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mIE BIOJOGICAL LFFECTS OF CHEMICAI, BUBUTANCES

Ur M W Holdrate, Contral Unit on Envzronmontnl Pollution, Department
of the Environment®

*Tootnote. The views expressed in this oaner are those of the author
and not nagessarily those of the Department of the Environment.

Yollution may be defined as "the introduction by man into the environmment

of substances (or energy) liable to cause hazards to human heuslth,
harm to living resources or ecological systems, damapa to amenity
or interference thh legitimate uses of the environment”. This
definition dbrings out the basic fact that in responding to pollution

we are concerﬁcd with actual or potential adverse effects - damage to

our own physiolory, to the living resources on which we depend directly,

or to the wider ecolomical systems of land and sea that ploy a vital
part in the repewal of atmospheric oxygen, the elimination of many of
our wastes, and the recycling of vital nutrients. In this parer I am
concerned with the effects of chemicals injected into the biosphere
by man (whether injected directly or indirectly via the physical
environment), and the nature of our response to them.

Eveﬁ the most aprarently stable of living systems exhibits dynamic
equilibrium. This is affected by physical and chemical variables at

many levels. A pollutant in the cnvironment may affect:

(a) Bn ecosystem

(b) a population of a single species
(c) n sinple individual organisn

(1) an organ or system within thot organism
(e) n biochemical or cellular cubsystem

or several of these simultaneously. MONS 040317




FHeRNACAIC/R & riCty OF ToALUIoN

Commonly, we consider pollution in terms of its effect upon whole
individual organisms. It is evident that the responses of individuals
are in fact the intepral of a complex web of subsidiary effects unon
biochemical systems, leading to chonges in cellular physiolory and
behaviour which in turn affect the functioning of whole orgmans., A
pollutant may often have a demonstrable effect at biochemical or
cellular level which, becausc of the homeostatic machinery of living
creatuées, may not be manifest at the level of the whole individunl
at all. This does not mean that the individual is unaffected by the
pollutant: indeed, it means that some of the biological capacity of
that individual is being uséd up in the same way that the discharce
of a pollutant into a lake uses some of its dilution = capacity
even though it does not reach the threshold at which ecolonical
change ensues. Similarly, the responses of whole ecolorical systcms
are the integral of many interdependent #ndividunl responses., It

is quite common for signiricent effects on individuals not to de
manifested at all at the ecosystem level, where so many organisms

of so many different species interact to produce a system that is in

dynamic equilibrium and which displays considerable inertia.

Those levels of effect are arranged hierarchically. The ecosystem
level of response is the highest level and & "no response threshold”
may yet be maintained while there is a considerable pollution-induced
mortality at the individual level, and even at the species level
chould the species exterminated from the ¢cosystem not be of major
importance in deéermininn ﬁhc characteristics of the whole. For
example, it has becen established that cxposure of lichen species on

the trunks of English oaks to mean annual sulphur dioxide concentrn-
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tions of 40-180/un/m3/ can be correlated with their progressive
extorminati;n —.und, no doubt, that of the aswall insccts that feed
on them. This has no effect, so far as we know, on the basic
ecolopical stability of oak wo&ds in the Midlands or South-lLast
Enrland, and, while it clearly leads to a degree of impoverishment
compured Qith the natural situation, does not prevent the establish-
ment of )imdland Mational Nature Reserves which suprort an otherwise
rich and varied wildlife. Similarly, it would be perfectly possible
to contemplate a pollutant effect which exterminated some species
from a freshwater or marine environment without affecting either the
capacity of those waters to'supportla balanced uné productive
ecosystem or crcating a system unacceptable to man.

- (
In this situation pollutants can be considered to impose "stress" on
the.ccological system just as other forms of human interfererce do,
It seems probabdble that the very firet effect is to increase the
species diQersity of the system, but thereafter rising levels of
pollution are paralleled by reduction in diversity and also by a

tendency to change from systems dominated by large, long-lived forms

to those dominated by smaller species with shorte:y lifc cycles - as when

Qoodiend rives way to grasslands. In more technical languare, the
shift is toward systems in which the annual production is larger in
proportion to the standing crop. This is not the place to 0 into
details, but we do now know a good deal about how ecological systems
respond to stress and this is valuable in predicting what new levels

of pollution may do to pattrrns of vegetation and fauna.

