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2.1 TYPES AND AMOUNTS PRESENT

Many figures are quoted for the number of chemical substances in common use
today, and for the number of new ones introduced every year. Probably reliable
are the values given by Maugh (1978), who arrives at the figure of 60000
chemicals in use with several thousand additional ones being added annually.

Initially, it might seem that such numbers render impossible the task of
identifying priority chemicals as potential environmental hazards, at least on
anything but an intuitive basis. However, such attempts have been made (for
example, MITRE, 1976) and, although the earlier studies were largely
overwhelmed by the data required and ended up using very simple sets of
attributes as the basis for priority identification, the experience gained has
increased our understanding of what is necessary (Goodman, 1974; Harriss,
1976). Today, large data banks are being organized for precisely this purpose,
most notably by the International Registry for Potentially Toxic Chemicals, an
activity of UNEP (IRPTC, 1978).

As a rule, it is necessary to know certain quite specific attributes about a
chemical substance to predict whether it will be a danger to the environment in
general. It must be released in large quantities; it must persist in the ecosystem it
enters (or be transformed into an equally or more seriously toxic material); and it
must find its way to target organisms by having some kind of affinity for
biological materials. Also, of course, it must be in some sense toxic. This chapter
surveys briefly what is known about these various steps, and looks at how we can
arrive at a useful analysis of which chemicals ought to be of primary concern.
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8 EFFECTS OF POLLUTANTS AT THE ECOSYSTEM LEVEL

Entries into the environment which have been seen to cause considerable
damage can be classified into three categories, depending on their geographical
extent (Harriss, 1976): point spills, chronic local releases and widespread
releases.

By point spills we mean occasions when a significant amount of a chemical has
entered an ecosystem at a point (in both space and time) and effects of
contamination are expected in a well-defined more or less local area. The
assumption is that the substance does not rapidly diffuse away, but remains in the
immediate vicinity at a noticeably high concentration (or perhaps moves, but in
such a way that levels remain high as it moves).

Such cases would normally occur when large quantities of a substance were
being stored, transported or otherwise handled in concentrated form. This kind
of situation would probably involve the commercial handling of an industrial
chemical or fuel, and would include oil spills, leaks or spills of chlorine or other
gases, PCBs, acids and so forth.

The fact is that we have a considerable amount of experience in dealing with
such situation ; authorities such as Transport Ministries and the Coast Guard or
related services have recognized and planned for certain dangers for many years
(Transport Canada, 1979). Lists have been drawn up in most countries of those
regarded as most hazardous (Jones, 1978). For substances in this category,
assessment of toxic effects is a matter of record, and policy is typically directed
towards emergency procedures to be followed in case of spills.

Chronic local releases are cases in which discharges have taken place over such
periods of time, and in such quantities, that a larger region (for example, a river
system, a catchment basin or the landscape downwind of a source) has been
contaminated. This type of situation usually results from, or is associated with, a
large industrial or municipal source (Holdgate, 1979). The effluent may be a
general loading of organic material or a noxious gas, in which case the problem is
simply that the ecosystem cannot incorporate such quantities as it gets, or it may
be the release of much smaller quantities of much more toxic trace elements.
Thus, a single industrial source might produce both types of problem, by
releasing organic waste material and at the same time discharging trace amounts
of heavy metals. Similarly, an agricultural system might load an ecosystem with
organic materials and at the same time release significant quantities of pesticides.
Either one, however, would still constitute a case of chronic local release of a
damaging substance.

Such cases are the most numerous today, and are rather difficult to further
classify. Attempts have been made to identify the kinds of releases most likely to
be found in this category, and typically result in the following as the most
important:

1. General nutrient discharge, leading to eutrophication.
2. The class of chemical generally referred to (somewhat inaccurately) as heavy
metals, and their organic derivatives in particular.
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3. Manufactured organics known (and intended) to be toxic, specifically the
pesticides.

4. The acidifying gases, oxides of sulphur and nitrogen (MITRE, 1976; SRI,
1977; IRPTC, 1978).

We will consider each of these in the chapters to follow.

