING GUIDELINE DELI STING GUIDELINE RATIONALE

RESTRICTIONS ON
DREDGING
ACTIVITIES

ElJfROPHICATION OR
UNDESIRABLEALGAE

RESTRICTIONS ON
DRINKING WATER
CONSUMPTION OR
TASTE AND ODOR
PROBLEMS

BEACH CLOSINGS

DEGRADATION OF
AESTHETICS

ADDED COSTS TO
AGRICUL TlJRE OR
INDUSTRY

DEGRADATION OF
PHyroPLANKTON
AND ZOOPLANKTON
POPULATIONS

LOSS OF FISH AND
WILDLIFE HABITAT

When contaminants in sediment, exceed When contaminants in sediments do not
standards. criteria. or guidelines such exceed standards, criteria. or guidelines
that there are restrictions on dredging or such that there are restrictions on dredging
disposal activities. or disposal activities.

When there are persistent water quality When there are no persistent water quality
problems (e.g. dissolved oxygen problems (e.g. dissolved oxygen depletion
depletion of bottom waters, nuisance of bottom waters, nuisance algal blooms or
algal blooms or accumulation, decreased accumulation. decreased water clarity, etc.)
water clarity, etc.) attributed to cultural attributed to cultural eutrophication.
eutrophication.

When trcated drinking water supplies
are impacted to the extent that: 1)
densities of disease-causing organisms
or concentrations of hazardous or toxic
chemicals or radioactive substances

exceed human health standards,

objectives or guidelines; 2) taste and
odor problems are present; or 3)
treatment needed to make raw water

suitable for drinking is beyond the
standard treatment used in comparable
portions of the Great Lakes which are
not degraded (i.e. settling. coagulation.
disinfection).

Accounts lor jurisdictional
and federal standards;

emphasizes dredging and
disposal activitics.

Adapted lrom IJC.
1988

Consistent with Annex 3 of United States and
the Agreement: accounts lor Canada, 1987
persistence of problems.

For treated drinking water supplies: I) Consistency "ith the
when densities of disea.",,-causing Agreement; accounts lor
organisms or concentrations of hazardous jurisdictional standards;
or toxic chemicals or radioactive substances practical; sensitive to
do not exceed human health objectives, increased cost as a measure
standards or guidelines; 2) when ta.steand of impairment.
odor problems are absent; and 3) when
treatment needed to make raw water
suitable for drinking does not exceed the
standard treatment used in comparable
portions ofthe Great Lakes which are not
degraded (i.e. settling. coagulation,
disinfection).

When waters, which are commonly used When water, which are commonly used for
for total-body contact or partial-body total-body contact of partial-body contact
contact recreation, exceed standards, recreation, do not exceed standards,
objectives. or guidelines for such use. o~iectives,or guidelines for such use.

When any substance in water produces
a persistent objectionable deposit,
unnatural color or turbidity, or
unnatural odor (e.g. oil slick, surface
seum).

When the waters are devoid of any
substance which produces a persistent
objectable deposit, unnatural color or
turbidity, or unnatural odor (e.g. oil slick,
surlace scum).

When there are additional costs required When there are no additional costs required
to treat the water prior to use lor to treat the water prior to use for
agricultural purposes (i.e. including. but agricultural purposes (i.e. including. but
not limited to, livestockwatering. not limited to, livestock watering. irrigation
irrigation and crop-spraying) or and crop-spraying) and industrial purposes
industrial purposes (i.e. intended for (i.e. intended for commercial or industrial
commercial or industrial applications applications and noncontact food
and noncontact food processing). processing).

When phytoplankton or zooplankton
community structure signilicantly
diverges from unimpacted control sites
of comparable physical and chemical
characteristics. In addition, this use will
be considered impaired when relevant,

lield- validated. phytoplankton or
zooplankton bioassays (e.g.
Ceriodaphnia; algal fractionation
bioassays) with appropriate quality
assurance/quality controls confirm
toxicity in ambient waters.

When fish and \\ildlilc management
goals have not been met as a result of
loss of fish and wildlife habitat due to a

perturbation in the physical, chemical.
or biological integrity of the Boundary
Waters, including wetlands.

When phytoplankton and zooplankton
community structure does not signilicantly
diverge trom unimpacted control sites of
comparable physical and chemical
characteristics. Further, in the absence of

community structure data, this use will be

considered restored when ph}10plankton
and zooplankton bioassays conlirm no
significant toxicity in ambient waters.

When the amonnt and quality of physical.
chemical, and biological habitat required to

meet fish and wildlife management goals
have been achieved and protected.

Accounts for use of waters;

sensitive to jurisdictional
standards; addresses water
contact recreation; consistent

with the Agreement.

Emphasizes aesthetics in
water, accounts for
persistence.

Sensitive to increased cost
and a measure of
impairment.

Accounts for community
structure and composition;
recognizeswater column
toxicity; uses appropriate
control sites.

Adapted ITomUnited
States and Canada.
1987

Adapted ITom United
States and Canada,
1987; Ontario
Ministry of the
Environment 1984

Adapted from the
Ontario Ministry of
the Environment,
1984

Adapted ITom
Michigan DNR.
1977

Adapted trom IJC.
1987

Emphasizes lish and wildlil" Adapted &om
management program goals; Manny and Pacific.
emphasizes water component 1988
of Boundary Waters.
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Table 2.2. Use Impairment Status within the Waukegan Expanded Study Area - 1998

(1) Additional data collection is require before a determination can be made.

(2) Specific fish consumption advisory signs at Waukegan Harbor were removed from the harbor in 1997; the
lakewide fish consumption advisory remains in effect.

(3) Waukegan Harbor AOC did not contain the full compliment of expected marsh bird or amphibian species in the
expected numbers. Overall the Waukegan AOC was rated as not impaired in terms of its ability to support healthy
marsh bird and amphibian communities (Bird Studies Canada, 1998;Appendix 11).

8

Use Is Use Is
Impaired Unimpaired Unknown

(1)

i. Restriction on Fish and Wildlife Consumption
Fish (2) X
Wildlife X

ii. Tainting ofFish and Wildlife Flavor X

iii. Degradation ofFish and Wildlife (3) Populations (diversity X
and abundance, including reproduction problems

iv. Fish Tumors and Other Deformities X

v. Bird or Animal Deformities or Reproductive Problems X

vi. Degradation of Benthos X

vii. Restrictions on Dredging Activities X

viii. Eutrophication or Undesirable Algae X

ix. Restrictions on Drinking Water Consumption or Taste and X
Odor Problems

x. Beach Closings X

xi. Degraded Aesthetics X

xu. Added Costs to Industry X

xiii. Degradation of Phytoplankton and Zooplankton X

Populations

XIV. Loss ofFish and Wildlife Habitat X
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trom the harbor have declined significantly.Indeed, fish monitoring from both the Harbor and trom Lake

Michigannow show no appreciable difference in PCB concentrations in fish taken in the harbor area and in

those taken trom open waters of the Lake (Appendix 7).

Accordingly, in February, 1997 the signs warning anglers not to eat fish caught in the Waukegan North

Harbor were removed (IEPA, I997b). A copy of the lIIinoisEnvironmental Protection Agency news release

on the sign removal is included as Appendix I. Fish taken trom the Harbor are now in the same consumption

advisory categories as apply to fish caught elsewhere in Lake Michigan, and fish consumption is no longer

considered an "impaired use" (see Table 2.2.). This is perhaps the most tangible measure to date of success in

the clean-upof the harbor.Additionaldata on fishcontaminantmonitoringis givenin Section2.4, FishFlesh

Contamination.

Concurrent with the lifting of the warning to retrain trom eating fish taken trom the North Harbor, the lIIinois

Department of Public Health (IDPH) issued revised consumption advisories in 1997 for fish taken trom Lake

Michigan. The new advisories were jointly developed with five other Great Lakes states. Under the new health

advisories, larger, older fish as well as bottom-feeding species are not to be eaten. For example, catfish, carp,

and lake trout larger than 27" are in the "Do Not Eat" category. Other common sport fish species have been

placed in categories that range trom one meal per week, to one meal per month, to one meal per every two

months (lIIinois Department of Health, 1997). A copy of the lDPH news release that details the current fish

advisories is included as Appendix 2.

Carp have been identified as the target indicator species for the harbor since they are bottom feeders and are

somewhat common in the harbor. With long term monitoring of contaminant levels over a range of sizes and

particularly younger fish, an indication of overall environmental condition can be obtained. Over the years

some difficultyhas occurred in collecting a large number of samples.

Future fish monitoring will be directed toward obtaining a larger size range of carp to see the extent to which

new generations are accumulating PCBs and to provide information on future fish consumption advisories.

Each year the lIIinoisDepartment of Natural Resources publishes an update to fish consumption advisories in

a booklet distributed when fishinglicensesare purchased.

Hunting is not allowed in the ESA because of its urbanized nature. There have been no studies of

contaminants in wildlifewithin theESA.

9
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2.1.2. Tainting of Fish Flavor

There have been no reports of tainted flavor in fish flesh in or near the area of concern. A fish flavor study

using American Public Health Association (1980) methods has not been conducted.

2.1.3. Degradation of Fish and Wildlife Populations

Detailed fish and wildlife population impact studies have not been conducted in the Waukegan ESA.

Detailed population studies in the area have been restricted to the annual collection of fish samples for

contaminant analysis. The results of the most recent fish flesh analyses are presented in Section 2.4.

Additional information may become available from a U.S. Fish and Wildlife Service (USFWS) national

damage assessment offish and wildlife impairments for Areas of Concern (AOCs) in the Great Lakes.

A number of lakewide impacts have been noted, which are likely associated with bioaccumulation, the

uptake and retention of contaminants from food and the environment (Environment Canada, 199Ia).

Organochlorine compounds in the Great Lakes have been linked to reduced populations of double-crested

cormorant and bald eagle (Environment Canada, 1991b). Double-crested cormorant populations in the Great

Lakes declined in the 1970s as a result of eggshell thinning associated with DDT. Recovery of the double-

crested cormorant began in the 1980s and, currently, Great Lakes cormorant populations are 20 times greater

than at any other time this century. Bald eagles, as long-lived predators, are particularly susceptible to

bioaccumulation and have suffered population declines in the Great Lakes starting in the 1940s

(Environment Canada, 1991b). Other species which have experienced population declines associated with

water and sediment contamination are otter, black-crowned night-heron, and possibly mink (Millar, personal

communication, 1992). The Waukegan area is not in the natural range of the otter although it is for the bald

eagle. Nesting black-crowned night-herons have been recently observed in Illinois Beach State Park. Both

cormorants and mink are resident to the ESA while the bald eagle is not known to be.

Decline of native stocks of lake trout in Lake Michigan have been linked to sea lamprey predation,

degradation of spawning habitat, overharvest, and changes in forage. Lake trout are currently stocked in

Lake Michigan but the stocked trout do not reproduce successfully. Reasons for lack of successful

reproduction by stocked fish are not well understood.