. -3~

pf/ug/m3 is microgram per cubic metre
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At the population level, if one is concerncd nimply to have "no
recponse" iﬁ terms of population size, enhanced mortality is
acceptnble so 1;nm as this is not on 50 freat a scale thut it leads
to population decline. That is, it ic permissible in these terms
to substitute vollution for other forms of mortality that would
otherwisctremove the surplus of offspring produced in most populations
of living creotures. If the annual production of youn( seabirds,
for ecxample, is threc times that required for recruitment into a
stable breeding population and the norm is for the surplus two-thirds
to dic, in population Cermg it is immntierial whether this surplus
is removed by competition for food, predation or chemical pollution,
80 long as recruitment is nustained. The size of the population
would be equally unaffected if the mortaléty among breeding adultls
were incrcased by pollution, gso long as enough young survived to
maintain recruitment at the higher rate which would then become

necessory.

Indecd it scems very probable that during the early 1960's the heron
population in England wus.in just this position in relation to certuin
orpanochlorine pésticidos. We know that some adult herons were
]ebh&lly poisoned and therc is considerabdle evidence to suggest that
sub-lethal residues affected egpg-shell thickness ané chick survival,
resulting in a reduced output of young. Neither the adult mortality,
nor the decrease in over-all breeding success, however, appear to

have reached a level where they affected more than the annual surplus
present in the population and so the total heron population of Enmlﬁnd

and ¥Wales -of #,500 pairs remained unchanged.

\
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Again, a demand for "no meuponce" at the individual level permits
organ, cellg]nr, or biochemical cﬁnnmes. 50 lonpg as mortality or o
serious retﬂfdntion of pgrowth or distortion of behaviour does not
ensue. The influcnce of factories emitiing fluoride on cuttle
grazing in their vicinity has Leen reguloted on such a basis: a "no
effect” standard at the physiological level has not been demanded,
but the exposure has been restricted in such a way that unncceptabdle
effects are avoided. Rather similarly, some pasture grasses and

crop plants in industrial arecas of Britain may have their growth rates
affected by atmospheric vpollution, including pellution by S0p, but
this is reparded as acceptadble so long as yields are maintained ahove
a certain threshold, determined by economics. Fven in man onc sces
this situation, altbuph the threshold is usually set nuch more
stringently on heal'l grounds: eg, in oud acceptance of blood leac
levels which affect the activity of the enzyme delta-aminolaevulinic
acid dehydratase, so long as these are not nermitted to rise whove
around 56-u0/ug/100qﬂ of dlood, which is commonly taken as the point
bejond which we become socially concerned. Finolly, if we deternine
that we shall have a "no response” situation at the biochemical lavel,
we are admitting of no detectnb}e effect whatsoever and are faccd
with.the most stringent of all demands for pollution control. Indred,
with an impossible situation, since some substances we release as
pollutants are prcsent naturally in our environment at levels which

have a biochemical effect. MONS 040321

In social terms, we tolerate different levels of cffect according

to the pature of the tarmet and its immedincy to the human situation.
For examnle, it is qpmyonly agreed that we should not accept sirnificant
effects at the organ level in mun. e are indeed wary about the
curulutive effects of lifelonp exmosure to substances which may only

have minor demonstrable effects on human biochemictry, fearinm that




they may in some way propressively erode the Lody's homcostatic
machinery and chorten life. Ve rcject sipnificant effcets at the
individual levol. -~ illness or impaired prowth - in cattle, shecp,
othor farm stock and domestic pets. Ve reject significant ecosystem
effects in norine and freshwatcr ecosystems and in foresﬂinnd wild
vepetation, with their invertebrate and bacterial commoncnts.
Sometimes, of course, the standard we net at one level affects
organisms for which we would otherwise only be seeking lesser deprces
of protection: standards set for mercury in fish as human food for
exanple, may lead to curbs on discharges of eg:e% metal to the sea
which from the point of viey'of protecting marine ecosystems would
not be necessary. It does not follow that our judgement in these
matters is always wise (although I believe that it is defensible)
but it does follow that we should be aware of the logic’ of our

actions.
EXPOSURE AND EFFECT

The effect on a target depends upon three groups of variables:
(a) the nature of the pollutant,

ib) the biological state of the target with which it is
interacting, including the individual and temporal variation

which is exhibited by individuals, organs and biochemical systems,

(¢) the concentration of the pollutant and the time of exposure
(not usually, incidentally, capable of being summarised by a
simple arithmetical multiplication. Short term exposures to very
high concentrations need not always be the equivalent of exposures
to half that concentration for twice the time or one~tenth the

concentration for ten times as long, Ozone for example, can affcct
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sennitive plants in hourly exposurcs to around 10-20 pphm*:

twice the time at half the level may have much loss effect).

