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MANAGEMENT PERSPECTIVE 

This report was prepared for 4th International Conference on the 
Conservation and Management of Lakes, held in Hangzhou, Peoples Republic of 
China, in 1990. The proceedings of this Conference will be published in late 
1991 or 1992. 

The report is a brief summary that provides highlights of a much longer 
report titled "An Overview of Toxic Contaminants in Water and Sediments of the 
Great Lakes", which was released in the spring of l99l by the Departments of the 
Environment, Fisheries and Oceans and ‘Health and Welfare. ‘ 

.

v 

This extensive and comprehensive report is in three volumes; a Summary and 
two Technical. Volumes and contains information on fish, wildlife and humans. 
Water and sediment contaminants are discussed in Volume l. . 

The major conclus-ions of this review were the following": ' 

-1. The data from the ‘l980s on water concentrations for toxic metals may be too 
high due to contamination problems in standard laboratories and inaccurate 
for toxic organics because of small sample sizes and high detection limits. 
As a consequence, downward trends in concentrations of toxic metals and 
organics in water which are now in the low part per trillion range may not 
be as great as they appear. » 

>2. Analysis of bottom sediments ’sho'w that concentrations of both toxic metals 
and organics have declined in recent years. In some cases however, 
concentrations are now leveling off, perhaps due to continued atmospheric 
and other non-point source inputs.

_ 

3. In the open waters of the lakes, concentrations of toxic metals and 
organics are presently within the Great Lakes Water Quality Objectives for 
protection of‘ most sensitive users (usually aquatic biota). Occasionally 
objectives are exceeded in the connecting channels and nearshore areas’. 
Theconcentrations of the chemicals reviewed are ‘well within drinking; water 
standards even before processing through drinking water treatment plants. 

V 

j 
These government reports can be obtained free. of charge from the office of 

the Regional Director General, Ontario Region, Environment Canada, 25 St. Clair 
Avenue East, Toronto, Ontario MAT lM2._

'
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PERSPECTIVES DE LA.DIRECTION 

. Le présent rapport a été préparé pour la-Quatriéme conference 
internationale sur la conservation et la gestion des lacs, tenue 3 
Hangzhou (République populaire de Chine), en 1990. Le compte rendu de 
cette conférence sera publié A la.fin de 1991 ou en 1992. ~

' 

9 Le rapport est un bref résumé qui indique les principaux points 
d'un rapport beaucoup plus volumineux intitulé "Les produits chimiques 
toxiques dans les Grands Lacs et leurs effets connexes" qui a été publié 
au printemps de 1991 par Environnement Canada, Péches et Océans Canada et 
Santé et Bien-étre social Canada. 

Ce rapport complet et détaillé se présente en trois volumes : un 
resume et deux Volumes techniques; i1 fournit des informations sur les 
poissons, la faune et les humains. 

, 
Les contaminants de 1'eau et des 

sédiments sont traités dans le Volume I; 

Voici les principales conclusions du rapport : 

,. 

1. I1 est possible que les données des années 1980 sur les 
concentrations de métaux toxiques dans 1'eau soient trop élevées 
en raison de problémes de contamination dans les laboratoires 
ordinaires et imprecis pour les produits organiques toxiques en 
raison de la petite taille des échantillons et des seuils de 
détection élevés. Donc,- des tendances 3 la Baisse des 
concentrations de métaux toxiques et de produits organiques dans 
l'eau qui sont maintenant dans la fourchette inférieure du nombre 
de palr-ties par 10'“ (picogramme) peuvent ne pas étre aussi 
importantes qu'elles paraissent. ‘ 

2. L'ana1yse des sédiments de fonds révéle que les concentrations de 
métaux toxiques et de composés organiques ont diminué au cours des 
derniéres années. Toutefois, dans certains cas, les 
concentrations se stabilisent, S cause peut-étre des apports 
continus de l'atmosphére et d'autres sources diffuses.



I 

3. Dans les eaux libres des lacs, les concentrations de métaux 
toxiques et de produits organiques correspondent 5 l'heure 
actuelle aux objectifs de qualité de 1'eau des Grands Lacs pour la 
protection des utilisateurs les plus sensibles (en général le 
biote aquatique). I1 arrive parfois que les objectifis soient 
dépassés dans les voies interlacustres et les zones pré-cfitiéres. 
Les concentrations des produits chimiques étudiés sont bien en 
degi des normes pour i'eau potable meme avant léur traitement dans 
des usines d'épuration de 1'eau potable. » 

On peut se procurer gratuitement ces rapports gouvernementaux en 
s'adressant a : Bureau du Directeur général regional, Région de 1'Ontario, 
Environnement Canada, 25, avenue St. Clair est, Toronto (Ontario) HhT 1M2



