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Summary

Great Lakes sedimenis and biota are
contaminated by persistent and toxic
organcchlonne compounds. Large
areas of sediments are contaminated,
however. much hugher concentrations
are observed in fish and birds due to
pipoaccurmulation processes

The estimated total load of polychlon-
nated biphenyls in the sediments of the
Lakes Ontarno, Erie and Supericris
approximately 50 metric tons. Spatial
and tempaoral changes of sediment
contamination can provide usefulin-
formation on contaminant sources and
pathways within the basin.

With increasing numbers and
amounts of chemicals in use, the po-
tential for further environmental dam-
age s high Environmental research.
effluent rmitations and public educa-
tion are needed to restore and maintain
high water quahly in the Great Lakes.

Introduction

Until recently, the pollution of the Great
Lakes was largely viewed interms of its
visible ramifications. Algal blooms 1n
the open waters leading to decaying
algae masses on shorelines and
anoxic bottom water conditions. oil and
scum on the water surface, tainted fish
and malodorous water were but a few
of the "visible”, partial results of man’'s
activites. But recently, ecolegically ac-
tive compounds, such as the insec-

ticides DDT and DDE, transformer
fluids. e.g.. polychlorinated biphenyls
{PCBs); and flame retardants, e.q.,
mirex, have been found to contaminate
large parts of the ecosystem.

In absolute quantities. the loading of
these contaminants may appear mi-
nute when compared to the loading of
phosphorus and other nutnents, how-
ever, the combination of therr chemical
and biological properties should make
such contaminants a foremost con-
cern. Recogniticn of the envircnmental
danger of such cempounds has led to
the enactment of the Environmental
Contaminants Act (1976} in Canada
and the Toxic Substance Control Act
(1976) inthe U.S.A.

Many of these contaminants are
summarily known as organochlorine
compounds (OCs). Indeed a great
number of OCs are highly chiorinated
organic molecules which have certain
common characteristics, such as their
persistence, bicaccumulaticn potential
and chronic toxicity It 1s the combina-
tion of these three properties which
makes such compounds hazardous to
orgarisms remote from the direct vicin-
ity of their applcation or loss to the
environment. Compounds which com-
hine only two of the three factors are
tikely to be more of a local problem
rather than affecting the entire ecosys-
tem. Ot course, the above mentioned
properties occur over a wide range of
degrees and a classification of com-
pounds in this way may be difficult
For practical purposes and based on
studies by Eichelberger and Lichten-
berg (1971}, water qualily objectives
for the Great Lakes were developed
with the following working-defimtion of
persistence (GLWQ, 1975).

A persistent compound is defined

as one which eilher (a) by itself or as

its transformation product, has a

half-life for degradation under

natural environmental conditions of
more than eight weeks, or {b) by
itselt or as iis transformation pro-
duct. on entering surface waters
may bioconcenirate in the biota of
the receiving system.

In many instances. the presence of
environmental contaminants would be
unrecognized without their concentra-
tion In bicta through bicaccumulation.
The terms bioconcentration and
bioaccumulation descnbe the prefe-
rential transter of a contaminant from

the water to the biota living in it.
Although used synonymously in the
past, the terms are now used to de-
scnbe the adsorption of a contaminant,
for example by a fish, directly trom the
water (bioconcentration) or its uptake
through the food chain (bioaccumula-
tion). At present. it is not clear which of
these mechanisms 1s more prevatent in
the Great Lakes system.

Perhaps the least obvious effect of a
contaminant may be its toxicity, Except
for the event of a massive spill, no
immediate or local effect may be
noticed with the contamination.

In many cases, effects may be delayed
for months: with mutagenic and car-
cinogenc compounds, latency pencds
can be in the order of decades. Be-
cause of such delayed effects, and
given the persistence of some com-
pounds itis often extremety ditficult to
delermine the precise cause of an
observed phenomenon. Examples of
such phenomena are the low reproduc-
tive success rale of hernng gulls inthe
Lake Ontana basin (Giibertson and
Fox, 1977). the decline of the walleye
population m Nipigon Bay (Ryder,
1968}, and the disappearance of the
blue pike from Lake Erie (McAllister.
1970). In none of these cases could
positive identification of the cause of
the ervironmental problem be estan-
lished, although there were good corre-
lations between contaminant residues
and scme aof the field observations.
Compounding the problem of cause
and effect relations 1s the simultaneous
presence of a multilude of other or-
ganic as well as inorganic toxicants,
which may lead to unknown synergistic
and antagonistic effects of two or more
single contaminants. Moreover, natural
environmental stresses and increased
exploitabon can reduce the reproduc-
tive success of a species beyond
recuperation

Compartments and Pathways
In a simple description. a lake basin
comprses four major ecosystem com-
partments: the water itsel, the
shoreline blutf and sediment, the air,
and the biota inhabiting the basin. To a
considerable extent. the pathways ot
contaminants follow the relatonships
among the compartments and their
subgroups.