In addicionh it is important to know the site of entry of the

polliutant (er skin, lung, rut) and the site of action (nervous

system, blood, kidney, liver etc).
Tudiiipdnst YRSy ysbinthtinitatheutnnastuiere SV SDouy:
AArdadSRRERIIEENEOERITRISVWII., Such a pathway may be represented as
in Figﬁre 1. It is evident that a whole series of physical and
chemical properties and interactions influence this movement, and
parameters such as diffusion coefficients, absorption properties in
and from soil, solubility iﬁ vater or other iiquids. retes of break~
down by ultraviolet radiation and reactivity with other components
of air, water or soil can have a major influence. This is well
exemplified by the pathway of sulphur dioxide in air (Fipurc 2)
74He}&ﬁate-ead—ReedT—49?§)ﬁ Here transformation to $03** or SOQ‘*,
washing' out in rain as dilute sulphuric acid and/or combination with
amonia to form an ammonium sulvhate haze ("Teesside mist") have an
important influence on the actual nature of tarpet exposure. Similarly,
chlorofluoro hydrocarbon ;ompounds emitted to the environment as
acrosol propellants anparently versist for a long time under grouri-
levei conditions but are fairly rapidly degraded by ultraviolet
radiation in the upper atmosphere: here physical mixing of layers of
air will clearly be an important determinant of persistence. 1In
predicting the scale of a possible pollution problem, therefore, any
model we develop must take full account of* the pathways, as well as
the nature of the actual interaction of the pollutant and the target.

It must also cater for individual variations in susceptibility and
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variations with time and circumstance.

Somctimes tﬁese'vnriutions can be very larpe. For exanple, concentra=
tions of lcad in oir in Britain may rcach ?0—25/uu/m3 in the cecntre of
motorways by day and average 10-15/uﬁ/m3 over 24 hours. In ordinnry
pusy stroets, and around factories, 24 hour averapges are around
1-%/ug/m5: In the country levels are much lower -~ belowto.j/ua/ms.
Human exposure inevitably varies as neople move around. Human intnake
to the lunis likewise varies according to the volume of air we breathe
in the day - and while the 'average for an adult man is around 15 m5
this can be doubled by activity or halved by rest. Not all the lead
particles passing the nose or mouth reach, or stay in the lungs:
various calcdulations pive retentions of 10-60% of the potential intnke.
Only a proportion of the lead retained is absorbed - maybc 507 on
averare, but with much individual variation. If you sum the cumulative
effectlof nll these variables, you can reuadily see how theres csoula e

a thousnndfold variation in human lead absorption from the air - and
the uncertainties in many figures cast doudbts on the usefulness of

such a broad-brush calculation at all.

Geneyrally speaking, the effect of exposure to a pollutant is rclated

to concentration, althouph the curve is unlikely lo be linear.

Morcover, the response to increasing concentration is frequently

hierarchical in nature. That is, at the lowest concentrations the-e

is a biochemical effect. With increasing concentration this becowcs

manifest in whole cell or whole organ chahges, then in variations in

individual dehaviour. At hipgher concentrations ctill, incividupl

mortality moy ensue while preater exposure leads on to whole population
A .

or whole ccosystem changes.
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e have partial docunmsntation of wany of these curves. Olten the
information“results from laboratory tests, under conditions renote
{rom those {n the fiecld, of single pollutants apainst sinrle tareet
apecies. ‘This moy be reasonnble enourh for exvosures to pollutants
with a specific action, like the effects of radicstion on renctic
vsystemsigF%ﬁvfe—tfﬂ but how valid is it as an indicator of whole-
nopulation or wholc-organism responses (o chemical factors? Often

the laboratory tests estimate doses that kill 5075 of the exposed
organisms (LD50) in 24, 48 or 72 hours or over a lonrer neriod of
doys. Often, the dose concentrations uned in such tests are relatively
high ~ sonebimeslthis is necessary to demonstrate a response in a
convenient time. The test species used are often selected for
conveniencc'in the laboratory and basic (and sometimes sweeping)
asgumptions are made about the similarity‘of response other organiams
may be expected to show.

But what of the situation in nature, when we are dealing with nobile
populations, forming part of a much more complex system , and able

to move away from areas of high pollution. There can be no confidecnce
in their extranolation to the rcal world. Often,too, ccologically
significant effects can be sub-lethal ond will not show up at all in

D50 tests., For instance, seaweed frowth rates can be related to

deprees of marine pollution 7, with consc~
quences for herbivorous marine animals; and fish physiolory can be
adverscly affected by DDT levels below the directly lethal dose,

moking fish more likely to succumb to cold or to be unsuccessful on

mirration /—F«HW‘%‘(_AHWWM.
Ay

A rood cxample of a complex and imperfect framework of knowledre is

provided by sulphur dioxide in air - onc of the commonest and most-
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studied of atmospheric contaminan?s. As Fipure J implieg, quite a
lot is known ahbout tho exposurcs at which various kinds of nlant
firat show innury and then serious damapge. Likewise, the onset of
symptoms in the most sensitive people (Lronchitics) is predictable.
But in both cases allowonce must de made for a very wide range of
individu#l variation (in man there is probably a thousandlold range
in sensitivity in an averare population);furthermore, there is a great
deal of variation in response according to the duration of the
exposure, and at least in man, the levels of smoke accompanying the
50, exposure are critical, Thus, the "threshold" level for 8505,
averaged over 24 hours, is SOQ}lm/m3 when nccompanicd by QSQ/ué/m5
smoke f&&Enre-#)-&&ev%herT————j)f whereas laboratory studies have
failed to find significant impairment of human respiratory function

by S0, alone at concentrations below 2500/ug/m3 for comparzble neriods.