Rfisfi 
Au cours des derniéres années, des techniques d'analyse sensibles 

ont été mises au point afin de mesurer de trés faibles concentrations de 
contaminants. Jusqulen 1980, on possédait peu de données fiables sur les 
concentrations de métaux et de produits chimiques organiques toxiques dans 
les Grands Lacs. Grace aux progrés A l'heure actuelle, nous pouvons 
maintenant déceler avec fiabilité la présence de métaux, de pesticides et 
de produits chimiques organiques industriels de l'ordre de partie par 10' 
12, et dans certains cas, de parties par 10*‘. Les concentrations 
actuelles de produits chimiques toxiques dans les eaux libres des Grands 
Lacs sont dans la fourchette inférieure du nombre de parties par l0”3 et 
sont en degi des objectifs établis dans le cadre de l'Accord canado~ 
américain relatif a la qualité des eaux des Grands Lacs. Ces objectifs, 
fixés afin de protéger lYutilisateur le plus sensible (le biote aquatique) 
sont bien en dega des normes canadiennes et internationales relatives A 
l'eau potable. Des analyses des sédiments de fonds des lacs révélent que 
l'apport maximal de produits chimiques organiques de synthése et de métaux 
lourds est survenu dans les années 1960 et l970;esuivi par des baisses 
dans les années 1980. Ces diminutions témoignent d7un renforcement des 
réglements relatifs 5 l'utilisation de pesticides organochlorés, des BPC, 
du plomb et odu mercure. D'aprés une evaluation générale des 
concentrations de produit chimique toxique dans les eaux et les sédiments, 
les lacs Ontario, Michigan et firié étaient les plus pollués avec les 
concentrations les plus forces de produits chimiques toxiques et 
persistants. Les lacs Supérieur et Huron étaient les moins pollués, a 
1'exception de quelques secteurs locaux. .

\



-1-a 

TOXIC CONTAHINANTS I3 WATERS AND SEDIHENTS OFITHB GREAT LAKES1 

R. J. Allan 

Lakes Research Branch 
National Water Research Institute 
Canada Centre for Inland Waters 
Burlington, Ontario, Canada . 

L7R 4A6
' 

ABSTRACT ‘ 

In recent years, sensitive analytical techniques have been 
developed‘ to measure very low concentrations of contaminants. Until 
1980, [there were few reliable data on concentrations of toxic metals 
and organic chemicals in Great Lakes waters. Improvements now permit 
the reliable detection of metals, pesticides and industrial organic 
chemicals in parts per trillion and in some cases parts per quadril- 
lion. The present concentrations of toxic chemicals in the open 
waters of the Great Lakes are in the low parts per trillion range and 
are within the objectives of the Canada-U.S.A. Great Lakes Vater 
Quality Agreement. These objectives, set to protect the most sensi, 
tive user (aquatic biota) are well below Canadian and international 
drinking water standards. Analyses of lake bottoms sediments indicate 
that the peak input of synthetic organic chemicals and heavy metals to 
the lakes occurred in the 1960's and 1970's followed by declines in 
the 1980's._ These declines reflect‘ the increased regulation of the 
use of organochlorine pesticides, PCBs, lead and mercury. Based on an 
overall appraisal of toxic chemical‘ concentrations in waters, and 
sediments, Lakes Ontario, Michigan and Erie were the most contaminated 
with the highest concentrations of toxic and, persistent chemicals. 
Lakes Superior _and Huron were the least contaminated, with. the 
exception of some local areas. V 

nnikonucriolil 

The Great Lakes constitute the largest body of freshwater on 
earth in spite of the size of these ‘water bodies (Figure 1 and Table 
1), man has contaminated all of them with toxic chemicals. Some toxic 
chemicals from agricultural, urban, and industrial sources are 
distributed throughout the entire Great Lake's ecosystem. It 

‘Paper presented at "Hangzhou '90", the 4th International Conference 
on the Conservation and Management of Lakes, Hangzhou, People's 
Republic of China, 1990.
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Figure 1 The Great Lakes Drainage Basin 

