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ABOUT THIS PUBLICATION:
T he Great Lakes Research Review was

created to provide an outlet for techni-

cally sophisticated information con-
cerning important research being undertaken
in the Great Lakes, particularly but not exclu-
sively by researchers affiliated with the New
York Great Lakes Research Consortium and its
member institutions. It is designed to fill a gap
between newsletter-type general information
articles and articles that are suited for peer-re-
viewed technical journals. We hope to provide
asubstantive overview of Great Lakes research.

The Review is a joint publication of the Great
Lakes Research Consortium, the Great Lakes
Program of the University at Buffalo and the
New York Sea Grant Institute. Editing respon-
sibilities alternate between the Consortium and
the Great Lakes Program. Each issue has a spe-
cial theme. Past issues focused on the fate and
transport of toxic substances and the effects of
toxics, Great Lakes fisheries issues, and exotic
species and their impact on the Great Lakes. If
you would like copies of previous issues you
may contact the Great Lakes Research Consor-
tium or the Great Lakes Program.

THE UPCOMING ISSUE:

The present issue is the second of two volumes
describing some of the work related to the Lake
Ontario and St. Lawrence River ecosystem.
These issues have been prepared in conjunc-
tion with our St. Lawrence River-Lake Ontario
(SLRLO) Research Initiative which is organiz-
ing research teams to improve understanding
of these linked systems and their relationships
and to support the Lake Ontario Lakewide
Management Plan and the restoration and pro-
tection of the St. Lawrence River. For more in-
formation about SLRLO, contact Jack Manno
at jpmanno@mailbox.syr.edu or David Lean at
dlean@oreo.uottawa.ca.
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Introduction

Marna M. Gadoua

GreatLakesPrograms Coordinator
NYSDepartmentof Environmental Conservation
50WolfRoad-Rm.611

Albany,New York12233-1040

wasasked by the publishers of the Great

LakesResearch Review totakethisoppor-

tunity toformally introducemyselfasthe
GreatLakes ProgramsCoordinatorfortheNew
YorkState Departmentof Environmental Con-
servation. In this role I serve as the
Department’s primary contactfor GreatLakes
activitiesand planning initiatives. Iwould like
tousethisspacetosharewithyoumoreabout
myself, the positionand amechanism tosup-
portresearchinthe New York GreatLakesBa-
sin.

Asmanyofyouknow, Thavebeenworkingwith
variousGreatLakes programsforthepastseven
yearsin the Division of Water. Through this
workIhave gained experienceinand respect
forthechallenges presented by multi-party en-
vironmental planningand managementinitia-
tives. Spedifically, Thave served as the chair-
person for binational committees responsible
for providing informationabout Lake Ontario
andNiagaraRiverprogramsand Thaveworked
dlosely with DEC’sregional and local partners
tobetter coordinate water quality improve-
ments inNYS's Great Lakes Basin. [havealso
served asaprofessional facilitator formeetings
and workshopsdealing with GreatLakesissues
aswellasothertopics.

Aslstepintothe position of NYSDEC's Great
Lakes Programs Coordinator my duties will
indude:managing work onLakeErieand Lake
Ontario Lakewide ManagementPlansand the
NiagaraRiver Toxics Management Plan; serv-
ingonseveralbasin-wideandbinational Great
Lakescommitteesand commissionsandacting
as the Department’s liaison to the New York
State Great Lakes Basin Advisory Counciland
the New York State Great Lakes Legislative
Coalition. My predecessor, Mr. Gerald Mikol,
held theGreatLakesCoordinatorpositionfrom
1994 until hisappointmenttoRegional Direc-
torof the Regional Officein Buffalo, New York
in1996. Forthoseof youwhoknowandhave
worked withMr.Mikol, you canappreciatethe
highstandards of professionalism and wealth
ofknowledgehebroughttothis position; stan-
dardsIplantouphold asIservein this posi-
tion.

Iamanalumnaof the State University of New
York College atOswego with a degreein Pub-
licPolicy / CommunicationStudies. Thavealso
completed severalgraduate coursesinEnviron-
mental and Great Lakes Public Policy at the
SUNY College at Buffalo.I currently residein
theSaratogaSpringsareanorthof Albany, New
York and work out of NYSDEC’s Central Of-
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fice. However, Iwillberelocating to the Buf-
falo, New York area and working at the Re-
gional Headquartersincomingmonths.

Having a Great Lakes Programs Coordinator
isimportantnews for New York...especially
inatimewhenthereseemstobegrowing con-
cernabouthow the Great LakesStatesare con-
tinuing tosupporttheirindividual GreatLakes
efforts. New York’s Great Lakes Programsare
diverseand multi-faceted involvingboth the
natural resource and environmental quality
aspectsof theagency. Iwillbemakingefforts
toimprove the cross-programand cross-re-
gionallinks so thatthe GreatLakes programs
arebetter coordinated and working towards
compatibleand sustainablegoals.

Eachofus, fromourownperspectivemust rec-
ognizethatsignificantstrideshavebeenmade
inimproving the NYS Great Lakes Basin. For
example, the agencies involved with the
Niagara River Toxics Management Plan
(NYSDEC, USEPA, Environment Canada and
OntarioMinistry of the Environment)cannow
documenta50% or greater reductioninmost

of thepriority chemicalsof concernintheam-
bientwaterof the NiagaraRiver. Also, theNYS
Department of Health just recently down-
graded thefish consumptionadvisory forGill
Creek (atributary tothe NiagaraRiver)forthe
portionof the creek from the Hyde Park dam
tothemouth. Theseimprovementshavebeen

realized and documented due tothe dedicated
workof scientistsand researchersstudying and
analyzingtheenvironment. Otherimprovements
worthnotingare: thefullrecovery ofherring gull
populationsinLakeOntario; thenumberof Bald
Eaglenesting territoriesin the Lake Ontarioba-
sinhassteadily grown from2nestsin1984to8
nestsin199%;andthereisincreasingevidencethat
Lake Troutare reproducing naturally in Lake
Ontario.

AsNYSDEC continues working with our part-
ner agencies todefineand achieve sustainable
ecosystemhealth, wemustbeabletodetermine
risk, makemanagementchoicesand implement
policiesand programs. Makingsensible choices
and putting effective policies in place, requires
theDepartmenttohaveanaccurateunderstand-
ingof whatisactually happening in theenviron-
ment. Thisin turnrequires monitoringand re-
searcheffortsby Departmentstaffand by part-
neragenciesand organizations. lam pleased to
announce that NYSDEC is now in a position
(sincethereisaGreatLakesProgramsCoordina-
tor)torevitalize the New York State GreatLakes
Protection Fund which provides a perpetual
source of funds for regional and statewidere-
searchprojectsaimed atprotectingand conserv-
ing thehealth of New York’s Great Lakesecosys-
tem.

TheFund, sinceitsinception, hasbeenadminis-
tered forNYSDEC's Commissioner by the Great
LakesProgramsCoordinatorwithinputfromthe
New York State Great Lakes Basin Advisory
Council. The Council works with NYSDEC to
ensure theecological health, economicgrowth
and recreational enjoymentof NY’sGreat Lakes
resourcesnow andinthefuture.
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TheNYSGreatLakesProtection Fund supports
collaborative projectsbetweenacademia, gov-
ernment, non-government, industry and envi-
ronmentalinterestgroups. Projectsshouldbe
conducting researchand exchanging orapply-
inginformationaboutremediatingandsustain-
ingthehealth of the plant, animaland human
elementsoftheecosystem. Alsoconsideredare
projectsthatbuild onthose thathavereceived
seed money from the GreatLakesSmall Grant
processadministered by the Great Lakes Re-
search Consortium. A Request-For-Proposals
willbedistributed in the Fall of 1999 and Ian-
ticipate grantawardstobe announced in the
early partof2000. The priority categoriesfor

this cyclewill focus on:

*  Environmental Effectsof Contaminationin
theGreatLakes

*  Collectionand Analysisof DataontheGreat
Lakes

*  Developmentofnew orimprovedenviron-
mental dean-up technologies / policies ap-
plicabletothe Great Lakes

e Healthof GreatLakesBiota

Asldosethisintroduction, Iencourageeachof
youtotakeamomenttoreflectonand celebrate
thework thathasbeendoneand theachieve-
mentsthathavebeenmadeoverthe pastde-
cade. Letthese thoughtsbeencouraging and
energizing as we gather ourselves up for tak-
ingonthe challenges of thenew millennium. I
encourageeachof ustobeintrospectiveaswe
determine how we canbest fitinto the enor-
mous puzzleofimproving and protecting our
GreatLakes. Ittakeseach of us playing differ-
entroles... researchers, policy-makers, advo-
cates, educators, businessand citizenstomeet
these challenges and to make a difference.
Pleasefeel freetocallmewithquestionsorcon-
cemsat(518)457-6610. Thankyou-



Great Lakes Resear Review
Volume 4 , No. 2, Summer 1999

Mercury in Lake Ontario and the
St. Lawrence River!/

Marc Amyot, Janick D. Lalonde

Université du Québec, Institut national de la recherche scientifique, INRS-Eau, C.P. 7500,
Sainte-Foy, QC, G1V 4C7, e-maill Imarc_amyot@inrs-eau.uquebec.ca

Laurier Poissant

Atmospheric Environment Service, Environment Canada
100, Alexis-Nihon bld, 3™ floor, Ville Saint-Laurent, QC, H4M 2N8

David R.(]S. Lean

Department of Biology, Faculty of Science, University of Ottawa, 30 Marie Curie Street, P.O.
Box 450, Station A, Ottawa, Ontario, KIN 6N5, Canada

Mercury (Hg) is a contaminant of global
concern. Large predatory fish in thousands of
North American and European lakes, including
the Great Lakes and St. Lawrence River, display
Hg levels above governmental advisories for
safe consumption. Fortunately, a decrease in
Hg concentrations in fish has been observed
during the past 20 years (Borgmann and
Whittle, 1992; Lalonde, 1998; Fig. 1). However,
Hg remains an important issue and Health
Canada recently stated that moderate to heavy
fish consumption by residents of the Great
Lakes basin could result in body burdens
warranting concern (Health Canada, 1998).
Methyl mercury (MeHg) is particularly
dangerous, because it is easily bioaccumulated
and biomagnified along the food web. The
effects of MeHg are selective within organisms
and the developing nervous system is
particularly vulnerable. Fetuses exposed to
large amounts MeHg in utero through maternal

ingestion of MeHg contaminated food during
pregnancy display clinical manifestations of
cerebral palsy with severe loss in motor
functions and mental retardation. Autopsies of
exposed fetuses show that several regions of the
brain were underdeveloped due to lack of cell
proliferation, cell migration and alteration of
microtubules.

