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MANAGEMENT PERSPECTIVE 

In order to assess the likely persistence of environmental 
contaminants in natural waters it is necessary to take into 
account the interaction between these contaminants and the 
natural chemical compounds and living organisms present in water 
bodies. These in turn depend on the trophic status of the water, 
i.e. the degree of eutrophy (presence of algal nutrients leading 
to primary productivity) and dystrophy (presence of humic 
matter). 

The available information regarding these interactions is 
reviewed, and their possible practical significance is discussed. 
It appears that microbial oxidation of contaminants of low 
persistence, may be slightly enhanced both in eutrophic and 
oligotrophic lakes, and reductive degradation even of relatively 
persistent contaminants may be enhanced in eutrophic lakes, in 
comparison with oligotrophic clearwater lakes. Naturally 
occurring coloured material in dystrophic lakes and perhaps also 
in eutrophic lakes may facilitate the photochemical destruction 
of some contaminants. Binding of hydrophobic contaminants by 
living organisms in eutrophic lakes, and by dissolved or 
particulate organic matter in both types of lakes, may hamper 
their uptake by fish, and eventually contribute to their 
immobilization in sediments. 

All these processes may serve in some degree to mitigate the 
impacts of environmental contamination with synthetic organic 
chemicals.



PE'RS'15EC'TIV'E DE GESTION 

Pour évaluer les probabilités de persistance d'agents de 

contamination environnementale dans les eaux naturelles, il faut 

tenir compte de l‘interaction de ces agents de contamination avec 

les composés chimiques naturals et les organismes vivants présents 

dans les plans d'eau. Ceux—ci dépendent quant 5 eux de 1'état 

trophique de l'eau, c.-5-d. du degré d'eutrophie (présence 

d'éléments nutritifs fournis par les algues, conduisant a une 

productivité primaire), et de dystrophie (présence de matiéres 

humiques)¢ 

On examine l'information disponible sur cette interaction et 
1'on discute ses répercussions pratiques possibles. I1 semble que 
l'oxydation microbienne des agents de contamination a faible 

persistance puisse augmenter légérement tant dans les lacs 
eutrophes que dans les lacs oligotrophes et que la dégraqation 
reductive, meme d'agents de contamination relativement 

persistants, puisse étre plus importante dans les lacs eutrophes 
que dans les lacs oligotrophes d'eau limpide. Les substances 

colorées se trouvant a lPétat naturel dans les lacs dystrophes et 

peut-étre aussi dans les lacs eutrophes peuvent faciliter la 

destruction photocnimique de certains agents de contamination. La



fixation d'agents de contamination hydrophobes par les organismes 

vivants dans lea Lacs eutrophes et par des matiéres organiques 

dissoutes on sous forme de particules dans les deux types de lacs 

peut entrave: l'absorption de ces agents par les poissons et, par 

la suite, contribuer a leur immobilisation dans les sédiments. 

Tous ces processus peuvent servir dans une certaine mesure a 

corriger 1'impact de la éontamination environnementale par les 

produits chimiques organiques de synthéee.



Rfistmfi 

Baxter, R.M., Carey, J.H., Lean, D.R.S. et Burnison, B.K. 1990. 

Influence de l'état trophique sur le comportement des agents de 

contamination dans les systémes aquatiques 

Le probléme de l'eutrophisation par l'enrichissement en 

matiéres nutritives et la contamination par des agents de 

contamination persistants ont toujours été considérés par les 

chercheurs et les gestionnaires des ressources hydriques comme des 

phénoménes sans rapport 1'un avec 1'autre. Or, on dispose 

aujourd'hui»d'indications récentes selon lesquelles le devenir des 

agents de contamination organiques dans 1'écosystéme aquatique 

serait fonction de l'état trophique du systéme. On a également 

des indications voulant que la matiére organique dissoute dans les 
eaux dystrophes ou humiques agisse sur la dynamique des agents de 

contamination. Les mécanismes qui peuvent étre en cause sont 

notamment les changements qui surviennent dans les capacités 

métaboliques des organismes en fonction de la modification de 
l'état trophique, la degradation reductive dans 1'hYpolimnion 

anoxique des eaux trés productives, la fixation des agents de 

contamination par les organismes ou les matiéres organigues 

dissoutes, et la dégradation photochimique induite par les



molécules absorbant la lumiére. On discute lea répercussions 

possibles de ces pzocessus.
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ABSTRAGT 
Baxter, R.M., Carey, J.H., Lean, D.R.8. and Burnison, B.K.l990. 
Influence of trophic status on the behaviour of contaminants in 
aquatic systems. 

