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o Parking Violations - �16! 831-2886
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SCHEDULE OVERW&V

3:00 -6:OOPM
1:00 -9:GGPM

7:OGPM - 10:OGPM

7:30 - 8:30 AM

8:30 AM - 12:10 PM
12:00 PM - 1:30 PM

7:30 - 8:30 AM
7:30 AM - 4:00 PM

9:00 AM - 12:00 PM
12:00 - 2:GG PM
2:00 -5:20 PM
7:OG -9:00 PM

7:30 - 8:30 AM

7:30AM - 4:GO PM
8:30 -12;10 PM

12:00 - I:30 PM

I:40 -5:00PM

6:30 -10:OOPM

7:30 - 8 30 AM
7:30-2:GOPM

8:30 - 12:10 PM
12:00 -1:30PM

I:00 -3:GOPM
12:15 - 3:15 PM

3:20- 5:20 PM
7:00 -9:30 PM

BOARD MEETING - Ccntcrfor Tovec~m
REGISTRAXlON - Ccntcr for Tomorrtow
ICE BREAKER - Ccntcr for Tonu:emw

CONTINENTAL BREAFJ'AST - Knox Rotwsda Area
REGIST1VZION - Knox Rotund'a Area
PLENARY SESSION - Slee Hall
LUNCH/ANNUAL BUSINESS MEETING - Talbert Hall
CONCURRENT SESSIONS - Xnox Hall
POSTER SESSION - Norton Hall  Carpenter Roam!

CONTBWNTAL BREMCFAST � Knox Rotunda Area
REGISTI'AiTION - Knox Rohaufa Area
CONCURRENT SESSIONS - Knox Hall
LUNCH - Talbert Hall
CONCURRENT SESSIONS - Knox Hall
BANQUET - hfaniott Hotel

COYI1NENTAL BREAKFAST - Knox Rotunda Area
REGISTR Q1ON - Knox Rohcnda Area
CONCURRENT SESSIONS - Knox Hall
LUNCH - Talbert Hall
POSTER SESSION - Norton Hall  Carpenter Room!
TOURS
CONCURRENT SESSIONS - Knox Hall
PUBLIC FORUM - 20 Knox Hall

CONTjNENTAL 8~%FAST - Knox Rotrasda Area
CONCURRENT SESSIONS - Knox Hall
LUNCH - Talbot Hall



SPEClAL EVENTS

Icebreaker

An "Icebreaker" will be beld at tbe Center fbr Tunormw on Sunday, June 2, 1991 from
7:00 - 10:00 PM featuring tome of Buffalo's we! I known dishes, chicken wings, roast bee f
on kimmelweck with asrurted snacks and beverages.

On Tuesday evening, June 4, 1991 thc Annual Banquet tmd Awards Ceremony will be
held at the Marriott HoreL Dr. FarrN Boyce of the National Water Research Institute,
Environment Canada will be the guest speaker. A cash bar will be available.

TQQxs

Three off~pus and two on~pus tours are being offered to this year's coaference
attendees. Off~pus tour choices include the Niagara Power project on tbe Niagara River,
one of the world's largest hydroelectric plants; s boat tour of the Buffalo River and tbe City
of Buffalo's Water Intake. On~pus tours include the Earthquake Center and
Environmental Huid Mechanics Lsb featuring a rotating lab with scale model of Lake
Ontario.

On Thursday, June 6, 1991 tbe Buffalo Bisons AAA basebaH team will be playing
Rochester st 745 PM at Mot Fold. Tickets are available by contacting Monica at the
Great brea Prcgram of6ce �16! 636-2088.

Recreation

Persons attending tbe conference may use the athletic facilities itt the Alumni Arena,
which include: pool w indoor jogging track, weight room.squash and racquetball court+ A QAO asage fee will be charged. Equipment such as
racquets, volleybaHs and basketballs is also available. For General information contact
636-3141; Recreation hotline nuntber is 636-3147.



ENDECO, INC./YSI
13 ATLMlTIS DRIVE

MAtuON, MA 02738

TEKMAR COMPANY
10 KNOLLCYXSI' DRIVE
CINCINNATI, OH 4S222-1856

GENERAL CC&8AM, INC
1295 N.W. 163RD ST

146MUH, FL 33169

TRIPPENSEE CORP. /WILDLIFE SUPPLY CO.
301 CASS ST
SAGINAW, MI 48602

PERKIN-ELMER CORP.
761 MAIN AVENUE
NORWALK, CT 06859-0032

SUPELCO, INC.
SUPELCO PARK
BELLEFONTE, PA 16823-0048

HACK COMPANY
P.O. BOX 389

LOVE&d%3, CO 80539

HYDROLAB CORP.
P. O. BOX S0016

BOSTON, TX 78763

ATMOSPHEtuC INSTRUMFATATION RESEARCH, INC
8401 BASELINE RD

BOULDER, CO 80303

NOZZ: 77te above names are a partial list of erhibitors conf!need at the
time of printing. We anticipate several more additions to the list at
the titne of the Conference.



1. <mll to Order, 12:30 PM -  Ta!bert Hall!

2. Approval of Agenda

3. Approval of the 1990 Annual Membership Meeting Minutes
4. President's Report - Tom Nalepa

S. Treasurer's Report - Bany Lzsht

6. Auditor's Report - Joe Leach

7. Editor's Report - Bill Sonzogni

L Business Office report - Bany Lesht
9. Committee Reports

a. Publications - neith Bedfonf
b. Awaits - Deb Sweckhalner
e. Afernbership - hfite Quiqley
d- Con jerence - Doug HagPrer
c. Technical Advisory - John Gannon
f. Itfoa Fellmvship - John Krezm4
N. A'orninarions - Aft'ke Whiale

10. Other business &om the floor

11. Motion of Responsibility
12.2. Recognition of Outgoing Members
13. Announccmeut of New Board Members
14. Transfer of the Chair

1S. Adjournment

84th Anne/Membership iWeeting
INTER/VA77ONAL AS&3CLRTION FOR GREAT LAKES RESE4Rgl.

Great lakea Program
Stata Urtiverslty of New York at Buffalo

June 3, 1994





9 PTEGRATING GREAy LAKES RESEARCH AND PUBLIC INTEREST
~ qpp$f!aflak +QQtd Qf+Qf ~i' +880IQhem be aSking?

~t . ~ went to /move,

A PUBVC FORUM

ae part af the
ANNUAL CONFERENCE OF THE lNTERNAT!ONAL ASSOCIAT!ON FOR GREAT

Uld ES RESEARCH

Wedesday, June 5
7:00 - 9:30 PM

Knox Hall - Room 20
University at Buffalo, Amhetst Campus

FREE AND OPEN To THE PUBLIC

What's happening in Great Lakes research in 1991? What isn't happemng? How carl the
public influence the research agenda?

A panel of leading scientists who arc moderatmg several of the technical sessions of the
Great tates research conference will meet a panel of representatives of various public
interests as both sides consider these questions as they relate to:

computer modeling
contaminated sediments

toxic chemicals and human health

indicators of ecosystem we114eing
zebra mussels

Great LCkcs fish

The panel of public representatives include:

o Dr. Fred BroBrown, pastyrcsident of Great Lakes United and a member o +'
State of Michigan Water Quality Commission;
Senator John L Shctfcr II, New York State Senate;
Grace Wcvcr, Program Manager for Eastman-Kodak's Division of
Environmental Affairs;
Geo~ H. Mns vrgc - nsgrovc, Head of Mission and Senior Trade Commission r of
thc Canadian Consulate in Buffalo.
Dr. Adcline &vine De, Departtnent of Sociology, University at Buffalo

10



The representatives from the Technical Sessions are:

Dr. Joseph DePlttto, IAGLR Conference Chairman
Director, Great Lakes Program of the University at Buffalo;

"Progrr.ss on the Green Bay Itfass Balance Study"

Dr. Paul Bertralt, U.S. EPA - Great Lakes National Program 08ice;
"Bioindicators of ecosystem health in Great Lakes

Dr. James Olsoa, Department of Pharmacology, University at Buffalo;
"EcologicaI, epiderniologt'cal and neurreuicological assessment of
Great Lakes contaminants"

Dr. Charles O'NeHI, New York Sea Grant Extension Specialist, SUNY-Brockport;
Zebra Mussel Information Clearinghouse;

"Progress in Zebra Mussel research in the Great Lakes Basin

Dr. Mohiuddin Mttaawar, National Water Research Institute
Canada Centre for Inland Waters;

"Lake Ontano ecosystem: Past, present and future"

Dr. Dave Cowglll, U.S. EPA, Great Lakes National Program Office;
"Progressin the assessment and remediation of contaminated sediments
 ARCS! program"

Dr. James Haynes, Department of Biological Sciences, SUNY Brockport;
"Fish and fisheyes ecology in the Great Lakes"

Mr. Barry Boycr, Director, Baldy Center, School of Law;
"Implementing Sustainable Development and the ecosystem apprrtach
in Great Lakes decision-making"

The panel discussions will be followed by written questions from the audience.
The forum will be moderated by Jack Maano, Associate Director of the New York
Great Lakes Research Consortium.



Togs docked at the foot of Matn Street - 1890's.

Foot of Main Street; Large vessel "State of Ohto" - l890
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Tuesday, use 4
SESSION 20 � SYMPOSIUM: "FISH AND

FISHERIES ECOLOGY IN THE GREAT
tAKES

ROOM 14 KNOX HALL
Cf:PACENOR: JAMES HAYNES, Biologictti Sciertceg
SUNY COflege Rt Brotdtpart
MODERAIRS: JAMES HAYNES and BETTY LQU
BRETT

9 20 hnrcuhactrory Rcsaterks
de BILEIT, BEITY LOU. Loar gaacnc ariability rn Greet takes

species d ficta
WO IHIXIVR, PATRICIA A . R. G. Th'HINER. Eneractjea «f tsivti

rainbow scnetc
9:10 MUMQTfRICIf, X. R, Impacas of ~ ~ and tnR

~ cxs tnntgathag hnpncm af bleached kraft null cfttocad m
MFO arxivity aad serura stemids ia flstc

930 SAVflZ, J L G. BARDYGUIA, A. FELOMAN, Bases far pray
fish spaciea eeleethm by chicmoh eahncm, mho sabrina, and tete

9SO AULTMANa D.C.,J. ht HAYNES. Sairncnme catches ia take
Ontario arc bigho n thcrsoaj fracats in the Spritg: Expcciracaxst

lo:10 BREAK
lo:30 SAVITZ, J L G. BARDYGULA, Homing ataahnaruds to

Illinais harb«mt ~ d mgiag pened salmoa
IO'.50 MANDRAK, N. E�E T. CROSSMAN. A rcvmw af in~

fishes in the Canadian waters of dae Great Lakes.
I I: 10 RECKAHN JAMES A Vccj6caticm af index fishing ac an

~ centare nceaemdcaf year-class strtmgth for lake whbefash
csarcgocnte chapcefannjs.

I I: 30 BUCHANAN, IA N D. Lake Ontario, Tcnamca erarcrfrcnt ftcb
ccetnmtoity and hahatat assess«unct 1989.

l 2dyl LUNCH - TaRaen Haa

SESSION 30 � SYMPOSIUM:
RESEARCH AND MANAGEMENT

OF WETLANDS IN TME GREAT IAKES'
CONVENORS: JCJCHARD C, SMARDON, SUNY
COllege of Enviforunentaf SCienCe and FOregtry and flhiV
RAY, The Center for the Great Laltes
MODERATOR: R[CHARD C. 8MARDON
I:40 BUSCH, WOLF-DTRTER N. A naacro car«cath co che

of desired lang term wmcr-kvcl fluctuation
Gmat Lakes ming wetland dynssrajan.

2 dto WISHEU, f. C�p. A. KEDDY, Q, WU D. R I, MOORE Tbc
importance af fentTity mad fluanntitcg avatar levels m
establjahrnem and maisatcstence of avcttand vegctetiani restdts d s
four year mcaaaomn cnpaiartcsa.

2'20 McAL~ LYNNE, H. J. HARRIS. Fessors inftttcrtcjog thc
batjon at sadunergcd ntacaaptcrtee in Gmen Bal'. Lake

~ A Cams m hgtn attentasticst and vcaftirracr

240 REEDER, BRlAN C�W. I. htTTvlCH. ~
biogeccdtenajany af Otd Woman Crack wectaocL ta" e Wa

3da BREAK
3 20 WILLARD, DANIEL K 'Iles ntattcc Pere. Marttacctc w~n~ '

arpaetic system rclaaanm by bcsaidpa negtccc
:40 FRANCIS DONNA, D. I, JUDE, IL ROSSM

Memory in a Greet Lakes estmryi Old Wcenan Crcck, O
4' CLOOSCH ENKO, V T. KA VANAGH, N. ROULET G~

Lakes coastal retlanch - mcreased provicaciaI accogruocm at
~ nd ttychatagjcaI values for ptatnnjon pu~.

WELLER,P.D.RAY,s.tttNNELL P ~G~~"
wedands through ihe me Of nnernatiaaaal Sgreerncstta
kmctory.

4:40 SELLINGETL CYltrTHIA F Groan Lak hydcacrtca dec bs

SESSION 2C � SYMPOSIUM:
"ECOLOGICAL, EPiDEMIOLOG ICAL AND
NEUROTOXICOLOGICALASSESSMENT
OF GREAT LAKES CONTAMINANTS"  II!

ROOM I la KNOX HALL
COMR'ENORS: PAUL KOSTYMAK, JAJlfZS OLSOH and
R/CHhRD SENEGAL
MODERAT7OR: RICHARD SE EGAL

JACORSON, JM S. W, JACOBSON. Effects of pnnanat PCB
aapoam m centrtd aervam system tmctjrut.

g90 BCIIAJCIX,S. L, E D. LEVIN, S. A. FERGUSON, IL F
BOWMAN. ~rise af PCB and TCDD sf faxs cm behave

9: IO SIIAIN, 99�B. BUSH, R. SEBGAL in~ tcsucky tssthtg af
pad ychtoshaetsd ~  PCBs!.

930 CARPENTEIL D, O�M. L EVANS, D. BUSSELBERG. Iab2+ n
a potesd blocker d vattap~t calcimn chsarmh ia both

930 ABCHNER, M H IL ~ERG. Mcthyhaermry  McHg!
npask c end efflux fern astracytc cabaret.

ttblo BREAK
ttk30 BURBACHER, T. Itl, N, K. IrtOTTET. Thc devel«parental

orna«I«atony of cacthytnacrcary ln nonhnmnl pnlnatcs,
ttb50 hglLLER, D. B J. P. OCALLAGHAN. N~cy

aseessatesn - thc ocgnntxjns as ~ cern nudy.
I I;lo lllCLACHAN, D, Ajaminum neo~ of drinhng water.
I I:30 GfLRERT, JaL E. Do cnvi~ aoxicams prcencse a

prang~ ta scdsuac 4jsardcrc7

:tn LUNCH - Talhert Hall

SESSION 3C � SYMPOSIUM:
"PROGRESS IN THE ASSESSMENT AND

REMEDIATION OF CONTAMINATED
SEDIMENTS  ARCS! PROGRAM  I!

COPCVENORS: JOSEPH hyXIPJSOJtt and STRAW'AICT
TA YLOR, Department of Civil Engineering State
University Of New YOftt at BuffalO
MODERATOR: l%fLUPE ROSS
I:40HORVATIN, P, J., D.C.CX!WGILI K. L SCHROER,R. G.

POX, J. W. PIPHL An «acavjcw af the asacssnteau end
rcmcrhnjcut of contamiraeted acchmcnts tARCS! Program.

200 BURTON, C. A., JR �C. INGERSOLL. I'. ROSS, L B UTtNETT,
M, HEaCRY, S. KLAINE. P. LANDRUM, hf. SWIFT, hl.
TUCHMAN. ~ toxicity aamsaancatts: apamat design
nnujdcratinta.

220 tNGERSOLL, C-G G, A BURTON, JIL, L CLEVELttND, J. J.
OOYLE, Jtrt K. NELSON. Thc acaac ncd chronic effects of om-

Gmst Lakes eedjittcm m the nrndu pod dyntctte acteco
~ ad thc midges c~ rifaerho and cliirononnn crntem.

2:40 LANCASTER, E. K VARGO, M. TRACY, J. TRACY, J,
ltATHBUN.C. INGERSOLI A. BURTON, M. HENRY, P.
Iracn "nadi cater" nnalysea.
LANDRUhl. ~g sedimmt tcnicdty m the Buffalo Rivcr

3' BREAK
320 JafUELLRR, MARY ELLEN... Progress rcport af aanar surveys
3 40 PAPOULIAS, D D. BUCKLER, D. TTLLITT. hlutagcnic

pragiecn-
asscaemcnc at ooa arninned Greet Lakes enhmee f dnts or ARCS

400 HOKE, R, A, J. P. GIESY, A E. MscCU BEIN, J. TUNG.
Mtuagcoicsry of sochmems from ahe Grand Calumet Raver, IN-
Ccaaparjecm of mutaiaa and Ames m says.

420 SWIFT', Ill. C, T. J. CANFIELD, T. W. LAPOI7a T. G. A.
BURTON Erat«acing benthic naacioanvcrtcbratc cmamenit
strmturc uamg a tiftciat cahorncattao sadtsnatcs and
snripl cs ponar grab
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SESSION 2E � SYMPOSIUM: FORECAST
AND PREDICTION SYSTEMS"

ROOM 4 KNOX HALL
CONVENORS: KEITH W. BKDFOIID and CAIIOLYIV J,
MERRY, Dep.t of Civil EnIIInccrinit, Ohio State Univ.
MODERATOR: KEITH BEDFORD
tt.30 CARROLL, THOMAS R. Airborne and satelhte snow cover dura

used in opersuonsi and msesrch hydrology pmgramr for Lake
Superior and Lake Ontario.

8.50 LEE, DEBORAH H T. E CROLEY II, C. F. SOtrfffAM. A
comparison of Gmsa Lakes water supply forecast methods.

9.10 BUCHBERGER, STEVEN G. Forecatnng stmu J csttcsrw lake
tevch co ass cia lake share mnnaganan.

9.30 SOUTHAM, CHARLES F. Porecaaing water levels in the Gast
Lakes: En~ Canada's prabsltitistic approach

9 50 THIEME-JANISHi CHERYL K., D. H. LEF Incorpomtion of
noun rise frequcncia to Jx moreh foreascs.

i 0: t 0 BREAK

SESSION 2E � SYMPOSIUM: "LAKE LEVELS
AND COASTAL STABILITY: GEOLOGIC

IMPLICATIONS AND HISTORICAL
PERSPECTIVES"  I!

CONVENORS: PETER BAIfjtr ES, U.S. Geol. Survey, Branch of
Psci&ac Marine Gcokogy and MICHAFX CHR7ASTOWSKI,
111inois State Geological Stnvey
MODERATOR: MICHAEL CHRZthsiTOWSKI

10. 30 FOSTER, D. S., S. hL COLMAN. The Chippewa kru'-lake phase
~ nd the pce- Nitnsrkag transgtesskua af Lake hhcfugsnt cvidttace
frcnn high-resohr tkaa seianic urstigreifay.

10. 50 THOMPSON, TODD A, Lake-level behavi«dunng the parr
4,000 yean in dae scmrhem patt cf thc Lake Michigan basin.

11.10 JIBSON, RANDALL W JOHN-MARK STAUDE. Rates af
bluff rccctsiua along the Lake Michigan shocehm in Btinois.

11.30 JOHNSON, BETH L., CAROL A. JOHNSTON. Cosaal
emsitua in relsnan to Beef agy in the weac rn cnd of take Supcnoc.

11:50 HUNTER, RALPH E,T. F REISS,J L CHIN. Costtst
iri ansi and ennicmal cffccts of 'I 9g5-19g7 high water hvets

in e Michigm.
12- ! 0 LUNCH � Taibcrt Hsn
MODERATOR: PETER BARNES
1:40 BUR htEISTER, JEFFREY A, V..C. A. JOHNPlQN, J P.

BONDE. Effect of wave energy rm ccnnal recesrion.
2 00 FOLGER, D. W�L ht. hf AIZLISH, C. F. POLLONL D. S.

FOSTER, C. L BROWN, B. A. SEEKINS. Bonom rcdinca
testate dctannned wuh sidcscan rcnaar, tcsttbcm Lake Michigan.

2:20 BOOTH, JAIVIES S., W. J. WIN"TERS. Possible wave-baduced
changes in Lake hhcbigan nearthore lakcbed properties. Ittinoit
Beach State Ps k.

2:40 KEhiPEhIA, E. W., J. W. HAINES. Sedincat ctansport by
anchor icc m sondacrn Lake Michigan.

3 00 BREAK
3.20 REDafNTIZ ERIK, BARNES P. W�hl. McCORh41CIL

Offshore ice rtantport of canard sechrmm in Luke hlichigan.
3:40 REINHARII, R, D D. B. DILNER, H. M. HUBERT7

Cme s~ weve cncrgy fins and pcruistcnce as mhacd to emuon
oa the soahcrn shoe of Lake Midaigat.

443tt WOOD, ttPILLIAM L Modeling beach and tuasnhote prufite
response ro lake level change.

4:20 TERPSTRA, P, D�M. J. CHRZAS3YJWSKL Stuarnary of lake
harum dtatagcs sc acatb Peart marms viciruty betvrccn 19gg std
1990.

4:40 SHABICA, CHARLES %�F. A. PILtttNSt HKF M. J.
CIIRZakSItDWSKI. ~ cotrutuntnt by coastd ~
dang tbc Illinois shore cf Lake hh'dugan.

5:00 JOHNSON, CHARLES N. hfitigaion d harbor~ted thats
erasicsa wirh beach nourishnaeat two case audies ou day
shorelines. LL Dehyed micigstian, Q. Jcacph ML

SESSION 4A � SYMPOSIUM:

PROGRESS IN ZEBRA MUSSEL
RESEARCH IN THE GREAT LAKES

BASIN 0!
ROOM 20 KNOX H ALL

CONVENORS: CHARLES OltIEILL and DAVID
frf ACItIEIIL, Ncw York Sea Grant Extcrtgiott,
SUNY-Bmckport
MODERATOR: CHARLES O' NEILL
g 20 Iasmduaory Rssnarks
g:30 KLRRKS, P. L, P. C. PRALHGH. Zebra mussel veliger

m weactnLakc Eric near Manteau Bay derma 1990, snd
salus mused anmal aa wataristaka by osidstn sddiuan.

g 50 NICHOLS, $, J B. KOLLAIL Reprtsfuaive cyde ot zebra
massds  Dteissrmr prafJsruarpke! m weacrn Lake Eric st Mcuute,
Michigan.

9:10 FTFLSIMONS, J. D., J. LEACH. S. NEPZY, V. W. CAIRNS.
Effeas of zebra mussels cna w JJeyc ~csa in wcacm Lake
Erie.

9.30 CA VALETTO, JOANN F,, T. F. htALEPA. M A. RJRD, K .D
MCEL JtOY. Zebra mused farness m Lake St. Ctau-. s coaaparastua
et two sales.

9,50 hgacISAAC, HUGH J W. G. SPRULES. ModcBing the
dynsrsdca of mbrs mussel ~as iu dac Great Lakes. How
~ sse bione processcs7

10: 10 BREAK
10:I RAMCHABAN, CHARLES %'.D.K. PADILLA.S.t.

DODSON. Anaty Js of tetlsanaa pofsttsnaa dynsnucs in Eurape
and prediaioos f«Nonh ~

Itk50 PARE, S. hL, H. P. RIESSEN. Impsa of &sh predaitm on zebra
mused pcfautsnoae

11:10 KREIS, R. C, JR hL D, MULUN. IL ROSSMAN.J. L UTL J.
E REIDY, K A, VARGO, K. T. SMITH. Ccuatatninaa
onneearationa in zebra mussel tissue frees weamn take Ent,
Mesa tce, Macfaigsn,

11;30 DONAHUE, M. J., C, A. RATZA. Policy end process:
Im tcrnsnttng thc nonindigmous acpastic nuisance ptevtrattcsa

oa.: rci aa of 1990"
11:50 LICITTKOPPLEk, FRANK R., D. O. KELCH, Rectraricsaal

resource user artiuades ccmcxmmg the zebra mussel  ftrsarreaa
tsuttruorfshs!, ruad ocher Great Lakes issues.

12 10 LINCH Talbcn H Jt
12:15 TOURS
100 POSTER SESSION - Nonan Hall  Carpcnta Rerun!. Sce page I ra.

SESSION 5A � SYMPOSIUM:
"PROGRESS IN ZEBRA MUSSEL

RESEARCH IN THE GREAT LAKES
BASIN"  II!

MODERATOR; CHAR~ OTdEILL
3:20 MacNEILLv D. B. Physiological sad rnortphcdogical oonapsriscuas

of Drsassencl raornaooPfale and hfyrafspsts tsucorahcate fBtvutvaa:
Dteissaaidre!

3:40 hlATISOFF, G., A. GREENBERG, G. GUBANICH, P. L
hgcCAU Effects cdmrnnoaia. chl«stniae. aad datorioc diosjde
on zcba snead vsiiga ~.

4430 SPENCER, F. S. Ahearativcs ro cbkriaaticut for oontrot of zebra
mnssds.

4:26 BAIER, ROBERT E. Ccntnrd and rnkfgstuna af mbra muaaei
araahnaatt by usc of tuarpcdiuttng, fording~ cswttngs.

4.40 SNYDER, FRED. I S. W. FISHER, D. O. REICH, F. R.
IJCIm ~ Dcvdopatg sratugics for cfasrrucd
spphcsciuns to itnpade edna nruasel ~r to iraland wsrat.

500 KEILLOR, PHlLIP. Send fiber iatakcs f«dac prevcracjon of
atbrs mussel ~ in large and smaB waar at+y tyuant

7430 PUBLIC FORUht - Knoa Hali







Thursday, June 6
framewmks for suessnsbility.

11:10 MULDOON, PAUL Sunset chemicab: imptcnrcruing
tbc concept of zero discharge through polbrtion
plev canon.

11:30 AMES, ERIK T, CRANE, lvI. 3. DONAHUE.
Pmmoting conaiistcncy m water tonics regulation for
~cnr of the Great Lakes.

I IW KALINAUSKAS, R L BOGGS. Bridging thc gap-
reacarch ro decision-making m tbe hnphenrnitstlort

of agncultural rnm-ponrt souroe pmgrams.
12:10 DONALDSON, C�M, WEBB. PoDurion prevenriori - a

lacier affair.
12:30 LUNCH - Talhert Hall

SESSION 6C � CONTAMINATED
SEDIMENTS

ROOM 1N KNOX HALL
MODERATOR: H. C. SKKA

8:30 POULTOfrl, DONALD, I PAWlDWSKI, M.
GRIFf ITHS. Malrping of ccsttnmutatcd scdirncnts using
thc ehrctronragnetrc  inductive! mcthoL

8;50 RUKA VINA, N. A. Variality of the physical properties
of Hamilton Harbour bouom sediments.

9: 10 VERSTEEG, K %. MORRIS, N. A. RUKAVINA.
Mapping ocertaminered~rnetu Oucknms with magnetic
suscefmbiTity,

990 hIORKIIIIADr N. R�J. A RDBBINS, A, MUDRQCK.
Aiubropognaic akaration of carbcm, monger. and biogcrtic
sihca deposition in Lake George  St. Mary's River! since
1820,

950 COAKLEY, J. P D. I. POUL'R!N. Sornee-related
clessifscation of St, Lawreiae eeuary scdinrcnrs,

1010 BREAK
IO:30SIDDIQI, hlUIIAysIMAD A�H.C. SIKKA, Microbial

degradaticm of bcnzo[s]pyrene IBap] ln Ihe soil e rhe
Times Beach confined ~ sire.

1150 BALCH, G. C�C. D, METCALPE. Characterization of
chcrmcal carerrsrgcns withn sar%ments of Hanulron
Harbour, Ontario.

11:10 COMBA, M. E�C. MACDONALD, D, G. NOBLE, M.
M. GAGNON, J. I, DODSON, R. J. NORSTROM. K. L.
E KALiER. A Lake Ontario � Gulf of St. Lawrcncc
mass balance fcx rnirex.

11:30 CHANG, C J. KENDER, T. TlSUE Cd m Lake
Tahoe.

1150 ZEMAN A. J. Consolidation of very soft sediments due
to subaqeous ~

1240 LUNCH - Talbcrt Hall

SESSION 6D � SYMPOSIUM:
"TOWARDS AN APPRECIATION OF THE

CURRENT STATUS OF RAINBOW SMELT
IN LAKE ERIE"

ROOM 14 KNOX HALL
CCrNrriENGRS: STEPHKV J, JVEPSZY, Lake Erie
Fisheries Statimt, Ministry af Natural Relrunm anci
LARRY D. WI1ZKL, Lake Erie FtSheriea AtnreSStnent Uttil
MODERATOR: LARRY %rlIZEL and STEPHEN
NEPciZY

8;20 LARRY %VIZEL and STEPHEN NEPSZY - Introducrory

20

DISCUSSION SESSION: EPA's
ENy IRPNMENTAL MONITOR INQ AND
ASSESSMENT PROGRAM  E MAP!:
IMPLICATIONS FQR GREAT LAKES
SURVEILLANCE AND MONITORING

ROOM 20 KNOX HALL
MODERATOR: DAVID DOLAN, &eat Lakes ReIiaag
Qfftce, IJC
g30Al4- lfk10 AM

STEVE HEDKE, Overview of EhlAP Tcchnical Director,
EhIAPOraal Lakes EPA-Duluth

h{ARY HENRY, Dept. of Fisheries snd Wikflife,
Univcaaity of Wisconsin

ABDEL 81%8AARAWI, National Water itcsaech
hretituts, Envinnncsst -Canada

DON%~rrhIS, hrlsnd Wsrer Directorate, Envirrsuneat

10:10 BREAK

SESSION 6A � GENERAL LIMNOLOGY"
1090 EDGINGTON, DAYID Ã A. s. BRooKs, Nutrient

cycling in Lake Michigan.
10:50 AXLER, R C. LARSEN, C, OWEN. C. ROSE, Priinary

pnxhc&ity sr western fake Superior.
11'.10 HICKS, RANDALL K PEFER AAS, CHRISTINE

IANKOVICli. Seasonal and wind-induced changes m
bsctanopleriktrm densities and production in Lake
Superior.

11;30 VANDERPLOEG, H. A.. T.F. NALKPA, J. R, UEBIG.
Filrreion rate and particle ieneiric efficiency cf fernpsifir
rndtcae srlirtneirfea on artificial parrichn and nansei
seen cf lake St. Clair.
WUr J. J I. K TSANIS. A circulation model for rhe
ncmshote cess of the Greet Lakes.

SESSION 68 � SYMPOSIUM:
'IMPLEMENTING SUSTAINABLE

DEVELOPMENT AND THE ECOSYSTEM
APPROACH IN GREAT LAKES

DECISION-MAKING  II!
ROOM 109KNOX HALL

MODERA'KNt TQM MUIR

geo LoUcKB, oRIE I w. RENWIcK.H. EREKsoN.
Assessatg rhs. nnfusuy-envitcasncnt panncrstups in puisur t
oi' susrainehibty at RAP sites.

890 RIVERS, RAY I, P. RYAN, Saslsinabte dave~i
fce' rhe City of Burhngtoa.

9: lfl BROOKgr ANN DEWITT, S~ the Chess!reeks
Bay: rnetaging population gmwrh and de elolnncnt

930 FINDLAY, RICHARD. hnptcnrenling sustainable
devetopmeta in Ontario.

9M SERAFINRAFIN~ RAFAL Asscssiag instimtions for srntainable
10:10 BREAK

krptnene lessons fturn Great Lakes management.

OMBE,D. SCOTT. ~e g ~rsun
~nnsrces fcn urdiceors of srniainabihry

10% OYER, BARRY, Building legal nrd institutional
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8:30 DIETZ, PAULINE h.  MONCK!, D. N. HUGHES, A
review of thc cco]ogy of rainbow smelt in Lake Eric.

8:50 PAINE, JERRY R�E. T, COX. Thc trawl fishery far
rainbow smelt on Lake Eric,

9:10 WOLFERT, DAVID R. Rambo w nnelt abundance in
U S. waters of central snd eastern Lake Eric, 1978-1980.

9:30 EINHOUSE, DONALD. The status of rambow smelt in
New York w aterr, of Lake Eric,

9:50 BREAK
1010 WITZEL, LARRY D. Year-class rccruitmcnt indices of

rainbow smelt derived trcen bonorn u awl surveys in long
Point Bay, and projections of temmerciat srnch harvests
by thc Ontario trawl fishery in easten Lake Eric.

10:30 ORSATTI, S. Catch at sgc analysis to reconsuuct the
characccriaics of a populatian of rainbow smelt  Osrnrrur
atordaz! from conmtercial trawl harvest data.

10:50 RYAN, P. A, Apptlcatiam of surplus prrduction models
to thc ccmunercial lrawl fishery for rainbow smeh
 Osrnsras «tordax! in eastern Lake Erie.

1 1:]0 OWENS, R.%V., T, H. ECKERT, R. O'GORMAN.
Response of rainbow smelt to the changing fish
ctmununity in Lake Ontario 1978-90,

1 1:30 RITCHIE, BEVERLEE J. Dynamics or'introduced
rainbo~ smelt  Osmerar Iitordax! in Lake Nipigon,
Ontario ard asscssmcnt of potcruial impacts on
indigenous fish species,

11:50 REMNANT, RICHARD A WILUAM G. FRANZIN.
An assessment of the impact of the rainbow smelt on the
fishery resources of Lake Wmnipeg.

SESSION SE � SYMPOSIUM: "EVIDENCE
FOR THE RESTORATION OF LAKE ERIE"  II!

ROOM4KNOX HALL
CONVENOR: JOSEPH Itf AKAJKWICZ
MODERA'mR: JOE MAKAREWICZ
8:30 REYNOLDSON, TREFOR B. Evidenoe on the former

state and recovery of the benthos of Lake Erie.
8:50 MAKAREWICZ, JOSEPH.T. LEWIS. Long term

changes in phytoptankton srd zooplankton in Lake Erie.
9:10 KNIGHT R. L, B, VONDRACEK. Changes m die forage

fish community of Lake Erie, 1969-8$: Etfects of
Predation?

9:30 CORNELIUS, FLOYD C. Thc status of sabnomne
stocks in Lake Eric.

9:50 HENDERSON. BRIAN A S J. NEPS ZY. Walleye stocks
and dynamics in relation m hishcriea inanagement m Lake
Erie.

10: 10 BREAK
1 &30 LICHTKOPPLER, FRANK R. Ohio's Lake Erie

charter boat industry in 1990.
10;50 JUDE, DAVID A. First evidence of gobiidse in the

Great Lakes Basin.

"ATMOSPHERIC PROCESSES"
1 I:10 HERMANSON, MARK. PCBs and organocht<xine

pesticides and fungicides in atmospheric samples from
Lakes Superior, Michigan and Huron.

11:30 RECTOR, D~ R. KUMM LER. W, PORT, E. PICHE, C,
FRANKLIN, K. SHIKAZE, R. 'IUOLEY. The status of
air toaics in thc Detroit-Wmdsor/Pert Htatm Senia
regicm: a rcport of the hi tcrnationa] Jomt Commission's
Air Pollution Advisory Board.

1 1:50 HOLSEN, THOMAS M., K. E. NOLI�S. P. LIU, W. J.
LEE. The fate of airborne PCBs and PAHs in the Great
Lakes rag ian,

POSTER SESSIONS
Norton Hal1  Carpenter Room!

Monday, 7-9 PM
Wednesday 1-3 PM

BARNES, PETER, ERIC REIhltNTI Z�EDWARD KEMPEMA.
Icc rafting and icc-induced pmfttc modi6cation: wutter
coastal erosion in nntthetn Lake Michigan.

BARNHART, MICHAEL J�JULIAN M. MYERS. Pilot
bioremadiaticrt of petmleum contaminatest soil.

BROWN, RUSSEIJ. W�W, W. TAYLOR. Effects of egg
composition and prey density on thc larval growth and
surviv al of lake whitefish,

CAP, ROB ERTA, C. lANGE. Zoaptanktrm in the New York
State canal rystarn.

DICk Jiff. M., L BRINDlE, N. GHAZL G. RYGIEL The
presence of contaminated sediments ia the Niagara River
watershed as indicated by invertctaates with deftnmilics.

ERNEST A., J. BONNER, R. AtJTENRIETH. Effec of
psroclc size distribusion descrtiiatii n on estimated
particle aggrcgatirm efficiencies,

FINK. lARRY E MICHAEL PENN. A spreadsheet rosie
substances model far the Great Lakes.

FULLER, JONATHAN A. Sard resotscea of thc outer Iorain
pumpmg, grounds on the Lorain-Vermilion Moraine. lake
Erie.

HAYES, JOSHUA A 0, L LOUCKS, G. E. GLASS, J. A.
SORENS EN, G. RAPP JR. Increasing imfsirtsnce of tutratc
m acidification of upper nudwest seepage lakes.

HOKE, R. A., G. T. ANKLEY, M. K.
SCHUBAUER-BERIGAN, P. A. KOSIAN, G. L PHIPPS.
An avcrview of U.S. EPA, ERLDuluth sediment tescech-
prelirunsary rcsuhs.

HORGAN, M., M. LUITEJW3N. Genetic identity of Little
Bay de Noc and Grand River Walleye pope tations.

IAHAN-PAR WAR, J. A model system for neanubehavioral
toxicology of polychlorinatcd biphertyts.

JOHNSON, CHARLES N. Structural rhote protection in the.
Great Later. ~ costly myth

JOHNSON, CfhLRLES N. A remarkable fit of the
longinav-type profile with be-troughs.

JOHNSON, CHARLES N. Behavior of the toc of' a glacial till
bluff in response to varying water levels, Glenn. Ml, on
Lake Michigan. 1973-1990.

JOHNSON, CHARLES N. Mitigation of harbor-caused share
emsion w'ith beach ticiunshmcnt: two case studies oli clay
shorelines. l lmmc4ate nutigatian, New Buffalo, Ml.

KOCIX, JOHN F., W, W TAYLOR. Auushtrsnous steelhead
and resident brown nuut ccmpetiticst in a Great Lakes
tributary.

LESHT, BARRY M. Design of a limnological senpting
network based on combinational cytiteuzatiorL

R. O'GORMAN, E, L MILLS, J. DEGISIS. Usc of
zooplankxoa to assess forage distribution and movement m
thc Great Lakes.

O'NElll C JI, JR. ~lion and diapered of thc zebra
mussel Drrirsesapalyrnueprra, in Lake Ontario, 1989-
1991.



Foot. of Matn Street; "G. %; Gardner' of the Hard 7' Ltd - l867.





Ffre boat "Grathzn" tn Buffalo Harbor, now "Cotter" � 1920's



PROGRESS ON THE GREEN BAY MASS
BALANCE STUDY

Convenors: Joseph V. DePinfo, Victor J. Bierman, Jr., Deborah Sueckhanmier
and Dave Devaidt

Session 1A - Monday, June 3, 1991
2:00 -5:20 PM

Session 2A- Tuesday, June 4, 1991
8:30 AM - 12:10 PM

Session 3A - TUesday, June 4, 5 991
1:40-5:00 PM

20 Knox Hall
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KEltltEDY. JOHN A., Green Bay Metropolitan Sewerage District, P.O Box 19015. GreeSay. NI 54307-9015. LQMG-TERM tetTER QUALITY MOttITQRrft6 OF THE LONER FOX RIENAND 6REEN SAYt THE FIRST FIVE YEARS.

The Green Bay Metropolitan Sewerage District initiated an on-going water quali yual > tymonitoring program of the lower Fox River and Green Bay in 1986. Data collected heIP~the District assess the impact of its discharge on the receiving waters. The programalso provides data for over all system tracking, such as the Green Bay Remedial Actionplan  GBRAP! effort which is currently in the implementation stage. The fiveyear periodin question showed extreme variation in rainfall, including record river flow and stagelevels fn 1986 and drought conditions in 1988. Of the conventional parametersj onlyamaonia and TKH showed significant annual variation. Spatial trends were evident formost parameters, due to high loadings to the lower Fox River which are subsettuentlydiluted in Green Bay. Unionized aamnonia concentrations above the 0.04 mg/L EPA criteriemwere frequently observed. Average total phosphorus concentrations observed in the itWduring the 198S-1990 period ranged from 0.112 to 0.179 mg/L, which exceeds the GBRAPrec anmendation of O. 100 to O. 12S mo/L. Other spec if i c f indings of inte res t include =
ss

occasional di ssol ved oxygen dep'le ti ons in the ri ver and bay; hypo 1 imne tie wate r mamovement in the lower bay; and elevated levels of pCBs and heavy metals in sediment cores-

WARREN GLENN J. and, ROCKWEU DAVfD C. U.S. Environmental Protection AgencY.Great Lakes National Program ONce, 230 S. Dearborn St., Chicago, IL 60604. Surface WotanNutrient Dtstrlbtatton in Green Bay During the Green Bay Mass Balance Study: HlatorlC~<Comparisons and Water Mass Relationships.

Green Bay is a system heavily influenced by nutrient and suspended solids loadings. Data ennutrients and other water chemistry of the waters of Green Bay were collected during nine surveys, tvv<during ice<overed conditions, as part of the Green Bay Mass Balance Study, The data provideinformation on nutrient distribution in the Bay, and wiN be compared with historical limnological dat>Seasonal changes in nutrient concentrations and nutrient ratios will be discussed, particularly changesin nitrogen;phosphorus ratios favoring cyanobacteria, Nutrient/particle relationships within the Sap vwiNbe addressed.

rtcALLISTKR, LYNNK and H, J, HARRIS. NSI Technology, Inc., Corvall.is, Oregon andUniversity of wisconsin � Green Bay,� actb s i fluencin the distribution o
e o te in G een Ba Lak Hich an � A fo us o li t atte ationv ca a.

This study focused on the importance of light as a factor limiting depth distribution andabundance of Valli sneria americana along the west shore of Green Bay f rom Duck Creek tothe Pensaukee River. I.ight penetration parameters were assessed weekly at S studylying, along the bay's north-south trophic gradient, from June to August in 1989 and 199O-Sampling was also done at each site for end-of-season submerged macrophyte density andbiomass. In addition, a model was developed which predicts potential increases in depthdistribution of Vallisnerie for improvements in water clarity as remedial action pro-gresses. The maximum depth of Vailisneria growth and persistence Z, was 30-38 uE/ma/s,which represented 2.4-3. 7% of the light intensity at Z . The compensation light intensity«Vallisneri a was experimentally determined as 18 uE/m /s using an oxygen productionmethod. VaIIisneria depth distribution is probably limited by light availability ill someeas, Based on predictions of the model, it appears that the scarcity of Vallisnevia inthe area south of Long Tail Point is due to light limitation. It is also probable thatother factors � e.g. wave action. substrate composition, nutrient availability � interactwith light to influence macrophyte production and depth distribution in some places.
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P.O. Box 100, University of Mnnesota, Navarre, MN 55392. ATMOSPHERIC PCBs OVER GREEN
BAY, 1989.

The atmospheric concentrations of PCBs were measured in 1989 over Green Bay as part of the
Green Bay PCB Mass Balance Study. Air samples were collected using a Hi-Vol and a glass-fibre
filter backed by a polyurethane foatn  PUF! adsorbent trap at flow rates of -0.6 ms/'inin for 6 to 12

Analyses were conducted on -20 gas-phase  PUF! samples by GC-ECD following alumina-silica
cleanup. Attnospheric PCB concentrations ranged from 0.1 to 2.0 ng/m3, with concentrations
generally higher in the southern bay compared to the northern bay. Congener distributions were not
significantly different over space and time, favored the 2,3, and 4 chlorine-substituted PCBs, and were
similar to the dissolved-phase  filtration! PCBs. Back-trajectory analysis of discrete air samples were
generally correlated with atmospheric PCB concentrations.

f~~f., ~Ql~g J., SWEET*, CLYDE W., KELSEY, CYNTHIA A, HONG, JOHN, an ]
BANNASCH, JAMES H. Depaul University, Cheinistry Department, 25 E, Jackson Blvd., Chicago, IL
60604 and «Illinois State Water Survey, 2204 Griffith Dr., Champaign, IL 61820. Atmospheric
Deposition of PCBs and Dieldrin to Green Bay.

In conjunction with the Green Bay Mass Balance project, air and precipitation samples were collecied
at three sites along Green Bay to allow the estimation of atmospheric inputs and losses from the Bay.
Because of lower than expected satnple values, and unexpected contamination problems with the sainpler
and XAD-2 resin, the PCB and Dieldrin concentrations in precipitation were below a LOD based on field
blanks. Based on the blanks, [PCB] in precipitation were <4 ng/I and precipitation inputs of PCBs to the
Bay would be � g/km /yr or < l 4 kg/yr to the Bay.
Air samples were collected at the three sites when the wind was blowing from particular sectors. Samples
were collected for a two week period, and volumes ranged from 200 to 8000 m3 with an average of 2450
m3 �,55 tn>/min sampling rate!. In an average sainple 62 congeners were detected. Of these, 43  92 rc; ol'
 he mass! were above the LOD, and 21  80% of the mass! were above the LOQ. The average PCB
concentrations found were lower than anticipated: 0.31 ng/m> in Green Bay, 0.21 ng/m3 at Peninsula Stoic
Park and 0.085 ng/m> at Fayette State Park. An input of 5.5 kg/yr of vapor to the Bay during an & nioni1~
ice-free season can be calculated using meteorological information collected at the sites and an air/v aier
exchange model,

' ACHMAN 0; HORNBUCKLE K.C. Gray Freshvvater Biological
Institute, P.O. Box IQO, University of Minnesota, Navarre, MN 55392. PCB VOLATILIZATION
FROM GREEN BAY, LAKE MICHIGAN.