Since many predatory fish from the Great Lakes
and St. Lawrence River still contain high levels
of Hg, one would expect that Hg levels in the
water should be high. However, this is not the
case. Recent studies by our team and others (e.g.
Amyot et al., submitted; Mason et al., 1997;
Centre Saint-Laurent, 1996) have shown that
levels of total Hg in the water of these aquatic
systems are very low in most sampling sites not
located directly near a point source. In fact, the
Hg levels measured were similar to those found
in the open ocean.
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Figure 1. Decrease of mean Hg concentrations with
time in white sucker (full circles) and yellow perch
(open circles) in Lake St. Francis.

The paradox between low Hg levels in the wa-
ter and high levels in fish can be resolved when
we take into account the transformations that
Hg deposited via precipitation must undergo
before being accumulated in fish. Most of the

atmospheric Hg is in the reduced form, Hg(0),
and must be oxidized into Hg(II), in order to
be deposited by wet and dry precipitation (Fig.
2). Once in the water column, Hg(II) can be
transferred to the sediments where it can be me-
thylated by bacteria and transferred to higher
organisms. Alternatively, deposited Hg(II) in
the water can be reduced back to Hg(0) which
is volatile and will eventually return to the at-
mosphere. It is apparent from the above dis-
cussion that a simple relationship between to-
tal Hg in the water and Hg in fish cannot be
easily drawn. However, a number of studies,
mainly conducted on smaller systems, have
concluded that anthropogenic inputs from the
atmosphere are often the main source of Hg to
fish. Recently, Mason et al. (1997) have pre-
sented a modelled budget of Hg fluxes for Lake
Michigan. This budget clearly shows the im-
portance of air/ water fluxes for this Great Lake:
atmospheric deposition accounted for 75% of
the Hg inputs and gas exchange accounted for
449 of the outputs.

Figure 2. Mercury Cycling in Lake Ontario and the St. Lawrence River.
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Mercury in the Lake Ontario and the St Lawrence River

The measurement of air / water fluxes of Hg and
a good understanding of the factors determin-
ing the reaction rates between Hg(0) and Hg(II)
are an important prerequisite for a successful
modelling of Hg cycling. We recently dedicated
much effort in this field of research. Laurier
Poissant’s team and colleagues at Environment
Canada have focused part of their research on
the precise measurement of Hg fluxes above
water surfaces and soil. They found that mer-
cury evasion rates from the St. Lawrence River
were correlated with solar radiation. They also
proposed that redox reactions occurring in the
air over the water may influence Hg evasion
rates (Poissant and Casimir, 1998). Furthermore,
we have recently conducted two cruises on
Lake Ontario and the St. Lawrence River where
we simultaneously measured Hg(0) concentra-
tions in the surface water and at different
heights above the surface, using real-time high
resolution techniques. These Hg fluxes will rep-
resent the first direct estimates for Lake Ontario
(Poissant et al., in prep.). During these cruises,

we also performed experiments on Hg reduc-
tion and oxidation in surface waters (Amyot et
al., submitted). Temporal trends in Hg(0) lev-
els were identified with higher levels being
found during the summer, probably as a result
of increased Hg(0) production. Hg(0) can be ei-
ther produced by (photo)chemical reactions, or
by bacterial and phytoplanktonic reduction.
Hg(0) levels in the St. Lawrence were lower than
in Lake Ontario, a trend similar to the one ob-
served for total Hg. This may result from a set-
tling of particles in Lake Ontario which de-
creases total Hg concentration in the water col-
umn. We also conducted field and laboratory
experiments which showed that photoreduc-
tion of Hg(II) to Hg(0) followed first-order ki-
netics. However, this photoreduction was dif-
ficult to observe in the field since the
photoreducable Hg had been depleted. In the
very clear waters of Lake Ontario, the capacity
to photoreduce Hg exceeds the supply.

The observed rate is much less than Vmax.

Figure 3. Production of Hg(0) in water samples spiked with different concentrations of Hg(1I) and incu-

bated under light.
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When spiking St. Lawrence water samples with
different Hg(II) concentrations, we obtained,
after 1 hour of incubation, different Hg(0) con-
centrations (Fig. 3). These Hg(0) concentrations
represented about 5% of the Hg(II) initially
added. Therefore, only a small fraction of the
Hg(II) in the system was available for reduc-
tion. Future studies of our team will focus on
the identification of these photoreducible and
inert complexes. Oxidation of Hg(0) was also
observed and increased with salinity near Que-
bec City (Fig. 2). This observation is in agree-
ment with earlier laboratory and field experi-
ments (Amyot et al., 1997) and may represent a
source of Hg not previously included in our
mercury budgets.

These studies demonstrate the dynamic nature
of Hg cycling in the upper layer of the water
column of these systems. They provide impor-
tant estimates of key parameters used in re-
gional modelling of Hg in the Great Lake Ba-
sin.
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Changes in Lake Whitefish (Coregonus
clupeaformis) Stocks in Eastern Lake Ontario
Following Dreissena Mussel Invasion

James A. Hoyle, T. Schaner
Ontario Ministry of Natural Resources
LakeOntarioManagement Unit
GlenoraFisheriesStation

R.R.4, Picton, Ontario KOK2T0

John M. Casselman

Ontario Ministry of Natural Resources
Research, Scienceand Technology Branch
AquaticEcosystemsResearch Section
GlenoraFisheriesStation

R.R.4, Picton, Ontario KOK2T0

R. Dermott

GreatLakesLaboratory for Fisheriesand AquaticSciences
DepartmentofFisheriesand Oceans

867LakeshoreRoad, P.O.Box50505

Burlington, Ontario L7R4A6

INTRODUCTION
On-going fish community and fisheriessampling programsineastern Lake Ontarioand the Bay
of Quintehavebeenconducted by theOntario Ministry of Natural Resourcesbased attheGlenora
Fisheries Station for over40years. These programshave provided theinformationneeded to
relatefishcommunity responsestomajorecosystem perturbationssuchas there-introductionof
laketrout(Christieetal. 1987)and phosphorusinputcontrol (Minnsetal. 1986). Theimpacton
eastern LakeOntariolake whitefish ( Coregonus clupeaformis)following theinvasionof Dreissena
(zebraand quaggamussels)isthesubjectof the currentinvestigation.

Theeastern Lake Ontariolake whitefish population reached historically high levels of abun-
danceafteradramaticresurgence thatstarted in theearly 1980s(Casselmanetal. 1996). There

are twomajor spawning stocksin eastern Lake Ontario—"“lake” (south shore Prince Edward
County)and “bay” (Bay of Quinte). Bothstocks wererecovered by theearly 1990safterhaving
existed only asaremnant population fornearly twodecades, during the 1960sand 1970s. By
1996, the twostockssupported over50% of the total Lake Ontariocommercial fishharvestforall
species. Casselmanetal. (1996) suggested thatfactors controlling abundance were favorable,

5



and thereproductivepotential of therecovered
stocks waslarge, such that the eastern Lake
Ontario lake whitefish population would be
sustained athighlevels. Onecautionaboutthis
hypothesiswasthatimpactson thelakewhite-
fishpopulation following Dreissenamusselin-
vasionremained tobedetermined (Casselman
etal. 1996).

Dreissenainvaded eastern Lake Ontario as
earlyas1991,and measurableeffectsonwater
qualitywereproducedby 1993(e.g, waterdar-
ity, Johannssonetal. 1998). Dreissenainvaded
theBay of Quintein1993, werefullyestablished
by1994(Schaner1998) andsignificantchanges
inBay of Quinte water quality (e.g., phospho-
rus, chla, water clarity, E.S. Millard, Depart-
mentof Fisheriesand Oceans, personal com-
munication)and phytoplankton communities

Figure 1. Map of eastern Lake Ontario and the Bay of Quinte showing index gillnetting (circles), bottom
trawling (stars), and approximate locations of lake whitefish samples collected from the commercial har-
vest, during the fall spawning run (dotted lines). The trawling sites at Timber Island and Conway, and the
locations of samples collected from the commercial harvest on the south shore of Prince Edward County

(K.H. Nichols, Ontario Ministry of Environ-
mentand Energy, personal communication)
wereobserved by 199.

This study shows changes in lake whitefish
abundance, recruitment, body condition,and
dietcoincidentwithchangesintheeasternLake
Ontarioecosystem following Dreissenainva-
sion.

DATA SOURCES
Long-termindexgillnettingand bottom trawl-
ingatfixed sitesaswell ascommercial harvest
sampling conducted on eastern Lake Ontario
and the Bay of Quinte (Figure 1) allowed ex-
aminationof changesinlakewhitefish popula-
tiondynamicsandbiological characteristicsas-
sociated with Dreissenainvasion. Therelative
abundance ofjuvenile (1 and 2 yr-olds)and

and in the Bay of Quinte, are for “lake” and “bay” lake whitefish spawning stocks, respectively.

Bay of Quinte

.
o o
ﬂ L Timber Is.
A o Eastern Lake
g “* Ontario

;g;W

P A
e




180 +
160 -+
140 -+

O Lake stock
m Bay stock

Catch-per-gillnet

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
Figure 2. Female lake whitefish body condition (least squares mean eviscerated weight adjusted for

differences in length among years) for samples collected during fall spawning runs for “lake” and “bay”
spawning stocks, 1990 to 1998. Error bars are +/- 95% C.I.