The available information on this toxic chemical contami- 
nation of the Great Lakes, although far from complete, is greater than 
exists tor any other set of £reshvater- lakes in the‘ world (Allan, 
1988). _Several comprehensive studies of toxic chemicals in various 
sections_of the Great Lakes (A11an_5§ al.,»1983; Niagara River-Toxics 
Committee 'Report (NRTC), 1984; Chau gt al., 1985; ~Lavrence, 1986; 
Upper Great Lakes Connecting Channels Study (UGLCCS, 1989) have added 
significantly to a rapidly expanding database over the last 'decade. 
Huch "earlier studies, for example, 'betveen 1968 and 1975, of bottom 
sediment surveys of some toxic metals and organic chemicals on all of 
the lakes and the composite geochemical maps produced were extremely 
valuable {or making long-term comparisons of the pollution status of 
the .lakes (Thomas and Hudroch, 1979; Thomas,’ 1981; Thomas and Frank, 
1983), Hudroch gt 21- (1988) summarized sediment concentrations of 
some metals and PC8s in each lake. During the early 1980's, toxic 
metals _in-the water column of ieach of the Great Lakes were progres- 
sively more accurately measured (Rossmann, 1983, 1984,, and 1986). 
Recently, Stevens and Neilson (1989), have used large volume water 
samples from Lakes Superior, Huron, Erie and Ontario for toxic organic 
chemical measurements. Strachsn and Bisenreich (1988) selected the
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Table 1 Physical Features of the Great Lakes 
1 (after Botts and Krushelnick, 1989) 

best toxic chemical concentrations in Great' Lake water and sediments 
to calculate mass balances for each lake. These references are wery 
selective., A comprehensive listening is available in Allan and Ball 
(1990). This paper discusses toxic chemical concentrations in the 
waters and sediments of the open Great Lakes. Spatial and temporal 
trends in these abiotic media also discussed.where possible. 

’ '
" 

auar a1s'-roar or ommnmunon . 

The recent history of toxic chemical contamination eyents in 
the Great Lakes began in the early 1960!s with toxic metals, such as 
Hg ‘and. Pb, and pesticides such as DDT and dieldrin, followed pby 
detection of other organochlorine pesticides ‘and then industrial 
organic pchenicals such as‘ PCBs (Williams, 1975: D'Itri, 1988).- In 
1968, mercury (Hg) was detected in. high concentrations in sediments 
from Lakes Ontario and Huron (Thomas, 1972; 1973). 'Concurrently, high 
concentrations of Hg were discovered in Lake St. Clair fish (Fimreite 
et; ali, 1971). In 1971, _ the Michigan» Public Health Department 
138033 a warning on PCBs in lake trout and salmon in Lake Michigan. 
Soon thereafter, the insecticide nirex, was discovered.in fish in the
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Bay of Quinte in Lake Ontario (Kaiser, 1974). In late 1979, chlorina- 
ted dioxins were detected in herring gull eggs from' colonies in 
Saginaw Bay, Michigan. In 1982, toxaphene was detected in fish from 
Lake, Superior. ' Between these major localised 'chemical_ crises, 
subsequent sampling revealed that most of these chemicals were in fact 
found throughout the entire Great Lakes system. e 

DISCUSSION , 

» 

‘ Although the toxic chemicals referred to here are those 
which have caused most public concern about contamination of the 
lakes, they are also those traditionally analyzed, for because of the 
evolving state of analytical methodology for sediments, versus biota, 
versus water. Since 1980, the collection of suspended particulates 
has permitted easier detection of toxic metals and hydrophobic toxic 
organic chemicals in the water column. However, at the low very 
suspended solids concentrations common throughout the Great Lakes 
system, even the most hydrophobic organic chemicals are expected to be 
primarily in the dissolved phase (Allan, 1986). '

i 

Reliable, quantitative data for toxic contaminants in water 
are still scarce._ Large volumes of water (200 litres) are presently 
extracted to detect concentrations in the low ppt and ppq ranges. 
Present detected dissolved concentrations in water are often an order 
of magnitude or more beneath former routine detection levels. The 
values for whole water, and especially for the dissolved phase, are 
highly variable in space and time and must still be viewed with 
caution as they were, and still are, often Znear the limits of analy- 
tical detection. -Also, because of the complex, time consuming and 
costly procedures for sample collection, preparation and analyses, few 
measurements for toxic organic chemicals have been made in all parts 
of the Great Lakes system. _ 

~ 

' 

V

e 

The historical dissolved toxic metals data for waters from 
the open lakes, is now questioned because metals are ubiquitous in 
sampling platforms and in laboratories in dust. There is increasing 
evidence for Pb and Cd, but also for other metals, that the higher 
historical water concentrations are thus an artifact of contamination 
rather than the true ambient levels. This means that the true histori- 
cal water phase toxic metal concentrations in the Great Lakes were 
probably far lower than previously reported.. Because ofi these 
analytical developments, there tare questions as to the validity of 
comparing historical with recent toxic metals concentrations in water. 
However, bottom sediment and most suspended, particulate, toxic chemi- 
cal concentrations are considered reliable for both toxic metals and 
organic chemicals. Of particular value, sectioned, radiodated
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sediment cores have revealed the long term trends in chemical inputs 
to_ the lakes since the depth of coring can be extended to pre- 
industrial and even to pre-colonial times. 