The decline of the yellow perch fishery is another problem which has come to the fore in recent years. The

perch population has dwindled to the point that in 1997, Illinois authorities closed the recreational perch

fishing season during the month of June, imposed stricter bag limits during other months of the year, and

established a "slot" limit allowing only those fish between 8-10" in length to be kept. An Illinois ban on

10
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commercial and charterboat fishing for yellow perch in IIIinois waters also was implemented beginning in

April, 1997. Commercialharvest of yellow perch in Lake Michigan now has been banned by all the states.

The reasons for the decline are not yet understood, and research into the problem continues. Proliferation of

the exotic zebra mussel is one possible cause that has been cited for the decline of the yellow perch

population. Alewife predation and nutritional deficiencies are other possibilities. A multi-state, three-year

project is now underway by the Lake Michigan Yellow Perch Task Group to investigate reasons for the

yellow perch decline and to suggest solutions which will allow the long-term lakewide recovery of the species.

The project includes research into the factors affecting the survival of young perch, as well as tagging

approximately 40,000 fish in order to track their movements in the Lake. The IIIinoisDNR is also funding a

two-year research project by an independent researcher to evaluate the potential influenceof water depths and

seasonal effects on the distribution of perch.

The possible natural reproduction of smallmouth bass in Waukegan Old North Harbor was observed by IEPA

and lDNR during a fish collection conducted in August, 1997 (lDNR, 1997b; Appendix 3). These fish are

believed to be a resident population, and are the lDNR's first observation of young of the year individualsof

that gamefishspeciesin NorthHarbor.Other speciesobservedin the harborin ]997 included northern pike,

largemouth bass, smallmouth bass (yearlings), bluegill, pumpkinseed, black crappie, green sunfish, white

suckers, and carp. Additional studies will be conducted to further verity the extent of natural smallmouth

reproduction in the harbor.

Surveys of charter boat sport catch tTom the IIIinois waters of Lake Michigan show greater total catch in

Waukegan area waters than in Chicago area waters (Hess and Trudeau, ]990). In ]987 and ]988, overall

charter boat sport catch near Waukegan was approximately ]40 and ]90 percent greater than that taken tTom

near Chicago. Individualspecies of sport fish which were most commonly caught offWaukegan included coho

salmon, chinook salmon, lake trout, rainbow trout, and brown trout.

As with charter boat fishing,pedestrian catch in the Waukegan area has been greater for many species than at

other areas along the Lake Michigan shoreline in IlIinois (Brofka,and Marsden, 1996). Pedestrian catch of

brown trout, and chinook salmon tTom both the combined Commonwealth Edison Waukegan Generating

Station and the Waukegan Harbor area were greater than tTomsix other surveyed locations along the IlIinois

shoreline. Pedestrian catch of yellow perch in ]995 was greater at Waukegan than tTom all but one other

lllinois location (Brofka and Marsden, ]996).

Efforts have also been underway to assess the status of marsh birds and amphibians in the AOC. A local

volunteer effort Marsh Monitoring Program was initiated in 1995, coordinated through the Long Point Bird

II
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Observatory (now Bird Studies Canada). The program was developed to monitor amphibians and marsh birds

at Areas of Concern, with results being analyzed by Bird Studies Canada. This ongoing study is supported by

the Great Lakes Protection Fund with local volunteer support provided through the Waukegan Harbor CAG.

Marsh bird data collected in 1995 and 1996 found thirteen species of marsh nesters, four water foragers, and

five air foragers in the Waukegan AOC, indicating moderate species diversity. Densities often marsh nesting

bird species were greater than the Great Lakes basin non-AOC averages. In total, three marsh bird indicators

were present in the Waukegan AOe. Blue-winged teal abundance was above average while American Bittern

and Sora were found in average abundance. Marsh nesting bird abundance was rated average overall.

Amphibian diversity and amphibian indicator species were below average. Overall, the Waukegan Harbor

AOC was rated as "not impaired" in terms of abilityto support healthy marsh bird and amphibian communities

(Appendix II).

2.1.4. Fish Tumors or Other Deformities

There have been no reports of fish tumors or other abnormalities in Waukegan area fish. Since 1975, annual

fall electrofishing surveys have been conducted either in the original harbor basin, off the mouth of the

Waukegan River, or in the South Harbor south of government pier by the lIIinois Department of Natural

Resources to assess salmonid returns and collect fish for contaminant analysis. Collected samples do not

represent bottom-feeding species. Examinationsof subsamplesof collected fish have not identified any internal

or external tumors or abnormalities. It is not expected that fish tumors or other abnormalities are a problem in

the ESA since no reports or observations have been documented.

2.1.5. Bird or Animal Deformities or Reproduction Problems

There is no available information on bird or animal deformities or reproduction problems in the Waukegan

ESA (Millar, 1991). Studies have shown that levels of toxicity similar to those levels formerly found in

Waukegan Harbor have produced adverse effects, reproductive failure, and gross deformities on wildlife.

Ranch raised mink experienced reproductive failure and elevated kit mortality when fed PCB-containing fish

(Environment Canada, 1991a; Fitchko, 1986). Organochlorine compounds, especially DOT and DOE, are

correlated with eggshell thinning and reproductive failure in double-crested cormorant and bald eagle

(Environment Canada, 199Ib). Contaminant-associated reproduction failure in herring gulls was attributed to

altered egg incubation behavior in adult gulls. Deformitiesattributed to contaminant exposure include

feminizationof male herring gull embryos; bill deformities in common terns; tail, leg, and mouth deformities in

snapping turtle; and, most notably, crossed bills in double-crested cormorants (Environment Canada, 199Ib).

12
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2.1.6. Degradation of Benthos

Polluted conditions which presently exist within Waukegan Harbor have impacted benthic populations. In

]972, the Illinois Environmental Protection Agency (IEPA) conducted a benthic survey of Waukegan Harbor

at four stations and, based on this survey, classified each station as polluted (Figure 2. I.). Benthic life (Table

2.3.) consisted of Oligochaete (aquatic worms), Sphaeriidae (fingernail clams), Hirudinea (leeches),

Chironimidae (midges), Prosobranchia (gilled snails), and Amphipods (scuds). Pollution tolerant forms,

specificallyaquatic worms, predominated at each location indicating environmentaldegradation (IEPA, ]972).

Table 2.3. Benthic Organisms Collected in Waukegan Harbor by the lIIinois EPA (] 972).

In ]973, additional benthic surveys were accomplished by the ]EPA near the mouth of the Dead River, in

near-shore areas near the North Shore Sanitary District (NSSD) sewage treatment plant, and at the mouth of

the Waukegan River in Lake Michigan (IEPA, ]973). Benthos populations around the Dead River were

classified as balanced and were dominated by scuds. Several sampling locations immediately off-shore of the

NSSD facility were found to be devoid of benthic life. However, samples within 0.5 miles of the shoreline

werefoundto havebalancedbenthicpopulations.It shouldbe notedthat sincethe ]973 study, effluent fTom

the NSSD facility has been diverted away fTom Lake Michigan to the Des Plaines River. The resulting

reduction of nutrient, chloride, and biodegradable loads to the lake should have improved the benthic

environment off-shore of the NSSD facility. However, current data concerning benthic populations near the

NSSD facility are not available. Eleven of fifteen sampling locations near the mouth of the Waukegan River

were classifiedas either polluted or semipolluted.

]3

Organisms per Square Foot

Organism Station ] Station 2 Station 3 Station 4
-
Scuds 7 2 0 0

Fingernailclams 2100 ]2 ] 110 ]50

Gilled snails 14 0 7 0

Midge Larvae 7 0 0 85

Leeches 36 7 392 ]4

Aquatic worms 3900 105 6800 13600
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Figure 2.1 Stations Sampled for Benthic Organisms by the Illinois EPA in 1972 (IEPA, 1972).
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Sediment samples for benthic invertebrate analysiswere taken ITOmnearshoreLake Michigan near the

Commonwealth Edison Waukegan generating station in 1972 and 1973 (CEC, 1972; CEC, 1973). Sampling

depths ranged ITom10to 40 feet. Samples were dominated by aquatic worms, scuds, and fingernailclams.

A 1987 benthic survey was conducted by the Illinois Natural History Survey (Ross et aI., 1989) within

Waukegan Harbor and in Lake Michigan immediately outside the harbor. As with earlier benthic studies,

dominant species included aquatic worms and fingernailclams. Biomass, based on the dry weight of collected

samples, was lower in areas of marked contamination.

The IEPA conducted an Intensive Survey of the Waukegan River in ]994-]995. Twelve stations were

sampled for water and sediment chemistry, macroinvertebrate community, and habitat information in order to

characterize the overall condition of the river. On the basis of that survey, the river was assessed as providing

"partial support/moderate impairment". The major causes of impairment related to priority organics, metals

and habitat alterations primarily trom urban runoff, runofl7leachatetrom landfills, in-place contaminants, and

atmospheric deposition (IEPA, 1996).

The toxicity of Waukegan Harbor sediments to benthic organisms was evaluated by Marking et al. (1981).

Organisms tested included scuds, mayflynymphs, midge larvae, snails, and fingernailclams. All species except

fingernailclam experienced increased mortality attributed to sediment exposure.

A 1996 survey by IllinoisEPA continued to show degraded harbor substrate conditions based on benthic life.

Biotic Index (BI) values ranged trom 3.82 at station QZO-06 in the entrance channel to 4.03 at QZO-03 just

north of the OMC south plant. Degraded conditions can be attributed in part to suspension of harbor

sediments caused by the prop wash of commercial vessels. Increased levels of organic material also add to the

degraded conditions in Waukegan Harbor. There is no tributary to the harbor that would deliver additional

sediments to the harbor or move sediments lakeward.

Additional analyses of midge head capsule deformities were performed on Chironomus sp. as part of the

benthic survey to serve as an indicator of substrate quality. Deformities were not found at three of the ten

Waukegan Harbor stations, QZO-04, QZO-IO and QZO-03. Chironomus sp. were not collected at any of

these stations, but Procladius .m. were found at all three stations. The other seven stations had deformities

ranging ITomfour to 27 percent. Six of these stations had deformities greater than five percent indicating

moderate to severe sediment contamination (Appendix 4).
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Figure 2.2 Waukegan Harbor Navigation Areas.
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2.1.7. Restrictions on Dredging Activities

There has been an increased cost to industry due to restrictions on maintenance dredging in the harbor. The

inner harbor area is authorized to be dredged to a depth of 23 feet and was last dredged to ]8 feet in ]972.

The inner harbor is now about 16 feet deep. Representatives of industries which rely on the harbor for

transportation of raw and finished materials reported problems associated with lack of dredging to the

Waukegan Citizens Advisory Group (CAG, ]991). Industries must alter normal shipping procedures to

accommodate shallower water depths in the harbor, and thereby incur higher shipping costs. Since water

depths in the harbor have been reduced by sedimentation, vessels may not safely navigate the harbor when

fully loaded. Consequently, ships may only be loaded to approximately 70 percent of capacity requiring a

greater number of dockages.