RESULTS AND DISCUSSION

adultlake whitefish (mixed “lake” and “Bay”
stocks)wasmonitored annually ineasternLake
Ontario bottom set, multi-meshed gillnets.
Young-of-the-yearlakewhitefishabundance—
asanindicatorof year-classstrength—wasas-
sessed using bottom trawlsinareasknownto
be “lake” and “bay” spawning stock nursery
habitat. Adultlake whitefishbody condition
(corrected for gonad development) wasmea-
sured using samples collected from the com-
merdialharvest, during thefallspawning run,
forboth “lake” and “bay” stocks (Figure1).

Previousaccountsindicated thateastern Lake
Ontariolake whitefish consumed mainly the

amphipod, Diporeia hoyi, priortoDreissenain-

vasion (Christieetal. 1987, Ihssenetal. 1981).
In1998 astudy wasundertakentocontrastthe
traditional lake whitefish diet with their diet
following Dreissena invasion. Trendsin
Diporeiaabundancewereexaminedusingdata
collected duringlong-termbenthicfaunamoni-
toringconducted by the DepartmentofFisher-
iesand OceansatBurlington, Ontario.

Lake Whitefish Abundance

Having peakedin1993,juvenileand adultlake
whitefishabundancededined throughthemid-
1990s (Figure2). Juvenilefish from the 1991
and1992year-classescontributed very strongly
(e.g. 58% of the catchin1993), but thelarge
numbersofyoung-of-the-yearfishproducedin
19%and 1995didnotcontributestrongly tothe
juvenile/ adultpopulation(e.g,29% ofthecatch
in1996). Low numbers of young-of-the-year
fishwereproducedinthelastthreeyears, (199,
1997and 1998)forbothstodks(Figure2). There-
fore, additional declinesinadultlake whitefish
abundanceareanticipated inthenear future.

In1997, fivelake whitefish carcasseswere ob-
served inbottomtrawlsand 3dead / dying fish
werecaughtingillnets. Thiswasthefirstsuch
occurrencein4Qyearsofindexnettingactivity.
In1998, seven more carcasses wereobserved.
The cause of death could notbe determined.
Thefishrangedinsizefrom250to350mmto-
tallength and represented young, immature
fish2to3yearsofage.
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Lake Whitefish Body Condition
Lakewhitefishbody condition dedlined signifi-
cantly after 1993 inboth spawningstocks (Fig-
ure3). Estimates of amphipod ( Diporeia hoyi)
density intheareasinhabited by thetwostocks
(i.e., lower Bay of Quinte and eastern Lake
Ontario)indicated thatthisformerly important
food source of thelake whitefish alsodeclined
dramatically over thesametimeperiod (Figure
4). Diporeiadeclinedby90%in1993compared
withthe1990to1992averageinthetwoareas,
and further declined to negligible numbers
thereafter. Therefore, thededineinlakewhite-
fishconditionmay berelated tothe declinein
amphipodabundance.

Thedeclinein Diporeiaabundancemaybedue
tolake whitefish predation, and / or Dreissena
impacts (e.g., direct competition for phy-
toplankton). Therelativeimportanceof these
twopotential factorsmaybe difficulttodeter-
mine.

Figure 3. Female lake whitefish body condition
(least squares mean weight adjusted for differences
in length among years) for samples collected dur-
ing fall spawning runs for “lake” and “bay” spawn-
ing stocks, 1990 to 1998. Error bars are +/- 95%
C.L
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Lakewhitefishabundancepeakedin1993athis-
torically highlevels (seeabove), thesameyear
thatimpactsonamphipod abundancewasfirst
observed. Predationby white perch (Morone
americana), washypothesized toberesponsible
formaintaininglow Diporeiaabundanceinthe
lower Bay of Quinte during the mid-1970s
(Johnsonand McNeil 1986). Diporeia density
increased following the collapse of the white
perchpopulationin1978 (Johnsonand McNeil
1986). Sty and Christie(1992)suggested thatthe
resurgence of lake whitefish in Lake Ontario
would decrease thedensity of Diporeia.
Dermott and Munawar (1993) indicated
Diporeiaabundancein the profundal zone of
Lake Eriewaslimited by competition forspace
and food withDreissena. GiventhatDreissena
only fully colonized the Bay of Quintein 1994,
thatthey were atlowestdensitiesin thelower
bay (approximately 1000m-2, Schaner1998),
and thatthemajordecreaseinDiporeiaocourred
in1993, the decline of Diporeiamusthave oc-
curred while Dreissenadensities werestill rela-
tivelylow (e.g.,, compared todensitiesobserved
in1997,approximately 10,000to100,000m-2,
Schaner1998).

Figure 4. Amphipod (Diporeia hoyi) density
(1n0.70.05 m-2) averaged for two sites in the lower
Bay of Quinte and eastern Lake Ontario, 1987 to
1997 (no sampling in 1988 or 1989).
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Changes in Lake Whitefish Stocks in Eastern Lake Ontario

Taxa

Number of Frequency of

Fish Occurrence
Crustacea Decapoda 1 1%
Insecta Diptera 14 10%
Trichoptera 7 5%
Mollusca Gastropoda 7 5%
Pelecypoda Dreissena 128 90%
Pelecypoda Othér 34 24%
Number of food 5,814
items
Stomachs. 142 B4%
containing items
Number of fish 169

examined

Table 1. Frequency of occurrence of items in the diet of juvenile and adult lake whitefish from eastern

Lake Ontario, 1998 (FL = 352 mm, range 180 to 516 mm).

Juvenile and Adult Lake Whitefish Diet
Results of the 1998 lake whitefish dietstudy
areshowninTable1;5,814 prey items were
identified from 142 lake whitefish stomachs
containingfooditems. Dreissenamusselswere
presentin90% of the stomachs. Themajority

of Dreissenaconsumed by lakewhitefishwere
young-of-the-year (95% of the mussels mea-
sured2to7mminlength). Othercommonprey
itemsincluded otherpelecypods(24%, mainly
Pisidiumand Sphaerium)and dipteranlarvae
(10%). Notably absent from the stomachs
sampleswastheamphipod, Diporeia hoyi—not
asingleindividual wasidentified. Of particu-
larinterestiswhetherpoorlakewhitefishbody
conditionwill persistwhileonadiet predomi-
nated by Dreissenamussels.

SUMMARY
SignificantimpactsontheeasternLakeOntario
and Bay of Quinte lake whitefish stocks were
observed coincidentwithand following thein-

vasion of Dreissena (zebraand quagga) mus-
sels. Theseimpactsincluded decreasedjuve-
nileand adultabundance, poor survival ofju-
venilefish, asignificantdedlineinadultbody
condition, and reduced production of young-
of-the-yearfish. Adramaticdeclinein Diporeia
abundance, formerly themajorlake whitefish
dietitemn, wascoincidentwithboth historically
highlake whitefishabundanceand theearly
stages of Dreissena colonization. Juvenileand
adultlake whitefish dietchanged primarily to
Dreissenamussels after Diporeia declined to
negligiblelevels.
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INTRODUCTION
Historically, Lake Ontariomay havesupported the world’slargest freshwater populationof At-
lanticsalmon(  Salmo salar)(Webster1982). However, by thelate 1800's, salmon were virtually
extinctin thelake due tothe damming of tributaries, overharvest, deforestation, and pollution
(Parsons 1973). Of thesefactors, thebuilding of damson tributaries, which precluded accessby
thesalmontonatal spawningstreams, was probably themostdetrimental. Since theextirpation
of Atlanticsalmoninthe Lake Ontario watershed overa century ago, considerable changehas
occurred throughout thelakeand tributary ecosystem. The changeswithintheecosystem that
mayhavethemostprofoundeffecton Atlanticsalmonrestorationinclude the presence of exotic
spedies, including othersalmonines, and reduced habitat quality, espedially intributaries. These
changesmustbe takenintoaccount when considering Atlanticsalmonrestoration.

Withinthe LakeOntarioecosystem, habitatquality hasbeenmostseverely degraded inthe tribu-

taries(Smith 1995). Impassabledamsstillblockhundredsofkilometersofhistoricsalmonstream

habitat (e.g., Oswego River system) and mosthabitat that s still accessible is not in pristine

condition. Alistingof Lake OntariotributariesinNew Yorkwith historicand currentpotential
Atlanticsalmonspawningand nursery habitatis provided in Table 1. Wheresuitable, accessible

streamhabitatfor Atlanticsalmon occurs within the Lake Ontariowatershed, itislikely thatitis

now being used by naturalized Pacific salmonids including chinook salmon ( Oncorhynchus
tshawytscha), cohosalmon(  O. kisutsch), and steelhead (rainbow) trout ( O. mykiss) (Johnson
1980, Johnsonand Ringler 1981, Wildridge 1990, Wisniewski 1990). Of these species, steelhead
whichhasbeennaturalized inLake Ontarioforoveracentury (Parsons 1973)and whichis con-

sidered aclose “ecological equivalent” to Atlanticsalmon (Gibson 1981), may poseabiological
impedimentintermsof stream competitionfor Atlanticsalmonrestoration.

11



Johnsonand Wedge

Littleinformationexistsregarding theresource
utilizationof Atlanticsalmoninlargelakes. In
Lake Ontario, because of thelow recovery of
Atlanticsalmoninthelake, almostnoinforma-
tionisavailable on the habitat use or diet of
salmon. Consequently, the potential forcom-
petitionbetween Atlanticsalmonand other
salmoninesin Lake Ontarioisunknown.

STREAM COMPETITION IN SALMONIDS
Competitioninstreamsalmonidsoccursintwo

forms, intraspecific (Egglishaw and Shackley
1977,Symonsand Heland 1978, Kennedy and

Strange 1986, Gibson 1988) and interspecific
(Gibson1981, Fauschand White 1986, Kennedy

and Strange 1986, Hearn 1987). According to
Birch(1977)"“competitionoccurswhenanum-
berofanimals(ofthesameordifferentspecies)
usecommonresources whichareinshortsup-

Table 1. Lake Ontario tributaries in New York with historic use and current potential for Atlantic salmon
spawning and nursery habitat. Historic use (H) from Parsons, 1973.

