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EXECUTIVE SUMMARY

This Stage 3 RAP presents speatfic targets and supports a petition 1o delist the final beneficial use
mmpatrment (BUI), fish wmors or other deformities, and the Presque Isle Bay Arca of Concern
(AOC). Pennsylvanta’s Department of Lnvironmental Protection (IPADLP) with the concutrence
of the Presque Isle Bay Public Advisory Committee recommends delisting both fish tumor

impatrment and the AOC.

Development of the fish tumor delisning rarget for the Presque Isle Bay AOC was an irerative
process.  Based upon the recommendations of researchers and other experts during a series of
workshops between 2003 and 2006, PADLDP sampled a number of inland lakes and non-AQC
locations i Take lirie to identify a “least-impacted ™ reference site for comparison. All of the
candidate reference sites sampled were known to have brown bullhead populauons but no known
dircet discharges of contaminants. In order o compare the sites over a period of vears, a stafistical
methodology was developed that normalized the tumor rates to those of tish at age 7, the
approximare mean age of the bullheads in the full data set. The surveyvs showed that neither the
non-AQC locatons 1n lLake lide nor the inland Pennsvlvania lakes were {ree of bullhead mumors.

Additionally, locations where liver umors were high had low exrernal rates and vice versa, Long

Pomnt Innet Bay was identified as the least-impacted reference site for compartson against Presque
Isle Bay. The delisnng target selected for Presque Isle Bay 1s met when “rhe incidence rate of liver
and external timors 1s staustically equivalent or lower than the madence rates ar Long Pomnt Inner

Bav as confirmed by histopathology”.

PADEP used data collected m the post-Recovery Stage to test the delisting target. Comparison of
Presque Isle Bay to Long Point Inner Bay showed rthat the Iver rumor rates were not sratistically
different, In fact, when stanstically adjusted for age, it appears thar the incidence of liver tumors
in Presque Tsle Bay bullhead may be a reflection of the broader Lake Frie background rate. The
external tumor rare i Presque lsle Bay, however, was stanstically significantly hipher than Long
Pomnr bur comparable to all but one of the potential Lake lirie “least timpacted” reference sites
evaluated.  Based on the limited sample sizes from the potennal reference sites, 1t 1s difficult to
determine whether or not the age-adjusted external umor rate i Presque Tsle Bay is significantly

higher, lower, or the same as the background rare clsewhere in Take Lirde. Teis rrue that sumilar 1o
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Presque Isle Bay, incidences of unexplained external mumors are occurning in populations of brown

bullheads in both AOC and non-AOC locations as well as inland Pennsylvania lakes.

PADDIP tared its focus to investigating the cause of the external rumors and evaluating the
appropriateness of using the tumors as an indicator of environmental degradavon. A stady designed
to detect viruses 1n external bullhead minors was inconclusive. A study evaluating whether the bav’s
bullheads were hybnds and, therefore, potentially predisposed to tumors {found little evidence of
atypical hybridizanon.  An eiphteen month laboratory exposure study did not (ind biomarkers

signifying carly stage cancer on any fish exposed to Presque lsle Bay sedmnent.

PADLPS recommendation to delist the fish tumors or other deformities BUL 15 grounded on the
best science and technology avallable today. The deasion is based on numerous investgatons,
samphng events, and consultation with the leading experts in brown bullhead investgatons. While
there is vear-to-vear vartanon, since the Recovery Stage destpnarion in 2002 the incidence of liver
and external tumors the bay’s brown bullhead popularion has remained stable wirh Tirle statistical
difference in rates between sampling vears. Incidence rates of both liver and external tumors remain
well below the high levels seen in the carly 19%0s. Liver rumor rates, the end-point for which
exposure to environmental contaminants 15 more clearly linked to sediment PALL contamination, are
statistically indistinguishable from the Long Point lnner Bay reference site.  "lhe mcidence of

external tumors, however, remains elevared when compared to the reference site.

Because there are known legacy contaminants in the sediment regardless of their relationship o the
bullhead tumors, PADLDP commissioned ceological and human health risk assessments. Using
appropriately conservative assumptions and exisnng data, both risk assessments concluded thar
cancer and noncancer risks posed by lepacy contaminants 1n the Rav’s sediment and fish are bhelow

targets for human health and ceosystem protecuon.

It may not be possible ever to fully restore this BUT due to the external tumors. Reviewing both the
Inrernational Joint Commission and United States Policy Committee guidelines and prineiples, 1t

scems clear thar extemnal fumors and, o some extent liver tumors, are a lakewide phenomenon,

Bascd upon the data cvaluated to sclect the Lake Dine “least impacted” reference site and

5



information from other AQCs, whatever is happening in Presque isle Bay is occurring elsewhere in
both AOC and non-AOC locations. The rest of the bay’s fishery, however, 1s diverse, abundant,

and healthy, appearing unimpacted by whatever 1s affecting the bullheads.

In recommending the delisting of the AOC, PADEP determined that removal of scdiment by
dredging the bay Is unnecessary, remedial measures with the greatest direct benefir to the bay are
done, other watershed measures that positively impact the bay are ongoing, air and water discharges
are permitted and monitored, no other species of fish or benthic organism appear to be impacted,
and both the human health and ccosystem health asscssment concluded that the existing condinons

in the bay do not increase etther cancer or noncancer risks to people or the environment.

‘The goal of the AOC program as defined under the Great Takes Water Quality Agreement is to
msure that AOCs, which have been defined as areas where human activities have caused or are likely
to cause significant impairment of local beneficial uses of water resources, are improved to the point
where their environmental conditions are equal to other non-AQOC locations across the (reat Lakes.
‘Those conditions may not be pristine but are consistent with the ambient environmental conditions

elsewhere in the (rreat Lakes,

PADEP believes that the RAP process has accomplished its goal to the maximutm extent practicable
and the ulnmare identification of the causes of the external tumors needs to be addressed outside the
scope of the AOC program. Based on the decreased and stable tumor rates, review of the available
scientific evidence, and In close consultation with tocal and national experts and the concurrence of
the Presque Tsle Bay Public Advisory Committee, PADEP recommends delisting the Presque Isle

Bay AOC.



1. INTRODUCTION

In 1984, the United States Fish and Wildlife Scervice received reports from local anglers of brown
bullthead catfish (Ameiurns nebulpsus) with external lesions and/or tumors caught in Presque Isle Bay,
Erie, Pennsylvama, In 1991, due in part to concerns about these external anomalics, the United
States Department of State designated Presque Isle Bay the 43 Arca of Concern (AOC) under the
Great Lakes Water Quality Agreement.  Over the next twenty years, federal, state, and local
government and academic rescarchers carried out numerous surveys and mnvestigations of Presque

Isle Bay, looking at fish, sediment, water quality, and other indicators of ccosystem health.

As the lead agency for addressing the AOC, Pennsylvania’s Deparument of Dnvironmental
Protection (PADEP) is responsible for developing quantifiable targets to measure progress towards
restoring the AOC.  Working closely with members of the Presque Isle Bay Public Advisory
Committee (PAC) and rescarch partners including Pennsylvania Sea Grant, Ere County Department
of Health, United States Geological Survey’s Leetown Science Center, Texas A & M University, and
Pennsylvania State University, PADEP collected considerable evidence to determine whether targets

are met and support delisung Presque Isle Bay as an AOQC,

This document scrves as the Stage 3 Remedial Acton Plan (RAP) and provides the data and
rationale to support the dehisting decision. The focus of this RAP is on the one remaining beneficial
use impairment - fish tumors or other deformities. The RAP presents specific targets, summarizes
mvestigations and research, and provides the rationale for delistung the remaining impamrment and

Presque Iste Bay as an AQC.



2, BACKGROUND
2.1 Great Lakes Approach to Restoring Bencficial Uses

Two agreements between the Untted States and Canada form the governing framework for
monitoring and improving the qualiry of Greal Lakes waler resources. Piest, the 1909 Boundary
Waters Treary ser the tone with the crearion of the Internanional Joint Commission {1JC}. The 1JC s
an independent, joint Canadian and American federal government agency that provides oversight of
the two countries shared warter resources. Second, the Grear Lakes Water Quality Apreement
{Apreement) sipned in 1972 expresses the commirment of both countries to restore and maintain the

chemical, physical, and biological integrity of the Great Lakes.

A 1987 amendment to the Agreement established criteria for 1denrifving geographical AQCs based
on the presence of conditions that “caused or are likely to cause unpaitment of the area’s ability 10
support aquatic life” {Uniled States and Canada, 1987}, The Agreement further defined a beneficial
use impatrment. {BUI} as a4 “change in the chemical, physical, or biological integrity™ of the
ccosystem that causes one or more of fourteen listed impairments. “The impatrments range from the
loss of wildlifc habitat and the presence of tumors or deforminies on fish, to human health
condinons related to water contact issuces and drinking water standards. ‘The amendment also

established the RAT process for systemarically restoring impaired beneficial uses 1n these areas,

The Agreement defines three stages for reporting progress at AOQCs: (1) identificauon of BUls; (2}

selection of remedial and repulatory measures to address the cause(s) and source(s) of the TiL!Ls; and

(3} restoration of impairments. o 2001, the United States Policy Committee developed intenm
milestones o recognize progress between the three stages and provided a set of delisting principles
to Improve conststency across the Grear Lakes basin, The Policy Committee created a “Recovery
Stage” designanon to acknowledge AOCs where implementation of remedial measures is complete
and only ume is needed {or the ccosystem to respond prior to delisting the individual BUL and/or

the AOC {UISPC, 2001},

2.2 Presque Isle Bay Arca of Concern

Located 1n northwestern Pennsylvama on the southern shore of Lake Frie, Presque Isle Bay 1s a

3718 acre shallow embavment with an average depth of 13 feer (Figure 150 1t 1s 4.5 miles long and
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1.5 miles across at 1ts widest powmnt. Presque Isle, a seven mile long recuwrved sand spit, forms the
bay. The southeastern end of the bay connects 1o lake line through a narrow channel thar s
mamntained by the United States Army Corps of Engineers for navigation.  The City of Tiste forms

the southern and eastern borders of the bay.

The Presque Isle Bay drainage basin is approximately 25 square miles and includes much of the City
of Fric as well as portions of Millereek, Summit, Greene, and Harborereek townships. The principal
tributary streams are Mill Creek including Garrison Run, and Cascade Creek, which together account
for two thirds of the water flowing mto the bay. Approximarcely 80% of the watesshed 1s urbanmized.
The bay 1s a relatively closed system, and exchange of water with the outer harbor and Take line 1s

restricred by the small harbor opening and low inflow o total volume ratio (PATEP, 19933,

In the 1980s, anglers reported external sores and tumors on brown bullhead cathish caught in
Presque Isle Bay. These reports served as a catalyst {for concerned atizens to pention for the
mnclusion of the bay as an AOC. Withour cining spectfic reasons, the United States Department of

State designared Presque Tsle Bay as the 43™ AOC on January 30, 1991,

PADED, as the lead regulatory agency for addressing the AQC, proceeded with the RAP process to
identify BUIs and explore remedial and regulatory measures to address the cause(s) and source(s) of
the BUILs.  The evaluation described 1n the Stage 1 RAP used existing mformation to 1dentify
potential pollution sources and loadings. PADEDP wdennficd impaired uses by comparing available
data with the fourtcen beneficial use impairment guidelines developed by the [JCs Warer Qualicy
Board {IJC, 1991}, To make these comparisons, PADBP used all relevant data and based
impatrments on the most compelling set of data or the collecrive weight of muluple daia ses.
Through this process, PADEDP dentfied chemicals of potential concern (COPCs), including ten
heavy merals, nutrients, chemical oxygen demand, cyanide, oil and grease, and polyeyclic aromatic
hydrocarbons (PAITs) and concluded that two of the {fourteen beneficial use impatrments existed:

restrictions on  dredging activities and  fish rumors or other deformities (PADED, 1993).



Additionally, PADKP noted a limited beach closing beneficial use impairment due to fecal coliform
levels at the discharge of the Mill Creck Tube and other stormwater discharge poins. A
determuination could not be made for the guideline addressing plankton populations as no data were

available,

PADEP updated the RAP in 1995 to address the outstanding BUI determinations, respond to
comments on the 1993 RAP, and clarify that the AOC did not include the outer harbor. Further
investigation contirmed the impairment of the dredging and fish tumors beneficial uses and

removed the beach closing and plankton populadon BUls (PADEP, 1993).

Since the 1980s, PADIIP and its partners collected information on fish tumor meidence rates and
sediment quality conditions within the bay. Sediment chemistry samples were collected at a number
of locations i the bay in 1982, 1986, 1990, 1992, 1993, 1994, 2000, and 2001 (PADEP, 2002). In
additton, whole-sediment toxicity tests were conducted on samples collected within the AOC in
1982, 1986, 1994, and 2000 (PADIP, 2002). ‘Lhe sediments were found to contain low level
contamination, primarily metals and PAHs, spread throughout the bay. The investigations also
indicated that sediment quality conditions were improving in the bay. As a tesult, PADEP, in
conjunction with the AOC’s PAC, determined that monitored natural attenuation, rather than active
remediation within the AOC, would provide the most cost-effective and practical method for
restormg the restrictions on dredging beneficial use. PADEP and the PAC made continung the
reduction of sediment and contaminant loading to the bay a prionty, focusing resources on

restoration projects within the watershed.

State, federal, and local government agencies conducted numerous studies of the bay’s brown
bullhead catfish beginning in 1985, In the carly 1990s, tumor rates were calculated as a percentage
of the total fish collected without accounting for age. Rates were as lugh as 86% for grossly
observable external umors and 22% for liver tumors. Over the next ten years, tumor rates steadily
declined to 19% for grossly observable external tumors and a reported zero percent for liver rumors.

Investigators concluded that the overall health of the bay’s brown bullhead population had
10



improved dramatically and that external and liver tumor rates were comparable to inland reference

lake sites in Pennsylvania. ‘Lhe bullbead population was stable and reproducing (PADEP, 2002

‘The improvements 10 sediment quality, the decade-long downward irend in fish tumors, and the
decision not to pursue active remedial measures within the AOC led to the redesignanion of Presque
Isle Bay to the Recovery Stage i 2002, The new status was a direct result of changes in the
watershed, the most significant of which was the $100 million upgrade to the City of lirie's
wastewater collection, treatment, and conveyvance system.  In 1985, the City undertook studies to
determine and address the sources of pollunon, added a parallel outfall into the lLake, and reduced
the number of combined sewer overflows {C50s) from more than 70 1o five. Four of the CSOs
discharge mto the Mill Creek Tube which empties into the bay. All have screens and flow monitors.
Additonally, the City of Frie maintains a litter trap al the end of Mill Creek that catches oil and
debris from the CSOs and the siream. The City of lirie reports a CSO caplure rate in excess of

99.9%. Addigonally, there are no known unpermitted industrial waste discharges 1o the bay.