Both the inner and outer areas of Waukegan North Harbor (Figure 2.2.) are affected by sediment

accumulation. Accumu]ated sediment in the inner harbor is estimated to be between ] and ]0 feet thick (Ross

et aI., 1989).The breakwaters and piers which define and protect the outer harbor trap sandy sediments which

are eroded ITomthe beaches at Illinois Beach State Park north of Waukegan and carried by the littoral drift

(Norby, 198]). The U.S. Army USACE of Engineers (USACE) has dredged the outer areas of Waukegan

Harbor as recently as 1991 and has instituted a program of annual dredging of the approach channel. Dredged

materials removed ITomthe outer harbor areas were clean sandy sediments which were suitable for unconfined

lake disposal or use as nourishment materials for beaches. The most recently used disposal site for approach

channel material is a near-shore site (water depths ITom6 to 12 feet) approximately 2000 feet south of the

South Harbor.

Dredging of the inner portions ofWaukegan North Harbor was discontinued after] 972 because the sediments

were classified as polluted (USACE, ]989). Since that time, the USACE has investigated alternatives for

confined disposal facilities (CDFs) (USACE, ]986; USACE, ]989). None of the proposed CDF alternatives

have been approved. An alternative that received serious consideration by the Chicago District, USACE, in an

un-circulated ]989 draft report involved construction of an in-lake CDF with sufficientcapacity to contain all

the polluted, fine-grainedsoft sediment ITomthe inner harbor (estimated to be 225,000 cubic yards) outside of

the Outboard Marine Corporation (OMC) Superfund remediation site. This alternative, in conjunction with

OMC's Superfund remediation, would have removed the vast majority of contaminated sediments in the

harbor. However, after thorough review of existing federal law and USACE policy on dredging outside of

designated channel limits, it was determined that federal funds were availableonly for dredging and disposal of

sediments located within the physicalboundaries of the authorized navigation project. The volume of sediment

in the navigation project area is estimated to be 50,000 to 70,000 cubic yards.
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Possibilities for future disposal options include transport and disposal of contaminated spoil at a landfill

permitted for hazardous wastes, as well as a confined disposal facilitylocated adjacent to or nearby the harbor.

Based upon the results of samplingand analyses conducted by the USACE in 1995 (Appendix 5), the harbor

sediment pollutant concentrations are within the limits of landfill acceptance criteria and could feasibly be

disposed of in that manner (USACE, 1995).

To further define sediment contamination and the extent of PCBs remaining in harbor sediments after the

Superfund cleanup, the Illinois EPA sampled 18 locations with the assistance of USEPA staff and a sampling

vessel in 1996.

Generally, the vast majority of the analyses for organic constituents showed less than the applicable reporting

value. Of the 1,458 analyses, less than four percent resulted in values greater than quantifiable reporting limits.

All of the 18 harbor samples resulted in values less than 10 mglkg of total PCBs. Concentrations ranged trom

3.0 to 8.9 mglkg with an average harbor wide concentration of 5.6 mglkg (Appendix 6).

In order for a dredging project to proceed, it will be necessary for the USACE to first complete a feasibility

study as a pre-requisite for congressional funding. Current costs of such a study are estimated at between

$600,000 and $700,000, split evenlybetween the USACE and local sponsors. The Port District has indicated

willingness to serve as the local sponsor provided the amount required for the local funding match can be

raised. Current estimates of dredging project costs are on the order of $12 millionsplit evenly between federal

and local sources (Waukegan Harbor Citizens AdvisoryGroup, 1997a).

Work has continued on the funding of the project. Local match funds of $147,000 were raised for work to

begin on the USACE sampling program (Waukegan Harbor Citizens Advisory Group, 1997b). Future work

includes the acquisition of funding, selection of the contained disposal facility site, and the preparation of

reports and documents. The Waukegan Harbor Citizens Advisory Group (CAG) held public meetings in

February of 1998 and 1999 to address the issue of additional dredging of the harbor. The US Army Corps of

Engineers presented a plan which called for completion of additional dredging by the year 2002. The CAG

continues to work closely with the USACE to work out final details for the additional harbor dredging.

The newer South Harbor also has been impacted by sediment that has accumulated since initial construction.

Here, recreational vessels (particularly deeper-keeled sailboats) occasionally hit the channel bottom. In 1997,

the Port District received USACE permission to dredge the South Harbor channel following sampling and

analyses which showed that the South Harbor has not been subject to sediment contamination. The dredged
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spoil, which consists mainlyof sand, will be placed offshore southeast of Waukegan, which is the traditional

form of spoil disposal for uncontaminated materials.

2.1.8. Eutrophication or Undesirable Algae

Eutrophication is the accumulation of nutrients in a water body and is commonly associated with increased

high biotic productivity (Cole, 1979). Water quality constituents related to eutrophication are those which are

required as macronutrients for production of plant material, particularly nitrogen and phosphorus.

The trophic status of the Illinois waters of Lake Michigan has improved substantially. Based on phosphate

concentration, trophic status has improved ITommesotrophic/eutrophic in the 1970s to oligotrophic (IEPA,

1996).

Water quality samples collected ITom within Waukegan Harbor in November, 1990 yielded a mean total

phosphorus concentration of 0.0]8 mgIL and a mean total ammonia concentration of 0.37 mg/L (Table 2.4.).

No undesirable algae growths have been reported or observed.

2.1.9. Restrictions on Drinking Water Consumption or Taste and Odor Problems

Two City ofWaukegan raw water intakes (including an emergency intake) are located in the lake east of the

harbor. The main intake is a 48-inch concrete pipe that runs in an east-southeast direction for 6,200 feet ITom

south side of Government Pier. The emergency intake is a 24-inch line running approximately 1275 feet out

ITomthe pier. The location of the emergency intake is about 125 feet south of the eastern end Government

Pier and 100 feet east. An additional emergency intake (I5-inch line) is located in the entrance channel to the

harbor (Consoer, Townsend and Associates, Inc., ]991). Currently, both emergency intakes are valved shut.

Since an emergency intake which draws Lake Michigan water is available for use, it is quite unlikely that the

City would ever utilize the emergency intake located in the harbor entrance channel.

There are no restrictions on drinking water for the City of Waukegan. Samples of finished water and raw

water ITomthe main intake are collected annually and tested for constituents identified in the Safe Drinking

Water Act (USEPA, ]986). In addition, finished water is analyzed daily for bacteria, turbidity, residual

chlorine, and fluoride and raw water is analyzed daily for turbidity and temperature. Tests for PCBs conducted

in 1987 and 1988 showed no PCBs in the finished water. Annually, finished water is analyzed for 32 volatile

compounds.
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Table 2.4. Comparison of Mean Water Quality Concentrations from the Waukegan Harbor Area and Lake
Michigan, 1990. Sampleswere collected and analyzed by the IllinoisEPA.

Parameter Standard Waukegan Harbor Area (I) Lake Michigan North Shore (2)

Water Temperature (C) 7.1 15

pH (units) 7.0 - 9.0 7

Dissolved Oxygen (mg/L) 5.0 8.3

DO Percent Saturation 90 70.4

Conductivity (uS/Cm) (3) 300 321* 287

Total Phosphorous (mg/L) 0.007 O.()l8* 0.004

Total Ammonia (mg/L) 0.02 0.37* 0.01

Un-ionized Ammonia (mg/L) (4) 0.04 0.000

Total KjeldahlNitrogen (mg/L) 0.6 0.2

Nitrite + Nitrate (mg/L) 0.29 0.24

COD (mg/L) 15 4

Turbidity (NTU) 11.7 2.0

Total Suspended Solids (mg/L) 12 2

Volatile Solids (mg/L) 4 2

Chloride (mg/L) 12 15* II

Sulfate (mg/L) 24 30* 22

Cyanide (mg/L) 0.022 0.021 0.005K

Fluoride (mg/L) 1.4 O.l3 0.09

Phenols (ug/L) 1.0 15* 3K

Fecal Coliform (No./lOOmL) 20 24* 8K

) Seven Stations, November, 1990

2 Five Stations (IN, 3N, 5N. 7N. 9N), May and September, 1990
3 Conductivity x 0.6 =TDS (mgIL)
4 Calculatt,'<i
K Less than
* Violated Standard
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There have been no complaints reported regarding taste and odor since 1988 when harbor water entered the

raw water intake due to drain and sump problems. Following reconstruction of the drain and sump and

initiation of activated carbon treatment in 1988, no taste and odor complaints were reported. Use of granular

activated carbon for treatment of drinking water is typical of public drinkingwater supplies in Cook and Lake

counties which rely on surface water resources (IEPA, 1991a). In April, 1992 water sampled from the

Waukegan water plant showed no organics in both raw and finished water. Sludge filtrate at the water

treatment plant also had organics concentrations below detectable levels.

Other parameters were within expected ranges. In the harbor entrance channel, PCB levels in sediments were

below 1.5 ppm. Highly elevated levels of arsenic in sediments were detected at 18.1 to 23.0 ppm. No

additional parameters were rated as highlyelevated.

Based on available information, harbor and open lake sediments do not pose a threat to the public water

supply. Drinking water continues to meet standards set forth by the Safe Drinking Water Act after

conventional treatment, and the IEPA reports that all 63 miles of lIIinois shoreline "fully support" drinking

water uses (IEPA, 1996).

2.1.10. Beach Closings

The Illinois Pollution Control Board (IPCB) and the Illinois Department of Public Health have set water

quality standards for swimming based on fecal coliform counts. Fecal coliform is present in the feces of

humans and other warm-blooded animals. Its presence in water indicates the possible presence of pathogenic

organisms.TheIPCBstandardfor full contactrecreationis a geometricmeanlessthanor equalto 200counts

per 100 mL and no more than 10 percent of the samples shall exceed 400 counts per 100 mL (35 111.Admin.

Code 302). The IPCB Lake Michigan water quality standard of a geometric mean of20 counts fecal coliform

per 100 mL water (Table 2.4.) is applied for environmental evaluations rather than public health concerns

related to beach closures.

In order to protect the health of swimmers, the North Shore Sanitary District and the Lake County Health

Department conduct a daily (Monday through Friday) sampling program at Lake Michigan beaches in the

county during the swimming season (June through August). The criteria used for closing a beach is two

consecutive samples with fecal coliform counts greater than 500 per 100 mL water or total coliform counts

greater than 5000 per 100 mL water (lDPH, 1987).
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Two city beaches,WaukeganNorth and WaukeganSouth are located immediatelynorth of the harbor

entrance. These beaches have exceeded bacterial count swimnring standards occasionally over the period

reported (Table 2.5.). Over the past eleven years of record (1988 - 1998), combined North and South Beach

closures averaged 7 days per season (Pfister, 1996, 1997, 1998). Total closures per year ranged tToma high of

26 days in 1997, to a low of zero days in 1994. Both beaches also were placed on warning status for

additional dates during the period, signifYingconditions when coliform counts were high but not so high or

prolonged as to warrant closure. During 1998 both Waukegan North and South beaches were closed for a

total of eight days (Pfister, 1998).

An intensive reconnaissance of the area conducted in 1990 by the North Shore Sanitary District found that the

Waukegan River was receiving fecal contamination, and further sampling was recommended to locate the

source of contamination (NSSD, 1990). Subsequent inspections by the IEPA found stormwater and sanitary

sewer cross-connections resulting in pollutional discharges to the Waukegan River. The City of Waukegan

was requested by IEPA to correct any pollutional discharge in a 1991 compliance inquiry letter (IEPA,

1991b).