A

i 

The requirement to detect extremely low concentrations in 
vater has been driven mostly by an objective to understand the 
relationship of chemical concentrations in water to those in fish 
rather than from drinking water considerations. The sediment analyses 
have been driven by a need to include the several orders of magnitude 
higher concentrations of toxic chemicals in bottom sediments versus 
water in cause-effect linkages and to quantify the burial of chemicals 
in wlake sediments as a self-cleansing process. ‘ Both water and sedi- 
ment analyses are a requirement to model chemical fate or concentra- 
tions for mass’ balances so as to determine major sources of toxic 
chemicals .to the lakes and thus to prioritize toxic chemical control 
actions. 

The. following sections represent the basic conclusions 
contained in the much longer report (Allan and Ball, 1990) referred to 
earlier. This longer report contains many complex tables of basic 
data and other summary diagrams on which these conclusions are based. 

Toxic Chemical Concentrations-in Hater
Q 

' 

~ There is considerable_variation in toxic chemical concentrae 
tions in waters throughout the Great Lakes. The total concentrations 
of metals in water, from highest to lowest, were Lake Michigan, Lake 
Erie, Lake Ontario, Lake Huron, and Lake Superior (Rossman and Barres, 
1988). In the mid-1980's, Lake Ontario generally had higher concen- 
trations of toxic organic chemicals in whole water than Lakes 
Superior,_ Huron, and Erie (Stevens "and Neilson, 1989). The mean 
concentrations of CBs and lindane ranked highest in Lake Ontario. 
Concentrations of PCBs, p,p'-DDE, CBs and a-BHC were higher in Lakes 
Ontario and Brie than Lakes Superior and Huron, while water concentra- 
tions of CHs, dieldrin, and PCBs were similar in "Lakes Superior and 
Huron. Dieldrin, lindane, and toxaphene were found to be ubiquitous 
in lake waters. Mirex is generally not detected in waters in any of 
the Great Lakes. Because of the historical Problems with contamina- 
tion for toxic metals and detection limits for the toxic organics, 
only a few illustrative values ‘for_water are given Table 2. 
Perhaps of greater relevance is a comparison of toxic chemical water 
concentrations in Lake Ontario with water quality and drinking water 
guidelines (Table 3), which shows that the ambient water levels are 
far lower than the drinking water guidelines.
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Table 2 Illustrative Toxic Contaminant Concentrations in 

' Canadian Great Lakes Open Water 1 

bottom Sediment Goncentrations 
“ 

4
- 

_ 
_'In the bottom sediment surveys oi the late 1960's-early 

1970's (Thomas and hudroch, 1979), toxic metal-concentrations of Pb, 
lg, and Cd in the lover lakes (Ontario and Brie) were higher over 
greater areas of the lake bottom than for the three upper Great Lakes. 
Pb enrichment in Lake Superior was less than for the other Great 
Lakes. Information about As concentrations in Great Lakes sediments 
is scarce. In 1980, levels of HCB in the sediments vere much higher 
in Lake Ontario than in Lakes Superior, Huron and Erie. PAH 
concentrations in sediments are about 1O times lover in Lake Superior 
than the other Great Lakes, _re£lecting both its remote location and 
the primarily atmospheric source-of these chemicals. There has been an 
indication of recent declines in the level of B(a)P in Lake Superior. 
Lake Michigan has areas of _high levels of PAH concentrations in the 
bottom sediments. 'The main source of dioxins and furans to the Great 
Lakes sediments“ is through the atmosphere_ via municipal and/or 
industrial combustion of "chlorinated organic products present in 
various wastes. there was a predominance oi OODO and 8pCOF in bottom 
sediments. The highest concentrations of OCDD were in Lake Ontario 
followed by Lake Brie and then Lakes Michigan and Huron. Lake Ontario 
had elevated levels oi OCDF.
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_ 

30:10 Chemical Trends ' 

Trends for toxic chemicals in water and sediments are downwards -relative to the concentrations measured ten to twenty years 
ago. Concentrations in lake bottom sediment cores (Figures 2 and 3) indicate that the major influx of toxic metals and persistent toxic organic chemicals to the Great Lakes aquatic ecosystem took place in the nineteen sixties\and seventies. These peak. concentrations were followed by declines into the early eighties. Some of these declines have been dramatic once control action has taken place, for example, PC8s and mirex in Lake Ontario. As _revealed by the cores, these periods of peak inputs of chemicals to the lakes often occurred prior to their first detection in the lake. Based on an assessment on overall ,concentrations of toxic and persistent chemicals in abiotic aquatic media, the most chemically contaminated Great Lakes were Lakes Ontario, Michigan, and Brie. Lake Superior was and is "the least 
contaminated of the Great Lakes. Lake Huron is intermediate, being one of the least contaminated of the lakes with the exception of some local areas. 
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_ 

In .Lake Superior water, lead (Pb), mercury (Hg) and cadmium 
(Cd) concentrations cannot be used to determine trends. Arsenic (As) 
concentrations in vhole eater have declined since the 1970's. there 
has been a dramatic reduction in PCB concentrations in waters and 
sediments of Lake Superior since the early to mid-1970's. Pb and Hg 
are decreasing in hthe surface ’sediments,-as shown by recent core 
analyses. 