Many persistent organochloring con-
taminants, such as DDT and its major
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metabolite DDE on entering the water
are readily adsorbed from water to any
particle’s surface. In many laboratory
experiments, the surfaces of aquarum
walls and the experimental fish are
large relative to the water mass in-
volved, leading to high apparent
bioconcentration factors (Piceret al.,
1977). In a lake, however, this surface
to volume ratio is quite different, and
the surface of algae and other particu-
lates is much larger in relation to the
fish and sediment surface. As a result,
adsorption of contaminants onto limne-
tc particulates will play a major role
with subsequent bioaccumulation
through the food web, providing the
major pathway for the accumulation ot
contaminants; this is not the case for
laboratory experiments. Such particu-
late matter has been shown to be
associated with the majenty of OCs in
the water column (Munsonet al., 1976).
in sediments, the relatively lipophilic
clay and organic detritus contain more
OCs than the less lipophilic quartz
fraction (Frank et a/., 1977; Thomas,
1972).

Another impaortant route for conta-
minants between compartments is the
exchange between air and water.
Thearetical calculations show an un-
expectedly rapid evaporation of such
high boiling-point compounds as PCBs
from water surfaces (Mackay and Wol-
koff, 1973). At the same ime, conta-
minants are precipitated as wetfall or
dryfall together with rain, snow, and
dust directly onto the lake surface as
well as onto the tnbutanes’ calch-
ments. Based on PCB in precipitation.
the atmosphenc load of PCB 10 Lake
Superior has been estimated to be as
much as 1000 kg/year (Strachan. pers.
commun ). Hence there 15 considera-
ble evidence for a dynamic contamin-
ant exchange between the arr and
water compartments

The most complex compartment of
the aquatic ecosystem s probably the
aquatic biota It is the link between the
water and its chemical constituents
derived from its tnbutanes. sediments
and the air, and also forms an impor-
tant part of the terrestnal food web
Aquatic Iife is in dynamic exchange
with the chemical constiiuents of water
As with the nutnenls, centaminants are
taken up, metabolized, stored or ex-
creted by aguatic organisms although
at vastly different rates. Some of the

biota, in particular fishes, are an impor-
tant source of tood for man. It has been
shown that more than 90 per cent of
known human exposure to OC conta-
minants are derived from our food,
inctuding fish, and theretore, it is not
only an ecological problem but also a
public health concern to eliminate such
contaminants from the aquatic
ecosystem.

Polychlorinated Biphenyls (PCB)
The hydrophobic nature of many or-
ganochlorine contaminants is the
reason for their ready adsorption on
solid surfaces. It has been shown that
PCBs in the water column are as-
sociated with particulate matter to gre-
ater than 95 per cent (Munson et af.,
1976). in the Great Lakes. large
amounts of PCBs were found in the
sediments. Highest concentrations
were observed near the outfalls of
industrial and urban centres {ULRG,
1977). In the sediments of Hamilton
Harbour, for example, PCB concentra-
tions were In the order of several mg/kg
(GLWQ, 19786).

The concentrabons of organoch-
jorine contaminants in the open lake
waters are frequently below present

routine analytical quantification limits;
for PCB this limit is presently around
0.010 ng/t (GLWQ, 1975). However,
bioaccumulation processes result in
high contaminant concentrations in fish
and in fish-consuming birds and
mammals, and in man. Surveys of eggs
of herring gulls and other fish-
consuming birds showed PCB re-
sidues of more than 100 mg/kg in
eggs, approximately 100 times the
concentration in commercial fish, from
many localities within the Great Lakes
(Table ). Concurrent with such re-
sidues, greatly reduced hatching suc-
cess and symptoms of chick edema
disease were noted 1n surviving chicks
(Gilbertson and Fox, 1977), as welt as
behavioral abnormalities of adult her-
ring gulls (Fox et al., 1978).