Follow-up monitoring by IEPA pinpointed additional problem sewers. The IEPA subsequently notified City

officials of the problem and the need for repairs pending possible enforcement action (IEPA, 1993). The City

of Waukegan has since taken remedial actions to correct a sanitary sewer overflow and storm/sanitary sewer

cross-connections. The City ofWaukegan also has a policy of correcting all connections of storm sewers with

sanitary sewers when such connections are discovered (Trigg, ]997).

As noted in Table 2.5, beach closings were much higher in ]997 in comparison with other years since 1990.

Given the fact that coliform problems related to local sewers have largely been eliminated, attention has

focused on other sources of bacterial pollution. The Lake County Health Department attributes the increase in

the number of days Waukegan beaches were closed in ]996 and 1997 to a burgeoning gull colony that has

developed on OMC property near the harbor and beaches (Pfister, personal communication, 1997). High

coliform counts were recorded on several days in 1996 and 1997 even though dry weather conditions

prevailed and no stormwater discharges were occurring. During the ]997 beach season. the Department

sampled for fecal streptococci in addition to fecal coliform in the hope of isolating the source of bacterial

pollution (Pfister, 1997). (The ratio of fecal coliform to fecal streptococci can be used to roughly determine

whether the source of contamination is human or animal in origin). However, sampling results during June,

1997 indicated no trends whatsoever, and the fecal streptococci samplingwas therefore discontinued (Pfister,

]997). The Health Department is currently investigating the use of bio-tracers to more precisely identitYthe

contaminant source. Both OMC and the Health Department are attempting to develop a strategy that will

discourage the presence of excessive numbers of gulls in the area, which, if successful, should reduce coliform
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Table 2.5. Summary of Beach Closings and Fecal CoIifonn Bacteria Counts at Lake Michigan
Beaches in Waukegan, Illinois.

Year Waukegan North Days Closed Waukegan South Days Closed Total Days Closed

1988 0 3 3
1989 3 2 5
1990 10 10 20
1991 2 0 2
1992 0 1 1
1993 0 6 6
1994 0 0 0
1995 0 3 3
1996 4 2 6
1997 6 20 26
1998 1 7 8

Waukegan North (1) Waukegan South (1)

Year Geo. Mean %>400 CS > 500 Geo. Mean % > 400 CS > 500

1983 28 4 0 26 3 0
1984 44 8 1 24 7 0
1985 32 6 0 23 1 0
1986 66 18 4 42 8 0
1987 79 13 1 52 4 1
1988 76 8 0 82 10 3
1989 71 12 1 67 9 I
1990 91 20 5 67 10 4
1991 49 9 1 64 10 0
1992 49 6 1 55 10 I
1993 41 5 0 51 15 5
1994 53 12 5 116 10 4
1995 83 11 0 192 32 5
1996 142 22 2 220 37 2
1997 126 26 6 451 58 19
1998 62 2 0 134 12 1

Lake Michigan Standards (35 IL Adm Code 302.505) Applied to Beaches
Geometric Mean 20/100 mL and less than 10% of samples> 400/100 mL

Criterion for closing beaches (lDPR, 1987)
Consecutive Samples (CS) > 500/100 mL Fecal Coliform

(I) Data Based on Fecal Coliform No./100mL
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problems at the beaches. Thus far, the experimental use of netting at the site trequented by the guIls appears

only to have shifted the population to other locations in the immediate vicinity. Other techniques utilized to

date include propane cannons and permitted lethal culling.

2.1.11. Degradation of Aesthetics

As defined by the IJC (1991), aesthetics within the ESA may be considered degraded when a "persistent

objectionable deposit, unnatural color or turbidity, or unnatural odor" is observed in water. There is no known

problem regarding degraded aesthetic conditions as defined by the lJC, in the Waukegan ESA. The City of

Waukegan initiated a program in 1997to clean-up debris among the Waukegan River in an attempt to upgrade

aesthetic conditions along the course of this urban stream.

2.1.12. Added Costs to Agriculture or Industry

According to the lJC (1991), additional costs required to treat waters prior to agricultural or industrial use

indicate an impaired use. There is no information availableregarding any possible added costs for treatment of

water trom the Waukegan ESA for industry. There is no agricultural use of water within the Waukegan ESA.

2.1.13. Degradation of Phytoplankton and Zooplankton Populations

Phytoplankton communities in Lake Michigan near Waukegan were monitored by Commonwealth Edison

between 1972 and 1974 (CEC, 1972; CEC, 1973; CEC, 1974). OveraIl, 349 genera representing six algal

divisions were identified in samples taken trom Lake Michigan between Zion and Waukegan. Dominant

phytoplankton by number were StephallodisclfS hillderalllfs and S. halltzchii pcl tClIlfisand by volume was

Rhizosolellia eriellsis.

Zooplankton populations also were monitored by Commonwealth Edison (CEC. 1972; CEC, 1973; CEC,

1974). GeneraIly, cladocera dominated zooplankton catch and the dominant species observed was Bosmilla

IOllgirostris.

McNaught et al. (1980) investigated the effects of PCB concentrations on photosynthesis of phytoplankton.

Photosynthesis was found to be inhibited 5.7 percent when phytoplankton was exposed to PCB concentrations

of 5 ng/1lL.Likewise, photosynthesis inhibition was determined to be 8.9 percent and 18.9 percent for PCB

concentrations of 100 ng/L and 500 ngIL, respectively. PCB concentrations of 5 ngIL are comparable to

concentrations in open water areas of Lake Michigan.
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Protozoan community response to Waukegan Harbor sediments was examined by Ross et at. (1988) in-situ

and in laboratory tests. Sediment contamination within slip 3 was found to significantlyalter the structure of

indigenous protozoan communities. This result was confirmed through laboratory test results. Impacts to

protozoan communitieswere found to be greater within lower portions of the water column where suspension

of particles which carry toxic chemicalswas probably greater.

The studies of Ross et al. (1988) and Risatti et al. (1990) show that the photosynthesis of the green alga

Selenastrum_capricorl1utumwas inhibitedby sediment elutriates ITomseveral samplingsites within the harbor.

Burton et al. (1989) reported toxicity to Daphnia magna, Ceriodaphnia duMa, and S. capricornlltum when

these organisms were exposed to sediments or sediment elutriates ITomthe inner harbor. Also, Marking et al.

(1981) observedwater flea (probablyDaphnia magna) mortalitiesof ]00 percent ITom some sediment

suspension samples taken ITomthe harbor.

2.1.14. Loss of Fish and Wildlife Habitat

The urbanized and industrial nature of the Waukegan lakefront has significantly altered the potential for

terrestrial wildlifehabitat in the ESA Industrial use of the ESA continues presently and provides an important

economic base for the Waukegan area. The terrestrial habitat which remains is predominantly located in the

northern portion of the ESA which intersects Illinois Beach State Park. Since the harbor is a man-made

structure which was constructed for industrial purposes, its value for wildlife and fish habitat is limited

(Hartig, 1993).

In nearshore Lake Michigan areas, both fish and wildlife habitat are impacted through sediment accumulation

and contamination. Fish spawning and rearing habitat and avian foraging habitat have been adversely impacted

according to the U.S. Department of the Interior Fish and Wildlife Service (Millar, 199]). Sediment

accumulation may bury spawning and shelter areas used by small or immature fish.

2.2. LAKE MICHIGAN WATER QUALITY

The water quality of the Illinois shore of Lake Michigan has improved substantially since the 1970s. At that

time, total phosphate and ammonia concentrations routinely violated above Lake Michigan water quality

standards. The trophic status of the Illinois shore has improved ITom mesotrophic/eutrophic to oligotrophic

conditions based on total phosphate (IEPA, ]996). Conductivity measurements and chloride and sulfate levels

have fluctuated but have generally been within water quality standards. Toxic substances in the lake, including

metals and organic compounds, have generally been below detection levels and in compliance with water

quality standards (IEP A, 1990).
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Water sampleswere collected at seven stations in the Waukegan ESA in November, ]990 (Figure 2.3.).

Results, presented in Tables 2.6. and 2.7., were compared to then-current Illinoiswater quality standards

including Lake Michigan,Public Water Supply and General Use Standards (35 Ill. Admin. Code 302). Water

quality conditions were worse in the upper harbor and tended to improve towards the harbor mouth. A total of

48 standards violations involving 10 parameters were found in the Waukegan Harbor area. Ammonia, cyanide,

phenols and dissolved oxygen were of most concern. Upper harbor (QZ001), slip 1 (QZPO]), and central

harbor (QZQ01) each had nine standards violations. Eight violations were found near the boat ramp (QZR01),

five each at harbor channel (QZS01) and new harbor (QZT01), and three at North Beach (QZN01). Total

phosphorus, total ammoniaand sulfate were found to be in violation at all seven stations; dissolved oxygen

percent saturation and conductivity at six stations; chloride and phenols at four stations; pH and cyanide at

three stations and fecal coliform at one station.

Water samples were scanned for thirty-eight VOCs, eighteen organochlorine pesticides, PCBs and

pentachlorophenol. Pentachlorophenol and xylenes were the only compounds detected. There are no Illinois

water quality standards for these two compounds. The concentrations of pentachlorophenol were at the

detection level (0.01 mg/L) and well below USEPA's acute criterion of 55 mg/L (USEPA, 1986). Xylenes

were detected in central harbor (39 mg/L), upper harbor (62 mg/L), and slip 1 (64 mg/L). Additional

compounds were detected but could not be identified and were reported as aliphatic hydrocarbons (3 mg/L to

64 mg/L) and other organic compounds (4 mg/L to 50 mg/L). Highest levels of these compounds were found

in slip I and upper harbor.

The 1990 sampling results fTomthe ESA were compared with results fTomfive Lake Michigan North Shore

stations sampled in May and September, 1990 (Table 2.8.). These stations are located ITomone to six miles

off-shore between Waukegan and Chicago. All of the Lake Michigan mean values were well within standards,

but Waukegan Harbor mean values for dissolved oxygen, conductivity, total phosphorus, total ammonia,

chloride, sulfate, phenols and fecal coliform were in violation. The most substantial differencewas total

ammoniawhich was 37 times higher in Waukegan Harbor than in Lake Michigan. Other parameters which

were at least twice as high in Waukegan Harbor than in Lake Michigan were iron, aluminum, total suspended

solids (TSS), turbidity, manganese, phenols, phosphorus, cyanide, chemical oxygen demand (COD), total

Kjeldahlnitrogen (TKN), fecal coliform, sodium, and potassium. Organic compounds were not detected in

offshore Lake Michigan waters
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Figure 2.3 Water and Sediment Sampling Locations for Sampling Conducted for theWaukeganRAP on

November 14, 1990. Samples were collected and analyzed by the IEP A

i I ,I

I\. ~ ~= _=-_~: :- =::..-
CRESCENT ' " , _======--:-:=...-DITCH'

. ~"- ( -I-OVAL LAGOON /,-~~ I

/~ NORTH DITCH

.-'

OMC PLANT 2

OMC PLANT 1

INNER
HARBUR

EXTENSIUN

WAUKEGAN HARBOR

,.