A 
In Lake Michigan, historic data_ for concentrations of Pb, 

Hg" and Cd cannot be used to determine trends in the water. Arsenic 
concentrations in vater have declined since the' 1970's. Pb has 
decreased in the sediments from high levels in the 1950's-1960's and 
Cd has shown similar declines from highs in the 1960's-1950's. PCBs 
in sediments have declined from peak levels in the 1960's-1970's. In 
Lake Huron, historic data for B3, Cd, and As in water cannot be used 
to determine trends. Dissolved Pb concentrations have declined. In 
Lake Huron cores taken prior to 1980, there yes suriace enrichment of 
"Pb, Hg, Cd and As. In Lake Brie, historic Pb data could not be used 
to determine trends in the Water. ‘H0§ever,- Hg, Cd and as concentra- 
tions in vater are decreasing as are those of PCBs. Cores collected 
in the early 1970's showed anthropogenic increases of Pb, Hg and PCBs. 
More recent surface sediments show declines in concentrations of Pb,

\ .
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As, DDT and metabolites, and furans. PCBs may not he 
declining in some surficial sediments. Peak levels of Hg in the 
sediments of Lake Ontario occurred in the early 1950's. By the end of 
the 1970's, lg levels had returned to pre-1940 levels. / In Lake 
Ontario, sediment core analyses have shown that anthropogenic 
enrichment of ?b, lg, Cd, DDT, CBs, HCBD, 0Cs, mirex, ?CBs and Pals in 
bottom sediments has decreased but is now leveling off. 

gresent State or the Environment 

,_ In the last eight_ years (since' 1982), no other toxic 
chemicals which fit the criteria oi widespread occurrence in all five 
Great Lakes, high toxicity, and long persistence, similar to most of



_]_()_ 

the chemicals mentioned above, have been detected. Although other 
chemicals, for example, highly toxic but rapidly degraded pesticides 
can be detected, the scale of the lakevide contamination problem in 
vspace and time is unlikely to ever be as bad as it once vas. "In the 
future, ~to a greater extent than-in _the.past, toxic chemical control 
actions to reduce chemical loads to the Great Lakes Basin will have to 
take ‘into account -non-point sources of chemicals, especially 
atmospheric ’sources; in-situ- contaminated 

_ 

sediment sources; 
agricultural, forestry, and urban sources; and groundwater sources as 
well as point sources. 

_

. 

A 

- 
- Rr.1'muzNcss- » 

Allan, R.J. 1986. The role of particulate matter in the fate of 
contaminants in aquatic ecosystems. Inland Waters Directorate, 
Scientific.Series 142. 128 pp.A ~ 

Allan, R.J. 1988. Anthropogenic organic chemical pollution of lakes 
with emphasis on the Laurentian Great Lakes. In conservat1on_ and 
Management of Lakes, Eds. Salanki, J. and 8erodek,.S.,‘Symp. Biol. 
aung.;‘3a; Akademiai-Kiado, Budapest, p. 217-243. ' 

Allan, R.J., A. Hudroch and H. Hunavar. (Eds.) 1983. The Niagara 
RivereLake Ontario Pollution Problem Special Issue. J. Great Lakes 
§e§. 9(2): 109-340. ' " 'l'*““ 

' 

. \ 

Allan, R.J. and A.J. Ball. 1990. Toxic contaminants in water and 
sediments of the Great Lakes. Pub. Canadian Assoc. on Hater Poll. Res. 
and Control, CCIV Burlington, Ontario, Monograph No. 2, 185 pp.

_ 

Botts, L., and B. Krushelnicki. 1987.j The Great Lakes:_s.An 
Environmental Atlas and Resource Book. Toronto, ONE ‘ Environment 
Canada,- U.S. Environmental Protection Agency, Brock University, rand 
Northwestern University. 