In order to elucidate the adsorption
and bivaccumulation pracesses taking
place, it may be of interest to compare
the relative contaminant concentra-
tions and estimated total lake load in
some of the compartments. As evident
from the data in Table |, both the
concentrations and total amounts of
PCB in tish and herring gull eggs are
similar for each species in Lakes On-

Table |. Concentrations and totai quantites of PCBs in selected Great Lakes’

sediments and trota.

Sample Unit L. Ontario L. Erie L. Superior
Sediments
Average concentration

range a.b nglkg 77-89 74.252 30
Estimated lcad of PCBs b kg 9000 35600 4000
Fish, common species ugkg
Walleye ¢ ug/ky 2020 1160 370
White sucker ¢ ugiky 1200 1650
Longnose sucker d pg/kg 800
Coho salmon e naikg 8050 2360
Lake troul ua/kg 9380 e 2020 ¢
Fish, biomass
Comrercial iish catch (1977} kg/year 1200 x 10° 20500x 10*  3750x 108
Estimated mean concen-

trahon of PCB b ualkg 2370 880 610
Estimated load of PCB h kg 14 90 14
Birds
Hernng gull eggs ¢ ug/kg 125000 55000 55000

a) In depositional areas: b) PLUARG, 1878 ¢) TFPCB, 1976, d) Veithet al, 1977 e) Spagnel
and Skinner, 1977 HULRG, 1977, ) GLFC, 1978; h) Calculated from estimated mean
concentration of PCB tmes commercial fish catch times five




tario, Erre. and Superior. However. the
estimated total amounts bound with the
sediment are quite different in each
lake. The total amount of PCB in Lake
Ene sediments is approximalely nine
times greater than that ot Lake Supercr
and also four times greater than that of
Lake Ontario (PLUARG. 1978). Al-
though these estimates are based on a
Imited number of data, and assume
uniform concentration profiles of PCBs
in the sediments, the relative amaunts
estmated are probably realistic.
Moreover, it can be deduced from
such data that water qualty conditions,
in particular turbidity and algal density,
inversely affect the amount of conta-
minant avaiable for food chain trans-
fer. It is assumed, therefore. that most
of the PCB entering Lake Ene s or
becomes quickly adsorbed on particu-
lates, such as the abundant algae,
most of which are sedimented betore
they enter the food chan. in contrast,
the phytoplankion concentration in the
less productive Lake Supenor is ap-
proximately four times less than that of
Lake Erne (Dobson et al.. 1974). hence
in Lake Superior, a higher percentage
of PCB contaning phytoplankton s
scavenged by the zooplankion and. as
a result, enters the food chan. It has
been speculated thal a massive reduc-
tion of Lake Erie phytoplankton through
phosphate cantrol without concurrent
reduction in the contaminant loads.
would lead to an increase in contamin-
ant levels in Lake Erie fish

There s still the ocpen question as to
what degree contaminanis bound to
sediments can be recirculated into the:
water column and enter the food chain
In principle. there are two macharisms
possible for such a process' (1) direct
uptake and digestion of sediments by
bottom dweliing organisms with reten-
tion of the contaminams in the or-
ganisms, and subsaquent accurmula-
tiors by predators: and (2) resuspen-
sion and/or leaching of the seciments
nto the water column with incorpora-
herin tish by respiration or ingestion
The latter process is ikely to be of
particular mportance n areas of active
sediment transport and dredging ac-
tivites. However, the question whether
sediments will act predominantly as a
sink or as a source of contammants will
depend on a number of physical and
chemical charactenstics of both the
sediment and the contaminant in gues-

tion. For example, it has been shown
that the lampricide TFM binds very
strongly to organic matter in sed-
ments, even to the extent of not being
desorbed by commen organic solvents
{Fox and Hale. 1978). In contrast, the
persistent contarninant Kepone was
found 1o be leached frcm sediments
into the water of the James Rwer
(Bender. 1976). Obvigusly, among the
imany factors which determine the
adsorption-desorption rates are the
charagleristics of the contaminant, the
sediments, and the overlying waters.
Presumably aiso, the same type of
sediment can act as a sink for a
contaminant at one location or time.
and behave as a source at ancther.