Salmonid Habitat
Stream Established

Above/Below Dams
Twelvemile Creek (H) no (no dams)
Johnson Creek yes no
Oak Orchard Creek (H) no no
Genesee River (H) no no
Irondequoit Creek yes (no dams)
Salmon Creek (H) no (no dams)
Ninemile Creek (H) yes no
Rice Creek yes no
Oswego River System (H) yes no
Grindstone Creek (H) yes marginal
Little Salmon River (H) yes no
Salmon River (H) yes yes
Deer Creek (H) yes (no dams)
Little Sandy Creek (H) yes (no dams)
Lindsey Creek yes (no dams)
Skinner Creek yes yes
South Sandy Creek yes no
North Sandy Creek (H) yes yes
Stony Creek no no
Black River (H) yes yes
Chaumont River (H) no (no dams)

Pacific Salmonines

Above/Below Dams Comments

no - Warm, extensive channelization.

no no Hazardous waste site present in drainage.
Temperatures are generally warm.

no no Hydroelectric power dam, warm.

no no Natural falls 90 ft. high precluded passage
historically. Mount Morris dam warms river.

yes High quality stream.

no Warm.

unknown no Pacific salmonines are allowed past dam at

Hannibal, stream is warm below dam.

no no At least three dams between lake and trout habitat.

yes no Massive habitat alteration due to navigation,
hydropower development, flood control, urban
development, pollution. Wild rainbow trout are
established in Finger Lakes.

no no One dam. Possible water quality problem in upper
reaches.

no no Four dams between lake and trout habitat.

yes yes Excellent tributary habitat with established
populations of naturalized Pacific salmonines.
Potential for Atlantic salmon spawning /nursery
habitatin river.

yes - Limited salmonid habitat

yes - Excellent quality stream. Atlantic salmon
reproduction documented in the 1980's.
Naturalized Pacific salmonines present.

yes - High quality but small stream. Naturalized Pacific
salmonines present

no yes High quality but small stream. Naturalized Pacific
salmonines present. One small dam.

no no Large stream with extensive trout habitat above
dam.

no yes Large stream with extensive trout habitat above
dam, some potential below dam.

no no Warm

yes yes Fish passage at lower two dams. Several dams on
system for hydropower. Steelhead established
below 2nd dam. Habitatin trib in this section has
been rehabilitated, now potentially suitable for
salmonids.

no no Warm.
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ply; orif theresourcesarenotinshortsupply,
competitionoccurswhenanimalsseeking that
resourceharmoneanotherintheprocess.” In
stream salmonids competitionusually occurs
over food and space whereindividual fishes-
tablishand defend territoriesormaintaindomi-
nancehierarchieswhenresourcesarelimiting
(Hearn 1987, Gibson 1988). Injuvenilesalmo-
nidswhere competitionisoftenmostintense,
territoriesaregenerally established inrifflesand
dominance hierarchies in pools (Chapman

196)

Intraspecificcompetition hasbeenshown to
regulatepopulationsofjuvenile Atlanticsalmon
instreams. Egglishawand Shaddey (1977)con-
sidered intraspecificcompetition toplay the
greatest partin regulating thenumber of At-
lanticsalmon fryinaScottish stream. Gibson
and Dickson (1984) concdluded thatinareasof
rapids(thepreferred habitatof Atlanticsalmon
fry), intraspecific competition within year
dasseswasmoreseverethanin ificcom-
petitionfrombrook trout(

Salvelinus fontinalis).

Symonsand Heland (1978)found thatyearling

Atlanticsalmonreduced thenumberof Atlan-
ticsalmon fry (<60mm)by chasing themand

occasionally eating them. They alsoreported
thatterritorial defense did notoccurbetween
yearlingsalmonand fry until fry exceeded 65

mm. Similarly, Kennedy and Strange (1986)
found thatintraspecificcompetitionfromolder

Atlanticsalmonsignificantly reduced thesur-
vivaland growthofsalmon(fry.

Atlanticsalmonoccurnaturally instreams with
brook troutin North Americaand browntrout

(Salmo trutta)in Europe. Although they found

noevidence that Atlanticsalmon fry stocking
had a detrimental effect on brown trout,
Egglishaw and Shackley (1980) reported that

somestreamsectionswith fewersalmonoften
hadhigherdensitiesof trout, suggesting some
competitiveinteractionsbetweenthe twospe-
cies. Kennedy and Strange (1986) concluded
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thathighinterspecificcompetitionfrombrown
troutwasresponsibleforrestricting the distri-
butionof Atlanticsalmon fry toshallow habi-
tats. Brook troutcanhaveanegativeeffecton
youngsalmonwhen thespeciesoccursympat-
rically. MacCrimmonetal. (1983) found that
Atlanticsalmon populations weresuppressed
inthepresenceofbrook troutand thatsalmon
fryhad asizedisadvantagerelativetotroutfry
duetolateremergence. Gibsonand Dickson
(1984)reported thatbrook trouthad anegative
effectonjuvenile Atlanticsalmon, especially
yearling salmon parr, which use deeperand
slowerareasthansalmon fry. Becauseof mor-
phological and physiological adaptations (less
buoyantand enlarged pectoral fins-adapta-
tionstomoreeffectively exploitriffles), Atlan-
ticsalmon fry havebeenreported todisplace
brooktroutfry fromriffles(Gibson1973). Lon-
gitudinal zonation withinstreamsystems with
brooktroutoccurringintributariesand smaller
streamsand Atlanticsalmonutilizing rifflesin
mainriversisthoughttobeamechanismthat
reduces competition between these species
where they occursympatrically (Gibsonetal.

Competitioninstreamsalmonidsiswell docu-
mented and willundoubtedly play someroleif
Atlanticsalmonrestorationin Lake Ontariois
attempted. Consequently, fromamanagement
perspective, twoecological theoremsrelated to
competitionshouldbeconsidered. Firstisthe
“competitiveexclusion principle” whichmain-
tains that competition between two species
whichhaveidenticalresourcerequirementswill
eventually lead to theexclusionof one of the
species (Pianka 1981). Thesecond s “interac-
tivesegregation” (Nilsson 1967)whichasserts
thatinsympatry twoecologically similar spe-
deswillreducecompetitiveinteractionsby seg-
regatinginto the habitats they arebest suited
toexploit. Itismostlikely thatre-introduction
of Atlanticsalmonin LakeOntariotributaries
will create partitioning of theavailablefood and
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spaceresourcebeyond thatwhichiscurrently
occurringbetweensteelhead, chinook salmon,
coho salmon, brown trout, and brook trout.
Bjornn(1978)found thatalthoughresourcepar-
titioning between steelhead and chinook
salmonjuvenilesresulted inlower densities of
each speciesin sympatry, the total juvenile
salmonid density was greater than for either

spediesinallopatry.

Juvenile steelhead are the most abundant
salmonid presentinmosthigh quality streams
thatareaccessibletoadultfishmigrating from
LakeOntario. Theabundanceofjuvenilesteel-
headinthesestreamscoupled with thisspecies’
ecological similarity to Atlanticsalmon (Gibson
1981, Closeetal. 1988), suggestcompetitionin
streamsmay occurifsalmonrestorationisat-
tempted. Gibson (1988)found steelheadjuve-
nilestobemoreaggressivethan Atlanticsalmon
(aswellas cohosalmonand brook trout)and
thatsteelhead dominated Atlanticsalmoneven
whenthesalmonhad priorresidenceand were
larger. Similarly, Hearnand Kynard (1986)ob-
served thatstocking Atlanticsalmonfryhadno
effectonthedownstreammovementofrainbow

troutfry.

Insympatry withothersalmonids, juvenile At-
lanticsalmon, especially fry, selectrifflehabi-
tats (Gibson 1973, Gibsonand Dickson 1984,
Hearnand Kynard 1986, Closeetal. 1988). The
utilization of shallow, fast water when faced
with competition fromothersalmonid species
presumably allows Atlanticsalmontooccupy
rifflehabitats which they arebetter suited to
exploitthantheothersalmonid speciesbecause
of theirspecificmorphologicaland physiologi-
caladaptations. Reduced buoyancy allows At-
lanticsalmontoremaindosetothebottom, thus
reducing exposure to fast currentsinriffles
(Hearn1987). Furthermore, enlarged pectoral
finsallow Atlanticsalmon toretain their posi-
tioninfastcurrents (Arnold etal. 1991). Inal-
lopatry, althoughstill frequently found inriffles,
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Atlanticsalmonjuvenilesalsooccurindeeper,
slower habitats (Symons and Heland 1978,
Hearmand Kynard 1986, Kennedyand Strange
1989)

Eventhoughjuvenilesteelhead aremoreag-
gressive than Atlanticsalmonand havebeen
foundtodominateevenlargersalmon, because
of theirmorphological and physiologicalad-
aptations, itis thought thatjuvenile salmon
may out-competesteelhead inriffles. Gibson
(1981)predicted thatseverecompetitionwould
occur between Atlanticsalmon fry and steel-
head fryinrifflesbutgave theedgetosalmon.
Conversely, Hearnand Kynard (1986)found
noevidence of competition between Atlantic
salmon fryand rainbow troutfry, butthought
thatthere wassomeevidence of competition
betweenrainbow troutjuvenilesand yearling
Atlanticsalmon.

PROSPECTUS FOR LAKE ONTARIO

Atlantic salmon juveniles will compete for
availablefood andhabitatresourceswithother
salmonids, especially steelhead, in Lake
Ontariotributaries. However, predicting the
potential outcomeof competitiveinteractions
between steelhead and Atlantic salmonin
streamsiscomplicatedby thefactthatthesteel-
head willbewild, and atleastinitially, the At-
lanticsalmon willbe produced inhatcheries.
Thereissubstantial evidenceindicating that
Atanticsalmonproducedinhatcheriesbehave
differently thanwild fish (Fendersonand Car-
penter1971, Johnsonetal. 199, McDonald et

al. 1998). Consequently, sincemoststudiesof
interspecificcompetitiveinteractions of juve-
nile Atlanticsalmonused wild salmon, very
little useful information is available to help
predicthow hatchery produced salmon will
performinthesecircumstances.