Other factors contributing to environmental improvements in the bay mclude the removal of a coal-
tired power plant and wastewater discharge, the shift from industrial to more commercial activities
along the bayfront and within the City, and restoration actions taken by local environmental groups

throughout the watershed

2.3 Delisting Restrictions on Dredging Activitics BUI

In 2003, a comprehensive sediment study began to assess the restrictions on dredging actvities BUL
It incorporated a review of all existing sedument data, partcularly data used to make dredging and
disposal dectsions, collection of surface and subsurface sediment samples, and idennfication of both
delisting and ecosvstem health targets. The assessment of the restrictions on dredpging actuvities BUT
included both pracucal and ecological perspectives. The pracucal restriction is based on
Pennsylvama’s laws and regulations, which preclude the disposal of the dredged material in the open
lake regardless of contaminant presence or absence. This restriction 1s due to rthe {act that dredged
material 15 defined as a solid waste and there are limitations associated with locating a disposal
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factity 1n waters of the Commonwealth. Disposal to the Confined Disposal Factity (CDF) or an
upland site are the only allowable options. Because the restrictions on disposal of dredged material
are not related to sediment conramination, but rather laws preventing the disposal of solid waste in
waters of the Commonwealth, from the practical perspective the beneficial use s nor considered

mmpaired (PADEP, 2006}

From an ecological perspective, the sediment in the Presque Isle Bay AOC was evaluated against a
delisting targer based on discharges from the disposal of dredged material 1n the CDF {Iable 1).
The target takes into account the limitation on disposal options and current permitting practices by
evaluating discharges from the CIDF. ‘The delisting target requires concentrations of chemicals of
potential concern in the CDE’s mixing zone to be below Pennsylvania Water Quality Standards at
the 15-minute compliance point for acute criteria and the 12-hour compliance point for chronic
criteria.  Using clutriate data for areas routinely dredged within the AOC and calculations to predict
concentrations in the CDI- discharge based on concentrations in the sediment, it was determined

that sediment dredged from any locadon within the AOC could be placed in the CDF.

‘The 2005 survey data was also used to evaluate sediment quality following the 2002 Recovery Stage
designation.  Ecosystem health targets were identificd for benthic organisms, fish, and aquatic-
dependent wildlife (lable 1), While concentrations of individual contaminants did, mn Iited
locarions, cxceed sediment guality guidelines, and there is a potential for PAHs to be bioavailable to
benthtc orgamsms, actual toxicrty tests did not confirm the predicted toxicity. The evaluation
concluded that existing sediment quality conditions are sufficient to support benthic invertebrate
communities and risks to fish and aquatic-dependent wildlife using habitats within the AOC are
unlikely to be higher than that elsewhere in Take Hrie (PADEP, 2006}, As a result of both the

practical and ceological evaluations, the restrictions on dredging actividges BUT was delisted 10 2007

In August and September 2009, to monitor ongomg compliance with the delisting target and
ccosystem health targets, surficial sediment samples were collected from seven historical sampling

locations within Presque Tsle Bay, two historical sampling sites outside of the bay, and three
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focaitons within the bay where brown bullhead are routinely collected for umor analysis.  In
addition, sediment samples were collected from the mouths of Ml Creck, Scott Run, and Cascade
Creck i an effort to characterize the concentrations of contaminants deposited in the srreams

following rain events.

The sedimentation rate in the bay averages one centimeter per vear, suggesting that approximately
four centimeters of new sediment accumulated m the four years between samphng events. As a
result, a significant change i sediment quality was not expected or observed. Analysis of data
showed that the delisting target for the restrictions on dredging BUT continues to be met. ‘LThere
were no exceedences caleulated for the discharge {rom the CIF (Rafferty and Boughron, 2012).
Concentrations of Chermicals of Potenial Concern (CODPCs) varied belween sampling events and
the same PALL compounds were found to exceed Sediment Quality Guidelines (SQGs) in both
events. Overall, sediment qualiy was seen to smprove as evidenced by the {ewer number of samples
with contaminants exceeding SQGs in 2009, Pesticades, POBs, and arsenic were not deteeted in
concentragons exceeding SQGs in any of the 2009 samples, indicating that these compounds are
not present at levels that would impact ecosystem health. “The contammant mixrures present did not
contain COPCs mn concentrations that swould cause adverse impacts on benthue orpanisms.  Metals
present are binding to organic carbon and not bioavailable. "There 15 a potental for PAHs 10 be
bioavailable to benthic organisms.  1lowever, this measure has improved since 2005 where a higher
number of sites exceeded ccosystem health targers. The ecosystern health targer evaluating the
potential of COPCs o be present at levels toxic 1o fish remained unchanged between the two

sampling events.

Samples collected from the tributaries above the mixing zone with the bay had more exceedences of
SQGs for PAlls than locations in the AOC. However, measutes of bioavailability were similar to

that found at the long term momtoring sites, indicaung that paricle size and total orpanic carbon are
limiiing the availability of the contaminants to beathic orgamisms. The 2009 study confirmed that
sediment quality contnued 1o improve, the delising target was beng met, and the restriction on

dredging acnvities benefreial use conrinued to be unimpaired (Ratferty and Boughton, 2012).
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3.0 UPDATING THE BENEFICIAIL. USES EVALUATION

The 1993 Stage 1 RAP presents a deratled evaluation of the fourtcen BULs. That assessment is now
more than twenty years old and condiuons wirhin the bay and 1ts watershed have changed. While
more than twenty vears of dara is avaitlable on the fish tumors or other deformities and restrictions
on dredging activities impalrments, the other twelve BUTs have not been reassessed. Ower the years,
surveys and studies {or other purposes have collected data that can be used to re-evaluate the twelve
BUTs nor constdered impaited 1n the 1993 RAP. PADLEP reexamined those twelve beneficial uses

using the most recent data available and confirmed that these BUTs remaimn wrumpaired.

3.1 Restrictions on Fish and Wildlife Consumption
IJC Listing Criteria

When conrammant levels i fish or wildlife populatdon exceed current standards, objectives, or
guidelines, or public health advisores are in effeet {or human consumption of {ish or wildlife.

Contaminant levels in fish and wildlife must be due to contamminant mput from the watershed.

Assessment

PADLD conducts rounne analyses of fish flesh {or the presence of PCBs, mertals, and pesticides 1n
both Presque Isle Bay and the open waters of Lake Frie as part of its base fish consumption
advisory program. PADEP does nor assess wildlife ussue. Consumption advisories based on
clevated levels of PCBs and mercury are in place for fishes in both Presque Isle Bay and Lake Fric.
While compansons between the bay and open lake are difficult due to differences m species

composition and migrations into and out of the bay by common species, there is no evidence that

fish species in Presque [sle Bay are more contaminated than in Lake Fric.

Mercury levels in the bay’s largemouth bass {ell from over (L3 ppm 1n 1996 to less than 0.25 ppm in
samples taken 1 2001, 2005, and 2006, Because of this trend, the consumpuon advisory was
adjusied from two meals per month to one meal per week beginning in 2007 (Figure Z). Mercury
and PCB concentrations m Presque Tsle Bay yellow perch, believed ro be a resident population, are
comparable to concentrations i perch collected from Lake Lne (Igure 3). PCB concentratons in
Presque Isle Bay common carp, believed to be resident population, are lower than concentrations in
carp collected from lake Frie. However, sample sizes are very small {two from cach location} and
the Lake Fric fish in particular niced ro be resampled duce to data quality issues with the laborarory.
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Generally, the species with the hiphest contaminant burdens fwalleve, steclhead, lake trour, and

smallmouth bass) reside either exclusively or primarily in the open lake.

Conclusion

While contaminant levels m fish do exceed current standards and there are consumprion advisories,
concentrations of PCBs and mercury i fish sampled from the bay are equal to or less than the same
spectes sampled from the open waters of Take Frie. The T]Cs Iisung and delisung guidelines (1]C,
1991} specifically states “when a health advisory on {ish tn a localized area 1s no different from the
health advisory for the whole lake and rthis area 15 not conurtburing to a whole lake problem, then it
would not be recommended for identfication of an AOC”. Because the consumprion advisories are
not a result of bay-spealic condinions, the Restrictions on 'ish and Wildlife Consumpnion beneficial

vse 1s not constdered 1impaired in Presque Tsle Bay.

3.2 Tainting of Fish and Wildlife Flavor
IJC Listing Criteria
When ambient warer quahty standards, objecttives, or guidelines, for anthropogenic substances{s)

known to cause tainting, are being exceeded or survey results have identified tainting of fish or

wildlife flavor.

Assessment

Impairment of this gudelne 15 indicated of {1 water qualiry standards for tainting substances are
being exceeded or (2) tainting of fish or waldhife flavor 1s determined through surveys. PADEP
consulted the Pennsylvamia Fish and Boat Commussion (PFBC) regarding any complaints or notes of
fish or wildlife with undesirable raste or odor. As of June 2012, the Commission’s local Warerways
Conservation Officer reported no public complaints m the thousands of angler surveys conducted

during rhe past two decades.

In otder to be consistent with the original assessment of this BUL Presque lsle Bay Water Quality
Network Station 632 rend data for copper and zine levels were compared to PADILIs 25 Pa Code
Chapter 16 Water Qualiry Criteria (WQC) . Copper was below analyucal quantification levels for 40
network water samples collected between 2002 and 2011, Detecrable levels of zine were present in
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15 of 40 samples for the same ime period. PADEDP's WO for metals are caleulated based on the
hardness of the ambient water. Given the average CaCO3 hardness of 117 mg/1. in the bay for this

period, Chapter 16 standards were exceeded {or two of these samples (Figure 43,

Conclusion

Based on the ten most recent vears of data from the Water Quality Network Station within the bay,
there 18 no evidence of chronic or acute violatton of taste and odor standards indicated by
concenrrations of copper and zinc. “Lhercfore, the lamting of Fish and Wildlife beneficial use is

not mpaired in Presque sle Bay,

3.3 Degraded Fish and Wildlife Populations
[]C Listing Criteria

When fish and wildlife management programs have wentitied degraded fish or wildlife populations
due to a cause within the watershed. In addition, this use will be considered imparred when relevane,
field vahdated, fish oy wildlife bioassavs with appropriate quality assurance/quality controls confirm

signilicant toxicity {from water column or sediment contaminants.

Assessment

PADEP and PFBC fish survey data were used to ascertan the diversity and abundance of the fish
populations 1 Presque Isle Bay (Ifigure 55, PADILDP has documented 34 species of fish in the bay,
most of which are minnows and other small forage fishes, including the Brook Silverside, a
Pennsvivania endangered species that 15 uncommon outside the bav.  Surveys have also found a

number of other state-endangered species, meluding bigmouth buffalo, warmouth, and spotted

gar—a species which occurs nowhere else m the Commonwealth. A 2012 survey by PADED

suggests that the state endangered Towa Darters are increasing in relative abundance.

Evidence of the health of the bay’s fishery is further demonstrated by the PIBCs 2008 black bass
assessment. Over a three day pertod, a total of 693 bass were captured conststing of 673 largemouth
bass and 18 smallmouth bass. Spring 2008 marked the bighest number of bass ever sampled in
Presque Isle Bay and the total number captured was a 65% increase over 2007, The occurrence ot

largemouth bass 12 inches and longer increased 150%: from 2007 and the occurrence of largemouth
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bass 15 1nches and longer increased 245%,. The catch rate for largemouth over 15 Inches was the
highest obscrved in the last 18 vears. The biggest risk 1o the bay’s fishery s rthe conninued
inrroduction of non-nauve invasive species (Fgure 6. In 2011, the tubenose goby, a cousmn of the

invastve round goby, was docwmented in the bay.

In 1992 and 1999 rescarchers conducted population studies on the bay’s brown bullheads.  Using
mark recapture methods, the 1992 esumate was 31,715 and the 1999 estimare was 30,950, suggesting

a stable population.

Conclusion
There 15 no evidence of population level 1mpacts for any fish species found i Presque Isle Bay,

inchuding brown bullhead catfish. .'I'hcrcforc, the Degraded Fish and Wildlite Populatuons beneficial

usc 18 not considered impatred in Presque Tsle Bay.

3.4 Bird or Animal Deformities or Reproductive Problems
I)C Listing Criteria

When wildlife survey data confirm the presence of deformities {e.g., cross-bill syndrome) or other

reproductive problems (c.p., cgg-shell thinning) in senunel wildlife species.

Assessment

While no formal surveys have been conducted 1n rhe last twenty vears, the bavy and Presque Isle Stale
Park are extenstvely visited by both amateur and professional nature watchers. The bay and park are
patrt of an important migratory path for birds.  Since 2008, the Presque Isle Audubon Soctety
spotsors o one day bird count on Presque Isle State Park. Over three dayvs, volunteers tally the
number and species of birds on and over the park. In 2012, volunteers idenufied 146 species with
25 species of warblers, A running list of species 1denufied at the park is posted on the Sociery’s wely
site. There are no indications of ather deformities or reproducuve problems noted. A number of
researchers from local and state academic mstitutions conduct rescarch within the bay and on the
park.  No reporrs or other cvidence of deformines or reproducuve problems have been
documented. Populations of other antmals al the park are thriving, requining a deer hunt every vear

to thin the herd.
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Conclusion
There 15 no evidence of bird or animal deformuties or reproductive health problems in the Presque
Isle Bay AOC or surrounding watershed. Therefore, the Bird or Animal Deformitics or

Reproductive Problems beneficial use is not considered impaired.

3.5 Degradation of Benthos
IJC Listing Critetia

When the benthic macromvertebrate community structure significantly diverges from unimpacted
control sites of comparable physical and chemical characteristics. In addition, this use will be
considered impaired when toxicity (as defined by relevant, ficld-validated, bioassays with appropriate
quality assurance/quality controls) of sediment associated contaminants at a site is significandy

higher than controls,

Assessment

In evaluating this beneficial use, it 1s important to note that benthic macroinvertebrate community
composition m lakes and bays is very different from that in streams.  As a result of habitat
differences, even healthy lake communities will be dominated by mudges and aquatic worts rather
than the mayflics, stoneflies, and caddistlies that dominate healthy flowing streams.  PADELP
reviewed two different assessments of the bay’s benthic macroinvertebrate community. The first
(Diz, 2002), examined the benthic commumty structure, looked for chitonomid mouthpart
deformities, and conducted sediment toxicity bioassays using the benthic macroinvettebrates Hyallela
azteca and Chiroromus tentans and the planktonic crustaccan Daphuia magna. The anthor concluded:

+ The Presque Isle Bay benthic community is dominated by pollution-tolerant organisms, such
as worms, midges, and snails, and is relatively lacking in those species which are known to be
sensitive to stressful conditions, such as mayflies and caddisflies, However, the taxa found
in Presque Tsle Bay are typical of the benthic fauna found in northwestern Pennsylvania
lakes.