The transport of PCB and other
contaminants together with sediments
has clearly been shown in Lake St
Clarr (Franketal.,, 1977). In the few
years from 197110 1874, a substantial
shift occurred in the PCB distnbution
due to sedwnent lranspert out of the
lake At the same time, control meas-
ures helped to reduce the new input
from previously identified sources. re-
sulting 1n an cverall decline of the total
PCB lnad in the sediments. Shifts of
sediment contaminations were also
observed in Lake Ene. imitially high
concentrations In the western basn
appear to have become relocated to
the depositional zone of the eastern
basin

Mirex and Chlorinated Styrenes
Aninteresting example of the detection
of a contaminant and the research
leading to the discovery of its source
and distribution can be found in mirex
The flame retardant and insecticide
was traced fremils occurrence in fish
from the Bay of Quinte. Lake Ontario. to
its source at the Niagara Rwer {Kaiser,
1978). The distnibution of mirex n Lake
Ontarno sediments (Holdrinetet al .
1978) was instrumental in the delinea-
tion of the source and distnibution of
thus contarmmant. Two distinct zones of
mirex were shown 1o extend from the
mouth of the Nvagara River and off
Oswego. A subseguent examinahorn.
showed an castward movement of the
contaminated areas. paralleling known
sediment movement patterns. The total
load of mirex in the Lake Ontano
sedimenis Is estimated to be 700 kg,
considerably greater than the est-
mated load of 0.5 kg n all of the lake's

tish. Such data show the iImpartance of
adsorption and partitioning processes
of such organochiorine compounds
onto sediments and plankton. from
where they may contaminate the entire
food web. Al the same tme. the con-
tinued occurrence of mirexin the lake
sediments proves the persistent nature
of this compound

The relative guantities of PCB
(Table i) and mirex in the Great Lakes'
sediments far cutweigh the respective
total foads in the fish. However. conta-
minants are often detected in fish
before they are found in the sediments.
This is not surprsing in view of the
distnbution of contaminants over large
parts of a lake's sediments andthe
high concentrations observed i pre-
datory fish and animals resulting from
bioaccumulation processes
An interesting example of that is the
observation of polychlonnated
styrenes in fish from Lake Ontario
{(Kuehlet ai., 1978) and In heran issues
and eggs from Lake 3t. Clair {(Reichel
etal, 1977) Chlorinated styrenes were
also observed in effluents and emis-
sions from magnesium manulacturing
plants in Norway Although not used
anywhere In manufacturing processes.
the compounds are thought 1o be
formed as by-products from the in-
teraction of graphite electrodes with
hot sall melts contanung chitonde 1ons
{Lunde and Otstad. 1976%. Surpns-
mgly. however, na such manufactunng
plant appears 1o be located within the
Great Lakes™ arcas whera such conta-
minants were repcrted Consequently
their source 1s still unknown.

Outlook

Recent investigahons by the Research
Adwisory Board of the International
Joint Commission resulted in the com-
pilation of a st of approximately 2800
synthetic chemicals known to be pro-
duced or used within the Great Lakes
basin (RAR. 1978) Many of these
compounds are only poorly defined
with respect 1o ther environmental and
human health mphcations. Presuming
rapid degradation. low toxicily and low
bioaccumutation potential for the ma-
[onty of these chermecals the lask con-
fronting us 1s to 1dentify those com-
pounds which do pose an environmern-
tal nisk or which may have beenthe
cause ol envirgnmental or public heaith
problems which have yet to surface
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with effects such as increased cancer
rates or mortality. Recent observations
showed significantly increased rates of
hirth detects in children born near a
former landfill site for chemicals in
Buffalo, N.Y., many years after the site
had been levelled and built upon. Such
local proklems appear from time o
time. making headlines in the daily
news. However, the general contami-
nation of our entire ecosystem appears
less abvious and it1s therefore, only
rarely perceived in its catastrophic
potential. It is to be hoped that ugh
temperature incineration of waste
chemicals. new legislative controls on
effluents and emissions, as well as
public concern will help to restore and
maintain the Great Lakes as a valuable
and unigue rescurce for future
generations,
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Preliminary Announcement

Facies Models Series Reprint Volume

Although there is no Facies Models’ article in this issue, the series in alive
and well. Two more will appear in Geoscience Canada, and the series will
then be reprinted in a single volume with some updating of early articles and
one or two extra papers added to the Reprint Volume. We are confidently
planning on sales in August 1979, at a price that no one can resist.