Q. Y.,K- , 0 P 5T0 0_ E 0 0 ) I 

Detroit River-St. Clair River Special Issue. _J. Great Lakes Res. 
11(3): 191-418. ‘ 

" ‘ 

Charles, H.J. and R.A. Bites. 1987. Sediment as archives of 
environmental pollution trends. In: Sources and Fates of Aquatic 
P.o.11utan_t_s_. Advances in Chemistry Series 216. Vashinston. DC= 
American Chemical Society. 365-389. 

D'Itri, 8. 1988. Contaminants in selected fishes from the upper Great 
Lakes. ‘In: N.V. Schmidtke. (Ed.) Toxic Contamination in Large 
Lakes. _Vol. 2 :' .Impact of Toxic ‘contaminants t'in 'Fisheries 
Management. Chelksea, HI: Levis Publishers. p. 51-84.



-11.. 

Durham, R.V. and B.G. Oliver.) 1983. History of .Lake Ontario 
contamination from the Niagara River by radiodating and chlorinated 
hydrocarbons analysis. J. Great Lakes Res. 9(2): 160-168.

_ 

Eadie, B.J., J.A. Robbins, P.F. Landrum,'C.P. Rice, M.S. Simmons, 
H.J. McCormick, S.J. Bisenrich, G.L. Bell, R.L. Pickett, P. Johansen, 
R. Rossmann, U. Havley and T. Voice. 1983. The cycling of toxic 
organics .in the Great Lakes: A three year Status Report. National 
Oceanic & Atmospheric Administration, Environmental Research 
Laboratories, Great Lakes Environmental Research Laboratory. NOAA 
Technical Memorandum ERL GLERL-45.

' 

Fimreite, N., V.N. Bolsvorth, J.A.Keith, P.A. Pearce, and I.M. Gruchy. 
1971. Mercury in fish and fish-eating birds near sites of industrial 
contamination in Canada. Gan. Field-Nat. 85(3): 211-220. V 

Kaiser, K.L. 1974. Hirex: An unrecognized contaminant in fish from 
Ontario. Science 185: 523-525. 

Lawrence, J. (Ed.) 1986, St. Clair River Pollution Special Issue. 
Uater Poll. Res. Can. 2: 283-459. 

A 
4 _

_ 

Hudroch, A., L. Sarazin and T. Lomas. 1988. Summary of surface and 
background concentrations of selected elements in the Great Lakes 
sediment. J. Great Lakes Res. 14(2): 241-251. ‘ " 

Niagara_ River Toxic ~Committee. 1984. Report of the Niagara River 
Toxics Committee. Burlington, ON: Inland Uaters Directorate. 

Rossmann, R. 1983. Trace metals in Lake _Buron waters - 1980 
intensive surveillance. Ann Arbor, HI: University of Michigan, Great 
Lakes Research Division. Special Report No. 97. 

4 . 

Rossmann, R. 1984. Trace metal concentrations in the offshore waters 
of) Lakes Erie and Michigan. Ann Arbor, HI: University of Michigan, 
Great Lakes Research Division. Special Report No. 108. 170 pp. 

Rossman, R. 1986. Trace metal concentrations in offshore waters and 
sediments of Lake Superior. Ann Arbor, HI: University of Michigan, 
Great Lakes Division. Special Report No. 121. 

. i _ 

Rossmann, R. and J. Barres. 1988. Trace element concentrations in 
near-surface waters of the Great Lakes and_ methods of collection, 
storage, and analysis. -J. Great Lakes Res. 14(2): 188-204. 

Stevens," R.J.J. and H.A. Neilson. 1989. .Inter- and intralake 
distributions of trace organic contaminants in surface waters of the 
Great Lakes. J. Great Lakes. Res. 15(3): 377-393.



—12-' 

Strachan, 9.H.J. and S.J. Eisenreich. 1988. Mass balancing of toxic 
chemicals in the Great eLakes: The role of atmospheric deposition. 
Windsor, ON: 'Internationa1 Joint Commission. 'Appendix I from the 
Vorkshop on the Estimation of Atmospheric Loadings of Toxic Chemicals 
to the Great Lakes Basin. Scarborough, ON. 29-31 October, 1986. 

Thomas, R.L.' 1972._ The distribution of mercury in the sediments of 
Lake_Dntario._ Can. J. EarthmSci. 9: 636—651. . 

Thomas, R.L. 1973. The distribution of mercury in the, surfiicial 
sediments of Lake Huron. Can. J. Barth Sci. 10: 194-204. "

* 

Thomas, R.L. V1981. Sediments of the North .American Great Lakes. 
Verh. Int. Ver Theor. Angev Limnol. 21: 1666-1680. 

Thomas, R.L. and A. Hudroch. 1979. Small craft harbours sediment 
survey: Lakes Ontario, Erie and St. Clair. Burlington, ON: Canada 
Department of Fisheries and Oceans. 