« Bicassays showed no impact to the survival of the test organisims
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+ 'The occurrence of mouthpart deformities in midges is an indication of sediment toxicity.
From each of nine sediment sample sites in Presque Isle Bay, 10 chéronomid individuals were
chosen at random. OFf the 90 total chitonomids examined, only one exhibited a mouthpart
deformaty.

In 2005, ten day and 28-day whole sediment toxicity tests were conducted with the midge Chrnonins
dilutes and the amphipod Hyallela Agfeca. Thirty four surficial sediment samples were used to
evaluate survival and growth endpoints. None of the samples were toxic to amphipods for either
endpoint. One sample from the center of the AOC was toxic to midges when the survival endpoint
was considered and three were designated toxic using the growth endpoint (PADEP, 2006). Three
of the four samples toxic to midges did not have measured concentrations of contaminants expected
to be toxic to the benthic organisms. At these locations, factors such as ammonia or hydrogen
sulfide in the pore-water or other factors not related to the chemical contaminants in the sediment

werte believed to cause the observed toxicity.

Conclusion

Presque Isle Bay’s benthic macroinvertebrate community is dominated by pollution-tolerant
organisms, such as worms, midges, and snails which is typical for an environment of fine, organic-
rich sediment. Direct testing found a limited number of sediment samples were toxic and it is
believed the tosicity is due to non-contaminant related factors. Based on these studies, the

Degradation of Benthos beneficial use is not considered impaired in the Presque Isle Bay AOC.

3.6 Eutrophication or Undesirable Algae
IJC Listing Criteria
When there are persistent water quality problems (e.g. dissolved oxygen depletion of bottom waters,

nuisance algal blooms or accumulation, decreased water clarity, etc) attributed to cultural

eutrophication.

Assessment

PADEP conducts periodic trophic state index (TSI) assessments, annual summer plankton

(zooplankton and phytoplankton/algae) sampling, and dissolved oxygen monitoring in Presque Isle

Bay. TSI surveys involve collecting measures of plant productivity such as phosphorus levels,
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chlorophyll-a levels (the phorosynthetic pigment in plants and algace), and the clarity of the water.

1ST resulrs are used to classify lakes and bays as cither oligorrophic “poaorly fed”), mesotrrohic

A1

“‘moderately fed”) to cutrophic fwell fed”) to hypercutrophic “bevond well {fed”).

The Carlson TSI score for the bay was last determined m 2005, The bay received a '13] score of 52
ar thar time, placing ir in the dw extrophec range (I'tpure 7). This score supgests that the bay has good
biological productivity but may be vulnerable (o problems related o nuurienr enrichmenr. This

score does not suggest conditions are currently sutrable for nuisance plant and algac growth.

One of the sunplest ways to track the rrophic state of a lake 18 to track the water clarity over fime.
Clearer water hus less alpac and suspended parncles, while “cloudier” water tends to have more algac
and suspended material. lrends mndicate that warer clariry has mproved slightly during the past nvo

decades Higure 81,
" £3 A

Unlike most Pennsylvania lakes, Presque Tsle Bay docs not completely stratify into a warmer upper
bay and cooler lower bay 1 the summer. While it functions somewhat independently of the rest of
Lake Yirie, Presque Isle Bay 1s acmally part of the warmer “epibmnion”, or upper lake, of Take Line.
Therefore, unlike the central basin of lake irie proper, there 1s always some dissolved oxygen

sresent in the botrom of the bay for fish and other aquatic Life,
f ) ]

Bluegreen cyunobacteria blooms {espectally Murosystis asrngensiay typieally comprise armiul Alpal
Blooms 1 the Great Lakes. Nusance levels of Mivocptir have nor been reporied from Presque Tsle
Bay. Nonetheless, trend monitoring {or the bluegreens Arabaena and Microcpstzy show that penodic
blooms have occurred i Presque Tsle Bay at levels approaching those in the western basin of lLake

lirie. Maost recently, elevated levels of Marsepstsy were noted 1n 2005, 2006, and 2011 (Figure 9.

Conclusion

This guideline evaluates wherher there are persistent water quality problems due to nutrient
cnrichment.  The bay is indicative of the larger lake and thar there is not an excessive runoff of
nutrients nto the bay from lire or the surrounding area. Algal blooms are the same in the bay as

lakewide conditions. Annual assessments of warer qualiry, algac, and oxygen levels in the bay have
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confirmed that cultural eutrophication 1s not occurring. In fact, there has been a rrend of improving
water clarity over the last two decades, Based on the trophic status of the bay, the increased water
clarity, and lack of pemsistent algal blooms, Presque Isle Bay 1s not considered impatred for

Futrophication or Undesirable Algac.

3.7 Restrictions on Drinking Water, or Taste and Odor Problems

IJC l.isting Criteria

When treated drinking water supphes are impacred to the exrent that: 1) densitics of discase-causing
organisms or concentrations of hazardous or toxic chemicals or radioacuve substances exceed

A

human health standards, objectives, or puidelines; 2) taste and odor problems are present; or 3)
rreatment needed to make raw water suitable for drinking 1s beyond the standard reatment used in
comparable portions of the Great Takes which are not degraded (1e., sentling, coagulation,

disinfection).

Asscssment

Presque Isle Bav is got used as a source of drinking water. The City of iric’s drinking water mrakes
are both located in Lake Lirie west and north of the Presque Isle Penimsula. Addittonally, the Cuoy
has an ordinance that prohibirs the use of wells or sprngs located on a property to be used as a

source of dinking water,

Conclusion
The Restrictions on Drinking Warer Consumption, or Taste and Odor Problems beneficial use is

not applicable or impatred 10 Presque Isle Bay.

3.8 Beach Closings
IJC lListing Criteria
When waters, which are commonly used for rotal-body contact or partial-body contact recreation,

exceed standards, objectives, or guidelines.
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Assecssment

Although there are no desgnated public beaches within Presque Isle Bay, water samples are
collected bi-wecekly or weekly during the summer months, depending upon the location within the
bay, and analyzed for {L:4 The monttoning began in 2007 with three sets of samples and has, in
the last five vears, expanded to sampling at twelve different locations.  ‘The Department of
Conservatton and Natural Resources (IDONR) 1ssues beach advisones for Take lHre Beaches when
. el counts exceed 235 CFU/ 100 mlL and restricr swimming when counts exceed 1000 CLU/100
ml.. PADEP used these standards to compare the AOC (o Lake lirie. Samples from Presque Isle
Bay, collected at the mouth of Cascade Creek, south of the City of Pirie’s Wastewater Treatment
Plant in Garrison Run, and at the mouth of Scotr Run are conststently highey than other locations in
the bay Figure 10}, Since 2009 the vearly average concentrations of L e in samples from these
locations exceed the level for beach advisories but not the level {or restrcted swinming. No other
locations exceeded either eriterion. As a testament 1o the mproved water quality condiions, the
Presque Isle Partnership sponsors a one mile swim across the Bav from Presque Isle State Park o

the Hre Yacht Club, Since ws meeption in 2008, every vear 200 swimmuers participate m the swim.

Conclusion

There aze no public beaches withm the Presque Isle Bay AOC and therefore, this beneficial use does
not apply. However, compadson of the last five vears of 5. Coff sampling with the criterta for
restricting swimming at the public beaches on Presque Isle Srate Park show that the beach closing

beneficial use would not be impaired 1n Presque Tsle Bay.
] :

3.9 Degradation of Aesthetics
IJC Listing Criteria

When any substance in water produces a persistent objectionable deposit, unnarural color, or

turbidity, or unnatural odor {e.g., o1l slick, surface scumj.

Assessment
PADIP 1s occasionally called upon to mvestigate an unusual odor, color, or plume within the bay.

I many cascs, the conditions are natural due to weather {Le., seiche, heavy rain storm or high wind}
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which may cause turbid conditons.  There are also occasions when a surface sheen is noted due

primariy to boater use, marnas, and inputs from the watershed.

Conclusion
Temporary impacts to acsthetics typical of urban embayments are noted within Presque lsle Bay.
Because the conditions are not persistent and do not significantly impact the bay, the degradation of

aesthetics beneficial use 1s not considered impaired.

3.10 Added Costs to Agriculture or Industry
IJC Listing Criteria

When there are additional costs required to trear the water prior to use for agricultural purposes (ic.,
including, but not limited to, livestock watering, irrigation and crop-spraying) or industrial purposes

(1.e., intended for commercial or mdustrial applicatons and noncontact food processing).

Assessment

Water from Presque Tsle Bay 1s not used by agricultural or industrial operations.

Conclusion
The beneticial use associated with costs to agriculrure and industry 1s not impaired in Presque lsle

Bay.

3.11 Degradation of Phytoplankton and Zooplankton Populations
IJC Listing Guideline

When phytoplankton or zooplankton community structure signuficantly diverges from unimpacted
control sites of comparable physical and chemical characteristics. In addition, this use will be
considered impaited when relevant, field-vahdated, phytoplankton or zooplankton bioassays {e.g.
Ceriodaphnia; algal fractionadon bioassays) with appropriate quality assurance/quality conrrols

confirm toxicity 1n ambient waters
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Assessmoent

PADED samples the plankron community at WON monitoring starions in Presque Isle Bay (WOQN
632} and Lake Firie (WOQNs 601 and 622). Tr 15 difficult to compare plankton trends due to natural
annual and seasonal vanation i rhe community composition. ‘The plankton communiues at all
three monitoring sites have been degraded by the establishment of non-nauve species. These
include the cvanobatena (bluegreen algac) ynghya which 1s known 1o cause harmiful algal blooms in
the western basin i Lake e as well as the planktonic larvae of zebra and quagga mussels. The
mean number of plankton taxa in Presque Isle Bay (25.25) 1s not significantly ditterent than Lake
Frie WONs 601 (25.5) or 622 (25.75) and the qualitative list of raxa present ts virrually identical to
Lake Frie.  However, Presque Isle Bay 1s warmer, shallower, and more productive than the open
waters of Lake Erie. As a result, the plankton in the bay 1s more abundant than in the open lake.
The annual uming and succession ot phytoplankton blooms in the bav 1s also somewhat accelerated
relative to the open lake (Digure 113 Migmepy blooms are larger in the warmer waters of Presque
Isle Bay than in the open lake. HHowever, Migrcpiis 1s present at all the monitored sites (Igure 12).
Plankton communities in the both bay and lake are degraded to a degree duc to non native species.
Despite the presence of non-native species, the plankton communities in Presque Isle Bay are

sufficient to support one of the most diverse and abundant fisheries in the Commonwealth.

In 2002, the planktonic crustacean Daphuia magna along with the benthuc macromvertebrates
Chironomens fentans and 1vallla asteca were used m a broassay of the sediment quality in Presque Tsle
Bay. Nine replicate toxicity tests were conducted. There was no significant difference i survival
between Daphnia exposed to Presque Tsle Bay sediment and the control. However, reproduction

was sigimificantly less for Daphnia exposed bay sediment in 7 of the 9 bioassavs.

Conclusion

Despite some evidence of reduced Dapluia reproduction in the bioassay by Diz 2002), Presque Isle
Bay plankton populations are as taxonomucally rch as in Lake borie and abundance/biomass s
greater. Therefore, the Degradation of Phytoplankton and Zooplankton Populations BUT does not

occur 1n Presque Tsle Bay.
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3.12 Loss of Fish and Wildlife Habitat
IJC Listing Dehlisting Criteria

When fish and wildlife 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.

Asscssment

The 1993 Stage 1 RAP states that the PFBC is the agency involved in setting fish and wildlife
management goals, The PFBC manages Presque Isle Bay as a sport fishery and conducts petiodic
surveys. As discussed under the Degraded Fish and Wildlife Populatons BUI, the bay’s fishery is

very diverse and high quality, meeting management goals as a sport fishery.
Conclusion

Based upon the most recent survey data from PEBC and PADEP, the Loss of Fish and Wildhife

Habitat beneficial use is not considered impatred in Presque Isle Bay.
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4. FISH TUMORS OR OTHER DEFORMITIES BUI

4.1 Historical Perspective

Beginning in the late 1980s, Great Lakes researchers attempted to define quantifiable delisting
targets for the fish umors or other deformities BUI based primarily on the incidence rate of liver
tumors and external deformities.  Researchers considered fish tumors an mdicator of both
environmental degradation and a measure of health impairment to fish populations (Baumann,

1992a). Of the orginal 42 AQOCs, 17 had fish with readily identifiable tumors or deformities.

The first attempt to define the fish tumor impairment in “precise set of scientifically defensible”
criteria resulted 1n an IJC recommendation that “the incidence rate of neoplastic and preneoplastic
liver tumors in bottom-feeding fishes not exceed 2 petcent” (Hartig et al, 1990),  The basis for this
recommendation was the assumption that certan contaminants cause tumors in fish and a
presumption that fish from uncontaminated locations should have a zero liver tumor incidence rate.
A review of existing data from the Great Lakes and Puget Sound; however, showed that liver tumors
develop in fish from uncontaminated sites. A two percent tumor rate accounts for this fact as well
as uncertainties in fish movement and factors other than exposure to contaminants that promote

tumors (Michael J. Mac, 2009 personal communication).

The IJC modified this recommendation, publishing guidelines that suggest the fish umor or other
deformities beneficial use mmpairment  exists when “the incidence tates of fish tumors or ocher
deformities exceeds rates at unimpacted control sites or when survey data confirm the presence of
neoplastic or preneoplastic liver tumors 1 bullheads  or suckers™ (1]¢; 1991}, The IJC
listing/dclisting guidelines were developed to assist in making recommendations for listing new
AQOCs and in reviewing Remedial Action Plans. The intention was to establish a “set of yardstcks”
that could be applied throughout the basin and keep the Remedial Acton Plan program focused.
They are written as guidelines to serve as a common starting point for each AOC. "The ITjC
constructed the guideline to allow ecach AOC to adapt it to site-specific conditions in settung
delisting targets {e.g, sclection of umimpacted control site and which fish species to use as an

mdicator).
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Subsequent  studies throughout the 1990s, by both American and Canadian reseatchers
recommended spectfic numeral targets for liver and external tumor incidence rates as indicators of
environmental degradaton., For example, a review of data collected between 1984 and 1993 from
ten contaminated and three reference locations from across the Great Lakes concluded that liver
tumor incidences above 5% and esternal tumor incidences in excess of 25% were evidence of
impairment (Baumann et al, 1996). A comparison of “least impacted control sites” and
contaminated embayments, river mouths, and nearshore areas within Lake Frie defined impairments
when liver umor incidences were above 5-7% and external tumor incidence were above 13-15%

{Baumann et al., 2000}.