The problems of eutrophication through nutrient enrichment 
and contamination with persistent contaminants have 
traditionally been regarded as unrelated by water scientists and 
managers, but recently evidence has appeared suggesting that the 
fate of organic contaminants in an aquatic ecosystem 
influenced by the trophic state of the system. There is also 
evidence that the dissolved organic matter in dystrophic, or 
humic,waters may influence contaminant dynamics. Mechanisms 
that _may be involved include" changes in the metabolic 
capabilities of organisms _with changes in trophic state; 
reductive degradation in the anoxic hypolimnia of highly 
productive waters; binding of contaminants by dissolved organic 
matter or organisms, or photochemical degradation induced by 
light—absorbing molecules. The possible significance of these 
processes is discussed. 

INTRODUCTION » 

The trophic status of most natural waters can be defined in 
terms of eutrophy and dystrophy. The degree of_eutrophy is 
determined primarily by the input of inorganic nutrients, but 
may be modified by other factors such as depth of mixing of the 
water and the nature of the biological community. Thus apparent 
eutrophy may be increased by the presence of planktivorous fish, 
which prey on zooplankters that would otherwise feed on algae 
(Mazumder et al. 1990). Butrophic waters are green and of low 
transparency because of the presence of large populations of 
phytoplankton. There is also semetimes increased growth of 
attached algae or macrophytes. Primary productivity is high, 
leading to relatively high concentrations in the_ water of 
dissolved organic material (DOM) excreted by the primary 
producers or released by them as they become senescent and die 
(Cole 1982; Chrost & Faust 1983). This organic matter supports a



4 

population of heterotrophic bacteria (Bird & Kalff 1984; Cole et 
al. 1988; Rippey & Cabelli 1989), and the settling of organic 
material towards the bottom permits heterotrophic oxidative 
activity in the sediments and hypolimnion, leading to depletion 
of oxygen. In extreme cases the hypolimnion may become completely 
anoxic- Natural lakes of a very wide range of eutrophy exist,from 
very clear ultraoligotrophic lakes such as Lake Tahoe in which 
the Secchi depth may be 40 m or more (Goldman 1981), to extremely 
productive hypereutrophic lakes like certain African crater lakes 
in which the Secchi depth is measured in centimeters sand which 
may attain levels of primary productivity approaching the 
theoretically possible upper limit (Talling et al. 1973). 

Dystrophic waters are of low transparency and reddish—brown 
in colour because of ’the presence of relatively stable coloured 
organic acids, the so-called humic substances. In spite of two 
centuries of research (Stevenson 1982) the structures of these 
substances are still only imperfectly known. They are produced 
by the extensive modification of compounds of biochemical origin 
and appear to be of moderate to high molecular weight and of 
mixed aromatic and aliphatic structure. For the present 
discussion, their most important properties are that they are 
coloured and amphiphilic, that is they contain both hydrophilic 
and hydrophobic functional groups. Most of the dissolved humic 
material in natural waters is leached from the soil of the 
drainage basin (Rasmussen et al. 1989), but some may be produced 
in lakes or bogs by the decomposition of plant material. vSuch 
waters are characterised by low pH and high DOM. The total 
biomass and primary productivity are generally considered to be 
low,as the term "dystrophic" (“ill-nourished") implies. This may 
be true of the pelagial region, but the littoral zone often 
supports a highly productive community of macrophytes (Wetzel 
1983). Although most of the dissolved organic matter is 
resistant to attack by microorganisms,g enough is sometimes 
degradable to support a moderate bacterial population and 
contribute a significant. heterotrophic component to the food 
web. Dystrophic lakes are commonly found in forested areas, 
particularly on granitic rocks as in the northern part of Fenne- 
Scandinavia, or the Laurentian Shield of northern North America. 