The volatilization of polychlorobiphenyls  PCBs! from Green Bay was estimated as part of the
Green Bay Mass Balance Study in 1989. The strategy employed was to simultaneously collect air and
water samples above and below the air-water interface, analyze the atmosnheric gas ohase and the
water column dissolved phase for -70 FCB congeners, and calculate the direction o flux for each
congener using Henry's Law, and meterologica] and hydrological parameters. Sampling covered the
period May throuJh October, 1989. Atmospheric PCB concentrations ranged from G. I to 2.0 ng/m',
and dissolved PCu levels ranged from 0.6 to 6.1 ng L At ambient wind speeds during santpling of 2
to 8 m/s, and surface water temperatures of 5 to 22 C, PCB volatilization Boxes were -25 to 40 ng/zn2
~ day in the northern two-thirds of the bay, and 100 to 350 ng/m2
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.P and EISENRKICH, SJ. Gray Freshwater Biological Institute, P.O. Box 100~
University of Minnesota, Navarre, MN 55392. WET DEPOSITION OF PCBs TO GREEN BAY~

MICHIGAN.

The wet deposition of polychlorinated biphenyls  PCBs! to Green Bay was measured from ApriI
]989 to May, 1990 as part of the Green Bay pCB Mass Balance Study. Integrated precipitatiots
sarnp]es were collected over two-week intervals using wet-only samplers constructed by M.I.C. Co
~ornbill, Ontario!. Sampling was conducted at Fayette State Park in the upper peninsula H
Michigan, at Peninsula State Park in Door Co., Wisconsin, and at the University of Wisconsin-Greert
Bay. No differences in rain concentration were evident among the sites. PCB concentratiot1s ist
precipitation at all sites ranged from 0.8 to 5.9 ng/I with an average concentration of 1.5 ng/I
average COneentratiOn reSultS in an annual flux Of PCBs tO the bay Of apprOximately 1.0 tO LS ug/Itt~
or an annual wet deposition input of 4 to 7 kg/yr.

Blvd., Ann Arbor, MI, 48105-1593. VARIABILITY OF THE CURRENTS AND TEMPERATURES
IN THE PASSAGES CONNECTING GREEN BAY AND LAKE MICHIGAN.

Green Bay is a large shallow embayment connected to Lake Michigan. Discharges of inadequately treated
industrial and municipal wastes have adversely affected water quality in the bays' southern end. Flushing of the
bay is contmned by exchange of water with Lake Michigan. lite exchange occurs primarily through the four
main passages located at the bays' northeastern end. In order to help identify the itnportant exchange prc~s.' es-
and estimate the magnitude of the exchange, the passages were instrumented in 1977-1978 and again in I 988-
1989. Current velocity and water temperature data thus collected is presented, analyzed, and used to compgte-
th» volume transport into the bay. Fluctuations in the currents and temperatures occur at tidal and Ioatger
penods. Winter currents are almost entirely harotropic and of moderate strength, even under the ice. Summer
currents ate affected by the thermal stratification, becotning sheared and even two-layered  bi-directional! at
times. The two-layered flow should be simply related to the internal thertnal structure, but thermistor chain data
show that the relationship is more complex. A strong, persistent, eight-day oscillation, indicating seiching of the
thermocline in Green Bay, resulted in very enhanced lower-layer inflow through all passages. An attempt is
ade to explain the observed currents through use of a simple conceptual model. Strategies for future

observation programs also will be discussed.

SQ+IIg r J ~ + i <I~ 0 8 and QOTTL I En, I . S ~ Iaoa7L/GLRRL, 22 Os ~nvea 1t h
Blvd-, ann arbor, atichigan 4Blos. aEMt-tutsoKBlT IfIttn toRclttG OP INTRRttar- BEICHtts
Ia otuttnt nay

Currents and water temperature diatributiOns were measured at a dence network
Of Statione within Green Bay in lgag. Ouri.ng the euaaaer mOnthe Of intense water
density stratification, euaggerated responses of thermocline displacement and
associated currents occurred with rind forcing at periods close to the bay's free
intnter'nal seiche period. The internal waves generated propagate similarly to those
observed in smaller, narrow lake basins where the effects of the earth's rotation
an be accounted for by assuming geostrophy between currents and thermoclineinc<cline. The seiches were strong enough to to be important contributors to volumeflu»res between the north and south halves of the bay past the chambers Island

c»striction.
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JAMES A. BARRES, AND DONNA FRANCIS, Center for Great Lakes
and Aquatic Sciences, The University of Michigan, 2200 Bonisteel Blvd., Ann Arbor, Ml 48109
Dissolved Lead and Cadmiuzn Distribution Patterns in Green Bay, Lake Michigan

EDSTRON, R. D., AScI Corporation, Duluth, ifN 55805, MARKEE T, P., Center for
Lake Superior Environmental Studies ~ Superior, WI 54880 and GOOK, Philip R,,
Environmental Research Laboratory  USEPh!, 6201 Congdon Boulevard, Duluth, Ftinnesota
55B04. Analytical Protocol and Preliminary Results for Organic Analytes in
Dissolved and Particulate Fractions in the Green Bay lhasa Balance Study Vater
Samples.

During the fall of 1988, water column sampling for the Green Bay loess Balance
Study was initiated. Preliminary results from PCB congener analyses of these
samples indicated spatial, temporal and partitioning, differences in total PCB
concentrations and homolog distributions. For example, dissolved fraction congener
distributions in the lower Fox River samples from April '89 showed abundarces of
dichloro, trichloro, tetrachloro and pentachlorobiphenyls in approximate ratios of
2:8:4:1, The same homolog ratio for corresponding filtered solids samples vas
approximately 1:5:5:1. Dieldrin analyses, using HRGC/ECD, provided erroneous
results. HRGC/HRHS analysis of selected samples indicated significantly lover
analyte concentrations, Analytical methodology, preliininary results and estimated
partitioning characteristics of the study analytes vill be discussed.

CRANE J DY L. and WILLIAM C
misconsin, rtadieon, ÃI 53706.
College Station Road, Athens, GA
in f ittle Lake Butte dee Sorts,

soar KOGNI, |rater Chemiatry program, Vn ivere ity of
{ Current Address." AacI corporation, c/o UsBPA ERL,
30613! . Rater-particle Partitioning of pcs Congrmrere
'Risconsin.

Little Lake Butte des Sorts forms an B km reach of the Lower Fox River, the ma!or
tributary entering Lake Nichigan's Green Bay. The results of an i.ntensive two year field
study on this lake demonstratee that the fractionation of PCB congeners in the water column
appears to be controlled by equilibrium partitioning between aqueous and eorbed states.
Total and congener distribution coefficients  Qe! varied seasonally, with the highest
values occurring during ice-cover periods flog Ke = 5.63 for total Peas!r the lowest values
occurred during surnmertirne {log K w 4.74 for total PCBs!. Partitioning wae related to the
physical-chemical properties of congeners and to the fraction of organic carbon  f !
contained within suspended particulate matter. The partitioning of 7 PCS congenexe
normalised for f~ {i.e., R ! vae strongly correlated to their octanol-water partition
coefficients  X e! ii .e., log R 1 .07ilog R ! � 0. 41, r w 0 .985 }. The slope of 1
suggests that congener hydrophobicity is an important factor controlling R~. This
relationship was similar to the empirical models of Rao and Davidson  l9BO! and Rarickhoff
et al. �979!. Thus, this is the first field investigation to confirm laboratory derived
water-particle partitioning relationships for hydrophobic organic compounds.

2'

During 1989 and 1990, Green Bay waters were sampled for dissolved lead and cadmium. All
samples were processed in a shipboard clean rooin and filtered through 0,5 irm pore-sized filters, For
the two cruises  April 30 - May 7, 19S9 and June 6 - June 13, 19S9! of samples analyzed at this tune.
lead distribution patterns were very similar. Highest concentrations were found at the south end of
the bay near the mouth of the Fox River and along the eastern shore of the bay. With the For River
serving as a point source for lead �10 - 450 ngQ.! and the generally counterclockwise ci,rculation
pattern in the bay, this is the dissolved lead distribution pattern expected . The mean dissolved lead
concentrations for rruiaes 1 and 2 were 76 and 120 ng/L, respectivell. DurUig cruise 1. inputs of lead
by the Menominee River elevated lead concentrations in the bay adjacent to the mouth of the river.
Because lead concentrat,ions were higher in the bay during cruise 2, the impact of' the Menommee
River on bay lead concentrations was not observed. Dissolved cadmium concentrations in the bay
were siniilar to one another for cruises 1 arid 2 �.2 and 2.7 ngX, respectively!. Dissolved cadrruuni
concentrations in the Fox River for cruises 1 and 2 were 4.7 and 2.6 ng/L, respectively. Because of the
small observed range of cadmium concentrations in the bay and the similarity of Fox River and ba~
cadmium concentrations. no horizontal cadrniurn distribution pattern was found for either cruise.



and SWACIQi AAER, Deboxah L Environmental and Occupational Health,
School of Public Health, Box 197 UMHC, University of Minnesota, Mnneapolis, MN 5545S. Spatial and
Seasonal Variations in the Bloaccumulation of PCBs by Phytoplankton in Green Bay, Lake
Michigan,

The uptake of hydrophobic organic compounds by phytoplankton and their subsequent transfer to
predators is a significant route by which cantaminants enter the food web. Bcoaetn April, 1989 and February,
1990, the phytoplankton and zooplankton of Green Bay, Lake Michigan wcxe sampled six times by size
fractionation. After congener speci6c analysis of both the dissolved and paxticuhite Dhasc PCBS,
bioaccumulation factors  BAFs! wexe dcterxnncd for appxoximately 65 congenerL Spatial variations in the
BAFs were minimal despite thc significant PCB concentration gradient in thc bay. However, signi6cant
seasonal differences in the BAFs were observed. Winter BAFs were consistently larger than sumxxam BAFs for
congcners with five or mote chlorincs. These data are consistent with pxedlaions based on laboratory studies
which have demonstrated that growth status of phyteplankton affects the partitioning of PCBs between the
dissolved and particulate phases. It is hypothesized that gxowth and related processes such as xelease of organic

!~I
processes axe minimized during thc winter months, accumulation is nlxe hkely to reach levels pnadicted for
steady-state cquilibxium, while during stxmmer months the accumulation is signi6cantly less.

Park st., Madison, QI 53706. coMPARIsoN QF PGB coNGENER sEDIMENT-PORE MATER DIsTRIBUTI0N
COEFFICIENTS OBSERVED IN TWO GREEN BAT SEDIMENT CORES.

Sediments containing contaminants such as PCBs may act as capacitor-like sources of
these compounds to overlying waters. The extent to which in-place pollutants contribute to
their water-column concentrations depends in part on partitioning of pollutant between
sediment particles and pore water. Distribution coefficients, Ko, are used to quantify the
partitioning process. Pore water concentrations of PCBs measured at several sediment depths
at two locations in Green Bay  using lo~ressure whole core squeezing! were combined with
solid phase data at these locations  obtained by sonication solvent extraction of 1 .cm
slices! to determine distribution coefficients for about forty congeners. The K for total
PCB was about 50,000 L/Kg and congener K 's range between 2000 for dichlorobiphenyls and
300,000 L/Kg for heptachlorobiphenyls and these values were correlated with congener K
values. Differences in Ko values.were also cozrelated with depth and location. Statistical
techniques were used to examine these correlations for evidence of weathering and/or
remobilization of sediment-associated PCB.

EDGINGTON D V and KLUMP, J. VAL, Center for Great Lakes Studies, University
of Wisconsin-Milwaukee, Milwaukee WI 53201 and ANDREN, ANDERS A. Water Chemistry
Laboratory, University of Misconsin, Madison, WI 53706. Sediment Deposition in Green
Bay

Sediments represent the lang-tera repository of hydzophobic contaminants and it
has already been shown that, for certain inorganic particle-reactive contaminants such
as Pu-239 and Cs-137, over 95X of the total inputs are in the sediments while the
continued decrease in concentration in the water is controlled largely by loss from the
surface mixed to undisturbed historical layers of the sediment record. Over the last
four years sediment samples have been collected from over 120 stations as part of the
joint Wisconsin Sea Grant - U.S.E.P.A. program. These samples have been analyzed for
Cs-137 and Pb-210 and the data have been used to estimate sediment accumulation rates
and mixing depth using a variety of models. These results vill be examined in terms
of: the areal variations in distribution and accumulation rate; the time-scale for the
loss of contaminants from the mixed layer; evidence for longer-term sediment  and
contaminant transport!, particularly between the south and nozth parts of the bay; and
the extent and time-scale of long-term sediment transport.



KLUttp J. VAL Center for Great Lakes Studies, University nf Qisconsin-ttilwaukee,
gati] waukee Wl 53201. Sedimentary nutrient cycling and a nutrient budget far Green Bay

Using direct measurements of sediment accumulation rates and the carbon, nitrogen
and phosphorus content of the sediments in Green Bay, a mass balance for nutrient flow

the system is constructed. The major terms in the budg,et include phosphorus inputs
and net Primary Production, CNP dePosition, burial, and exPort. The PrinciPle
uncertainties in these budgets ari se f rom uncertainties in phosphorus loading, in the
stoichiometry of carbon fixation driven by phosphorus, and in sediment recycling
e f f ic ienc ice, Direct measurements of sediment-water exchange and nutrient
remineralization in sediments serve as a check on the latter, Assuming that all
phosphorus entering the system supports carbon fixation according to a Redfield ratio,
mass balance requires that -50-60X of the net primary production is exported from
southern Green Bay with the remainder buried in the sediments -- a sink equi. valent to
135, 13 and 1.1 x 10*7 moles of C,N,P per year, respectively. This is likely a maximum
percentage, since both less efficient P utilization and more efficient burial vill
drive export terms lover. The kinetics oi sediment nutrient cycling indicate that the
response time of the Green Bay system to changes in inputs is on the order of years.

Illinois, 60439, and HAWLEY, Nathan, Great Lakes Environmental Research Laboratory, Ann Arbor,
Michigan, 48105. WAVE-INDUCED SEDIMENT RESUSPENSION IN SHALLOW
WATER: COMPARISON OF FIELD OBSERVATIONS FROM LAKE ST. CLAIR
AND SOUTHERN GREEN SAY.

Mass balance models of particle-associated contarninants require some estimation of the importance
of local sediment resuspcnsion in order to properly account for internal sources of particles. Estimates
of the horizontal transport of suspended sediment between model segments also are important in models
that have spatial scgtnentation. While laboratory results relating the erosional behavior of sediments to
an imposed shear stress may be applicable in some situations, uncertainties in thc characterizations of
natural sediments and in the calculation of shear stress in complicated flows make generalization to
many field cases problematic. Our recent work in Mce St, Clair �.5 m deep! has shown that local
sed'ment resuspension duc to surface waves can bc successfully modeled by using empirical1 rlrelationships derived from field observations of near-bonom currenrs and water transparency. Simi ar'l

observations made during 1989 at slightly greater depth  9.5 m! in southern Green Bay, however, do
not exhibit either thc variabihty in suspended sediment concentrations found in Lake St. Clair, nor the
consistent correlation between changes in suspended sediment concentration and wave orbital velocity
indicative of local resuspension, Analysis of meteorological and wave records shows that thc difference
can be accounted for by differences in the wave climatologics of thc two regions

KLVHP, J. VAL, Center for Great Lakes Studies, University of Qisconsin-
ttilwaukee, ttilwaukee tt! >3201, Short term particle transport in Green Bay

Time series measurements of Be-1  half life 53 d!, a cosmogenic, particle reactive
radionuclide, in suspended particulates and surface sediments throughout the southern
half of Green Bay provide estimates of the time scales of particle settling, sediment

and horizontal sediment mobility. Deposition of particles to the sediment
surface is rapid with particle residence times in the water column on the order of
days. Comparison of time-dependent Se-7 inventories in sediments, corrected for decay
indicate sediment remobilization and transport on time scales of weeks to months.
Focusing occurs on l.onger time scales as a result of resuspension and redeposition
events coupled with sediment particle size sorting.



PhTTRRBQN, bale, Nisconsin bepartaent of Natural Resources, Madison,
«isconain, 537OV.

re , United States Geological Survey, Madison, Wisconsin,
$3719 POLYQQORE!OLTND BZPEINYL TRMtSPORT NObEL FOR TEE FOX RIVER

The Wisconsin Department of Natural Resources, in cooperation with the
U.S. Geological Survey, is calibrating and testing a deterministic
polychlorinated-biphenyl  PCB! transport model  WASP4! for the lower Fax
River between Lake Winnebago and DePere. This study effort is part of the
Green Bay/Pox River Mass Balance Project. Hydrologic data, and bottom
sediment and water column PCB concentrations were collected from April 1989
through March 1990 for use with the model. Gravity cores were collected at-
more than 275 sites and analyzed for PCB and organic carbon concentrations,
particle size distribution, and moisture content. Most of the cores were
collected in soft sediments upstream of the DePere dam. Concentrations of
PCBs as high as 210 milligrams per kilyram were found in the sediment.
PCB concentration and congener compositt.on changed with depth. Estimates
were made of the total volume of contaminated sediment and the quantity of
PCB in the sediment. PCB loads to the water column frora ground water,
point d.ischarges and bottom sediments have been calculated. Model runs
vere made to predict the effects of removing major deposits of contaminated
sediments on PCB concentrations in the waste column. Model runs were made
for total PCBs and for selected PCB congeners.

. ZIEGLER, C,K. ~ LICK, W., Department of Mechanical and Environmental Engineering.
University of California, Santa Barbara, CA 93106, and STEUER, J, Wisconsin Department of Natural
Resources, Madison, %1 53707. THE TRANSPORT OF SEDIMENTS IN THE FOX RIVER

A numerical model of the transport and fate of sediments in the lower Fox River has been developed and
verified, The model consists of a two-dimensional, vertically-integrated, time-dependent hydrodynamic and
u ansport modei coupled with a threeMimensional, time-dependent model of the sediinent bed and its properties.
Settling speeds and safumnt resuspension parameters needed in the model were determined from laboratory and
field tests, Calculations were made for steady flows at high, medium, and low flow rates as well as for real.
time-varying flow events. In particular, two flow events were modeled in detail, the first from May 22, 1989 to
June 20, l9S9  this included a once in five year high flow as well as moderate to low flows! and the second fiotra
March 24, 1989 to April l0, 1989 For these events, calculated sediment concentrations at the river mouth were
compared with observations. Good agreement between the calculations and observations was obtained, thereby
validaung the tnodcl and the description of the physical processes implied in the modeling, In particular, the
presence and effect of an easily resuspendable surficial layer was demonstrated. In addition, statistical
calculations, coupled with real, time-varying calculations of major flow events were made for a period frorri
October 19N to September 1990. Comparison between calculated erosion and deposition and field
measurements of river bed changes during the same period showed qualitative agreement.

ENDICCAT, Doiqpas, U.S. Environmental Protection Agency, Luge Lakes Research ~ Grosse Qe, Michigan
DE~0, Joseph, Di~nt of Civil Engineering, State University of New York at Buffalo, Buffalo, New York

A Mass Balance Analysis of Contaminant Transpiirt and Fate in the lawer Fox River.

A niass balance appreech was used to develop s mathemabcal model describing the temporal dynamics of contatmn'ust
transport and fate m the water column and sedhnents of the lower Fox River, Wisconsin. Field observations of flow, chicaides.
total suspended solids. and PCBs for the period October, 1988. to December, 1989, collected as part of USEPA's Gteen Bay
Mass Bahince Survey project. supplemented by additianal held snd laboratory data, were used to develop and cahbrtse the
hydraulic, aedimettt, and contaminant transport characteristics of the mode1 The model was used to assess I! the relative
importsnc» of upstream, point, and in-place contaminant sources to the total kiads to the river,2! the magnitude of cotttauunaiat
export frtun the river to Green Bay for the period of observation, and 3! the ptojected magnitude of future contamutant export
to the bay. For chlorides, upsueam sources conuibuted 64% and point sources 36% of the total chloride loadings to the lower
Fox River over the period of observatiorL Of the seven major industrial and municipal point sources, only two mac
significanL For siisliended solids, upstream sources contnbuted 45% and point sources 55% of the total solids kadings tri
the lower Fox River over the period of observation. Of the seven major ~al and municipal poiiit ~. the Fort
Howard Paper Company discharge was the most significant.



S~W~T, /HYDE W., and MURPHY', THOMAS J. illinois State Water Survey, 2204 Grif ith
Dr., Champaign, IL 61820;tnd 'DePaul University, Chemistry Departntent, 25 E. Jackson Blvd.,
Chicago, IL 60604. The Rt>le t>f the Atm»sphere in the Mass Balance of PCBs in Green Bny.

As part of an overall mass balance study of PCBs in Green Bay, exchanges of PCBs between
tlte atmosphere and the bay were evaluated. PCB congener-specific analyses of airborne vapor and
particles were carried out on samples collected at three sites on the eastern shore of the bay,
Preliminary mass balance calculations indicate that inputs of PCBs from the atmosphere to Green
Bay make up less than l0% of total PCB inputs. These calculations also indicate that large
amounts of PCBs volatilize from the bay to the atmosphere, Wind sector sampling, seasonal
variations in PCB concentrations and the congener pattern found in airborne PCBs all confirm that
southern Green Bay contributes a measurable amount of PCBs to the atmosphere.

QABG PKI-FANG and ZAXIXHAHI, MABSOUR; AScl Corporation, c/o tJSEPk, athens, Gk 306l3,
NcCUTCHEON, STEVE; Knvirorunental Research Laboratory, ttgttPA, kthens ~ Ck 30613
Bydrodynamic Treras port Nodeling of Green Bsy, NI - Tvo end Three Dimensional
Sisaulatioas

4. 3-dimensional hydrodynamic model is used to investigate the transport processes of
Green Bay, VI, in response to vind, tide and temperature variations. The capabilities of the
model in describing the 3-dimensional characteristics of water transport are demonstrated
by' comparing the model results vith the results of some previous modeling work. |rater
surface elevations from the simulations vere compared with the measurements and the results
obtained by other investigators, in which 2-dimensional models vere used. The results fraa
the present model application are, generally, in agreement with the measurements. Sensi,tivity
analysis are conducted to verify the speculations, previously made by other investigators,
for the discrepancies betveen the model results and measurements. Simulations of bay
currenre are also compared vith field date. The simulated results of currents exhibit the
predictive capability of the model in describing the multidimensional flan in the bey. The
feasibility of using the hydrodynamic model in providing transport information to the water
quality model is also demonstrated in a study of chloride transport.

~~IDENT !, J.V�RAGHUNATHAN, R,K., Civil Kng. Dept., State University of New York at
Buffalo, Buffalo, NY 14260; BIKRMAN, V,J., Jr., University of Notre Dame; RODGERS, F.W.,
HINZ, S.C., Limno-Tech, Inc.; YOUNG, T.C., Clarkson University, DEVBLOPHENT AND
CALIBRATION OF AN ORGANIC CmtBON-BASBD SORBENT HODBL FOR TOXIC
CHEHICAL8 IN GREEN BAY ~

Accurate computation of thc characteristics and fate/transport dynamics o f tox ic ch c rni ca I s or ben ts is
crucial to development ol ah integrated exposure model. Such a h an efforthas been undertaken as part of
thc Green Bay Mass Balance Study. This sorbent dynamics model is distinguished from previous efforts
in that thc three sorbent state variables  biotic solids, abiotic solids, and dissol ved' organic ca r bon
 DOC!! arc rcpresentcd on thc basis of their organic carbon c oncentrations. In addition to the
conventional transport dynamics  advection, dispersion, settli g, ptlin resus ension, diffusion!, this model

includes both allochthonous and autochthonous inputs of organic carbon sorbents as well as various
translormation and decay pathways among these sorbent compam artments. The model was developed by

n>odif ying WASP4 to include thc above kinetics and has bccn calibrated to available Green Bay field data
from l952. Approximately two-thirds of thc pool of organic carbon sorbents comes from gross primary
production. Transformations of biotic carbon to abiotic carbob n and DOC are essential to an accurate

ca I ib ra t ion.



CONtSOLLYi, John P., PARKERTOHi, Thomas F., TAYLOR, Scott and KREZS2, Russell G. Jx'-
IEnvironmental Engineering & Science Program, Manhattan College, Riverdale, NY 10471;
2USEPA., Large Lakes Research Station, Grosse Ile, MI 48138. PCBs in Green Bay Fish: The
Importance of Diet and Migration to Observed Concentrations.

Because the dominant PCB source to Green Bay is the Fox River, significant north-
south water column and sediment PCB concentration gradients exist within the Bay
Observed PCB concentrations in alewife and walleye indicate a north-south gradient that is
less mteep than that of water column and sediment PCB, presumably because their movements
within the Bay result in an averaging across the water column and sediment gradients. Irr
contrast, the non-migratory carp exhibit a higher north-south gradient than the walleye
and alewife.

Preliminary application of a PCB bioaccumulation model to the walleye, brown trout, ca~
and their food webs indicates that migration is a dominant process controlling PCB concen-
trations in the fish, particularly in the Fox River and the southern portion of the Bay
Assumptions regarding alewife and walleye movements into and out of the river greatly
affect concentrations. The modelling suggests that the observed PCB concentrations in
these migratory speciee are significantly less than what they would achieve if they vere
fully resident in the river. Thus migration mitigates the PCB problem in the species of
interest. However. because significant uncertainty exists about the migration patterns of
fish within the Green Bay system, the extent of this mitigar.ion is not well defined,
Accurate calibration of the model requires more definitive information on fish movement.

Differences in the diets of the various fish also seem to be important in controlling
concentrations. Carp have the highest concentrations of the s ecies srudied. The modelindicates that this occurs because the carp are exposed to higer dietary PCB concentra-
tions because they consume benthic animals and sediment that have higher PCB concentra-
tions than the water colum animals that form the diet of the other Fish.

Station, 931 l Groh Road, Grosse He, Michigan 48l 38. Looking Back to Saginaw Bay:
Post-Audit Verification of a PCB Mass Balance ModeL

Predictions of a water quality model for polychlorinated biphenyls  PCBs! in Saginaw Bay, Lake
Huron have been vcrifted by contpmison to contemporary PCB concentration data. Data were available
for Saginaw Bay water in 1986 through l989 and for scdirncnt in 1987 and 1988. The predictions of
PCB water and scdimcnt concentrations were found to bc remarkably accurate, Thc ten years between
model development and verification corresponds tn a period during which PCB inputs to Saginaw Bay
have substantially declined. The success of the model in predicting the water quahty response to this
change in inputs lends credence to the mass balance appmach for modeling toxic contarninants.

DID YOU KNOW

Buffalo shipyards built more vessels of aH types than any other cfty on the
Great Lakes.





'NILLIANS, D.J., Inland Waters Directorate, Envtronment Canada, 867 l.akeshore Road,
Surl lngton, Ontar1o L7R 4A6, and 59'JL9LM, International Joint Comni sslon, 1M} Oue 1 lett<
Avenue, Mlndsor, Ontario N9A 6T3. The Great Lakes International Surveillance Plan
 CLISP!: hn Introduc tl on.

The Great Lakes International Surveillance Plan  GLISP! sets out the goals and
rationale f' or surveillance programs respons1ve to the needs of the Great Lakes itater
guallty Agreement. Development of the Plan began 1n l974 under the aegis of the
International Joint Commlsslon <IJC> ln recognlt1on of the need to better coord1nate the
plethora of 1ndlv!dual surveillance actlvltles being conducted by various povernatent and
academ1c agencies ln both Canada and the United States. Many lndlvlduals 1n the Great
Lakes Basin may know of the Plan; yet, desp1te 1ts existence for almost l6 years few kncrw
its rat1onale or content. The GI.ISP has been the ma!or drlvlng force behind the col lect1oe
of long-term data sets for phosphorus and toxic substances ln the Basin. These data sets
have been invaluable ln cal1brat1ng and verlfylng management models. Unfortunately, there
ls st111 the percept1on that GLISP act1vltles do not relate to "real" or "mean1ngful"
studies. Th1s paper attempts to correct th'ls mlsconceptlon. The rat1onale and goals
beh'lnd the development of GLISP are discussed along with our perceptions of some of the
strengths and weaknesses of both the Plan and the development process.

.'1A  hAY, DONALD arjd DIA~IOXD. MIRIAM. Iristi LuLe for Err' ir'oruuerr Lsl
Si udies. Lrriver sr L~ of Toronto. Tor'ort t.o. OrrLar io
NuS lA4. The Role of Arras B~irrrreir>e in C'r errt Lrrkes Nsrtrree>trerrt of
Toxic Chewicrr.ls.

A rtrrr,iOr pr eOCCtr prr L inrun Ol L!re Gr es t lsheS SCierr t.i f i C,
rerrulsLorv rrrid rrubl ic cojrtjaur>i Lies is defirrirru m s Lr s Levi for
rrchievirrrr "< i r tual Eliroirratiort of toxic r heaticrrls frojri Lhe Basin.
' terees Lher e ~as oorisi derrrble urotr r es s irl redur rrrrr conLrrtr>irrarr t.
levels irt Lbe 19TOs. rrr'os'r e~> irr Lhe 1980s h~s been disrrprroint.irrhr.
IL is surrNes Led LbmL rr useful coriLr ibuLiorr Lo Lhis st.r rrLeax would
b e Lhe rrvrri labi 1 r Ly of rr trerierzl l y rrcceoted, sinkhole jr>ass balarrce
model for ex< h Lake for Lhe cr z Lierr 1 corr Lsmirtsrr Ls which car~ he used
to relrrLe total lurrdi«<s Lo urevmi lirrrr cortcenLr aLiorrs in waLer .
sedimerrLs srrd irt selected or.rtariisms coaiprisirrrr m sio»le food «bern,
Tire "Great Lakes arras Be 1 rrrrce Pro.ice L" which ha> Lh is rr i jrr is
d - 'Lescr iLed. The current. staLus rrf Lhe pr o,ier L arId plmrts l or Lbe
f u t.use are ouL lined.

ll . .2,
Waterloo, National Water Research Institute>, York University3. Organochlorine
plankton biomass,
concentrabonn in the plankton of hkea in southern Ontario and th I t' hi n eir re a ions ip to

33]ak . ~ ~ - � - g ~~~mtsw~s~ey~innetp~tonfmmConcentrations of l2 hy&ophobic or
es in sou em tario at fall overturn. Organochlorines were detected in all lakes. Relative

cctncentrations of the various organochlrwines suggest that they all derive &om b b
p ' sport. ariability in relative abundances of the contaminants increased with contaminant

indicating that volumetric concentrations are relatively uniform and that a large portiort of the variation
among lakes in the concentration ia plankton can be ascribed to variabl lankto b . A
compounds.
compounds we assayed, this bioams dHuticm effect was strtrngest for the h dro hob d fracemore y p scan re tory





Bryniareki, Len P. USAL' Buf falo District, Buffalo, NY AssZSSNENT oF AN AvIAN
BOTDLISN CONTRoL PIIl71 PROJECT AT TRK DXEE 14 coRFINED DREDCKD MATERIAL DISPOSAL
FACILITY r CLIrgllXANDe OSIO

the Dike 14 Confined Dredged Material Disposal Facility  CDF! at Cleveland,
os waa the site of an avian botulism outhreak in 1986. At that time the use of
noj.se-making devices was not successful in preventing the use of the CDF by
ehorebirds, wading birds, and waterfowl susceptible to botulism. The auffalo
Distr ict ident if ied the problem as one reguiring a generic solut ion that could
be applied at other operational CDFa. In a pilot project, plant propagules were
planted at the CDF prior to the disposal operations ao that a vegetative cover
would rapidly appear ae the CDF dewatered after disposal. The vegetation on the
dewatering dredged material was expected to make the CDF unattractive toshorebirds, wading birds, and waterfowl. The pilot project was a qual if ied
success in the prevention of a 1987 outbreak of avian botulism. The duration of
the disposal operation and the depth of the dredged material placed in the CDF
limited the anticipated vegetation eatablishaent.

In l98'7, the Great Lakes Water Quality Board <WQB! of the International Joint
Commission  IJC! reconunended that a conunon set of criteria be developed to determine when
ecosystem coacMons have been impacted enough to warrant designation of an Area of Concern,
and when ecosystem conditions have mKcientiy improved to delist an Area of Concern. Based.
on scientdic input from a 1988 International Association for Great Lakes Research Symposium
ths WQB developed and reached agreement, in principle on a set of Listiag/Delisting Criteria forAreas of Concern. The WQB and the IJC also r ' that these criteria could be improved
and isunediately, upon adoption of the criteria, pu lished them in IJC's newsletter Peggy in 1989
ia an effort to obtain widaepread scientific and pubhc comment. Based on all input received, a
revised set of ' de~ guidelines for Areas of Concern has been developed based on the 14
use impairxnenta i entified in Annex 2 of the Great Lakes Water Quality Agreement. The intent«f the listinNI'dehsting guidelines is to assist the I JC and ita Boards in: 1! making
reosnmendations for new Areas of Concern; and 2! reviewing aII stages of remedial action plans
glAPs!,

gJgg~K~, Project Manager, National Wildlife Federation, 802
Monroe, Ann Arbor, NI. 48118. R prescription tor Healthy Great Lakes-

In February of 1991, NWF and the Canadian Institute ForEnvironmental Law and Policy released the prescription. The study
summarizes a two-year research effort and recommends needed reforms in
government programs and regulations to achieve the goal of zero
discharge. The strategy for achieving this objective includes three

steps: X! A Taxies Freeze; 2! Sunsetting  or Banning! the60-70 most harmful toxic substances, and 3! Reducing the use of all
toxic chemicals by 504 by 1995 and 754 by 2000. In addition, the
strategy includes three ~~@ steps: 1! New water quality standards
to protect women, their infants, wildlife and frequent fish consumers
from all toxic effects, including reproductive and developmentaleffects; 2} prohibit dilution and protect high quality waters, and 3!
Adopt camprehensive Lakewide clean-up strategies. We propose the use af
a mass balance fate and transport model in development af the
«mprehensive Lakewide clean-up strategies.





Michigan Department of Pub
Michigan. The Huiaan Population - A Receptor for Acpxat

Humans who eat sport caught fish are exposed to a
contaminants found in the aquatic environment. Regu
result in elevated human body burdens of these contamin
possible toxicological risks. Beginning with a Lak
exposure study in 1970 public health officials in Michig
sustained epidemiological cohort studies in order to m
and evaluate potential health outcomes from such expos
have served as the basis for innovative collaborativ
exploring subtle as well as obvious toxic effects.
psychology, immunology and enzymology is breaking
understanding of contaminant manifested biological
exposed populations and unexposed populations.

p fS .a dp W'',SUNI
New York, 14214. The Consumption of Contaminated Hsh aud Perception
New York Fhhermen.

Sport fish in Lake Ontario and other New York  NY! waters bioac
chemicals above Food and Drug Administration tolerance levels. Very little is kn
amount and type of fish caught and consumed by anglers. The effectiveness of ad
warning against eating fish has not been studied. A study was conducted to
consumption histories, knowledge of the advisory, and the pertcption of risk
consumption of sport fish. A random sample of fishing license holders and mern
Ontario Trout and Salmon Association  L.O.T.S.A.! �00 of each! were mailed a standardized
self-administered questionnaire. After only one mailing, the response rates were 53% for
L.O.T.S.A. members and 33% for license holders. A total of 170 households responded with
245 individuals completing a survey. At least one sport caught fish meal in the past year was
consumed by 60% of the respondents. Consumption of at least one sport fish meal per week of
any species was reported by 22%. Consuniption of at least one meal of contaminated fish from
Lake Ontario varied by species  any species 27%, Chinook Salmon 22%, Lake Trout 15%, and
Coho Salmon 15%!. Ninety-one percent of the respondents were aware of the advisory and
amoung those 80% had read it and 85% had learned of it through the news. When respondents
ranked various risks, illegal drugs, smoking and pesticides were considered riskiest, but eating
sport fish received the lowest risk rating, lower than air and/or water pollution. The conduct and
results of this pilot survey and their impact on the design of a large population-based survey,
investigating the relationship between fish consumption, body burdens and adverse health
outcomes will be discussed. Specific aims and objectives of the cohort study and preliminary
response rates will be presented.



~State University of New York, Albany, NY i2po3! .
Dietary Exposure to XC88 fzoia Rastardous Vaste.

To test if dietary exposure to PCBs from a nearby superfund site is
elevating bodY burdens, the authors are studying nursing Mohawk mothers and
their infants at Akwesasne, a Native American community along the st.
Z,awrence River. Mohawk and control women are interviewed at g and 3
post-partum, and asked to provide breast milk and maternal and infar t urine
samples for the analysis of 73 PCB congeners. Preliminary results indicate
that the mean for total PCB a'nong Mohawk women who ate local fish at least
once a month was 0.809 ppm, compared to 0.530 ppm for the controls
{ p=O. 030! ~ A statistical technique based on summarY scores demonstrates
that the congener pattern in Mohawk breast milk more closely approximated

jn fish samples collected near the waste site than did the controls
 pap,pp4! ~ Future efforts will focus upon the effects of PcB exposure in
this population, including neurobehavioral outcomes.

HES RG Robert J., Larry J. Schmidt, and James D. Bowker. U.S. Fish and
Wildlife Service, National Fisheries Research Center-Great Lakes, 1451 Green Road,
Ann Arbor, MI 48105. COMPARATIVE TRENDS OF SELECTED AHH-ACTIVE PCB CONGENERS AND
PESTICIDES IN LAKE TROUT FROM LAKES MICHIGAN AND ONTARIO, 1977 - !988.

PCB congeners  ,¹ 77, 105, 126, etc.! that induce the activity of the enzyme aryl
hydrocarbon hydroxylase  AHH! have greater toxicity to mammals and possibly fish.
Several investigators have theorized that some of the AHH-active congeners in the Great
Lakes are declining at a much slower rate than non AHH-active congeners. To test this
theory we analyzed 1977 - 1988 archived samples from Lakes Michigan and Ontario. From
each homogenized whole lake trout sample two grams of tissue was extracted for PCBs and
pesticides, lipids were removed from the extract by GPC, the extract containing PCBs
and pesticides was concentrated to 5 ml and then quantitated by GC/MS. The GC/MS was
operated in the negative chemical ionization and selective ion monitoring mode using
methane reagent gas. We determined some AHH-active PCB congeners declined at a slower
rate than total PCBs. However, the decline was inconsistent for a given congener
between lakes, For example, PCB congener ¹77 declined only about BX over ll years in
Lake Michigan but 60%, in Lake Ontario. During the same period total PCBs in lake trout
declined 70 in Lake Michigan and 60%, in Lake Ontario.

~*
UMPENSEL, Douglas., Toxicology Research Center, University of Buffalo, Buffalo, New
York, 14214, Quantitative Determination of Tri-fluorosnethyh PCB's in Lake Ontario Fish.

Tri-fluoromethyl PCB's  TFBP! have been identified as environmental contaminants
unique to the Hyde park land fit in Niagara Falls, N.Y. The tri-ftuoromethyl substituant confers
both increased longevity and lipid solubility on these compounds, making thein specific
biomarkers for the distribution of leachate from the Hyde Park dump into the Lake Ontario
ecosystem. Measuring the concentrations of specific isomers in sediments and fish will provide
meaningful quantitative data pertaining to the distribution of aromatic halides and like compounds
in the biosphere. Three TFBP isomers of analytical purity have been synthesized for use as
GC/MS and GC standards. Methods for GC/NCI-MS, GC/I-MS and EC-GC sample analysis
»ve been developed using these standards A novel steam distillation method  employing the
Ne»son-Kneger apparatus! is presently being standardized for the extraction of these organic
substances. The apparatus performs continuous steun distillation on a 50 gram fish tissue sample
»to 10 mls of organic solvent for a 24 hour period. The collected organic solvent is ready for
direct analysis with only minor work up and no further concentration.



Robert STEWARD A Ruth�pANGREGAR, Jyotsna. and SJKKA, Harish.C. Division «
Environtnental Toxicology and Chemistry, Center for Enviromnental Research, State University of New York
College at Buffalo. Buffalo, hlY 14222 Disposition ol' 2,3,7,S-Tetrachlorodibenzofuran  TCDF! sn

K3% is an extremely toxic environmental contanunant which is biomagnified by the food web and has teen
found in fish in the Great Lakes. To better assess the ecological and health risks posed by TCDF, we determinehd
its whole body half life and tissue distribution in trout dosed orally with l ppb [3HITCDF. Half-life data
revealed a nipid initial phase of 3 days during which the whole body level was reduced to 40% of the adtnini~
dose, followed by a much slower phase of excretion  half-life, 17 days!. Maxitnum concentrations of TCDF-
derived radioactivity in the blood, liver and kidney occurred at 8-24 hr, followed by biphasic elimination fram
these tissues, in parallel with the total loss of fmm the fish. Maxirnutn concentrations in bile, muscle and adilgcgse
tissue occurted at 72 hr, Thereafter the concentration in muscle decreased and was similar to that in liver at these
time points. The concentration in adipose tissue, however, remained constant until l4 days and then increased.The largest amount of TCDF equivalents occune5 in muscle. These data indicate that maximum absorption of
TCDF from  he gut occurs between 8 and 24 hr after exposure, with subsequent distribution to tissues, followedby tnetabolism by the liver and excretion via the bile, with possible long-term storage in adipose tissue.
 Suppotted by NY Sea Grant institute!

ggQ, Nary K., PETEi50N, Richard E., University of |fisconsin, Madison, Ml. Toxic~ otencves of Polychlorinated Dibenzo-il-dioxins, llibenzofttrans and Biphenyls Dttring RairtbctasYrottt Ear!y Development Using a Nicroigection Nethod.
Since polychlorinated dibenzo-p-dioxin. dibenzofuran, and biphenyl congener s occur msmixtures in 6reat lakes fish, predicting their combined toxicity is difficult. Ofte>.toxicity of mixtures can be predicted from the toxic potencies, or toxic equivalency facto» TEfs!, of individual components, assuming they interact additively. TEFs of sel+«mdcongeners have been determined, relative to the potency oF 2,3,7,8-tetrachlorodibenzo-k-

r one of ~ gr aded d~~e~ of TCOD~, ~ ~ p ny ~~~g~~er. Cumtti ative mortal i ty to swim-tjpgi ta «elated. h Tff eaa taloelated by divldlog the tg> for TCOO �'50 pet
p y congener. TErs  95% C.l.! for 4po

o4 !; 2.3.4,7,8-PCDF, 0.491 �.2 8- - !toxicity relationship of these furao es«ran congeners is compat.able to that for mammalian and aviany .. tt Foundation Fellowship, and Vlf Sea Grant R/NN-40j-

""o ~ r orinated Sipltenyl  pCB! Congeners and TCM-Equlva>else
1': implications for Fish Constamption AA'isor~msConcentrations of PCBs often drive risk asseen r e i k a sac t fo f h o tanp

epresentations of toxicity- opi rt
co lancon e m xture of more than l00 congeners detected in f *"re o determine the r
t.ake Nichi elationshi ps among concentrats an fish size in tri o 0

Bs were masured in Bl fillets. Coplanat' PCn car n co taan fract onation. Concentrations of total PCBs
077, tI05 and iI26explained 48% of the variabilit i PCB trations of coplan gconcentration. Concen rto 0.48 ng/g, respectively. Concentrations f h

trations of 2.3.y,B-TCQjn ra ons of TCDO-EQ ranged from 26 to 204 pg TCD0> .
/9- The 95' confidence interval foo a CBs and fish length spanned 123 pg/9-
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A N L n A B , Department of Psychology, Wayne State University, Detroit,
MI. Effects of Prenatal PCB Exposure on Central Nervous Systetn Fttnctien in Young Chi}dren.

236 children, recruited at birth on the basis of maternal consumption of Lake Michigan fish, participated in
a longitudinal study of the neurotoxicity of polychlorinated biphenyls  PCBs! and related cootarninants.
Prenatal exposure  ittdicated by umbilical cord serum PCB level! predicted poorer short-term memory function
in fotir assessments: visual recognition memory at 7 months and verbal, quantitative, and pictorial memory
at 4 years. Contemporary body burden  assessed by 4-year serum PCB level! was associated with reduced
activity level. These effects cannot be attributed to a broad range of confounding variables, the impact of
which was evaluated statistically. Although much larger quantities of PCBs are transferred postnatally via
lactation than prenatally across the placenta, exposure from nursing was unrelated to cognitive function. These
deficits, although subtle, could have a significant impact on acquisition of reading and arithmetic skills in later
childhood.