Atlanticsalmon fry would likely have an ini-
tial size advantage over steelhead fry since
salmonspawninthefalland steelhead during
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thewinterand spring. However, thelargersize
of Atlanticsalmon frymaynotnecessarily con-
fer a competitive advantage over steelhead
(Gibson1983).Itispossiblethatbecauseof their
largerinitial sizeand morphological and physi-
ological adaptationstoshallow, fastwater, At-
lanticsalmonfrymayout-competethemoreag-
gressivesteelhead fry inriffles. Consequently,
assuggested by Gibson (1981)severecompeti-
tionbetween Atlanticsalmon fry and steelhead
fry will likely occur in riffles. Jones and
Stanfield (1993)reported that Atlanticsalmon
growth and survival significantly increased
when othersalmonid species (i.e., steelhead,
cohosalmon, browntrout)wereexduded from
asectionof Wilmot Creek, a tributary of Lake
Ontario.

Althoughcompetitionbetween Atlanticsalmon
fry and steelhead fry maybesevereinriffles, it
maynotbe themajor factor limiting theabun-
danceofeitherspecies. Competitionatthelate
fry (fall / winter transition) (Rimmeretal. 1983,
1984, Johnsonand Kucera 1985)oryearling
(Hearnand Kynard 1986)stage may bemore
criticalinlimiting theabundance of these spe-
cies. Wiens(1977)has proposed thatcompeti-
tionhasthemostprofound effectonapopula-
tion during times of “ecological crunch.” In
manystreamsalmonid populations(apartfrom
hightemperaturelimitations during summer)
the ecological crunch occurs during winter
(Reevesetal. 1991). Movement patternsof At-
lanticsalmonfry (Rimmeretal. 1983,1984)and
steelhead fry (Johnsonand Kucera1985)sug-
gestthatfall / winterisoftenacrunchperiod for
these speciesand over-winter rearing habitat
may be limiting. Itis possible that Atlantic
salmonrestorationwill increasecompetitionfor
over-winter habitat thatis probably already oc-
curringintraspecifically forsteelhead. Ifover-
winterhabitatislimitingand substantial down-
stream movement of parr occursin smaller
tributaries during autumn, the potential sur-
vival of these migrantsis questionableif suit-
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ablerearinghabitatdoesnotexistdownstream.
Consequently, systems such as the Salmon
RiverinNew Yorkwhichmay possesssuitable
mainstemrearinghabitatmay provideappro-
priate conditions for parr migrating from
smallertributariesintheautumn. Furthermore,
competitionbetween Atlanticsalmonandsteel-
head maybereduced ifsalmon utilizelarger
tributariessuchas the SalmonRiver forboth
spawning and rearing as they doin Canada
(Gibsonetal. 1987).

RESEARCH NEEDS
Researchisneeded to determineif Atlantic
salmonand steelhead interactionsintributar-
iesmayimpactsalmonrestoration. Specifically,
experiments designed to determinejuvenile
Atlanticsalmon growth, survivaland habitat
useinallopatryandinsympatry withsteelhead
need tobecarried outintributaries. Conduct-
ing experimentsinallopatricand sympatric
situations with steelhead should provide the
necessary informationtodeterminewhichsitu-
ationmay have thebestchance of successfor
restoring Atlanticsalmon. Theidentification
of quality habitatthat presently doesnotsup-
portsteelhead (presumably inaccessibleareas
abovebarriers)isatop priority for thisexperi-
mental design. Itmay alsobebeneficial toex-
aminegrowth, survival, and habitatuseofju-
venile steelhead in the absence of Atlantic
salmontobetterunderstand whattheimpacts
of salmon restorationmay beon thisnon-na-
tivebut, none-the-less, valuablespecies.

Other, research needs that should be consid-
eredindudetheevaluationof theperformance
of differentstrains of Atlanticsalmonin tribu-
taries. Thereare presently fourstrainsof At-
lanticsalmon (i.e., Lake Clear, Grand Lake,
Penobscot, Sebago) thatarereadily available
forrestorationpurposes. Itispossible thatspe-
cificadaptationsuniquetooneormoreofthe
strains may allow them tosurvivebetterin
competitionwithsteelhead based onthehabi-



Johnsonand Wedge

tatconditions presentin Lake Ontario tribu-
taries. Researchisalsowarranted examining
the potential use of egg (versusfry) planting
toenablesalmontomoresuccessfully compete
withsteelhead. Inlarger tributary systems
such as the Salmon River, research will be
needed todetectfallmovementofsalmonand
steelhead parr from smaller tributaries to
mainstemrearing habitats. Inaddition, deter-
minationof mainstem riverine habitats that
maysupportAtlanticsalmonreproductionand
juvenilerearing willbea priority. Finally, re-
searchwillbeneeded tobetterunderstand At-
lanticsalmonecology in Lake Ontarioinclud-
ingfood habitsand habitatuse tohelp assess
the potential for competition with other
salmonines.
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INTRODUCTION
Polychlorinated biphenyls (PCB) and polychlo-
rinated terphenyls (PCT) are compounds with
similar chemical and physical properties, dif-
fering only in an additional phenyl ring for PCT.
The Monsanto Company produced, under the
trade name Aroclor®, approximately 115 million
pounds of PCT between 1959 and 1972, com-
pared with approximately 760 million pounds
of PCB during the same period (DeKok et al.,
1982). Peak production of PCT occurred in 1971
at about 20 million pounds, and production was
discontinued in 1972 by the Monsanto Com-
pany due to environmental concerns and effects
similar to PCB (Federal Register, 1984). The
“pure” PCT Aroclors (CAS No. 61788-33-8) were
designated by a four-digit number (5432, 5442
and 5460), similar to the PCB nomenclature
(Figure 1). The first two digits designated
terpheny], withthelasttwodigitsrepresenting
theweight percentage of chlorination.
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PCT have not received the extensive regulatory
attention afforded to PCB. PCT are indirectly
regulated under section 6(e) of the Toxics Sub-
stances Control Act (TSCA), by the fact that PCT
Aroclors are usually contaminated with 1-5%
of PCB (Federal Register, 1984). In 1979, the In-
teragency Testing Committee (ITC) recom-
mended that PCT be tested for environmental
and health effects under section 4(a) of TSCA.
PCT were later exempted from environmental
and health effects testing by the United States
Environmental Protection Agency (USEPA)
since PCT are no longer utilized in the United
States (Federal Register, 1984).

Pydraul® was a trade name for a fire-resistant,
high temperature hydraulic fluid produced by
the Monsanto Company utilized extensively by
many heavy industrial users for high-tempera-
ture applications. During the production life
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Figure 1. Chemical structure of polychlorinated bi-
phenyl and terphenyl.

of Pydraul, various formulations were produced
differing only in the combination of PCB and
PCT Aroclor(s) used. For example, Pydraul 280
included Aroclor 1260 (16%) and Aroclor 1248
(62%). Pydraul 312 included Aroclor 1242 (47%),
whereas Pydraul 312A only contained Aroclor
5432 (31%) (Fowlkes, 1970). The remaining per-
centages of all the various Pydraul formulations
were composed of petroleum oils and phosphate
esters. During the latter stages of the produc-
tion life of Pydraul in the early 1970’s, PCT were
directly substituted for PCB in the Pydraul 312A
formulation and marketed by the Monsanto
Company as a “chlorinated biphenyl free” prod-
uct (Fowlkes, 1970).

The area of study is immediately adjacent to the
165-acre General Motors (GM - Central Foundry
Division) aluminum casting facility on the St.
Lawrence River, in Massena, St. Lawrence
County, NY. The GM site was listed as a Na-
tional Priority List (NPL) “Superfund Site” in
September 1983 due to the landfilling of an esti-
mated 30,000 cubic yards of PCB-contaminated
hydraulic oil sludge (USEPA, 1999). Over the
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past ten-years, the AOC and the St. Regis
Mohawk Indian Reservation (Akwesasne Na-
tion) have been the subject of extensive envi-
ronmental, remediation and human health stud-
ies by researchers at SUNY Albany, SUNY Os-
wego, and Syracuse University as part of the
National Institute of Environmental Health
Science’s - Superfund Basic Research Program
(SBRP) directed by David Carpenter.

MATERIALS AND METHODS

The snapping turtle has been suggested by the
International Joint Commission (IJC) as an eco-
system health indicator for the Great Lakes. Nu-
merous facets of the snapping turtle’s natural
history make it a desirable species for Great
Lakes pollution research. Snappers are com-
mon throughout the Great Lakes, non-migra-
tory, and have limited home ranges (see review
by Bishop and Gendron, 1998). This animal
occupies a unique position as an environmen-
tal sentinel because it's omnivorous diet and
long-life expectancy make it the only
biomonitor similar to humans in these com-
bined respects. The snapping turtle has both
the extended life expectancy and varied diet
that enable it to bioconcentrate toxic com-
pounds that may be present in such low con-
centrations as to be below detection limits by
other monitoring techniques.

Figure 2. Gas chromatography of the commercially
produced Aroclor mixtures.
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Surficial sediment and a gravid snapping turtle
were collected from the area adjacent to the GM
NPL site, with the assistance of the St. Regis
Mohawk Tribe Environmental Division. The
detection, separation and quantitation of PCT
in environmental samples are complicated be-
cause their chemical and physical properties
are similar to PCB and other chlorinated aro-
matic compounds. A method based on alu-
mina adsorption column chromatography was
utilized which separates PCB from PCT per-
mitting the accurate identification and semi-
quantitative determination of PCT Aroclors uti-
lizing conventional gas chromatography and
electron capture detection (Pagano et al., 1998).
All analyses were confirmed by gas chroma-
tography /electron impact - mass spectromet-
ric (GC/EI-MS) methods. The developed
method has been effectively used for several
environmental matrices, including water, air,
sediment, and biota.

RESULTS AND DISCUSSION
Identification and confirmation of PCT in the
surficial St. Lawrence River sediment is illus-
trated in Figure 3. The concentration of PCT
in the sediment was determined to be 0.8 mg /
kg (dry weight), approximately 6.5% of the
sediment bound PCB measured. As you will
note in Figure 3, the St. Lawrence River sedi-
ment chromatographic pattern is a near iden-
tical match to that of the Aroclor 5432 standard
used for comparison. Several studies emanat-
ing from the SUNY Albany SBRP have charac-
terized and utilized St. Lawrence River sedi-
ment (Sokol et al., 1994; Pagano et al., 1995;
Chiarenzelli et al., 1997; Scrudato et al., 1999).
These studies have noted that the sediment-
bound PCB found in the St. Lawrence River
have been extensively dechlorinated as mea-
sured by the reduction in the average number
of chlorines /biphenyl and relative increase of
ortho-substituted chlorines. The microbially
induced alterations to the St. Lawrence River
sediment significantly influence the environ-

mental mobility, bioaccumulation potential, and
toxicity of the biologically modified PCB re-
maining.