4.2 Delhisting Target for the Presque Isle Bay AOC

Development of the fish tumor delisting target for the Presque lsle Bay AOC has been an iterative
process. Following the recommendations of (Great Lakes rescarchers, delisting criteria were based
on having a liver and external wumor incidence rate on brown bullhead below a specified target
number. The 1993 RAP concluded that the fish tumor or other deformities beneficial use was
impaired because liver tumor rates exceeded the 1JC’s 2% benchmark and external abnormalities
were 1 excess of 10-12% (PADIP, 1993). The 2002 Recovery Stage redesignation was due in patt
to the decreasing liver and external tumor rates.  Additdonally, the tumor rates were below the
recommended mndicators of environmental degradation of 25% for external tumors and 5% for liver
tumors.  While these targets represented good starting points for developing delisting criteria, a
number of questions were raised regarding the comparability of data from different years and
locations and whether contaminants in the sediment were the cause of the tumors. Through a series
of workshops between 2003 and 2006, PADIP and the PAC sought advice from experts including
fishety and wildlife biologists, pathologists, representatives from other AQCs, and researchers.
Consensus was rcached on a broad range of sampling and analysis issues, mcluding the following

tecommendations:

e Samples should include only brown bullheads that are a minimum length of 250 mm (9.9
mches) to exclude younger specimens. Length and age studies show that brown bullheads
greater than 250 mm are at least age three and likely to be reproductively mature (Maceina

and Sammons, 2006).
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o Ages should be determined for all necropsied bullhead using otoliths rather than pectoral
spines because otolith-based ages are more accurate.

*  Given the strong positive cotrelaton between bullhead age and tumor development, it 1s
mportant to compare fish of the same age to evaluate temporal trends and differences
between locations.

® lixamination of the fish should include both gross visual observation and histopathology.

¢ Both external and lver tumor incidence rates should be determined for beneficial use
restoration purposes. However, special studies may look at other internal organs as well.

e Itis important to examine multiple sections from each liver to ensure that any tumor present

in the organ will be detecred.

One of the major outcomes of the workshops was the decision to compare tumor incidence rates in
Presque Jsle Bay to that of reference sites using comparable fish collection {c.g., Rafferty and
Grazio, 2006) and histopathology methods (e.g., Blazer ct al,, 2006). Unfortunately, the majority of
data from past studies at the reference locations could not be used as the collection and
histopathology methods employed in those studies are not comparable to those used in Presque Isle
Bay. In partcular, the majority of past studies used pectoral spine-based age determinations and
these age determinations are not comparable to the otolith-based age determinations used in the bay.
In addition, histopathological methods varied among studies. A consequence of this decision was

the need to determine new, more realistic delisting tumor incidence targets.

Following cxpert recommendations, PADIP decided not to select any of the specific incidence rates
recommended historically because those rates did not account for important factors such as the age
of the fish population. Instecad, PADEDP chose to focus the delisting target on a comparison of the
liver and external mumor incidence in Presque Isle Bay to an appropriate Lake Eric reference or
“least-impacted control site”, In order to identify the least-impacted reference site, PADTI sampled
a number of candidate sites from across Lake Erie.  All candidate sites were non-AQCs that lacked
point-source discharges of pollutants or known sediment contamination and had a resident bullhead

population.
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Based on this premise, PADEP collected samples i 2004, 2005, and 2007 from Dunkirk llarbor,
NY; Long Point lnner Bay, ON; Old Woman’s Creek, OH; and Sandusky Bay, OH (Figure 13).
Sample evaluation included gross visual observation for all fish collected and histopathological
analysis of any ratsed external ot mouth lestons and all livers for a subsetr of 30-50 fish at each

location,

In evaluating the data, PADEP incorporated recommendatons from the expert workshops,
specifically the need to compare fish of the same age to evaluate temporal trends and differences
between locations.  Historically, PADLEP reported tumor mncidence rates based on dividing rhe
number of fish with umors by the number of fish sampled. This approach did not take into
account the demographics (e.g., age, length, gender, ctc) of the sample. A statisteal model was
developed that used logistic tegression which allowed for the comparison of mmort incidence
between sites by taking the age and length of each bullhead imnto consideration when determining the
probability of a tumor (Rutter, 2010).  Applying a Bayesian hierarchical model, the results of the
logistic regression can be casily presented as point cstimates and intervals of biological terms (ie.,

the probability that a bullhead has a tumor).

[n Presque Isle Bay, tumor rates increase with fish age. PADLP used logistic regression Lo measure
tumor incidence rates as a function of age and Bayesian statstical analysis was used to compate
incidence rates between ages, and account for multiple sampling locations and dates. This approach
does not directly compate cohorts of fish, but rather allows for the determination of a point estimate
of tumor meidence rates for fish of a given age. Age seven was chosen because this was the
approximate mean age of bullhead in the full dataset (Rutter, 2010). The 95% confidence 1oterval
describes the “certainty” of the polnt estimate with narrow intervals indicating a more accurate point

estimate for the umor incidence rate.

The candidate site with the lowest iver umor inadence (0.0%) was Dunkirk Harbor and the
candidate site with the lowest external umor incidence was Long Poiwnt Inner Bay (6.4%; Table 2).
A closer examination of the Dunkirk Harbor tomor incidence indicated a high level of uncertainty in
the estimate based on the 95% confidence intervals around the mean incidence rate (0.0%, 56.0%).

Dunkirk Harbor also had the highest incidence of external wumors (22.5%). The sccond lowest liver
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tumor ncidence among the reference sites was long Pomt Inner Bay (1.2%) and the 95%
confidence interval (0.0%, 14.9%) was much narrower indicaung less uncertainty in the estimate.
Based on combined external and liver tomot incidence rates, Long Point Inner Bay was selected as

the least-impacted lake Lrie reference site and the appropriate reference site for Presque Isle Bay

Proposed Presque Isle Bay Delisting Target
The fish tumor or other deformities beneficial use is no longer considered impaired when the
incidence rate of liver and external tumors 1s statistically equivalent or lower than the incidence rates

at Long Point Inner Bay as confirmed by histopathology.

4.3 Testing the Delisting Target

Lollowing the 2002 Recovery Stage designation, PADEP conducted annual monitoring surveys
through 2010 to assess tumor trends. The assessment included both gross visible observation and
histopathology of raised external lesions and livers.  Applying the same logistic regression and
Bayesian statistical analysis developed in evaluating the Lake Erie potential reference sites, the data
were normalized to age seven years for consistency in teporting and comparability between sampling

years and with Long Point Inner Bay. .

Both the iver and external mumor incidence rates were found to be stable throughout the Recovery
Stage monitoring period (Lable 3; Figures 14 and 15). ‘lThe incidence rate of liver tumors ranged
from 1.1% in 2002 to 3.9% in 2007 with a median liver tumor incidence rate for this period of 2.8 %
(Lable 3). Ttis important to note that the five years of data does not provide enough data points to
determine a trend, rather it shows inter-annual varation which is most likely an artifact of the
random sampling methodology than a true difference in umor incidence rates.  Also, when the
yearly estimates are examined, there s no stanstically significant trend.  Using the Bayesian 95%
confidence intervals to measute certainty, there were no statistical differences in the liver tumor

meidence rates among yeats or among the various Presque Isle Bay collectuon sites,

Brown bullhead from Presque Isle Bay sites had similar grossly observed external lesion incidence
rates to those collected at the Lake Ene potential reference sites.  External tumor rates confirmed

by histopathology ranged from 11.9% in 2005 to 18.9% in 2004 with a median external tumor
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incidence rate for this pertod of 15.4 %.( Table 3).  As was the case with the bay’s liver tumor rates,
there was not enough data to report a downward or upward trend and there were no statistical

difterences in the external tumor rates among years or among collection sites,

PADEP conducted gross visual obsetvations of the bullheads collected in the AOC following the
Recovery Stage designation through 2010 (Figure 16).  While not confirmed by histopathology,
looking at the combined external and mouth tumors, the data shows a relatively stable, downward
trend in external tumors over nme.  looking first ar the post-Recovery Stage between 2002 and
2007, the median external tumor rate grossly observed for bullheads estimated by length to be age
sevenn was 20.5%.  This 1s considerably higher than the rate as confirmed by histopatholgy,

lustrating how gross visual observation overestimates the actual tumor incidence rate.

Over the five years in which Presque Isle Bay was sampled, 222 brown bullheads from the bay were
necropsied and analyzed for liver and external tumors. Sampling of Long Point Inner Bay occurred
in 2004, 2005, and 2007 with a total of 193 brown bullheads collected for analysis. Statistically, there
were cnough samples from cach location to ¢valuate whether the tumor rates were equivalent.
Rather than compare the two medians, the confidence interval esumating the difference in true
tumor rates was determuned (Rutter, 2010}, When the confidence mterval contained zero and was
small, the two tumor rates could be considered statistically equivalent. The narrowness of the
confidence mterval was also important m determining whether the tumor rates were equivalent or
different.  If the confidence interval describing the difference in mmor rates was too large or did
not contain zecro, then the tumor rates were considered statistically significantly different (Rutter,

2010).

Looking first at the median biver tumor rates and confidence intervals on Tables 2 and 4, Presque
Isle Bay and Long Point Inner Bay’s 95% confidence mntervals were natrow and ovetlap. The results
of the statistical analysis indicated that the distribution of liver incidence on 2 standardized brown
bullhead (300 mm and age 7) in Presque Isle Bay was almost identical to Long Point [nner Bay’s rate
when the confidence interval describing the difference in rumor rates was examined. This means the
liver tumor incidence rates at these locations were statistically equivalent and the delistng target was

being met.

31



The same was not true for the external mumors. The confidence intervals for external mumor
mncidence 1 Presque Isle Bay and Long Pomt Inner Bay overlap, but the mnterval for Presque Isle
Bay was much wider and the median tumor incidence rate at 15.4% was much higher. When the
confidence interval describing the difference m tumor rates between Presque lsle Bay and Long
Point Inner Bay was examined it was too large to indicate that two tumor rates were statistically
equivalent. So, the differences in external tumor rates in Presque Isle Bay and Long Point Inner Bay
were not within the range of values that would be considered statistically equivalent (Rutter, 2010).

Therefore, the delisting target for external umors was not being met.

A further examination of the confidence intervals for liver and external umor incidence showed that
the uncertainty in the external tumor incidence on standardized bullheads was greater than for liver
tumor incidence. The wider confidence interval observed for external tumors could not be
explained by differences in sample size, as the same fish were used for both analyses. Therefore this
increase in uncertainty may be attributed 1o the hypothesis that the relationship between external

tumor presence and the covariates age and length is not as strong as it is for liver tumors.
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5. APPROACH TO DELISTING THE FISH TUMOR BUI

Assessing the fish tumor or other deformities BUI required examination of more than twenty years
of data from sampling, analysis, research, and discussions. 1o otganize the information and
findings, PADEP developed a decision tree (Figure 17) based on the United States Policy
Commuttee’s Dedisting Principles and Guidelines (LISPC, 2001). The guidelines recommend delisting a

BUT when one of the following conditions is demonstrated:

« A delisting target has been met through remedial actions which confirm that the beneficial

usc has becn restored.

« It can be demonstrated that the impairment is not limited to the local geographic extent, but

rather 15 typical of lakewide, region-wide, ot arca-wide condiuons
+  The impairment is caused by sources outside the AOC.

+ It can be demonstrated that the beneficial use impairment is due to natural rather than

human causes.

PADEP cvaluated Presque Isle Bay’s fish tumors through the filter of each of these conditions to

determine whether or not to recommend delisting the BUL

5.1 Has the Delisting Target Been Met?
The delisting target for the Fish Tumors or Other Deformities BUT in Presque Isle Bay states that:

The fish tumor or other deformities beneficial use is no longer considered impaired when
the incidence rate of liver and external tumors is statistically equivalent or lower than the

incidence rates at Long Point Inner Bay as confitmed by histopathology.

As noted previously, PADEP monitored the incidence of tumors and other deformities in the bay’s
brown bulthead population annually throughout the Recovery Stage for comparison against the
delisting target. Bascd on the statstical analysis, liver tumor incidence in Presque Isle Bay 1s
staustically equivalent to Long Point Tnner Bay while external tumor incidence is elevated compared

to Long Point Inner Bay.  The delisting target is only parnally met.
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5.2 Is the Impairment Widespread?

The guidelines recognize that certain use impatrments may, in fact, be regional or lake-wide in nature
rather than confined within the boundaries of the AOC. PADEDP mvestgated the geographic extent
of the bullhead tumor problem by sampling bullhead from both inland Pennsylvania lakes and sites
throughout Lake Erie. PADEP sampled brown bullhead from three mland Pennsylvania lakes,
Canadohta Lake, Sugar Lake, and Eaton Reservoir, in 2002, 2003, and 2004 ({able 5). Both liver
and external tumor rates varied over time and between lakes, however, all were consistently below
Presque Isle Bay for those samce years. Integravng data from the three inland lakes, the median liver
tumor rate was 1.5% and the median external umor rate was 2.3% compared to the bay which had
a median liver tumor rate of 1.9% and an median external tumor rate of 18.1% during this same time

frame.

As discussed in Section 4, PADEP also sampled sites across Lake Lrie sites as part of the effort to
wdennfy a reference site or background rate. liver tumor rates ranged from a low of zero percent in
Dunkirk Harbor to a high of 28.7% in Sandusky Bay. External tumor rates ranged from 6.4%% m
Long Point Inner Bay to 22.5% in Dunkirk Harbor (lable 2). Although some bullhead populations
in Lake Line expericnce elevated incidences of hiver and external tumors at levels equal to or
exceeding levels found in Presque Tsle Bay, the incidence rates in other populations are quite low. It
1s also noteworthy that Dunkitk Harbor had both the lowest incidence of liver tumors and the
highest incidence of external tumors, underscoring the poor correlation between these BUI lisung

criteria at certaln sitcs.

The Department’s findings are consistent with those reported by others. Poulet et al. (1994)
documented the presence of external tumors on bullhead collected from 17 water bodies (both
contaminated and uncontaminated) throughout New York State. Spitzbergen and Wolfe (1995)
stmilarly investigated nine protected reservoirs and ponds in New York State where thete was no
reported evidence of clevated levels of anthropogemc contaminaton confirmed by sediment
samphng but over 30% of mature brown bullheads had liver umors and up to 100% exhibited

external tumors.
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While tumors on brown bullhead occur 1 various locations throughout lake Hee and inland
Pennsylvania reference lakes, it is not clear whether the tumor rates in Presque Isle Bay are a
reflection of some lakewide or basinwide background rate due anthropogenic activities or indicative
of a locally degraded environment.  Interestingly, none of the non-AOC locations, which were
chosen because there were ne known discharges of contaminants, had a zero tumor rate for both
external and Iiver tumors.  Additionally, the three inland lakes sampled do not have discharges ot
contaminated sediment and one 1s a drinking water reservolr. Whatever is happening in Presque Isle
Bay appears to be occurring elsewhere in both AOC and non-AOC locations to a greater and lesser

extent.