SCHANTZ S.L', LEVIN, E.D., FERGUSON, S.A AND BOWMdttsN, R.E 'Institu te for Environmental
Studies, University of Illinois, Urbana, IL; Department of Psychiatry, Duke University School of Medicme,
Durham, NC; National Center for Toxicological Research, JeKersort, AR and Harlow Primate Lib, University
of Wisconsin, Madison, WI Coinpartson of PCB and TCDD effects on behavior tn monkeys.

Many of the toxic effects of PCB mixtures are qualitatively similar to those of TCDD and are believed to
be mediated through the binding of coplanar PCB congeners to the Ah-receptor, In our laboratory, monkeys
exposed to commercial PCB mixtures  Aroclor 1016 or Aroclor 1248! or to TCDD during gestation and lactation
were later tested for effects on locomotor activity, reversal learning and delayed spatial alternation. Interestingly,
thc pattern of behavioral effects following early PCB exposure differed from that foHowing TCDD exposure Both
Aroclor 1016 and Aroclor 1248-exposed monkeys were hyperactive with respect to age-matched controls; whereas
TCDD-exposed monkeys showed no consistent changes in locomotor activity, PCB-tnrposed monkeys were unpaired
on spatial reversal learning and delayed spatial alternation, but showed facilitated performance on object quality
reversal learning. In contrast, TCDD-exposed monkeys were somewhat facilitated on spatial reversal learning and
delayed spatial alternation and showed impaired performance on object quality reversal learning. In summary, the
neurobehavioral effects of complex PCB mixtures appear to be qualitatively different from those of TCDD and may
be mediated at least partially through mechanisms other than binding to the Ah-receptor.

CHAIN, W., BUSH, B., and SEEGAL, R. Division of Environmental Sciences, Wadswonh Center for
and Department of Environmental Health and Toxicology, School of Public Health, SUNYA, Empire State
Plaza, Albany, NY 12201-0S09, In vitro Toxicity Testing of Polychlorinated Biphenyls  PCBs!

Epideiniological and animal studies indicate that consumption of PCB-contaminated food results in
neurological deficits. Several of these deficits may occur because of changes in catecholarnine metabolism.
When non-human primates or rats are exposed to different cornrnercial mixtures of PCBs cha.nges in
catecholamines metabolisrn have been observed, e.g. decreases in dopamine content. We have developed a
sensitive alternative to animal testing for studying PCB toxicity testing using PCl2 cells that metabolize and
release dopamine. We have used commercial mixtures of PCBs to demonstrate that PCBs cause a decrease
in cell dopamine content. We have used individual PCB congeners to describe the structure-activity
relationship for PCBs and decreases in ceII dopamine content and to initiate experiments that indicate PCB
congeners decrease dopamine content by inhibiting dopamine synthesis. We have now used this assay method
to demonstrate that hexane extracts of Coho salmon from Lake Otttario cause decreases in cell dopamine
content. Analytical analysis indicates that these extracts contain PCBs suggesting that PCBs in these fish may
be responsible for the observed neurological deficits observed in epiderniological and laboratory studies.



~PEbITI=R, D.O., EVANS, M.L and BUSSELBERG, D.; Wadsworth Laborarories, NYS Dept, of Health and School
of public Health, Albany, NY 12201; Pb + ls a potent blocker oF veltag~ndent calcium channels in both invertebrmM
and mamtmtalian nemruns.

Lead, at remarkably low concentrations, causes a permanent reduction in cognitive ability as well as behaviors
abnormalities in children, The exact mechanisru and site s! of action responsibie for this effect is unknown. One possibje site
of action is voltage~pendent calcium channels, which have essential functions in aH neurons. We have investigated the effects
of pb + on currents through voltage-dependent calcium channels in isolated neurons of the marine mollusc, ~Atria and im
cultured rat dorsal root ganglion neurons, ~AI ia neurons were recorded with standard two-electrode voltage champ
technkiues, while dorsal root ganglion neurons were recorded in a who'll patch configuration. Cakium currents were
isolated by pharmacologic biockade of sodium and potassiutn currents, pbs+ reversibly blocked caldum currents ia bosh
preparations at concentrations which did not significantly aFfect potassium aud sodium currents. In ~Aia the blocjt sties
concentration dependent, and the percentage blockade was reduced in elevated Ca +. The threshold Pb + concentration Eor
blockade was about I AM, with an IC50 of about 5 l pM. TIte blockade was very voltage dependent, increasing with
depolarization. With addition of Pb + the voltage at which peak cakium current was generated shifted to hyperpolarizied
potentials, Three calcium currents couM be isolated in the dorsal root ganglion neurons by use of different holding potentials
and voltage jumps, and all were blocked by Pbz+ with IC5us of between 0,64 and 6 yM. This suggests pb~+ is a competitive
antagonist of voltage dependent calcium channels, Since calcium entry into neurons is important in plasticity of the nervous
system, blockade of that process by lead at very low concentrations tnay be important as a mechanism of lead toxicity

4~i~p~, and *KIMELBERG, H. K. «Department of Pharmacology and Toxicology,
*Division of Neurosurgery, Albany Medical College, Albany, NY, 12208, Methylmercury  Xemg!
uptake and efflux from astrocyte cultures

To delineate the potential relationship between astrocytes and MeHg neurotoxiciCy,
MeHg uptake and efflux were studied in rat astrocyte cultures, MeHg, uptake exhibited the
kinetic criteria of a specific transport system when added to the media as the L-cysteirte
adduct. Cysteine -mediated uptake of MeHg was inhibited by L-methionine, and 2-arsinobicyclo-
[2 ~ 2,1]-heptane-2-carboxylic acid  SCH!. 2-methyl-aminoisobutyric acid  MeAIB! wsa in-
effective in inhibiting the uptake of KeHg-cysteine adducts, Astrocytic loading wi.th L-
glutamate was moderately effective in trans- stimulating the uptake of MeHg-cysteine
adducts; in the absence of cysteine ~ uptake of MeHg in L-glutarsate loaded cells was
unchanged, suggesti.ng trans-stimulation of MeHg-cysteine uptake in exchange f' or
intracellular L-glutamate. Net efflux of MeHg was most rapid during the first 5 mirt. The
percentage of tteHg retained was independent of the loading period, but the total amotsne of
intracel!ular MeHg that was available for efflux gradually decreased as the loading period
increased . Hence, MeHg removal f rom dif fusible - SH containing 1 igands may represent the
principal mechanism for concentrating MeHg within the astrocytes. Trans-stimulation of ReHg
sf flux was detected when astrocytes were incubated with "cold" MeHg and graded cyste ine
concentrations. In conclusion, MeHg influx and efflux in astrocytes appear to be specifi.c
for the MeHg-cysteine con]ugate and represent transport by the neutral aiaino acid System L.
 Supported by NIH ESQ 5223 awarded to MA, and NS 23750 awarded to HKK!,

Departments of Environmental Health a~
Pathology, Un iversity of Washington  Seat tie! . The DevelopsteataL3
Neurotoxicity of Nethylmercssry in Nonhumtan Primates.

To investigate the toxic, reproductive, and developmental ef fects of

monkeys were orally-exposed to NeHg prior to and throughout, pregnancy.
Infants were separated from their mothers at delivery and tests of
neurobehavioral and physical development have been ongoing for over 8 yearsa.
MeHg exposure did not affect maternal menstrual cycle length but djc3
significantly reduce the number of liveborn infants. Exposed infants vere
normal in size at birth, although male exposed offspring exhibited pro~
retardation at puberty. NeHg induced delays in the development of iobje~
permanence and deficits on tests of early visual memory. In addition,
exposed infants exhibited decreased social play behavior and increas~
nonsocial passive behavior. The overall results from this study suggest thug
pfeHg exposure can produce subtle central nervous system effects in offspri~
at levels that do not result in overt signs of maternal or infant toxicity



MILLER D. B. & O'CALLAGHAN, J. P, U.S. Environmental Protection Agency, Neurotoxicology
Division, RTP, NC 27711, Neurotoxicity Assessment - The Organotins as a Case Study.

Organometallic cotnpounds, including the organotins, are persistent in aquatic systems and sediments of the
Great Lakes and a question of great concern is their neurotoxic potential. Predicting neurotoxicity is diKcuit
because specific brain regions are often selectively vulnerable to the effects of a given chemical. Wus, a
common dilemma is deciding where to look. Given the exteme cellular and molecular heterogeneity of the brain
it is not unexpected that different brain regions and cell types are differentially sensitive to chemical alteration.
However, the differences between nervous system cell types can be distinguished on the basis of specific
neutonal and glial proteins, The development of radioimmunoassays for these proteins allows their use in the
detection and characterization of cell-type-specific responses to chemically-induced alterations in the CNS, We
wiII present data demonstrating the utility of this approach in deterrruning the differential neurotoxicity of the
structurally related organotins, triethyltin  TET!, trimethyltin ~ and tributyltin  TBT!. All three organotins,
although TBT to a much lesser extent, produce characteristic regional and cellular alterations after a single
exposure in the adult and developing rodent, The hippocampus is a particular regional target of both TET and
TMT. Thus, neuron- and glial-locahzed proteins can be used as biochemical indicators of neurotoxicity and are
applicable regardless of the information available on the chemical in question, When these assays are combined
with functional evaluations a complete characterization of neurotoxicity can be provided.

Tanz Neuroscience Building, University of Toronto, Toronto, Canada. M5S 1AB
Aluminum Neurotoxicity of Drinking Water

Recent research has raised the question of whether. excess amounts of aluminum
used in the treatment of drinking water obtained from the Great Lakes poses a risk to
public health, Elevated concentrations of aluminum in the brain are known to be
neurotoxic. Normal bulk brain aluminum concentration ranges between 1 and 2 pg/g dry
weight. In aluminum sensitive species such as cat and rabbit, brain concentrations
between 5 and 6 tig/g dry weight are lethal within twenty-eight days. Concentrations
approaching the lethal range are found in a number of neurodegenerative diseases in.�
cluding the most common form of senile dementia, Alzheimer's disease. The Parkinson
dementia/Amyotrophic Lateral Sclerosis syndromes of Guam also contain elevated con-
centrations of aluminum, In addition to a large body of knowledge concerning the
cytoplasmic and nuclear toxic effects of aluminum, there are six epidemiological
studies which indicate the incidence of Alzheimer's disease exhibits a positive cor-
relation with the amount of aluminum in the drinking water. Aluminum clust in the work
place may also represent a risk for altered cognitive function. Excess aluminum may
represent a potential public health risk.

GIIEERT N.E., NANTECH ENYIRONNENTAL TECHNOlOGY INC., Research TrtiaaEle Park, NC, 27709
Do EPNPIROPODErTAL TOEICANTS PROPIOTE A PREDISPOSITION TO SEIZDEE DISOMH SY

Kindl.ing is a model of epilepsy whereby seizures are gradually induced by daily
delivery of brief, lov intensity trains of electrical stimulation to limbic brain regions.
Repeated administration of low doses of some chemicals can substitute for electrical
stimulation to induce a permanent predisposition to develop seizures. Hany neurotoxicants
produce convulsions in humans and laboratory animals following acute high dose exposure.
tie hypothesized that repeated exposure to subconvulsive doses of the pesticide endosulfan
may gradually induce behavioral seizures via a kindling mechanism. ttale Long Evans rats
were administered endosulfan �, 5, 10 mg1kg in corn oil! for 10-21 days and observed 1 hr
a.fter each treatment. Behavioral signs of seizure activity developed which increased in
severity with repeated dosing  facial twitching, myoclonic jerks, clonic seizure
activity!. Tvo to four weeks after the last dosage, animals vere prepared with
stimulating/recording electrodes in the amygdala and stimulated once daily in a standard
electrical kindling paradigm. In the absence of further endosulfan treatment, animals vere
found to be significantly more susceptible to the development of limbic kindling than
controls. It was concluded that repeated low level exposure 'chemically kindled' the
animals and subsequently enhanced the proclivity for induct ion of limbic seizures .
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Bantiago, B ~ Institute F.A. Forel, University of Geneva, 10, route de Suisse
Ver eoix  Switzer land! . Thomas R.L., NMRI Box 5050, Burlington, pa t-

BIOAVAILABILITY OF SUSPENDED SEDIMENT BOUND PHOSPHORUS IN SOME RIVERS TRIBUTARY
TO LAXR GKHEVA.

Suspended sediment samples vere recovered by continuous f low centri fugat ion o f
samples taken at the mouths of the Rhone, Venoge, Dranse and Aubonne rivers

«sini"g into Lake Geneva in l9ge and 1989. In addition the e f fluent of the sewage
plant at Vidy  Lausanne! was sampled in each of the two years. Sasrpl es

were analyzed for 'the forms of phrsphorous  Total-P, Organic-P, Apatite-P and
Non Apatite Mar genic-P! . Sediment was used in an algal f ract ionaLion bioassay tes t.
This involved a four hour incubation of natural phytoplankton in direct contact with
sediment Change in growth rate vss measured by CI4 uptake as coml ared to a lake
vster control. CI4 was measured in the >20 and <20 size f ract iona follovizvg
filtration and DBNO extraction. Results showed thar. the sediment generated growtb
of cells relates well to sediment bound phosphorus added and that growth varies vitb
river and the Limnological conditions in the lake. No g,rowth was observed from Rhc ne
River sediment due to low concentrations of NAIF whilst no growth from the sewage
treatment plant i.a believed to be due to toxici.ty.

R A. M.   LEONARD, E. N., KOSIAN, P, A., ANKLEY, G. T.; ASCX
Corporation Inc., Duluth, MN, U. S. EPA, ERL-D, Duluth, MN; ACID VOLATILE
SULFIDB MEASURICBNT, A K@OR INDICATOR FOR DETERMINING METAL BIOAVAXULBXLZTY
XN SEDIMENTS

Acid volatile sulfide  AVS!,  that fraction of solid phase sulficie
SOluble in COld aCid,! haS been demOnStrated tO be important in determining
the bioavai3.ability and thus toxicity of cationic metals such as cadmium and
nickel, in freshwater sediments. A number of exposures have been conducted
at the U.S. EPA laboratory in Duluth,MN to evaluate the degree to which AVS
concentrations can be used to predict metal bioavailability in sediments.
Zn this presentation we will describe in detail techniques used to analyze
AVS and metals in these studies. Me also will present results of an ongoing
study which shows how AVS concentrations vary seasonally and spatially in
three northern Minnesota lakes. These data will help to determine potential
metal bioavailability throughout the year.

E > Joh W., BRANDON, Dennis L. USAE Waterways Experiment Station,
Vicksbux'Qi NS and LEONARD, Richazd P. QSAK Buffalo Di.strict, Buffalo, Ny
DXBvaraVnost or PcB ceejMtxMABTB XN ne VXczmzrr or TBB TZMEB BEACB CONrXm
msPOmaL»CILITT, BvrrALo, BEN TORX

Huss+Isr Elliptic dilatata, were collected from a pristine lake and exposed.
as bicsno><tora in Lake Eris, and inside the Times Beach conf ined dredged materi.al
disposal «oil ity. The mussel.s were allowed time to burrow either in t.he
sedissant or between stones for 35 days and then collected and analysed f or
POLychloXS-"ed biphenyls  PCBs! . After 35 daya exposure in the Times Beach COP,
musselm a«umulated PCB congeners 28, 44, 49, 52, 70, 87 and 101 to levels above
those of zausaels exposed on the outside of the disposal facility dike in Lake
Erie. T>+' oncentrations of higher-chlorinated pCBs �3B and l53! were found to

higher in the bicsnonitors outside the dike.



HAFFNER, G. D., GOBAS, F, A.P.C. AND LAZAR, R. Great Lakes
Institute, Department of Biological Sciences, University of
Mindsor. Quantification of biomagnification and predator - prey
interactions in the Great Lakes,

Food webs were sampled in five different habitats in the Great
Lakes, and contaminant distributions measured. The importance of
bioamagnification in regulating levels and distribution of organic
chemicals was assessed by comparing predator/prey chemical ratios
with similar ratios of organism/water and organism sediment.
Biomagnification factors were low, and only slightly greater than

It was observed that BNF was dependent on feeding strategies
  generalist versus specialist !, and that the distribution of
chemicals with a log Kow > 6.0 was regulated by food web processes.

Simon Fraser University, Great Lakes Institute. Bioconcentration of
chlorinated benzenes and biphenyls in field exposed fish.

It has been shown that organic substances in water can be partially or
completely unavailable for uptake and bioconcentration in fish. This study
investigates the role of particulate and dissolved organic matter on the
bioavailability of hydrophobic organic chemicals under field conditions. The
truly dissolved or bioavailable chemical concentration was determined by a
novel continuous flow gas sparging technique designed for application in the
field. Fish were exposed for 42 days in Little River, Ont. The results
indicate that BCF's calculated using the bioavailable chemical concentration
follow a relationship predicted by the K of the chemical. Models for field
bioconcentration are discussed.

Ckl Geor e E., Schmidt, Larry J., and Mac, Michael J. U.S. Fish and Mi ldli fe
Service, National Fisheries Research Center-Great Lakes, 1451 Green Rd, Ann Arbor,
MI 48105. TISSUE DlSTRIBUTEOH OF PCB CONGENERS N LAKE R!CH1QN LAKE TROUT.

Concentrations of polychlorinated biphenyl  PCB! congeners were measured in lake trout
tissues to determine whether chlorine content or substitution pattern within individual
congeners influence the internal distribution of accumulated PCBs. The liver, gonad,
fillet, visceral fat and carcass of mature 'fake trout collected from southeastern Lake
Michigan were analyzed for total PCBs, 24 individual PCB congeners, total lipid content
and lipid class composition. Much of the variability in congener concentrations
between tissues could be accounted for by differences in neutral lipid content. The
composition of' PCB congeners relative to total PCB content in visceral fat, carcass and
fillet were similar. Compared to these three tissues, female gonads  eggs! were
enriched in lower chlorinated congeners. Overall, the concentration of pCB congeners
in eggs relative to concentrations in visceral fat, carcass and fillet was negatively
related to the octanol-water partition coefficient of the individual congeners,
including those with non-ortho �7 and j26! and mono-ortho �05, 1 14, 118, 156, IS7 and
189! substitution patterns.
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Fisheries Research Center-Great Lakes, 145l Green Road, Ann Arbor, MI 48IOS ~
BIQACCUNULITION POTENTIAL Of SELECTED PCS CONGENERS FROM SIGINAM RIVER SEDINENT
DURING 10- AND 28-DAY BIO-EXPOSURE STUDIES.

Increased attention is being given to the study of individual PCB congeners which
induce aryl hydrocarbon hydroxylase  AHH! activity. Laboratory sediment exposure
studies determine whether organisms accumulate significant levels of these i ndi vidual
congeners. However, the appropriate duration of these bio-exposure studies is a matte~
of contention. In this study, fathead minnows were exposed to either pCB-contaminated
sediment or control sediment for lO and 28 days. From each sample composite, two grants
of tissue was extracted for PCBs, the lipid was removed from the extract by GPC, and
the PCB congeners quantified by GC/MS using negative selective ion monitoring. Ten day
test was an inadequate length of time for significant bioaccumulation, and may lead to
false negative results. Fish in the 28 day test accumulated levels of PCBs
significantly higher than pre-exposure levels and those from control sediment for all
congeners analyzed. Fish exposed to river sediment lost significant weight and lipid.
Correlation was significant between log K.. and the ratio for each PCB congener
concentration in fish and in sediment.

'+, Department of Mechanical and Environmental Engineering, University of Californta Smstta
Barbara, CA 93106. PHYSICAL PARAMETERS AND THE SOLIDS CONCENTRATION
EFFECT IN THE SORFf ION QF HYDROPHOBIC CHEMICALS FROM WATER

Many organic chemicals are hydrophobic and readily sorb to solid particles in water. Recent exIx~snetttal

wort has attempted to determine the extent of this sorption  the equilibrium partition coefficient Kp! and the satte
at which this sorption occurs. However, these processes are not yet well understood. In order to obtain a better
understanding of these processes and the panuneters on which they depend, the effects on sorption of mass
transfer by combined convection and diffusion, dynamic aggregation and disaggregation, and time~pendertt
internal diffusion both for a single-size particle and as affected by particle size distribution have bccn
investigated, quantified as much as possible on the basis of existing data, and related to recent batch ancl ptrrge
experiments on sorption. From this, an improved understanding of the general characteristics of the sorption of
hydrophobic organic chemicals is obtained. It is also demonstrated that the basic reason for the solids
concentration effect is that the chemical mass transfer rate from the solution to the solids for srnaH tirrM- is
dependent on the solids concentration,

DID YOU KNOW
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1 Weather Se rvi ce, Cleveland, Ohi o, lQarineIOYCE Daron E., Nationa ea
her Serv ces on the Great takes.

of the various Mar nMarine Weather Services Provided by
e to Great Lakes users vill be made . Basi
veather forecasts; ice forecasts and obse v t

services vill also be describedd th activiti.es of the s i er
ff t the Cleveland For t ffmarine veather forecasting sta a

listed.
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Ohio and Creat Ukn
icMgan The Great Lakes Fore ti

The Lake Erie information Forecasling System  LEIFS! is the first of the five «reca» g y
lhe Creat Lakes Forecasting System. Designed to make real-time predictions of the physical status «e
initial forecasts consist of three-dimensional velocity and temperature fields as well as the wind wave a
distributions. The prediction template consists of a nowcast, or estimate of preser t conditions, followed by
for a one- or two-day time period. This presentation details the nowcast procedure for LEI FS aand offers examp +

nowcasts made since April 1991. The nowcast differs from the forecast in that observed data fa from the pr'or

period are used to estimate the present conditions, The required model data consists of surface wi Q fjr]!~ nd shear and
ition.distributions. A skill lest evaluated nowcast for the prior day serves as the initial conditio-

Monterey, > 'observations are obtained from the RB analyses at the pint hlavy-NQAA Forecasting Center in»>y/S Marine FeThc additional data required for the heat Aux calculation are obtained from the Cleveland ><~ water IeveCenter. Nowcasi evaluations are performed with AVHRR data from Coastwatch, the NOS me»u'~
auxiliary data!rom the Mari~e Forecast Center,
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Great Lakes Eav~tal Research Laboratory, Ann Arbor, hbdulmSCHWAB David J. snd LBSHKEVJCH, George A. GreatGreat Lakes Caast%atch aad hlOAA Ocean Commrudcatiarrs hietrrurk
dea lO fncus On Spedfie ~ RKl natiON8 prioritieS jn the COrumd en~CeallWatch is a 'HOAA-wide prOgram deaigned lO fncus en

basal, aod sretlands dumge, 3! to develop a commurlicatlors pyre,

Iications. Now

NOAA Ocean Comruunications Nelator  MOCN!
~ ad mpply usefu prndsets parlj 'panta 'to cr m the Great bees Coast%'etch proipam.
Lakes «ill bc digital images of lake smface temperature derived from N

buoys. Other CoastWatch products are planned including turbidity, ocean color, ice mapping efc.. many using new sa ite
st@.h ar SeaWiFs and Synthetic Aperture Radar  SAR!.



.C, i ', g
CivQ Engineering, The Ohio State University, 2670 Neil Ave�Colttntbus, OH 432I0 and
SCHWAB, David and McCORMICK, Michael J., NOAA Great Lakes Environmental
Research Laboratory, 2205 Commonwealth Blvd., Ann Arbor, MI 48IQ5
Using AVHRR and In-Situ Temperature Data in a Surface Heat Flux Model for Lake Erie

A real-time three-dimensional system for forecasting the currents and tcmpcratures in the.
Great Lakes, called the Great Lakes Forecasting System  GLFS!, is being developed at OSU.
Qlte of the key cOmpOnentS in the Lake Erie FOreeasting System is estimating the surface heat
flux information required for the temperature calculations. Real- time acquisition of temperature
measttrements is being configured for the following types of data: the NOAA AVHRR satellite
image, data, a network of 20 in-situ temperature measurements taken by electric and water
utilities, and the NDBC buoy in the center of Lake Eric. Data on air temperature, wind speed,
dcw point or vapor pressure, water temperature, air-sca drag coefficients, cloud cover and Julian
date serve as input to the surface heat flux rnodeL A VHRR images are being integrated into the
system using high-speed communications with GLERL with fol/ow-on processing using the
NASA Land Analysis System  LAS!. Procedures to extract, correct and match the image with
thc model grid are being developed and automated. Preliminary results are being developed to
test the spatial and temporal correlations between the satellite and in-situ temperature
measurements in the surface heat fl ux model of Lake Erie.

ttnt., Canada, Lake wind wave forecasting at the Atmospheric gnvironment Service,

Wind wave modeling research is being done to support Canadian weather forecasting,
The parametric model or'iginally by Donelan and Schwab computes wave momentum at gridpoints
by timesteps. After some tuning changes ~ extensive buoy data hindcasts showed generally
«curate wave heights. Some remaining systematic errors were found, especially in the
eave decay and in the wave period The wave decay procedure has been refined. A better
wave spectrum was needed to i.mprove the wave period. Therefore the model has been
generalized to allow different read-in choices of spectrum and forcing function. These
values can be output dependent, The model equations are analytically solved for simple
e~ses. A. shallow water compensation has been inrroduced. Also the computer program code
"«been reorgani.zed. These changes make the model taore accurate and flexible while
retaining its relative simplicity and economy. An old. version of the model is now being

t by forecast offices for mid-lake forecasts. A new version should be implemented soon
the new AKS workstation system. For near shore and smaller lakes, a routine is

p oposed based ort simple empirical equations for onshore and offshore winds, Finally,
r lake wind modeling is needed for the wave forecasts; work on this is in progress.

"'IKON . «!
epartment of Civil Engineering

McMaster University
Hamilton, Ontario, Canada, Ut$4L7Wave Dir~t, on"s~n tn L ke Ontario and Ld e Stclair
An accurate description of a sea state is esse t< to ~y

forecaststg satellite surveillance shore protecnon. Upp
marine structures and vehicles, Such a descnptitm
spectrum!, but also on the directional spreading of a given sea. Wave wave staf arra
Pge m y at the Nab~ W~ R~h hatt~'s ~~ Tb~ ', ' ' ed
mounted on a tetnportuy waves Tower on Lake St.Chil; ~g" " f birnodal se in
f«m both lakes using a number of compttiationat tec"q~'
Lake Ontario in which a wind sea ptnpagates ctnm~ '
take St.Clair where waves generated by westerly w'~ ~
wind direction. Preliminary iindings suggest that a su g





CARROLL, THOMAS R.; National Operational Hydrologic Remote Sensing Center; National
rt w v r i r in 0 r rhh rA

r n k

Airborne snow water equivalent data have routinely been collected by the National
Weather Service  NS! over the Lake Superior basin since the early 1980s and used by the U.S.Army Corps of Engineers  COE! in operational lake level regulation activities. The NitS and
the CDE have established airborne data collection networks consisting of 85 flight lines and
42 flight lines around Lake Superior and Lake Ontario, respectively. Both airborne snow
water equivalent data and satellite areal extent of snow cover data are being collected over
the Lake Ontario basin for use in a multi-agency research project to enhance the use ofremotely sensed hydrology data for Great Lakes forecasting. Airborne snow water equivalent
data are collected, analyzed, and distributed in real-time to N|tS and COE hydrologists.
Advanced Very High Resolution Radiometer data are used to map areal extent of snow cover, in
real-time, over all of the Great Lakes basins as frequently as cloud cover conditions permit.
Airborne snow water equivalent data are combined with satellite areal extent of snow coverdata to generate mean areal snow water equivalents, by sub-basin, in the Lake Ontario
watershed.

Laboratory, 2205 Commonwealth Blvd,, Ann A.rbor, ttichigan, 48105; SOUTHAH, Charles F.,
Canada Centre for Inland Waters, 867 Lakeshore Road, Burlington, Ontario L7R 4A6. A
Comparison of Great Lakes trater Supply Forecast ttetbods.

Three methods for forecasting Great Lakes water supplies have been developed by
Environment Canada, the U. S. Army Corps of Engineers, and the Great Lakes Environmental
Research Laboratory. The methods employed by the ti.S. Army Corps of Engineers and
Environment canada are based on statistical models, while that of the Great Lakes
Environmental Research Laboratory is based upon a deterministic hydrologic model. The
models' forecasted supplies are compared to actual supplies experienced during August 19B2through December 1988 - a period which encompassed persistent above average precipitation
followed by severe drought. The accuracies of the forecasts produced by each method are
si.miler when averaged over the evaluation time frame. The forecast errors, relative to
the actual supplies indicate the potential for improvements in forecasting supplies,
However, the similar accuracies of the three state-of- the-art methods suggest that more
accurate forecasts are not only dependent on model. improvements, but on improvements in
associated inputs to the models, such as long-range weather forecasting.

BUCHBERGER, Steven Gene, Department of Civil and Environmental Engineering, University
of Cincinnati, Cincinnati, Ohio 4522l-0071

Forecasting Annual Extreme Lake Levels to Assist Mce Shore Ivtanagement

Lake shore flooding behaves differently than does riverine flooding. In contrast to annual peak
river flows which are independent over time, annual maximum lake levels exhibit significant
autocorrelation. Current strategies for managing lake shore floodplains, however, still mimic policies
developed for riverine environments. This regulatory posture provides only a static glimpse of a dyna.mic
process. It is argued that, in the presence of autocorrelated flooding events, prudent management of lake
shore floodplains should be based on current lake conditions rather than on Iong-term steady-state water
levels. To illustrate this new approach, a time series model is introduced to generate condi|ional forecasts
of annual extreme lake levels. Application of the forecasting model to three sites on Lake Erie shows
that initial lake levels are the most important factor in estimating the magnitude and frequency of
imminent lake shore flooding.
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S F, Environment Canada, IWD-OR, WPM, P.o. BOX 5050
Burlington, Ontario L7R 4A6 CANADA. PORECASTINO WATER LBVRLS IN TER
ORIlLT IAKIS t RNVIROlQKIRIT CMHLDA ~ S PRORAIZLISTIC APPROACH.

Each month Environment Canada prepares a six-month forecast of Great
Lakes water levels and outflows. The approach uses probabilistic net basin
supplies and does not require extensive data preparation through
sophisticated hydrologic modelling. The discussion focuses on the forecast
methodology, data and computing system requirements, as well as, an
evaluation of the successes and limits of the predictions. The evaluation
shows that when the Basin experiences extreme wet or dry conditions the
actual water levels may fall outside the hand of forecasted levels.
Neverthe}ess, the user public is provided with a useful outlook of lake
levels for the next one to six months.

C U.S. Army Corps of Engineers, P.O, Box 1027, Detroit ~
Nichigan, 48231; LEE, Deborah H,, Great Lakes Environmental Research Laborator'y, 2205
Commonwealth Blvd, Ann Arbor, Michigan, 48105. Incorporation of Stoma Rise Frequencies to
Six Month Forecasts.

The U.S. Army Corps of Engineers, Detroit District, publishes a six month forecast of
Great Lakes water levels under the auspices of the Coordinating Committee on Great La'kes
Basic Hydraulic and Hydrologic Data. This forecast pro]ects probable still. water levels
which reflect the seasonal fluctuations of the Great Lakes, A need exists, however, to
incorporate information regarding storm events which can cause short-term, site-sp«ific
rises in levels. These storm rises can cause severe damage to shoreline property, but are
not often consi.dered by riparians in planning shoreline development, A booklet to i.nform
the general public on the Great Lakes System, and how to interpret the published six month
forecast, has been designed which includes information on storm rise frequencies. This
aspect of the booklet is presented and discussed.

DID YOU KMOW
The year 1924 saw 10,000 boats erzter aruf  eaue Bugalo harbor, 1987 saw 29

commercial boats.





7, PETER G. Ra son Academy, Suite 404, 1 Nicholas Street, Ottawa, Ont KlH 7B7.
M ' t t on the Lake O tario Ecosystem Since 175 .0,
Man's mpact on

E ttl e t in the Lake Ontario basin began about the middle of the 18thEuropean sett ement inCentury; in less than 250 years, the lake and i ts watershed have been subjected to al t
every human-induced stress that can be imposed on a lake . This synthesis and supppry
of causes and effects looks at the impacts caused by deforestation . Canal construction,
the building of dams and mills, changes in fishing practi ces and technology
Ural develop nt, range extension and the introduction Qf exotic species, nutrient and
toxic contaminan~ loadings, urban develop ent, and lake level regulation. It looks at
responses in erms o ecoses in terms of ecosystem health including species shifts and extirpations, changes
in food web structures and yield, habitat loss and chancre, and animal and hunan health.

Since the early 197Os, a wide range of remedial actions have greatly improved water
quality and the fishery of Lake Ontario, and recent initiatives seek to redress habitat
loss. Ahead, what should we expect from the RAPs, what's special about managing o]igo-
trophic lake systems what might be the implications of climate change; are we heading
towards environmentally sustainable development in the basin?

K-BHAARAÃI, h.H. National Mater Research Institute. Recent
Trends in Input Loads from the Niagara River into Lake Ontario.

Statistical methods for estimating the input loads from the
Niagara River to Jake Ontario and for evaluating the year to year
variability in these estimates are discussed. The utilities of
these methods are illustrated using both nutrients and contaminants
data which are routinely collected by Environment Canada since
l975. The results indicate major reductions of the Niagara River
load to the Lake.

KIIREJIJ
Directorate, Burlington, Ontario, L7R 4A6, Canada. NJTRZBMT TRBNDS XN ~
ONTARIO

The water quality of Lake ontario has been monitored on a continuous
basis by the Water {}uality Branch-Ontario Region of Environment Canada since
1968. Annual spring lakewide cruise data have shown that total phosphorus
concentrations have declined, in response to phosphorus control measures,
to achieve the acceptable inlake concentration of lpugp/L, as recommended
by the Phosphorus Management Strategies Task Force �980! . Annual susmer
cruise data indicate that chlorophyll g concentrations have
responded to the reduced p levels. The long-term increasing filtered
nitrate-plus-nitrite trends which have consistently been reported in each
of the Great L kes, have show deviations in recent years, parallelling
changes observed in the Niagara River.



Stunawar, St. a Munawar, I.P. Fisheries t' Oceans Canada, Burlington,
Ontario, Is ooanaunity struCture of Lake OntariO phytoplarrkton changing

since 1970 Fisheries & Oceans Canada has been monitoring long- term
changes of the community structure of Lake Ontario phytoplankton. Lakewide
surveys conducted during l970 and 197B were compared for species and size
composition. Lakewide evaluation revealed significant reductions of
several taxonomic groups of phytoplankton such as Cyanophyta, Chlorophyta,
Ch h and Cryptophyceae. Similarly long-term assessment o
community st.ructure was carried out at a Midlake/pelagial station from 1 970
to l987. The results indicated that. most of the statistically significant
changes were due to Fluctuations of Chlorophyta anti Cyanophyta. The size
structure data showed an increase of ~-algae  � ~m! during the spring
season where as ultraplankton �-20 >m! and microplankton �0-64 ~m!
fluctuated significantly during the summer season. Possible ecological
implications of the long-term structural changes of Lake Ontario
phytoplankton will be discussed.

RALPH K.M O.E. JOHANNSSON, E.S. M~BID, and DJX MYLES. Great Lakes Lab
for Fishcrics and Aquatic Science. Dept. Fisheries and Oceans. Canada Centre for
Inland Waters. Burlington, Ontario, Canada, Changes in the Planktomc Cotnmunity
and Environment of Lake Ontario during the 1980'L

The Lake Ontario Biomonitoring Program has conducted weekly sampling at two open hLkc stations
since I98L Chemical, physical and biological variables werc tsrcasured with most emphasis on
epilimnetic or surface water conditions. During thc l980's we have observed significant decreases
in both nutrient  TP! and biological  PON,'POC, Chlomphyll a, phytoplankton biomass, zooplankton
abundance! variables, particularly in the latter years. We have examined thc seasonal aspect of
these changes. and most have occurred during thc stratified period. Tbc composition of tbc phyto-
plankton has shifted slightly, but zooplankton composition has not changed significantly.

Research Sranch, sox 5050' Btsrlirsytoa, Osstario, carsada L7% 4ls.
PHOs MDRCS D|fNAllICa Ig TEE IaLXZ ORfTARXD ECOS YllTXX r

tSistorically, rassarch baa fOcuSed OSt quantif'ying ~arttities
of phosphorus in csrtaitr opslatiomaily defined ooapartaesLts
 particulate phosphorus, soluble z'eaotive phosphorus eto. > hut
tba ratsa of tranaport between CoapartaetSte je Sti1! in the early
phase of developsteat. Rare data free the Lake Otttarfo hstriesst
aasessaent Ittsdy  TOM!, See Caa. J. Tish. ruat. Sei. ii, No ia
19$7 nre sySSthesiaed tO iilttetrate the OVerall pattern bat@cess
trophic levels> exahangs rates betreea bacteria att4 beteretrapbio
raioroflagallates, meso- and eicx'olocylastktoa grasping, and losses
duo to eedimeatation. while problems stil.l exist in eetlaating
nutrient seeiaflation and regetseratiots rates, the gmntity of p
reqtsLred to support the plan3ctoss coaal10ity duz'fag samer
stratifiaation «ill ba oalcu!.ated and related to overall loadi>V
estiaatss.
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DERMOTT R. Fisheries and Oceans Canada Centre for Intend Waters, Burlington, Ontario, Canada.
Overview of the Bottom Fauna in lake Ontario.

First examined in 1924, the bottom fauna of open Lake Orttario was examined during several whole lake
suveys corlducted between 1955 and f977. The deep water community has been weil described and is
dominated by a few ollgotrophic species, but lacks both many of the oiigotrophic indicator species or
dominate mesotrophic indicators�The steep slope and large areas of upwelling along the shore limit the
diverae COmrnunltieS tO a thin band abOut S mileS in width arOund the lake. The ShallOw harbOur areaS nOw
support only pollulion tolerant communities, Oflshore, the populations of the dominant arnphlpod, ollgochaetes
and sphaerids show large swings ln annual abundance. Inshore, above the therrnocline, a number of Palearctlc
Invertebrates particularly molluscs are now key organisms in the co"unity.

WHITTLE, O.M., KEIR, M.J. 8 HYATT, W.H. Oepaftment of Flatteries and Oceans, Great Lakes
Laboratory for Fisheries 4 Aquatic Sciences, Burllngon, Ontario, L7R 4AS. Temporsl Trends
In Contaminant Levels For The Lake Ontario Fish Community �977-1989!.

As part of the IJC Open Lake Surveillance Program, the Department of Fisheries and Oceans has
conducted art annual survey on Lake Ontario since 1977 to measure whole fish levels of a range of
trace metals and organic contaminants. Lake trout Qalvelinus ~name cush and rainbow smett
g~~~ ~mrdax have been the principte monitoring species. The program has recently been

p~ i »i ~ i tAI ~ d vLCswSU
After an inNaf rapid decline, concentrations of some organic contaminants levelled off and oscillated
around a baseline level 2 to 3 times lower than recorded a decade earlier. Most recently there has
been evidence that the measured levels of some organic contaminants, whose use has been restricted
for more than 10 years, are increasing, particulahy in forage fish collections. Factors such as changes
in lipid concentrations and diet composition are partially responsible for this apparent reversaf of
contaminartt trends in the Lake Ontario fish cornrnunity,

RASQ, 8 ~ p 8LOTA, S., KOLNR8, Z. IralSOER, $., % REIGER R. Institute of
Environment and Health, University of Toronto and NcMaster University.
The |mpairmemt of hollefiaial uses in Lake Ontario.

Annex 2 of the Great Lakes Water Quality Agreement requires the
development of Lakewide Management plans. The first of these plans is
being developed by the four parties for Lake Ontario, using the
information gathered in the Lake Ontario Toxics Management plan. As
Part of this exercise, an inventory of impairments of beneficial uses in
Lake ontario and the casual pollutants responsible for the impairment
has been compiled. The impairment of beneficial uses is broadly based,
including degradat,ion of aesthetics, beach closures and drinking water
consumption restrictions. The guidelines used to select information for
this inventory, clarification of the cause-effect linkage, and the draft
list of casual pollutants for Lake Ontario vill be presented.



HUNATHt d H d BRANDT d I d 6 PRULB6, G . d 5 6TBNART, b. Fi she r ie s &
Oceans, Chesapeake Biological Station, University of Toronto, 6 SUNY
College of Environmental Science 6 Forestry, Syracuse. Lake Ontario
Traphic! Tramsfer {ZOTTj Stu4y: h me multi4ieciplimary and multi-
trophio approach.

The Lake Ontario ecosystem has been experiencing considerable
abiotic and biotic changes during the past quarter of a century. It is
the recipient of nutrients and contaminants from municipal, industrial
and atmospheric inputs, The changes include the heavy stocking of
salmonoids and the invasion of zebra mussel. Very little is known about
the impact of these perturbations on the food web dynamics.
Consequently an international and multi-agency project- LOTT was
initiated on a lakewide basis during 1990. LOTT s' mandate included:
a! simultaneous measurement of food web parameters, b! application of
new acoustical, optical survey technologies and bioenergetic models, and
c! evaluation and management of impact of nutrient and contaminants,
piscivore stocking and introduction of exotic species on the food web
structure and production in the Great Lakes.

HUNAWAR, H., LBGNERd H. d LBPPARD, G ~ LYNN, b H. ~ HUNAVAR, I . P
IBI66B, T. Fisheries & Oceans Canada, Environment Canada, University of
Guelph 6 University of Konstanz. Hicrobial interactions in Lake Ontario.

Integrated water samples were collected during 1988-1990 for the
identification and enumeration of bacteria, autotrophic picoplankton,
ultraplankton, microplankton and netplankton, heterotrophic
nannoflagellates and ciliates. Analyses by epifluorescence microscopy,
Utermohl technique or Quantitative Protargol Staining method was done.
Determined primarily by their oral morphology and body size, different
ciliate groups greatly differ in their way of tapping food resources. The
methods of food capture range from encounter feeding on larger mobile
organisms to filtering particles through oral membranes of various "mesh"
size. Ciliates were grouped as bacterivorous and planktivorous  either
eating heterotrophic or autotrophic plankton!. Species considered to
consume other eucaryotes, especially heterotrophic ones prevailed in spring
 nearshore stations! and summer  offshore stations! whereas species vhich
consumed primarily, autotrophic picoplankton dominated in the fall
 offshore samples!. This is the first time such a study has been attempted
which suggests need of experimental research to assess trophic
interactions.

LYNN, b.H., HUNAKGt, H. 4 LEGNBR, H. University of Guelph, Fisheries
& Oceans Canada. Ciliates of Lake Ontario: bistribution, abundance and
composition.

As part of a. lake-wide survey to examine the components of, and
importance of the microbial loop, ciliates were collected from 30 stations
along eastern, mid-lake, and western transects. Lugol preserved integrated
samples from 0-20 m were analyzed using Utermohl technique while others
were post-fixed with Bouin's fixative and stained by the Quantitative
Protargol Staining technique.The ciliates were classified into the following conspicuous taxonomic

 au= � '

 corot ' ha!; the litostomes  A~ske sia and Mesodinium!; and a miscellaneous
category which i~eluded minor genera or unidentifiable taxa. A. more
complete analysis of the detailed data set will provide further insights
into the role and function of ciliates in the Lake Ontario ecosystem.



D.. G
Acluatic Science. Dept. Fisheries and Oceans. Canada Centre for Mand Waters Burlington,
Ontario CanacbL Primary production and phosphorus demand in Lake Ontario - whole lake
RaaeasmlNIL

ary production and P demand have been measured for several years at selected stations as part
of the Laluc Ontario Biomonitaring Project. How well these stations represent major portions of the lake
can be assessed from the lake-wide approach taken in the Lake Ontario Trophic Transfer Project  LAIT
199O! Total primary production for thc whole lake and various zones has been estimated. Thc seasonal
and lake-wide variability in factors determitung integral production such as photosynthetic parameters
and hght extinction will be presented Measuretnents of phosphorus demand using "PO, were made on a

basis in spring, summer and fan. Inshcue-offshore gradients in P demand in May shows that
there is a lake-wide shih from light to phosphorus Iimitadon of phytoplankton growth that is dependant
on depth but nodded by P supply in some inshore areas, Spatial analysis done with GIS  SPANS! soft-
ware will be presented.

R. DAMSON, and P. SAWANGhlONG Chesapeake Biological
Laboratory, CEES, University of Maryland, Solomons, ND 20688. Plant
pigment stratigraphy in Lake Ontario: tracking the deep-water flux of
algal carbon to the sediment record.

To investigate the cycling of algal carbon in the Great Lakes, samples
of water column, benthic nepheloid layer, and sediment particulate matter
were collected with the submersible Johnson Sea Link from stations in Lake
Ontario during summer 1990. HPLC pigment analyses revealed highly
stratified populations of chlorophytes, cryptomonads, and cyanophytes with
lesser contributions of dinoflagellates and diatoms focussed around the
thermocline. The deep-water chlorophyll maximum, 150 m below the
thermocline, consisted almost entirely of diatoms, vith a remarkably vell.-
preserved signature of the settled spring diatom bloom. Estimates of the
flux of algal carbon vere made on the basis of carotenoid and chlorophyll
ratios and compared vith typical carbon sinking fluxes.

and Aquatic Science. Dept. Fisheries and Oceans. Carutda Centre for Inland Waters.
Burhngton. Ontario, <mtada. ~M' ~4~ distribution, abundance, and production
in Lake Ontario.