Several inferences regarding the recalcitrance
and lack of mobility of the A5432 found in the
St. Lawrence River sediment are offered. The
production life of the Pydraul 312A formulation
was only a few years in the early 1970’s, thus
the PCT found in the sediment have remained
nearly unchanged for almost 30 years. The
bioaccumulation potential of the Aroclor 5432
mixture has not been altered (nor reduced) by
reductive dechlorination and/or physico-
chemical environmental transformations. Little
or no information is available on the solubility,
vapor pressure, or partition coefficients of indi-
vidual PCT congeners and Aroclor 5432 formu-
lation. Compared to the PCB, the molecular
weight and size of the PCT molecule would sug-
gest reduced environmental mobility resulting
in high concentrations (“hot spots”) near point
sources. Conversely, the bioaccumulation po-
tential and environmental half-life of PCT may
be greater than PCB.

Figure 3. GC/MS-EI chromatographic comparison
of St. Lawrence River sediment and Aroclor 5432

standard.
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Results from the analysis of the turtle tissues
and eggs indicate that PCT found in the St.
Lawrence River sediment are biologically
available and accumulated into the highest en-
vironmental trophic levels (Figure 4). Concen-
trations of PCT in snapping turtle adipose,
liver and eggs, were 42.2, 20.2, and 6.5 mg/kg
- lipid basis, respectively. Concentrations of
PCT were 2-5% of the PCB found in the snap-
ping turtle tissues and eggs. The gas chromato-
graphic patterns indicate that PCT were selec-
tively metabolized, eliminated, and
bioaccumulated from the contaminated sedi-
ment profile. Aroclor 5432 consists of PCT ho-
mologues with a range of 1-5 chlorines, the ma-
jority being comprised of the trichloro- homo-
logue group. The congeners found in the turtle
tissues and eggs consist mainly of higher-chlo-
rinated PCT homologues (Cl 4 and C1 5) found
in the original A5432 mixture at small propor-
tions. Similar to the PCB profile found in
turtles, the lower chlorinated PCT congeners
are metabolized and eliminated, whereas the
higher-chlorinated, recalcitant congeners are
selectively accumulated and transferred to the
higher trophic levels. Research by Gallagher
and co-workers (1995) has demonstrated that
the PCT formulation Aroclor 5432 was a more
potent inducer of hepatic cytochrome
(P4501A) and associated ethoxyresorufin O-
deethylase (EROD) activity in teleosts than the
PCB Aroclor 1254. Compared with PCB, the
available information on the toxicological
properties of PCT is limited due to the com-
plex nature of the multiple PCT molecule con-
figurations (ortho-, meta-, and para-), and lack
of individual “pure” congeners for laboratory
study. Previous reports of Aroclor 5432 accu-
mulation in biota are limited to white-tailed
eagles and gray seals in Sweden (Renberg et
al., 1978), oysters from the Back River, Virginia
(Hale et al., 1990), and several biological com-
partments in Tabbs Creek, Virginia (Gallagher
et al., 1993).
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CONCLUSIONS
Polychlorinated terphenyls have been identi-
fied in the sediment and tissues of the common
snapping turtle (Chelydra serpentina serpentina)
within the St. Lawrence River AOC for the first
time. PCT were identified as Aroclor 5432 in
the surficial sediment at 0.8 mg/kg (dry
weight), approximately 6.5% of the sediment-
bound PCB concentration. The most probable
source of the PCT being the hydraulic fluid
Pydraul® 312A utilized by many heavy indus-
trial users for high-temperature applications.
The sediment-bound PCT showed no biologi-
cal or physico-chemical alterations, chromato-
graphically matching an Aroclor 5432 techni-
cal standard after approximately 30 years of
environmental exposure. Concentrations of
PCT in the snapping turtle adipose, liver and
eggs, were 42.2,20.2, and 6.5 mg / kg - lipid ba-
sis, respectively. Analysis chromatographic
congener profile indicates that PCT are selec-
tively metabolized and bioaccumulated at con-
centrations ranging between 2-5% of PCB
found in the snapping turtle tissues and eggs.
Additional research is required to identify the
source, mobility, environmental fate, and tox-
icity of PCT in the St. Lawrence River AOC.

Figure 4. GC/EI-MS chromatographic compari-
son of snapping turtle egg, adipose, and liver from
the St. Lawrence River AOC.
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INTRODUCTION
Eggsof Herring Gulls (
been used tomonitorannual concentrations
oforganochlorinecontaminantsintheaquatic
food web of the Great Lakes since the early
1970s(Mineauetal. 1984). Thatmonitoring
scheme, maintained by the Canadian Wildlife
Service (CWS)of EnvironmentCanada,isnow
comprised of 15sites, twoorthreeperlakeand
oneinmostconnecting channels(Pekarikand
Weseloh1998).

Todatemostoftheresultsof thismonitoring
schemehavebeenpresented onaGreatLakes-
widebasis(Pekarikand Weseloh 1998),alake-
widebasis(Ewinsetal. 1992)oronacompound
basis(Hebertetal. 1997, Norstrometal. 1982);
perhapsbecauseofthebreadthofthedatabase,
very few resultshavebeen presented onanin-
dividual colonybasis. Inanattempttogive
themonitoring programawideraudience, we
haveundertakentopresentresults fromindi-
vidual coloniesinlocaljournals orinspecial
geographically focused issues of other
journal(s)(e.g. thispaper). Herewepresentthe
resultsof 24 years of contaminantsmonitor-

Larus argentatus)have
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ing data, 1974-1997, for four compounds:
PCBs, DDE, mirex and 2,3,7,8 tetra-chloro-
dibenzo-dioxin (TCDD) inHerring Gulleggs
from Toronto Harbour. Wediscuss thesere-
sultsinlightof studies of breeding biology
parametersof colonial waterbirds, ingeneral,
andHerringGullsinparticularfromthesame
site.

METHODS
OnefreshHerring Gullegghasbeencollected
fromeachof10-13completed dlutchesannu-
ally from Mugg’s Island (1974-1988) or
Tommy ThompsonPark (TTP;1989-1998)in
TorontoHarbour duringearly May. Thetwo
sitesareapproximately 2kmsapart; thelater
site was selected after Herring Gulls were
forced to abandon Mugg’s Island in 1988
(DVW, pers.obs.) Theeggs were analyzed at
the CWS National Wildlife Research Centre,
Hull, Quebec, following themethodsof sum-
marizedinPekariketal. (1998). Priorto 1986
alleggswereanalyzed individually, after that
they havebeenanalyzed as site pools. Sev-
enty-sixdifferentorganochlorinecompounds
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areanalyzed for, including up to59 PCB con-
geners. Only the four mostprevalentorbest
known compoundsare presented here: DDE,
total PCBs(1:1 Arodor 1254:1260), mirexand
23,7 8 dibenzo-p-dioxin (TCDD). Dataforall
compoundsareavailablein Pekariketal. (1998)
andreferencestherein. Forstatistical analysis,
the chemical concentrationsmeasuredinthe
eggsweremathematically transformed when
necessary and analyzed by change-pointre-
gression todeterminetemporal trends. The
change pointregression determinedif there
wasastatistically significant change in con-
taminantconcentrationovertimeandif that
rate of change was constantorifand whenit
had changed (see Pekarikand Weseloh[1998]
formoredetailsonstatistical analysis).

RESULTS
Allfourcompoundsdeclinedsignificantly dur-
ing the study: DDE and PCBsboth declined
93.5%from1974t01997;DDE from23.32ug /

Figure 1. Results of change point regression analysis of DDE concentrations in Herring Gull eggs from
Toronto Harbour, 1974-1998. Significant decline in concentrations before and after the change point (1989);

no change in rate of decline.
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g t01.95and PCBsfrom 165.6ug/ gto10.66.
Bothcompounds showed asignificantincrease
(apositivechange point)in 1989 butafter that
continued todecreaseatthe samerate before
and after the change point (Fig. 1). Mirex de-
dined 94.2% from744ug/ g t0043. Itshowed
apositivechangepointin1979and dedlined at
aslowerrateafter the change pointthan previ-
ously. TCDD dedined80.2% from60ug/kgto
11.9.Itdid notshowachange pointbutrather
declined ata constantratefrom 1984, whenit
wasfirstquantified, to1997.

DISCUSSION

Theresultsof thisstudy, i.e. continued declin-
ingcontaminantlevelsinHerring Gulleggsin
westernLakeOntariothrough 1998, extend the
earlierdatapresented forthissiteby threeyears
(cf. Pekarik and Weseloh 1998). The change
pointyearsforDDEand mirexremainthesame,
while thatfor PCBsisnow twoyearslater. The
rates of decline for DDE and mirex did not

B Observed Values
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25t

15+

DDE {uglg- log scale)

05+t

Change Point Year: 1989

0

747576 77 78 7980 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98
YEAR



Declining Contaminant Levels in Herring Gull eggs from Toronto Harbour,

change from previously relative tobeforeand
after their change pointsbut PCBsarenow de-
dining fasterafter their change pointthan pre-
viously. Otherinterpretations of the Herring
Gull database, as well as the comparability of
contaminant trendsin fish are discussed in
Pekarikand Weseloh (1998).

Forthe contaminants presented here, the con-

centrations found in Herring Gull eggs at

Toronto Harbourwere above the Great Lakes-

wide averages for TCDD (Toronto Harbour=

11.89pg/ g; GreatLakes-wideaverage=7.34)
and mirex (TH=043ug/g; GL=0.10). They

werebelow the Great Lakes-wide averages for

DDE(TH=1.95ug/ g GL=2.50)and total PCBs

(TH=10.66ug/g GL=15.72)(datacomputed
from1997 valuesfoundinPekariketal. (1998)).