\,/

I

I
I

/
I

{
I

{

LAKE
MICHIGAN

QZN-01

~
o

WAUKEGAN
NORTH BEACH

NORTH BREAKWATER
/

WAUKECAN ~J
SOUTH BEACH ~,

"

tli.
WAUKEGAN I

WATER
TREA TMENTI

PLANT

ENTRANCE CHANNEL. QZS-01

OUTER HARBOR

GOVERNMENT PIER

QZT-01
t

FEET

o
I

750
I

NEW HARBOR

ROCK BREAKWATER
. WATER AND SEDIMENT

- SAMPltoIG LOCATIONS

27



Table 2.6. Water Quality in the Waukegan Harbor Area, November 14, 1990. Concentrations are in Parts Per Million Unless Otherwise Noted. Samples were
Collected and Analyzed by the Illinois EPA.

North Upper Central Harbor New
Beach Harbor SlipNo. 1 Harbor Boat Ramp Channel Harbor

Parameter Standard QZNOI QZOO1 QZPOI QZQOI QZRO1 QZSOI QZTOI

Water Temperature (C) - 7.7 7.4 7.3 7.3 6.4 6.8 6.5
pH (units) 7.0 - 9.0 7.8 6.7 * 6.6 * 6.7 * 7.0 7.1 7.4
DissolvedOxygen (mg/L) 5.0 11.2 5.9 6.0 6.6 8.7 9.4 10.0
DO Percent Saturation 90 96.6 50.9 * 51.7 * 56.9 * 73.1 * 79.7 * 84.0 *
Conductivity(uS/Cm)(a) 300 265 349 * 347 * 339 * 339 * 304 * 306 *
Total Phosphorous (mgIL) 0.007 0.023 * 0.020 * 0.02 * 0.019 * 0.017 * 0.019 * 0.011 *
Total Ammonia(mgIL) 0.02 0.04 * 0.82 * 0.62 * 0.52 * 0.29 * 0.22 * 0.09 *
Un-ionizedAmmonia(mgIL)(b) 0.04 0.000 0.001 0.000 0.000 0.000 0.000 0.000
Total KjeldahlNitrogen (mgIL) - 0.3 1.1 0.9 0.8 0.5 0.4 0.3
Nitrite + Nitrate (mgIL) - 0.26 0.29 0.3 0.3 0.31 0.29 0.31

tV COD (mgIL) - 23 16 14 14 12 13 II
00

Turbidity(NTU) 22 8.4 9.1 9.1 7.3 16.4 9.5-

Total Suspended Solids(mgIL) - 34 5 4 6 8 18 6
Volatile Solids(mgIL) - 6 2 3 3 3 6 4
Chloride (mgIL) 12 11 18 * 18 * 16 * 19 * II 12
Sulfate(mg/L) 24 26 * 32 * 32 * 31 * 32 * 28 * 29 *
Cyanide (mglL) 0.022 0.005 K o 050 * 0.040 * 0.030 * 0.010 0.010 0.005 K
Fluoride (mg/L) 1.4 0.09 0.15 0.15 0.15 O.\3 0.11 0.10
Phenols (ug/L) 1.0 5 K 43 * 26 * 19 * 5 * 5 K 5 K
Fecal Coliform(No./100mL) 20 10 18 20 20 6 * 18 50 K

(a) Conductivityx 06 = TDS (mglL)
(b) Calculated
K LessThan
* Violated Standards



Table 2.7. Water Concentrations of Metals in the Waukegan Harbor Area, November 14, 1990.Concentrations are in Parts Per Million Unless Otherwise
Noted. Samples were Collected and Analyzed by the Illinois EPA.

North Upper Central Harbor New
Beach Harbor Slip No. 1 Harbor Boat Ramp Channel Harbor

Parameter Standard QZNOI QZOOI QZPOI QZQOl QZROI QZSO1 QZTOI

Calcium (mg/L) - 42 45 45 44 45 42 42

Magnesium (mg/L) - 14 14 14 14 14.0 14 13

Potassium (mg/L) - 1.3 2.9 2.7 2.1 2.7 1.2 3.0
Sodium(mg/L) - 10.0 17.0 17.0 16.0 19.0 12.0 13.0
Hardness(mg/L)(a) - 165 169 168 167 170 162 159
Aluminum(ug/L) - 675 247 312 290 227 494 272

Arsenic (ug/L) 50 1 K 7 5 4 2 2 1

Barium (ug/L) 1000 25 27 27 27 27 25 24

Beryllium (ug/L) - 0.5 K 0.5 K 0.5 K 0.5 K 0.5 K 0.5 K 0.5 K

Boron (ug/L) 1000 50 K 60 64 54 51 50 K 50 K

Cadmium (ug/L) 10 3 K 3 K 3 K 4 3 K 5 3 K

Chromium (ug/L) 50 5 K 5 K 5 K 5 K 5 K 5 5 K

Cobalt (ug/L) - 5 K 5 K 5 K 7 5 K 5 K 5 K

Copper (uglL) (b) 6 5 K 5 5 K 5 K 5 6

Iron (ug/L) - 1015 447 486 446 343 691 347

Lead (ug/L) 50 50 K 100 K 50 K 100 K 50 K 100 K 50 K

Manganese (ug/L) 150 25 42 42 39 22 23 9

Mercury (ug/L) 0.5 0.05 K 0.05 K 0.05 K 0.05 K 0.05 K 0.05 K 0.05 K

Nickel (ug/L) 1000 5 K 9 5 K 21 IOK 20 5 K

Silver (uglL) 5 5 K 3 K 5 K 3 K 3 K 3 K 5 K

Strontium (ug/L) - 129 148 147 145 147 134 134

Vanadium (ug/L) - 6 5 K 5 K 5 K 5 K 5 K 5 K

Zinc (ug/L) 1000 136 50 K 100 K 130 50 K 100 K 50 K

(a) Calculated
(b) Depends on Hardness; Acute Copper =exp [O.9422In(Hardness)-1.464]
K LessThan
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Table 2.8. Comparison of Mean Metals (Total) Concentration in Water fTomthe Waukegan Harbor Area
and Lake Michigan, ]990. Samples were collected and Ana]yzed by the IEP A.

30

Parameter Standard WaukeganHarborArea(]) LakeMichiganNorthShore(2)

Calcium(mg/L) - 44 36

Magnesium(mg/L) - ]4 11

Potassium (mg/L) - 2.3 ]

Sodium(mg/L) - ]4.9 S.6

Hardness(mg/L)(3) - ]66 ]34

Aluminum(ug/L) - 360 S3

Arsenic (ug/L) SO 3 ]K

Barium (ug/L) 1000 26 20

Beryllium(ug/L) - O.SK O.SK

Boron (ug/L) 1000 S4 SOK

Cadmium (ug/L) 10 3K 3K

Chromium (ug/L) SO SK SK

Cobalt (ug/L) - SK SK

Copper (ug/L) (a) S 6K

Iron (ug/L) - S39 SOK

Lead (ug/L) SO 7lK SOK

Manganese (ug/L) ]SO 29 SK

Mercury (ug/L) O.S O.OSK 0.08K

Nickel (ug/L) 1000 ] ] 8K

Silver (ug/L) S 4K 3K

Strontium (ug/L) - ]4] ]24

Vanadium (ug/L) - SK SK

Zinc (ug/L) 1000 88K SOK

(]) Seven Stations, November, ]990
(2) Five Stations (IN, 3N, SN, 7N, 9N), May & September, ]990
(3) Calculated
(a) Depends on Hardness
K Less Than
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2.3. SEDIMENT QUALITY

Sediment samples were collected for chemical analyses in November, 1990 at seven stations in the Waukegan

ESA (Figure 2.3.). Results for metals, cyanide, nutrients, COD, and volatile solids are presented in Table 2.9.

Sediment samples were scanned for seventy semi-volatile organic compounds, nineteen organochlorine pesticides,

and PCBs. Organic compounds which were detected are listed in Table 2.10. This table includes compounds

which were detected but could not be identified. These compounds were reported as aliphatic hydrocarbons,

aliphatic ketones, or other organic compounds. Results in these tables were compared with guidelines for the

pollution classification of Great Lakes harbor sediments (USEPA, 1977) and with sediment results from the

Illinois/Indiana area of Lake Michigan.

The upper harbor (Station QZOOl) had the highest number of parameters signifying "heavy pollution" with 11,

followed by central harbor (QZQOl) with 8, slip 1 (QZPOJ) with 5, new harbor (QZQOl) with 3 and the harbor

channel (QZSOl) with 1. The area near the boat ramp (QZROl) had no parameters signifying heavily polluted

conditions, but it did have 5 parameters showing moderately polluted conditions. North Beach (QZNOl) was

classified as nonpolluted for all parameters.

"Heavily polluted" levels of arsenic and lead were found at four stations; cadmium and copper at three stations;

chromium, zinc, nickel, COD and volatile solids at two stations; and cyanide, iron, phosphorus and Kjeldahl

nitrogen at one station. "Moderately polluted" levels of barium were found at six stations; and manganese and

PCBs at three stations.

Waukegan Harbor sediment results were compared with results from Lake Michigan, Lake Calumet and five

harbors in Illinois and Indiana collected between 1981 and 1990 (Table 2.11.). Seven parameters (Cd, Cr, Cu, Pb,

Mn, Zn, PCBs) were analyzed at all six harbors and Lake Michigan. Waukegan Harbor had samples with the most

parameters classified as heavily polluted with six (Cd, Cu, Pb, Mn, Zn, PCBs), followed by Indiana Harbor and

Great Lakes Naval Training Center Harbor with four (Cu, Pb, Mn, Zn), Lake Calumet with four (Cr, Cu, Pb, Zn),

Calumet Harbor with three (pb, Mn, Zn), Chicago and Wilmette Harbors with one (Pb and Mn respectively) and

none in Lake Michigan. The highest levels of PCBs, lead, and cadmium were found in Waukegan Harbor

sediments.

Work done in 1985 and 1986by Ross et al. (1988) found that the highest levels of PCBs in Waukegan Harbor are

in slip 3 (maximum = 17,251 ppm), and that concentrations generally decreased towards the harbor mouth.

Sampling by IEPA in 1990 also showed this decrease in PCB concentrations away from slip 3, although slip 3 was

not sampled. A comprehensive discussion of the PCB contamination in Waukegan Harbor can be found in the

settlement agreement between the United States of America and the People of the State of Illinois with
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Outboard MaririeCorporation (U.S. District Court, 1\IorthernDistrict Eastern Division,Civil Action No. 78-

C-1004, April 1989) and the Remedial Investigation Report.

A 1987 Waukegan ..tarbar study by Risatti et al. (1990) found the highest levels of lead (420 ppm) and

cadmium(50 ppm) in slip I. Much higher levels ofIead were found in slip I (12,200 ppm) and the new harbor
,/

(10,000 ppm) by lEPA in 1990. The highest cadmium concentration (12 ppm) in 1990 was found at upper and

centnii harbor stations.