~M ~ abundance and growth rates have been monitored at a mid-lake station since 1984
as part of thc Lake Ontario Biomonitoring Program. Production has also been calculated when possible.
Howcvcr, in some years siccant imrrugration/cmmigration in thc region of the sampling station has
prohibited these calculations. The Lake Ontario Trophic Transfer study has pmvided tbe opportunity to
examine factors, such as depth and position in thc lake relative to thc donnnant wind patterns, on the
abundance and local size structure of the popuhttion. Through the usc of GIS  SPANS! software,
regional and whole lake abundanccs and size-frequency distributions have been asscssccL



Toronto, Mississauga, Ontario, L5L 1C6, Canada, AN OPflCAL PLANKTON COUNTER FOR
CONTINUOUS MONITORING IN LARGE LAKES

A towed underwater sampling device comprising an optical plankton counter, fluororneter,
transmissometer, thermistor, and depth sensor was tested for the first time in freshwater. These
instruments, fixed to a hydrodynamic wing or tow body, are linked via cable to shipboard computers for
data logging. The optical plankton counter, as configured for our purposes, can sample organisms between
250 pm and 4 rnm at rates as high as 150 per second. We operated the instrument cluster continuously
along a transect in Lake Ontario from nearshore at Ashbridge's Bay, Toronto  depth 5.5 m! to mid-lake
22 km offshore  depth 137 m! at an average speed of 9.3 km/h. For parts of the transect the instruments
were towed at constant depth, and for other parts they were towed in a sinusoidal pattern between depths
of 5 and 50 m. Periodic net samples were taken along the 22 km transect for ground-truthing. Data
collected are presented to illustrate the utility of the system in providing continuous biological and
physical information over large spatial scales.

University of Toronto, Nississauga, Ont. LSL 1C6. Large-scale patterns. in
zooplankton size and density in Lake Ontario.

During the fall of 1990 we used a towed, Optical Plankton Counter
 OPC! to continuously sample zooplankton along three north-south cross-
lake transects in the western, central and eastern portions of Lake
Ontario. The OpC, which was towed either at constant depth or in asigmoidal pattern from near surface to depth, detects animals from roughly250 pm to 4 mm equivalent spherical diameter. We noted sharp changes inzooplankton size and density at the thermocline, and have some evidence
for similar changes as we towed the OPC across a horizontal thermal bar.We present. analyses of the variance and mean in body size and density atscales ranging from meters to kilometers in order to elucidate patterns in
spatial heterogenity.

ROSS, P. E,, Illinois Natural History Survey, 607 E. Peabody Dr., Champaign, IL,
USA, and MUNAWAR, M., Fisheries and Oceans Canada, Box 5050, Burlington,
ON, Canada L7R 4A6. Zooplankton feeding studies during the LOTT program.

This paper presents results of zooplankton community filtration rate experiments
performed during the July-August 1990 cruise of the Lake Ontario Trophic Transfer
 LOTT! initiative. Fifteen experiments were done at ten stations on two north-south
transects, one in central Lake Ontario and one in the western part of the lake. Dotli
day and night experiments were done at five stations. The feeding rates were
measured on radioactively-labeled natural algal food in a modified Gliwicz-Haney
grazing chamber at 5 m depth. Community filtration rates were generally much
higher at night than during the day, with the exception of one station in the western
transect where night filtrations rates were only slightly higher than daytime values-
Using phytoplankton biomass and production rates from the same LOTT cruise,
estimates of community feeding rates  biomass! and cropping rates  fraction of
primary production! are calculated.



PJ,J4LL5,> R, O'GORMAND, AND J. DEGISIt. 1Department of Natural Resources,
CtsueH University, Ithaca, New York 14853 and >U.S. Rsh and Wildlife Service, Oswego
Biological Field Station, 17 Lake Street, Oswego, New York 13126. ZOOPLANKTIVORY
IY ALEVVIVES IN LAKE ONTARIO: SEASONAL, SPATIAL, AND AGE
SPECIFIC PATTERNS.

Our objective was to examine the food habits of alewives, Alosa pserrdoharerrgus, in the southern
waters of Lake Ontario after �988! the invaaion of the exotic clsdfaCeen, Byrhorrephes cederSrrrdemi,
Byihotrephes was important in the stomach contents of alewives  >90 mm total length! at aH depths where
~es were collected. Typically, tail spines were the only body part of Byrhotrephes found in
ahwKe stoinachs. Adult alewives  >1073 mm! ate mostly microzooplankron  numbers and biomass!
when the lake was therrnaHy stratified, but during the spring and fall when waters were homothermous
Or weakly StratiTied, alewivea Supplemental their diet Of zOOplanktun with MySfr reliCra and amphipodS.
Btxaese of the strung dependence of alewives on microzoop~ for food in 4&e Ontario, we
canchde that any changes in the production of micruzooplankton will affect bath the ~ community
and the salmonine population ir supports.

BRANDT ~dte hen B,, ltADON, Doran N., and Ooyke, Andrev p., University of Maryland
System, Chesapeake Biological Laboratory, Rolomons, ND 20680-0030, Trophic Snpply and
Demand in Lake Ontario: System Perspectives.

Fish productio~ and, ultimately, yield are governed by the laws of trophi c supplY
and demand <Ney 1990! . The relationship between the availability of prey resources
 supply! and the amount of prey a particular predator needs to consume  demand> will
determine the extent to which the biomass and production of fishes is limited by the
food supply and the extent to which the predators can exert control over lover trophic
levels. Supply and demand are difficult parameters to quantify, but recent developments
in bioacoust les and bioenergetics have significantly advanced our ability to measure
prey abundance and predator energetic requirements. Our research is designed to assess
the supply and demand of the pelagic piscivores and planktivores in the Great Lakes and
to define their interrelationships with lower t rophic levels. For each trophic level we
combine high-resolution spatial data on prey abundances and sizes, water temperature,
and the physiological requirements of the predator to ptoduce detailed cross-lake maps
of predator growth potentials. Such spatial compartmentalization of predator-prey
models allovs us to evaluate how spatial changes in thermal structure, preY
distributions and predator behavior vill affect predator production.

GOYKE hndrev P., BRENDT, Stephen B., and tfASON, Dor an N.,  University of ttarylandSystem, Chesapeake Biological Laboratory, Solomons, ND 20688-0038! Trophic Supply and
Demand in Lake Ontario: Distribution and hbundance of Pelagic Planktivores.

tte used a 120 kHz acoustic system to measure the abundance and distribution ofpelagic plaItktivores in lake Ontario during the summer and fall of 1990. Fish density
 number m ! vas determined using echo integration, vhereas size of fish  mm! was

ual-beam analyses. since interpretation of acoustic informationdepends on the scale of observation, fish density was partitioned into lm depth bins and
a m horizontal bins during processing to examine fine-scale changes indistribution. To determine the temporal. changes in fish distribution, patterns werecompared on hourly, daily, monthly, and seasonal basi s. Preliminary partitioning of

morgan! vas based on fish catches in aimed aidvater travls. The distrihntion of
planktivores was dynamic on both temporal and spatial scales, and vas closely related to
the thermal structure of the lake. hcoustical measures of fish abundance and
dist.ribution were used for high-resolution compartmentalization of supply-demand
assessment.



~ Q., BRANDT, Stephen B., GOYKE, Andrew, PATRICK, Vincent,  University of
Maryland System, Chesapeake Biological Larboratory, Solomons MD 20688-0038!, and SPRULES, W.G�
 Erindah College, Dept. of Zoology, 3359 Mississauga Rd., Mississauga, Ontario, Canada LSL IC6!.
Trophic Supply and Demartd in Lake Ontario: The Zooplankton - Planktivore Linkage.

BRANDP s~te hen B., ftltsoa, lloran N., GDVKE, Andrev p., pltyRlcK, E. vincent,
<tlniversity of Naryland Systen, Chesapeake Bioloeical hahoratory, Solonons, ND 206SS-
00380 and STEWART, Donald J. tState Univ. of Mew York, CESF, Syracuse, MY 13120!,
Trophic Supply and Demand in Lake Ontario: The P'lanktivore - Piscivore Linkage.

tie generated detailed cross-lake maps of piscivore  salmonine! growth potential
based on bioenergetic simulations of field measures of piscivore diets, thermal
structure and prey availability, Prey availability was estimated with high spatial
resolution acoustic measures of planktivore abundances and sizes. Prey availability vas
spatially complex and changed dielly and seasonally, producing a spatially variable
field of piscivore growth potential, Estimates of piscivore production were dependent
on whether piscivores were assumed to be occupying preferred temperatures, foraging
optimally or exhibiting other types of behavior. Overall, fine-scale
compartmentalization of predator-prey interactions demonstrates that the spatial
linkages of prey abundances, thermal structure and predator behavior can significantly
affect lakewide piscivore production and may partially explain the apparent dichotomy in
the predator-prey production ratios of Lake Michigan and Lake Ontario.

RAND Peter,
Oswego, Oswego, NY
Mike [Ontario MNR,
HDDELING STERLHEAD

STEWART, Donald [SUNY-CESF, Syracuse, NY, 13210; and SUNY College at
13126], SEELBACH, Paul IMichigan DNR, Ann Arbor, MI 48109 j, JONES.
Maple, ONT L6A IS9], WEDGE, Les  New 'York DEC, Cortland, NY 13045] .
TROUT ENERGETICS IN LAKES MICHIGAN AND ONTARIO

We synthesized available data on physiology and life history characteristics of
the steelhead trout  Onchorynchus mykiss! in Lakes Michigan and Ontario to construct a
bioenergetics model to estimate lake-wide production and prey consumptio~. We analyzed
diet data for sport-caught steelhead from western Lake Michigan �982-88!, southeastern
Lake Michigan �973-82!, and New York waters of Lake Ontario �983-88!. We derived
life history parameters for wild steelhead in Lake Michigan from data on the Little
Manistee River population in northern Michigan, and from NYDEc creel-census data for
Lake Ontario. A size-dependent relationship for survival was applied to historical
sreelhead stocking data to estimate "smolt-equivalents . From an analysis of 511
scales from sport-caught steelhead in Lake Michigan, estimates of the percentage of
stocked fish increased from 65x in 1985 to 85X in 1990 ' reflecting improvements
stocking procedures. Estimates will be presented. for lake-wide production and prey
consumption by wild and hatchery-reared steelhead trout derived from sirsulations for
both lakes.

Quantitative spatial distribution of pelagic fishes can be amply mapped with acoustics. However, this does
little to increase our understanding of the processes governing the observed distributions, In an attempt to
understand the regulating mechanisms, we integntted food supply, thermal habitat and physiological rates of the
planktivores into one unifying theme, supply and derrtand. We used bioenergetic simulations of alewife to
determine planktivore demand and an optical plankton counter to determine zooplankton abundance and
distribution  supply!. Demand and supply were combined to generate a detailed cross-lake rtMtp of the potential
growth field for planktivorcs. The predicted potential growth field varied in response to both the thermal habitat
occupied and the spatially variable prey distribution. Thc greatest planktivore concentrations were assumed to
occur in thc regions of greatest potential growth. The predicted planktivore distribution was then compared to that
observed acoustically from the field. To evaluate the potential intensity of thc predator-prey interaction, wc used
held measured distribution of planktivores and expanded the individual demand to the population. The ratio of
demand to supply was used as an index of the ut tensity of the interaction.



Peter jSUNY-CESF, Syracuse, HY, 13210; and SUNY ColleIPf 13125] gRhNDT, StePhen [Univ, Maryland, CBL, Solomons, ~ 205sg]>~ ]SUHY College at grockport, Erockport, hY 14420].
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CKRINTIR, %.J. R,R. 44, Picton Ontario, KOK 2TO.Thomghtm about past events and future prospects f or the biotic
mymtAe of Lake Ontario.Two perspectives have been published on the ecological historyof Lake Ontario. One argues that the system has been so damagedthat fish yields can only be maintained through extensivemanageaent intezventions. The other is more optimistic abo~t thenaturalistic resilience of the ecosystem, and offers thePossibility of return to something lake former equzlrbz '=conditions, after re3.axation of the major cultural stresses. 'Theseinterpretations lead to different ~ater qual ity and fisher,m»agament strategies, and more importar;t, affect develop.-.,entaggregated measures of ecosystem health needed to evaluate progresstowards Sustainable Development. The longterm sequence of i: shcommunity changes is used to illustrate the discussion of the
emergence, and consequences of this dichotomy-





N "Cd'
Leer Genetiic Variability isa Great Lalllts Spe<9ee A ~

evidence suggests Chat 6sh w'hich inhabit previously glaciated areas have extremely low
levels of genetic variability. Populations of Etheostoma, Rhirsichthys, Micropierus and
Riaostedioa irom the Great Lakes are compared with 6sh &em non-glaciated areas. The
neutral theory predicts that random mutations with no selective e8'ect can be incorporated
into the genome. however northern popuhltions of vertebrates have undergone 3-6 thou-
sand generations without incorporating significant genetic changes into the genome.
These low levels can in part be explained by low numbers of founders after the glacial re-
treat and possiMy by ¹Cabilinng selection. However, the low levels of heterosygosity, that
are founid in the Great Lakes dx~ages cannot be explained within the context of the neu-
tral theory. Other studies show that heavy metals present in strefuas also reduce the ge-
netic variability of the Ksh populations. The implications of low heterosygosity to Saheries
management is profound as populations with little or no genetic variation may be more
susceptible to disease or extinction hem pond. culture, environmental changes or pollution,

WERNER, ROBERT G. [State University of Ncw York - CESF
Syracuse. NY I3210], ENERGETICS OF LARVAL RAINBOW SMELT.

Rainbow smelt  Osrrrerus rriordoz! is the only species of fish in the Laurentian Great
Lakes that is presently a dominant component of thc fish community in all five lakes. In the
Great Lakes, they have shown wide osciilations in abundance that may be related in part to
variation in surv iva I/rccrtritment of early life history stages.

Routine metabolism, a critical component of an energy budget. was estimated for the
a ver age individual rainbow smelt larvae I'rom mes surern cuts of oxygen consumption in
closed rcspirornetry chambers, Wc conducted experiments at 8, 12. and 16 C representing the
range of temperatures norma/ly cxpcricnced by larval sinelt in thc Great Lakes, Thc values
for larval smelt metabolism werc 21,8, 36.I, and 49.5 cal g wct wt - d at 8, I2, and 16'C,
rcspcctively. The Qtp for rnctabolic rate in larvae was 2,8, a value noticeably higher than that
for adult smelt, but similar to that of many other larval fishes, Average rnctaboiism of first-
fccding larvae is also much lower than would bc prcdictcd from back-projection ol' thc
iiictabolism-weight relationship for adult smelt, Wc use these metabolic observations
iogcihcr with other available information to analyze larval smelt energetics, providing an
improved, quantitative perspective on mechanisms possibly influencing population
dynamics of these fishes.

MUNKITTAICK K.R. GLLFAS, Dept. of Fisheries g Oceans, Burlington, Ontario L7FI 4A6; G J. VAN DER KRAAK,
Oept. oi Zoology, University of Guetph, Ontario N$G RW1; M.E. McMASTER, Dept, of Biology, University of Wateifoo,
Ontano N2L SGt; and C. PORTT, C. Portt g Associates, Guelph, Ontario N1 H 3H5. Impacts of secondary tre¹traenf and
mia sfrutdown on tnttfg¹ttng ftnpects of bleached kraft tnlti effluent on NIFO activity and serum ¹tetofds In fLsft.

Up until the initiation of SeCOndary treatment in SeptenSser Of 19I6, Jaddish Bay, Lake Superior, had teoefved the
primary4reated efftuent from a bleached kraft putp nill  BKME! for several decadias, August 1990 collections found similar
MFO activity as during August 1988 and 19M, despite the initiation of secondary treatment. However, samples collected
two weeks after a planned mill maintenance shutdown during Septeither 1990 showed no EROD induction in Iongnoae
sucker, end a reduced impact zone for fake whitefish. Secondary treatment has been successful at removing problems
assocetW with BOD, suspended solids, temperature and acute fish lethality, but secondary treatment has not been
successful in eliminating BKME impacts on MFO activity arrrf serum sterokfs in white sucker, lake whitefish or Iongnose
sucker sving in Lake Superior. The short duration of MFO induction alter mill shukWwn Indicates that changes are not
reiated to contamination by dioxin-fke compounds, and that the persistence of EROD induction in these species is not
related to food chain contamination. Impacts on steroid levels persisted during September, sufgesting that the absence
of EROD induction was not due to migration of new fish into the ares, that steioiid ~s are more sensithre
persistent than MFO induction. and that steiokf reductions and MFO Induction are not causally related.



Department, Loyola University of Chicago, 6525 N. Sheridan Road,
Chicago, Illinois 60626. Bases for Prey Fish Species Selection by
Chinook Salmon, Coho Salmon, and Lake Trout.

we examined foraging behavior by three salmonid predators,
chinook salmon, coho salmon, and lake trout, on various prey
species under laboratory conditions. Salmonids were introduced to
two and three prey species in varying proportions in order to
determine which of the prey species was preferred by the
predators. coho salmon were. introduced to bloaters and yellow
perch. They chose bloaters to yellow perch. Lake trout were
allowed to forage on species combinations which included
alewives, bloaters, and yellow perch. Lake tro~t foraged on
alewives in preference to the other species. Alewives generally
remained in the pelagic and could easily be attacked.

14420. Salrnonine Catches in Lake Ontario are Higher at Thermal Fronts in the Spring:
E xperlrnental Verification.

Haynes et a!.  f 986! hypothesized that radiotagged rainbow trout  Oncorhynchfrs mykiss! moved
offshore in Lake Ontario with thermal fronts in spring and early summer. In f990 we tested this hypothesis
for salrnonines generally by comparing catches in non-frontal waters and three types of fronts  thermal bar,
4 C: spring therrnocline, 6-B C; thermal break, > 9 C!. A thermal front in the spring on Lake Ontario is a
rapid temperature cline across the surface of the lake  > O.t5 C/min at standard trolling speed} parallel to
shore that extends obliquely toward shore and the bottom. Surface temperature was recorded every 2 min
during 44 hours of experimental fishing. Only 20'yo of the time was spent fishing thermal fronts where 35'A,
of the 88 fish were caught. CPUE at thermal fronts was significantly greater than non-frontal CPUE on all 1 1
sampling dates  p c 0.001!. The data suggests that CpUE is greater for warmer thermal fronts  thermal
break CPUE > spring thermocline CPUE > thermal bar CPUE; p - 0.09! and that there is a relationship
between species distributions and thermal fronts. Relative to non-thermal water, coho salmon CPUE was
higher in the spring thermocline  p < 0.05!; rainbow trout and lake trout CPUE's were higher in thermal
breaks  p < 0,05!. For species where comparisons were nonsignificant, the trend was for thermal CPUE's to
exceed non-thermal CPUE's, It appears that anglers can, effectively larget sahnonine catches by fishing spe-
cific thermal structures, These resuits likely are applicable to other pelagic habitats utilized by salrnonines.

University of Chicago, 6525 N. Sheridan Road, Chicago, Illinois
60626 ~ Homing of Salmonids to Illinois Harbors: Influence of
Caging Parred Salmon.