In the well-watered regions of much of North America and 
western Europe most waters are naturally oligotrophic. About a 
century ago some lakes in these parts of the world began to show 
signs of increasing eutrophication. It is often said that 
eutrophication represents a natural process in the evolution of 
lakes. This is probably true under most conditions, although 
there is a tendency towards oligotrophication as well (Margalef 
1968). However the changes that were observed were much too rapid 
to represent a natural aging process and were clearly due to the 
enrichment of the waters by domestic drainage (Hasler 1947). 
This phenomenon, known as cultural eutrophication, was observed
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more and more frequently over the years as populations and 
associated agricultural and industrial activities increased 
throughout the world generally and within the drainage basins of 
lakes in particular, and became particularly evident in the 1950s 
and 1960s. This trend caused increasing concern in the minds of 
limnologists and freshwater biologists, as well as the general 
public. The increased algal populations of many lakes were found 
esthetically unpleasing, and the lowered oxygen concentrations 
were deleterious to fish populations, which were reduced or 
replaced by less desirable species. 

A well known example is that of Lake Washington (State of 
Washington, U.S.A.). Available data beginning in 1933 showed 
evidence of increasing eutrophication, which was attributed to 
the influx of nutrient—rich secondary sewage effluent (Bdmondson 
et al. 1956). Decreasing the amount of effluent entering the 
lake, and eventually stopping it completely, allowed processes 
tending toward oligotrophication to become dominant, and by 1975 the lake- was considered to have recovered (Bdmondson & Lehman 
1981). Another region which gave cause for concern at this time 
was the Laurentian Great Lakes where signs of eutrophication were 
apparent by the mid 1960s (Beeton. 1965). The situation seemed 
particularly alarming in Lake Erie, the shallowest of the lakes. 
Not only were extensive growths of algae,both attached and 
planktonic species, observed in many parts of the lake,but large 
parts of the hypolimnion were found to be anoxic during periods 
of stratification. After some controversy it was generally agreed 
‘that phosphorus was the limiting nutrient in the eutrophication 
of these lakes and "an international agreement was reached between Canada and the United States to control the influx of this element. Here again the eutrophication process was arrested 
and to some degree reversed ( Barica 1989), although late-summer 
deoxygenation of the hypolimnion continues (Boyce et al. 1987). 

The limnological mechanisms involved in eutrophication and 
the measures to be taken for its control are now believed to be 
fairly well understood (Vollenweider 1969,1975). There are still 
many areas in the world where eutrophication continues to be a problem, but public concern has generally declined over the 
past decade ( Allan 1989). 

Cultural dystrophication appears to be much less common than 
cultural eutrophication, but it may occur under certain 
circumstances. One instance of this was observed at Southern 
Indidn Lake in the northern part of the Canadian province of 
Manitoba. Here construction of a hydroelectric facility raised 
the water level of the lake by about three meters, flooding a 
substantial area where permafrost was overlaid by moss and peat. 
Humic material leaching into the water significantly depressed 
the primary productivity of the lake (Guildford et al. 1987). 