Availiibleinformation on biological effects of sediments is limited. Present guidelines used for the poIlution

classification of Great Lakes harbor sediments (USEPA, 1977) are not based on known toxic response but

rather on deviations trom "normal" concentrations. Sediment classifications in Illinois lakes and streams by

KeIlyand Hite (1981 and 1984) were developed much the same way. Ross (1991) reviewed a report by Long

and Morgan (1990) who compiled data trom all available studies that report a minimum sediment

concentration of a contaminant required to produce a biological impact. Long and Morgan arranged sediment

concentrations in order trom lowest to highest and took the 10th percentile and 50th percentile and termed

these points the Effects Range-Low (ER-L) and Effects Range-Median (ER-M). The ER-L indicates that

adverse biological effects occur approximately one time out of ten at this level and above. This procedure was

done for zinc, cadmiumand lead.

,~

Ross (1991) compared data trom Long and Morgan (1990) with Waukegan Harbor sediment data trom Risatti

et al. (1990). Results are summarized in Table 2.12. According to Ross (1991) the greatest hazard to aquatic

life is trom lead. Zinc also presents a clear hazard, while there are possible hazards trom cadmium. Ross

(199 i) also indicated that metals toxicity is additive. In order to approximate the relative additivity of toxic

potential at each station, Ross calculated the ratio of zinc, cadmium, and lead concentration to the ER-M

value for that metal at each of the 23 stations sampled by Risatti et al. These ratios were then summed to give

an additive estimate of the hazard to aquatic life trom those three metals. Based on these sums it appears that

the most severe metal contamination is in the northern part of Waukegan Harbor and in slip I. Data coliected

by IE~A in 1990 also suggests that lead is the greatest problem compared to zinc and cadmium (Table 2.12.),

and that slip 1 and the new harbor have severe sediment contamination.

It

As ndted in Section 2.1.7., additional sediment sampling was conducted by [EPA in 1996 to quantify

improvements rhade by the Waukegan Harbor clean-up. The results of that samplingprogram are contained in

Appendix 6.
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Table 2.9. UnsievedSedimentConcentrationsin the Waukegan Harbor Area, November 14, I990.Concentrationsare in Parts Per MillionUnlessOtherwise
Noted. Sampleswere Collected and Analyzedby the IEPA.

--------_. ----

North Upper Central Harbor New
Beach Harbor SlipNo. I Harbor Boat Ramp Channel Harbor

Parameter QZNO1 QZOOI QZPOI QZQOl QZROI QZSOI QZTOI
------ -.-------

Arsenic IN 41 H 13H 23 H 6M 10 H 4M

Barium 9 N 52 M 31 M 43 M 27.0 M 34 M 22 M

Cadmium 1 K 12 H 7.0 H 12 H I K I * 1.0 K

Chromium 4.0 N 90.0 H 47.0 M 88.0 H 22.0 N 34.0 M 15 a N

COD 39200 N 117650 H 77648M 91000 H 24900 N 62600 M 23600 N

Copper 2 N 160 H 53 H 86 H 26 M 50 M 30 M

Cyanide 0.52 K 1.2 K 2.4 K 3.3 K 0.65 K 0.87 K 9.3 H

Iron 3200 N 26000 H 14000 N 20000 M 9000 N 18000 M 12000 N

KjeldahlNitrogen 60 K 2500 H 900 N 1700 M 175 N 175 N 450 N

<..J Lead IOK 140 H 12000 H 120 H 39 N 60 M 10000 H
<..J

Manganese 96 N 460 M 91 N 450 M 220 N 480 M 24 N

Mercury 0.1 K 0.4 N 0.19 N 0.34 N 0.1 K 013 N 0.1 K

Nickel 5 K 26 M 340 H 21 M 9N 16 N 400 H

Phosphorous 329 N 826 H 350 N 545 M 202 N 428 M 510 M

Potassium 1000 K 1900 1000 1500 1000 K 1300 1000

Silver IK IK 13 IK I K IK 10

Volatile Solids 2.3 N 9.8 H 7.3 M 8.3 H 4.2 N 4.8 N 2.2 N

Zinc 20 N 280 H 15 N 210 H 100 M 130 M 15 N
-- -------.-

SedimentClassifications(USEPA, 1977)
K = Less Than
N = Nonpolluted
M = ModeratelyPolluted
H = HeavilyPolluted; * = Lower LimitsNot Established



Table 2.10. UnsievedSedimentConcentrations of Organic Compound Detectedl in the Waukegan Harbor Area, November 14, 1990.Concentrationsare in
Parts Per MillionUnlessOtherwise Noted. Sampleswere Collected and Analyzedby the IEPA.

North Upper Central Harbor New
Beach Harbor SlipNo. 1 Harbor Boat Ramp Channel Harbor

Parameter QZNOI QZOOI QZPOI QZQOl QZROI QZSO1 QZTOI

PCBs 0.01 K 9.000 M 4.600 M 1.900 M 0.200 N 0.260 N 0.037 N

4-Methylpenol 0.5 K 0.5 K 0.5 K 0.62 0.5 K 0.5 K 0.5 K

Bis(2-Ethylhexyl)Phthalate 0.5 K 0.69 0.5 K 0.5 K 0.5 K 1.1 0.5 K

Flouranthene 0.5 K 0.5 K 0.62 0.5 K 0.66 0.5 K 0.5 K

Pyrene 0.5 K 0.58 0.65 0.5 K 0.63 0.5 K 0.5 K

AliphaticHydrocarbon ** ND 70 * 24 * 18 * 1.6 * 1.8 * ND

AliphaticKetone ** ND NO NO NO 0.55 * NO ND

C3-Substituted Benzene ND 0.95 * NO NO NO NO NO

C4-Substituted Benzene NO 6.1 * 3.0 * 1.0 * NO NO NO
w

C5-Substituted Benzene NO 2.8 * 1.8 * NO NO NO NO.j::.

DimethylNaphthalene NO NO 0.78 * NO NO NO NO

Methyl Naphthalene# NO ND 0.71 * NO NO NO NO

Ethyl-Dimethyl-Pentane# NO 1.5 * NO NO NO NO NO

Methyl Pentane # NO 0.60 * 0.59 * NO NO NO NO

TetramethylPentane # NO 15 * 7.2 * NO NO NO NO

Other Organics ** 2.8 16 * 9.1 * 6.9 * 0.63 * 1.3 * 9.6 *

ApproximatedOuantitations ClassificationGuidelines(USEPA. 1977)
** Could Not Be Identified N = Nonpolluted
# TentativelyIdentified M =Moderately Polluted
K = Less Than H = HeavilyPolluted
NO = Not Detected

(1) A Priority Pollutant Scan was Done for 90 Organic Compounds.



Table 2.11. Comparison of Mean Concentrations of Various Parameters in Unsieved Sediments from the IllinoisArea of Lake Michigan.Concentrations are in
Parts Per MillionUnlessOtherwise Noted.

(I) IEPA, 1990, Seven Samples, IncludesSamplesfrom Waukegan Harbor (except Slip No.3), New Harbor and North Beach.
(2) Metals23 Samples(Risattiet aI., 1990);PCBs18Samples(Rosset aI., 1988),(IncludesSamplestrom SlipNo.3).
(3) Three Samples(City of Chicago and IEPA, 1985).
(4) Three Samples(Stations 15,16, 17), (USACE, (981).
(5) Four Samples(Stations 1,2,3,4), (USACE, 1981).
(6) Thirty-sevenSamples(Ross et aI., 1988).
(7) One Sample(City of Chicago and !EPA, 1981).
(8) Eight Samples(Stations 5A, 5H, 51, IN, 7N, 2S,5S,7S), (City of Chicagoand [EPA, 1981).

Sediment Classification (USEPA. 19m

N = Nonpolluted
M = Moderately Polluted
H = Heavily Polluted
* Lower Limits, K = Less Than

-------- _.- _.._---

Waukegan Great Lakes
Harbor Waukegan Naval Training Wilmette Chicago Calumet Lake Indiana Lake

Parameter Area (1) Harbor (2) Center Harbor (3) Harbor (3) Harbor (4) Harbor (5) Calumet (6) Harbor (7) Michigan (8)
.--

Volatile Solids(%) 5.6 M - 4.4 N 4.6 N 4.3 N 8.8 H - 3.6 N 2.3 N
KjeldahlNitrogen 851 N - 951 N 1060 M 760 N 872 N - 946 N 592 N
Phosphorous 456 M - 368 N 229 N 217 N 205 N 20.0 N 478 M 291 N
COD 62371 M - 46000 M 48850 M 53333 M 72500M - 98000 H 47000 M
Arsenic 14 H - 8M 6M 3.6 M 4.7 M 29.8 H 20 H 7.4 M
Barium 31 M 283 H
Cadmium 5.0 * 8.0 H 1.2 * 0.4 * 3.0 * 3.0 * 1.8 * 0.5 K 0.5 K
Chromium 43 M 5 N 23 N 13N 28 M 41 M 76.7 H 58 M 12 N
Copper 58 H 104 H 87 H 30 M 35 M 38 M 57.5 H 110 H 23 N
Lead 3196 H 202 H 134 H 31 N 107 H 132 H 187.0 H 120 H 18 N

Manganese 260 N 531 H 589 H 537 H 490 H 710 H - 970 H 430 M

Mercury 0.19 N - 0.32 N 0.18 N 0.34 N 0.38 N - 0.13 N 0.03 N
Nickel 117 H 18 N - - - 0 - 23.6 M

'....J
PCBs 2.29 M 2426 H 0.225 N 0.070 N 0.133 N 0.585 N 0.400 N 0.017 N'.J1 -



--- - ------

Table 2.12 Comparison of Lead, Zinc and Cadmium Concentrations in Waukegan Harbor Sediments with
Effects ~al1geLevels trom Long and Morgan (1990).

Waukegan Harbor
23 Stations ( I)

Waukegan Harbor Area
7 Stations (2)

Lead (mg/kg)

Minimum

Maximum

Mean

Number> 35 (ER-L)

Number> 110 (ER-M)

Zinc (mg/kg)

Minimum

Maximum

Mean

Number> 120 (ER-L)

Number> 270 (ER-M)

Cadmium (mg/kg)

Minimum

Mean

Maximum

Number> 5 0 (ER-L)

Number> 9.0 (ER-M)

(]). Risatti et al. (1990)
(2) ]EPA (]990)

ER-L = Effects Range-Low (biological effects ]0% of the time)
ER-M = Effects Range-Median (biological effects 50% of the time)
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420 12000

202 3196

23 6

18 4

81 15

370 280

214 110

12 3

7

<1.3 < 1.0

50.0 12.0

8.0 5.0

7 3

4 2



2.4. FISH FLESH CONTAMINATION

PCBs and chlordane have been the two fish contaminants of greatest concern in Lake Michigan over time.