The purpose was to enhance the homing of chinook and coho
salmon to the harbors where they were stocked along the Illinois
shoreline of Lake Michigan. It was hope that these enhanced
returns would provide the basis for the development of a fall
salmonid fishery. The basic design of the study was to place
parred fish in cages and release them after they had smolted and
imprinted the odors of the harbors. Fish were sampled by D.C.
electrofishing during the fall months of 1988, 1989, and 1990.
Homing generally occurred among caged and non-caged control
salmon. The low returns of salmon in the fall months were
probably caused by the small number of surviving salmon.



~~~~a~ ~ and CROSSMAN, E3. Department of Ichthyology and Herpetology,
R+g Ontario Museum, Toronto, Ontario MSS 2C6.
g Revlevr oE Introduced Fishes in tbe Canadian Waters of the Great Lakes.

The introduction of 39 species and two hybrids into the Canadian waters of the Great Lakes has
been docuinented. Twenty-two of these 41 introductions have established self-reproducing populations. The
intentional introduction of 12 species and two hybrids has been authorized. Three vectors are responsible
for !he unintentional introduction of 25 species. Nine have naturally expanded their ranges into the
Canadian waters of lakes Brie, St. Clair and Huron. Eleven species have been introduced as a consequence
of inan's activities: six of these artificially invasive species have expanded their ranges as a result of canal
building; and, Gve species have become established by accidental release and subsequent expansion of
range. Iialiast water is responsible for the introduction of three foreign species, and extending the ranges
of two native species. Five species have been introduced as a result of release from aquaria, and two
species exhibit disjunct range extensions that inay have resulted from bait-bucket transfer.

JANEs A. RECKAHN, ONTARIO NINIsTRY OF NATURAL RESOURCES, FI sHERIES BRANCH~
RESEARCH SECTIONS P 0 BOX 5000 HAPLBg ONTARIO L6A 1S9

VERIFICATION OF INMX FISHING AS Att ACcuRATE NEAsuRE oF YEAR-CLASS STREMTH FOR
LAEE WHITEFISH Coregonus clupeaformis.
This paper describes calibration of sampling gear and sampling designs used to
measure changes in year-class strength of lake whitefish Coregonus clupeaformis in a
sma! I bay �320 ha! in northern Lake Huron. Tag:recapture population estimates of
adult male vhitefish were used as final measures of actual abundance agar.>st which to
compare catch/unit ef fort  CUE! indices of relative abundance obtained at several
life history stages  larval, fingerling, Juvenile, and adult!. An "index" approach
to obtaining CUE estimates was used . Index fishing is defined as a deliberately
biased two stage sampling approach where, after the initial, first stage of
completely randomized sampling efforts demonstrated vhere and vhen the target spec ies
life history stage could consistently be sampled, then in the second stage, only
those few productive strata vere sampled repeatedly. A large array of unproductive
sampling sites were excluded, The concept is based on the fact that f ish and their
preferred habitats are non-randomly distr ibuted in clumped or contagious
distributions both spatially, bathymetrically, and temporally.

aom 7i00, Maple, Ontario, canada r,sjL 1$9. Lake ontario, Toronto waterfront Rich
COS~unity and Habitat aaaeeament 1989.

aa part of the Toronto waterfront Semedial Action plan a fisheries coneumity and
" bitat survey was conducted in 1989. rish coaemity dynamics including biological

presence, absence, abundance, reproductive success and species interactiona
~re investigated. Critical habitats were mapped. and the significance of physical

vaa identified. This study provides data which indicates that physical habitat
bilitetion in con]unction vith water quality initiatives vill provide an optimal

cohabilitative strategy for this sensitive area.





F DS and Caiman, SJVI�VS. Geoiottical Survey, Woods Hale, MA 02543. THE CHIPPEWA LOW
AND THE PRE.NIPISSING TRANSGRESSION OF LAKE MICHIGAN: EVIDENCE FROM

HIGH-RESOLUTION SEISMIC STRATIGRAPHY

Sehunic-reflection profiles collected in the sauthern twa-thirds af Lake Michigan show a basinwide seismic reflector
within Laettatrme sedbncnts. This refleetar iS time-tranaycssive and represents the extreme low-lake level of the Hlippewa
phase �0 ka! and the subsequent Chippewa-Nipissing transgressian �0-5 ka!, A conformable horizon in the deep basins,
which cam3ates with a gladabanal change harn red glaeialaeutanne to gray postglacial Clay, is equivalent ta the emsianal
surface af the Chippewa unconfarmity. The planar chanuXer Of the reflector and the ~ of erosiOnal Chluutels at the

ty suggest that erosion ao~xi subaqueously during the Qnppewa-Nipissing transgression. Most strandline
and relict IManShure feanrrCS, as well aS preexisting regreadve and Subaenal featureS, were y destmyed dudng
the trunsl~xL Palcachanneh, beach deposits, wave-cut scarps, and other relict ~re eatures occur locally at a
vmicty of depths and cannot be mapped at the spacing of our seismic proQes. StranrNne deposits of thc inaxunum
Chippewa iawstsnd are generally not preserved. Instead, cores show that a sand, pebble, and shell lair only a fcw
centhneters duck occurs immediately above thc Chippewa unconformity. Seismic profiles show a Ienshke unit locally'
withm posttilaciai deposits, between 42 and 94 m behw present lake level. just above the Chippewa unamformity, 'Ate
upper SurfaCC Of the unit appeara ta mark a faciea Change fitun relatiVely high-energy tO lawmnergy depOSitiOn, whiCh
acrmved as lake level rose to the Nipissing high stage. TIM maximum lowstand af the Quppcwa low stage may be denvcd
frrxn the maxitnum depth af the Chippewa unaurforrruty and an assumed depth of wave base, but the latter assumption
creates large uncertainties. We have been unable to map the shotelmes of the Chippewa and later lake stages because of
the poorty preserved sirandline features and sutrsecfrmu isostatic deformation.

THOMPSON Todd A., Ind. GeoL Survey, Bloomington, IN 47405, LAKE-LEVEL BEHAVIOR DURING THE
PAST 4,000 YEARS IN THE SOUTHERN PART OF THE LAKE IrIICHIGAN BASIN

The historic record is the primary source af inhumation on modern take levels throughout the Great Lakes.
Although it can be semi-quantitatively extended into the late 1700's, the histaic record ia too short to recognize
lang@arm patterns af ktke-level behavior. To extend the historic record, information must be obtained from the Great
Lakes's geologic record. Such information includes the altitude and age of geamorphic features and stratigraphic
sequences. One af the bngest records af ktke-level variety is preserved in a beach ridge complex along the
southern shore of Lake Michigan. This strandplain contains more than 150 beach edges that arc across
northwestern Indiana and fan out inta northeastern Illinois. The ridges were formed during the fall from high stands
in kske level, and the aaitudee Of their foreshore dsrpasits provide Inforrruaian on the upper physical limit af lake level
over the past 4,000 years, An kuxease in the rate af shoreline pragradation from east to west across Indiana's
ahOrelne Cauaea differential preaervatiOn Of lake4evel fluctuations. That Is, groups of 4 to 6 ridgea in the we~
part af the strandplain that formed in response to small-scale fluctuations combine eastward into single ridges and
groups af ridges representing larger-scale fkcluatians, Three scales af quasi-periodic iake-level variation were
determined by radectutmn dating basal peats af wetlands between the ridges and by measuring the altitude of
farashore  swash! deposits within ridges: �! a shortAerm and amal-scale fluctuation of 25 to 30 years with a range
af about 0.5 rn; �! an intermediate-term and meso-scale fluctuation of 1 so to 160 years and a range af about 1 m;
and �! a Iong-term and karl~le fluctuation af about 600 years and a range of 2 to 4 m, The short-term and
iraermediate-term fluctuations are reflected in the historic record.

W, and STAUDE, JOHN-MARK, U.S. Geo!ogical Survey, Box 25046, MS 966,
Denver Federal Center, Denver, Colorado 80225
Rates af blufF recession along the Lake Michigan shoreline in Illinois

Using airphotos and maps, we measured bluff-top retreat at 300 locations along 30 km of shoreline
from Wilmctte to Waukegan, Ill. Over two time periods, 1872 to 1937 and 1937 to 1987, rates of retreat
varied from 10 to 75 em/yr between discrete segments of bluffs  defined by lithology! and between the
two time periods for a given bluff segment. The average rate for the entire area, however, did not vary
significantJy between the two time periods and was approximately 20 to 25 cm/yr. Mean and maxiruurn
lake levels and rainfall for the two periods did not vary significantly, so local temporal variations in
retreat rate cannot be attributed to these factors. Beach width and groin construction did vary between
time periods but showed no effect on retreat rates. Eaca3 rate variations correlate closely with variations
in the lithology of the glacial materials exposed in the bluff, which consist of clay tills and outwash silts,
sands and gravels. However, both the temporally constant regional retreat rates in the area and the
regular shape of the local shoreline indicate that a uniform rate of retreat prevailed and that local
variations in retreat rates balance out through time to produce long-term parallel bluff retreat in the area.
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JOHNSON Beth L�and JOHNSTON, Carol A.. Natural Resources Research Institute, University
of Minnesota, Duluth, MN 55812. COASTAL EROSION IN RELATION TO GEOLOGY lN THE
WESTERN ENO OF LAKE SUPERIOR.

Recession rates for the Lake Superior shoreline in Wisconsin and Minnesota were compared by
geologic type. Recession measurements were obtained from previous studies that used historical aerial
photos taken in the 1930s and 1960s, and geologic types were determined from Pleistocene geology
maps and field verification. Average shoreline erosion rates for clay deposits  glacio-lacustrine clays
and Clay tills! were 3.5 tirneS higher in WiSconSin �.52 m/yr! than in MinneSOta �.15 rn/yr!. COaSlal
sand and gravel deposits eroded at comparable rates in both Wisconsin �,14 m/yr! and Minnesota
�.16 m/yr!. Peat deposits along the Wisconsin shoreline eroded faster than any other geologic type,
4.48 rn/yr. Peat deposits along the Minnesota shoreline were protected by sand bars, and were not
eroding. The higher erosion rates for the Wisconsin shoreline are probably due to the lack of bedrock
headlands, which protect much of the Minnesota coast.

HUNTER, Ralph E., Reiss, Thomas E., and Chin, John L., U.S. Geological Survey,
345 Middlefield Rd., Menlo Park, CA 94025, COASTAL DEPOSITIONAL AHD
EROSIONAL EFFECTS OF 1985-1987 HIGH WATER LEVELS I'N LAKE NIICHIGAN

Beach ridges and scarps that formed during storms accompanying the 1985-87
period of near-record-high lake levels were surveyed and trenched at 17 sites in
areas of long-term deposition around Lake Michigan. Beach ridges were formed
where the beach was backed by low, flat land or where the beach material was
gravel, whereas scarps were formed where the beach was backed by a bluff or high
dune ridge. The beach ridge crests and scarp bases were, respectively, 0.5-2.4 m and
0.2-1.2 m higher than the highest monthly level reached by the lake during the t985-
87 period {t77.28 m above iGLD in October, 1986, compared to the 1860-1986 mean
of 176.42 m!. The elevations of the beach-ridge crests are probably close to the
elevations of wave runup at the time of beach-ridge formation. Variations in crest
elevation can be explained by variations in storm-wave height around the lake.

BURMEISTER Jeffre A.V. JOHNSTON, Carol A., BONDE, John P., University of Minnesota-
Duluth, Duluth MN 55812, USA. EFFECTS OF WAVE ENERGY ON COASTAL RECESSION.

This is part of a three year ongoing project to study soil erosion hazards on the Minnesota North
shore of Lake Superior. This section of the project evatuates the effect of wave action on shoreline
recession rates. The annual erosion rates for a given site were compared to the wave run-up  energy!.
as computed using the U.S. Army Corps of Engineers' Wave Run-up program This application uses a
variation of the JONSWAP equation to compute the energy of a wave. This is the translated into the
height above the undisturbed water level. preliminary results indicate an inverse relationship between
annual erosion rates and wave run-up. This is due to the ioss of energy through wave overtopping as a
wave reaches shallow water with a low nearshore slope  ie. beach!. Waves do not lose energy as
rapidly in areas having steep nearshore slopes  ie. cIiffs!, and thus have higher run-ups.
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Geological Survey, Woods Hole, MA 02543, BOTTOM SEDIMENT TEXTURE DETERMINED WITH
SIDESCAN SONAR, SOUTHERN LAKE MICHIGAN

An attempt to map the complex distribution of bottom sediment along the Illinois and Indiana shoreffne with
20 widefy spaced �-t0 km' sidescan sonar proffles, limited samples, and a few direct observations
outlined the predominant surficfaf sediment types. Detailed variations, however, coufd be mapped only in
areas where sldescan sonar lines were closely spaced  f00-f60 m! and rnosaics could be constructed.
Between Waukegan, IL and indiana Harbor, IN and from I to 2 km to about 45 km offshore, little net
deposition is taking place; the bottom Is, for the most part, floored by gravelly sand, sandy gravel, and
exposed till, Gravel, cobbles, and boulders occur as lag deposits over till. North of Waukegan and east of
indiana Shoals, finer textured sediment, mainly silty sand,  In part the Lake Michigan Fm.! has
accumulated. South of Waukegan, a discontinuous ribbon of sand about 1 km wide thine from the shore
lakeward to a patchy veneer. A sidescan sonar mosaic of the indiana Shoals area shows that sediment
texture varies over short distances in patterns that apparently are unrelated to bathymetry. Strong
acoustic reflections on the sonar images are produced by coarse sand, gravel, and cobbles in fields of
megarlpples that appear to form during winter storms and are stable the rest of the year. The
southwestern Lake Michigan nearshore area is a dynamic environment; storm-driven currents transport
sedliment that periodically covers and uncovers the till-gravel pavement, It is, therefore, likely that
detailed maps of bottom-sediment texture will differ significantly from year to year.

Jggaa 'cj,. and wltfTERS, winiam J., U.S. Geological Survey, Woods Hole, MA 02543
possible Wave-Induced Changes ln &ke Michigan Nearshore Lakebed properties, Illinois Beach State Park

The fOrtuitOua Interruptien Of Sampling aCtivity by a Summer Storm provided an opportunity lo examine the effeCtS Of
stcrm waveS On lakebed mOrpholOgy, near-surface Sediment deneity, and penetratian re SietanCe in a he arch Ore zen e Off
illinois Beach State Park. Special sampling equipment and methods to measure in-situ density, and an in-situ penefrome-
ter were ueed by SCtJBA divere en twO, Share-nOrmal Sampling transects COnaiSting Of StatiOnS at 4, 6, 8, and 10 m water
depths. The transecfs were spaced about 200 m apart. Collection of the data from the three shallower stations of each
transect was separated by the storm, which generated waves having heighfs up to 2 m and periods o f about 7 s. Within
the study area, the bathymetric contours are generally smooth, evenly-spaisd, and shore-parallel, whereas the sediment
grain Size gradually deoreaee OffehOre frOrn fine Sand al 4 m water depth lo very fine Sand at a depth Of 10 m.

Rlpplee, nOt present in the Sand during the pre-StOrm Sampling, were preeent On the pOSt-StOrm lakebed. MoreOver, pre-
liminary reeulte Suggeet that the thiCkness of the Sand lens in the innerrnOSt part Of the Study area may have been Slightly
reduced: the in-situ penetromete r encountered a much more resistant lakebed beneath the shallower lwo stations after
the StOrm, The relative denSity Of the uppermost sediment at the 4-m StatiOn waS COnSiderably reduCed after the Starm.
su{lgesling that wave-generated oscillatory currents ibolfom velocities > 100 cm/sec! may have, whether or not there was
nel erOSion, entrained or otherwise rewOrked the Sand tO a depth Of 10 cm or more. ThiS IOOSer, mOre pOrOue lakebed
may be more susceptible to erosion than the pre-storm bed. Experimenla! studies using an oscillatory water tunnel are
undefWay lo determine if the deneify Of the Sand influences ifs suSCeptibility IO changee by wave-induCed Currents.

EIIPBILE
Geological Survey, St. Petersburg, FL 33701. SEDIMENT TRANSPORT BY ANCHOR ICE IN

SOUTHERII LAKE MICHIGAN

Part of a federal - state cooperative program on southern Lake Michigan coastal erosion studied the
irlfluence of ice at Gillson Beach, Iginois during January 1991 One aspect of this study focused on the
potengal of anchor ee to enhance sediment transport using meteorological data and diver surveys. ice attached
or anchored to the iake bed formed underwater during cold nights with low wave energy conditions. Morning
wading and diver surveys showed widespread evidence of anchor ice formation from the outer edge of the
nearshore ice complex to several hundred meters offshore. Anchor ice consisted of individual ice crystals
anaChed !O the lake bed Or Of platy maseeS Of iCe cryStalS that Covered up to several Square meters Of the
bottom. Anchor ice crystals were about one millimeter thick but averaged 50 to f00 mm in diameter  max.
400 mm!. Anchor ice was found attached to a variety of substrates, including sand, gravel, and boulders in a
glacial bil. On mornings following ils formation, anchor ice, often with pieces of attached substrate, rose to
Ihe surface and was advected offshore and alongshore. Comparison of the ice sampkfs to water samples colfecfecf
al fhe same time show that the anchor ice had substantially higher sediment concentrations with a larger mean
go~in size. The fcrmatipn and release of anchor ice provides a vehicle for suspension and transport of bottom
sed'ments during periods when hydraulic conditions limit water-borne sediment transport,



Road  MS-999!, Menlo Park, CA 94025, OFFSHORE ICE TRANSPORT OF COASTAL SEDIMENT IN
LAKK MICHIGAN

Measurements of sediment content in drifling coastal ice, in combination with aerial observations, ship-
board ice sampling, and study of LANDSAT images, show that ice rafting of sand is an important mechanism of
coaslal erosion and sedimentation in southern Lake Michigan. During winter, the central part of the iake
gene rally remains open, while coastal, sand-charged ice is displaced lakeward from the west shore in long,
sinuous bands by offshore winds. Under some conditions, these ice streamers are dissipated within 2 to 20 km
frOm the COaSt. The exiatenCe of SuCh StreamerS during OffahOre COlleCtion Of iCe-rafled Sand and gravel
demonstrated a net loss of beach sand from the windward shore to deep water. Under other conditions, ice
streamers can cross the entire lake, leading to ice accumulations on the southeast, downwind shore. North-
westerly winds dominate winter weather, and so accumulations of Ioating ice form mainly al the southeast end
of the lake, where they ultimaiely melt. Thus, ice rafting may be partly responsible for net sediment
accretion along this downwind shore during the past few thousand years, and it clearly is responsible for the
sprinkling of coarse clasts found in deep basin mud.

E D DRIVER, D. B., and HUBERTZ, J.
USAE Waterways Experiment Station
Coastal Engineering Research Center
3909 Halls Ferry Road
Vicksburg, MS 391BO-6199
Cross-shore trave Energy Flux and Persistence as Related to
Erosion on the Southern Shore of Lake Michigan

The Wave Information Study ar. the U. S. Army Engineer Waterways Experiment
Station's Coastal Engineering Research Center has completed a 32 year hindcast of wind
and wave conditions on the Great Lakes. The goal of the study was to provide an
accurate representation of the climatology of winds and waves over the lakes,
Directional wave spectra, as well as wind speed and direction, are available every
three hours for the period 1956-1987 at stations 10 miles apart along both United States
and Canadian shorelines and selected midlake locations, Hindcast results were verified
against data from eight buoys. Biases in wave height and peak period were approximarely
zero. Root mean square errors were less than 0.5 meters and 1.2 seconds, respectively.
Resul'ts are summarized in reports for each lake and are available from a database .
Procedures used to produce this information are discussed and an example application as
related to erosion on southern Lake Michigan is presented. The mean monthly energy flux
toward shore is cal.culated at nine stations along the southern Lake Michigan shore.
Wave persistence for storm conditions is also calculated at these stations. These
parameters are then related to the potential for erosion due to wave energy in this
location.

WOOD, William L., Great Lakes Coastal Research Laboratory, School of Civil
Engineering�, Purdue University, West Lafayette, IN 47907.
MODELING BEACH AND NEARSHORE PROFILE RESPONSE TO LAKE LE4'EL CHANGE

Results of this study have shown that the nearshore profile form found by Dean�977!
h x! Ax , is appropriate for use in descr'ibing the "average" or characteristic near-
shore profile found on the Great Lakes. Results fail to support t.he argument that the
shape factor A is dependent on mean sediment size, as suggested by Moore  1982!. Response
of nearshore profiles to an equilibrium profile form is much longer than the time scale
of mean annual water level change. These results are similar to those of Hands�980! in
as much as the profile response appears i.o be "out-of-phase" or lagging behind that of
water level change. Significant profile response to lake level variation could only be
established for "inner sections" of the total profile depth less than 2m!. At greater
depths no significant relation could be established between lake level change and profile
response. The effect of falling water level on nearshore profiie adjustment could not be
determined due to the slower than expected response of the profiles, Application of the
equilibrium concept through a modified version of Dean' s�983! shoreline extension model
shows good agreement between predicted and observed shoreline positions.



ItPeabody Orive, Champaign, IL 61820; SNIItRY OF lAKE BOTTOM CIIANGES AT NRTH POINT
NMGHl VICINITY BETWEEN 19M IND 1990.

Lake-bottom changes near North Point Harina on the Illinois Lake Michigan shore have
been mapped for the first two years following marina construction. Overall, the area shows
net accretion updrift of the marina and in the marina entrance, and net erosion downdri ft of
the marina for at least 1.2 km. In the first year �988-1989!, a fan delta of dredged sand
and gravel was the source of accreted sediments. Estimated net accretion of 100,000 m'
occurred that year, most of it downdrift from the fan delta and in the marina-entrance area.
The updrift area had no significant accumulation. The following year saw a reversal of these
trends, Much of the accumulated sediraent in the downdrift area was removed by littoral
transport. Updrift, 20,000 m' of accretion formed as an outer bar extending from the
Illinois-Misconsin state line to the distal end of the north breakwater. This bar terminates
as a submerged spit extending into the marina entrance, indicating that littoral sediment
from Misconsin is bypassing the north breakwater. Possibly, bidi rectional currents through
the marina entrance are influential in transferring sediment from the submerged spit to an
accretionary wedge along the south breakwater, maintaining the continuity of the littoral-
transport stream.

CHARLES u. SHASICA Department of Earth Sciences, FRANK A. PRANscHKE, Northeastern
Illinois University, Chicago, IL 60625. HICHAEL J. CHRZASTOWSKI,
Illinois State Geological Survey, Champaign, II. 61820

SEMMEWY ENTliAPIENT SY COASTAL STRUCTURES ALOSG THE ILLINOIS SHORE OF ULKE KICBECAN

Sand diversion and entrapment by harbors and lakefills are acknowledged to be
important causes for depletion of the littoral stream sands along the Illinois shore of
Lake Hichigan north of Chicago. Until now estimates of material trapped as sand fillets
by structural barriers has been based mainly on maps and air photos. Only a small
amount of core or drill data, necessary for detailed estimates, is available.

In a preliminary survey sponsored by Illinois/Indiana Sea Grant and Northeastern
Illinois University, beach and lake bottom sands adjacent to structural barriers were
measured using a hydraulic probe, Locations include Qaukegan Harbor, Great Lakes Naval
Training Center, Forest Park Beach in Lake Forest, Highland Park Waterworks, Winnetka
waterworks, Vilmette Harbor and Northwestern University Lakefill,

Results show the 4aukegan Harbor sand fillet to conrain more than 6,000,000 cubic
yards of sand. Substantially lesser amounts were found at the remaining barriers, all
of which are dovndrlft from Maukegan Harbor.

JOHNSON,Charles N, VS Army Corps of Engineers, Chicago, IL. MITIGATION
OF RARBOR-CAUSED SHORE EROSION 'I'ARITH BEACH NOURISHMENT: T1'JO CASE STUDIES
ON CLAY SHORELINES. II DELAYED NITIGATIONs ST JOSEPHHI

The ST Joseph Harbor Jetties were extended to their present lengths in
the 1920's. By 1970 the clay-bluff toes snd beach benches downdrift from the
harbor looked much different from those updrift. The updrift bluff's have vide
clay benches, often with partial cobble and gravel covers at their toes
Downdrift efforts to retard erosi.on with sea«elle have led to much lower
elevations for whatever such benches aa may exist, «ith nO apparent cobble
cover Mitigation began with 350 F 000 cy fine sand in 1976 ' The first use
of trucked-in gravel was in eavly 1986  about 90,000 tons!. A transient fine-
sand beach has been passing Glenlord Road, 5 miles month, since early 1988 '
The leading edge ot the gravel is still within one mile of the nourishment
site, building an almost continuous beach along a railroad seawall The
qualitative differences between the movement of the fine sand versus that of
the gravel raise the question of !ust what is meant by the term "mitigation"
Also, it appears that shore damage due to this harbor is much greater than
has been previously estimated.
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HORVATIN P.J ~, cOWGILL, D.c. < scHROKR, K.L.i rod, R.G i and PIPER~ J ~ W ~ r U'S ~
Environmental Protection Agency, Great Lakes National Program office, Chicagor
IL 6 0604 ~ As Overview of the Ass asssLeat and ilemed5.atioa of Contaminated
Sediments  MCS! Program.

The 1987 amendments to the clean water Act, in Section 118tc! �!, autboriz«he
UsEPA's Great Lakes National. Program office  GLNPQ! to conduct a 5-year studY
demonstration project relating to the control and removal of toxic pollutants i«he
Great Lakes, with emphasis on removal of toxic pollutants f rom bottom sediments-
Five areas were specified in the authorization as requiring priority consideration
in locating and conducting demonstration projects: Saginaw Hay, Michigan; SheboYgan
Harbor, Wisconsin; Grand Ca,lumet River, Indiana; Ashtabula River, ohio; and Buf falo
River, New York. In response, GLNPO has initiated the Assessment and Remediation
of Contaminated Sediments  ARCS ! Program. ARCS is an integrated program f or the
development and testing of assessment and remedial action alternatives for
contaminated sediments. The Program has received in excess of twelve million dollars
from 1988 through 1991. A summary of the structure of the Program and the tools to
be developed to address critical management questions common to many Great
Areas of Concern will be presented.

~ON G...' 0 I,c
S., LANDRUM, P., SWIFI; M.', TUCHMAN, M. 'Wright State University, Dayton, Ohio
45435. Sediment Toxicity Assessments: Optimal Design Considerations.

Thorough assessments of aquatic ecosystem degradation often consist of surrogate
toxicity testing community indices, and chemical analyses. While this "triad" approach is
well accepted, it is very general in nature and must be tailored to efficiently meet study
objectives, A comprehensive evaluation of sediment assessment procedures was conducted
through the USEPA ARCS Program at three Great Lakes "Areas of Concern." Results have
shown the optimal assessment tools to vary with the test site; however, techniques can be
ranked based on apparent usefulness in the ARCS studies. Ranking criteria may include:
sensitivity, response range, discriminatory ability, assay variance, interstudy consistency,
resource requirements, ecological relevance, environmental realism  e.g., test conditions, lab
vs. field!. The importance of the various ranking criteria varies with the study objectives, the
ecosystem, and contaminants of concern.

I BURTON, C.A., Jr., CLEVELAND, L., COYLE, J.J., AND NRE.SON,2 I I

M. K. National Fisheries contaminant Research center, columbia, HO and wright
state University, Dayton, OH. The Acute snd chronic affects of contaminated Great
Lehee sediment on the ampbipod hLL~ ~t~a and the ridges ~gyes g~a~
~ d ~Ch jtOI II ~S~SII

Astphfpods and midges were exposed for 2 to 28 days to contaminated sediment
op 1 I ected f rom Indiana Harbor, Bu f f a 1o River, 8 aginaw River, and Naukegan Harbor .
Amphipod tests started with !uvenile animals and were conducted foe up to four weeks until
reproductive maturation- Toxicity endpoints measured in the amphipod tests included
survival, growth, and reproductive maturation Midge teste started with either f iret  g
~ri >~au ! or second  C. +~! instar animals and continued until the forth inetar.
Toxicity endpol.nts measured in the midge tests included survival and growth. Bf facts pn
amphipod survival after 7 > 14 i and 28 days of exposure were similar however sediments
were not toxic to amphipode ef ter 2 day exposures. Ef feet s on amph ipod and midge gr owth
were only observed in exposures to sediment that reduced survival. Identification of
marginally contaminated sediments requires measurement of chronic toxicity endpoints.
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INGERSOLL C., BURTON, A., HENRY, M>, and LANDRUi4, P. AScl Corp., Grosse
Ile, HI; 2USFMS-NFCRC, Columbia, MO; Wright State Univ., Dayton, Oil.
Predicting Sediment Taxicity in the Buffalo River From 'Indicator ~ Analyses.
Two data sets; 9 bioassays, and 19 simple chemical analyses plus Microtox; derived

from 10 surficial sediment samples were compared via linear and stepwise regression
analysis to produce correlative equations for the bioassays. The equations were then
used ta predict toxicity at 124 levels in 40 cores where the bioassays were notperformed. Linear regression between Nicrotox and the other bioassays showed weak
correlations  r~ 0.001 - 0.64!. Stepwise regression, !sing all of the indicatoranalyses, resulted in stronger correlative equations  r ! 0.97!. Common correlatesin these equations were ammonia, conductivity, Cu, Ni, pH, and volatile solids. Results
of these analyses indicate the existence of toxic sediment deposits up to 13 ft . below
the surface of the sediment. This may influence future remedial action decisions for
the Buffalo River.

UELL Mar Ell n U.S. Fish and Wildlife Service, Ann Arbor, lil. Progress
Report of Tumor Surveys Conducted at Three ARCS Sites.

The U. S. EPA's Great Lakes National Program Office is conducting a 5-year study and
demonstration project on the assessment and remediation of contaminated sediments at 5
Great Lakes Areas of Concern. Three of these areas  Saginaw River, I4I; Grand Calumet
River, !N; Ashtabula River, OH! were selected by the Toxicity/Chemistry work group for
fish tumor surveys. Indiana Harbor and the Grand Calumet River as well as the Saginaw
River were electroshocked during the summer of 1990 but produced no suitable species
known to be sensitive to tumors. These sites have therefore been rejected for further
effort. However, previous data from the Saginaw River collected in 1984-1985 revealed
no hepatocellular carcinomas in livers from either walleye or brown bullhead taken f'rom
this area. In July 1990, 98 brown bullhead were collected from the Ashtabula River.
All fish were examined for any external abnormalities. Livers were taken from each
fish for histological analysis. Preliminary findings from these fish show 14 with lip
papillomas, 36 with stubbed barbels, 42 with skin disco'lorations  presumed melanomas,
to be confirmed by histological analyses!, 3 appeared blind in one eye, and 3 showed
external skin tumors. Two excised livers showed obvious tumors.

~*'* " .:*
Center, Columbia, MO. Mutagenic Assessment of Contaminated Great Lakes Sediments
for the ARCS Program.

The Ames/salmonella assay was used to assess the inutagenic potential of contaminated
sediments collected from the Saginaw River, the Buffalo River, and Indiana Harbor as part of the
USEPA/GLNPO ARCS Program. Pre-treatment of sediment extracts, selection of appropriate test
parameters, and confirmation of revertant colonies was necessary to optimize sensitivity and
identify false-positive mutagenic responses. Get permeation chromatography eras used to remove
biogenic macromofeculea from methylene chloride extracts before transfer to DMSO for Ames
testing. Most samples prepared in this manner remained toxic to the bacteria. masking the ability
of the teat to detect a mutagenic response. Seriai dilution to mitigate cytotoxicity co-diluted
mutagenic constituents of the sediment extracts, again limiting the sensitivity of the test.
However, increasing metabolic activity, over a range of S9 concentrations up to 30'% coupled
with serial dilution, optimized the expression of mutagenic potentiat Finally, a replicate transfer
pla~~ng technique was used to help discriminate between revertant and non-revertant colonies.



If QH~Eg', GIESY, J.P.', MACCU8 BIN, A.E.', TUNG, J.' 'Michigan State University, Pesticide
Research ~r, E. Lansing, Mi ~ 'Grace Cancer Drug Center, Roswell Park Cancer Ins5tute, Buffalo, NY,
'Mlcrobics Corp., Carlsbed. CA. Mutageniolty of Sediments from the Goad CIIumet River, IN:
Compsrteon of Nutate elf Ames Assays.

Ames and Mutatox assays were conducted on sediments from the Grand Calumet River, IN to
assess the mutagenic potential of organic extracts of sediments from an IJC Area of Concern' and to
cernixm the results of the mutagenhity essays when used to lest environmental samples, Sediments were
Soxhlet extractscl for 24 h in isopropsnol followed by 24 h ln methylene chloride. Extract volumes were
reduoed, combined and exchanged into DMSO. Ames assays were conducted using two tester strains

'. ~ -'.� """' " ~
Q~gohIm. With SQ activation, all Samplea were Identified aS mutagenic In bOth assaye. WithOut
eclvatlon, one sample was Identified as mutagenic in both essays while a second and third sample were
mutagenic in only one assay,

'Department of Biological Sciences, Wright State University, Dayton, OH and
'National Fisheries Contaminant Research Center, Columbia, HO. Evaluating
benthic macroinvertebrate community structure using artificial colonization
substrates and ponar grab samples.

Artificial colonization substrates and ponar grab samples at the same
sites in the lower Saginaw River sampled benthic macroinvertebrate
communities with proportionally different numbers. Artificial substrates
�M mesh in wire baskets!  n 18j were incubated in the river for 28 d. The
substrates were colonized by large numbers of animals � predominantly
Gammarus sp., Qrdra sp., and chironomids. These animals constituted between
75-98%  by numberl of the organisms collected in the samples. Oligochaetes
vere only abundant �1%> at one site. In contrast ponar grab samples  n=69I
�L volumej collected predominantly oligochaetes, chironomids, and molluscs.
Oligochaetes constituted between 75-100% of the animals  by number! at all
sites. Assessment of sediment contamination on benthic macroinvertebrate
communities may require incorporation of both grab and colonization samples
into future studies.

USEPA Large Lakes Research Station, Grosse Ile, MI. Mass Balance
Modeling of Selected Great Lakes Areas of Concerns An Overview.

As part of the Assessment and Remediation of Contaminated Sediments
 ARCS! program, mass balance modeling studies are being conducted at two
Great Lakes Areas of Concern: Buffalo and Saginav Rivers. Primary
ob!ectives of these studies include the demonstration of available
modeling techniques and hov they may be used as an aid in addressing
management questions concerning the remediation of contaminated sediments,
Using information provided from other ARCS pro]ects and field studies,
modeling studies vill estimate contaminant concentrations in both the
rivers and their receiving waterbodies  Lake Ontario and Saginaw Bay!
under different management scenarios. Components of the Buffalo and
Saginaw River modeling studies include hydrodynamic, sediment transport,
and contaminant models. Loading estimates from the rivers will be used to
predict responses in Lake Ontario and Saginaw Bay. Estimated contaminant
concentrations from these modeling studies will provide input to ARCS
comparative risk assessment studies.



14ANG PEI-FAHG and HARTI5, JAKES; Ascl Corporation, c/o USEPA, Athens, GA 30613, Nass-
Ralance Modeling of the Ruffalo River, BT i Hydrodynamics and Transport

A hydrodynamic and water quality transport arudy of the Suffalo River, 58, has been
conducted. Using a tvro-dimensional laterally averaged model, the transpozt of rivet water
tsniperature and conductivity has been successfully simulated for the period of June-August,
l988- The temperature-induced gravity flow intrusicms betveen the river water and lake <Erie!
water ere described by the model and confirmed by the measurements during the period. An
equili';ium temperatuze approach was used in the prediction of temperature variations over
the stratification period. The simulated conductivity compares well with the measurements
for iaoat situations but underestimates in regions close to the mouth, Such discrepancies are
a'ttributed to the fact that point and non-point source loadings are neglected in simulation.
The accurate estimate of the hydrodynamic transport of the river water is ensured by the
agreement of temperature and conductivity between the model results and measurements. The
predicted river transport is then processed and linked into a water quality mass balance
model  |tASP4!. The successful lirtkags bettreen those two models is demonstrated by reproducing
the simulated conductivity fram |rASP4.

~Ri~~~N Dept. of Geography/Pl~ SUNY College at Buffalo, LOGANA~, B,G., RUTKOWSKI, JJt.,
KUMAR, S., and SIKKA, H.C., Center for Environmental Research, Buffalo, NY 14222. Methodology to Detervnlne Pollutant
fAnidinga from Combined Sewer Overflows to the Buffalo River

Tbc Buffito River is an international Joint Commission Area of Concern  AOC! that experiences po9utant contributiorn from
a variety of sources, induding direct input from 39 combined sewer outfalls. An autoinated sampling site was estabbshed in the
summer of 1990 to provide flaw-proportioned samples for one of the major outfalls. The site consists of a recording flow
measurement device that signals a pump sampler to begin sample collection once a combined sewer overflow  CSO! is detected.
A total of 7 overflow events were observed between Junc 25 and December 3, thc overflow volumes ranging between 8U nnd
llgl7 rn  mean of 3696 m ! and the durations ranging between 12 and 105 bours  mean of 3.6 hours!. The rainfall-runoff
relationship for the events is examined and a personal computer version oE thc Stormwatcr Management Model  PCSWMM! is
used to model the overflows at the automated site. Trace clement and PCB levels associated mth the. solid and dissolved phases
of tbc CSO samples have been quantified. Trace element concentrations werc determined using instrumental Neutron Activation
Anlaysis, PCB residues associated wilh water  dissolved fraction! and suspended matter werc determined by liquid/hquid cxtractiou
using mcthylcne cMoride and soxhlet extraction methods, respectively. Quantification of total PCBs was done using GC-BCD,
Trace clement concentrations, PCB residue levels and their possible sources are discussed. Grab samples and volume
measurements wiH be taken during overflows at 9 additional sites in thc spring of 1991. Tbc ultimate goal of the ongoing project
is to apply the PCSWMM model to tbe entire system. The overflow volume estimates will be combined with representative"
pollutant concentrations determined from tbe 10 sample sites to provide planning level loading estimates to the AOC.

Non � Point Source Contaminant Loading to the Buffalo River from
Contaminated Groundrater

T. Hayashida and S. W. Taylor, Department of Civil Engineering,
State university of New York at Buffalo, Buffalo, NY 14260.

Groundwater modeling studies were conducted to predict the amount
of the contaminant discharged into the Buffalo River.
Two-dimensional depth-averaged! models were constructed for several
inactive hazardous waste sites adjacent to the Buffalo River.
Groundwater flow and contaminant transport were modeled on regional
and site � specific spatial scales.
For the calculation of flow, a sensitivity analysis was carried

out by changing aquifer characteristics to improve the reliability
of these models. Using results of sensitivity analysis, contaminart
transport simulations were conducted, and the pattern of mitigation
of contaminant plume and the time variation of contaminar't
discharged into the Buffalo River were studied. The difference ar.d
relationship between the results of these simulations at two
different space scales are discussed.



sino-Reader Dora R.; Hudson, Patrick L.; Hickey, James P, U.S. Fish and
Wildl i fe Service, National Fisheries Research Center-Great Lakes, I 451 Green Road,
Ann Arbor, NI 48105. Baseline Hazard Evaluation for Aquatic Life of Priority
Consideration Areas Under the Assessment and Remediation of Contaminated Sediments
 ARCS! Program: Buffalo River,

The U.S. Environmental Protection Agency's Great Lakes National Program Office has
designated the Buffalo River as a priority consideration area for control and removal
of toxic pollutants, especially those in bottom sediments. We have provided a generic
risk assessment approach to be used in the ARCS Program to describe hazards of
contaminated sediments to aquatic life. We evaluated data on residues in sediment,
biota, and water to identify certain PCBs, PAHs, pesticides, and heavy metals as
potential chemicals of concern for Fish and benthic invertebrates, An exposure
assessment and toxicity assessment were utilized in the risk characterization, as well
as data on Apparent Effects Threshold and Equilibrium Partitioning. Toxicological
information, including dose-response relationships, were provided for use in predicting
impacts on aquatic life from various remedial alternatives.

LhmshR~ O. L.. BUTTON, 'N ~ B., CRAHF~~n. UBRPh Environmental Research Laboratory
{BRL!, hthsns, Oh 30613. hecI corPoration, c/o USEPR RRL, hthens, Oh 30613.
Baseline thwack mealth Risks in tbe Buffalo River, ml, Brea of Concern.

h baseline human health risk assessment for an 8 km long, heavily induetrialised
~ ection of the Bui'falo River, By, wae performed as part of the hssessment and Remediation
Of Cnntmainated Bedimente prOgrem. Both cancer rieke and nOn-Cancer haaarde, resulting from
direct and indirect enposure to contaminated eedijnente, were evaluated for "typical and
"worst case exposure scenarios. Rietor ical data �984-1989! for environmental
concentrations of heavy metals, PRRs, PCBs, and pest icides col lected f rom r iver water,
sediments, and fish were used to develop coneervati.ve estimates of r'iek from four enposure
pathways< 1! incidental ingestion of surface water while ewinnning, 2! dermal contact with
surf aoe water while swinnnjng, 3! dermal contact with sediments while swimming, and 4!
consumption of Buffalo River fish. The general framework for constructing and analysing
esposure related to sediment contamination was amended from U.B. RPR Superfund guidance-
The greatest potential for carcinogenic and non-carcinogenic risk apparently results fr~
the consumption of contaminated fish. The results of this baseline risk assessment will be
used in a future comparative risk assessment to estimate reductions in human health risk
that would result from the implementation of various remedial alternatives.

S"ITH V E., RATHBUN, J.E., ASCI Corp., and FILKINS, J.C., USEPA, Large Lakes
Research Station, 9311 Groh Road, Grosse Ile, NI 48138. Napping Contaminated
Sediments in Great Lakes Areas of Concern  AOC!.

4 capabiiity for mapping polluted sediments was developed and demonstrated in
 ARCS!. The d
suppo rt of the USEPA program, Assessment and Remediation of Contaminated Sediments
Lakes ADC en
  ! ~ design goal was to locate and map deposits of bottom contamination in Great

~ generally harbors and rivers. The strategy involved measuring and mapping
certain 'indicators" of sediment quality at numerous 'recon" stations; these data were
correlated with contaminant and toxicity values measured at a sub-set of master"
stations From these relationships other contaminant-toxicity distributions were

g the study area. Work stages in sequence were:   I! remote sensing to
ocate soft bottom areas; �! core sampling and characterization; �! indicator,

contaminant and toxicity analysis; �! correlation analysis and parameter mapping;   5!
«liow-up sampling, analysis and mapping. Supporting technologies in the field were

specially built ID m survey vessel. During 1990 this capability was
emonstrated in three ADC areas: Saginaw River, NI; Buffalo River NY and Indiana! I



HUELLMANTE LAURA ., REIDY, JOSEPH E., and RATliBUN, JOSEPH E., AScl Corporation,
d FILKINS JOHN C., USEPA/Large Lakes Research Station, GrosseGrosse Ile, Ml; anIle, Ml. Horizontal and Vertical Distribution of Contatminated Se 'diment in the

Buffalo River, New York.

Fort sediment cores, up to 14.8 ft. long were collected from the lower 5.6 miles
r and the Buffalo Ship Canal in 1990. Selected layers were analyzedof the Buffalo River an e u a o icit metals, rain size, andfor a number of parameters, including Nicrotox toxic y, me a , gextractable residue. Core layers up to 13 ft. beneath the surface of the se imen

in uidelines for a number of par ameters, including metals andexceeded EPA dredging gui e ines d d in what was visually characterized asvolatile solids Fifty percent of the cores en e in w a was 1 1 dblack, oily silt. This material contained elevated concentrations of volati e so i s
e residue  up to 27,29S ug/9 DW!, metals  Pb up to 1586 ug/g up to Ig.PA, DW!, extractable r s e   p

DW; Cu up to 951 ug/g DW! and Nicrotox toxicity
influence future remedial action decisions for the Buffalo River.

5~i i~Re K, S tate University College at Buffalo, Department of Earth Sciences, 1300 Eltn wood
Avenue, Buffalo NY 14222 and MANLEY, P., Middlebury College, Department of Geology,
Middlebury VT 05753. A Side-Scan Sonar Survey of the Buffalo River

The lower 9.2krn of the Buffalo River has been designated as an Area of Concern  AOC! by the
UC because of its impaired water quality and contaminated sediments. A goal of the EPA Assessment
and Remediation of Contaminated Sediments Program of modeling sediment dynamics in the Buffalo
River is the identification of portions of the river where sediment erosion and sediment accumulation
are occurring. This information will be used in developing sediment remediation strategies for the
Buffalo River. ln order to define portions of the river where sediment erosion is occurring, an
underwater mapping survey was conducted within the Buffalo River AOC in June 1990. This survey
used a Klein dual frequency �00 kHz and 500 kHz! digital sonar system. These frequencies provided
high resolution images of the bottom. The swath width of the maps ranged from 25m to 125tn,
providing complete coverage of the river bottom. Based on the acoustic properties of the sediment,
tnuch of the lower 9km of the Buffalo River appears to be covered by seditnent of rather unifortn
texture, Some portions of the river show evidence of current scour, including "tailings" be ind
b t lineations and exposed bedrock. Approxitnately 3icm upstream from the mouth of ihe river,

longitudinal furrows were identified. The furrows are continuous for nearly 1000tn an pd arallel the

bank; the spacing between furrows is several meters, The furrows do not cut across each other and
appear to be current-derived features, rather than scour from propellers of lake freighters.

SON ZOGNI W., NAACK, L., GIBSON, T., and LAWRENCE, J., Laboratory of
Hygiene and Water Chemistry Program, University of Wisconsin, Madison, WI
53706. TOXIC PCB COSGENZRS IH SHEBOYGAN RIVER {%I! SEDIMENTS

Many of the polychlorinated biphenyl  PCB! congeners that are currently
thought to be most toxic are not resolved by single column high resolution
gas chromatography. A multidimensional gas chromatograph, employing two
capillary columns in series, was used to resolve and quant.ify eight toxic
congeners in river sediment. Sediment was analyzed from the Sheboygan
River, a tributary to Lake Michigan that is contaminated with PCBs.
Congeners 118 �45-34!, 105 �34-34! and 77 �4-34! were found in all
samples. Other toxic congeners, 167 �45 345!g 114 �345 4! 126 �45 34!
169 �45-345! and 81 �45-4! were found, but less frequently. Weight
percents of the toxic congeners were less than found in Aroclor 1248, the
principal PCB mixture released to the river. Congener 118 was found in the
sediment in the highest weight percent �.07 to 0.334! of any of the toxic
congeners. Overall, the eight toxic congeners were found in low
concentrations in Sheboygan sediment relative to total PCBs or other more
abundant  but presuraedly less toxic! congeners.



~ U, S. Army Engineer 'IJaterways Experiment Station, 3909 Halls
Ferry Road, Vicksburg, MS 39180-6199. Review of Remo~al, Containment and Treatment
Technologies for the Assessment and Remediation of Contaminated Sediment  ARCS!
Program,

This study identified technologies that may be feasible for remediating Great Lakes
contaminated sediment and that should be considered for demonstrations under the ARCS
program, The review is organized by components or stages of a remedial action,
technology types for each componenc, and process options for each technology type, The
removal component includes hydraulic dredges, mechanical dredges, turbidity containment,
and operational controls. Dredged material may be transported to a treatment or
disposal site by barges/scows, hopper dredges, pipelines, rail, or truck. Pre-treatment
may consist of dewatering, particle separation, or slurry injection. Technology types
for the treatment component include biological. chemical, extraction, immobilizati.on,
radiant energy, and thermal processes. Disposal options for containment of contaminated
sediment or treated residuals are categorized into confined disposal, beneficial use, or
open water disposal. Effluent treatment following pre-treatment, treatment, or disposal
may also be an important component of a remedial action. Nonremoval alternacives for
contaminated sediment include in situ treatment or containment. Key factors for
evaluation of various options are effectiveness, implementability, and cost.

C AK te hen Zr and TIMBERLAKE, Dennis, U.S. Army
Engineer District, Chicago, ill N. Canal St., Suite 600, Chicago,
IL, 60606-7206 and USEPA Office of Research and Development, 26
W. Martin Luther King Dr., Cincinnati, OH, 45268, Bench Scale
Testing of Sediment Remediation Technologies.

The ARCS Program has identified 18 technologies that show
promise for treating contaminated sediments. Zn order to assess
the efficiency, effectiveness, and feasibility of using these
technologies, laboratory tests were conducted on sediment samples
collected from five Areas of Concern in the Great Lakes  Buffalo
River, Saginaw River, Grand Calumet River, Sheboygan River, and
Ashtabula River!. Technologies tested included solvent extrac-
tion, lov temperature thermal stripping, vet air oxidation,
thermal destruction, biodegradation, and solidification. Bench-
scale tests were conducted on samples ranging in size from 1 to
300 kilograms. Results are presented showing destruction and
extraction efficiencies, residue contaminant concentrations, and
cost estimates for full-scale technology applications.

729 Arapeen Drive, Salt Lake City, UT 84108, USA. Character'ization and Processing of
Contaminated Sediment by Nneral Processing Methods

The Bureau of Mines, U.S. Department of the Interior, in cooperation with the Great
bakes Rational Program Office, U. S. Environmental Protection Agency, is investigating theapplication of methods commonly used in mineral processing for removal of pollutanrs from
contaminated sediment. Mineral processing techniques perform particle-particle separations
rather than chemical dissolution or leaching of the metals from the particles as is done
with extractive metallurgical techniques. Sediments from Buffalo River, RT,
Harbor-Grand Calumet River, IR, and Saginaw River, NI, have been characterized according
to mineralogy, grain size, and other physical properties important to selection of mineralProcesssing oPtions. Many of the heavy metal contaminants are found to be distributed
toward the fines, suggesting that a size-separation techniques such as hydrocycloning may
be useful on certain sediments. Other techniques such as magnetic separation, gravity
separation, and froth flotation have been investigated and found to have applications under
some conditions.



N aberh, AVERFTT, Daniel E., and CHANNEL, Hichael G. U. S. Army
Engineer Waterways Experiment Station, 3909 Halls Ferry Road, Vicksburg, 5S 39180-6199.
Nhn Evaluation of Solidification/Stabilization Technology for Buffalo River Sediment,"

Under the Assessment and Remediation of Contaminated Sediments Program, the U.S,
Envirenmental PrOtectiOn Agency Great Lakee NatiOnal. PrOgraIE OffiCe aeked the U.S. Army
Corps of Engineers to evaluate solidifi.cation  S/S! as a treatment technology for
contaminated sediments from the Buffalo River. Cement, kiln dust, and lime/fly ash were
evaluated as binders for S/S of the sediment. Physical tests used in the evaluation
included unconfined compressive strength  UCS! tests and wet/dry and freeze/thaw
durability tests, The toxicity characteristic leaching procedure  TCLP! and a serial
leaching test  SLT! using distilled water were performed to compare contaminant releases
for the sediment to releases from crushed S/S specimens, Based on TCLP results, the
cement and kiln dust binders vere effective in reducing the leachability of lead.
nickel, and rinc, compared to untreated sedilEent. However, all binders increased the
leachability of chromium and copper. SLT leachates for both untreated sediefent and
cement-treated sediment met primary and secondary drinking water criteria for the five
metals tested Specimens solidified with cement passed ell durability tests and
provided the highest UCS values,

M~ILLER Jan n,, US nrny corps of Engineers, North central
Division, " Sediment Remediation: Going from Demonstrations to Pull-
Sca}e. ~ ~

The ARCS program will evaluate available technologies for
remediation of contaminated sediments and perform demonstrations of
selected technologies at bench- and. pilot-scales. Conceptual plans for
full-scale remediation are being developed for ARCS. The application of
ARCS guidance to full-scale sediment remediation vill require
consideration of funding and regulatory constraints that have been
tested only recently. The regulation of sediment remediation could
potentially involve a variety of Federal and state environmental laws
 CWA, TSCA, RCRA, NEPA, and others!. Funding mechanisms for sediment
remediation include enforcement actions  under Superfund, Clean Water
Act, and other laws!, project-specific Federal or state legislation, and
existing Federal legislation  Section 115 of CWA and Section 312 of
WRDA!.

DID YOU KVOW
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F- R N U.S. FISH AND WILDLIFE SERVICE, CORTLAND, NEW YORK. A MACRO
APPROACH TQ THE IDENTIFICATION OF DESIRED LONG-TERM WATER LEVEL
FLUCTUATIONS IN THE GREAT LAKES, USING WETLAND DYNAMICS.

Agerx~ regulating waler levels, need numerical imorrnatlon as to the water levels required by the
bfologfcaf resources. An approach was developed to deal wffh the difficulty in quantitatively evaluating changes in
wellands caused by water-level regulations and providing Ihe information in a form usable by the regulators. this
approach includes identifying the biological significant range of reeded long-tenn fluctuations, within Iong-term
minimum and maximum seasonal curves, and identifying the numerical setting of the curve, for the coning year' s
levels, based on the past year's water supply and predicted precipitafion rates. The seasonal curve follows the
shape of the historic median curve, although the actual numbers used for the y-axis are calculated each year while
the x-axis remains conslant.

WISHEU I,C. KEDDY, P.A., WU, Q. AND MOORE, D,R J. DEPT OF BIOLOGY, UNIVERSITY OF
OTTAW~NTARIO, CANADA, KIN EN5. THE INPORTANCE OF FERTILITT ANO FLUCTUATING
WATER LEVELS IN THE ESTABLISHMENT AND MAINTENANCE OF WETLAND VEGETATION:
RESULTS OF A FOUR YEAR MESOCOSM EXPERIMENT.

To dstermne how differenl environmental factors affect the esfablishrnenl snd maintenance of wetland
vegetation, we created 120 artificial wetland habitats  mesocosms! and monitored the establishment and
devalopmenl of vegetation over a 4 year period. Each mesocosrn was initially sown with an identical seed mix �0
species! then manipulated wifh regard to one of the following variables: lertility, water deplh, fluctuations of water
depth, soil texture, teer load, length of growing season and invasion by Typha. The first 5 variables were all
Capable Of infk/enCing SpeCieS COmpOSition, especially fertility, which increased total COver  p >.005 for all habitats!
and decreased species richness  p <,500 for 2/3 of habitats!. Small, rare species were absent from fertile
treatments. Species richness was also significantly affected by relatively small differences in water depth. Deep
water treatments had fewer species but greater abundances of Bidens cernua. Small, rare species were never
abundant even though we sowed their seeds and tried to duplicate their habitat. We therefore suggest a priority
be pul On COnserving rather than reConalruCting rare planl habitat.

LYNNE AND W, J, HARRIS. NSI TECHNOLOGY, INC., CORVALLIS, OREGON AND
UNIVERSITY OF WISCONSIN-GREEN WAY FACTORS INFLUENCING THE DISTRIBUTION OF
SUBMERGED MACROPHYTES IN GREEN BAY, LAKE MICHIGAN - A FOCUS ON LIGHT
ATTENUATION AND VALLISNERIA AMERICANA.

This study focused on the importance of fight as a factor limiting depth distribution and abundance of
Va///sner/a amencana long the west shore of Green Bay from Duck Creek to the Pensaukee River. Light penetration
parameters were assessed weekly at 5 study sites, lying along the bay's north-south tropic gradient, from June to
August in f 989 and f 990. Sampling was also done at each site for endwf-season submerged macrophyle density
and diStribuliOn Of Va/IISrrer/a IOr improvementS in water Ciarity as remedial aCtion prOgreSSes. The maxirrxirn depth
of Valiisneria growlh and persistence 2C was 30-38 uE/rn2/s, which represented 2.4-3. T/o of the light intensity at
Zo. The comPensation ight intenSity Of Vaisnerfa was exPerirnentally deteirrSned aS 18 uE/rn2/S using an oxygen
production method. Va//isneria depth distribution is probably Imited by light availability in some areas. Based on
predictions of the model, it appears that the scarcity ol Vaisneria in the area south of Long Tail Point is due to light
limitation. It is also probable thai others factors - e.g. wave action, substrate composition, nutrient availabilit y-
inferacf with light lo infkience rnacrophyte production and depth distribution in some places.



IEBJUUIU'ENVIRONMENTAL SCIENCES, MOREHEAD STATE UNIVERSITY, MOREHEAD, KENTUCKY AND1 SCHOO
OF NATURAL RESOURCES, THE OHIO STATE UNIVERSITY, COLUMBUS, OHIO. ffISTOR ICAL
BIOGEOCHEMISTY OF OLD WOMAN CREEK WETLAND, LAKE ERIE, U,S.A.

The Great Black Swamp that once surrounded the western basin of Lake Erie  USA! has been almost
entirety drained for agricultural use. Had some of these wellands remained inlact, they may have helped halt the
cuhural eutrophication of Lake Erie, Little is known about the currenl or historic functions of these wetlands.
Changes in ecosystem function and watershed characteristics following the retreat of the Wisconsin Glacier were
determined in a remnant of these pre-settle meril wetlands: Old Woman Creek National Estuarine Research
Reserve. Wetland dynamics over the past 10,000 years were determined by analysis of a 5.7 meter sediment
core. Abundance and distribution of pollen, phosphorus, sedimentary chbrophyilous degradaticn products,
organic matter, iron, and manganese were analyzed to determine the effects of a changing landscape on the
wetland. Wa'ler level fluctuations in Lake Erie did not change ecosystem structure and function to as great an
extent as watershed deforestation, An increase in Ambrosia pollen  dereting watershed for deIorestation and