As public concern about cultural eutrophication has
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declined, concern about all aspects of the contamination of the 
environment by potentially noxious substances has increased, and 
shows no sign of waning (Allan 1989). A number of orgénic 
halides, and especially organic chlorides, have received the 
greatest attention. Organic compounds containing halogen atoms 
are by" no means unknown in nature. Hundreds of compounds 
containing chlorine, bromine,and- iodine and a few containing 
fluorine are produced by living organisms (Faulkner 1980; Engvild 
1986; Neidleman & Geigert 1986). These substances probably play 
significant roles in the physiology and ecology of the organisms 
that produce them,but in general they are either chemically 
unstable or susceptible to attack by naturally-occurring 
microorganisms (Larsson & Lemkemeier 1989; King 1988) and 
consequently do not accumulate in the environment. A few may 
conceivably have some environmental impact because they are 
produced in large quantities and are moderately persistent (Cook 
et al. 1988). most important of these is perhaps methyl 
chloride, which is listed as a priority pollutant by the U.S. EPA 
(Keith & Telliard 1979) and is produced by many species of 
terrestrial fungi (Hutchinson 1971; White 1982; Harper 1985; 
Harper et al. 1988). The input of this compound to the 
environment “from natural processes far exceeds that from human 
activities (Harper set al. 1988). It is widely distributed in the 
atmosphere ( Lovelock 1975; Rasmussen et al. 1980; Singh et al. 
1983) and gives cause for concern because it may contribute to 
the destruction of stratospheric ozone. . 

The accumulation of methyl chloride is limited however by its 
susceptibility to eventual destruction by chemical (Lovelock 
1975) and biochemical (Hartmans et al. processes. The 
behaviour of many synthetic organochlorine compounds is quite 
different. Many of these are exceedingly resistant to chemical 
degradation under the conditions prevailing in the environment, 
and also to biochemical degradation. Indeed persistence in the 
environment was originally considered a desirable characteristic 
in compounds used as pesticides. 

Microbiologists have well—established techniques for 
obtaining cultures of microorganisms capable of oxidizing 
compounds of interest and using the carbon and energy derived 
from this process to sustain growth. These techniques were so 
successful with a Variety of compounds that it was once widely 
believed that it would be possible to obtain a culture capable of 
oxidizing any organic compound whatsoever. This now seems 
extremely doubtful, and some synthetic compounds appear to be 
totally recalcitrant (Alexander 1981), probably because they are 
so different in structure from any compounds found in nature 
that no organisms have evolved the ability to produce enzymes to 
attack them. Other compounds may undergo some degree of oxidative 
modification in the presence of organisms growing on other 
substrates, a process sometimes referred to as co-metabolism 
(Horvath 1972) although this term has been criticized (Hulbert &
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Krawiec 1977). Still others may be oxidized at the concentrations 
commonly used in the laboratory, but not at the much lower 
concentrations occurring in nature (Boethling & Alexander 
1979). 

_

V 

More recent studies have shown that for certain substances 
reductive processes are much more effective than oxidative ones 
in bringing about transformations or degradation (Macalady et 
a1.1986). Many halogenated compounds in particular seem to be 
susceptible to partial or complete degradation. by reductive 
dehalogenation (Kuhn & Suflita 1989). Several types of reaction 
appear to be involved. One type, which is effective against many 
alkyl halides, is reduction by reduced. iron porphyrins and 
perhaps other metal-containing compounds. For example DDT [1,1- 
Bis(4—ch1orophenyl)e2,2,2-trichloroethane] is readily converted 
to DDD [2,2—Bis(4-chlorophenyl)—1,1—dichloroethane] (Zoro et a1. 
1974) which may be further dechlorinated (Quirke et al. 1979). 
This process does not appear to be enzymatic. Other non- 
enzymatic processes may involve reduction by iron minerals or 
humic substances (Curtis & Reinhard 1989) or reductants that are 
not yet identified (Wolfe 1990). Another process which is 
effective against aryl halides seems to be closely associated 
with microbial methanogenesis, and is most probably enzymatic 
(Kuhn & Suflita 1989). 