Contaminants can affect wildlife at many dif-
ferentlevels, e.g. community, population, indi-
vidual, etc. and studies of contaminantlevels
and effectson wildlife often gohand inhand.
During thisstudy, variousbreedingbiology pa-
rametersweremeasured in Herring Gulls,and

Table 1. Numbers of nests (i.e. breeding pairs) of selected colonial waterbirds in Toronto Harbour. Data
for 1976/77 and 1990 are from Blokpoel and Tessier (1996), those for 1997/98 are from S. Jarvie (Toronto

Region Conservation Authority, pers. comm.).

other colonial waterbirds, which nested in
Toronto Harbour. Forexample, censusesat
TorontoHarbour showed that,amongobligate
piscivores, breeding populations of Double-
crested Cormorantsincreased dramatically and
thoseof Common Tems greatly decreased from
1976/ 77tothepresentday (Table1). Thesepat-
ternsare consistentwith theirrespective popu-
lationtrendsontheGreatLakesasawhole: cor-
morantshaveincreased Lakes-wideasaresult
of decreased contaminantlevelsand increased
abundanceofforagefish(Weselohetal. 1995);
CommonTemshavededinedasaresultofcom-
petition fornestsites with thelarger, moreag-
gressiveand earlier springarriving Ring-billed
Gulls (Blokpoeland Tessier 1996, Haymesand
Blokpoel 1978).

ForHerring Gulls, whichalsoeat primarily fish,
theirpopulationnearty doubledbetween1976/
77and1990butappeartohavebeenunchanged
during the 1990s (Table 1). Ring-billed Gulls,
whicharemoreomnivorousthanHerringGulls,
increased morethan3-foldbetween1976and
1990; no other data are available for them for

YEAR
SPECIES 1976/77 1990 1997/98
Double-crested Cormorant 3 1598
Herring Gull 57 103 >98
Ring-billed Gull 14,267 49,106 NA
Common Tern 1,246 128 500/230+
Caspian Tern 7 0 NA
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the 1990s. Both of these speciesareshowinga
growthinnumbers thatis consistent with the
occupationand exploitationofnewly available
habitat, suchashasbeen the case Tommy Th-
ompson Park (Haymes and Blokpoel 1978,
Blokpoeland Fetterolf1978).

Intermsofavianreproductiveparameters,data
areavailablefrom1977,1978-1981,1992and
1998. In1977hatching success for fourmajor
spediesnestingin Tommy ThompsonPark was
asfollows: Herring Gulls (65.1%), Ring-billed
Gulls(724-895%) CommonTems(839-952%)
and CaspianTerns(81.8%). This was similarto
orabove thatreported for other colonieson
LakeOntarioand other GreatLakes Theover-
allreproductivesuccessof Ring-billed Gullsand
Common Ternsat TorontoHarborin1977was
normal,i.e.1.35-1.76 and 1.56-2.00 young
fledged / nest, respectively; specificfiguresare
notavailablefor Herring Gullsor Caspian Terns
(HaymesandBlokpoel1978). During1978-1981
reproductive success of Herring Gulls at
Mugg/slsland ranged from140t01.56yg/ pair
(Mineauetal.1984). However, in1992, hatch-
ingsuccesswasreported at 53% and fledging
success at 0.28 yg per nest (B. McMartin,
unpubl.). Thereasonsfortheselowered values
arenotknown.In 1998 hatching successhad
returned tonormallevels, 72.2% (N=144, CWS

unpubl.).

Thedatapresented here (and inassociated ref-
erences)show that contaminantlevelshave
been decreasing for most of the years of this
studyandhavededlinedintherangeof80-90%
sinceegg monitoring wasbegun. Atthesame
time, populations of most colonial waterbird
speciesforwhich therearedatahavebeenin-
creasing or, if not, their decreaseshave prob-
ably been due to non-contaminant related
causes, e.g. competition between speciesand
habitat change through vegetative growth.
Similarly, mostmeasuresof reproductive pa-
rameters show normally reproducing birds.
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Althoughtheimmediate outlook suggestsfew,
itany, populationlevelimpairmentsduetocon-
taminants, thereareseveral possible moresubtle
impactswhichhavenotbeeninvestigated and
whichlie outside the scope of this study, e.g.
longevity, ageatfirstbreeding, originof recruit-
mentintothe population, etc. Mora(1993)de-
tails how these may impact Great Lakes
waterbird populationsand gives possible ex-
amples.
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INTRODUCTION
The environmental fate of natural and man-made organochlorine pollutants has undergone a
dramatic change in recent years due to the discovery of nobel microorganisms which can
dehalogenate them through co-metabolic process or energy-yielding halorespiration in reduced
environments. The substrates for which dechlorination has been demonstrated by pure cultures
fall into two categories: chlorinated aromatic compounds such as chlorobenzoates and
chlorophenols (e.g., Cole et al., 1994; DeWeerd et al., 1991; Christiansen and Ahring, 1996; Sanford
et al., 1996), and chlorinated aliphatic compounds such as chloroethenes (e.g., Holliger et al.,
1998; Wild et al., 1996; Krumholz, 1997; Maymo-Gatell et al., 1997; Sharma and McCarty, 1996).
However, there are other organochlorine contaminants which are dehalogenated by undefined
mixed natural microorganisms. Polychlorinated biphenyls (PCBs) are typical of such contami-
nants. PCB dechlorination is believed to be “halorespiration” which utilizes the free energy that
could be gained from the exergonic dechlorination reaction (Lee et al., 1998; Holliger et al., 1999).

The evidence for PCB dechlorination is wide-spread in natural environments such as freshwa-
ter sediments (Brown et al., 1984,1987a,b; Rissatti, 1992; Beurskens et al., 1993; Sokol et al., 1994;
David et al., 1994; Bedard and May, 1996) as well as of estuarine and coastal sediments (Brown
and Wagner, 1990; Lake et al., 1992; Wu et al., 1998). PCB dechlorination involves preferential
removal of Cls’ from meta and para positions, although ortho dechlorination of Aroclor mixtures
has recently been demonstrated by microorganisms in estuarine sediments (Berkaw et al., 1996;
Wu et al., 1998). Thus, the final products of PCB dechlorination are congeners with fewer Cl
substitutions. They are largely ortho-substituted, but also contain a large number of meta and
para substitutions as well. Since aerobic degradation of PCBs is limited only to congeners with
low Cl substitutions, reductive dechlorination may serve as a crucial initial step which removes
the barrier to aerobic breakdown leading ultimately to mineralization.

28



Biotransformation of PCBs in St. Lawrence River Sediments and Dechlorinating Microorganisms

PCB dechlorinating microorganisms have so far
eluded isolation and remain unidentified. In
recent years, however, we have been able to gain
information on their growth requirements and
on the kinetics of growth and dechlorination,
using statistical methods of population mea-
surements, the most probable number and di-
lution fractionation techniques (Kim and Rhee,
1997, 1999; Sokol et al., 1998). These studies have
shown that microbial dechlorination of PCBs is
driven by the growth of dechlorinating popu-
lations.

REDUCTIVE DECHLORINATION
Microbial reductive dechlorination is the only
biological process known to degrade highly
chlorinated PCB congeners. Although it prefer-
entially removes para- and meta-chlorines, not
all CI’s at these positions are removed, because
their removal is determined by the pattern of
chlorination on the biphenyl ring rather than
the substitution position per se (Rhee et al.,
1993a,b). Therefore, the final dechlorination
products as well as the extent of dechlorination
can vary widely even for the same Aroclor, de-
pending on the competence of the dechlorinat-
ing microorganisms present (Sokol et al., 1994).
In laboratory dechlorination studies of Aroclor
1248 by St. Lawrence River microorganisms, the
highest extent of dechlorination, measured as
the average number of Cl per biphenyl, was
about 2.5. This represents approximately 40%
Cl removal from the original mixture although
the total meta and para Cls” account for 60% (Liu
et al., 1996; Kim and Rhee, 1997; Sokol et al.,
1998). The extent of dechlorination appears to
be less in Aroclors with higher CI content, such
Aroclor’s 1254 and 1260 (Rhee et al., 1993b;
Quensen et al., 1990; Kim, 1997).

Dechlorination is concentration-dependent.
However, our recent investigations of Aroclor
1248 have shown that it has a relatively high
threshold concentration (40 ppm) below which
no dechlorination occurs. More importantly, the
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maximum extent of dechlorination by sediment
microorganisms from the St. Lawrence River
was also shown to be concentration-dependent
and the % Cl removed was found to increase as
a saturation function of PCBs in our two kinetic
studies (Sokol et al., 1998; Rhee et al., 1999). This
concentration dependence was due to the accu-
mulation of residual products which are resis-
tant to further dechlorination. These results in-
dicate that the maximum extent of dechlorina-
tion reflects the concentration-dependent selec-
tion of dechlorination competence and that
natural dechlorination is limited by the type of
dechlorinating microorganisms present.

Recent high-resolution studies of Hudson River
sediments also showed the concentration de-
pendence of the maximum level of dechlorina-
tion as well as the existence of threshold con-
centration (US EPA, 1997). A regression analy-
sis of more than 250 sediment samples for the
degree of dechlorination against sediment PCB
concentrations showed a linear relationship
with an intercept at a mean PCB concentration
of 30 ppm, suggesting a threshold level. How-
ever, there was no correlation between sediment
age and the level of dechlorination. Therefore,
the observed PCB composition was considered
to represent residual or final products after
maximum dechlorination.

DECHLORINATING MICROORGANISMS
(a) Dechlorinating Microorganisms and PCB Re-
quirement

The microbiology of PCB dechlorination is still
poorly understood, mainly because of the fail-
ure to isolate the microorganisms responsible
for the process. Recently we, for the first time
determined the population dynamics of
dechlorinators and their interactions with other
anaerobic respirators in sediments using the
most probable number (MPN) technique (Kim
and Rhee, 1997, 1999). When PCB-free sediment
spiked with Aroclor 1248 was inoculated with
microorganisms eluted from PCB-contaminated
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St. Lawrence River sediments, the time course
of dechlorination mirrored the growth of
dechlorinators. In the control sediments with-
out PCBs, the population declined with time
from the initial inoculum level. These results
show that PCB dechlorinating microorganisms
require PCBs for growth. Once the
“dechlorinatable” congeners were exhausted,
the population began to decline, although the
time of decline might not coincide with the end
of rapid phase depending on culture conditions
(Kim and Rhee, 1997, 1999).