The most serious type of entry is a widespread release, by which we mean
release of a substance in sufficient quantity, and over a wide enough area, that
there could result a noticeable pollution of a significant part of the entire earth’s
surface. If this should happen at a level at which the ecosystem itself was affected,
the problem would be grave indeed, particularly so if the substance originated
with an activity which was very widespread (so that the sources of pollution are
many) and was associated with an activity on which many other activities depend
(such as basic energy generation). And this is not to be assumed impossible ; there
are something like a thousand substances manufactured in such quantities as to
be capable of polluting the entire globe (Butler, 1978), and there are many others
which are released inadvertently as by-products of widespread operations.

It is important to distinguish those cases in which the ecosystems involved may
be affected, as opposed to cases in which all that can be said is that the substance
is detectable (sometimes only by extremely delicate instrumentation) in farflung
locations. The latter, obviously, may attract considerable attention but are not
necessarily a problem. The former are so potentially serious that, if they should
happen, we may already be too late to save some valued part of the environment.

It is instructive to examine those cases known so far in which truly global
pollution has been recognized. There are at least six: radioactive fallout
(UNSCEAR, 1972); DDT (Edwards, 1973); PCBs (Nesbit and Sarofim, 1972);
freons and similar fluorinated hydrocarbons (NASA, 1977); and, more recently,
production of carbon dioxide (Rotty, 1979); and, of course, the oxides of sulphur
and nitrogen and their end-product, acid rain (Whelpdale, 1978 ; NRCC, 1981a).

The first three of these have not affected the structure and function of the
ecosystem itself, only of certain targets in it (albeit rather important ones). The
others, however, are very much of a threat to the more general system : freons and
CO, by changing the physical parameters to which all organisms must adjust
(radiation level and temperature, respectively); while acid rain has been clearly
seen to be overtly toxic to ecosystems, particular aquatic systems, over a wide
geographical area. It is in this area that potential dangers are greatest and
advance warning would seem to be most urgent.

It should be explicitly mentioned here that there is considerable dispute about
some of these cases. While each one certainly represents a situation in which an
unnatural chemical substance has been discharged into the environment, it does
not at all follow that the environment itself has in some sense ended up with
deleterious damage. In the case ot radioactivity, for example, only in very local
areas (detonation points) or experimental setups (the gamma forest) has there

been a marked effect on the ecosystem generally. Ecologists have had to search
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with great care and tenacity to discover whether DDT residues were affecting

ecosystems, in spite of the obvious fact that concentrations in the fat of certain
mammals were enormous. The long-term effects of PCBs, at very low
concentrations, remain a matter of debate.

The cases of freons and CO, are interesting in quite a different sense. These
substances have clearly not had an adverse effect on the ecosystems exposed to
them. However, on the basis of certain modelling studies and theoretical
exercises, it became clear to some—and not to others—that a danger was present
and would become real if action were not taken straight away. This is another
profoundly important issue. If we wait until deleterious effects can be clearly
demonstrated, remedial measures will be impossible. This means that, with a
threat such as CO, production, we must consider the risk of a situation that has
never occurred, and for which historical fact, the only convincing argument for
many people, can not even in theory be available. Nonetheless, as we become
increasingly capable of poisoning our own environment, we must be prepared to
depend on such theoretical arguments and models as are available to assess the
consequences of particular policies. It is not a comfortable situation.

A further category might be added to our three kinds of spills or discharges,
but as yet little is known about the possible dynamics and there are few examples
to examine. This is the situation in which a substance may be quite dilute in the
environment, but be concentrated geographically as well as in particular
organisms (as opposed to simple biomagnification in a particular food chain, a
phenomenon which we reasonably well understand). A possible case could arise
from the dumping in the deep ocean of radioactive wastes. Escaped radioactivity
might concentrate in fish which then congregate near the shore or even migrate to
particular areas, thus constituting a source of radioactivity for a target, perhaps
man (Grimwood and Webb, 1977). However, in such cases it is not usually
assumed that a threat to the ecosystem generally exists, only that an unsuspected
pathway to man might exist. Since only the former is the thrust of the present
work, such cases are not discussed further.