The first organochlorine compound to be used on a large 
scale as a pesticide was DDT. This substance saved millions of 
human lives and at first seemed almost totally harmless to human 
beings even when used in very large quantities in an almost 
reckless manner ( Metcalf 1973; Spindler 1983). It was perhaps 
its apparent innocuousness that led to the subsequent equally 
careless use of a variety of other organochlorine pesticides, 
many of which are less benign. Throughout the 1940s and 1950s the 
use of these steadily increased. At the same time more and more 
incidents of deleterious effects were observed and reported. 
These were described with great literary skill in 1962 by Rachel 
Carson in "Silent Spring", one of the most influential books of 
our time. Since then the problem of environmental contaminants 
has given rise to increasing public concern, and more and more 
research to determine the extent and seriousness of the problem. 
DDT and its transformation products DDB [2,2-Bis(4e 
chlorophenyl)-1,ledichloroethylenel and DDD were found to be 
virtually ubiquitous in organisms throughout the world. A number 
of other pesticides were found to be almost equally widely 
distributed in sediments and sometimes in organisms. - 

A 

It is not only substances that are deliberately released 
into the environment that may accumulate there. In 1966 Jensen, 
looking for DDT and its products) in fish and birds in Sweden, 
found additional organochlorine compounds which proved. to be 
chlorinated biphenyls (Jensen 1972). A little later ten Noever 
De Brauw and his colleagues (1973), examining seals for
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organochlorine compounds, and Kaiser (1974, 1978), looking for 
chlorinated biphenyls in fish from Lake Ontario, found yet 
another compound "which proved ‘to be mirex (dodecachloro- 
octahydro-1,3,4*metheno-2H—cyclobuta[c,d]pentelene). Chlorinated 
biphenyls were not pesticides, but were used industrially in the 
form of complex mixtures referred to as polychlorinated biphenyls 
(PCBs).,Mirex had been used as a pesticide in some parts of the 
world, but probably not in the Great Lakes basin. It was 
manufactured there but probably only used for industrial 
purposes. It was clear from these observations that serious 
environmental contamination could result from accidental spillage 
or release from dumps. 

Even compounds that have no industrial uses, and have never 
been deliberately produced in any quantity, may accumulate. These 
include various chlorinated styrenes such as octachlorostyrene, 
which have been found in organisms and sediments in various parts 
of the world ( ten Noever De Brauw & Koeman 1972/73; Kaminsky & 
Hites 1964). _These are apparently (produced by the reaction of 
chlorine with the binders in graphite electrodes used in 
chlorine—alkali plants (Kaminsky & Hites 1984). - 

There is evidence that both dystrophy and eutrophy may 
influence the behaviour of contaminants in ways that are 
desirable from the human point of view. The evidence regarding 
dystrophy mostly comes from laboratory experiments with humic 
substances which have clearly established that various 
interactions between these substances and contaminants can occur 
(Suffet & MacCarthy 1989), although the extent and importance of 
these interactions in nature is still uncertain. - 

The evidence regarding eutrophy is derived largely from field 
observations. Bird & Rapport (1986) compiled a large body of data 
on the concentrations of several contaminants in a _number of 
organisms in the Laurentian Great Lakes, and concentrations were 
consistently higher in Lake Ontario organisms than in those from 
the more eutrophic Lake Erie. For some contaminants this could be 
explained by contamination of Lake Ontario from sources below 
Lake Erie. For others however, such as PCBs, loadings for the two 
lakes appear not to differ significantly (International J0int 
Commission 1987). Observations like these suggest that the 
problem of eutrophication may be interrelated with the problem 
of contamination , so that neither of these can be considered in 
isolation (Allan 1989). The general idea _is that eutrophication 
serves in some way to buffer the effects of contamination. 

.Because of" the potential significance of this for water 
managers as well as its scientific interest, the Lakes Research 
Branch of the National Water Research Institute in Burlington, 
Ontario has undertaken a Nutrient-Contaminants Interactions 
Project to investigate this matter further. To simplify the study 
we have chosen to investigate at group of small Ontario lakes
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lying on both sides of the southern edge of the Canadian Shield. 
Lying as they do in an area of transition between sedimentary and 
igneous bedrock they display a considerable range in the chemical 
composition of their waters. There is virtually no industry in 
the vicinity of these lakes. » 

In an initial study (Carey et al. 1989), zooplankton samples 
from more than 30 of these lakes were analyzed for several 
persistent contaminants. To assess the trophic status of the 
lwaters, springtime total phosphorus concentrations were also 
measured. The relative proportions of the various compounds 
proved to be very similar in all samples, indicating that all the 
lakes were receiving them from the same source, presumably the 
atmosphere. However when the concentrations of several 
contaminants in zooplankton were plotted against springtime total 
phosphate concentrations of' the waters, a strong inverse 
correlation was found. 