5.3 Is the Source of the Impairment Qutside the AOC?

Presque Isle Bay’s sediment containg organic contaminants and heavy metals in concentrations
similar to other urban harbors. Given the moderate levels of contaminants present, it is reasonable
to consider that bullhcad may scasonally migrate into and out of the bay and are exposed to sources
of contamination located elsewhere in Lake Frie. In 1994 PADEP conducted a large-scale mark-
recapture study of Presque Isle Bay bulihcad that suggested limited movement with only two fish
migrating into the bay and one out (Obert, 1994). DBuidmg on that work, the United States
Geologic Survey (USGS) conducted an updated radio-telemetry study of Presque Isle Bay bullhead
migration (Millard et al,, 2009}, Fotty-nine brown bullhead were collected from various sites within
the bay, radio ragged, and rcleased unharmed at the point of capture. Both fixed-station receivers
and manual tacking were used to relocate ragged fish. As was the case with in the previous study,
LSGS found little evidence of migration out of Presque Isle Bay. The telemetry study also
supported the conclusion that some bullheads do move among sites within Presque Isle Bay,
although most tagged specimens return to the same sites repeatedly. The lack of migragon suggests
that, the factors influencing or causing the development of the liver and external tumors are present

in Presque 1sle Bay.

5.4 Is the Impairment Due to Natural Causes?

The occurrence of tumors in brown bullhead catfish is most frequenty attributed to exposute to
environmental carcinogens—in particular PAHs. Nonetheless, bullheads with tamors are found in

both contaminated and uncontammated waterbodies throughour the northeastern United Srates
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(Pinkney and [larshbarger, 2005, Poulet et al., 1994, Spitzbergen and Wolfe, 1995). Perhaps it 1s not
surprising, then, that tumored bullheads were tound during PADLEDP’s sampling in presumed
uncontarminated sites like Old Woman’s Creek in Ohio and Pennsylvania’™s mland Faton Reservorr.
The oceurrence of tumored bullhead in unpolluted waters calls inro question the cause and ctfect
relationship berween contaminants and tumors.  In facr, tumors in many species of fish are known
to have natural causes {c.f, Baumann 1992a}. Certamn hybrid fishes {c.g., carp-goldfish hvbrids and
swordtatl platvfish hybrids) are known to have elevated incadences of “sponrancous” mumors. 1o
additton, certain tumors 10 several fish species (northern pike, muskellunge, walleve, and drum. are
known to be caused by viruses. PADED and its research partners investigared the potenrial role of

genetic predisposition and viruses as causes of the bullhead tumors in the bay.

5.4.1 Genetic predisposition to tumors through hybridization

Studies of hybnd fishes have shown that hybrids and succeeding backeross gencerations are highly
sensitive to pollutants (Sedow ct al, 1989). Grven that brown bullhead are known to hybridize with
black bullthead {~lmeiures metas;, and that certain hybrds are known to have elevated meidences of
spontaneous umors, the extent of potential hybridizauon among these species in Presque [sle Bay
was investigated by Cingolant et al. 2007). Samples were collected from Dunkirk Harbor, NY, Old
Woman Creek, O, Long Poinr Bay, ON, Tamarack Lake, A and Presque Isle Bay., Reference
brown bullhead samples were obtained from a reservolr in Huntington County, A and black
bullhead reference specimens were obtained from Clear Lake, TA. More than 20 specimens from

each location were mcluded m the study,

Researchers compared aspects of the outward appearance {shape, structure, color, and pattern;) as
well as the form and siructure of the mternal parts ke bones and organs of the two species, Any
external deformities or tumors were noted. Additionally, the genetic make up was compared using
nuclear DNA microsatellites to identfy differences among these two species. Looking at the
outward appearance and internal sirucrure, the study concluded thar the majority of Presque Isle Bay
brown bullhead matches the reference brown bullhead population and not the reference black
bullhead. vidence of black bullhead genes in the brown bullhead samples and wice versa was found
1 the Presque Lsle Bay bullheads as well as in fish from other locations in Lake Fric. However, the

bav’s tish are nor different from brown bullhead collected tn other Take Irie locations. Based on
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this study, hvbridization 1s not valid as a causal explanaton for tumors in Presque Isle Bay brown

bullhead. See Appendix A for the full report).

5.4.2 The Role of Vituses

The USGS’s Leetown Science Center used molecular techniques to mvestigate the role of viruses as
a causal agent for exrernal umors in brown bullhead. The analvsis included samples from both
Presque Isle Bay and the South River in the Chesapeake Bay watershed. No viral DNA or RN A was
directly detected. While delimutive viral sequences were not identitfied, a number of gene transcriprs
assoclated with cellular responses to viral infection were observed. The wmvesugators found
insufficient evidence of viral involvement in the tumors (Iwanowicz ot al, 20120, However, 1t
should be noted that the RNA quality of both the Presque Tsle Bay and walleve tumor samples used
as positive conrrols was very low and sample sizes were small. Turthermore, the report sugpested
samplimg brown bullhead tumors during muluple seasons would 1ncrease the likelithood of detecting
a viral pathogen, since retroviruses {one virus type that commonly cawvses exrernal tumors in other
fish specics) cannot be detected unless they are in therr replication phase, which may occur during a
“narrow window™ of the annuval cycle {See Appendix B for the full report). The resulrs of the study

arc mnconclusive due primarily to the poor quality of the small sample of fish evaluated.

5.4.3 Exposure to Contaminants

Numerous field studies have suggested a correlation between exposure to chemicals, most frequently
PAlls, in the sediment of lakes and rivers and an 1ncreased prevalence of liver iumors in brown
bullhead {Baumann et al., 1987, 1991; Baumann and Harshbarger, 1995, 1998; Brown et al.,, 1973,
Harshbarger et al., 1984; Leadley et al, 1998; Pinkney ot al., 2001, 2004a; Pyron cr al,, 20075 Smith et
al,, 1994). ‘There 1s less field evidence linking chemicals i the environment to external tumors in
brown bullhead (Bowser et al, 1991; Pouler et al.,, 1994; Spirsbergen and Wolfe, 1995}, While there
s experimental evidence linking PAH exposure to tumors m other fish (Bunton 19906), relatively
hittle expenmental work has been done with the brown bullhead and the strength of correlation
between PAITs and tumors has varied among studies.  In general, the evidence linking PAT-
contaminated sediment with liver tumors 1s much sironger than the evidence associating PAlls with

external tumors Ratferry cval 2009).

37



Recognizing the imitations of the rescarch to date, PADEP undertook a whole sediment exposure
study - order to better understand the causal relanonship between exposure to Presque Isle Bay
sediment and the development of tumors i brown bullhead.  Tn a laboratory setung, fifty-six
juvenile brown bullhead were exposed o sediment collected from either Presque Isle Bay 719.41
myg/ Ky total PALLS) or Canadohta Take, the sediment control condition (1.49 mp/Kg total PAHS),
Ten additional bullhead were held in aquaria contaning laboratory water only {water control
condiuon). ‘The experment contunued for 356 davs. Pentodically, the fish were grossly observed for
the development of visible tumors and other lesions and liver samples were obtained and analyzed
for biomarkers of carly stage carcinogenests (DNA adduct; and histopathological evaluatons for

umors and pre cancerous cells.

None of the bullhead developed grossly obscervable raised umors and fish in all conditons appearced
to thrive, A single hver tumor developed 1n a fish exposed to the sediment conrrol condition. There
were 1o other ditferences in the histopathological evaluation amonyg the fish exposed ro Presque Isle
Bav scdiment, Canadohra Lake sediment control, or the water control conditions.  [DNA adduct
results were similarly negative. No PAH-DNA adducts formed m any experimental condition,
mdicaring that the PAIL caranogens present in Presque Isle Bay sediment are not bioavailable to
bullhcad, or the experimental regimen was not able o adequatelr represent the esposure scenario
that may operate 1n Presque [sle Bav, The bay’s sediment did contamn higher concentrations than
Canadohta lLake for seven of cight detected PAHs, yer exposure to Presque Isle Bay sediment had

no detected adverse effects on brown bullhead.

From a BUI delisung standpomt, the cntcal dependent vamable in this study 1s the development of
tumors. None of the bullhead developed raised external lesions. The only specimen diagnosed with
liver tumors was from the low PAIT control sediment condition. 'The most sensitive biomarkers of
carly-stage cancer also failed to indicate that carcinogenesis had been mutiated in exposed fish.
Livers of specmens in all conditions had a heavy parasite burden, but this burden did not vary
among conditions.  Fven with some of the expertmental himitations, this work strongly suggests thar
stmple exposure to Presque Isle Bar sediment is not responsible for the tumors and other

deformitics scen m the brown bullhead population. {Fxpenment Results in Appendix ).
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5.5 Evaluating the Fish Tumor BUI

Using the Untted States Policy Commirree's gmidelines, PADEDP consobdated all known mnformation
about the fish tumor or other deformities BUIL in Presque Isle Bay (Lable 6} PADEDP used data
collected in the post-Recovery Stage to identify and test a debisting targer, which incorporated both
liver and external tumors. Comparison to a selected "least impacted control site” showed that the
liver umor incidence in Presque lsle Bay met the delisting target. This is not the case for the
external tumors, Data collected from Lake Frie sites did indicate that the liver mamor rate in Presque
Isle Bay may be a reflection of a background rate for this species in the Greatr Lakes, Lhe incidence
of external tumors across the Lake Hre sites fluctuated more, with Presque Isle Bay mcidence rates
in the nuddle of the spectrum for those sites evaluated. The bullheads do not appear to rouunely or
conststently migrate outside the bay, which suggests that there is something in the bay’s ecosystem
causing the umors. Because bullhead rumors are found in varying incidence rates across Lake Hrie,
itis clear that the conditions causing the tumors i1 the bay are present elsewhere at inland lakes and
both AOC and non-AOC locations. PADED evaluated the possibility that the bay's bulthead are
hybrids between two species and thus, potentially predisposed to tumor formation, or that the
mors are caused by a naturally occurring virus. Studies did not support the genetic hybrid
hypothesis and the viral study while imited by the small number of samples, did not idenufy any
viral sequences. The exposure study did not establish a cause and effect relattonship berween
chemicals in the sediment and tumors, even at the carbest detectable stage. It 1s possible that the
mumors ate a result of multiple factors, including naturally occurring viruses and chemical
contaminants that inferact to produce tumors.  These facts call into question the validity of the

external tamors as an indicator of environmental degradation,
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6.0 Risk Assessment

It was the external tumors found on the bay’s brown bullheads 1n the late 1980s that galvanized the
public and resulted in the listing of Presque Isle Bay as an AOC.  Despite the absence of scientific
data to support a causal relationship between contaminants 1 the bay's sediment and external
tumors, 1t is known that PAFs, metals, and other legacy COPCs are present. Mote than 20 years of
studies document the concentrations of contaminants in the sediment, water, and fish, yet there is
no cleat understanding of the risk posced by these contaminants.  Prior to recommending any
delisting action, PADEP wanted to ensute that the contaminants in the bay’s sediment do not pose
an unacceptable level of risk to the bay’s ccosystem or to the health and welfare of the people who

enjoy it.

6.1 Ecological Risk Assessment

PADLEP commissioned an ecological tisk assessment to determine whether contamimants within the
bay posc a significant risk to the benthic macroinvertebrates, fish, birds, and other animals in the
food web. The assessment used a mix of existing data, conclusions, and recommendations from
sediment, fish tumor, and other environmental studies conducted in the bay over the past twenty
years, A conceptual site model identified potential ecological receptors and the sources and
exposure paths for contamnants (Figure 18). COPCs are the legacy contaminants, including heavy
metals and specific PAHs sclected because of their frequency in exceeding toxicity thresholds in

surficial sediment.

The assessment was built around the quesuon “Do legacy contaminants continuce to posc a risk to
cecosystem receptors within Presque Isle Bay”? The evaluation focused on three objecuves: (1) to
maintain and protect the benthic invertebrate community; (2) to maintain a quality fishery; and (3) to
protect and improve the near-shore habitat in support of aquatic-dependent wildlife.  These
objectives were originally identified by the PAC as part of the 2005 sediment survey. Because the
available data on Presque Isle Bay was not collected to support a formal risk assessment of exposure
pathways, a weight-of-evidence approach was taken as a screening level ecological risk analysts. The
risk characterization integrated the exposure and effects characterizations to assess whether COPCs
are sufficiently high to pose unacceptable tisks to ccological receprors. The weight-of-evidence

concluded:
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Surface sediment COPCs appear to be the primary chemical stressor in this system, although
habitat (substrate) and invasive species may be additional stressors on the ecological
community that may be challenging to tease apart.

The potential risk of COPC exposure to benthic invertebrates across the AOC is generally
low based on the whole sediment toxicity test. Isolated areas may pose a moderate to high
risk of exposure.

Benthic invertcbrate exposure risk decreased through ame and is generally meeting toxicity
targets.

The probable effect concentranon (PLEC) targets are generally met across the AOC for most
COPCs. Exceedences do occur for metals like barium and cadmium and for some PAHs.
Studies focused on high concentration areas tend to exceed PEC in most cases but skew the
AQOC-wide results.

Metal bicavailability across the AOC appears to be decreasing through tume, with recent
samples meeting low toxicity thresholds.

The gquality fishery objective within the AOC 1s supported by good water quality, a low risk
of prey base (benthic invertebrates) exposure to COPCs, and fish tissue concentrations of
monitored compounds that are similar to background levels,

Water quality condinons are based on qualitative evaluations and fish tissue concentrations
for monitored contaminants {¢.g., mercury and PCBs) and are similar to or better than Lake
Liric.

Neat-shore sediment habitats suggest that ingestion cxposure risks to wildlife are moderate
to low, and the elevated surface sediment concentrations of PATs and metals in the AQC

tend to be in the vicinity of the docks and shipping channel,

The weight-of-evidence indicates that rargets supporting the Presque Isle Bay ecosystem are being

met. While gaps 1n data do exist, this evaluation suggests that the risk to ccosystem receprors with

the AOC is improving through time and currently rates low to moderate tisk (T.imnoTech, 2012).