2.2 DISTRIBUTION, TRANSPORT AND TRANSFORMATION

A good deal of information is now available about how chemicals distribute
themselves, move (or get moved) and change their chemical form in the
environment (Butler, 1978 ; Beijer and Jernelov, 1979). Furthermore, we know
how to predict at least some of this behaviour using knowledge of physical and
chemical properties (SRI, 1977) and, recently, automated computer models of
such behaviour have been developed and are gaining acceptance (Roberts er al.,
1981).

Concerning distribution, procedures are generally available for measuring
partitioning in aquatic systems (Roberts et al., 1981), vapour-particulate
distribution in the atmosphere (Natusch et al., 1974), and binding to particles of
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various types in soils (Schnitzer and Khan, 1972). Such information, together
with information about relative binding strengths, allows us in many cases to
make quantitative predictions about release rates and subsequent transport in
aquatic systems (Ottawa River Project Group, 1979) and atmospheric
environments (Whelpdale, 1978; Miller and Buchanan, 1979). Biological
involvement is also beginning to be described in quantitative terms, such as
uptake from water by aquatic biota (Roberts et al., 1981) and uptake from soils
by plants (Schnitzer and Khan, 1972). Influence of biota on physical transport
has also been studied (Boddington ez al., 1979).

Quantitative prediction of transport has advanced greatly in recent years
(Bignoli and Bertozzi, 1979), although some areas remain less well understood
than others. Probably best understood are aquatic transport (Hakanson, 1980)
and surface runoff of pesticides and agricultural fertilizers (Holdgate, 1979).
Short-range atmospheric transport has been well studied (Pasquill, 1974), while
long-range transport is qualitatively understood but so far beyond the power of
existing computers (Munn and Bolin, 1971). Groundwater, that is, subsurface
transport, will require much more study (CEC, 1979a).

Transformation, for the present regarded as transformation to a chemical
form which is still of concern in terms of toxicity, has been widely studied and
continues to be an active area of research, particularly for metals (Summers and
Silver, 1978; Butler, 1978; Beijer and Jernelov, 1979; Chau et al., 1980). Even
such a familiar question as the methylation of mercury is not resolved ; originally
it was thought that biological transformation took place at a more-or-less
constant rate (Jensen and Jernelov, 1969) and many subsequent studies have
regarded this as axiomatic (Fagerstrom and Jernelov, 1971 ; Spangler et al., 1973;
Bisogni and Lawrence, 1975; Olson and Cooper, 1976, for example). It is now
realized (Miller, 1977; Beijer and Jernelov, 1979) that various processes of
demethylation as well as methylation are at work, and the net result is probably
an equilibrium level of methyl versus inorganic forms. Similar analyses for other
heavy metals and other elements are at a much less advanced stage (Summers and
Silver, 1978).

Analytic procedures for the various organometallic compounds are not trivial,
and transformation from one to another may be spontaneous and fairly rapid
(Beijer and Jernelov, 1979). Few standardized procedures are available at present
(Oladimeji et al., 1979). Knowledge of the relative amounts of each species
present is critical because of their great differences in toxicity (Friberg ez al.,
1979). Much work remains to be done in this area.

2.3 UPTAKE BY BIOTA

We can borrow from the extensive body of literature in the field of pharmacology
to identify the factors most important in understanding and predicting the
dynamics of absorption and retention of chemicals by living organisms. The
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Figure 2.1 Biological concentration factor. (From Veith et al., 1979. Reproduced
by permission of the Journal of the Fisheries Research Board of Canada)

most important are lipid solubility, molecular size and degree of ionization
(Stein, 1967; La Du et al., 1971). Other factors are of lesser importance, such as
number of hydrogen bond-forming groups in the molecule (Stein, 1967).