It is possible that the lower contaminant concentrations 
observed in samples from more eutrophic lakes are not entirely 
due to an effect of eutrophy on contaminant dynamics, but that 
both are due to the same cause. For example, relatively shallow 
lakes tend to be more productive than deeper ones. They also tend 
to have shorter flushing times, so that contaminants may be 
washed away more quickly. Lake Erie is considerably shallower 
than Lake Ontario. It seems unlikely however that this is the 
whole story, and several mechanisms whereby the trophic state of 
a water body may influence the fate of contaminants within it are 
discussed below. 

TROPHIC STATE AND MICROBIAL OXIDATION 
There is some evidence that in highly dystrophic lakes bacterial 
populations have developed which are able to degrade the natural 
aromatic compounds that are part of the humic material in the 
lake water, and are also capable of degrading moderately 
persistent synthetic compounds such as chlorophenols. Such 
organisms were less abundant in clear-water lakes (Larsson & 
Lemkemeier 1989; Larsson et al. 1988). There seems to be no 
reason to suppose however that eutrophic conditions would favour 
the growth of such organisms. Algae can oxidize certain 
contaminants such as alkyltin and alkyllead compounds (Maguire et 
al. 1984; Wong et al. 1987; Lee et al. 1989) and it is 
conceivable that the. ‘populations of mixed heterotrophic 
organisms supported by the dissolved organic matter in eutrophic 
lakes might be capable of cometabolizing certain contaminants. 
There is no experimental evidence bearing on this question for 
the Great Lakes. Microbial oxidation is probably of little or no 
significance for the contaminant dynamics of our small study 
lakes, since the relative proportions of the various contaminants 
are fairly constant throughout the lakes, and it seems unlikely
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that all would be degraded at the same rate. 
Humic material can enhance the biodegradation of certain 

contaminants under laboratory conditionfll the mechanism of this 
is unclear (Liu et al. 1983). It _is ‘not known if any of the 
dissolved organic compounds in eutrophic lakes can behave in this 
way. 

On the basis of available evidence it seems unlikely that 
either eutrophy or distrophy is likely to have much effect on 
the oxidative degradation of highly persistent contaminants such 
as chlorinated pesticides and PCBs. 
TROPHIC STATE AND REDUCTION 

There is some evidence that eutrophy may favour the 
reduction of some contaminants in the Great Lakes. DeVault et al. 
(1988) measured" the concentrations of several contaminants in 
fall run Coho Salmon in the five lakes. Their results for DDT and 
its transformation products, DDE and DDD, are interesting. 
Average total concentrations for samples from a number of 
stations in each lake ranged from 0.03 ug/g in Lake Superior and 
0.06 ug/g in Lake Erie to 0.47 ug/g in Lake Ontario. DDE was the 
predominant compound in all the lakes, ranging from 70% in Lake 
Erie to 90% in Lake Michigan. However DDD made up 18% of the 
total in Lake Erieycompared with 8% in Lake Ontario and 2 - 4% 
in the other lakes. This strongly suggests ethat the anoxic 
hypolimnion of Lake Erie provided a milieu more favourable to 
reduction than was found in the other lakes. In our study lakes 
as well, the proportion of DDD appeared to be highest in the most 
eutrophic of the lakes, although no relationship _between the 
proportion of DDD and the degree of eutrophy was evident in the 
other lakes (Carey et al. 1989).

g 

Humic substances may act. as reductants for eertain.easily— 
reduced contaminants ( Curtis & Reinhard 1989) but there is no 
evidence that they have any effect on more persistent substances. 