More specifically, the assessment drew three conclusions: first, that the PAHs and metals within the

bay do not appear to pose a significant risk to receptors 1n the ecosystem; second, that liver tumors

may be a better indicator of sediment conditions than external tumors, as liver tumors have been
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shown to correlate with PAITs and metal concentrations in surface sediment; and third, that the
presence of external tumors does not appear to be a health threat to fish or to humans or wildlife

\n

that consume them. (See Appendix D for the full report.)

6.2 Human Hecalth Risk Asscssment

PADEPR also commissioned a Human THealth Risk Assessment. “Lhis assessient estimated huiman
health risks duc to contact with COPCs 1n bay sediments and from caung fish caught in Presque Isle
Bay. Consistent with United Srates Linvironmental Protection Agency’s (USEPA) protocols,
estimating the risk to human health tollowed a four stapge process: hazard identfication, exposure
assessmer, toxicy assessment, and risk characterization (bipure 19% Data collected between 2004
and 2010 for metals, PATTs, PCBs, and pesticides in the bay's surface sediment and fish were first
compared 1o the USEPA screenmyg levels to determine which contaminants should be included in
the risk estimate process.  Screening identified arsenic, lead, total 'CBs, and six PALL compounds as
COPCs for the sediment and mercury, selemum, murex, pesticides, and PCBs as the COPC 1n fish,
Fstimation of the human health msks was conservative 1 terms of the exposure scenarios and
estimates of exposure. Both cancer and non-cancer {e.g., toxicity) risks were ealculated for adults
and children exposed 1o sediment through dermal contact or mgeston and catng tish,  The

evaluation included fourteen separate fish species collected in Presque Tsle Bay and Lake Fric.

‘The matn exposure route for contaminants in Presque Tsle Bay 1s through tish consumprtion. These
risks were several orders of magnirude greater than those assoclated with direct contact with
comtaminatred sediments. On the other hand, contaminant levels in bay fishes were generally found
to be comparable to or lower than those found 1 Lake Fre fishes. The cancer and non cancer risk
estimates generated from consumption of fish tissue were highly dependent on the {ish speces.
Based on the dataset, lake trout and smallmouth bass represented the species with the highest cancer
and noncancer risk cstimates.  However, these species occur etther exclusteely {lake trout) or
primarily (smallmouth bass) m Lake line proper rather than Presque Isle Bay. The conamimants
with the highest conuribution 1o the non cancer and cancer risk estimates for lake wout and

smallmourh bass were PCBs. The assessment of cancer and noncancer risks included the

assumption of a single species diet and that all fish consumed orginated from the AOC. These
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assumptions are conservattve and likely to overestimate the risks from consumption of {ish {I{oman,

2012,

The cancer and non-cancer risk estimates for direct contact with contaminated sediments were
generally below the target risk levels set by USEDPA for all exposure groups evaluated. All chemical
specific and cumulative excess Tifetime cancer risk estmares were below 1 X 1) *and all chemical-
specific and cumulative hazard indices were below 1.0. Again, these estimates are conservative and

likely to overestimate the sk TToman, 2012}, (Sce Appendix I tor the tull report).
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7. RECOMMENDATION TO DELIST

7.1 Delisting Guidclines

The goal of the AOC program as defined under the Great Lakes Water Quality Agreement 1s to
insure that AQOCs, which have been defined as areas where human acuvites have caused or are hkely
to cause sigruficant impatrment of local beneficial uses of water resources, are improved 1o the point
where thewr environmental conditions are equal to other non-AQC locarions across the Great Lakes.
Those condidons may not be pristne but are consistent with the ambient environmental conditions

elsewhere in the Grear Lakes.

The International joint Commusston {1]C) ssued listing /delisung eriterta for Great Lakes Areas of
Concern n 1991 (IJC, 1991). The criteria serve as guidelines for the fourtcen beneficial use
impatrments (BUTs) contamed 1 Annex 2 of the Great Lakes Water Quality Agreement. The 1]C
listing/ delisting guidelines were developed to assist in making recommendations for listing new
AOCs and 10 reviewing RADPs. The mrention was to establish a “set of yardsticks” that could be
applied throughout the basin and keep the RAP program focused. Lhey are woitten as guidelines to
serve as 4 comumon starting point for each AOQC with the clear expectation that specific delistung
goals and targets are derived locally 1o address BU s, Tn 2001, the United State Policy Comumittee
(LISPC) provided a set of “Delisting Princples and Guidelines” 1o update the 1]C7s peneral criterta
for American AOCs. The USPCTs guidelines state expliary that delisting targets are locally
dertved, premused on local goals and related environmental objectives for the watershed, and

consistent with {federal and state regulatons and policies, when available.

Both the TJ(s guidance and the USP(’s prnciples state that RADPs are mtended to address use
impatrments of local, geographical extent and cause, rather than lakewide or basinwide phenomena.
The USPC principles provide more explicit direction regarding delisting either an AOC or individual
BUL According to those principles, RAPs can only address impatrments caused by local sources
and mmpacts {rom outstde the AOC should not preclude delisung. Under these circumstances, an
external impatrment and its sources should be addressed by another environmental program such as

the Lakewide Management Plan (LaMDP). Additonally, borh the T[C and USPC guidances note that

it may not be possible 1o tully restore some beneficial uses even though all remedial actions are
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implemented. For example, there may be natural factors or soctal or cconomic factors that prevent
full restoration of the BUT. Under these creumstances, delisting can and should proceed. PADIP
used both the 1JC and USPC gutdelnes i evaluating potential BUTs in the Stage 1 RADP, setting

delisting targets i the Stage 2 and 3 RAPs, and determining whether to delist in the Stage 3 RAP.

7.2 Status of the BUIs

The Presque Tsle Bay AOC had two BUIs: restricuons on dredging activities and fish tumors or
other deformities.  Both BUls were believed to be a resuli of the PAIls found in sediment
throughout the bay.  For the restrictions on dredging actvities, the 1JC cnterion for delisting 15
“when conmaminants in sediments do not exceed standards, criteria, or gutdelines such that there are
restrictions on dredging or disposal actvities™. Pennsylvania’s laws regulate dredged matenal as a
solid waste and place restricnions on disposal opuons, To address the BUL within the context of
Pennsylvania’s laws, a dehsting rarger was developed based on the process Pennsylvanta uses to
determine whether matertal can be disposed of in I'rie’s Confined Disposal laality.  Because
dredging only occurs 1 Iimited arcas wirhin the bay, ccosystem health targers were added to ensure
environmental improvements could be monitored throughout the AOC. PADEDP delisted the
restrictions on dredging BUT in 2007 after a comprehensive sediment survey in 2005 showed that
the delisting and ecosvstem health targets were bemng met. A 2009 sediment survey also confirmed
rhat the delisting target is being met and samples from the majoriry sttes from the AOC and its

rributaries met the ccosystem health tarpets,

For the fish tumors or other deformities BLUL the 1) debsuny puideline 18 “when the incidence
rates for fish tumors or other deformities do not exceed rates at unimpacted control sites or when
survey data confirm the absence of neoplastic or pre-ncoplastc liver mmors in bullheads or

E

suckers . PADIDP chose a delisung target based on comparison of external and liver tumors from

Presque Isle Bay to a selected “least-impacted” reference sire.

Based upon the recommendations of researchers and other experts duning a sertes of workshops
between 2003 and 2006, PADTP sampled a number of inland lakes and non-AOC locations in Lake
Firie to wdentify a “leastimpacred 7 reference site. All of the candidate reference sites sampled were

known to have brown bullhead populations but no known direct discharges of contaminants. In
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order to compare the sites over a pertod of years, a statistical methodology was developed that
normalized the tumor tates to those of fish at age 7, the approximate mean age of the bullheads
the full data set. Interestingly, the surveys showed that neither the non AOC locations i Lake Frie
not the mland Pennsylvania lakes were free of bullhead umors.  Addivonally, locations where liver
tumor rates were high often had low external rates and vice versa. For example, between 2004-2007
median extemal tumor rates in Dunkirk Flarbor were 22.5% while median liver tumor rates were 0%
and Sandusky Bay had a 9.3% median esternal tumor rate and a 28.7% median liver rate. The
exception was Long Point Innet Harbor which had both low extetnal (6.4%) and liver (1.2%) tumor
rates.  As a result, Loog Point Inner Bay was identified as the least ympacted reference site for
cornparison against Presque Isle Bay,  The delisting target selected for Presque Isle Bay is met when
“the mncidence rate of liver and external umors 1s statistically equivalent or lower than the incidence

rates at Long Point Tnner Bay as confirmed by histopathology™.

Comparison of Presque Isle Bay 1o Long Point Inner Bay showed that the liver tumor rates were not
statistically different. In fact, when statistically adjusted for age, it appears that the incidence of liver
tumors 10 Presque Isle Bay bullhead may be a reflecuon of the broader Lake Erie background rate.
The same was not true for the external tumors where Presque Tsle Bay was statistically significantly
highet than Long Pomt.  Sull the esternal tumor rate in the Presque lsle Bay bullbead was
comparable to all but one of the potential Lake Ere “least impacted” reference sites cvaluated.
Based on the limited sample sizes from the potenual reference sites, it 1s difficult to detetmine
whether or not the age adjusted esternal tumor rate in Presque Isle Bay is significanty higher, lower,
or the same as the background rate elsewhere in Lake Frie. Tris true that similar to Presque lsle
Bay, mcidences of unexplained exterpal tumeors are occurring in populations of brown bullheads in

both AOC and non-AOC locations as well as inland Pennsylvania lakes.

7.3 Causes of Fish Tumors

PADEP turned its focus to investigating the cause of the external tumors and evaluating the
appropriateness of using the tumors as an indicator of environmental degradation. PADEP’s
approach mcluded investigating pathogens as potental natural causes of the tumors; evaluating the
role that the genetics of the bay’s bullheads may play; conducting its own experimental investgation

mnto the relationship between exposuse 1o bay sediment and the development of tumors; and
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conducting an extensive review of the scientific hterature. A study designed 1o detecr viruses 1n
external bullhead tumors was inconclustve. A swidy evaluating whether the bay’s bullheads were
hybonds  and, therefore, potentially predisposed to tumors {ound little evidence of anypical
hybrdizaton.  An eighteen month laboratory exposare study did not find biomarkers signifving

early stage cancer on any {ish exposed to Presque Isle Bay sedunent.

As was the case 1n its own Investgations, a review of the scientific literature revealed inconsistent
relationships between exposure to environmental contaminants and the development of rumors in
bullhead. “Lhe preponderance of the published literarure focuses on the role of PAHs as the cause
of tumors 1n brown bullhead. While there 1s a sound sciennific basts for the role of PAlls as fish
carcinogens in general, the cavsal role of PATTs in bullhead mumors remains unclear. Swdies such as
the work of Baumann in the Black River and other locanons in the Greatr Lakes bave shown an
apparent relationship berween sedimene PAHs and bullhead wumors, particulatly liver tumors, while
others such as the work of Pinkney jn the Chesapeake Bav triburaries and Spitsbergen in New York
ponds and reservoirs have shown nconststent assoctanons between PALs and tumor rates or no
correlations at all. PADED's own work 1 sampling potenrial non-AQC reference sires showed
inconsistencies between external and liver twmor rates within the same locauons. If the hypothesis
is that exposure to contaminated sediment causes external and liver tumaors, then bultheads collected
from locations without known sources of contamnatuon should bave few, if any external or liver
rumors and locations with contaminated sediment should have elevated levels of both external and
liver tumors. That was not the case. Bullhead from the stte with the highest external jumor rate,
Dunkirk Harbor, had a zero percent liver tumor rate. Conversely, the site with the highese liver

tumeor incidence rate, Sandusky Bay, had onc of ithe lowest external tumor rares.

The sclentific literature supports a stronger causal relationship between PATT exposure and liver
mumors than external tumors. 1t seems apparent, based on the recent work reported by Pinkney
(2011} and Baumann {2010}, that if PAlls play a causal role in bullhead tumors they are a subset of a
more complicated and mulufactoral enology. While the exposure route for liver tumors 1s
primarily thought to be via ingeston of contaminated sediments and aquatic organisms, exrernal
rwmots have been attributed to factors including various dircer and mdirecr-acting carcinogens in the

water column and sediment, solar radiation, abrasions, viruses, or some combination of all of these.

47



The mconsistencies 1n incidence rates coupled with the lack of a direcr link with exposure to PAHs
ot the abdity to isolate the factors resulting in the formation of external tumors makes the external

tumoy rate an unreliable measure of environmental degradation.

Despite the expenditure of considerable resources, there are still tumors on bullheads. “'he rest of
the bay’s fishery, however, is diverse, abundant, and healthy, appeating unimpacted by whatever is
affecting the bullbeads. Additionally, the 2005 sediment survey included direct toxicity tests to two
benthic organisms and found only limited toxicity. Of 34 samples tested, one was toxic to midges
using the survival endpoint and three using the growth endpoint. Based on the results of the
sediment toxicity tests, it 1s apparent that contaminants in the bay’s sediment are not particularly
bioavailable and ate nor adversely impacting the benthic community.  The fact that the bullheads
have tumors does not appear to indicare any negative consequences for other fish species or benthic
otganisms, in fact yellow bullheads residing in Presque Isle Bay appear quite healthy. Thirty years
after the discovery of external tumors on the bay’s brown bullhead catfish, the environment has
become cleaner, supporting a diverse fishery with both threatened and endangered species thriving,
and yet the brown bullheads sull have tumors. Based on the data collected in Presque Isle Bay and
elsewhere, the tumors on brown bullhead do not appear to be a good mdicator of an unhealthy

£Cosystem.

While there is stronger evidence correlating liver tumors with PAHs in sediment, the question of
what is causing the tumors on this one species of fish may never be answered. (ther AOCs are also
struggling with this issue.  In the December 2011 Stage 2 RAP for the Sheboygan River AQC,
Wisconsin focused its delisting target for rhis BUT on neoplastic liver tumors as facrots othet than
contamination such as viral mnfection and parasites have been shown to elicit external and

preneoplastic tumor responses,

Companson of Presque Isle Bay 1o long Point Inner Bay showed that the liver tumor rates were
statistically equivalent. o fact, when statistically adjusted for age, it appears that the incidence of
liver tumors in Presque Isle Bay bullhead may be a reflection of the broader Lake Frie background
rate.  ‘The same was not true for the extemnal tumors where Presque Isle Bay was staustically

signiticantly higher than Long Point. Based on limited sample sizes, it 15 unclear at present whether
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or not the age-adjusted external tumor mcidence rate in Presque Isle Bay is significantly higher than

the background rate elsewhere 1n lake Hrie.