' 

_

' 

Thomas, R.L. and R. iFrank. 1983. PCBs in sediment 'and fluvial 
suspended _so1ids in the Great Lakes. 12:, D. Hackay, S. Paterson, 
S.J. Eisenreich, and N.S. Simmons. (eds.) Physical Behaviour-of PCBs 
~ Ann Arbor, HI: Ann Arbor Science, p "245-269 in the Great Lakes. _ .H. - - 

Upper Great Lakes Connecting Channel Study (UGLCCS). 1989. Final 
‘report of the Upper Great Lakes Connecting Channels Study: Volume II. 

Williams, D.J.' 1975. A -review of, published and other data on 
residues of DDT, dieldrin, mercury 'and PCBs in fish in the Great 
Lakes. Unpublished ikeport. Burlington, ON: Environment Canada, 
Fisheries and Marine Service, Gre3t.Lakes Biolimnology Laboratory.



' 

Mn} 

all

_ 
mu 

wmm Mme

31A

_
WH



» N74 

Q, Ma; ';~,:\ 

“X N-~I'I'<lv~9)‘bL\Y‘f:' X1 » 

' ~ V» »~K, Vi» 

' 

fir; ',~:\_<~i1 <g~,~.>¢ 

~ 
. '> 5, g 

. -: w in 
- 

.__
. 

1:; 
'13.» , , 1/ 1 

_-» A H 1 X V; 

‘hY'1>o1 

1% 

>§§§ 

éarw‘ 
$0 

4;“. 

~1( ~ ..,, §.,W, ,@_ 4 9;‘ ‘i’! ~31 s;*<'»-¢.»»11>» WNW ¢ '(“4'“b>" :W<fW,~~_.,~-~,)@,§~v kv-*‘1@,»:»-~l-f, 'ff~"1;¢ ;3,a,,,E~;»K4.¢. ?[¢‘x' Vi
< 

!NM1&vfik¢@?§§£ 
) ?7_ $6: Wyg L. 

, ..4\iH,:.~ Rt N Ive“. 1:4/;,;.,\<)<z>:4uk<5l@\\,‘_ 5“, . M \\‘¢'4:>§‘\‘wM‘r: ¢,i ,1»,E;,>w1:, aw 5 &fi5;%;‘,,i§’§»‘{§5;§5,<q\%%§*\$i%‘;V»i‘g 

;, A "2 aw 2"‘1<'a¢**§~i'"w‘<*§* 1; ~ ».;~»% ~%@» '@»:;g@»@%,}§@§>@§m»@%»§¢1@i “wg 

‘§*§‘>‘5@’~f‘<*’§§w~*§-¥R?§?¢’»@§§1‘#13'¢;t@"‘ m§:m§%¢¢RW@¥é§w*%§§»'$?@§%ws,;@§@% ./3“ \,.~,-»@~ ~ 4:’ Z» 1 S. I 4 <1 2’ K
‘ »;;~_¢.. \ 

_ Hg, ‘\ _, W ._ ‘ wt W Q » 2~=»1»_33751\/.4 »,;,;'§\’M{g£§"»%¥; ,v;¥i§w~»@i Ilia? 1-,,%Q;=¢§;~ ,;_,,% %,_.‘,, 

@i;j~;,§£‘§;i§<1g€‘,>,¢s§§‘,;;§§;§;§@Q§;=§,,;@¢,$$,;é*§,;¢;*w3¢;§“Z,§,;;§3,§;,§';;‘;,W ,; 3%» 4» fgfir-,~ §§~ :§,?@»,, 

g?" ‘ ._ /~ 
/ -~ 

/‘> 
My aw ,~ f ;§*§{»%.f% 

I ,1 M85;;RL€§'}"'i¢%-¥C'%g?K:‘§9éh‘{fl%3§<§fiyqw 1» W 1 - 

g%;<§w;§3;§J~§a§;@%M§‘_,N%%,A% ,3 iv 1;; vi M '* 

’ __fl’,>§ . . ~.W,¢,. 6%, Mg gegk gsgwgiggé 
‘*¢ 

“.?””=‘ 

1» Y 

k §&‘ ii 
K 

1!, __ ; 

@‘.@w k X vm v?.<g;x»<1~x~<$1»x?L,<z A“: Wm 

%~ 

Ev’-5» 

Kflifi

Q 
§§‘€~:~5‘ 

WW 

22%

' 

gin 
Q4 $5 

W» 

W- 

ééywx 

; 
‘T

? 

122% 

figs 
2‘?