TROPHIG STATE AND INDIRECT PHOTODEGRADATION 

Indirect photodegradation _is a process in which light is 
absorbed by one molecule (the initiator) which thereby becomes 
excited and reacts with another molecule which then undergoes 
degradation. This is in contrast to "direct photodegradation in 
which the reactant absorbs light directly. The possible 
significance of indirect photodegradation in the destruction of 
environmental contaminants was first revealed by Ross and Crosby 
(1973) who observed that ethylenethiourea was degrflded in boiled 
agricultural drainage waters in the light but not in the dark. 
Later Zepp et al.( 1976) found that photolysis of the 
insecticide methoxychlor proceeds much more rapidly in natural
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water samples than in distilled water. - 

Subsequent work has shown that the humic substances found in 
dystrophic lakes, as well as the coloured material in the sea, 
can act as effective initiators for a variety of photochemical 
reactions, These studies have recently been reviewed ( Cooper et 
al 1989; Hoigne et a1,1989; Zepp 1988). An excited humic 
molecule may react with another molecule, for example an 
enviromental contaminant,and modify it or combine with it, or it 
may react with a molecule of oxygen to produce highly reactive 
species such as singlet oxygen or the superoxide radical ion, 
which may in turn dismutate to the more stable hydrogen peroxide. 
Other "reactive species, such as hydrated electrons and 
organoperoxy radica1s,may also be formed. The precise role of 
these ihighly reactive species in they transformation of 
environmental pollutants can not yet be defined,but there seems 
little doubt that it is an important one. 

The photochemical behaviour of the much less modified 
bioorganic material found in eutrophic lakes has been less 
studied. Aromatic compounds such as the amino acid tryptophan can 
take part in photochemical reactions producing hydrogen peroxide 
(Draper & Crosby 1983a) or the superoxide radical anion (Draper 
& Crosby 1983b). Oncel formed,hydrogen peroxide can take_part in 
further photochemical reactions,including the photooxidation of a 
number of pesticides (Draper & Crosby 1984). Tryptophan,even at 
the low concentrations at which it may exist in natural waters, 
was found to act as an initiator for the photolysis of 
hexachlorobenzene, and protein extracted from a pond water was 
also active (Hirsch & Hutzinger 1989). The photochemical 
conversion of mirex to photomirex (8-monohydro mirex) was found 
to be more rapid in water from Lake Ontario than in distilled 
water (Mudambi & Hassett_ 1988). The action spectrum for the 
lreaction in lake water was different from that in the presence of 
humic material. . 

.

/ 

BINDING OF CONTAMINANTS BY ORGANIC MATTER 
Hydrophobic contaminants such as chlorinated hydrocarbons can 

be bound by organic material in soils and sediments (Karickhoff 
1981; Caron & Suffet 1989) and by both particulate and dissolved 
organic material in water (Kile & Chiou 1989; Henry et al. 1989; 
Senesi & Chen 1989). Binding to particulate or sedimentary 
organic matter tends to remove contaminants from the water column 
whereas binding to dissolved organic matter tends to maintain 
them in solution, but both diminish uptake by organisms. 
The extent of the binding of contaminants to dissolved humic 
material in natural waters has been overestimated in the past 
because of the use in binding experiments of commercial humic 
acid preparations, which bind lipophilic molecules much more 
strongly than do naturally-occurring aquatic humic substances
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(Chiou et al. 1987). Nevertheless the effect is a significant 
one. The dissolved organic material in non-humic lakes, whatever 
their degree of eutrophy,probably represents a mixture of almost 
all types of biochemicals (Margalef 1983) of al1- degrees of 
hydrophobicity and hydrophilicity. It might be expected that 
these would differ accordingly in their ability to interact with 
contaminants, and _perhaps in general to be less effective than 
humic substances. This seems to be borne out by a study on the 
sorption of polynuclear hydrocarbons by dissolved organic matter 
from Lake Michigan, which proved to be much less effective than 
DOM from a humic lake (Morehead et a1 1986). On the other hand 
water from the Niagara River was found to contain a component 
that bound lipophilic contaminants so strongly that they could 
not be extracted by the procedures most commonly used (Maguire & 
Tkacz 1989). This water would not be expected to contain a great 
deal of humic material because it is largely derived from Lake 
Erie,where the concentration of humic material is low 
(D.R.S.Lean, unpublished). 

p 

Our group has undertaken a study of the properties of DOM from 
the lakes of our study sites and elsewhere. The DOM in water 
samples is fractionated according to rmolecular weight using a 
series of four filters in a tangential flow apparatus. 
Substantial quantities of several size fractions have been 
isolated, and their chemical characteristics and interaction with 
contaminants are being examined. 