During the 1980s, as discussed in detail in the Stage ] and II RAP documents. U.S. Food and Drug

Administration(USFDA) action levels for PCBs (2 ppm) and chlordane (03 ppm) were regularly exceeded in

samples taken of Illinois Lake Michiganfish. This, in turn, led to the posting of signs warning that fish trom

Waukegan North Harbor not be consumed. Other consumption advisones were issued for different species

taken elsewhere in Illinoiswaters of Lake Michigan.

Table 2.13. Summary Data, Mean Concentrations of PCBs in Fish Tissue trom lI1inoisWaters of Lake
Michigan, 1986, ]990, ]994 (IEPA, ]996).

By the mid-]990s, the results of monitoring indicated a dramatic turnaround in the presence of PCBs and

other organic compounds in the tissue of most species of fish taken trom both Waukegan Harbor and

elsewhere in Illinois waters of the Lake. Sampling since 1986 showed a reduction in PCB levels in trout and

salmon (Table 2. ]3).

The fish consumption warning that had been previously applied to Waukegan Harbor was rescinded in 1997,

and revised Lake Michiganfish consumption guidelines were promulgated by the Illinois Department of Public

Health (Appendix 2).
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Mean PCB Concentrations (mg/kg)

Species ]986 ]990 ]994
-

Lake Trout 3.8] 2.27 1.12

Brown Trout 2.22 1.35 0.83

Rainbow Trout 0.72 1.33 0.66

Chinook Salmon 4.6 0.93 0.57

Coho Salmon 0.69 (a) 0.7

Yellow Perch (a) <0 I <0.1

(a) no data



-- - - ----

Carp have been chosen as the target species for monitoring fish flesh contaminant levels for Waukegan Harbor

since they are bottom feeders and harbor residents. It has been demonstrated that larger and older carp have

higher levels of PCBs because of greater exposure time. Since it is important to look at fish contaminant data

within age groups, special efforts are being made to collect fish from year classes after 1993.
~

Significant reductions of PCBs have been observed in carp and alewife since the 1993 harbor sediment

removal. In 1991, PCBs in alewife and carp were 10 and 19 ppm, respectively. Recently, average

concentrations of PCBs in carp have been shown to be less than half of levels found in 1991 with averages

among all samples increasing somewhat in recent years. The long term average PCB level in all size groups of

carp from 1993 through 1998 was 3.74 ppm. Average PCBs among all size groups were 4.17 ppm in 1996,

5.04 ppm in 1997, and 6.77 ppm in 1998. The last sample of alewife in 1996 showed 0.40 ppm PCBs. Sample

size between years has remained relatively small due to availability during sampling and does not allow

analysis by fish length groups (Appendix 7).

2.5. THREATENED AND ENDANGERED BIOTA

According to the 1997 Illinois Natural Resource Database, there are 37 species in the Waukegan ESA that are

presently on the State endangered or threatened list. Most of these are found within Illinois Beach State Park,

although Illinois' only nesting colony of Common Terns is found at the Commonwealth Edison Waukegan

plant. Four additional species (3 plant and 1 reptile) have been observed near the northern boundary of the

ESA. In addition, one state threatened fish, the longnose sucker, has been found near the Waukegan ESA

between Waukegan and Zion, collected in 1995. Five additional species known or suspected to be present in

the ESA are federally threatened or endangered and one additional species is a federal species of concern

(Table 2.14).

There is no indication that contamination of Waukegan Harbor by PCBs or other chemicals has had an effect

on these listed species, although no specific studies addressing such effects have been done. Within the

Waukegan ESA it is likely that industrial and commercial development of the Lake Michigan shore has

reduced the abundance of some of these endangered and threatened species by eliminating suitable habitats.

Short of removing such developments from the area, it is unlikely that restoration of those habitats to any

significant extent is possible.

2.6. MAJOR POLLUTANTS OF CONCERN (CAUSING TIlE IMPAIRED USES)

The USEPA recommends that the following yardsticks be used to designate critical pollutants for Lake

Michigan as additional information becomes available:
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Table 2. 14. Threatened and Endangered Species Withinthe Waukegan ESA

-

State of Illinois Listing

Scientific Name

Aflexia rubranura
Agalinis skinneriana
Ammodramus henslowii

Ammophila breviligulata
Arctostaphylos uva-ursi
Bartramia longicauda
Cakile edentula

Calopogon tuberosus
Carex crawei

( 'arex garberi
Carex viridula

Castilleja sessiliflora
Cathams juscescens
Ceanothus herbaceus

Chamaesyce polygonifolia
f)rosera rotundifolia
f:leocharis olivacea

Hypericum kalmianum
Incisalia polios
JunclIs alpinus
Juniperus communis
./uniperus horizontalis
Lechea intermedia

Nycticorax nycticorax
Orobanche jasciculata
Paraphlepsius lupalus
Platanthera davel/ata

Platantheraflava var herbiola
Platanthera psycodes
Podilymbus podiceps
Populus balsam{fera
Salix .\yrticola
Sterna hirundo

Triglochin maritimum
Triglochin palustre
([tricularia cornuta
Utricularia minor

Common Name

Redveined Prairie Leafuopper
Pale False Foxglove
Henslow's Sparrow
Marram Grass
Bearberry
Upland Sandpiper
Sea Rocket
Grass Pink Orchid
Crawe Sedge
Elk Sedge
Little Green Sedge
Downy Yellow Painteq Cup
Veery
Redroot
Seaside Spurge
Round-leaved Sundew
Capitate Spike Rush
Kalm St. John's-wort
Hoary Elfin
Richardson's Rush
Ground Juniper
Trailing Juniper
Pinweed
Black-crowned Night-heron
Clustered Broomrape
Leafuopper
Wood Orchid
Tubercled Orchid
Purple-fringed Orchid
Pied-billedGrebe
Balsam Poplar
Dune Willow
Common Tern
Common Bog Arrow Grass
Slender Bog Arrow Grass
Homed Bladderwort
SmallBladderwort

Last
Observed Status

1992
1992
1982
1989
1993
1987
1993
1993
1988
1987
1977
1993
1982
1990
1989
1992
1988
1993
1994
1975
1993
1993
1974
1994
1988
1991
]99]
]968
]993
]982
]990
]989
]993
1977
1977
1990
1970

T
T
E
E
E
E
T
E
T
E
E
E
T
E
E
E
E
E
E
E
T
E
E
E
E
E
E
E
E
T
E
E
E
E
E
E
E

T = Threatened, E = Endangered
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Table 2. 14.(Ctlhtiritietl) threatened arid Erldangered Speci~s Withirl the WaUkegan EsA

Federal Listing

Scientific ~ame

Cihium piicheri
Platmithditi/t!iicophlli!a
Siemd HirilHdd
CharadrilJs me/odlts

Palco peregri11u.<;
Mybtis solddi.~
Lyaeide... meJ;ssa samuelis

Comnion Name

Pitcher's thistle
Eastern prairie mnged orchid
Common tern
Piping pltNet
Peregritle falcon
Indiana bat
Kamer blue butterfly

Presence
inESA
--,.-

K
p
K
P
K
p
p

Status

T
T
SC
E
T
E
E

K = Known presence, .1>= Possible presence
T = tHreatened, E = Eridangered, SC = Species of Concern

I. a poilutaht bioaccumulates in fish or wi1dlifetissue, resulting in a lakewide fish or wildlife health

advisory;

2. a pollutant exceeds an enforceable water or sediment quality standard;

3. the ttend in a pollutant concentration in fish tissue, sediments, or ambient water suggests that safe

concentrations, as established by state or Federal water or sediment quality standards, by the parties

as specific objectives under the Great Lakes Water Quality Agreement (GLWQA), or by using

accepted risk assessment procedures, will be exceeded; and/or

4. a pollutant is present at sufficient locations and at fish tissue, sediment, or water concentrations

capable of violating State narrative quality standards prohibiting the presence of substance in toxic

amounts.

Pollutants of concern (Table 2. is.) in Waukegan Harbor include those parameters which exceed Illinois water

quaHtystantlards, are classifiedas heavily polluted according to USEPA sediment criteria (tJSEPA, 1977), or

exceed USFDA action levels in fish. Those pollutants which have not been directly linked to impaired uses

associated with the watlkegan ESA are cdrlsidered possible potential causes, pending further investigation.

Potentia! chronic health effects of selected pollutants of concern are presented in Table 2.16.

4b
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Table 2.1S. Pollutants of Concern in the Waukegan Expanded Study Area.

Water Sediment Fish-
Total Phosphorous

Total Ammonia
CWoride
Sulfate

Total Dissolved Solids
Cyanide
Phenols

Dissolved Oxygen
pH

Fecal Coliform

PCBs.
Arsenic2
Barium2

Cadmium2
Chromium2

copper
Iron

Lead2
Manganese

Nickel
Phosphorous

KjeldahlNitrogen
ChemicalOxygen Demand

Volatile Solids
Cyanide2

Zinc2

PCBsl

1Targeted as a lakewide critical pollutant in the Draft Lake Michigan Lakewide Management Plan,
Stage I (USEPA, 1993).
2Targeted as a lakewide pollutant of concern in the Draft Lake Michigan Lakewide Management Plan,
Stage I (USEPA, 1993).

Table 2.16. Potential Chronic Human Health Effects of Selected Pollutants ofConcem (Stewart et aI.,
1988).

Contaminant Possible Chronic Human Health Effect

Arsenic skin and lung cancer; liver and kidney damage

Barium hypertensionand heart damage

Cadmium kidney damage

Chromium liver, kidney, and lung damage

Copper anemia; digestive disturbances; liver and kidney damage

Lead brain and nerve damage, especiallyin children; kidney damage; digestive disturbances;
blood disorders; hypertension

Nitrogen Methemoglobinemiain infants

PCBs cancer; liver damage; reproductive effects
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3. GOALS AND OBJECTIVES FOR RESTORATION OF BENEFICIAL USES 

The Waukegan Expanded Study Area (ESA) is vital to the economic and environmental well-being ofWaukegan and Lake County, 

llIinois. The commercial and industrial facilities along the lakeshore provide employment. Recreational opportunities are diverse 

and include two public beaches on Lake Michigan, Illinois Beach State Park, parks along the 

Waukegan River, marinas, and access to boat and pedestrian fishing. Restoration of impaired uses and enhancement of unimpaired 

uses in the ESA will support the further utilization of these amenities and may enhance the development potential of nearby urban 

areas. 

3.1. PROCESS FOR ESTABLISHING GOALS AND OBJECTIVES

The goals and objectives presented in this chapter are the result of a cooperative process during the Stage II RAP process that 

involved both technical experts and the public. After initial d~velopment, the goals and objectives were sent to members of the 

IEPA's Interagency Workgroup, a consortium of representatives fTom U.S. Environmental Protection Agency, the U.S. Fish and 

Wildlife Service, the llIinois Department of Natural Resources (formerly the Conservation Department), the Citadel, the Illinois 

Pollution Control Board, and the llIinois State Geological Survey, for review and comment. The goals and objectives were revised 

and submitted to the Waukegan CAG and its Technical, Habitat, and Site Review Subcommittees. The goals and objectives were 

revised again and were presented as part of the Stage II RAP document. Final updates to the goals and objectives were completed 

following a 60-day public comment period. 