7.4 Rationale for Delisting the Fish Tumor BUI

PADLEDP’s recommendation to delist the fish tumors ot other deformities BUI is grounded on the
best science and technology available today.  The decision is based on numerous investigatons,
samphng cvents, and consultation with the leading experts in brown bullhead investigations. While
there 15 year-to-year variation, since the Recovery Stage designation in 2002 the incidence of liver
and external tumors the bay’s brown bullhead population has rematned stable with litte statistical
difference in rates between sampling years. Incidence rates of both liver and external tumors remain
well below the high levels seen in the early 1990s. Tiver tumor rates, the end-point for which
exposure to environmental contaminants 1s more clearly linked to sediment PAH contaminaton, are
stadstcally indistinguishable from the Long Point Inner Bay reference site.  The incidence of

external tumors, however, remains elevated when compared to the reference site.

Because there are known legacy contaminants in the sediment regardless of their relationship to the
bullhead tumors, PADEDP commussioned ecological and human health risk assessments.  Using
appropriately conservative assumptions and existing data, both risk assessments concluded that
cancer and noncancer nsks posed by legacy contaminants in the Bay’s sediment and fish are below

targets for human health and ecosystem protection.

It may not be possible ever to fully restore this BUT due to the external tumors. Reviewing both the
IJC and USPC guidehnes and principles, it seems clear that external tumors and, to some extent liver
tumors, ate a lakewide phenomenon. Whatever is happening in Presque isle Bay 18 occurring
elsewhere in both AQC and non-AOC locations. The best course of action for the Presque Tsle Bay
AOC is to delist with continued moniroring of the sediment and fish; wotk with the Lake Frie
LaMP to mclude othet AOCs in determining the cause(s) of the fish tumors and identification of
possible remedial measures at a lakewide scale; focus on restoration projects in the bay’s watershed
to continue reducing sediment loading to the bay; and use exisung regulatory and statutory authority
to require permits, cleanup, monitoring, and restoration. P ADED, therefore, recommends delisting

of the fish tumor or other deformities BUT for the Presque Isle Bay AOC.
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7.5 Rationale for Delisting the Presque Isle Bay AOC

One goal of the AOC program s to address the source or sources of the beneficial use impatrment.
In the absence of an identified source to temediate, PADEP and 1ts parmers have taken acton. to
address contaminant loading to the bay through permitting, infrastructure improvements, and

restoration projects.

There are no wastewater treatment discharges to the bay as a result of more than $100 million in
upgrades to the City of Erle’s wastewater treatment system 1n the 1980s and 1990s. The upgrades
included the reduction of the number of combined sewer overflows from mote than seventy to five,
l'our of the CSOs discharge into the Mill Creck Tube which empties into the bay. All have screens
and flow monitors. Additionally, the City.of Hric maintains a litter trap at the end of Mill Creek that
catches o1l and debris from the CSOs and the strecam. The City of FHrie reports a CSO) capture rate
m excess of 99.9%. Additonally, there ate no known unpermitted mndustrial waste discharges to the

bay.

In 2002, when Presque Isle Bay was designated i the Recovery Stage a deasion was made not to
dredge the bay. Hxtensive sediment sampling failed to identify contaminant “hot spots™ in the bay
where limited dredging could occur to remove contaminated sediment and at 3,655 acres, remedial
dredging of the cntire bay is cost-prohibitive and unnecessary. Instead, the remedial measure
selected in 2002 was natural attenuation, allowing cleaner sediment to form a cap over contaminated
seditnent. With a sedimentation rate averaging 1 cm per vear, this 15 a slow process but both the

2005 and 2009 sediment surveys confrrmed it 1s happening,

In considering future remedial measures, there is stll work to be done to mitigate the impacts of
contaminant loading from stormwater runoff. This work is being done through the Integrated
Water Resources Management Plan for Lake Erie and restoration projects funded under the Great
Lakes Restoration Initative (like the work done on Cascade Creek), Coasral Zone grants, and

Growing Greencr.
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In recommending the delisting of the AOC, PADETD dererimuned that removal of sediment by
dredging the bay 1s unnecessary, remedial measures with the greatest direct benefit to the bay are
done, other watershed measures that positively tmpact the bay are ongoing, atr and water discharges
are permitted and monitored, no other species of fish or benrhic organism appear 10 be impacted,
and both the human health and ccosystern health assessment concluded that the existing condirions

i the bay do not increase either cancer or noncanier risks to people or the environment.

PADIP believes thar the RAP process has accomplished 1rs poal to the masimum extent practicable
and the ultimate identification of the causcs of the external mimors needs to be addressed outside the
scope of the AOC program. Based on the decreased and stable tumor rates, review of the available
scientific evidence, and in dose consuliation wirh local and nauonal experts and its own PAC,
PADILDP recommends delisting the Presque Isle Bay AOC. This Stage 3 RAD provides the data to 1)
show that 14 measures of water quality listed in the Agreement are not impaired in the AOC; 2)
support PADEDP’s assertion thar the fish tumor or other deformites benefieial use s no longer
mpatred; and 3} show that the Agreement’s delisung criteria hage been achieved for the Presque Jsle
Bay AOC.  The removal of the final BUT indicates that environmental conditions in Presque Tsle

Bay are comparable 10 non-AOC locations in the Great Lakes. PADLED, with the concurrence of

the Presque Isle Bay Public Advisory Commirtee, recommends delisting the AOC,
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8. ROLE OF THE PAC

Beginning in 1983 with the formaton of the Frie County Invironmental Coalition, Erie’s cidzens
have focused their efforts and attenton on restoring Presque Isle Bay. It was members of the
Coalition along with the line Harbor Improvement Counci that petitoned for the inclusion of the
bay on the list of AOCs, In 1991, the bay became the 43 AOC and members of the Coalition and
Council became the Presque Isle Bay Public Advisory Committee (PAC). Over the next twenty
years, the PAC met quarterly providing advice to PADIP on prioritics, studies, delisting tatgets, and
other matters impacting the AOC.  With the deciston to delist the AOC, the role of the PAC

becomes even mote critical to ensure beneficial uses remain restored.

After twenty years of focusing on contaminants in the sediment and tumors on brown bullhead, the
time has come for the PAC to broaden its involvement bevond the bay. The PAC will continue to
meet regularly and provide insight and advice ro PADIP on the post-delisting monitoring of the
bay. It will also focus attention on the monttoring and restoration work needed in the watershed by

asststing PAIMP in sctting priorties and communicating problems and progress to the public.

I'uture research, studics, and moenitoring conducted in the bay will be reported through the
Lakewide Management Plan for Lake Erte. It is PADEP’s intention to seck the PAC’s input and
advice on Lake [irie 1ssues such as strategies to reduce nutrient and other contaminant loading to the
Lake, addressing mvasive species, monitoring  lakewide fish  consumption  advisories, and

mvestigating the presence and impact of emerging contaminants.
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9. POST-DELISTING RESPONSIBILITIES AND MONITORING

Annex 2 of the Great Lakes Water Quality Agreement requires formal momnitoring of the recovery of
impaired beneficial uses in AOCs only to the point at which the BUlIs are no longer considered to be
impaited. Fven though this pomt has been attamed, PADEP and the Presque Isle Bay PAC
recognize that it is important to document the sustamed recovery of the AOC, to continue to work
to improve water quality i the Presque [sle Bay watershed, and to proactvely address new

environmental threats as these 1ssuces are identified.

'The objective of post-delisting monitoring 1s to ensure that bullhead mumor rates remain stable over
time and sediment quality objectives related to the delisting and ccosystem health targets continue to
be met. Monitoring will continue in the bay’s watershed to document sediment and contaminant
loading and the health of fish and macroinvertebrate populations.  Activities related to the BUI
monitoring will be reported through the Lake Erie Lakewide Management Plan {1.aMP). The Lake
Frie LaMP is issued every three years with yearly updates in the form of fact sheet. A citzens’
forum assists in the selection of priority and focus areas as well as outreach and education on the
LaMDP.  The 1rienmal LaMDP report includes the status and milestones for all of the Lake Erie
AQCs. PADEP will continue to report through the LaMD on the environmental status of the bay as
well as cfforts to restore, protect, and monitor the watershed.  Should data trends indicate the
delisting and ccosystem health targets are not being met, PADLP will use irs existung statutory and
regulatory authorities {e.g., Clean Air Act, Clean Water Act, Dam Safery and Encroachments Act,

and Clean Streams Law) to cnsure sources of pollution are addressed.

In addition, PADEP will continue to monitor water quality and fish tissue contaminant trends in
Presque Isle Bay and in Pennsylvania’s open waters of Lake Erie through its Water Quality Network
samphng program. Both Presque Isle Bay and Lake Ere are currently on the 303(d) hist of impaired
waters, The bay’s listing 1s a result of fish consumption advisories which are not related to cither the
restrictions on dredging activites or fish rumors or other deformitnes BUIs.  Monitoring and

advisorics will contnue under the PADEP and PFBC’s fish consumption advisory program.

PADEP mtends to turn the focus to non-AOC issues, cmerging contaminants, and supporting

further research mto the non-contaminant related factors playmg a role i fish tumors. ‘The post-
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delisting monitoring plan spans a ten yvear pertod and is considered a “living document” that will be
periodically reviewed by the PADLEDR and PAC Monitoring activiries may be expanded, revised, or
deleted over time. Specific acnviries and nmeframes may be moditied following consultation with
the PAC due to resource constraings, advances m analynical methods, or new scientific research

findings from other studies,

9.1 Beneficial Use Impairments

9.1.1 Restrictions on Dredging Activities

Question to answer: s the primary delisting target for the restrictions on dredging beneficial use

being met?

Target: In at least 90% of samples, the concentratuons of chemicals of potenual concern in the
confined disposal facility mixing zone are below Peansvlvania’s Water Quality Standards at the 15-
minute compliance point for acute criterta and the 12-hour compliance point for chronic criterra.

To evaluate the delisung targer, PADED will use clutrtate data {rom sedmment samples collected by
partics permitted under Vs Chapter 105 program to perform dredging within the AOC. The
frequency of monitoring will depend on when permitted dredging acnivities occur. Monitoring data

and the status of dredging activines will be reviewed annually.

Question (o answer: ls ccosvstemn health showing any change?

AL Benthos
Target: In at least 90% of sediment samples, the concentrations ot chemicals of potential concern

are below levels that are associated with acute or chronic toxialy i sediment dwelling organtsms.

Whole sediment chemmistry and whole sediment roxicity tests will be used 1o evaluate ccosystem
health. Sampling locations will include sites within the AOC, the study area, and areas adjacent to
the AOCL Specifically, samples will be collected from up to eight locations within the AOC. The
locatons include the areas adjacent to the mouths of Scott Run (SR-25), Mill Creck {MC-23/MC-
27), and Cascade Creek (CC-26); one location in the center of the Bay (PIB 07}, and one m Misery
Bay (1B 46} an additional sample will be collected from the ponds within Presque Isle State Park
{i.c., study area); a sample will also be collected from the Outer Harbor and one from Thompson

Bay; and a reference sample {TBLY).  Samples will be analyzed for PCBs, 34 PAHs, metals,
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AVS/SEM, total organic carbon, and grain size. Toxicity testing using the freshwater amphipod
Hyallela asreca or the madge Chirnomns dilutas will also be done, Monitoring will oceur every three

years beginning in 2008 until 2014 and then the schedule for additional monitoring re-evaluated.

B. lish and Wildlifc Health
Target: In atleast 90% of samples, the concentration of six or mote chemicals of potential concern
do not exceed Liffects Range Median.

Whole sediment chemistry will be used to evaluate this ecosystem health target.

Target: The concentration of mercury and PCDs i tissues of fish from Presque [sle Bay should

not be significantly higher than levels in fish tissue from Lake Frie.

PADED’s fish consumpdon advisory sampling program will be used to evaluate this target.

9.1.2 Fish Tumors or Other Deformitics

Question to _answer: [s the primary delisting target for the fish tumors or other deformities

beneficial use being met?

Target: The bay’s fish tumor or other deformities beneficial use is no longer considered impaired
when the incidence rate of liver and external tumors is statisacally equivalent or lowet than the

mncidence rates at Long Point Inner Bay as confirmed by histopathology.

To cvaluate the target, PADLP’s Post-delisting bullhead monitoring will be consistent with the
methods recommended by PADLP (2002) and Rafferty and Grazio (2007). Histopathology of liver
and external tumors will be consistent with the methods described by Blazer et al, 2009(a) and (b).
Beginning in 2013, monitoring for grossly observable lesions will be conducted 1 2013, 2016, 2019,
and 2022, Necropsies and histopathological analyses will be conducted m 2013, 2019, and 2022,
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Long Point Inner Bay, the reference site for Presque Isle Bay, will be sampled using the methods
described above the same years as Presque Isle Bay.

o Target population- Presque Isle Bay resident brown bullhead catfish (Ameinrus nebulosus) with a
minimum total length of 250 mm. A minimum total length of 250 mm 1s used to increase
the likelihood that sexually mature specimens will be collected for analysis.

«  Minimum sample sizes- The minimum sample size shall consist of 200 specimens (or the total
sample if n<200) for gross observation of external lesions and other deformities. The
minimum sub-sample size for histopathological tumor analysis shall be 30 randomly sub-
sampled individuals (or the rotal sample if n<30).

«  Neropsy and bistopathalogy- A minimum of 30 bullhead will be randomly sub-sampled and
subjected to general nectopsy. Internal organs will be observed for the presence of gross
pathology. Abnormal conditions will be photographed and recorded on the field data sheet.
Histopathological tumor analysis will be performed on all liver/gall bladder samples and
raised external lesions. Specimens will be humanely euthanized prior to necropsy.

«  Specimen ~1ge- Both otoliths will be removed from each necropsied specimen for aging. In
the event that neither otolith can be recovered, pectoral spines will be used for age

estimation,

9.2 Presque Isle Bay Watershed Monitoring

Monitoring of both legacy and emerging contaminants in the Presque Isle Bay watershed is essential
to ensute that the bay ecosystem continues to be protected. Sampling will be consistent with the
QAPP entitled: GLRI State Capacity Grant — Presque Isle Bay Watershed Restoration, Protection,
and Monitoring Plan (PADEP, 2011). Sixteen locations identified in the Presque Isle Bay

Watershed Restoration, Protection, and Monitoring Plan (litp:/ /pib psu.edu) will be sampled every

five years beginning in 2015. Analysis includes the following:
« Sediment samples will be analyzed for legacy contaminants including metals, oil and grease,

PAHs, PCBs, pesticides, nitrogen, phosphorus, AVS, and SEM. Particle size distribution

will also be determined.
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Water samples will be analyzed for temperature, dissolved oxygen, conductivity, 5-day
biological oxygen demand, total organic carbon, total nitrogen, total phosphorus, and
dissolved phosphorus.