Eurcpean habitatiOn! COincided With inCreaSed Sedimentaticn and Order Of magnitude �.73 Cm y-1!, deCreaSed
percentage of organic phosphorus. Pollen and sediment analyses suggests that the area has been a wetland
since glaciation, and has retained it integrity as a shallow water system throughout the Lake Erie water level
fiuCIuationS. SimulatiOn models baaed on core and field data prediCI that Old Woman Creek wetland may preven1
more than 50'/o Of inflOwing phOSphOrus frcrn reaChing Lake Ene.

BLOOMINGTON, INDIANA 47405. THE UPPER PERE MARQUETTE WATERSHED: AQUATIC
SYSTEM RESTORATION BY BENIGN NEGLECT.

The upper Pere Marquetle River is now a nationally know~ recreational boating and fishing stream.
Wildlife and fishes abound in its waters. Yet newspapers reports of eighty years ago considered it a dead river.
Logging had removed the vegetation of the watershed and decaying logs had reduced the available oxygen of
the river praclically to zero. We exarrine the invenebrate populaiions, fish diversity, and vegetation of the river
corridor and show the connections between the conditions of the present day river, wetlands and land use to the
regional hydrology and economics in the watershed. Ultimately, we hope to show the potential outcome of global
climate change scenarios on the aquatic systems of the river.

A JUDiE, DAVID, J., ROSSMAN, RONALD AND BARRES, JAMES A. CENTER FOR
GREAT LAKES AND AQUATIC SCIENCES, UNIVERSITY OF MICHIGAN, 2200 BONI STEEL BOULEVARD, AN'N
ARBOR, MI 48109. MERCIJRY IN A GREAT LAKES ESTUARY: OLD WOMAN CREEK, OH.

Disappearance of Great Lakes wetlands and effective management of remairing areas prompted this
investigation of toxic Hg compounds in the Okf Woman Creek estuary ecosystem, with emphasis on transpori
pathways through the pelagic and benlhic food chains. Sampies of water, sediment, benthos, zooplankton, fish
arxf rnacrophyles were collected in 1989. Hg concentrations were deterirx/nedby cokf vapor flameless atomic
abecrptien. COnCentrations were ncndetedable in water  <21 ng/L! and IOw in the tOp 10 Cm Of Sediment � 10 ug
Hg/g!. Mean COnCentratiOnS in Organism ranged frOm �.01 ug Hg/g in benthOS and ZOOplankton to 0.64 ug H94
in fish  bowfin!!. One Great Blue Heron was also analyzed and found to have fhe highest level � .62 ug Hg/g!
data indicate that Hg bioaCcumulateS and biornagnTiies in this ecosyetem. In cornmcn Carp and channel catfish, the
older  larger! fish had higher ievels of mercury in muscle tissue than did the younger  smaller! fish. In boIh benthic
and pelagic food chains, Hg levels were low at lower tropic ievels, but elevated concentrations occurred intop
predators. it may be important in wetland management to recogrize that even in areas with relatively
uncontarrinated water and sediment, there is still potential for accumulation ol Hg in top predators.
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RESOURCES, QUEENS PARK. TORONTO, ONTARIO AND YORK UNIVERSITY, TORONTO, ONTARIO.
GREAT LAKES COASTAL WETLANDS . INCREASED PROVINCIAL RECOGNITION OF
RSHERIES AND HYDROLOGICAL VALUES FOR PROTECTION PURPOSES.

A planning policy documenl or legislation will be used to protect Ontario's wetland resources in the near
future. Recommendatlons for wetland protection wiil be based on a data bank quantifying biological, social,
hydrological and special features values for over f 900 Ontario wetlands, Including 64 Great Lakes coastal
wellands. Due to increased knowledge of southern Ontario wetland commurities in the past several years, certain
aspedS Of Oraarfc'S wetland aSSessmera program are being Strengthened. TheSe inCtude reCOgni5On Of ISheries
and hydrological values, partimtarly lor Great Lakes shoreline wetlands. The use of coastal wetland habdat by fish
for various ~ of reproduction  spawning, rearing! is more important than previously noted. Extended flekl
data on tfsheries habitat and submergent vegetation communities will be sought for shallow water wetlands. The
role of lakeshore marshes and swamps in reduction of shoreine erosion and Irnprovernenl of water quality
impacted by agriculture and urban nIreff will also be quantified. These measures will increase the scope of
p!ovlndaf prolection to a greater percentage ot Great Lakes wetlands.

CONNELL  ONTARIO MINISTRY OF THE NATURAL RESOURCES!. PROTECTING GREAT LAKES
WETLANDS THROUGH THE USE OF INTERNATiONAL AGREEMENTS. PRESENTED TO THE
INTERNATIONAL ASSOCfAT'ION FOR GREAT LAKES RESEARCH.

Abstract - Wetland quantity and qualty has dramatically deckned in the Great Lakes Basin since the arrival
of European settlers in the Great Lakes region in the late t 700s. The full extent of wetland losses in the region are
now known but estimates are that between 6040 percent of the pre-setllernenl wetlands have been lost. In recent
years there has been a growing awareness of the need Io p!otect and preserve the remairing wetiards, This
awareness has resulted in commitments at a national, state and provindal. and focal levels to greater protection of
wetlands. To ensure consistency, adequacy and comprehensiveness in the eflorts to protect wetlands within the
Great Lakes Basin II is essential that there be greater inlemational cooperation and coordination of wetland
protedicn efforts. This paper suggests a number of opportunities for expanded and better coordinated
international wetlands prolecten. In particular . the wetlands protection programs of agencies and organlzatens
responsible for the Great Lakes Waler Quality Agreement, the Great Lakes Fishery Converrlion, the Migratory Birds
Convention, and Great Lakes Water Level Control are analyzed and recommendations are provided on expanding
cooperation and inlegration ol these efforts. A separale Annex of the Great Lakes Water Quality Agreement
dealing SpeCiflcagy with wetlandS iS prOpOsed and discussed.

SELLINGER C nthia B., Great Lakes Environmental Research Laboratory, 2205
Commonwealth Blvd,, Ann Arbor, aiichigan 481cb-1593. GREA? ZAKSS HYDROME?
DA?haASZ DIRRC?ORY,

In november 1988 the Coordinating Committee on the Great. Lakes Basic
Hydraulic and Hydrologic Data established the Hydrometeorology and Modeling
Subcor<mit tee to assist with hydrometeorologic data collecr.ion ar d hydrologic
modeling. Upon establishment, the subcommittee agreed that there «as a need
update the Great I.akes HydrometeOrOIOgiCal StatiOn DirectOry. The 1983 report
'rsted hydrometeorological data available to Great Lakes researchers, data
collect.ion agencies, and station information. The Hydromet Database Directory
replaces the 1983 infinformat.ion with a menu-driven< computerized depository cf
data rnforraation that consists of 29,063 hydrometeorological stations compared
with the 6600 stations of thee previous directory This directory contains
eigh. databases from seven da ta collecting agencies, station information abo~t
twenty"one dat.a types, and addresses and phone numbers of these agencies.
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R
ohio 43606. Zebra mussel veliger dynamics in western Lake Erie near Maumee Bay during
4990, and zebra mussel control in water intakes by oxidant addition.

'ibis research investigated zebnt mussel veliger occurrence aud settlement in western Lake Erie near the
Toledo Water Intake and at the Tolodo Low Service Pump Station  ar the end of a three-mile pipe carrying
water from the intake!. We also addressed the possibility of controlling zebra mussels in water intake systems
with various Oaidants. %cekly phtnkton samphng in Evoke Erie first showed veligers on May 31. Veliger
densities peated in June and again in late July/early August, while veligers were las! found on October 20.
Thc tnacimurn density eraxruntered was 36QL. Veliger settlerneut was assessed by weekly inspection of
substrates phced near the water intake. Settlement of vebgers was first observed on July 16, and was heaviest
in August  maximum settling rate: 56tIDAn2/week!. Veiiger aburahnces at the putup station were about 80%
krwcr than near the water intake. Filtering by adult rnussels may have been contributory to this, plankton at the
pump station corrsisted mainly of detritus  pseudofaeces 7!. To assess control possibilities, veligers and adults
were exposed ko oxidants in static and flow-through systems. Both sodium hypochlorite and potassium
permanganate appeared effective, especially when treatment was continuous rather than intermittent In
contrast, the comtination of hydrogen peroxide and iron appeared ineffective. Increased treatment duration
and elevated water aemperaaures increased the CA'ectiveness of chlorine and penn anganate treatments.

Ann Arbor, NI 48105. Kollar, B. Detroit Edison, 200O Second Ave., Detroit, HI
48226. Reproductive Cycle of Zebra brussels  Dretssena ~ol i~or aha! in western Lake
Erie at Nonroe, Hichigan.

The reproductive cycle of zebra mussels was investigated at the Detroit Edison plant in
Monroe, Michigan, weekly since Nay 1990. Zebra mussel s showed seasonal variation in
sex ratios and size at sexual maturity. Nussels carried ripe gametes for eight months,
although veligers were produced for only five months. Veligers first appeared stay 30
at densities of 75/L, peaked July 26 at 187/L, and were last found October 3, at 4/L.
However, at 1east 5Ã of the mussels examined contained ripe gametes from l4ay I through
December 28. Gametes were then resorbed, and by January 15, less than 2X of the
mussels contained ripe gametes. From Nay through December, the proportion of females
in the population increased and the size at sexual maturity decreased. These seasonal
changes indicate that the reproductive cycle of the zebra mussel is very flexible and
can alter to take advantage of local environmental conditions.

J.D., LEACH, J., NEPZY, S., and CAlRNS, V.ar.. Department
of Fisheries and Oceans, Burlington, Ontario. Ontario Hi ni stry of Natural
Resources, 8/beati ey, Ontari o. Effects of zebra mussel s on walleye
reproduction in western Lake Erie.

Vi th the rapi d colonizatio~ by zebra mussels of walleye spawning shoals
i n western lake Erie there is concern for thei r continued successful use.
This work looked at eff'ects on spawning use, viability of eggs and dissolved
oxygen within interstitial spaces at one shoal in western Lake Erie. Despite
high numbers of mussels, averaging 147,000/m, walleye continued to use the
shoal wi. th no apparent effect on numbers or vi abi li.ty of eggs. Di ssolved
oxygen was close to saturation. Preliminary observati ons indicate that egg
deposition is occurring randomly irrespective of large ice-scoured mussel�
free areas.



CAVALKTIO JOANN F. NALEPA, THOMAS F., FORD, MARK A, MCKLROY, KATHLEEN D.;
NOAA/GLERL XN6 Cosrunonwealth Blvd. Ann ARmr, MI 48106. Zebra snuasel htneas
int Lake St. Ciah"i a oompanaon at two sites.

Zebra mnssels  Dreiesena Sotym~oiha! were collected at two sites in Late St. Clair on a monthly basis
from April to November 1990. The sites varied both in terms of substrate and sabra mussel abundances; one
site had a gravelthard bottom and high densities while the other site had a silt bottom and low densities. The
following variables were measured each month: shell length  SL!, shell weight  SW!, tissue dry weight  TDW!,
tissue ash-free dry weight  TAFDW!, total lipids, hpid classes, and lake surface chlorephyll. The mean
TAFDW:TDW ratio was 0.88. This ratio did not vary significantly between sites or sampling dates, However,
the TDllVSW ratio was signiflcantly higher in the months prior to spawning  April, May! than in th e months
during and after spawning. Linear regressions between TDW snd SL at the two sites were significantly
different; greater dry weights  per unit length! were found at the silty site, Total lipi ds ranged from 6-20% of
dry weight. Highest lipid levels occurred during the spring, and overall ~ greater percentages occurred in
individuals from the silt-bottom site. In the spring, chlorophyll concentrations were higher at this site as
compared to the hard-bottom site �.7 and 2.2 mgtm3 respectively!. We conclude that the relative fltness of
sehra musse]s in Lake St, C]air is site specific.

~~I'@hds~ ~Hh J. and SPRULES, W. Gary. Zoology Department, University of Toronto, Mississauga,
Ontario. Modelling the dynamics of zebra mussel populations in the Great Lakes: Iiow important are
biotic processes?

Populations of zebra mussels may be characterized by three distinct subgroups: planktonic veliger larvae,
senled subadults, and adults. European workers have suggested that mortality between the larval and adult
singes, which frequently exceeds 99%, results from lack of appropriate substrate or from variai.ion s in water
temperature or water chemistry encountered by settling veligers. It is unlikely that mussel recruitment patterns
in western Lake Erie have been determined by these abioiic factors alone, because current population densities
could not have been as high as they are under such a schedule of larval tnortality. We have conducted
experiments to determine the vulnerability of Great Lakes zooplankton to predation by adult �.2 crn! mussels:
small-bodied, weak-swimming species  rotifers and mussel veligers! were particularly vulnerable io predation,
whi le larger-bodied species  ie. Cladocera! were much less susceptible.

We utilized STELLA-software to develop a model which incorporates moderate  - 60%! abioiic larval
niortality, and density-dependent subadult and adult predation on planktonic and settling larvae. Larval surviv-
al and recruitment rates were inversely related to the population density of predaceous adulrs. Our model is
consistent with recent recruitment patterns in western Lake Erie and Lake 'St. Clair. We predict thai recruitment
dynamics are determined by a combination of abiotic and biotic factors in shallow well-mixed basins, and by
abiotic factors in deep, stratified basins where benthic adult mussels are disassociated from pelagic food webs.

mmo
Zoology, ltirge Hall, University of Wisconsin, Madison, Wisconsin, 53706.
AhlALYSIS OF DREISSENA POPULATION DYNAMICS IN EUROPE AND PREDICTIONS FOR NORTH
AMERICA.

In some European lakes abundance of Dreissersa is fairly constant over time periods of l0-30 years, while in
other lakes populations show interannual fluctuations of more than an order of magnitude. If populations in the
Great Lakes fluctuate, then the problems caused by Dreissena may be most severe during years of population peaks.
Long-term population averages may be lower than are now found in lakes Erie and St. Ci air. The range over which
populations might fluctuate from year to year, will affect predictions of the ecological role of Dreissena in the Great
Lakes. We predict the potential population dynamics of Dreisserra in the Great Lakes using a multivariate model
developed from published European data. Using Discriminant Function Analysis we analyze data on the
morphoinetric, physical, and chemical environments of lakes with either variable or constant populations of
Dreisserra  classifled by analysis of coefficients of interannual variation!. We And that lakes with variable
populations tend to be deep with small surface areas and high fluslung rates Larger, shallower basins with low
flushing rates tend to have more constant populations, Our roodel suggests that populations would be most variable
m areas of the Great Lakes that have high flushing rates.
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PARE S.M.F and RIEssENB H.P., Department of Biology, sUNY college at Buffalo,
BufEA~o, HY I 222. IHPACI OF FISH FREOATIII Qi ZEBRA HUSSEL FCPOIATINS.

The zebra natssel population in Lake Erie has increased dramatically since its
ditsm~y in the vestern basin in 1988. 1his rapid population increase suggests that
natural control etechanisms, such as predators, may be lacking in the Great Lakes.
Analyaie of the gut COntentS Of Lake Erie fish, hcrwever, suggests that several speCiea
may serve as potential predators. Me perfortned a field exclosure experiment aver a
5-week period during stsmner 1990 in the Bess Island region of western Lake Erie to
investigate the impact of fish predation on the zebra rmtssel population. 0.1& plots
of lake botttmt, which supported high densities of zebra riatssels, vere either enclosed
with wire mesh to exclude predators  treatments, n 30! or left subject to the natural
levels of fish predation present in the lake  controls, n 30!. Differences in tassel
population density and size distribution between control and treatment areas, and an
analysis of gut contents of fish collected fram the test area are used to estimate
the effects of fish predation an this recently introduced exotic species.

, MULLIN, M.D., R0$SMAIbik, R., UTZ, J.L., REIDY,
J.E., VARGO, K.A.. and SM/TH, K.T.'. 'USEPA, LLRS/ERL-Duluth, 9311 Groh
Rd., Grosse Ile, 51 48138; CGLAS, Univ. Michigan, 2200 Bonisteel Blvd., Ann
Arbor, Ml 48109; ~AScI Corp., 9311 Groh Rd., Grosse Ile, MI 48138. Contaminant
Concentrations in Zebra Mussel Tissue from kestern Lake Erie, Monroe, Michigan.

Zebra mussels vere collected from a nearshore area of western Lake Erie at Sterling
State Park, Monroe, Michigan, and soft tissues were analyzed for organic contamirtants
and heavy metals. Lipid, moisture, and total carbon averaged 1.5y., 87%, and 42K,
respectively. Total PCB concentrations averaged 520 ug/kg wet weight . Distributions of
KB homologs and congeners were very similar in all tissue samples. Prevalent homologs
were tetra-, penta-, and hexachlorobiphenyls. PCB congeners 52 and 66 were dominant,
each contributing over 5'y of the total concentrations. Sum of DDT analogs, chlordane
components, and HCB averaged 23, 14, and 0.83 ug/kg, respectively, Heavy metal concen-
trations were near or below the limit of detection using ICP-AES; additional AA graphite
furnace analyses are being conducted for confirmation. As additional contaminant con-
centrations in zebra raussels from different areas in the Great Lakes become available,
they will begin to provide some insight into the role of zebra mussels regarding
contaminant cycling, bioaccumulation in food chains, and their use for biomonitori ng .

DONAHUE, Michael J., RATZA Carol A. Great Lakes commission, 4oo Founh Street, Ann Arbor, Ml 4tf f 03-48i 6.
POI fCY AND PROCESS: IMPLEtifiENTING THE NONIMDIGENOUS AQUATIC NUISANCE PREVENTION At4D
coNTROL ACT OF 1tts0

Zebra mussefs respect no potftfcal boundary. a fact which presents a chef lenge in impfementing present and pro-
spective laws and policies in the Great Lakes Basin. 'The existing Great Lakes institutional framework is chalienged by
the immediate need for sound policy to meet this rapidly advancing problem, The policy process at the federal, state
and provincial leveLs is developing rapidly in the United States and Canada to provide a framework ta fund research arel
control, encourage cooperative management efforts, begin information dissemination and public education, and protect
against future introductions of other unwanted exotic species. The institutional management frarnavvork in the interna-
tional Great Lakes Basin is forming to ensure concerted attention to this issue. The new U,S. law and related initiatives
recognize the binational Great Lakes Basin's unique management requirements and available expertise. This paper wK
examine all aspeClS af the reCently enaCted U.S, 'NOnindigenOuS Aquatic NuiaanCe Prevention and Contral ACt Of t99O'
with a special focus on: the Great Lakes Commission role as the convener of a regional panel to identify priorities for the
Great Lakes; intergovernmental coordination challenges and the array of related Basin initiatives at the various levels of
government.



LICFfKOPPLER, ~ R. and KELCH, trhvl9 0-, The Ohio Stare University, 99 East Erie
Street, Psi.nesville, OH 44077; Recrestiorsal resource user attitudes coacerniug the Zebra
ltussel  Dreissena ol ha!, and other Great ~es issues.

Because. oublic. opinion influences the allocation of resources needed to manage the
Great Lakes it is important to quantify the attitudes of Great Lakes resource users.
Six hundred randomly selected patria of the 1990 Hid-America Boat Show were surveyed by
mail in February and anarch of 1990 on Great Lakes issues including the invasion of the
zebra mussel, with a response rate of 85Z. The average responde~t was 43.25 years old,
male, employed in professional, highly skilled or manarrerial positions, with household
incomes in excess of $30,000. Almost 78Z were boat owners. The zebra mussel was viewed
as m threat to the Lake Erie boating and sportfishing industry by over 65Z of
respondents. Public funding for research on zebra mussels was believed to be a wise
investment by 71Z of respondents. Almost 91Z of respondents felt that pollution by
individuals does have an affect on the Great lakes and that government should be doing
more to clean uo Lake Erie. Over S5Z felt that citizens should be involved in the
management of the Lakes. Quantifying public opinion concerning Great Lakes natural
resource issues will help stimulate debate concerning the allocation of scarce resources
to study, monitor and manage the Great Lakes.

program< 248 Hartwell Hall, SUNY college at Brockport, rrrockport, NY 14420.
Physiological and Norphological comparisons of Dreissena polymorpha and Hytilopsls
leucophasta  Siva! via: Dreimsenidae! .

The introduction of the zebra mussel, Dreissena polymorpha into lrorth America
may have serious economic and ecological ramif icationa. Within the next ten years,
Dreimsena is predicted to spread into several estuarine areas along the eastern
~ eaboard of the u.s., potentially resulting in a range overlap with the dark false
mussel, rrytilopsis levcophaeta, a euryhaline dreiesenid native to North America.
Like other dreissenids, rrytilopais Leucophaeta has biofoulinq tendencies, although
believed to be of lesser consequence than Dreissena. Results of a literature review
indicate partially overlapping salinity toleranees and habitats of Dreissena and
rrytflopsXs in Europe. Secs~ac of their related phylogenies, these two bivalve
species display close morphological similarities, particularly aa juveniles, leading
to probable f ield misidentif ication as their populations become sympatric. This
presentation reviews physiological and morphological descriptions of Dreissena
polymerpha and rrytilopsis leucophaeta and provides an abbreviated guideline for their
definitive identification.

~ m15QELO.',lDepartment of Geological Sciences, Case Western Reserve University, Cleveland, OH 44106.
Cleveland Division of Water, 1201 Lakeside, Cleveland, QH 44114. Effects of Ammonia,

Chlorarrrine and Chlorine Dioxide on Zebra Mussel Veligtr Mortality.

Chemical dose/response studies of zebra mussel veligers in static systems and in flow.
through aquaria were conducted to evaluate the effectiveness of chlorine dioxide, chloramine, and
ammonia on veliger mortality in water intake pipes. Ammonia had little effect at the 1 ppm level
and about 40%%uo mortality was induced at 10 ppm, Chlorine dioxide treatment resvJted in
mortalities of about 30-B0% at the 2-5 ppm level, with values obtained in the flow-through
experiments slightly higher than those obtained from static studies. The LC50 following a single
dose administration of chloramine is 2 to 3 ppm. When the chloramine data were corrected for
high mortality in the controls, the mortalities ranged from 497o at 0.1 ppm to 100'Fo at 5 ppm
yielding an LC50 less than 1 ppm. Thus, chlorarnine appears to be the most effective of the tested
chemicals. 'Ihe general agreement between the results obtained in static and flow-through

rirnents indicates that static testing is a cost-effective method that is useful for screening the
e ectiveness of various chemicals for control of zebra mussel veligers
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SPENCER, F. S., Onlarto Hydro, Research Dhrtslon, 800 Kipling Ave, Toronto, ON, M8Z 5S4, Alternatives
to Chlorination for Control of Zebra Musseta

OnfarIO Hydra PrOvideS Over 95'Y~ Of the ProvinCe'S eleCtrioily frOrn hydrauliC, IOSSil and nuClear PlantS iOCated
on the Great Lakes, their interconnecting waterways and various inland rivers. As one of the largest Canadian
users of raw water Hydro has been seriously affected by the zebra mussel invasion of service and cooling water
systems at Iacfities oo Lake Erie, western Lake Ontano and the Niagara River. Infestation of remaining Great
Lakes facilities fs expected t99t. Hydro is currently relying on the intermittent � ppm for 30 mins every 12h! or
continuous �.5 ppm! use of sodium hypochlorite in service water systems for control of zebra rnussels throughout
Iheir breeding season. Untreated condenser cooing wafer systems require mechanical cleaning. In the longer
term, the devefoprnent of alternative chemical and nonehemical control measures for specific service water sub-
sysfems may offer more econonicaf and envlronrnentaiy acceptable approaches, The research to define these
allematives is directed primarily at preventing colonization by zebra mussel larvae. These measures include
alternafive Chenv'Cats {ozone! and phySiCai measures, such as coatings, pressure, UV and gamma irradiation,
acoustics and electroshock. To control adult mussels tiine-temperature regimes have been established for thermal
backwashing. Potential enhancement of metal corrosion by NaOCl use in service water systems is being
evaluated by sensitive electro- chemical instrumentation. Control measure development is supported by a rnulti-
celled flow test rig in the field and attempls are underway to culture veligers to enable laboratory experimentation
oulSide the nOrmal breeding season.

BAIER, Robert. E., Industry/University Center for Biosurfaces, State University of
ttew York at Buffalo, I lO Parker Hall, Buffalo, NY I4214. Control and Mitigation of
Zebra Mussel Attachment by Use of Nonpolluting, Pouling-Release Coatings.

Significant promise is shown for the manipulation of zebra mussel habitat by use of
surface physical/chemical techniques that add no foreign substances or extra heat to the
ecosystem. In particular, provision of low-surface-energy coatings as easy-release
layers minimizes the strength of attachment of the mussel byssus structures to otherwise
suitable substrata. This results from inability of the biological cements to develop
adequate anchorage ro surfaces exposing only closely packed molecular arrays that can not
enter into polar or hydrogen bonds, or induce biospecific inreractions. The consequence
is thar. hydrodynamic control alo~e, such as increased shear rates, may suffice to prevent
or remove fouling colonies at walls, and this release process should occur at small
enough cluster sizes to allow trouble-free passage through the remainder of the flow
path. Over the near term, use of such fouling-release approaches together with minimal
doses of biocides vill be helpful since chemical control agents work much more effectively
against detached and suspended organisms than those strongly surface-attached. Coatings
dominated by polydimethylsiloxane at their outermost faces perform best.

SNYDER, Fred L., FISHER, Susan w., KELcH, David o., and LICHTKOPPLER, Frank R.,
Columbus, Ohio, 43210.

Developing Strategies for Chemical Applications to Impede Zebra Nussel Movement, to
Inland Waters.

The anticipated, and recently observed, movement of zebra mussels from the Great
Lakes into inland waters has caused management responses ranging from the closure of
reservoirs to boating to the issuance of government guidelines for. transporting boats'equipment, live bait and commercial fish. Investigations have found potassium phosphat'-e
and potassiuis chloride to kill zebra mussels at relatively low concentrations without
affect'ing nontarget organisms. Current investigations are underway to identify the
minimum concentz'ations needed to kill veligers. Evaluations were conducted of commercial
antzfouling paints containing copper' and tributyltin to determine their effectiveness in
preventing the attaclunent of settling veligers. The results of these studies can lead

new strategies for avoiding zebra mussel transfer among water bodies by boaters, fishtransporters and marine equipment users.



KEILIOR, PHILIP, University of Hisconsin Sea Grant Institute, I800 University
Avenue, Madison, Misconsin 53705. Sand Filter Intakes for the Prevention of Zebra
Iiussel Infestation in Large and Small IIater Supply Systems

Zebra mussels have seriously impaired flow in water intakes in the eastern
Great Lakes and are expected to cause similar problems as this exotic organism
spreads through the rest of the Great Lakes and the rivers of North America.
Filtration has been effective in excluding zebra mussels from portions of water
systems in Europe. Sand filter intakes have been used for small municipal water
supplies in the western Great Lakes. Can sand filter intakes be used to exclude
zebra mussels from entire water systems? The author describes the pros and cons of
sand filter intakes wi th examples of design types and operational experience. In
the past, such intakes were briefly considered by the electric power industry
because of concern for the exclusion of larval aquatic organisms. The new threat
of zebra mussel infestation to p1ant system operations justifies a new look at sand
filter intakes.

Junctton oj' CIty Shfp Canal and Buffalo Rtver - J890.
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RESOURCES BRANCH, 1 ST. CLAIR AVE W., TORONTO, ONTARIO M4V 1K6, 'CANADA CEI'fTRE
FOR INlAND WATERS, 867 L4PKSHORE RO. PO BOX 5Q50, BUFIUNGTON, ONTARIO L7R 4AB.
5EMTHIC INDICATORS OF ECOSYSTEM HEALTH.

In recognition of the need for an ecosystem approach to the restoration of the Great Lakes, the
1987 reVieiOn Of the Great Lakea Water Ouality Agreement StipulateS develOpment Of elaleyatern
obNI&leS. The ECOSyStem O~ee Work Group  EOWG! was established and recommended that
the presence of diverse healthy reproducing communities unimpaired by contaminants in ~
ecosystem be a primary objective. Specific measurable indicators of the achievement of this arid other
Obl|eCtivea are currently being appraISed. Due, in part, tO their irnpOrtanCe in food web prclceSSeS and
O3rttaminant dynamica, the benthiC COmmunity iS One Of Several eCOSyatem Compenents beirfg
considered for the derivation of functional and structural indicators. The selection of benthic indicators
will be based on the icfentification of reference communities and species representative af those
communities, complemented by aspects of organism health based on ecotoxicological principles.
These indicators can be used to identify restoration of degraded areas of the Great Lakes.

BRZtiKHORST, R.O., Aquatic Resources Center, Box BOS, Franklin, TN, 37065-08OB
A recast advance iit the use of benthic communities as bioindicators of ecosystem health.

Tables of data derived from quantitative samples of the benthos are diff icult to
interpret. Attempts at clarification for non biologists have progressed from the
indi.cator species concept, through point-scores for pollution tolerance summed to create
indices, to statistical methods. Increasing taxonomic, ecological and toxicological
knowledge showed the indicator' species concept to be naive. indices usually assume
equal tolerances to all possible contaminants. Diversity indices ignore taxonomic
differenoea between Sites. The data do cot meet the recZuirsments for parametric
statistics, Multivariate, non-parametric statistics uti.li.xs all of the data, but the
identification of clusters is subjective. One new alternative is to identify
statistically significant clusters, and to test for significant differences between
clusters with a combination of the Fowlkes-Nallows statistic and the bootstrap
procedure. Bxamples of the sensitivity of thi ~ method will be given.

wHITE, David S. Hancock 8ioiogicat Station, Murray State University, Murray, Kentucky 42071, U.S.A.
FNtotfcnal etntcttae Of targe fake berAa camfttmkNe fram the ahiXeke OCWasd.

Theoretical benthic community structures for large lakes were developed based on feeding mechanisms, habits,
distributiOns Of Subatrata and organiC matter, and Selected rimnoiogioaf featureS. primary phyaiCal factors are
substratum type and frequency of resuspension, depth of light penetration, and depth of the thermocline; feeding
categories are predators, surface algae grazers, suspension flterers, and both surface and subsurface deposit
gatherers; habits are surface dwellers, and near-surface and subsurface burrowers. Six unconsolidated substrata
zones and their major components were idenNed from the shoreline outward; 1! high energy zone  resuspension
» deposition, coarse sand 5 gravel, subsurface deposs gatherers, burrowers!; 2! intermediate energy zone
 reSuapenSIOn>depOSitiOn; Sand 8 Orgariio patCheS, burrOwerS; 3! low energy ZOne  reSuepensiOn~depOSftiOn, Sand
mixed with organic matter, benthic algae population if fight penetration, maxirnurn diversity, all feeding rnechanisrns
and habits present; 4! infrequent energy zore above the thermocline  resuspension~ deposition, organic matter mixecf
with sand, suspension filterers and deposit gatherers, surface dwehers and burrowers, maximum density!; 5!
infrequent energy zone beiow the thermoclna,  resuspension< deposition, organic matter mixed with sand, subsurface
deposit gatherers, burrowers!; 6! deep benthic zona  resuspension«depostition, fine organic matter, subsurface
deposit gatherers, burrowers!. Distnbutions of most macroberlhic species were Imited to one or two zones, The data
ShOw prOmiSe in aSSeSSrnent Of benthos that Should be preSent at any targe lake Site given phyaiCal COnditians.



WARWICK W. F. ttational Hydrology Research Institute, ll Innovation Blvd., saskatoon,
saskatchewan, canada. S7N 3HS xorpbological deformities in chiroaomid larvae es measures
of ecosystem bealth.

Chironomids possess a number of advantages for «cceseing the complex and dynamic world
of freshwater ecosystems. As a family, they integrate the key features of almost every type
of aquatic habitat. While their biomonitoring capabilities have already been demonstrated
in the Lake Classification system, morphological analyses extend these capabilities, but
focus on contaminant rather than trophic effects and operate at greater levels of
discrimination, ie. at individual rather than population or community levels of organisation.
Lac St. Louis, a river-lake on the St. Lawrence River, represents a case study where
assessment of deformities in the ligula and antennae of Procladiue, the dominant surviving
component of the benthic community, clearly identified one of the source areas of
contamination. The index of chironomid Community Response rose dramatically from 0.263 at
a site some 7 km away to l.359 at a site immediately offshore from the industrial. complex
at Beauharnois, Quebec. Analysis of head capsule remains in the latter area revealed that
many former components of the chironomid community had already been eliminated. Efforts to
automate morphological analysis using Artificial Intelligence techniques are being undertaken
to improve uniformity of assessment and accessibility to user groups.

D!CKKAN, N.D., RYGIEL, G,A., GHAZI, N. Biological Sci. Dept., Brock University, St .
Catharines, Ontario L2S 3Al, and DIGGINS, T.D., and STEWART, K.H., Dept. Biological Sci.,
SUNY/Buffalo, NY 14260. DKFORlfITIES IN CHIRONOilID LARVAE AS Ail IlKDKX OF TOXIC SKOIl69lTS
IH tHE HIl&LHA RIVER |fdTERSHKD.

Chir onomid larvae may serve as ecological indicators of contaminated sediments by
their reduction in numbers and extent of deformities  particularly their deformed ments/
teeth!. Results to date, from an examination of chironomids from various locations in the
Niagara River Watershed, revealed the following. At a coal tar contaminated site in the
Chippewa Creek  Ontario! sediments, 8.5-14I of the chironomids were deformed. About 22I
of the chironomids from the Welland River  Ontario! sediments, near a discharge from a PVC
manufacturer, were deformed. Downstream of a steel plant in the latter river, where sedi-
ments were contaminated with oils and heavy metals, 27I of the chironamids were deformed.
In portions of the Buffalo River  New York!, an IJC designated area of concern  AOG!, the
extent of toxicity was such that numerous dredge samples were required to obtain even a
few cbirooomids. A recent sampling of the Buffalo River showed an inverse relationship
between chironomids and oligochaetes in that the highly polluted middle portion of the
river had low numbers of chironomids � but surprisingly high numbers of oligochaetea.

STOERMER, EUGENE F�Center for Great Lakes, University of Michigan, Ann Arbor. Mi.
Algae ms Imdicators of Ecosystem Health.

Alga! species or communities provide useful indications of ecological perturbation aver a wide range of
tisane/space scales. The Great Lakes, because they contain very large and steep time/spaoe gradients reLated
to anthropogenic perturbation, provide particularly interesting and instructive examples. Many species shaw
very rapki  aec - day! direct cellular level responses to toxic chemicals. Such responses are detectable in
mixing zones near river mouths and other tnQuents. Direct grave% responses, both enhancement and
inhibiuon, occur on ]anger time scales  hrs - weeks} and can be maplxxi on regional scales.
successional effects occur on longer  days - yrs! time scales and can be mapped on regl.onaJ or whole-lake

» theory. properly imp1emented systematic sampling programs could extend time scades to the
future at any degree of temporal or spatial resolution desired. For certain algal grou ps. sucocssional records
can be extended historically on annual to millennial time scales through paieolimnologfcal studies.
particular, the very abundant and dtverse diatom assembhqya found in Great Lakes sediments provkie a
sensitive integrative index of eoologtcal change, and the causes thereof, during the past two centuries This
approach is par5wdarly useful for detecting subtle, long-tenn effects. Recent studies also suggest that. due
to temporal and spatial integration obtained in paleoftmnologca3 samples, sedimentary diatom assemblages
can provide a mare sensitive index of recent perturbation than comprehensive rnonltoring using neo-
limnologicsl methods.



HARRIS, H. J., ERDHAN, T, C., LODGE, K. 8, and ANKLEY, G. T University of
Wisconsin-Green Bay and EPA Environmental Research Laboratory, Duluth, Minnesota.

ve uccess co ration in Forster' s Tern on

Oi rector, Bureau of Environmental and Occupational

lliE 6REAT UKES DRAIINGE BASIN NO NWERSE REPRODUCTIVE OUTCOMES

This paper examines indicators of human reproductive health of the population
residing within the hydrogeologic area known as the Great Lakes Drainage Basin
 GLOB!. To study the health impact of residence within the GLOB on reproductive
outcomes as well as providing baseline data on the reproductive health of the
entire GLOB population, an ecological epidemiologic study of that portion of the
GLOB that lies within New York State was conducted. The specific objective of
this study was to determine if women residing within the GLDB during the time
period of 1968-1987, were at greater risk of having lower birth weight infants
when compared to those infants born in New York State outside of the GLDB,
 excluding NYC!. Utilizing birth certificate data, birth weight and gestational
age were studied. The protocol for this study has been developed so that each of
the additional 7 states which border the Great Lakes in the U.S, could replicate
this study. Ultimately, information from all of these studies could be combined
to provide the first human health study of the entire Great Lakes Basin within the
United States. ft also may be possible to adapt this protocol to the existing
Canadian data bases.

HOPPES, William G. Niagara Frontier Program Office, Regio~ II
EpA 26 Federal plaza, New York, NY 10278. Responsible stewardship
of the Lake Ontario ecomysteas quantitative indicators to
monitor binstional efforts.

As part of an effort to
ecosystem, a binational
quantitative indicators to
responsible stewardship of

V 0

monitor the health of the Lake Ontario
technical committee is developing
measure the following objective for
the Lake Ontario ecosystem: human

ce envi nmenta ethics and a
h' . A summary of the initialefforts of the committee is presented, focussing on ll the

features comprising "responsible stewardshi " of th
ecos stem 2! the "s ip o e Lake Ontario

y ! e state of those features that constitutes
p, 3! the degree current lake stewardship"responsible stewardshi " 3

deviates from the "preferred state" 4! ap ro riate
measures to track chan ' th appropriate, quantif iable

nges in e state of those features.
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A study of Forster's Terna in 1988 on lower Creen Bay revealed improved reproductive
performance when compared to a similar study conducted in 1983. Length of the incubation
period, hatchability and number of young produced per pair were indistinguishable from
values observed on a clean reference colony, Total median PCB concentration in eggs
from l98B was 66 percent lower than the 1983 level �2,2 ug/g!, 3,3',4,4',5-PCB was 30
percent lower in 19BB, and total TCDDeq was 14% lower than 1983 values. We estimated tern
chicks would. need to ingest PCB at the average rate of 18 ug/day to acquire the
concentrations observed during growth. Some chicks appeared to suffer from "wasting"
syndrome.



R. Chasse' and P. Couture'. 'lnstitut National de ]a Recherche Scientifique  INRS-Eau! C.P.
7500 Sainte-Foy, Qc, Canada, GlV 4C7. 'Present address: Wadsworth Meratories, New York State Dept. of
Empire State P]asa, A]bany, NY, 12201-0509. Eco-physio]of ical indicators of contaxninaist effects ou inicioa]fa]

The standard ~~gggg ~or~ltt]1 toxicity test measuring a percent reduction in ce]] density is routinely used
as a screening tool to assess the effects of pure chemicals and complex eNuents on microalgal communities. However,
reliable predictions concerning the health of phytoplankton and periphyton coinmunities expound to these toxic eMuen ts
are not easily obtained from extrapo]ations of these toricity test results. Mficu]ties arise inore partkuhrly in predicting
the potential recovery of lotic phytop]ankton communities «sposed to these toxic eIuents for short periods. Assessing
the potentia] impacts of complex eff]uents containing both growth inhibiting and growth stimu]ating substances a]so
poses problems. ]n this context, our laboratory is attempting to develop routine ecophysiologica] iiidicators of growth
recovery and a]tered autotrophic metabolism. The ATP/ADP and Protein/Lipid ratios haw been shown to be good
indicators of growth recovery in S, ~r~oi~u popu]ations exposed to Cd and to a comp]ex industrial elluent. The
heterotrophic index tphotosynthetic C assimilation i heterotrophic C assimilation! reveals chan ges in the metabolisrn of
periphytic conimunities receiving e uenti ' ' g ffl ents from a pulp and paper mi]L Data on community structure modifications
responsible for this metabolic shift wi]i be presented.

Minneapolis, MN 55455. Behavioral Assays for Derecrion of Sublerhat ~ecrs fran Complex
+@ulnar and Pore 8'ayers.

Behavioral modifications have resulted from sublethal chronic exposure to toxic contarninants
introduced into Great Lakes ecosystems. Such modifications threaten ecosystem integrity.
Behavioral changes have been documented in the herring gull, as well as in infants of human
mothers, with fish consumption involved in both cases. Yet ecotoxicologists have not performed
such assays with zooplankton, which have the advantages of ease of culture, short generation
times, and high fecundity. This must be done, because whi]c high-level exposure of crustaceans
has led to mortality or gross physiological changes, the subtler behavioral changes associated
with low-level exposure to these same chemicals may be much more common, Previously we
proposed four bioassays, all based on dominant behaviors of c]adocerans which undertake die]
vertica] migrations. They involved: I! modification of the timing and extent of vertical
migration; 2! the response of populations to the angular light distribution characteristic of all
waters; 3! the response of popu]ations to polarized light, and 4! certain behavioral characteristics
of the cladoceran compound eye. Three of these assays have been tried and results will be
presented and discussed. Recommendations will be made relative to their potential for
widesprtead application.

Arbor, Ml. Use of Clinical Blood Chemistry to Assess Health of Laboratory-Reared
and Field-Sampled Lake Trout

Knowledge of blood chemistry and its diagnostic utility in feral fish is greatly
limited. Normal ranges of several clinical blood parameters  g] ucose, total protein,
amylase, alka'line phosphatase, alanine aminotransferase  ALT!, and aspartate
aminotransferase  AST! have been established for laboratory-reared lake trout
 ~Sa'tvelin s ~name cosh!. Measurements were made accuratety and rapidly using a Kodak
Ektachem DT60 Analyzer and the Ektachem DTSC Module. Adult lake trout in spawning
condition were sampled from northwestern Lake Michigan; eggs from individual females
were fertilized and returned to the laboratory for incubation. In addition, blood
samples were taken from each lake trout. Ranges of' above-mentioned par ameters will be
cooipared to the ranges found in the field-sampled trout. Survival to hatch and
survival of normal fry will be monitored and correlated with the blood analysis of the
parent trout . Establishment of normal ranges for these blood parameters i n laboratory-
reared fish i s important for compari son with field-sampled fish to evaluate clinical
blood chemistry as a tool for monitoring fish health.



HEHSTED. J.L., OIESY, J.P., JONES. P.D., CRAWFORD, R., GOOCH, J., Department of
Fisheries and Hildlifa, Pesticide R search Center. Institute of Environmental Research.
Hichigsn State university, East Lansing, NI . ~ 'Qn iver s ity of Haryl and - C EES, Solomons ~

t Of Ynmie ~vmlemey H'meters fOr planar Halmgenated HydrocarbOna in Ha&bow Trout
  myhiaa! .

planar halogenatad hydrocarbons are a group of environmental contaminants which consist
of polyhalogenated biphenyls, dioxima and furans. Toxic ef fects include immunotoxicity.
hepatotoxicity and reproduction dysfunction. It is believed that all pHHs sct via e common
mode of toxic action that ie mediated by the eryl hydrocarbon  Ah! receptor. Due to Pcs
c~n mode Of act'ion, it is POsaible to calculate relative Potency factors of individuaL
PHHs end mixtures by expressing their toxicity re 1 et ive to that of 2, 3, 7, 8-
tstrschlo"dibenxo-p-dioxin  TODD! for endpoints such as cytochrome p-450 end aryl
hydrocarbon hydxoxylaae �HH!. This approach has been adapted to determine the contribution
of PHHs 'to observed envtronmental effects. However, preliminary studies have indiceted that
TEFs developed in aamala may not he appropriate f or as se s sing the e f f cot s of PHHs in
sslmomids . Here «e report the results of a study that was conducted to develop TEF f or Plo s
in rainbow trout using the NH induction, cytochrome p-45QE and cytochrome p-45D mRNh as
endpoint ~ - The results of this study show that rainbow trout derived TEFs significantly
differ from mammalian values. ks a result, specific TEFs should be developed before this
approach can be used to assess the ef facts of pHHS to other spec ies .

D1D YOU KlVOW
Buffalo had the worlds longest breaJaaall ln 2897.

Bu+alo Harbor - 1900's
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LOGJtt5y BRUCE E�Rrtvtrtttemental KngftMering prugnun, Departzneat of Civil Engineering, University of Arfaonta
TncstNt, AZ 8572k, Fractal tttmests$osta of aggregates forteed ln nattzrat systems'.

Aggregates in htttes, rivers and oceans have fractal, and not Euclidean, geometri~. Fractal dimensions of tnarine snow
aggregates, obtained from settling velocity and porosity data, are 1.26 and 1 39-L52, respective!y. Lacustrine aggregates spazt

range of fractat dimensions of 139-1,69. These values are lower than fractaf dimensions of 1.8-2.2 obtained for
laboratory-generated inorganic aggregates. Aggregat~ are formed by physical coagulation mechanisms of Brpwnian motion,
shear, and differential sedimentation, We have derived a sct of collision functions containing a fractal ditnension for use Nz
a general coagulation equation. These collision functions predict greater collision frequencies than models based on spherical
particles with Euclidean properties, Assuming only one mechanism of aggregate formation is dominant for a range of particle
sizes, we also incorporated a fractat dimension in a dimensional analysis of steady-staie particle size distributions. UsinS
ptutide-size distributions observed in tnarine systems, we calculated that aggregates formed by shear coagulation had frnctal
dunensions greater than 2 4, whereas aggregates formed from differential sedimentation had lower fractal dimensions in. the
range of 1.61-2.31, Mesc values are slightly larger than fractal dimensions obtained using other techniques. Overall, fractal
dimensions for many biological aggregates frotn natural systetns and engineered reactors are in the range expeaed for forrnatiort
by differential sedimentation. Fractal ditnensions of Inorganic colloidal aggregates are in the range calculated for aggregation
by Brownian motion and shear txxagulation,

GUO J, and KRAMER, J.R.
Dept, ot Geotogy. MCMaeter Untvereity, Hamilton, Ontario, Canada, L8S 4M1
QOUBLE LAYER INTERACTION MODEL AND PARTlCLE CONCENTRATiON EFFECT IN WATER

A double layer Interacton model was developed in the study of the particte concentration effect on adsorption.
The hypofheat iS: At high partkle eoreentrattion and tcwtt tonk Strength, dOuble tayera Of SOrbent particles overlap
lo a significant extent, TNs interaction counteracis columbic adsorption and consequently reduces the partition
coeffkienl Expetrirnentai obsetvatlons support the model prediction, The sorbent for the preliminary demonstration
of the partkle concentration effect was Itaofinite. Later, glass beads were employed io minimize possible interference
from other rnet~nisrns as weg as fo provide precise inlormalion for model calibration. Qn equilibration of the
adsorption system, particles were separaled from sohttion by both filtration and centrifugation, ln other experiments,
a Couette device was also constructed to examine the impact of collision on adsoiption. The model twith
experimental confirmations! gives lilies for the partcfe concentration effect.

I't»itc Health, Box l97 UMHC, University of Minnesota, Minneapolis, MN 55455. Uptake of
I<3«ophobic Organic Compounds  HOCs! by Phytoplankton: A Species Comparison.

The concentration of HOCs in phytoplankton at equilibrium with the surrounding water can be described
i» the bioaccurnulanon factor  BAF!, The BAF for hpophilic compounds has been correlated to the octanol-
w uer parnnoning coefficient  Kow!. Equilibrium between phytoplankton and HOCs is conunonly reported lo
>c reached within thc range from l hour to 3 days in laboratory experiments. However, earlier studies in tbi s
iaboraiory have shown that the partitioning of HOCs between water and the green algae Scertedesmus sp.
require weeks to momhs to reach equilibrium This study examined species differences in the uptake of HOCs
"> comparing rates of uptake, and whether differences in BAF among species could be explained by difference n
i» a".-;al lipid content. Wc investigated partitioning of 40 PCB congeners in unialgal batch cultures over 2-5
«ccks. Correlation of Kows and lipid normahzed BAFs at chosen time points were compared between a green
'inurn e, a blue green algae and a diatom. Cultures were incubated at sub-optimal temperature conditions to limit
u" 1'tvih and its effect on equilibrium.



ftLiRNS S.E., IIASSETI, J.P. Dept. of Chemi stry, State Uni vers ity of New yor k
Cot lege of Env ironrnenta1 Sc i ence and Forestry, Syracuse, NY 13210. Hirex
Contaaination and Transport in the Oswego River.

The Os~ego River has been a source of mirex loading to Lake Ontario since the
1960's. In this study, water samples and sediment cores were collected fr om the
Oswego River to determine the present exte~t and distribution of mirex contarr.ination
in river sediments and to determine the mechanism and magnitude of mirex transport
by the river . Detected mirex concentrations in whole water samples taken from the
river on 12 occasions between December, 1989 and June, 1990 ranged from 35 to 1156
pg/L. The calculated average loading of mirex to Lake Ontario based on these whole
wat'er concentrations is 2 kg/yr. Separate analyses of particulate and dissolved
mir ex fractions were performed on a sma l I er series of water samples� . The results
of these analyses suggest that t' he dominant transport mechar,isrr in the river is
particulate. Analysis of sediment cores is orgoing, To date, mirex concentrations
in cores taken at 11 sites frorr 0.7 ~o 14 .6 kn' upstream of Lake Ontario range from
0.1 tO 564 ng/g, with the highest conCentratianS OCCurr ing ir, Sediments behind a
dam 0.7 km upStrearn fr onr the mOuth Of the river.

uf Public Health, Box 197 UMHC, University of Minnesota, Minneapolis, M4 55455. Microbial Cycling
of' Hydrophobic Organic Compounds in Bottom Waters of the Great Lakes.

Recent evidence indicates that a substantial amount of particulate-associated hydrophobic organic
c oruaminants  HOCs! leaving the water column by sedimentation are not incorporated into the seditnents but are
rec> cled back into the water column in the dissolved phase. We hypothesize that particulate associated HOCs
are released from particles in bottom waters by hetemtrophic bacteria during the rtormal course of minera! ization
ot natural organic matter. Experiments with water collected from several depths in Lakes Ontario and Superior
incubated with t4C-2,2',4,4',5,5'-hexachlorobiphenyl-labeled detritus showed the removal of the ' C-HCB
from the detritus during decomposiuon, The results suggest a linkage between natural carbon cycling and HOC
recycling. Such a linkage implies that permanent burial of HOCs into the sediment will be delayed and wiB be
~ccompanied by an increase in water column residence times. Thus, the exposure time of HOCs to the aquauc
foodu eb may be increased.

COAsTAL a DCEANOGRAPHIC ENGINEERING DEPARTMENT
UNIVKEtSITY oF FLORIDA, GAINKSVILLK, FL 32611
TRANSPoRT OF FINK sKDIHKNTS AND NUTRIKNTS IN IAKK OKKKCHDBKK

This paper presents a study on the transport of fine sediments and nutrients in lake
Okeechobee during spring 1989. Intensive field surveys were conducted to measure wind,
current, temperature, suspended sediment concentration, and concentr'ations of various
phosphorus components, Laboratory and field experiments on sediment properties vere also
cordurted. Based on the comprehensive data, resuspension rate of fine sediments was
determined and found to be an order of magnitude larger than that. determined in the
laboratory, due to the strong influence of waves in the field. Resuspension rate of
phosphorus was found to be typically two orders of magnitude larger than the diffus ive flux
of phosphorus. A three-dimensional hydrodynamic and sediment transport model successfully
simulated the wind-driven currents and sediment transport during a 4-week period. Tne
phosphorus model also reproduced some features of fielri data, A video rape shoving the
computer animation of the simulat.ion results vill be presented.



L~J' W., LICK, 2., and ZIEGLER, C.K., Department of Mechanical and Environmental Engineering
University of California, Santa Barbara, CA 93I06. THE RESUSPENSION AND TRANSPORT OF
FINE-GRAINED SEDIMENTS IN LAKE ERIE.

The resuspension and transport of fine-grained sediments in Lake Erie has been modeled. The emphasis
was on the effects of tnajor storms. Calculations were made for a variety of constant wind speeds and wind
directions and also for major stonm including the November 1940 storm, one of the hrgest in the last century
lt is shown that tnajor storms, despite their infrequent occurrence, are responsible for most of the transport of
fine-grained sediments in Lake Erie, especially in the deeper parts of the lake. The results of the calculations ttte
used to more quantitatively interpret geochronological data from Lake Erie.

University of Maryland Systetn, p.Q. Box 38, Solomons, MD 20688 particie'-
mediated transport of hydrophobic organic contaminants in Chesapeake Bay-

Estuaries are among the most productive natural habitats in the worl-d-
The cycling of particles and organic matter in estuaries is controlled. by'
highly variable physical, chemical and biol.ogical processes. Since
hydrophobic organic contaminants  HOCs! associate «tith solids, their
transport is controlled by the dynamics of particle formation and movelaeDt.
We hypothesize that sediment transport  resuspension! and bioiogicaI.
activity  ,primary production, degradation and zooplankton grazing! control
the transport and residence times of particles and Hoes in Chesapeake Bay-
We are currently investigating these processes in chesapeake Bay using
sediment traps, sediment coring, and high volume, size-specific filtration
at a mesohaline station. These samples are being analyzed for a variety of
HOCs, including PCBs and Ms, to obtain contaminant inventories, settli>g
fluxes, and recycl.ing rates. Initial results suggest that intense sediment
resuspension events introduce large quantities of sediments and HOCs int<
the overlying teater.

Duluth, ttinnesota SS10a. Unique opportunities for gtudv of particle-hssociatedcontaminant Transport and Fete in Lake superior Using tfre Exogenous MineraLCusmingtonite-Crnnmrite .

C uaningtonite-grunerite, an iron magnesium silicate of the ajsphibole group, wasdischarged into Lake Superior ~ith 5 x 10 Kg of finely crushed rock  taconitetailings! during the period of 1956-1980, Since this mineral is very rare in the
Lakke Superior watershed, its concentration, as measured by x-ray diffraction f re Superi. or sediaent samples ~ provides a good indication of hov fine particles~ 0

fros a point source discharge to the open lake are transported and sorted over many
ofyears of residence in the lake. The historical record and the present distrib tion.this large volume of unique tracer particles could be utilized to study ho@uhydrophobic organic contaminants adsorbed to inorganic particles in an effluent ortributary would distribute in sediments of a dynamic large lake system. Also, atsome locations in western Lake Superior undisturbed recent sediment deposits containdistinct annual varves due to the influence of tailings on sedimentation, The yearof each verve can be identified from the tailings discharge record so thatconcentra ti ons of pCBs and other persistent organic chemicals may be measured and.relative annual contaminant loading factors to the lake determined.



~gX~> ggihQOA $. and HITES, RONALD A., School of Public and Environmental Affairs
and Department of Chemistry, Indiana University, Bloomington, IN 47405 USA. FALAK AND TRANS-
PORT OF DETROIT RIVER DERIVED POLLUTANTS 'MROUGHOUT LLKE ERIE.

The influx of persistent, toxic pollutants is one of the foremost problems affecting lake Erie,
The majority of these contaminants come from the Detroit River; thus, the transport and fate o  De-
troit River derived pollutants are major environmental concerns. We have found that a series of struc-
turally unusual alkyl phenols, originating from a single point source in the Trenton Channel of the
Detroit River, are useful as specific chemical markers for studying the fate and transport of Detroit
River derived, sediment-bound pollutants. Gas chrornatograpinc mass spectrometry has been used to
determine 2,4-diver-pentylphenol �4DP!, the most abundant of the marker compounds, in Lake Erie
sediment cores. Since the source of 24DP is known, its measurement throughout tbe Rake unatnbigu-
ously establishes a source-sink relationship for all Detroit River derived pollutants, providing that
24DP can accurately represent them. Using measured 24DF concentrations and a simple compartmen-
talized model of the Lake Erie basins, relative pollutant loads within each of the basins and interbasin
transport rates have been estimated.
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Tpg, Environment Canada, Ontario Regio~, Canada Centre for I~land Waters, P.O.
Box 5O50, Burlington, Ontario L7R 4A6
Development, Grovth and Sustainability

The major obstacle to achieving sustainable development is the view in which
unconstrained exploitation, and expansionary population and economic growth are desirable
and even necessary. This view of economy, the paradigm of "growth," is still praticed
and planned for at the local level by many, if not most, Great Lakes communities. As
a general strategy, this works only so long as the surroundings can stand the changes
involved, and if the marginal costs of growth are declining or constant. Case studies
of several communities in the Lake Ontario basin are examined from the perspective of the
economic and environmental sustainability of their official development plans. It was
found that the environmental and economic impacts of populatio~ growth, and city form are
not adequately recognized . Suburban sprawl, the most taxpayer subsidized, and
environmentally damaging form of development, is still favoured' This is a major cause
of inflation in tax rates, land prices, rents, infrastructure costs, and the general
cost of living andd>ing business. As well> plans include an acceleration in the growth