3.2. GOALS 

Goals for each of the 14 beneficial uses identified by the UC (UC, 1989) are presented in Table 3.1. Generally, goals for the 

Waukegan RAP aim to restore, maintain, or enhance beneficial uses. In situations where the status of the beneficial use is 

currently unknown, additional study of the use is specified as the goal. Objectives for each goal are presented in 

section 3.3. Accomplishment of certain goals and objectives will require the determination of a responsible party for follow-up 

together with adequate funding to accomplish goals and objectives according to priority. 

3.3 OBJECTIVES 

3.3.1. Restrictions on Fish and Wildlife Consumption 

o Reduce contaminant concentrations in the Waukegan ESA which may influence lake-wide fish flesh 

 contamination. 
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Table 3.1. Goals for the Waukegan Remedial Action Plan 

I   Maintain/Enhance Provide Further Provide  

I  Current Quality Study Remedial Action  

 1. Restriction on Fish Iilld Wildlife Consumption  X X  

Iii. Tainting ofFish Iilld Wildlife Flavor  X   

I...    

 111. 
Degradation of Fish and Wildlife Populations 

 
X 

  

 IV. Fish Tumors Iilld Other Deformities X    

 v. Bird or Animal Deformities or Reproductive  X   

  Problems     

 VI. Degradation of Benthos   X  

 vii. Restrictions on Dredging Activities   X  

 viii. Eutrophication or Undesirable Algae X    

 IX. Restrictions on Drinking Water Consumption or    

  Taste and Odor Problems 
X 

   

 x. Beach Closings  X X  

 xi. Degraded Aesthetics X   I 

 xii. Added Industrial Water Treatment Costs X   I

 xiii. Degradation of Phytoplankton and Zooplankton   X I

  Populations     

 XIV. Loss ofFih QItd Wildlife H&bitat  X X  

r-
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o Evaluate flesh contamination in fish and wildlife which inhabit or use the Waukegan 
ESA. 

3.3.2. Tainting of Fish and Wildlife Flavor 

o Evaluate the impact of water and sediment contamination in the Waukegan ESA on the flavor offish and 

wildlife. 

o Evaluate ambient water and sediment concentrations of contaminants, such as phenols, which are associated with 

fish and wildlife tainting. 

3.3.3. Degradation of Fish and Wildlife Populations 

o Protect threatened and endangered species which inhabit or use the ESA. 

o Protect the diversity of plant and animal life in the southern portions of Illinois Beach State

Park. 

o Evaluate and quantifY use of the Waukegan ESA by fish and wildlife. 
3.3.4. Fish Tumors and Other Deformities

o Maintain ambient water and sediment quality such that occurrence of tumors and defonnities in fish do not appear. 

3.3.5. Bird or Animal Deformities or Reproductive Problems

o Evaluate the impact of water and sediment contamination in the Waukegan ESA on defonnities and

reproductive 

 problems in birds and animals. 

o Ifbird and animal defonnities and reproductive problems are discovered in the Waukegan ESA, studies

would be 

 needed to detennine the cause associated with these problems. 3.3.6. Degradation of Benthos 

o Maintain conditions which promote the development of healthy and diverse benthic populations in the

nearshore 

 waters of Lake Michigan adjacent to Waukegan. 

o Remove contaminated sediments with PCB concentrations greater than 50 mg/kg (ppm) ITom Waukegan

Harbor 

 to prevent the spread of contamination to the nearshore waters of Lake Michigan. 

o Maintain water and sediment quality conditions in Waukegan Harbor. And, allow the development of

diverse 

 benthic communities consistent with industrial and commercial use of the harbor. 
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3.3.i~ ResmctioDsn ~ Aictiyuies 
J

o iRelJ1OMe, itre1tt ,and ~0Se IOf ibighly <CIDDtaminated :Sediments {.PCB (OOIlcontJ:atie~ .gr.eawr <than §D ~gAkg) ,D-J:lm 

 W;adk~ Haibmr~bidh!CUIT.m1t!¥!pr,fWer1t '~Jlcti\iiries. 

o 'PFomotethedevelopmentof,a 'responsible dr.eQgin.g ,and ..diljposal ,plan £Or moderately Ipolluted sediments which 

!f1U!.y>ealledt iD'theiharbmr m ~e aittme. o 1v1!iint8mtqmtlity 'ofsedimeut rn \lmter Ihmtber. o Maintain channel 

<depths thmughout :the :haib0rWhio'h -allow ipassage tof fi1ljy :I<Mlded oommer.ciaI\Cessels. 
<'

--

3.3.'8. Eatt".Qpbicatioll.or Un4esirable A1gae 

o Maintain water quality conditions, through!\Pprqpriate management practices such as monitoring of 

stormwater 

 .and .inciustrial discharges ,and .inst8.Ilation of urban best I1}anagement practices. 

o Reduce discharges OfllUtt:ient rich effiuent,such as those iTom sewer exfiltration -of cr.oss connections. 
3.3.9. Restrictions .on Drink.iqg Water Consu~ption or Taste and Odor Problems 

o Protectthe current.quality of raw 'Water as ail11uniajpalpublicwater SUmllY. 
\ 

J
3.3.16. Beach Closings 

o 'ldentif¥ ,and ,quantifY 'S0uroeSoflffecal.rolifonn,such lasCroSS .connections or extiltration trom ,se.wer :lines, which 

 impact the quality of the Wauk~an River. 

o R.educe£ec8.l,colifeml.contaminationoomithe W.auk~anRiver. 

3.3.U. Degraded AShetia; 

o :Maintain.and!pr.oteat ,the\ooIIDr .andlClatity .of'water ,in the '.haibor,and ,in iRearshore UtkeMichigan. 

o !Bromate activities -which \Will iinyJro¥e:the ;ambiance 'oflthe :immediate :harbor 'W:inity and :thelakeftont 'such as 

jland8C&Pmg andtmaintenance,of;buildiQgs;andi8f.Qunds(c;jf industrial ;facilities. 

.3.il12. (A!6deiI;(JoSti&O ludustl)y 

o IFrotect 'watef'qualityfiO 'that additioruU .treatment 
ijslnot.r641uiJ;Bd!befereinfuImi.liliuse. 
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3.3.13. Degradation of Phytoplankton and Zooplankton Populations 

a Provide water and sediment quality throughout the harbor and nearshore lake area which is not detrimental 

to the 

 development and growth of phytoplankton and zooplankton populations. 
3.3.14. Loss of Fish and Wildlife Habitat 

a Protect the high quality habitat provided by the southern portion oflllinois Beach State Park. 

a Maximize, to the greatest extent practicable in an industrial use situation, the habitat value of the Waukegan 

 Harbor. 

a Protect and enhance the habitat provided in the nearshore waters of Lake Michigan, especially through reduction 

 of water and sediment contamination in the ESA. 

3.4. APPLICABLE STANDARDS AND GUIDELINES

Goals and objectives for the Waukegan ESA were developed using the guidance of the Clean Water Act, the Great Lakes Water 

Quality Agreement, and state and federal water quality standards. In addition, these goals and objectives reflect the concerns of the 

public through input from the Waukegan CAG and its Technical, Habitat, and Site Review Subcommittees. Specific standards and 

guidelines which are especially applicable to the goals and objectives for the Waukegan ESA are discussed below. 

3.4.1. Water Quality Standards and Guidelines 

The Federal Clean Water Act establishes goals for water quality that support fishing and swimming. Attainment of the fishable 

goal requires water quality conditions which provide protection and propagation of balanced populations of shellfish, fish, and 

wildlife. Likewise, attainment of the swimmable goal requires water quality conditions which allow recreation activities in or on 

the water. 

The Great Lakes Water Quality Agreement (Agreement) was developed with the purpose of restoring and maintaining "the 

chemical, physical, and biological integrity of the waters of the Great Lakes Basin Ecosystem" (IJC, 1989). The general objectives 

of the Agreement aim to protect the Great Lakes System from adverse impacts which may result from human activity. Adverse 

impacts include contamination of bottom sediments, concentration of floating materials at the water surface, degradation of the 

physical characteristics of water, and introduction of toxic contaminants and nutrients. 

The State of lliinois updated its water quality standards for Lake Michigan on December 18, 1997. This update 

incorporates the standards and procedures of the Great Lake Initiative (GLI) and is being implemented in 

coordination with 
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the Great Lakes States md USEP A to provide consistent, enforceable long tenn protection from all types of pollutants. The Gq 

entp~is is on long Jasqug pollutants that accumulate in the fooq wep. The Gp includes water quality criteria, and anti-degradation 

policies and implementations procedures that provide an ecosystem approach consistent with State re~atory a,pproaches 

throughout the Great J-akes. 

In the LaJce Mic1Ug~ regt$tions, new numerical standards for many parameters have been added. Numerical standards

specifically protect human heaJth md wildlife from chronic adverse health effects that could occur from drinking water and fish

consumption exposures. In addition these standards also protect aquatic life from both acute and chronic effects caused by

contaminaqon exposures. There are also new procedures for deriving protective water quality criteria for substances in the Lake

Mic1Ugan basin waters to protect aquatic life, wildlife, and human health. 

3.4.2. Sediment Quality Standards and Guidelines 
.

The USEP A has developed guidelines for the pollutional classification of Great Lakes harbor sediments (USEP A,

1977). These guidelines were developed to facilitate the identification of appropriate disposal locations for dredge

spoils. Under these guidelines, sediments are classified as either nonpolluted, moderately polluted, or heavily 

polluted based on the concentration of the most prevalent sediment contaminants. 

The IEP A has published pollutional classifications of inland lake sediments based on observed concentrations of samples

coUected in lakes throughout the State of Dlinois (KeUy and Hite, 1981). The database used to develop these classifications

included sediment samples from 63 lakes. Mean background contaminant concentrations were identified and the classifications

were developed based on deviation from these background means. 

3.4.3. Fish Consumption Guidelines 

In 1997 the Great Lakes States adopted a new method for assessing the effect fish flesh consumption has on humans. 

Under the new Great Lakes ratings, consumption catagories have been expanded to five (no restrictions, one meal per 

week, one meal per month, one meal every two months, and do not eat). Species now include various size groups of 

chinook salmon, lake whitefish, rainbow trout, brown trout, lake trout, yellow perch, smelt, channel catfish, and carp. 

The new system builds upon the U.S. Food and Drug (USFDA) guidelines which were previousJy used. 

3.4.4. Beneficial Use Guidelines 

In defining the Remedial Action Plan process, the IJC identified 14 beneficial uses which could potentially be

impaired as a result of contamination. These use impairments and the criteria used for their evaluation are listed in

Chapter 2, Table 2.1. 
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3.5. SUMMARY 

The goals and objectives presented in this chapter aim to maintain. enhance, and restore beneficial uses in the Waukegan ESA and 

were based on water, sediment, and fish and wildlife contamination standards and guidelines. After development, the goals and 

objectives were reviewed by representatives of tederal and state agencies, the Waukegan CAG, and the general public. These goals 

and objectives are to be used to track progress and to prioritize future remedial actions to be conducted in the Waukegan ESA. 
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