Fish habitat and population health as well as macroinvertebrate community distribution will

also be evaluated at cach sampling location.
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Appendix A

Investigation into the Hybridization of Arnefurus Catfish in Presque Isle Bay,
Erie, PA

64



Appendix B

Investigating the Possible Association of Virus with External Papillomas in
Brown Bullhead
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Appendix C

Whole-sediment exposure of brown bullhead (Ameiurus nebulsos) to
industrially contaminated sediment
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Appendix D

Présque Isle Bay Area of Concern Screening-Level Ecological Risk Assessment
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Appendix E

An Evaluation of Human Health Risks from Contaminants in Presque Isle Bay
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TABLES



Table 1. Proposed Delisting and Hcosystern Health Targets for the Restrictions
on
Dredging Beneficial Use [mpairment
At the Presque Isle Bay Area of Concemn

Lcosystem Goal for Presque Isle Bay Sediment: Maimntam and/ ot restote sediment qualiny conditions such thar uman healrh s protecied and the
human uses of the aquatic ecosystem (e, fish and wildlife consumpuo:; navigation znd shipping, etc.) are protecied and, where necessary, restored.

Ecosystem Objective for Presque Isle Bay Sediment: Maintain and protect. the benthic invertebrate, fish, and wildlife comumunites of Presque Isle
By,

Benefictal Use izpaizment Managermnent Objective, Indicators, Metics, and Largets

Restrictions On Dredging

Scdirnent. Muanagement Objecuve Proteet human uses of the aquatic ceosystem {e.g., nuvigation, shipping, and
recreation) and minimize the 1mpact of dredgec material discharge on water quality.

Sediment Quality Indicator Whole sedumnent chemistry
Elurmate rest cata

Metrics Concentrations of COPCs in the confined disposal factliny muxing zone us
derezmined by application of the USACHE’s ClFate model using clutriate data or
other mode] using whole-sediment chemistry data {rom Presqae tsle Bay sediment
sutnples.

Navative Dclis'.‘ing Target Tre concentrations of COPCs m the CDL mixing zone are below Pennsylvania
Water Quality Standards at the 15-minute compliance point for acute crizeria and the
12 hour compliance point for chronic arireria.

Numeric Deltsting Larger Pennsylvania Chapter 16 and Chapter 93 Waler Qualtty Standards.

Agsumptions No more than 10% of samples will exceed the targer




Ecosystem ealth Target

Management Objeciive, Indicators, Merries, and Targets

Ecusystem Health for Benthos

Seditnent Management Objective:

Seditment (ualiy Indicator:

Metrics:

Narrative eosystem Health Target:

Numeric Ecosystem Iealth Target:

Maintain and/or testore sediment guality conditions such that benthic commmeanities,
including epibenthic and mfaunal species, are protected and, where necessary,
testored.

Whole sediment chemistry
Whole sediment toxicity

Concentrations of COPes in whole-sediment samples
Whole sediment toxicity tests

1. 28-d Hyallela azfeca survival and growth

2. 10-d Chironomus dilutns survival and growth

The concentrations of COPCs {metals, PALLs and PCBs) arc below the levels that
are assoclated with acute or chronic toxicity in sediment. dwelling organisms; The
survival and growth of freshwater amphipods, H.azfeca and midpes, €. dilutus,
exposed to sediment samples from Presque Isle Bay should be greater than or equal
to the nonmnal range of survival rates obsetved for appropriately selected control or
reference sediment samples.

At least 90% of the sediment sarmples from Presque Isle Bay have the conditions
necessaty to support healthy benthic invertebrate communities, as indicated by
mean PEC-Q 1<1.0; SEM-AVS<0.0; SEM-AVS/£,. <3,000; ESB-TUs <1.0; toxicity
to the freshwater amphipod Flyalela agteca or ihe midge Chimnomus diutus for the
survival or growth endpoints:

- Control-adjusted survival of amphipods > 75%

- Control-adjusted growth of amphipods >90%

- Control-adjusted survival of midges > 75%

- Control-adjusted growth of tmidges =70%




cosystemn Health for Fish and Wildlife

Sediment Management Objective

Sediment Quality Indicator

aetrics

Nunwric Ecosvstemn Health Targer

Assumptions

Maintzin and/or restore sediment guality condirions such that fish and wildlife
comtnunities, incluling aquatic dependent amphibians, reptiles, birds, and mammals,
are protected and, where necessary, restored.

Whole-sediment chemustry
Fish health
Fish tissuc chemistry

Concentrations of COPCs in whole-sediment samples
Concentrations of hoaccumulative COPCs i fish tissue

The concentrations of five or more COPCs m 2 sample do not exceed i ftects Range
Median as caleulated by Long, et al {1996); or

"The concentrations of bivaccamulative CODPCs in gssues of fish from Presque Tsle
Bay should not be significant’y higher than the levels in fish nssue {from Lake Erie; if
COPC concentrations are clevated in P18 fish, then die levels should be lower than
e toxicity thresholds for fish and aquatic-dependent wildlife..

No moze than 10% of samples will exceed the target.




Liver 'lumor Incidence

External 'T'umor Incidence

5% Confidence Median 95% Confidence hMedian
Site Interval laterval
B .f
l.one Po1 Bay
ong Pomnt laner Bay | b0/ 1490 1.2% 0.0%, 32.0% 6.4%%
, ) (0.0%, )
Dunkirk Harbor _ ) .
" Ao (0.0%, 56.0%) 0.0% (0.0%, 73.3%) 22.5%
|~‘_ ‘ .l I
Old Woman Creel
oman treek (0.0%, 61.6%) 3.0% (0.0%, 83.0%) 20.9%
Sandusky Bay _ | |
Ancusy bal (11.4%, 47.8%) 28.7% (0.9%, 22.0%) 9.3%

Table 2. Liver and External Tumor Rates for Potential Lake Fric Reference Sites (2004-2007).

Monitoring Year | Liver Tumot 95% Bayesian | External Tumor | 95% Bayesian_
Rate Credibility Rate Credibility
Intetval Interval

2002 1.1% (0.0%, 22.2%) 18.6% (0.0%, 87.6%)
2003 I 24% (0.0%, 8.6%) 16.7% (4.4%, 33.2%)
2004 21% | (0.0%, 21.0%) 18.9% (0.0%, 6(,.67’/0)‘t
2005 2.3% (0.0%, 32.4%) 11.9% (0.0%, 49.3%)
2007 3.9% (0.0%, 27.0%) 17.3% (0.4%, 54.3%)

Table 3. Liver and External Tumor Rates for Presque Isle Bay during the Recovery Stage

Monitoring. Tumors are histologically verified for an age 7 bullhead,




Site Liver Tumor Incidence External Tumor Incidence
Median 95% Bayesian Median 95% Bayesian
| Credibility Credibilty
Interval [nterval
Presque Isle Bay 2.8% (0.0%, 18.3%) 15.4% L (0.8%, 45.8%)
Long Pomt Inner Bay 1.2% {0.0%, 14.9%0) 6.4% (0.0%, 32.0%)
i

Table 4. Median Tumor Rates for Presque Isle Bay and Selecred Iake Irie Reference Site, Long

Pomt Inner Bay. Tumors are histologically verified for an age 7 bullhead.

Site Liver Tumor Incidence External Tumot Incidence
Canadohta Lake 0.8% 3.2%
Haton Reservior 1.5% (0.5%
Sugar Lake 1.5% 330,

Table 5. Inland Lake Tumor Estimates for the Petiod 2002-2004. Incidence rates were determined

using logistic regression based on a 7 year old bullhead.




Table 6. Fvaluation of the ish Tumor BUT inrerms of the USPC (2001) Guidelines.

[ US Policy Committee
Delisting Guideline
(2001)

evaluated wrt hullhead

1. A L{Lh“hng e hﬂs_

l_)CCf] et [}]rl)U%‘,]‘L 1‘(_‘.[71(_‘.(“;‘]]
actions which confirms that
the beneiicial use bhas been

restored.

Delistng rargets
developed based oo
LIIMoT rales at least
tmpacted veference sire
ilong p()im' Tnner ]’Jaj{).
Incidence rates ag P13
AOC compared o

reference site.

tumors? {Methods) J

Current Status

I dver Thmarr Yes

i
i

Foscternad Tamars No

Léwer Tamegrs Not significantly dilferent than

a

relercnce sites CApprox. 2.80% v, 1.20°9

Dixternad Tamesr- Sipnificandy higher than
V. G40

reference sites vpprox. 15.4

2. Trcan be demonstrated
that the benefcial use
Imprairment 18 due to natural

rather than human causes.

Tnvestgated the role of
pathopens {viruses) in the
mnduction and promation

of tumors.

3. [t can be demonstrated
that the Impatrnent 1s 1ot
limited to the local
peograplic extent, but
rather s typical of lakewtde,
regon-wide, of arca-wide
condiens {under this
situation, the heeciwaal use
I]'lk{}-’ T h'rl\"{'. }_)L'.L‘.]']
orginally needed 10 be

recagnized as fmpatred).

4. The iuﬂpairu‘lcnl 1%
caused by sources ourside
the A The i1'r11_1'.1ir1‘ﬂ(‘.[11’
15 not restored Lot the
impatrment classification
can be removed or changed
10 “impalred-not due to
lncal sources™.

Responsibilits for

essing “out of AOCT
sources iy piven to another

party [Le., Lad s

(Lt:ami_aarcd the incidence
of liver and skin tumars
i P A o

lakewide/ Dackground

rates.,

- Temmori-Yos

o Bacternal Tanore-

unclear

Insuticient evidence of viral involvemen.

e

“regional problem” or simply as the

“amoerr- Can be conceptualized as a

[z

backgrovad rate for this species in the Great

Lakes Region

Nkin Tumers Tncidence rare elevated in PTH
compared to Lake Frie relerence site but
commpatable to wl but one of the potential
roference sites evaluated, Based on the
linited sample sizes from the poteotial
reference sites, 11 15 difficalt 1o determinge
swhether or not PIB external tumor rates are
higher, lower, or the same as background
rates clsewhere tn Lake Brie.

Investigare porential for
. bullhead 1o migrate out af
PIB and be exposed o

NSl l:'.()ﬂ[ﬁll'l‘iﬂ';{f][s.
1eternune sources and
loads for contaminants of

COnCern.

1\-1ig_{_rz{1ioﬁ.;;mdic.s show thar bulhead arc
resident to PTH. While the cause(s) of
Lullhead turnors in P have never been
defimtively identified, sunilar to PIB
incidences of unexplaioed externul tumors
are occurang i popidations of hrown
hullheads 10 both AOC and non- AOC

locations.
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Map of the Presque Isle Bay Area of Concern (AOC) Boundary

Presque Isle Bay
Area of Concern
Boundary
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Mercury Trends in Presque Isle Bay Largemouth Bass
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Figure 2. Mercury Trends in Presque Isle Bay Largemouth Bass.



. Yellow Perch
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Figure 3. Mercury and PCB concentrations in Presque Isle Bay Yellow Perch.
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Figure 4. Detectable Levels of Zinc in Water Qualtiy Network Samples Collected between 2002 and

2011.



Composition fo Fishes Caught in PFBC trapnets in
PIB in 2012

w Other Fishes (Bowfin, White Sucker, Narthern Hog Sucker, Golden Redhorse, Yellow Bullhead, Brown
Bullhead, Common Carp, Rock bass, Walleye, & Freshwater Drum)
m Forage Fish

® Rainbow Trout - Steelhead
m Northern Pike

m Muskellunge

w Largemouth Bass

= Smallmouth Bass 1506, 26% o - 16, 0%
m Spotted Gar (Endangered) A

 Longnose Gar (Threatened)
= Warmouth (Endangered)

© Invasive, Non-native (Rudd, White Perch and Round

w Panfish

Figure 5. Diversity and Abundance of Fish Populations in Presque Isle Bay.



Non-Native Nuis ance Fish caughtin
PFBC Trapnetsin PIB in 2012

Non-native nussiance fishes made up 1.1% of the total
catch.

10%

35%
w Rudd

m Round Goby

« White Parch

Figure 6. Non-Native Fish Found in Presque Isle Bay 2012 Sutvey.



Trophic State Index Trends in Presque Isle Bay
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Figure 7. Trophic State Scores for Presque Isle Bay.

Presque Isle Bay Water Transparency Trends
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Figure 8. Water Clarity over Time in Presque Isle Bay.



Presque Isle Bay, Blue-Green Trends
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Figure 9. Counts of Blue Green Algac (Anabaena and Microcystis) in Presque Isle Bay from 1991 —
2011.
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Figure 10. E.coli Counts in Presque Isle Bay Samples (2007-2010).



Total Plankton Productivity in 2009

(organisms/mL)
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Figure 11. Relative plankton productivity at Lake FErie Water Quality Network Stations

Relative Microcystis abundance at Lake
Erie WQNs between 2006 and 2009
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Figure 12. Relative abundance of the bluegteen Microcystis at Lake Erie Water Quality Network
Stations, 2006-2009
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Presque Isle Bay Liver Tumor Trends
Age 7 Brown Bullhead
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Figure 14. Recovery Period Liver Tumor Trends in Presque Isle Bay Brown Bullhead. Error Bars
are + Bayesian 95% Credible Intervals.



Presque Isle Bay Skin Tumor Trends
Age 7 Brown Bullhead
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Figure 15. Recovery Period External Tumor Trends in Presque Isle Bay Brown Bullhead. Error
Bars are + Bayesian 95% Ctedible Intervals.



Gross Visual Observations of Skin and
Mouth
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Figure 16. Incidence of Grossly Observed External Tumors on Presque Isle Bay Brown Bullhead
(not confirmed with histopathology)



Figure 17. PADED Delisting Process Decaision ‘Lree
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Figure 18. Conceptual site model for the Presque Isle Bay Ecological Risk Assessment.



Hazard Identification
Summarize site-specific sampling
data
Screen chemicals using
appropriate screening vaiues

Identify COPCs to be carried
through the risk assessment

b4

Y

Toxicity Assessment
« |dentify the appropriate cancer

« |dentify COPCs without toxicity
parameters

*  ldentify alternative methods of
assessing toxicity (i.e., lead}

Exposure Assessment

= Identify exposure groups
and noncancer toxicity parameters - identify exposure pathways
= Calculate exposure point
concentrations
= Estimate CTE and RME
intakes/dose
Use the IEUBK and adult tead
model to estimate lead exposures

Risk Characterization

Calculate cancer risks far
carcinogenic COPCs and sum by
exposure route

Calculate noncancer HQs for
COPCs with noncancer effects
and sum by exposure route

Sum cancer risks across COPCs
Sum roncancer risks across
COPCs

Compare summed cancer and
noncancer risks to target risk
levels

Figure 19, Overview of the four stage 11sk assessment process for the Presque Tsle Bay Human

Health Risk Assessment.