that is beneficial. One form is called "intensification," and it is shown how this can
be complementary to Remedial Action Plans.

SHIHIZU, RONALD and REGIER, HENRY A., Institute for Environmental Studies, Univers- ty
of Toronto, Toronto, Ontario H5S IA4
Towards Green Governance

Two very significant themes have emerged in Canadian society during the past two
decades: concern for the environment, and the call for public participation. Ir Canada>
we note the renaissance of Prench Canadian nationalism, the empowerment of the Canadiar.
indigenous peoples, and the rise of fe .inism. These social forces, along with the en-
vironmental movement, have changed the cultural, social and political landscape of Carada.
These forces are affecting the values, beliefs, attitudes and actions of Canadians. A
common factor is t' he call for participation. Concern for the environment challenges
the basic North American belief in technological progress, and the demand for partici-
pation challenges the legitimacy of existing decisionmaking processes. Concern for the
environment appears to be taking a more prominent position in the values of the indi-
vidual and of the citizenry, displacing,, modifying, or replacing other values. le will
describe a viev of environmertalism grounded in the concept of ecosystem integrity which
both reflects and nurtures this shift in values. Also, we will explore the impl'cations
for governance in the Great Lakes Basin Ecosystem.

RIVERS, RAY and KILBRATH, LESTKR, Environment Canada, Ontario Region, Canada Centre
for Inland Caters, Burlington, Ontario and State University of New York at Buffalo,
Department of Political Science, Buffalo, New York
Learning Sustainable development

Attitudes towards develop~ant have been fashioned by a cultural heritage in which the
planet is portrayed as a frontier with largely unlimited resources and with humans in the
centre. This egocentric perspective of the global ecosystem has led to the kinds of
human intervention where the long term existence of this planet is threatened. The
publicatio~ of "Our Common Puture" by the Vtorld Commission on Environment and Development
vas the first significant vorld-vide effort to change the way that human society views
itself in relation to everything else in the global biosphere. It is clear that, if the
issues raised in the report are to be addressed, society must change its attitude to the
environment and to the nature of human activity in the ecosystem, While formal educatic.. ~
at the elementary levels, is crucial for this attitude change to come about, that clearly
vill nor be enough. Churches, universities and the information media must become a
greater part of the reformation process, and accept a greater share of the responsibility
for the conditioning of society to environmental ethics. Professional training at trade
schools and within universities must challenge the conventional wisdom and cor,sider the
impact of these activities by professions on long term survival of the ecosystem. It is
only in this way that society car. hope to become sustainable.



WESTRA, LAURA, Ph. D., Department of Philosophy, University of Windsor, Windsor,
Ontario N9B 3P4
Sustainable Development and the Ecosystem Approach: Is There a Conflict?

While the "ecosystem approach" and the call to "integrity" are fairly recent
developments in both planning and theory, the concept of "sustainable development" is a
well-established one, supported--in a rare unity of aims and purposes--by scientists,
religious leaders and people in grass-roots movements alike. Yet for all their apparent
similarities, there are great differences bet~can "sustainability" and "integrity."
International agencies concerned with sustainable development are intent upon fostering
policies and practices that will feed the world's starving people, on a continuing basis,
globally. Their primary concern is with human suffering and hunger, not with instilling
respect for non-human entities. Yet they are also concerned with altering a mind-set
that dictates practices and regulations which are divisive, limited in scope as well as
geographically, and entirely profit-oriented. I propose an analysis of the two concepts,
that is of "sustainable development" and "integrity" which helps to understand how they
relate to one another, and how the two could be best utilized in policy-making.

KELLOGG WENDAY A., Dept. of City 6 Regional Planning, Cornell University,' 17 St.
dohn's Place, Buffalo, NY 14201
Remedial Action Plans: Water Quality or Ecosystem Planningg

To what extent do Remedial Action Plans developed for Areas of Concern embody an
"ecosystem approach" as a planning framework and foster sustainable development in their
recommendations? The paper presents results from a study of the role of public advisory
committees in five Areas of Concern in New York and Ontario. Methods consist of
interviews with members of advisory committees and lead agency staff, observation of
public meetings, and content analysis of planning documents. Data suggest a tension
between the advisory committees and lead agencies in their conception of what constitutes
an ecosystem approach"--both in terms of scientific indicators and institutional
arrangements � and the appropriate integration of sustainable development goal.s into the
RAP itself. Resolution of these differences will likely prove critical for iocreasing
community support for implementation of the RAp and the long-term efficacy of the RAps
for guiding environmental and economic planning and policy decisions in the Area of
Concern.

WELLKR, PHILIP and ENRIGHT, SEAN, Great I.akes United, SUC/Buffalo, Cassety Hall,
1300 Elmwood Avenue, Buffalo, New York 14222
Implementing an Ecosystem Approach

Remedial Action Plans in the Great Lakes-St. Lawrence River system offer a
significant opportunity to put into practice the ideal of managing the Great Lakes as an
ecosystem. While much rhetoric about the need for an ecosystem approach has been
articulated since the concept was fi.rst written into the Great Lakes Water Qua»ty
Agreement there has been few practical attempts to implement such an approach. An eco-
system approach needs to be applied throughout the Great Lakes basin and in site specific
locales. This presentation will review the experience of incorporating ecosystem manage-
ment in Remedial Action Plans and present views on how "an ecosystem approach" can be
fully adapted in these areas of concern. Principles for "ecosystem approaches" in
Remedial Action Plans will be presented.



RUNT CONSTANCE Ea N Special Assistant, Lakewi.de Management Plans, U. S. EPA, Region V
230 S. Dearborn, 5-MQS-TUB-Bg Chicago, IL 60604
Lake Michigan Lakewide Management Plan for Critical Pollutants

Annex 2 of the Great Lakes Water Quality Agreement, as amended in l987, requires
Canada and the D.S. to formulate Lakewide Management Plans for Critical Pollutants  LaMPs!
for each of the Great Lakes. The Mater Division within Region V of the U.S. EPA has
the lead responsibility for development and implementation of LaMPs for Lakes Michigan,
Erie, Huron and Superior. The Lake Michigan LaMP, a multi-media, interagency process
to iclentify ecological impairments and the pollutants responsible for those impairments
locate pollutant sources, quantify and reduce pollutant loads, and monitor the
environmental results, is currently underway.

LOOCKS ORIE, RENNICK, IIILLIAN, and EREKSON, SONER, 'diaai University, Oxford, Ohio
Assessing the Industry-Envitonnent Pattnerships in p rs it of Sustainahility at RAP Sites

The widespread acceptance of "sustainable development" as a paradigm presumed to
of fer a strategy for compatible long-term multiple use of resources such as those of the
Great Lakes is being challenged by a view that the concept is a contradictio~ in terms
 by definition! and only a license to continue incompatible exploitation, albeit more
subt ly than in the past. The "Sustainability Perceptions Project" at Miami University,
Ohio, represents an initiative by Business School faculty in finance, marketing and
economics collaborating with natural scientists in geography, geology, biology and
environmental science. The goal is to explore the common ground of sustainability issues
and evaluate various approaches to the fostering of sustainable relationships between
business, resources and the environment. A critical step is consensus on system endpoints
or other measures against which success in the use of resources in a sustainable relation
ship is to be measured. Results on definition of these measures will be presented. using
the contributions of local industries to work underway at selected Remedial Action Pl«
sites.

RIVERS' RAY and RYAN, J.F., Environnvironment Canada, Mater planning and Management Branch,Ontario Regiong Canada Centre for Inland W t Ba ers, urlington, OntarioSustainable Development for the City of Burlington

Following the recommendations of tho the National Task Force on Environment and Economyby the Canadian Council of Resource and E v
and provincial Roundtables on Environment and Economy, several muniand Environment Ministers for the creation of fede«1

p

decisions at the municipal 1 1. Thna e eve opment committees to advise on planning and resource
eve . he Cit of Bur

u c pa es n ntario to set up a Sustaih y lington, Ontario was one of the f «st
Cit Council and wi p ustainable Development Commit tee reporting toty ouncil and with a key role in advising on the official 1
The approach adopted and the e o c a p arming process for the City.

n e successes and failures in romotin
development a t the muni c ipa 1 lev e 1 P » ing a more sustainable

pa e e are discussed in this paper .



BROOKS, ANN DEWITT, Commonwealth of Virginia, Council on the Environment, 903
Ninth Stree Office Building, Richmond, VA 23219
Sustaining the Chesapeake Bay: Hanaging Population Growth and Development

While siltation, overhatvesring, and toxic chemicals all are causing the decline
of the Chesapeake Bay, nutrient enrichment is the major problem to be managed if the
Bay is to be revita ized. The 1987 Chesapeake Bay Agreement. committed its signatories
to achieve a 40 percent reduction of nitrogen and phosphorus loadings entering the main
s'tern of the Chesapeake Bay by the year 20OO. To meet this commftment > the Bay states
are: improving their sewage treatment f ac il ities; changing their f ores try and agricultural
practices; improving their erosion and stormwater management; eliminating phosphates from
their detergents; and trying to contemplate what it means to reduce nutrients by 40K in
the face of tremendous growth pressures. The Chesapeake Bay Progra~ has caused the Bay
catmunity to face for the first time the consequences of "business as usua~" growth and
development. Each jurisdiction has responded differently and a number of creative pro-
grams have been developed. The paper vill discuss the management of papula ion growth
and development in the Bay area, While "sustainable development" has not been a byword
of the program, that is what we are tyring to accomplish. Whether we wil' succeed is as
yet unkown.

FINDLAY, RICHARD, Ontario Round Table on Environment and Economy, 790 Bay Street>
Suite 1003, Toronto, Ontario h17A 1Y7
:mplementing Sustaintable Developmer in Ontario

We are beginning to discuss the answers to some very important questions: What
sort of legacy will we be leaving future generations? Will it be a legacy of polluted
air and ~ster and depleted resources? Or can we shape the future so that our actions
lead to the long-term management of resources in such a way as to ensure the environment
is protected. The general response to these questions is that society must move quickly
to adopt a strate for sustainable develo ment. The challenge is to develop a strategy
tnat brings environmental considerations more into the mainstream of economic decisio~
making ln Ontario, to provide leadership and direction in meeting the challenge, the
Ontario government. established the Round Table on Environment and Economy. Representing
environmental organizations, industry, labour, agriculture, aboriginal peoples, academia
and government, the 21 members of the Round Table reflect the need to involve all sectors
of society in integrating environmental planning with economic planning. The release of
the Round Table's Challen e pa er is the first important step in preparation of Ontario's
strategy for sustainable development. It explores the environmental and economic issues
that must be addressed and presents six principles which will be used to guide and
implement sustainable development.

SERAFIb1> RAFAL, Heritage Resources Centre, University of Waterloo, Waterloo, Ontario
H2L 3G1
Assessing, Institutions for Sustainable Development: Lessons From Great I.akes 1fanagement

Efforts to manage Great Lakes water quality can be traced back to the late nine-
teenth century. Four historical periods can be identified in the search for sustainable
deve3opment: �! "Early conservation," ci870-1914; �! " rass exploitation," c19!5-1955;
�! "Ecodevelopment," c1955-1975; �! "Towards ecosystem integrity," c1975-pre er't ~ Fath
one of these historical peri. ds has been associated with a distinctive set of institutional
arrangements which can be characterized in terr..s of distinctive information svstems and
communication strategies. The argument of the paper is not that the most recent
historical period is somehow "best" or most evolved, but that it is part of ar. historical
process. Taking an historical perspective on the strengths and weaknesses of past ex-
Pe»ences provides the opportunity not only for assessing the current practice of G=eat
Lakes management, but also an opportunity for i.mproving assessment methods in envir onmer.tal
manage~cut and planning more generally.



SLOCOHBE, D. SCOTT, Department of Geography, Wilfrid Laurier University, Waterloo
Ontario 52L 3C5

Integrating Ecosystem Dimensions for Indicators of Sustainability

The e f f ort to prevent and remed iat e problems due to the interaction of human soci e ty
and the natural environment in the Great Lakes Basin has been guided for more than ten
years by the ecosystem approach. Today the concepts of sustainability and sustainable
development are providing new goals to guide those efforts. The key to operationalizimg
sustainable development is devising measures of progress toward it--indicators. As the
ecosystem approach seeks to integrate ecological, social, political, economic and ethical
dimensions of the Basin, so must indicators of sustainability. Within a nonequiiibrium
systems theory framework concepts such as complexity, integrity, change, landscape,
transformation, and catastrophe contribute to integrating insights from ecosystem science~
landscape ecology, human ecology, thermodynamics and organizarion science in selection of
indicators. Synthetic indicators, e. g., landscape heterogene ity, social /ecological
feedbacks, and system dissipation, not only tell us where we are in relation to
sustainability, but also give some indication of limits and alternatives to traditional-
development.

BOYER, BARRY, Director, Baldy Center for Law and Social Policy, State University
of New York at Buffalo, Buffalo, New York 14260
Building Legal and Institutional Frameworks for Sustainability

While the U.S. has lagged behind Canada in adopting ecosystem protection and.sustainable development as social goals, neither country has made great progress in
modifying governmental policy or private behavior to achieve these goals. One reason
may be the lack of an appropriate normative and organizational infrastructure. Based on
experience with Remedial Action Plans, several, dimensions of this infrastructure can beidentified:  I! Further technical and policy development to translate the broad goalsinto relatively simple and understandable operational mandates; �! Development ofappropriate reality checks to avoid manipulative oversimplification of success measures ~<3! Redesign of legal and regulatory mandates to move ecosystem restoration and
sustainability concerns from a peripheral to a central position; �! Popularizatio n «appealing visions of desired future states, as well as negative stereotypes of
environmentally destructive acts and values; and �! Training and empowermen't ofintermediary persons and organizations to bridge the gap between technocratic scientificand policy elites and mass publica.

NULDOON, PAUL, Director ot Programs and Counsel, Pollution Probe, l2 Madison.
Toronto' Ontario NSR 2Sl

SU5SET CHEMICALS: Implementing the Concept of Zero Discharge through Pollutior.
prevention

The goal of "zero discharge" of persistent toxic chemicals has been a vital
component of the Great Lakes Water ualit A reement for l3 years, but there is no sys-
tematic, comprehensive program to deal with the use, manufacture, generation and dis-
charge of these substances. This paper reviews the weaknesses of ther existing regulatory
approaches to toxic chemicals and then proposes reforms to further the goal of zero
discharge. Two of these reforms are the "sunset. chemicals" concept and "toxic use re-duction" measures. The "sunset chemical" concept involves a process for the systematic
banning and phase-out of various substances or categories of toxic chemicals. The first
step is developing criteria for assessing actual or potential harm. Criteria are then
applied to chemicals used or found in the Great Lakes, to determine which ones will be
banned or phased-out. Finally, basin governments must implement the bans or phaseouts.
The second reform is developing strategies to reduce the use of toxic chemicals. SeveralU.S. states have enacted such laws, which set numerical reduction goals and require
users to develop plans for reaching them. Other practical reform measures for achieving
zero dischar.ge will also be discussed.



ARES, ERIE, CRANE, THOMAS and DONAHUE, MICHAEL J., Great Lakes Commission, 400 Fourth
Street. Ann Arbor, MI 48103-4816
Promoting Consistency in Water Toxics Regulation for Protection of the Great Lakes

The Great Lakes Critical Programs Act of l990 codified EPA Region V's ongoing
collaboration with the eight Great Lakes states to develop uniform guidelines for
calculating numeric toxicant criteria and effluent limits. This effort, the Great Lakes
Initiative, seeks to address toxicant accumulation in the Great Lakes, rather than the
traditional focus on stream sements. However, neither the Act nor the Initiative alter
the process by whi.ch the Great Lakes states cur'rently promulgate water quality criteria
or application procedures. Consequently, the potential still exists for wide differences
between the states in the scope and strength of their toxics control programs. This
paper will discuss the causes for the lack of consistency ~ the environmental and economic
consequences, the initiative's role in promoting the objectives of U.S. lav and
international treaty, and the Commission's efforts to inform state legislators and the
public of the need to participate in andsupport the process.

KALINAUSKAS, R. and BOGGS, I... Environment Canada, B67 Lakeshore Road, Burlington,
Ontario L7R 4A6"Bridging, the Gap" � Linking Research to Decision-Making in the Implementation of
Agricultural Nan-Point Source Programs

An ecosystem appraoch must be adopted to link research to decision-making in the
implementation of agricultural non-point source programs. Preliminary findings indicate
that SWEEP  Soil and Water Environmental Enhancement Program!, a $3O million federal-
ptovincial program to reduce phosphorus loadings to Lake Erie from agriculture, has failed.
Although the program advocated an ecosystem approach, no nev mechanisms were established
to bring about change. Research findings were ignored and the program was implemented
in the conventional raanner. The Non-Point Source Overview Madel "bridges the gap" be-
tween research and decision-making. The model is GIS  geographic information system!
based. Its ability to store, manipulate, analyze and display spatial information on
soils, land use, slopes, climate, and sediment delivery facilitates an ecosystem
approach. The model is being used ta idenTify priority management areas, evaluate
existing agricultural practices/programs, and analyre the impact of different policy
scenarios. GIS technology can link research to decision-making. By integrating data
and research from a wide variety of sources, the model provides decision-makers with
the inf armatian required to support environmental sustainahil ity in agriculture ~

DONALDSON, C. and WEBB, M., Environment Canada, C&P � Ontario Region
Pol3ution Prevention -- A Societal Affair

Sustainable development has became the operational byword for doing business in
the Great I akes Basin with little consideration given to practical frameworks for
achieving success. This paper outlines one approach based on the sustainable development
principle of anticipate and prevent, the cornerstone of which is pollution prevention
at source, unlike traditional command and control techniques. The suggested approach

active multistakeholder involvement; promotion of prevention technologies
sive community and l~~~l government participation. While r

in anticpate and prevent, the approach incorporates: environment � economy integration;
ecosystem integrity; conservation and efficiency of resource use; and public-private
alliances.



pjg~ E. ~ and Baker, David B, Water Quality Laboratory, Heidclberg College, Tiffm, Ohio
44883. NUTRIENT TRENDS IN SELECTED LAKE ERIE TRISUTAR1ES, 1975-1990.

Total phosphorus, soluble phosphorus, and nitrate data with near-dai!y resolution will be aggregated into
monthly and annual kiads and time-weighted and flow-weighted average concentrations, Data is available for the
utajor Ohio tributaries to Lake Erie, including the Maumee, Sandusky, and Cuyahoga Rivers. The derived time
series will be analyzed for trends using simple regression approaches and more elaborate time-series models
which wiU account for seasonality and possible autocorrelation, and using non-parametric trend tests such as the
I;endall and Seasonal Kendall tests, Preliminary results indicate that trends for total phosphorus artd soluble
phosphorus are downward, but nitrate trends are upward.

|KILh~imf~, International Joint Coamiss1on, 100 Ouel lette Avenue, Hlndsor,
Ontario Ifgh 6T3. Otanyes ln Point 5ource Loadings of Phosphorus to Lake Erie

After the signing of the Great Lakes Hater Quality Agreement 1n 1972 ~ point source
phosphorus control became a priority with all of the !urisdictions around Lake Erie
Itaplicit recognition of the requirements of the Agreement by stipulat1ng a total phosphorus
limit of 'I fngil for ma]or municipal sewage treatment plants resulted 1n signlficaftt
decreases 'ln phosphorus loadlngs to lake Er'le. Recent estimates of po1nt source loadlngs
from munlclpal and industrial sites In the Lake Erie basin demonstrate that these
improvements have continued as strtaller sources are provid'Ing treatment and larger sources
are achieving better control. The potent'Ial for further reductions r111 be assessed and
the status of compliance will be presented. The question of reduct'lon of loadings of other
chem'teals, espec'Ially persistent taxies, ls considerably less straightforward, and aitfbient
data demonstrate that improvements similar to the phosphorus decreases are not occurring.

St.. Cfvcego, IL 60804, Spring Total phosphorus end Summer Nssolved Oxygen Trends in the Central Basin of Lake
Erie, 1970 - 1 efte.

VVtth annual IOadinga Of lOtal phiZSprerua pP! tO Lake Erie preeently near the targeted t l,000 tonneS, eliminabOn Of
anaxia in the hypOlirnnetiC waterS in the Central Basin iS antiCipated, Ccinciding With reduCtiOnS in TP COnoentr&ions-
Present monitoring programs emphasize behveian-year compteisons of Tp concentrations during isothermal spririg
coriditions to determine Iong-term trends, whereas results from multiple surveys per year were previously combined to
pi Ovide e difffxere fexiual Tp act imalOr, The rate Of reduction of Tp conCentratiOns in the Central Basin from t 970 tO I 986
was calculated from both sets of estirnafors based on data in the STQRET diabase fr all stati ithi defned

in the Cerebral Baain for~;gon in Basin for those yeras in which at hast 4 stsveys were conducted, including one under isothermal
spring condaions. The annual spring-only estimators didnot correlate well withthe multiple survey estimators,  correlation
coefficient 0.07, p=0.83!, bul they dkf indicate a similar rate of decline in TP concentrations �.28 ug TP/Uyr vs 0.24 u

ug

of decline in Tp ~rations. Despite reductions in Tp kxrdings to Lake Erie since 1970, the annual norrrlalized rate
of oxy gen depletion in the hypolimnion of the Central Basin, did not consistently decline between 1970 and i 987, In I 988anct f 989. however, the depletion rates were lower than any reported during the previous 20 years.
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N National Water Research Institute, P.o. Box 5050,
Burlington, Ontario, L7R4A6, Canada.
Lake Erie Water Quality ia 1990: RestoratiorL or Resilience'

A series of surveys were conducted on the west, central and east
basins of Lake Erie 20 years after the landmark work of "Project Hypo".
Electronic pro f i l i ng apparatus was used to s imu l. taneous l y measure oxygen,
temperature, pH, turbidity, and conductivity. Chemical 'analyses were
similar to those used in 1970. Water clarity was exemplary in the central
basin as it has been for ll years. Despite 20 years of phosphorus load
reductions and Secchi clarity >8M, anoxic conditions developed in the
relatively warm and thin hypolimnion. Phosphorus release from sediments
occurred in 1990. These data are consistent with a 1.ag response of the
oxygen situation to P load and this challenges the idea that oxygen
depletion ever fully responded to load increases. The apparent
recalcitrancy of the oxygen depletion "problem" may be explained by
resilience related to the scale of the lake and the locations of loadings.

Ontario II9A 6T3. FAY, Laura A., Oh1o EPA, T030 King Ave., Columbus, Oh1o 43212.
RATHKE, David E., U.S. EPA, Region VIII, 999 18th Street, Denver, Colorado 80202.
Analysis ef Mater Quality Trends In the itestern Basin of Lake Erie

The extreme spatial var1abi 1 1 ty 'ln the western Basin of Lake Erie has confounded
attempts to detect trends in open water quality which may have resulted due to the remedial
efforts of the past two decades. This problem is further complicated by inconsistencies In
the parameters measured and the sampling locations visited. Using cluster analysis of data
available from the U,S, EPA STORET data base, a representative region within the Western
Basin was identified. Factors considered were season and sample depth and location.
Trends 1n nutrients, ions and chlorophyll a were then analyzed for th1s region using
non-parametric stat1 st1 cal methods . Chloride and total phosphorus exhibited the strongest
trends decreased over a 25-year period. These declines are attributed primarily to
decreases ln loadings from the Detroit River.

DRISI~<~L MARK S.; HASSETT, JOHN P.; State University of New York, College ot
Environmental Science and Forestry, Syracuse, New York 13210; and L.. F2,, SD,f0'; t e;v
York State Department of Environmental Conservation, 50 Wolf Road, Albany, ~Vew York 12233:
HETEROG&lEOUS DISTRIBUTION OF ORGANOCHLOKINE COMPOUNDS IN
EASTERN LAKE ERIE WATER.

Water samples collected from the mouth of the Niagara River at Fort Erie, Ontario, were
compared to samples collected from Lake Erie at Sturgeon Point, New York The samples were
collected from 7/24'86 to 1/24j87. The concentration of p,p'-DDE was higher in the samples from the
Niagara River. The average p,p'-DDE concentration, was 0.531 ngfl. in the Niagara River but only
0.274 ngfL in Lake Erie. WMe p,p'-DDE concentration was higher in the Niagara River PCHs were
not. Four PCB congeners were studied and all were significantly higher in concentration in Lake
Erie. The average difference in concentration was 11%. A transect of eastern Lake Erie was made on
9jl5/86 from Sturgeon Point, New York to Point Abino, Ontario. PCS concentrations were as high as
79? n g/L and ha8 a congener pattern similar to Aroclor 1262 These high PCB concentrations vv ere
also seen for two sampling dates at about the same time in the samples collected froin the Niagara
River. Using a simple morsel and average PCS concentrations re~orted by other researchers these
high PCB concentrations could account for an increase in the PCS loading to the niagara River
from 82 to 225%.
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REYNOLDSON, Trefor B., NWRI, CCIW 86' Lakeshore Rd, Burlington, Ontario
L7R 4A6. Evidence on the former state and recovery of the benthos of Lake Erie.

Surveys of the benthos of L. Erie from 1929 to the present show major changes in the
faunal composition, particularly in the western basin. This was a system that was
dominated by the mayfly Hexagenia limbata from the first survey in 1929 until its
disappearance, due to oxygen depletion from eutrophication, in the early 1950's. Since
that time the benthic community of the western basin has been dominated by
oligochaetes. However recent data suggests that there is evidence of recovery of the
western basin. The species composition of the oligochaete community has shifted to the
point where the more eutrophic species, such as Limcnocfrl'!us hoffmeisteri, are reduced
in number and the mesotrophic species, such as the Aulodrtlus species assemblage, are
more abundant. This is particularly marked off the Maurnee and Raisin river mouths.

While there is less data available in the central and eastern basins evidence from
Hexagenia remnants in sediment cores suggests this mayfly was also an important
component of the community in much of the central basin, although the absence of tusks
from the southwestern part of the central basin does indicate historical anoxia in the area
off Sandusky. From the limited data available there does not appear to be an recovery
of Hexagenia or the benthic community in central Lake Erie.

Makarewicz, J. C. and T. Lewis. SUEY Brockport. Long-term
changes in phytoplankton and zooplankton in Lake Erie

The historically high productive West.em basin has had a
steady decrease in algal biomass from 1958 to 1985.
Similarly, chlorophyll a levels have decreased in all basins,
but most. dramatically in the Western basin. Lakewide, the
mean weighted algal biomass was 3.4, l. 5, 0. 8 and le 26 g/m
in 1970, 1983, 1984 and 1985, respectively. A 56 to 764
reduction in algal biomass has occurred in offshore waters of
the lake from 197O to 1983-85. A 96% reduCt.ion in the

a
ygg~a has occurred since 1970.

A decrease in summer Cladocera and Copepoda abundance in
the Western Basin is suggested from 1961 to 1985. The
decreases in phytoplankton abundance, chlorophyll, total
phosphorus and turbidity are consistent with expectations of
long-term nutrient control. However, the significant changes
in the composition of the zooplankton community with the
appearance and establishment of the large cladoceran ~Da hnia
puligi~e. are attributed to a change in planktivory.

B. Vondracek, Ohio Coop. Fish and Wildlife Res, Unit, 1735 Neil Ave., Columbus, OH
43210. Changes In The I-orage Fish Coaaunity Of Lake Erie, 1969-88. Effects Of
Predation?

lhe effeCtS Of predation On the StruCture Of aquatic Communities have focused
largely on interactions between planktivorous predators and their prey. increased
densities of piscivorous walleyes  Stizostedion vitreumj in l ake Erie over the past
decade provide an opportunity to study the effects of piscivory on the fish community.
Me examined annual fish assessme~t data from bottom trawls in the wester n basin of
Lake Erie to measure changes in relative abundance and size structure of prey fi shes
duri ng a period of low walleye abundance   1969-77 ! and one of h i gh abundance   1978-88! .
Significant declines in prey fish catch-per-unit-of-effort between periods may reflect
increased walleye nreda:ion. Declines were most evident for sniners [~lvotro is soc.!
and least for rarely eaten species. Length frequency distributions shifted toward
la. ge sizes for most prey species by the 1980's, possibly reflecting size-selective
predation These trends suggest walleyes are a major structuring force in the
community, Thus, curr ent fisheries management programs that focus on walleyes a, e
indirectly affecting the entire fish community
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NYSDEC. 178 Point Drive North, Dunkirk,
New York
The Status of Salmonine Stocks in Lake Erie

During the late sixties and early seventies, several state
fisheries agencies having jurisdi.ctxon on Lake Erie
implemented salmonid stocking policies to develop a sport
fishery. These efforts were encouraged by the earlier
successes of Lake Michigan's pacific salmon program. Recent
annual plants of between 2 and 4 million fish have met with
various degrees of success. Catch rates from several
different sampling programs are presented. Stomach data is
looked at as a cursory indicator of forage base impact.
Rehabilitation of Lake Erie's once native lake trout

management activxties for hatchery-reared salmonids.
Assessments to date indicate that the lake trout population
is healthy and steadily progressing toward established
rehabilitation goals. Prior to treatment of tributary
streams in l986, sea lamprey induced mortality was thought to
be a major limiting factor to rehabilitation. Following
treatments, lake trout and other salmonids are demonstrating
favorable responses to reduced sea lamprey presence.
Continued sea lamprey treatments appear to be necessary to
allow population growth.

RSON r' an A. S.J. Ne s . Ontario Ministry of
Natural Resources, Fisheries Research Section.
Walleye Stocks and Dynamics in Relation to Fisheries
Management in Lake Erie

A successful fisheries management policy depends upon an
appreciation of the temporal and spatial dynamics of stocks.
We explore the evidence that there may be a behavioral and/or
genetic differentiation of stocks in Lake Erie. These
speculations are largely based on an analysis of the temporal
and. spatial distributions of commercial walleye catches in
Ontario. Recruitment explains most of the variation in stock
size and harvest. We considered three factors affecting
recruitment: parental stock size, thermal conditions, and
parental condition. Of these, only parental condition
appears related to recruitment. Regulation of recruitment
appears to be more related to the abundance of preceding
cohorts than to parental stock size. A closely coupled
regulation may appear chaotic.

Liehttoppler, Prank E- ~ The Ohio State Usisersity. 99 Kaat Erie Street, R'aimeeville,
OI 44071! %io's Lake Erie Charter Boat Insluatry In 1990 ~

Reflecting the restoration of Lake Erie's walleye population, the Ohio Lake Erie
charter industry has grown from 46 vessel captains in 1976 to 1,211 vessel captains in
1990 ~ The number of charter boat angler hours has grown from 38,000 in 1976 'to almost

5 sd.llion in 1989 ~ However, 1990 was the first year since 19j6 that the charter boar
angler effort fell from the previous year. A 1990 survey of Ohio charter captains
resulted in a return rate of 51 percent. The average number of charter trips fell from
43 in 1985 to 29 in 1990. The res pond i ng captains indicated the t ooor weather
conditions and the impacts of exotic species concerned them most in 1990. Increasing
the number of charter trips per captain was by far the most frequentlv plan~ed change
desired by the responding charter captains. The charter industry in the 1990's faces a
number of problems including a reduction in the Ohio daily catch limit from 6 to 5
ssaileye, unknown impacts from the exotic zebra mussel, costly new safety regulations and
increased competition for recreational dollars. These problems re fleer. the increased
demands that have been made on the resource.
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JUDE, Davkt J., REIDKR. Robert H., and SMITH, Gerald R. Center for Great Lakes and Attest~
~noes. University of Michigan. 2200 Bonistcet Blvd�Ann Arbor, Ml 48109,
Tcchnical and Egglne~ Scrvtom, Detroit Edam Company, Detroit. Ml 48210,
~ <uscum of Zoology, Dtvta on of ~ Uahrcrsity of Michigan, Ann Arbor. Ml 48109.
Fbi gyjbcnce af OohiMae In the Great Lahea Basin.

A tubenose goby  Protetorft nns slarnlanrtus!, a European endangered species native to ~ BI k
Caspian Seas. was zeccssned I l 1 April 1990 from the travelling screens of the BcHe River ~~ p
~ted on the St. Clair River. south of St. Clair, Micbgpn. Subsequently on 28 Jurae. 18 Dtsy
September, a Canadhsn and two American angers each ca~t a round goby  IVeogobius mettsrtoso ~and 23

tbc St. Chir River near Sarnia, Ontarto. Three tubenose gobies and four round gobies were im~~
Bc!!e River Power Plant screens in fall 1990. and 17 round gabics and 27 tubenose gobies werc ts-awl~ f
an area near the BeUe River Power Plant intake structure on 30 Navember. and 12 and 17 ~3nber 19
Length range cf the rcnmd gobtcs was 29-118 rnm tata! length, while tube~ gobies ranged ~m 4S n, t�
mrn, Nine of the round gobies �9-61 nun! are ~~ to be young of the year. These species are= betteved «
have been transported to the Great Lakee tn baHast water. It appears these two speci~
success ully colonised the St. Clair River and wtli probably spread throughout the Great LsLkc.a,
expected to directly impact othn' bcnthtc fishes. such as sculpins  Cottus spp !. darters  Etheoaioma sp
and Iogperch  Reretna coprades!, and in turn act as prey for walleye  St zostsd on ottreum!.
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0, y, S,, i i Y
ment, 135 St. Clair Av.W., Toronto, ON M4V1P5, 2 Geomar Geophysics Ltd., 3744 Meyerside
Dr., Suite 4, Mississauga, ON LST 1A3. INapping of contaminated sediments using the
eleCtrOmagnetic  IftduCtive! methOd.

The electromagnetic method was used in 1989 to map the distribution of soft sediments in
several areas of Lake pntano in the Toronto and Kingston vicinity. The selected areas are affected
by industrial and sewage treatment plant discharges, or acbve lakefilling. In the electromagnetic
method, an alternating voltage applied to a transmitter coil on or near the sediment-water interface
causes eddy currents to be induced in the sediment. These currents, in turn, generate a secondary
magnetic field which is proportional to the sediment conductivity, and is measured by a receiving coil.
This conductivity increases in areas of soft, contaminated sediments, and provides an estimate of the
area of contamination. Contaminant levels in sediment samples collected during the surveys are
used as a measure of "ground-truth". This method has proven to be a very efficient, fast and cost-
effective tool in investigating spatial distributions of sediment physical and chemical properties, as well
as a guiding tool for future survey programs,

RUKAVINA, N.A., National Water Research Institute, Burlington,
Ontario, L7R 4A6.
Variability of the physioal pzaperties of Rmd.ltoa Harbour bcsttota sedimettte

Hamilton Harbour bottom sediments consist of soft, black, porous rnuds and
sandy muds averaging 34 cm thick over a substrate of firm grey and grey-brown
silty clays and sands. Pb210 data from sediment cores give sedimentation rates
of 0.2-0.8 om/yr and indicate that the black muds are industrial sediments
deposited since the start of the steel industry in the harbour about 150 years
ago, and that the substrate material predates industrial activity. Sediment
properties are consistent with this origin. The underlying silts and clays are
uniform in both plan and profile and appear to be natural bay sediments. The
black muds show unsystemat,ic vertical and areal variations in geotechnical and
magnetic properties, part,icularly in the main central basin and in the small
basin opposite Dofasco. This appears to be related to sediment di sturbance by
industrial activities in the harbour but may also be caused by degassing and
mixing of core sediments during recovery. Whatever its origin, the sediment
variability Mill affect chemical and biologic profiles of sediment cores and
will have to be taken into account to ensure that trends in sediment quality are
not misinterpreted.

~~G K, MORRIS, %. A%! RUKAVIN+ NAJlcpt. of Geology, McMaster Unt crstty,
~a~ M~ N~ Hater Resesteb Iststl~ Ibtrtbtgt~ Qrstasto> Matsptrtl ctssstssmbsssted-
~ tdhaesst tbkkncss «ttb s alssettc sscctsttblity.

~i m ~++'y IwoSIts «sediment ares frosts IbsmQton ~ sbow s pmtsouamd rtrssp st depths
to crstersprssd witb tbe base ct' contsmbsstcd bsdustriat sediment sesocisted ~tb

y rrsrrerscrjts ress bc tatters quscUy msd rsrm-desbnsctrse!y ots urKycocd cores,
P m maPP% tbc ~rstss of tbc ccrstambsstcrt-scdincrst layer is tbc ~ srsd in

tbc cootsmbMetd serbrlat bss a magncoc Isbcl Morc etaitcrt
progress are rxxscented 'wslb tbe CFectt Or Nnstrt Site
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MOREHEAD, N.R., J.A. ROBBIHS, and A. MVDROCX. Anthropogenic Alteration of Carbon,
nitrogen, and Biogenic Silica depositio~ in Lake George  St. Marys River! since 1820.

In 1986, sediment cores were taken by diver in Lake George, part of the St. Marys
river system below the Sault Ste Marie industriaL region. Cores previously
radiometrically dated and analyzed for contaminants  PAH, PCB, DDT, Cr, Fe, Mn, Iab and
2n! show organic carbon  OC!a nitrogen �!a and biogenic silt.ca  BSi! concen.tration
increases that. are well. correlated from 1830 until they peak around 1910. Thereafter with
increases in iron and manganese from steel production, these three constituents diminisl
until about 194G. After 1940, N and BSi decrease further, reaching a minimum in the early
1960's, while OC increases two-fold by the mid l97O's. An additional short, term
depression in BSi in the 1960's coincides with a sharp spike in the Cr concentrati.on,
probably due to tannery activities upstream, and with a broader spike in the Zn
concentration of unknown origin. Of 38 constituents measured, elemental bromine
distinct in its high correlation with BSi  ranO ~ 90;Nm56!. To investigate this correlation,
the conventional NaOH extraction method was modified  by substit.uting LiOH! to allow
neutron activat.ion of the extractants.

CDAKLEY J.P., Lakes Research Branch, hlational Water Research institute, Burlington, QN
POULTON, O.J., Water Resources Branch, Ontario Ministry of the Environment, Toronto, ON
Soarrce-related classification of St. Lawrence Estuary sediments

Surficial sediment samples covering the shallow-water and intertidal zone of the St. Lawrence
Upper Estuary  Ile d'Orleans to Saguenay River! were analyzed for grain-size and selected trace
elements. The aim of the study was to identify integrated patterns of sediment transport in this
dynamic body of water as an aid in resolving contaminant pathways. A modified cluster analysis of
the sediment data �2 samples, f 5 variables!, using ratio matching and average linkage, revealed
cfustertng of sample sites that can be interpreted in terms of two principal sediment sources. The
largest duster �9 samples! is associated with the main St. lawrence discharge, while the smaller
grouping, comprising 2 sub-clusters  f containing 6, the other, 4 samples! is located in the eastern
portion of the area, near the ouffa}l of the Saguenay River. Research is continuing to resolve other
source indicators in the estuary and to place these sources into an historical context. '

~SIDD< l Muhammad A., and SIKKA, Harish C., Division of Environmental Toxicology and Chemtstry,
Center for Environmental Research, State University of New York College at Buffalo, Buffaio, h Y I42>Z
MICROBIAL DEGRADATIOV OF BENZO[a]PYRENE  BaP] IN THE SOIL AT THE TIMES BEACH
CONFI. hED DISPOSAL SITE

The soil and sediment at rhe Times Beach Confined disposal site, Buffalo, NY are contaminated wit};
polyn uclear aromatic hydrocarbons  PAHs!, In order to assess the environmental fate of high-molecular hh eight
PAHs at this site, we have examined the microbial degradation of benzo a!pyrene [BaP], a model carcinogen
PAH, in surface and subsurface soil collected from the Times Beach site, The soil v, as inc~bated with I 0 pprn
t4C-labelled BaP and microbial degradation was examined by assessing the evolution of t4COz t'ntineraliza.ion!
:.nd the formation of BaP metabolites, After 144 days of incubation of t4C-BaP in the soil with a moisture content
ot 38% ut Z8D C, 32% of the initial radioactivity was evolved as 14CQ2, indicating that the microorganisms! n the
soil have the ability to cause BaP ring cleavage at position 7 or 10, or both. The microorganisms in the surface sotl
rapidly degraded BaP without any lag time. In contrast, mineralization of BaP started after a lag penod of 20 tt.tys
in the sttbsurface soil. The degradation of BaP in the surface soil increased with an increase in seel rnoistt re
cf ntertt artd incubation temperature. Analysis of orgartic solvent-extractable residue from thc soil O' HPLC
showed the presence of a stngle metabolite peak which accounted for nearly S~rf of the total extract' t..le
ntduttctthtt>. To Our knOwledge, thiS iS the first Study tO repOrt a SignifiCant mineraliZattott of BaP b' ht~:I
microorg;tnisms I'Supported hy Buffalo District Army Corps of Engineers!





ZEMAN, A. J., Lakes Research Branch, National Water Research Institute, Burlington,
Ontario L7R 4A6. Consollttatiost of very soft sedlmessta due tu assbaqneosss cappinl.

Subaqueous capping has become an important concept for isolating contatninated finc-
graincd scdunents from aquatic and terrestrial envinanmcnt. TIic capping concept is being
considered as a remedial measure for sediments with mtaicrate toxicity in Hamilton Harbour. The
primary geotechnical concern is time-dependcnt consolidation behaviour due to the load applied
by the cap, The consolidation analysis was carried out for two sites in the harbour and, for
cotnparative purposes, for one site in western Lake Ontario. Large oedometer tests with pore
presstnc measurements were used to define void ratioeffcctive stress and void ratio-permeability
relationships. The settlements and rate of consohdation were computed using thc classical
 Tcrzaghi! analysis and the finite strain analysis. It is shown that the finite strain analysis predicts
greater magnitudes of settletnent and substantiaUy faster rates of consohdation than those
calculated by the classicaI theory of consolidation.

Four-masted schooner entering Buffalo Harbor under toui - 1 897.
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DZKTZ, PAULINE h. {HpNCK!, and DONAZXl N. HUGHES, Ont. Nin. Natur.
Resour., R,R, 2, Nheatley, ontario NOP 2PO. h revd.e» of the ecology of
rainbow aaelt Q Lake aria.

Znformation an the biology of lake Erie rainbow smelt was compiled from
a variety of published and unpubl.ished sources, as background mate~ a
toward the synthesis of new science for managing pntario' s smelt fisheries.
Earlier studies have daoumented the alternating year-Claaa dominanCe  AYD!
characteristic of smelt in Lake Erie, and have described the horisontal and
depth distribution of smelt ypy, yearlings and adults. Changes observed in
the smelt population include; declining size-at-age; increasing ~urea
infection rate; disappearance  in the mid-1970s! and re-establishment
 mid-198 0s! of AD; decreasing representation of smelt >3 yr in the trawl
fishery aince 1985; end a pronounced reduction in number of beach-spawning
smelt at Point pelee during the past decade. Concurrent changes in the Lake
Erie environment and fauna are noted in regard to the above observations.

Qgg, Jggg I., aLod INMtD T. COI, Ontario Kinistry of Natural Resources, R.R, k2,
Raeatley, Ontario, MOP 2PO, The trawX fishery for rainbow saelt on Lake Erie.

The history of the cosanerciai trawl fi.shery in the Ontario waters of Lake Erie is
traced from ita inception in the l950's to the present. Catch, effort and regulatory
measures are chronicled. Rodificationa in technology associated with the fishery and the
reporting systems used to monitor catch and effort are described.

VOLFERT, DAVID R. Sandusky Biological Station, 6100 Columbus Avenue, Sandusky, Ohio,
Rainbow smel t abundance in U. S. waters of central and eastern Lake Erie, 1978-1980 ~

Eleven synoptic surveys using bottom travls were conducted in the U. S. waters of
rhe central and eastern basins of Lake Erie during 1978-1980 to determine if smelt
 Osmerus mordax! stocks were sufficiently abundant to establish a commercial f ishery.
Smelt biomass estimates were made for all sampling periods, however only two were
considered to be indicative of the populat ion - central basin estimates in April and
November 1978 of 47 and 18 mill «n poun«respectively. A commercial fisherv was not
considered warranted as 60K of the catches amounted to 10 pounds or less. Only 5 taws
produced quantities considered to be economically feasible. Five age classes were
collected, however the spawning population vas usually composed of age II and III f ish.
A large post-spawning mortal iry occurred in 1978 and 1979 but not in 1980. Associated
species taken in trawls consist«»stly of spot tail and emerald shiners, trout-perch,
and yel] ov perch. Nost of these species were taken at depths less than 50 feet while
smelt catches were mainly from depths greater than 50 feet.



EIfIHOUSE. Donald . NYSDEC. 178 Point Drive North. Dunkirk. New York
The Status of Rainbow Smelt in New York Naters of Lake Erie

Rainbow smelt  Osmerus rnordaxj have long been a dominant member of the coldwater
fish cornrnunity in the New York waters of Lake Erie. This species is a major
cornpon ant of t he d ie t of bot h warmwa ter and coldwat er pie civores . Adult lake trout
appear to consume rainbow smelt almost exclusively during the surmner months. Walleye
also make ester.s ive use of rainbow smelt as prey. As such, the surrener distribution
of walleye zn New York waters appears to be strongly influenced by the distribution
of rainbow smelt. Neither commercial or sport f isheries targeting rainbow smelt have
developed in New York waters.

The New York Department of Environmental Conservation only recently began an annual
bottom trawlrng program to monitor smelt stocks in 1987. Results fran this new
assessment program suggest larger, and presumably older, rainbow smelt are scarce in
the population. A spring sampling program to monitor ichthyoplankton indicates
larval rainbow smelt occur in very low densities in New York waters. There is no
other evidence avarlable that currently ident if ies any significant smelt spawnirg
areaS within N w YOrk waterS,

%STEEL, @BRY~., Ont. Hinistry of Natural Resources, Port Dover, Ontario
srQR 1ND. Year-class recruitment indices of rainbow smelt derived from bottom
trawl surveys ia Long Point Bay, and projections of commercial smelt harvests
by the Ontario trawl fishery in eastern Lake Erie.

Two bottom trawl surveys were conducted annually during September to October' by
the LEFAV in Long Pt. Bay, Lake Erie to estimate recruiting year-class strength and
to predi.ct commercial harvests of smelt by the ontario trawl fishery in eastern Lake
Erie. Standardized bottom trawls were fished weekly at fixed inshore �.5-5.0 m depth!
and Of f shore StatiOne  9-21 m depth! sinCe 1980 and 1984 respectively. Only the YOY
of smelt were present in the inshore trawl catches. Xn the of f shore survey, dominant
year classes of smelt remained a significant component of the fall index trawl catches
for up to two years of age despite an average annual corrrmercial harvest of 9479 tonnes
since 1981. Trends in year-class abundance, measured as geometric mean catch per trawl
hour  CPTH!, show an alternating year-class dominance unti.l 1988 in both trawl surveys.
A rrroderate, stronger than expected year class in 1989 was followed by another moderate
year class in 1990. A strong linear relationship existed between TOY trawl indices and
the total number of yearling smelt harvested in year + 1, and between yearling trawl
indicee and the number of two-year-olds commercially harvested in year + 1.

~OR A'Q~Q, Ont. Min. Hatur. Resour., R.R. 2, 'Nheatley, Ontario NOP 2PO
Catch at age analysis to reconstruct the character'istics of a popuIation of
rainbow smelt  oaraerws mordsxj from commercial trawl harvest data'

The commercial fishery for rainbow smelt in eastern Lake Erie, operates year
rouzad, and the characteristics of the harvest vary seasonally. The sampled age
composit3on has been biased by the selective loss of scales from small smelt
during trawl harvest. Unbiased estimates of age composition were calculated by'
fitting a mixture of length distributions representative of particular age classes
of emelt, to the overall length distribution for each harvest season. Smelt aged
1 arsd 2 dominate the commercial harvest. Strong year classes were produced in
1984 and 1986, weak year classes in 1985 and 1987, and intermediate sized year
classes in 1988 and 1989, providing good contrast. catch at age analysis was
performed for the 1982-89 data using CAGEKN  Deriso et al 1985! . The population
has ranged between 3.7 and 12. 5 mi.llion kg, or 1 to 1.4 billion f ish. The biomass
was greatest in the early years  >LL million kg!, but dropped to <5 million kg in
1984 and 1986. The population has slowly increased in the later part of the
decade, to 8 million kg in 1989. The alternate year dominant year class
pherzomenon began in 1984 after the population was drastically reduced by fishing.



@~4~~~~, Ontario Kinistry of Natural Resources, Box 429, port Dover,Ontario. application of surplus production models to the commercial trawl
fiabery for raiabow Smelt  Osmerue morcfax! in eastern Xake Erie.
Changes in the fishery over time  areas fished, duration of trawl drags, andthe reduction in discard of small smelt! described by previous investigators ledto restriction of the analysis to the 1980-90 period. schaef fer  p~0 ~ 007! and pox p .006! models were fitted by functional regressions of fishing success  Cpus,ln CPUB! on effort [boat-days! to provide estimates of KSY �1650, 12700 tonnes!and optimal effort 15880, 8130 boat days! respectively. pishing effort ae trawlhours was recorded from 1985 to 1990. The bias in fishing effort measured bytrawl days ranged between -19 and +19'L, during this time. Schaeffer  p 0. 135!Pox models  p .148! using effort measured as trawl hours provided lower estimatesof lLEY /8475 and 8825 tonneau effort levels 9600, 8100 trawl hours respectively!.Estimates of I  used as a surrogate of P! indicated that the 1985-90 models were

more accurate descriptions of the stock. The recent fishing effort is in excess
of that required for HSY, and the stock is overfished.

OWED , ~ ~ ECNERT T. H. and O'GORMAN , R. l. U. S. Pish 6wilgl~i e service, i7 Lage sk oswego, NY 13126. 2. New York Department ofEnVirOnmental COnServatioq, Cape Vincent FiSherieq Station Cape.vlnoent,NY 13618. ReSPOnse Of RainbOw Smelt to the Changing F1Sh CO!SSunity in
Lake Ontario, 1978-90.

Wi~h alewives and piscivorous salmonines abundant, /he fish com-yunity in Lake Ontaria 1n.the late 1980's waS markedly.different fromm thatn the early 1980's  alewiVes Were abundant and Salmons.new Were rapidlcoming abundant! and from that iq the fate 1970's [alewives and Ballyb-nines were scarce!. Throughout this period of change, we assessed rain-bOw Sme1.t With bO tom trawIq in V.S. WaterS. QrOw 0 Of VOupg, plaqktiVO-rOus Smelt geolined aS aleWlves ingres,Sed and it rcmaineÃ SlOw gurin the1980's despite a nearly 3-fold yariation in alewife numbers. Size-af.-ageamong Older Smelt deClined initially due tO slOwer rZrOwt;h in the firStear Of life,and later due tO sgZe-LeleCtiVe predat?On  age-3 Smelt aver-ged 158 mm in 1978-80, 136 mm in 1981-8$, and 123 mm in I/86-90!. Sur-VlVal Of Smelt age-2 and Older waS pOSitively Correlated With aleWifenumbers  alewives apparently buffered smelt xrom prqdatlon! until pred-tors became abundan~ in thA late 1980's then survival was consis entlow. Intense predation reduced the numbhrs of spelt 	49 mm -- mean catchfejl frOm 134 in 1978-83 tO 24 i0 198 -90. DqSPite Changes due to Pred-
T

tiOn Qy salmqnineS and COrppetition with alewlyes there was no clearrena in smeTt numbers durlhq 1978-90  smelt bgomhss, however, did trendqwnward after 1987!. Cannibalism, the mechanlSm contqOlling year-classslZe, remalnS unchanged and strong year classeS are still being produced.

HIE verlee . Ontario Ministry of Natural Resources, P.O. Box
5000, 435 James St. S., Thunder Bay, Ontario, P7C 5G6. Dynamics of Introduced
Rainbow Smelt  gsmerus mordax! in Lake Nipigon, Ontario and Assessment of
Potential Impacts on Indigenous Fish Species.

The presence of smelt in Lake Nipigon was confirmed in 1976. Due to the
potential impact on the highly valued lake whitefish fishery,  landed valu~
of approximately $500,000!, the Lake Nipigon Fisheries Assessment Unit h«
collected annual data on t
Assessment results inc

a on the Postagoni River spawning population since 1981.
nclude relative abundance, size and age structure

importance of smelt ase as forage by walleye. The lake's unexploited smelt
pe ced two ma]or crashes following 2 to 3 years ofpopulation has ex rienced two

gradual po ulation increase s'
index nettin and commerci

pop se since 1981. Smelt assessment, along with annual

indicate that growth of welle e
g nd commercial catch sampling of lake whitefish and walleye

strength appears to decrease
o we leye appears to increase and whitefish year-class

implications, tential im acts on
ease with increased smelt abundance. Management

po ' p ct.s on indigenous fish species, and. re«mme
ations for assessment are discussed.
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RE~AgT Richard A., Natural Resources Institute, Univers1ty of Hanitoba, Winnipeg,
R3 pgp; FRAkZIH. W11 1 1 am G., Fisheries and Oceans ~ Winnipeg, MB R3T 2ii6. An

Asses~nt'of the react of the Rai~ Sa'-1t on th Fish ry R so ~s of Lake Mimi%9
Rainbow smelt  Osmerus mordax! were collected from a number of discrete locations

<n the upper Winnipeg River system 1n 1989 field surveys ~ In I990 three specimens of
rainbow smelt were collected from Lake Winnipeg itself. Narphometric and fish coamtunity
data from Lake Winn1peg were compared with lakes Erie and Simcoe, relatively similar
smelt-imPacted lakes. The degree of similarity was used as one tool of Predicting the

of the ra1nbow smelt in Lake W1nnipeg. Changes in coeaunity structure following
arri val of smelt in various l akes. including Erie and S1mcoe, were exam1ned for

their relevance to the Lake Winn1 peg situat1on. Hanagement strateg1es from all
provincial and state agencies dealing w1 th ra1nbow smelt were reviewed for their
pertinence, It is concluded that the ra1nbow smelt wi ll becoae an 1mportant part of the
Lake Winnipeg fish comttunity, with the potential to at least partially replace existing
populations of lake cisco  ~Core onus artedii! and lake whitefish  C. ~clu eaforeis!.





Imgg~PH ~; BASV, ILOtoh Illinois State Water Survey, 2204 Gri f fith Drive ~Champaign. 61821-7495 PCSs and organochlorine pesticides and fungicides in
etmOSSNheer ic ~les from Lakes Superior, Hichigan and Iuron.

vapors and particles are collected using Hi-Vol samplers at three sites in
Air vapo

Hichigan on
on Lakes Superior  Sault Ste. Harie!, michigan  Grand Traverse Bay! and Huron 8 naw 8ay! for purposes of measuring ambient concentrations of organochlorine

Sag g rhsw
compoun s

ds  pcs! in the atmosphere and for future estimation of deposition of toxicorganic c lakes. Target compounds include pelts, dieldrin, h hlobenzene  HGS!, and alpha and ganesa hexachlorocyclohexane  a- and g-HCH! . Vaporconcentrations of dieldrin and a-HCH and g-HCH are more air temperature dependent thanPCBs and ttCB. Host vapor phase measurements are therefore lowest at Sault Ste . Harieand highest at Saginaw, respectively the most northern and southern sites. Metdeposition of particles may be a major pathway for flux of these compounds from theatmosphere to the lakes. However, during cold weather, HCB, a-HCH and g-HCH are notdetecrable on partirles, while dieldrin and PCBs are from 5X to 25K as concentrated onparticles as in vapors. Where measurable. particle concentrations are consistent amongsampling sites, suggest ing that wet deposition of particles is s imi lar to these lakes .

CO-CHAIR, FRANKLIN, C., SHIKAZE, K., and TOOI EY, R., STAFF AS S I STAN T
The Status of Ai r Taxies in the Detroit-%windsor/Part Huron-Sarnia RecJion:

A. Report of the I.J.C.'s Air Pollution Advisory Board
The Air Pollution Advisory Board undertook a study to provide anassessment of emissions, ambient air quality, and toxicity data, evaluatethe hazards posed to human health and the environment from air borne toxicsubstances and assess the potential effects of emissions from incineration

facilities in the Detroit-Windsor/Port Huron-Sarnia Region.A list of 125 chemicals were identified which required more careful
review. The Board estimated the extent of the exposure and summarized the
toxicity of each air contaminant. Using a novel screening technique 20pollutants were identified which are considered to be of the greatest
concern. The Board also identified the principal regional incinerators.

Of the 125 compounds, 21 have been evaluated for carcinogenicpotential That is, ambient air monitoring data, a screening level and
estimation of exposure existed for each of the 21 chemicals.