As an effective predictor of bioconcentration in environmental situations, lipid
solubility seems to be of greatest importance, and, furthermore, it can be reliably
predicted by several simple measurements such as water—olive oil partition
coefficient or, more generally in recent years, the water—octanol partition (Neely
etal., 1974; Chiou et al., 1977; Veith et al.. 1979; see Figure 2.1). Other
important environmental observations, such as the overwhelming concentration
of organic mercury in fish but not in their environment, can be explained using
arguments based on preferential uptake of the organic form (Holdgate and
White, 1977, Appendix D).

In general, environmental transfers of pollutants are so sufficiently well
understood that specific pathways can be predicted in many cases (SRI, 1977);
tabulated collections of data for use in quantitative analyses are available
(Verschueren, 1977), and some progress has been made towards interactive
computer programmes to process this data almost automatically (Roberts ez al.,
1981).

2.4 FATE IN THE ENVIRONMENT

As used here, ‘fate’ refers to the ultimate disposition of the chemical in the
ecosystem, either by chemical or biological transformation to a new form which
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1s nontoxic (degradation) or, in the case of an ultimately persistent substance
such as heavy metal, by sequestering in a marine sediment or other location
which is expected to remain undisturbed.

For substances which are effectively degraded, whether by hydrolysis,
photolysis, microbial degradation or whatever, it would seem necessary to collect
and tabulate parameters which could serve as predictors for the rates at which
degradation would occur. This has been attempted in some large studies
(IRPTC, 1978; Callahan et al., 1979) but work is impeded simply because most
such parameter values do not exist in the literature. On the other hand, work is
progressing in establishing standard protocols for their determination (SRI,
1977; Sheehan et al., in press).

Releases into the environment of persistent chemicals lead to an exposure level
which ultimately depends on the length of time the chemical remains in
circulation, and how many times it is recirculated in some sense, before ultimate
removal. This question must be carefully analysed through a study of global
dynamics, as has been done in relatively few cases (Nriagu, 1979). A particular
question which needs to be addressed more often for metals is what fraction of
the general global circulation is to be attributed to man’s activities, an
examination which can be made either on theoretical grounds (Garrels et al.,
1975) or experimentally (Friberg er al., 1979). Results are not always in
agreement; for mercury, for example, estimates of the fractional global
circulation which originates with man range from 5 per cent (Weiss ez al., 1971)
to as much as 30 per cent (Miller and Buchanan, 1979).

2.5 EFFECT ON THE PHYSICAL ENVIRONMENT

There is some literature on the general ways in which pollution can affect the
physical and chemical nature of the environment (Goodman, 1974; Munn,
1978), but the best approach is probably through examples of the various
possibilities.

The generation of heat, usually by use of river or lake water for cooling of a
power generating plant, has been well studied in terms of the total amount of heat
generated and the temperature rise in the environment that will result (Talmage
and Coutant, 1980). However, the general and ultimate alterations that will be
produced in the environment are hard to predict (Krenkel, 1979). Certainly, it is
not clear that all effects are necessarily adverse; increase in temperature may lead
to much higher growth rates of commercially important species, for example
(Malouf and Breeze, 1978 ; Mann, 1979). The general attitude is that any change
from the original state is to be avoided, although the possibility of making a
change to a somehow more desirable ecosystem does come through in thoughtful
reviews (Holdgate, 1979).

Changes in the acidity of a system, particularly an aquatic system, resulting
from acid rainfall are generally understood and the ecological consequences have
been described at length (for review, see, for example, NRCC, 1981a). Similarly,
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changes in the acidity of terrestrial ecosystems have been widely studied in terms
of the effect of a given change in pH, although the extent to which such a change is
due to rainfall as opposed to natural acidification processes in the soil is not
known (Hutchinson and Havas, 1980). What is known, of course, is that pH
changes can drastically affect the structure and function of the ecosystem, both
directly and indirectly by, for example, increasing the concentration of heavy
metals in the water through increased leaching from sediments (Miller and
Akagi, 1979). This general theme is further developed in the following chapters
and in the case studies.

There are, of course, many other categories of physical and chemical effects,
but detailed examination would be beyond the scope of this work. The reader is
referred to the case studies for specific situations in which major changes in the
ecosystem have resulted from alterations in the physical environment.