(b) Dechlorinating Competence and its Selection

It appears that dechlorinating populations or
competence can vary widely when judged by
dechlorination patterns. Recently, we have been
able to identify some of the conditions which
are responsible for the selection of different com-
petence. When methanogens were inhibited
with 2-bromoethanesulfonate (BES) in sedi-
ments amended with Aroclor 1248, the extent
of dechlorination by St. Lawrence River sedi-
ment microorganisms was reduced by about
half (Kim and Rhee, 1999). These results were
mainly due to the absence of further dechlori-
nation for some meta-rich products of the initial
dechlorination. However, the total number of
dechlorinators in the sediments was not differ-
ent from that in BES-free sediments (Kim and
Rhee, 1999). These results indicate that either
some dechlorinators require methanogens to
dechlorinate these congeners or some
methanogens are also dechlorinators. Inhibition
of sulfate reducers did not have any effect on
dechlorination (Kim and Rhee, 1999). We have
also found that at low PCB concentrations, cer-
tain dechlorination competence was absent, in-
dicating that PCB concentrations can also be a
factor in selecting dechlorinating populations.

When dechlorinating populations were fraction-
ated and quantified using a combination of the
dilution fractionation and MPN techniques, we
were able to further characterize the population
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which was involved in the further dechlorina-
tion of meta-rich congeners. Their population
size was two orders of magnitude less than that
of other populations which was recognizable by
its own distinct dechlorination pattern (3.5 _ 10*
vs 2.4 _10° cells g dry weight sediment™). De-
spite the low number, these meta-dechlorinators
increased the overall dechlorination by almost
two fold (Cho et al., 1999). Therefore, it may be
possible to select specific competence to maxi-
mize dechlorination by exploiting differences
in specific requirements.

(c) Dechlorinating Populations and Dechlorination
Kinetics

Although earlier kinetic studies demonstrated
concentration-dependence of PCB dechlorina-
tion, they failed to identify its underlying
mechanism, mainly because the biomass of
dechlorinating microorganisms were not mea-
sured. Since dechlorination is a slow process
which takes place over a period of weeks, it is
not possible to determine whether the concen-
tration dependence of dechlorination rate and
the threshold concentration simply reflect a dif-
ference in biomass or enzyme affinity. It is also
unclear whether the concentration effect on the
maximum level of dechlorination is related to
the viability of dechlorinating microorganisms.
Therefore, we investigated dechlorination of
Aroclor 1248 at 10 concentrations ranging from
0 to 900 ppm with concurrent measurement of
dechlorinating microorganisms using the MPN
technique (Rhee ef al., 1999).

Dechlorination rate without biomass normaliza-
tion (nmol Cl removed ¢ g sediment? ¢ day™)
was a linear function of Aroclor concentrations,
with an intercept at 40 ppm (dry weight) as in
the previous study (Sokol ef al., 1998). Below
the threshold level, dechlorinating microorgan-
isms did not grow. Therefore, it is clear that the
threshold represents the minimum concentra-
tion necessary for growth.
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Figure 1. Dechlorination rate of Aroclor 1248 vs. the specific growth rate of dechlorinating microorgan-

isms below the inhibitory concentration.

Above the threshold concentration, the specific
growth rate of dechlorinating microorganisms
increased with Aroclor concentrations up to 300
ppm and then decreased at higher
concentrations of 600 and 900 ppm, probably
due to inhibition. [Itis also possible that at those
high concentrations, different dechlorinating
populations are selected.] Similarly, the yield
of dechlorinating microorganism per mol Cl
removed also showed a peak at 300 ppm and a
decrease at higher concentrations, suggesting
toxic effects. Because of the exponential manner
of population growth, chlorine removed per
dechlorinating microorganism over time, or the
biomass-normalized dechlorination rate, was
first order, and the rate constant appears to be
a saturation function of Aroclor concentrations.

It is interesting, however, that within the non-
toxic concentration range (below 300 ppm),
there were significant correlations between the
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dechlorination rate (nmol Cl removed ® g sedi-
ment?! ¢ day') and the growth rate (P = 0.007)
(Fig. 1), and between the maximum amount of
Cl removed (nmol Cl ¢ g sediment?) and the
highest number of dechlorinating microorgan-
isms at each PCB concentration (P = 0.002). It
appears, therefore, that in non-inhibitory range
of concentrations, dechlorination is tightly
linked to the growth of dechlorinators.

DECHLORINATORS IN NATURAL
SEDIMENTS AND DECHLORINATION
POTENTIAL
In light of the importance of population growth
in dechlorination in laboratory sediments, we
investigated historically PCB contaminated
sediments (primarily with Aroclor 1248) from
the St. Lawrence River (six cores and five sec-
tions of one core) to examine any correlation
between dechlorinating microorganisms and
PCB dechlorination (Cho and Rhee, unpub-
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Figure 2. The number of dechlorinating microorganisms and extent of dechlorination in historically

contaminated sediments in the St. Lawrence River.

lished). The total PCB concentration and the
number of dechlorinators ranged from 14 to 1336
ppmand 9.8 _10°to 6.5 _10” MPN units ® g dry
weight sediment”, respectively. There was no
correlation between total PCB concentrations
and dechlorinator numbers. However, the popu-
lation size was significantly correlated (P =0.007)
to the extent of dechlorination (expressed as the
average number of Cl per biphenyl or the ratio
of meta + para Cl to ortho Cl) of sediment PCBs
(Fig. 2). More significantly, the initial number of
dechlorinators was highly correlated (P =0.0002)
to the extent of subsequent dechlorination in the
same sediments after 1 year incubation in the
laboratory (Fig. 3).

No additional dechlorination was found in two
sediment samples which had fewer than 2.04 _
10* MPN units ¢ g dry weight sediment’. Al-
though these investigations are continuing at
additional sites, the results so far suggest that
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the number of dechlorinating microorganisms
may be used to predict dechlorination poten-
tial in PCB contaminated St. Lawrence River
sediments.

DECHLORINATION IN DREDGED
SEDIMENTS

The remediation of PCB contaminated sedi-
ments in situ poses many technological and lo-
gistical problems. Most often heavily contami-
nated sediments are dredged and disposed of
in contained landfills, or CDFs, as the
remediation method (Gullbring and Hammar,
1996; Fraser, 1993). Many contaminated areas
including the St. Lawrence Superfund Site (Gen-
eral Motors and Reynold sites) have been
dredged or are scheduled for dredging.

However, this method does not remediate the
toxicants; it simply sequesters them in a “safe
place” where they remain as a potential danger
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Figure 3. The initial number of dechlorinating microorganisms in contaminated sediments from the St.
Lawrence River and the extent of dechlorination after one year under laboratory incubation.

for the future. When we investigated the state
of PCB biotransformation in Hudson River sedi-
ments which were dredged and encapsulated
in 1978 at Moreau, NY, they showed little evi-
dence of dechlorination since dredging; com-
pared with the PCBs in Hudson River sedi-
ments today, the extent of dechlorination in the
dredged sediments was much less, with only a
9% reduction in total Cl content, compared to a
41% reduction in the contemporary River sedi-
ments. The extent of dechlorination in the en-
capsulated sediments was similar to that found
in sediments exposed to aerobic conditions
which prevents any dechlorination. When mi-
croorganisms eluted from encapsulated sedi-
ments were tested for their ability to dechlori-
nate in sediments spiked with Aroclor 1242, no
dechlorination activity was found (Rhee and
Sokol, unpublished).

Visual observation indicated a very low mois-
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ture level in the dredged sediments at the
Moreau site. The importance of moisture con-
tent in biodegradation is well known; as the
moisture content was reduced below an opti-
mum level, both microbial activity and com-
munity size decreased (Barros et al., 1995), and
the degradation of various pesticides also
slowed (Choi et al., 1988; Davis and Madsen,
1996). Therefore, we carried out investigations
using clean sediments spiked with Aroclor 1248
to determine the effects of “dewatering”
dredged sediments on PCB dechlorination. The
sediments were inoculated with microorgan-
isms eluted from PCB-contaminated sediments
from the St. Lawrence River. When active
dechlorination was in progress after 8 weeks
with 9% reduction of the number of Cls’, these
sediments were divided into five portions and
the moisture content was adjusted to 95, 70, 45,
and 15%. Although dechlorination continued
at all moisture levels, the final extent of dechlo-
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rination after 30 weeks was lower at lower
moisture levels. Interestingly, the maximum
extent of dechlorination was correlated with
the specific rate of decline in dechlorinator
populations (P < 0.05) (Fig. 4).

Therefore, it appears that at lower moisture lev-
els, dechlorinator populations declined faster,
which resulted in lower overall dechlorination.

CONCLUSIONS
There are many lines of evidence that micro-
bial dechlorination of PCBs, the critical first
step toward complete degradation by aerobic
microorganisms, is driven by the growth of
dechlorinating populations: (a) no dechlorina-
tion found below the threshold concentration
was due to the lack of population growth, (b)
in the non-inhibitory concentration range,
dechlorination rate without biomass normal-

Figure 4. The specific rate of decline of dechlorinating eoiganisms and the extent of dechlorination

in sediments with various moistur e contents.

ization (nmol Cl removed ¢ g sediment™ ¢ day
') was correlated to the specific growth rate
(day™), (c) the extent of dechlorination in his-
torically contaminated St. Lawrence River sedi-
ments after 1 year laboratory incubation ap-
pears to be correlated to the initial size of
dechlorinator population, and (d) the effect of
moisture level on the extent of dechlorination
was due to differences in the death rate of
dechlorinating microorganisms. There also ap-
pears to be various dechlorinating subpopula-
tions with different competence which have
different growth requirements. Therefore, the
growth enhancement of dechlorinator popula-
tions appears to be the key to removing the bar-
rier to aerobic degradation which leads to the
ultimate detoxification of PCBs.
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