~~~ no~ M EE<>LL Kccecrh F LEU, Shl.hhrh eerE LEE, Wccr-JhE prirrher Depcrrmeor oE
Environmental Engineering, Illinois Institute of Technology, Chicago, Illinois 60616 lire Fate nf Airborne PCBs
and PAHs ln the Great Lalres Rally

etc PCB and PAH dry deposition flux was measured in Chicago with a greasei, Mylar covered smooth plate with
»harp leading edge pointed into the wind. 'Ae PCB data analyzed to date has shown that the dry deposition flux of

Chicago averaged 35 pg/m day between May and November, 1989 and 6.0 pgEtm~ day for May and June
1990, A comparison of the PCB flux measured in Chicago to an estimated non-urban PCB flux shows that the flux
of PCBs is up to 3 orders of magnitude higher in urban areas than m non-urban areas indicating that Chicago and
other urban areas near the Great Lakes must be considered as major sources terms for deposition of PCBs into the
lakes- The airborne PCB concentration as measured by the Noll Rotary Impactor  NM! A stage  particles with
aerodynamic diameters > 65 pm! was 0.94 ng/m3in Chicago and the mean particle phase PCS concentration was 47
Isgtg PCS' were found to be associated with all sizes of atmospheric particles boater their particle mass

concentration decreased with increasing parMe size. PCBs associated with particks, particularly coarse
~ides, represented a significant fraction of the total pCS dry deposition flux even though PCBs in the ambient air
were present primarily in the gas phase.



ON D. A., W. M. J. STRACHAN, National Water Research Institute,
CCIW, Burlington, Ont., L7R 4A6 and R. A. HOFF, Atmospheric Environment
Service, Dovnsview, Ont., M3H 5T4. OLLA Ammm 1S: Orgsmios in 1989-1990
Precipitatiom at Point Petre, Lake Ontario.

Annex 15 of the Great Lakes Waters Quality Agreement { 1987 Protocol!
requires the governments of Canada and the United States to determine the
atmospheric loadings of toxic chemicals to each of the Great Lakes. An
Integrated Atmospheric Deposition Network  IADN! is being developed to
quantify these inputs of contaninants and compare them to other inputs. A
<master" station has been constructed at Point Petra on Lake Ontario and
presently forms the first Canadian station of the netvork. It has been
operating for approximately tvo years.

Bi-weekly vetfall precipitation samples for organochlerine pesticides,
pCBs and chlorobenzenes have been collected in replicate �! from this site.
Seasonal analytical results will be reported along with calculated loading
rates extrapolated for the lake. Results vill be compared with other Great
Lakes and Canadian sites  non-IADN! and trends in the data will be discussed.
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Ed a4, Dept. of Oceanography, Univ, of Washington, Seattle, WA 98195, lCE RAFTING AND ICE-fNDUCED
PROFILE IIOOfFtCATION: WINTER COASTAL EROSiON lN SOUTHERN LAKE MlCHiGAN

Winter fieldwork, undertaken in 1989, 1990, and 1991 at more than 20 sites along the shore of
southern Lake Michigan, examined the role of lake ice in coastal erosion and sediment transport, Dunng ihe
formation of coastal lake ice, a nearshore ice comp/ex  NIC! develops, consisting of an ice foot along ihe shor~
line and a static lakeward sequence of wave-generated ice ridges with intervening shore-parallel lagoons, A
ubiquilous belt of mobile brash and slush ice precedes and accompanies each stage, supplying the ice for con.
siruction. During a single winter, the NIC develops and partially or completely decays several times.
ridges are typically 0-2 m high bul reach a maximum height of 7 rn and cornrnonly are situated on offshore
barS CoaStal prOfileS illuStrate beth erOSlen and depositicn, plue the COnaiStent develapment Of an erOSiortai
troughs along the outer edge of ice ridges. The bathymetric changes and the ice-ridge construction reflect
offshore displacement of wave energy from the surnrner shoreface to the ice-ridge face. Sediment content of the
NiC was highest in the ice foot and ice ridges, and lowest in the lagoonal and offshore ice, ranging from less than
O.t to 866 g/L Average sediment contents indicate that the static NIC contains f80 to 280 t �90 to 45O m3!
of sand per kilometer of coast. The NIC sediment load is nearly equivalent to the average amount of sand eroded
from the bluff and to the amounl supplied to the deep lake basin by ice rafting each year. In addition, south-
ward, IOngshore ice rafting by braSh and SluSh wae COmmOnly at rateS Of 10-30 Ciru'S, SuggeSting that
0.35xtO3 to 2.75x1O3 t of sand per day could be transported along shore.

R WN R S ELL W and%~QL W. TAYLOR, Department of Fisheries and Wildlife, Michigan
State University, East Lansing, Michigan 48824, 517-353-6697

Effects of Egg Composition and Prey Density on the Larval Growth end Survival of Lake Whitefish

Lake whitefish eggs were collected from two stocks of lake whitefish in lakes Michigan and Huron to
assess the effect of egg composition and prey density on larval grcmr& end survival. Egg compositio~
parameters including wet weight  g/egg!, dry weight  g/egg!, percent water, caloric content  cai/egg!, caloric
density  cal jgram!, percent lipid content, and lipid content  g lipid/egg! were measured. Fish hatched from
six parental females in each stock were fed orle of four rations �, 18, 24, 50 brine shrimp/larva/day! after
yolk-sac absorption. Length st hatch, endogenous growth, exogenous growth, and survival were measured
during a 4g-day laboratory experiment. Length at hatch of larvae was positiveiy related to egg caloric
content  r 0,7BG!, while endogenous growth was positively related to egg caloric density <r 0.896! and
egg lipid content  r 0,876> of parental females. Exogenous growth and survival of larval lake whitefish
ives positively related to prey availability and growth was accurately modelled  r ~ 0,973> using a threshold-
corrected hyperbolic equation. These results indicate that egg composition has the potential to be an
inrpoitsnt influence on the growth and survival dynamics of larval lake whitefish.

CAP, Roberta and Itusott, Cameron Acres International Corporation
140 John James Audubon Parkway
Amherst, New York 14228

Zooplankton in the tsew york State Canal system

water samples from 13 sites along the New York state sarge canal system and its
interconnecting waterways were analyzed for Crustacean zooplankton during Aprile
June, August, October and December 1990. A total of 30 taxa were jdentif ied �1
cladocera and 9 Copepoda! . The highest. number of organisrs �9,000/m ' was seen near
waterloo, NY in october. The gr'eatest number of taxa il2! occurred at Albion
June. Highest average number' of organisms per month $2,93om ! and taxa � .2!
found in June, lowest number of organisms �,872/m I and taxa �I occurred
December. Organisms that dominated the populations were mucronate bosminids

C~ndoc e es. in order of ge en. occ rrence. On e e ege, h'gh n chere of orgenie»
and taxa were Seen ar the Saldwineville, NOntezuma, DanSkammer and Waterlaa.
sites, Zooplankton populations followed expected seasonal trends. Zebra musse»
{adult and/or veligers! occurred at three sites but their effect on the zooplainkton
populations was not apparent.



Department, and Chemistry Department, Brock University, St, Catherines Ont L2S 3AI
The Presence of Contaminated Sediments ln tire Nhtgara River ~at ~~ ~

indicated by Invertebrates with Deformities.

Polyvinylbutyral resin is used by the Ford Glass Co. in producing car window glass
laminates. These resins and surfactants for cleaning glass are discharged mto treatment systems
which ultimately discharge to the Welhutd River, the major Canadian tributary to the Niaga
River. Downstream of the Ford discharge, the frequency of chironomid larval abnormalities wa
elevated above the control site at King's Bridge Park. The park is located near the water intak
pf the City of Niagara Falls, Canada A chironomid is a non-biting fly or midge. A deformtty
in the mentum of a chironornid was characterized by deformed "teeth", large irregularities in the
shape of "teeth", or major "jaw"  rnenturn! asymmetries associated with more teeth on one side
of the "jaw"  rnentum! than on the other. Chemical analyses of the sediments using a GC/MS
indicated the likely presence of 1 or 2 n-phenyl naphthylamine and 2,2' or 3,3'- bipyridine at
elevated levels in the sediments from which the deformed benthic invertebrates had been taken.
Among the 543 chironomids taken frotn the King's Bridge Park, 16 �%! were deformed as
tndtcated by the teeth Among the 40 chironomids taken from the Ford Glass site, 3 �.5%!
were deformed as indicated by the teeth. A one tailed "t" test indicated that the probability of
this difference occurring by chance alone was less than 0,05,

ERNEST, A., BONNER, J., and AUTENRIETH, R. Efrect of Particle Sine Distrlbrrtion Descretisation on
Estimated Particle Aggregation Efliciencies

Models proposed for simulation of particle aggregation dynamics range from simple empirical models to applications
of fractal geometry. Electronic particle counters used to measure particle sine distributions provide histograms of particle
numbers in descrete particle sise categories. A ttocculation model based on binary inter-particie collision frequencies was
developed to simulate particle number dynamics in descretised particle sise categories, A frameirork was developed in
conjunction to synthesise experimental data with the predictive model into the unknown model parameters. The object of
'this study is to investigate the data needs for accurate estimation of partict» collision e%ciencics {cr!. Batcli goccutation aad
vertical Iocculent settling studies were conducted on aquatic sediment particles in the sire range of 2 to BOrirri iu diameter
to determine aggregation and settling rates. Using this algorithm, a was determined to vary from 0,002 to 0,4 with salinity
and shear rate. Perceptible settling in the batch ftocculation studies accounts for higher estimated values of cr. Sigrugcant
variabihty in estimated values of a was also noticed within individual experiments when the dynamic particle sire distribution
««were compressed from the instrument dependent 2S6 categories to coarser distributions. Using the initial 256 category
nse distributions from the batch experiments, the predictive model and a wide range of cr values, dynamic partide sire
tbstrib«ion data sets were generated and subsequently compressed into 128, 64, 32, tg and 8 linearly and logarilhmicatty
~y»g particle sire categories. VariabiTity in the a values estimated from the compreued data sets indicates that it i ~

» artifact of the experimental data. The Find residual function value after 20 estimation iterations increased with the
rs tron Ievehr, indicating shallowei residual function slopes. Studies are ongoing to quantify this phenomenon.

AND PENN, MICHAEL, SAIC, McLean, VA, and the University of Michigan,
t Arbor. MI. A SPREADSHEET TOXIC SUBSTANCES MODEL FOR THE GREAT LAliES.

e of the fate of hydrophobic toxictitne-dependent, two-compartment, mass balance model of the y p
was developed in a spreadsheet framework for thethe calculation of toad-concentration

ati»ships to evaluate various load reduction and allocation s gn strate ies. This simplified model
with first-order kinetics expressions.all significant fate processes in the Great Lakes wi

tnodel was calibrated and validated for Total PCBs in Lake OnOntario. The response of Lake
rate ies. It is concluded that the time-was evaluated for various PCBs load reduction strategic .sensitive to the values of the PCBs air:water annd

lo ad-concentration relationship is most sensitive
the p '-water partition coe fficients and p pd the de th of the active sediment ayer. e op i

reduction strateg appears to require simultaneous redvdvctions o Bs in air an
f the sediment clearance rate.opt'mum rate of reduction is on the order of the
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FULLER, JONATHAN A., Ohio DNR Div. Geo. Survey, 1634 Sycamore LineSandusky. 44870 SAND RESOURCES OF THE OUTER LORAZN PUMPING GROUNDS ON THE
LORAIN-VERMILION HORAINE, LAKE ERIE

For many years the 24 sq mi Lorain-Vermilion outer commercial pumpinggrounds have been dredged. The grounds' borders and early sand-resourcereserve estimates were based on sparse data. Forty-four vibratory core~
were taken within a 60 aq mi study area to look at the environmentalsetting and improve on reserve estimates. The study area straddlescrest of the Pelee-Lorain Moraine just south of the Canadian border. The
east flank of the moraine is covered by muddy sand or by a san.d lag.
cleanest and coarsest sand is on the crest of the moraine- On either side
of the moraine the deeper-water lake bottom is made up of fluid mud.
distribution of the sand supports earlier interpretations that the complex
is a stranded beach. A study of the inner pumping grounds suggeststhe beach was built at the transgressing shoreline before the moraine was
drowned by the re-establishment of the Upper Lake's drainage through the
Lake Erie basin, about 2,600 YBP. The sand, which presumably came from
«inn@wing of the moraine till, is therefore a relic deposit which is being
kept clear of fiuid mud because it is on a localized bathymetric high and
it is within wavebase of the larger storm waves that sweep the area.

KQ~5 JgshgLS, and LOUCKS, Oric L.  Miami University, Oxford OH USA!; GLASS, Gary E,  US
EPA Environmental Research Laboratory, Duluth MN USA!; SORENSEN, fohn A. and RAPP,
George Jr.  University of Minnesota, Duluth MN USA!. Increasing Importance of
Nitrate in Acidification of Upper Midwest Seepage Lakes.

Wc have dcvelopcd a two-stage model of the effects of acid deposition on internal
gcncration of acid neutralizing capacity  ANC! in sccpage lakes of Wisconsin and the Upper
Peninsula of Michigan. Thc model uses direct mcasuremcnts and multiple regression to estimate
relevant parameters, and then extrapolates backward and forward in time using reasonable
scenarios of past and future acid deposition patterns. Wc predict many lakes wiil undergo little
change in acid-base chemistry in the near future. despite high rates of acid deposition, due to
iarge increases in ANC produced by nitrate reduction; we predict the importance of sulfate
reduction will diminish, Acid deposition is known to imerfcrc with nitrogen cycling.
Consequently. continuing acid deposition may lead to interruption of nitrate reduction pathways,
thus producing large and rapid dcclincs in ANC.

HOKE R.A.', ANKLEY G.T.', SCHUBAUER-BERIGAN, M.K!, KOSIAN, P.A ' ANO PHIPPS, G.L
'AScl Corp. and 'U.S. EPA, 6201 Congdon Blvd., Duluth, MN 55804. An Overview of U.S. EPA, ERL-
Duluth Sediment Research - Preliminary Results.

U.S. EPA commitment to research on contaminants of sediments has grown recently and will
continue to grow ln the immediate future. ERL-Duluth maintains an integral role in sediment contaminaitt
research at a variety of study sites throughout the U.S. including the Great lakes. Current ERL-Duluth
sediment research has three primary areas of focus; the evaluation of methods for the development of
sediment quality criteria, the development of standard methods for acute sediment toxicity tests using
benthiC invertebrateS and the development of acute tOxicity identification evaluatIOlt methodS far tOxiC
sediments. preliminary results from each of these areas have already contributed substantially to our
knowledge of contaminated sediments as, for example, evidenced by the findings that acid volaNe sulphI«
 AVS! plays a major role In determining the bioavailability of several metals In sediments porewaters and
ammonia is an important contaminant in many sediments. Future research will continue in these areas a"d
expand into new areas such as the development of food chain modeis for establishing sediment quality
criteria.



llIQN~~, N. and LUTTENTON, M. Water Resources Institute, Grand
valley state Universityl allendale, stI 49401. Genetic
Identity of Little lay 4e SrOo and Grand River Walleye
populations.

Allelic frequencies for three polymorphic loci  ADH,
pRQT-4! in muscle were determined for walleye populations f rom
Little Bay de Noc  LBD! and the Grand River  GR! . These
popul.ations differed at the MDH and PROT-4 loci, but not ADH. The
LHD populat ion was simi lar to Lake Huron and Muskegon River
populations at all three loci. In contrast, NDH in the GR
popu] ation di f f ered f rom other populations, particularly from the
Muskegon River. PRoT-4 also dif fered between these two
papula'tions, but di f f erences may be due to small sample size  GR
n~g! . The Grand River is heavily Planted with Muskegon River
stacks ' the genetic dif ference between these two populations
suggests the presence of strong selective pressure in the Grand
giver, or successful reproduction by wild stocks.

AN- W SUNY School of Public Health and Wadsworth Center for Laboratories and
Research, New York State Department of Health, Albany, New York. Neurobebavioral Indicators of
Great Lies Contaminant Toxicity in Mollnsks and Fish.

We have been studying the nettnabehavioral effects of polychlorinated biphenyls  PCBs! in several fish and
molluscan species with the aim of providing insight into general principles of PCB action an the nervous system
and behavior. Results suggest that exposure to a broad spectrum PCB mixture causes similar neurological
deficits, reflex retardation, in both Aplysia  a mollusc! and fish in a dose-dependent fashion. In Analysis, we
have also found that while PCB congeners are taken up indiscriminately from diet, they are distributed
«fferentially to the internal organs. Only a few ortho-substituted non-coplanar congeners bioconcentrate in the
nervous systein. A single neurophihc ortho-congener �,4,4'-Trichlorobiphenyl! can mimic the neurobehavioral
deficits produced by the FCB mixtures. 'Ipse findings together with recent evidence  Seegal et al., this
meeting! for the ortho-affinity of the mammalian nervous tissue suggest that the ortho substituted neurophilic
congcners may be responsible for the neurckehavioral effects of PCBs.

JOHNSON~ Charles N> VS Army Corps of Engineers, Chicago, IL. STRUCTUSTRU C TU RAL

SHo RE PROTECTION IÃ THE GREAT LAKES: A COSTLY MYTH

»e of the unfortunate consequences of past XJC shore-damage studies is
the belief that> because shore erosion is hypothesized to be caused only by
hig»ster levels it can be prevented simply by placing barriers to keep
wave runup from r caching the bluff toe ~ Experience g pce durin the past two Great
~s high-low water-level cycles provides many opportuni.ties to test this

lWhen water levels declined, beach accret ion took place more slow v
edun rotected sites. The accreteand revetments than at nearby p e

«ches tend to be very flat, often with springsn s flowing from em. e
c cr e~~ on indicates ace el crateed

ate thin sand cover; the delayedbeach secre~
'"y erosion near the structures ngEn ineered revetments do not to era e

th nearshore profilemining- Groins provi.de little p rotection wherever t e nearsil ble. tjndermined ~
i determined by clay Durable s stone is not easily ava a e.

d d b b oken concr ete.
mbiing engineered revetments are yusuall succee e y r

n ineered shore-pro ect tion structures
y ~ the ineffectiveness of enginexPlains the eager receptions Wven -magic devices such as ar
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JOHNSON, Charl.es N, US Army Corps of Engineers, Chicago, IL. THE HANDS
PROFILES AT LITTLE SABLE POINT, ÃI: A REMARKABLE FIT OF THE I ONGINOV-
TYPE PROFILE WITH THE BAR-TROUGHS

The approximately 30 profiles surveyed periodically at Little Sable point
on Lake michigan by E Hands 1967-19'76 have been cited as an excellent example
of the Bruun Rule for sand-beach profile response to rising water levels
However, the nearly continuous series of springs on the beaches of the north
side of the peninsula as far south as the Silver Lake State Park boundary
indicate that much of the peninsula is basically a clay feature. Indeed,
Hands noted that the har-troughs of his profiles were often covered with
cobbles and gravel. Such particles often overlie till The deepest troughs
o f the profiles show a remarkable fit with a type of equilibrium pro file
deri.ved by V V Longinov for cohesive materi.als This type of profile is
logarithmic and convex-up

JOHNSONw Charles N, US Ar my Corps of Engineersv Chicago, IL ~ BEHAVIOR
OF THE TOE OF A GLACIAL TILL BLUFF IN RESPONS TO VARYING WATER LEVELS'
GLENN' Ml ~ ON LAKE MICHIGAN~ 1973-1990

Important assumptions of' past IJC erosion-damage studies have been that
the bluff-toe elevation is constant and that the recession rate is a function
of wave energy reaching the bluff toe. For sand and gravel beaches this assump-
tion is known to be incorrect For glacial till shores the variability of the
bluff-toe elevation «ith water level is less well established. A site at Glenn
YI «as surveyed monthly by RA Davis under Corps of Engineers sponsorship from
July 1970 thru August 1973 and photographed by Corps of Engineers personnel
at irregular intervals 1973-1990, at least once per year from 1984 onward.
The bluff and l.akebed are stiff till The bluff-toe elevation appeared to

directly «ith water level This result casts doubt on the IJC study
assumptions and therefore on the study couclusions

JOHNSON, Charles N, US Army Corps of Engineers» Chicago, IL. MITIGATION
OF HARBOR-CAUSED SHORE EROSION WITH B>MCH NOURISHYENT: TWO CASE STUDIES
ON CLAY SHORELINES I ~ IMMEDIATE MITIGATION, NEW BUFFALO~ NI

This harbor was bail t in 1974-75 ~ A 275, 000 cy dredged-sand mitigative
feeder beach was placed downdrift of the harbor as part of the initial con-
struction Rapid depletion of this beach  gone by 1977-78 winter! led to
specification of gravelly land-bomrow material for a 1980-81 389,000-ton
»urishment This placement was not yet fully depleted when augmented in
1985 with 120,000 tons of similar material. The gravel was easily traced
«wndrift. During 1986-88 it began passing two small lakefront communities

to 4 miles downdrift Back updrift at New Buffalo> nourishment of the 1985
type has not been repeated As of 1990 a rapidly worsening erosion problem
«deve].opi.ng in the first sile downdrift from the harbor.



KOCIK, JOHN F. and TAYLOR, WILUAM W.
Department of Fisheries and Wildlife
Michigan State University
East Lansing, MI 48824
Anatjrotnous steeihead and resident brown trout competition in a Great Lait t

trib~
Steelhead have been viewed as potential competitors with resident brown trout inLtLkes tributaries. We evaluated the degree of contpetition between these species, by in~~�;steelhead into an allopatric brown trout population. Prior to the introduction we eval u. ~ b

ltrout population characteristics in six discrete study sections of Gilchrist Creek. Asseasntconducted three times during the year using electrofislung. This stream contained a prodtsntents were

 approximately 7500 trout /ha!, self-sustaining population of brown trout, Steelhead swim up+ productive
were introduced in June 1990 to the lower three study sections. We have not detecteddifferences in the growth or survival of brown trout in sympatry with steelhead. Steelhead yp Ye ted any
have successfully established themselves and exhibit typical growth and survival characterist;eAs such, we feel that steelhead do not significantly irdluence brown trout production in Great
Lakes tributaries during their first year.

LESHT, Barry M�Environmental Research Division, Argonne National Laboratory, Argonne,
illinois, 60439. DESIGN OF A LIMNOLOGICAL SAMPLING NETWORK BASED QN
COMBINATORIAL OPTIMIZATION.

While nonparametric computer-intensive methods have been used to determine the number of
sampling stations that would be required to meet specified criteria of accuracy and precision in the
calculation of a spatial mean, the objective selection of rn particular station locations from a larger set of
n possible locations is a much more daunting computational task. 'Itu s is because the required number
of stations in the network may be determined statistically, but selection of an optimal network
conftguration of stations requires specification of' a particular set. We have experimented with applying
a statistical method of combinatorial optimization known as simulated annealing to the problem of
designing an optimal sampling netwotit for determining the spatially averaged turbidity in Green Bay.
We find that although simulated annealing requires large amounts of computer time, it can provide
reasonable solutions, Computational efficiency depends on the nature of the objective function used
and on the method by which alternative network configurations are generated. Analysis of the solutions
in terms of limnological features can be used to develop station siting criteria.

NYKRS, JULIAN N WASrK SmEtR ~aemrOGY INC. 302 GRVrE rlREZr, BUFPAID, NY 14207
P3?CT BEQPMZDIATICK  F' PEI%OLKUM CXWI'ANZHATED SOIL

Bioremtediation of various petroleum hydrocarboris occurred during a four tilth Pe iod
at the Port Stanley, Ontario site, 4,800 cubic meters of soil was treated in a be acr
ccritairmsit faciltiy.
The Pirp~ of the pilot project was to derncnstrate that: all tmiissicms frctii the»
could be controlled to acceptable levels; the PAH ~traticris axild be reduced ~
~table levels; bioremadiation could be undertaken in a resonable time frame an
mst effective manna.

icts byIntensive biological and physical operaticls resulted in a decrease of BPIX ccsttpou
73%; Tbtal Polycyclic Arcmtatic Hydrocarbon cclttpcainds by 86%; and Benzola!pyrene by
The four points presented in the purpose have been addressed and positive result>
indicated.

.< cate oAs a result of the sum~ms of the pilot project, the Client has received a Certi<~~
~roval for a Haste Disposal Site fnm the Y..O.E. Pull-scale biorermaiiation of t

iiremaining volme of contaminated soil  approximately 40,000 cubic itmters! has cxsrn
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p'NEIL', C.R., JR., New York S a Craat extension Program, 248 Hartwelt Hall, State
IJntrersfty of New York College, Brockport, NY t442lI, lntroductioa and Dispersal of the Zebra Mussel,
Dreisserta po ymorpJro, la Lake Ontario, >9/9 - 1991.

Since its discovery in Lake St. Ctaire in June 19gg, the zebra mussel, Dreissenrz po ymorpha, has
spread rapidly throughout the Great Lakes. The first Lake Ontario sighting of the mus~~l was in Port
Weller, at the mouth of the Welland Canal In Novetnber l989, ln December 19g9, the mussel was
reported at several rnw water intakes along the Niagara River. Several individuals were found attached to
the hull of a navigation marker buoy jn Lake Ontario approximateiy four miles off the Niagara Bar when
buoys were pulled in December 1989 at the end of the commercial navigation season. By January 1990,
zebra mussets were confirmed in several locations in the St. Lawrence River. Spring and Summer 1990
evidenced the rnusseys rapid dispersal along the south shore of Lake Ontario, infesting waters from
Burlington, Ontario, to Nine Mile Point, NY, and in several locations along the lake's northern shore,
near Toronto, Picton, and Kingston, Ontario, While little definitive data exists to accurately determine
the mechanisms at work in the rapid dispersal of the zebra mussel, severai natural and human related
vectors can be assumed. The potential further distribution of the zebra mussel during the 1991 spawning
season can also be inferred from the experience of the past 14 months.

PATTBRSON, Dale, Wiacogasim Department of Natural Resources, Mariners,
Winootasita r 53707.

53739. BIATTACEARYYA, Joydeb, wiscotasiu Department of Natural Resources,
Madison, Wisoogtsia, 53707. CONCENTRATIONS Ot PKYCNLORZNATID QZPEBNYLS ZN
BOTTOM SEDIMENTS OP TEE LOWER FOX RIVERS' WZSCONSZN

The Wisconsin Depart:ment of Natural Resources, in cooperation with the
U.S. Geological Survey, is calibrating and testing a polychlorinated-
biphenyl  PCS! transport. model for the lower Fax River between Lake
Winnebago and DePere. This study effort is part of the Green Bay/Fox River
Mass Balance Pro!ect. As part of this pro!ect, bottom-sediment samples
vere collected from more than 275 sites in a 30-mile reach of the raver.
Most of the samples were gravity cores of soft sediment deposits, but some
samples were collected tasing a ponar dredge. Core samples were analyzed
for pcB and organic-carbon concentrations, particle-size distribution, and
moisture content. Most of the samples were analyzed only for total PCB
concentration, but about 10 percent of the samples were also analyzed for
concentrations of pCB congeners. Total PCB concentrations in the sediments
ranged from less than the analytical detection limit �.05 milligrams per
kilogram! to 2lo milligrams per kilogram.

Qulgley, M.A,, Lang, G.A., and Gordon, W.M. Great Lakes Environmental Research Laboratory, 2205
Commonwealth Blvd., Ann Arbor, Ml 48105. Year-to-Year Variability in Production of the Great
Lakes Arnphipod, Ofporeta sp. In southeastern Lake Michigan.

During 1984 to 1988, annutat Production of the Great Lakes Amphipod Oiporeia sp. was estimated at a
45 rn-deep station in southeastern Lake Michigan through PONAR grab samples obtained periodically from
March to December for each year. Arnphipods ln grab samples were separated from sediment by elutriation
�95 ttm Sieve! and Subsequently p«Served ln toyo fOrmalin SOlutiOn. Individual tOtei length  rOStrum-
telson! was later determined wi'th a microscope-digttizer system. Since distinct cohorts could not be
identified, production was estimated by «Ize-frequency method that accounted for size class abundance and
individual dry weight derived from length-weight regressions. Production esfimates ranged from 15.4 to
18.2 g dry weight m 2y and were comparable to previo usly reported values. P/B ratios ranged from 2.2
to 2.6 and were similar to values expected «r pontoporelid populations inhabiting a 45 m depth interval. A
regression analysis of production values over an 8-year period revealed that a significant  p   0.10i decline
occurred from 1981 to 1988. Actual facto's e feeling this deciine are presently unknown, but previous
evidence suggests that an ircrease in abundance offish predators may be partially responsible.
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ROOD STEPHEN G., AScl Corp., Large Lakes Research Station, 9311 Groh Road, Grosse
Ile, NI 4813S. Geographical lnforrnation System  GIS!/Global Positioning System
 GPS! Support for Assessment of L'ontaminated Sediments in the Buffalo River,

The Buffalo River was selected as one of three sites for study as part of the
Assessment and Remediation of Contaminated Sediments  ARCS! Program. Sediment profiling
was conducted and core samples were col'lected for contaminant analysis during 1990,
Preliminary planning for the ARCS project determined that accurate locating of sample
stations was critical for future spatial data analysis. A GPS using Navstar satellites
was chosen to achieve the accuracy required. An example of LORAN versus GPS positioning
accuracy is shown. GIS has been used to organize, analyze and display sediment quality
information. A variety of GIS products were produced using ARC/INFO, ISN and Surfer .
Products presented include. station location maps, contour maps of various chemical and
bio'logical parameters and volumetric calculation of contaminated sediments. This
application of GIS/GPS demonstrates the ability of this technology to enhance the
evaluation and interpretation of sediment quality data..

gQ5A, Fernando, Environment Canada, Lakes Research Branch, National Water Research
Institute, Canada Centre for Inland Waters, 867 Lakeshore Road, Burlington, Ontario L7R 4A6
SEDIMENT TR ANSLOCATION W LAKE ERIE DURING WINTER

Sediment trap moorings were deployed in the three basins of Lake Erie, to measure downflux of
particulates and associated contaminants during the winter. The mean downflux of Total T~ Matter
 TIM! and the concentration of total PCBs in different types of sediments in each basin, were tneasured. The
degree of recent contamination, due to contaminated sediments translocated from the West Basin, should be
revealed by comparing PCB concentration between the trapped matter, the surficial sediments �-2rnm! which
were probably deposited during the winter period, and the top 0-10mrn, which in Lake Erie's Central Basin
represents the accumulation rate over the past 2-3 years. The mean downflux of TIM, and the concentrations
of PCBs in all sediment samples, decrease from west to east and the trap concentrations are equal to the
surfrcial sediment concentrations. PCB concentrations in the trap are higher than in the bottom sediments �-
10mrn! by about 33% in the Central and East Basin. These research results show that the Central and East
Basin sediments continue to be laden with PCBs translocated from the West Basin, at a rate of 3.1 pg-mrd',
during the winter months

RUKAVINA N.A., National Water Research institute, Burlington,
Ontario, L7R 4A6. KARROW, P.F., Department of Earth Sciences,
University of Waterloo, Ontario, N2L 3Gl
Irratuxe heCkock eharelirres oi the Great Lances

Bedrock shorelines in the Great Lakes erode more slowly than shores of
unconsolidated sediment and exert an irrrportant local cor.trol on the rate of
shoreline recession. Exposed bedrock accounts for about l2 percent of the
Canadian shore of the lower lakes and erodes at rates of l to 2 orders of
magnitude less than those for unconsolidated sediment. To deterrrri.ne the futu e
impact of bedrock on shoreline change in areas where it is not currently
exposed, this study projected current lake-level elevations inland until they
intersected the bedrock surface. Zn Lake Ontario, eastern Lake Er' e and northern
Lake Huron, the bedzock intercept is close enough to the current shorel'ne to
have an influence on recession rates in the near future, and bette data on
erosion rates for various bedrock types are needed for use in erosior. research
and coastal-zone management. En most of central and western I.ake Erie, Lake St.
Clair and southern Lake Huron, the ir.tercept is more than 3 krr, and as mu
km inland, and will not be an impo tant factor in shoreline change,
erosion research and management in these areas should be cirec=ed a- the inshol
changes in overburden stratigraphy and resistance to erosion.



SAMSON, PERRy J, MEADOWS, GUy A, MEADOWS, LORELLE A., AtmosPhenc, Oceariic and SPace Scient~,
II

THE DEPOSITIONAL FATE QF AIRBORkE TOXIC CONTAMINANTS IN THE GREAT LAKES

The Great Lakes region hosts a unique and accurate wind generated, time dependent, current
prediction capability not «vailabte to most coastal regions, A mesoscale, photochemical, atmospheric
transport model Ior the Great Lakes which predicts the surfatxt deposition of industrial emissions has been
recently developed, By coupling this mesoscaie atmospheric transport model for the Great Lakes with the
existing current prediction capability, the fate of toxic airborne conlaminants can be predicted, A case
Study Of the fate Ot ChioagO emiSSionS iS inVeetigated tO demOnstrale the potential depOSitiOnal patlernS in
the Lake Michigan fiuid body and bottom sediments. These patlems are examined in association with the
dominant short term and tong term wind climate of the region.

Q5GEP~~, State University College at Buffalo, Department of Earth Sciences, 1300 Flrnwood
Avenue, Buffalo NY 14222. ROY Operations in the Bliffalo River

ln September l990, a Remotely Operated Vehicle  ROV! was used to document the bottom of the
Buffalo River. Loan of the ROV Phanrom 300 and training in its use was provided by the National
Undersea Research Center, Pt. Avery, Conn. The objective of the ROV dives in the Buffalo River
was to verify features previously mapped using side-scan sonar. The high amount of sediment in the
water column and the fixed focal length of the lens on the Phantom 300 were two factors contributing
to the limited resolution of bonom features, This prevented the observation of longitudinal furrows
mapped in the side-scan sonar survey. Despite these limitations, small-scale bottom features were
identified including gas escape holes and assorted pock marks. Numerous small fish were observed
swimming just above the bottom, Footage documents the disturbance and resuspension of the bottom
sediments both by these fish and by the horizontal thrusters on the ROV. A summary tape of ROV
operations in the Buffalo River is available.

Topic No. 2, c, p

39180
usAE lrater~ays Experiment Station Es-R 3909 Halle Ferry Road v' k b Hs

Zateraatiea auaearieS fer Five Creat Lakee areas of COaeerm
a ic s urg HS

Contaminated sediments are a problem at most of the Great Lakes Areas
of concern iaocs! . To begin the process of remediation at the AOcs there i.e
a need to knaa ~hat sediment studies, both published and unpublished, have
been conducted and «hat the results vere in relation to the location of
contaminated depos its, the contaminant s of concern, documented biological
~ ffects, and the volume of contaminated sediment at each hoc. State
remedial aCtiOn plane  RAFs! for five AOCs in-house C f E� ouse Corps of Engineer studies,

the
and other literature nre reviswod for the UsEFA ARCS F

e necessary infOrmation. State RAFa fOr Ashtabula OH G d C l
s Frogram to provide

a u a, OH, Grand Calumet R., Zti,

Sed
Buffalo, Hy, saginae R., ttz, and sheboygan R. trZ

sampling sites and bioasaay/biological data at the Aoc
in a sub/act-reference matrix.

a a at the AOCs are summarized
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RESEARCH CENTER, 3909 HALLS FERRY RO,, YlCRSR0RG ~ 3qlRP 6i99 ~
GREAT 1AKKs PATER LEvKL PpRKGARTIRG ARj sTRIrLATTpR

An ability to forecast future water levels would be ~efu] f<E' optimal control of
lake stages, but it is also a necessary first step in si~iating future water levels
for prediction of potential beach erosion that might occur in a swag or storm- The
present paper is an attempt to utilize recent digital si«ay processing techniques to
forecast Great Lakes water levels by separating water level signal informational
content from random noise in the time series. Ry reducing the crater level time series
to random uncorrelated noise ~ the potential for' simulation of Water levels containing
the same statistical properties and correlation structure as the original series is
realised. The methodology used to do the forecast is shown to provide a forecast
horiron well beyond one year in the case of the lower Great Lakes

DID YOU KNOW
Tge ~t passenger vesset buQt tn BugfaLo uxxs the C~~~i~~

"Ctt pf ~" passenger vessel being +med in. I 969,
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