5 
wag» 

'~ 

Jfi
, 

‘.3 £2:

é 

$=§~i’ 

Wm: 

uii 

W 63h§i§ 
§w$g»@§§ x;M@§;~ §g§m;§>§;§;<¢§&§. *’ 

&"@@'1§" 

W
X 
M» 

Q? 

rt 
A” “Q 

5* ~¢@/<fi§;<3;~»@;¢;@§i;;@»4;§,,, ~~ 1 V§ A ‘K in F: Z J: ‘K *3’ 
,~ " ~’ $1‘ W *3?» “*'W‘5‘%%W%’=W¥>‘§@i=!»@%;*1.:i§">*%a 1% *3“ v. h 

‘ ~ ~ . . ,, , 

y '/~uu%x»~*;»*1'%&=“\ .,¢sé:»v§g» w:;_ » 

Q I sh 
Z; 

§\J fly.» 5;/<:?£ 
A 

s§¢a;£,;/51%” ' l“%Wgav%§iW§gA:% 3‘ W? €%§i§:?%_ a§‘§;§@§ ‘ ‘ 

,,;V} 3%‘ 
:1 1%‘ *' 3 

‘ * %£f* I ;@§@@;Z@<@< sq 
” " " ‘ W ~1fma»M>§»%§ 13%"; 

“£49119; :‘§**¢~}§3_:§ @»w;h §(\ffia4?l“<:q' 1&§3§$Y@§§§ 
:~ 

' 

,‘:>; vi ,. 

~ ,» . 

§§§§,%§ 
~‘“ " 

Y 

' * ”‘ “‘ 3“ .5” ' 3. “ "“ 5%‘ "~ E? §*@§zv"E'@‘.~§,§*?'$§*_‘?;*1?;»'§»"¥§%?’il 3%» 3&1 11$ " 
~»£41%1>~*~;§;:m§§i»¥¢*§wY><§’**~* ~> @%@;w§m~ am ~N~ » 

( W <, 5 ~_ '23,, 1 Q av »>,,,§ Q» ~ *%> * »~:. ~@* 
W ‘ 

~ 
~ ~"~%‘%= % a » A y l» g __ , /\\ , 

V . Y 

K28: . ¢ 
»< ~-

M 
¢ Y W ~»», 5“ ‘" 2‘ 1,. ~»'“?,¢:~~ ~.:? “i. 

A4 
:*5~<,~ ;. ~ 

‘ ‘Q, ~~.Z r 
' 

‘

» *” ~ zéw W"*§i”“§; ‘?'#’*“‘=*»~~%‘§»K 

wgaw xpé; fig? >§,Q»;@@i§§_»é§¢~§;@s fig’ gia fi,,,§;,‘ 

J _. ~¢-"~u~ ‘ 

5,» ;,;- ‘~ "*1.- 
Xx g “ $2 Q ‘*~

_

§ ’§l\‘\ ~@»~§ »

& 

£9”??? 

*?< 

%~5§ 

‘2 

~¢

~ 

">"‘§' 

gfi

W fifi 
“*2 

wm

j fig“

E 
kg» 

I11 

Q“??? 
“M- < , 

~»¢~z,§@_ § W» , 
K» 

“iii

C 
3&2 my 

_ W ~ k » H 

N w >‘ ‘ if 

Q , . 

“&~"<2" 1' '9 

> M ; $1 t. 

’ 

3 
A‘ " 

" ‘ 

Z; 
W; 

X‘ W 
W 

.§>~, 
, Wm, ~¢§g§.»»~<<ék”M» ,.»,>;{<¢,,‘; W’ Q I 

, 

I 
I 

I 
Mg} ?.,x., »m,_ ;);<V;.~;'M~:h__©~ 

‘A 

1‘.W % 1z< ,,>_>.<

* 

~12 

5nQ “K9

/ 

;%~

W 

W. 

‘ 
L 

, ,¢ W 51,.” kw, kr

V 

7&7 

3 ~ , 
" 

1‘/"m/,><m,;x~ ,@~.:,-V 0“ W“ 
q;w= 2* M‘, at <.» ~ 

, p » 

‘Zr’ K Xv W)/~\ ;~; W, .», . 
. , , ” k/ J,-1 ,, 

5 '3; ';:/xv,/>:1v;§¢»~»>v, 

.xM1::. ,;~zs~»1¢~f 5 
4,‘ _V'4 W $1. ~\ W 
>-1-‘-.._ 

Think Recycling.’ 

*1 ‘“ 
A i ' » Q Wk 

*2 » Q ) 
“§°~'W>“‘**~ Qfi - “WE M’ $1 ** Q53 ‘W;§=' 5; w§§m@ gm gm §§§;<»f§»§i §¢>.LQ§;& ,W»§; w§,§§l§§g§£~i1&/Q6? m,M§% {M Pensez a mqvcler!