_ 

A considerable part, 
especially of the higher molecular weight fractions, proved to be 
carbohydrate (Burnison & Leppard 1990). Much of this consists of 
acidic polysaccharides probably derived from the mucilagenous 
sheathes of blue—green algae (Burnison 1978) and exists in the 
form of small fibrils (Burnison & Leppard 1983, 1984). These can 
probably bind cations (Leppard et al. 1977), but because of their 
hydrophilic character their capacity to bind hydrophobic organic 
contaminants is uncertain. 

BINDING OF CONTAMINANTS BY BIOMA3$ 
This may explain the results from our group of small lakes. 

It has recently been shown (Yan 1986) that inva group of lakes 
probably not unlike ours, total phosphate concentration was a 
reasonably good predictor of zooplankton biomass. Hence the 
inverse correlation observed between total phosphate and 
contaminant concentration may W911 have represented a similar 
relationship between concentration and biomass. The results 
reported for the Great Lakes probably cannot be explained so 
simply. The differences reported between Lake Ontario and Lake 
Erie “were much bigger, and were observed at a higher trophic 
level than in the smaller lakes. Species differences between the 
biota of the two lakes may play a role. The uptake of PCBs (and 
probably of other persistent hydrophobic contaminants) by 
microorganisms is believed to be controlled largely by sorption
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to surfaces, and in larger organisms by partitioning into lipid 
phases (Falkner & Simonis 1982). Difference in size, and hence of 
the surface/volume ratio,of the planktonic algae, species and 
seasonal differences in nature and amount of lipids in larger organisms (Wainmann & Lean In press), and differences in feeding preferences at all trophic levels, might be expected to be 
considerably more significant than simple dilution. 

CONCLUSIONS 
The heterotrophic bacterial populations of both eutrophic 

and dystrophic lakes may have some capacity to oxidize moderately persistent contaminants. The organisms in dystrophic lakes may be somewhat more effective against substances like chlorophenols because the partially aromatic character of the naturally- occurring humic substances may provide a selective medium for the growth of organisms able to attack aryl groups. Certain species 
of algae which may occur in eutrophic lakes may also be able to attack some contaminants. It seems unlikely however that any of these organisms are effective against the most persistent contaminants such as chlorinated pesticides and PCBs. 

Reductive processes seem likely to be more significant than oxidative ones in destroying contaminants in the environment. In lakes that are eutrophic enough to develop anoxic hypolimnia, reductive degradation of a variety of contaminants may occur. Even persistent contaminants such as chlorinated pesticides may be attacked. Dystrophic lakes probably provide less favourable conditions than do eutrophic lakes for these processes, although reductive degradation of moderately persistent contaminants may occur. 

There is some evidence that compounds which are likely to 
be present in eutrophic waters, such as aromatic amino acids and proteins containing them . may act as initiators for the photochemical degradation of contaminants. There is considerably more evidence that the coloured compounds in humic waters may act 
in this way. 

Eutrophic lakes may accumulate considerable quantities of organic compounds. Whether these are of a kind that will be effective in binding hydrophobic contaminants seems uncertain at this time. On the other hand there seems to be little doubt that 
the amphiphilic compounds in dystrophic water can‘ bind 
hydrophobic substances strongly enough to have a profound effect 
on their dynamics in aquatic ecosystems. 

Finally, the higher populations of organisms at several trophic levels that are likely to be present in eutrophic waters 
must almost certainly serve to dilute the concentrations of 
contaminants in the total biomass. This is not likely to be very
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significant in the smaller populations usually found in 
dystrophic lakes. 
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