In this case we do have enough knowlecEevcr acse/response relatienchipe
to conclude that in orde? to.protcct vulnerable pecople we should scek
to keep daily average sulphur dioxide levels in air below 500/\1[3/111'3

and smoko below 250/08/!"a and these figures have been adopted as
short-term objectives by a WHO .Working Party. If we consicer that the
manifest sensitivity of lichens indicates potentiml biochemical
dinturbance which, while we cannot vrove its parallel existence in man,
ought in common prudence to be avoided, we would need to take an

annual mcan of around ﬂﬂ/ug/m5 as our environmental quality goal - and
that peaks never preatly exceeded this figure. Although we have

little information on other species, this would almost certainly also
prevent any crop losses and protect most forms of life while it would
not eliminate the Bereficial action of air-borne 0o in correcting
sulphur deficiency in some soils. The recently published national

NS 040326
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survey of smoke and sulphur dioxidF A;wk%%ﬂsyaj indicntes that
502/u5/m5 isionly exceaded in the south of Engzland, excluding London,
for a very féw days in the year, wheveas in Jondon and in the midlond
and northern towns it is frequently excecded. But in wany rural aveas
the lower "target" of an annual mecan of ﬂojnn/m is exceeded, 5o that
3t ic not“surprisinp that the British Lichenological Soeciety has
recorded considerabvle impoverishment of the lichen flora in the whole
central nidland zone of Enpland ﬁ?&:urc—§l. The question is whether
this is paralleled by any significant agricultural losscs (one report
placed these at ZA0 million ;¢ annum in Enpland, but with an
enormous poscible margin of error) and sufficiently serious to justify
the major expenditure that would be required to reverse it (especially

in the curreht energy situation).

Only rarcly do we have even this degree 'of detailed information nhout
evponurn—nffect relationships. More commonly all that we hove is a
bro,d descriptive correlation botwqpn nollvtmon levels, menerally
Ha Treat Ju'bzu..-/ Judin is a fxd-tCuean
nsscnscd, and biological resnonse: amnle for fresh water, #+—ttven
——&n—?iﬁu?n’f? There is clearly a need for more research to determine
rigorous "criterio" on which our social judgement of the need for
more.(or less) intensive effort to comwbat pollutign must depend. Such
work needs to take into account the biochemical means by which the
whole-organism responses arc mediated. Ye need a better understanding
of indivicdunl variations in response, and how variables such as upe,
nutritional state or reproductive condition of the individual interact

with environmental chemical factors in determining them.

THE IRTENACTION OF POLYUTAUTS ARD OTRER FACTCRS

This lcads to another important meneralisation: pollutants rarely

operate in isolation. I would like to rive a case history that
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underlines this rather well and illustrates the true comnlexity of
the kind of ‘situation that confronts us. DBotweon Jurust and Novemboer
1969 about 12,000 scabirds died in the Irish Seca. They were almost

n)l of one species (Uria malre, the Guillemot); they

were almost all adults, and nearly 11l of them came ashore after
September'gales in an emaciated conditien. Tnvnstinatim1ﬁﬁcldc::?
gshowed, however, that the males were not the primary cause, for
while thc peak in ‘the number of ctrandings coincided with the storms,
some birds had begun to leave the water in a distressed condition
before the gales bepan and while pales of equal severity had affccted
- tho whole western seaboard of Britain, the mortality was concentrcted
in the Irish Sca north of a line from llolyhead to Dublin and south of
a linc froﬁ Donegal to the Mull of Kintyre fFirure 75.
Histolorical examination showed that many of the birds had lesions in
the kidpcy and Jiver and chanpec in the heart end pericerdium which
paralleled experimental effects obtaincd dy exposing birds to larrc
concentrations of polychlorinated biphenyls (FCBs). Chemical analysis
subsequently showed high levels of PCBs in liver and kidney, and to a
Jenser extent in brain Aﬁeb}e—ﬁf. It would be temptinm, therefore, to
frome the hypothesis that these birds died of PCB poisoning. This, too,
would be ‘an oversimplification, since hecalthy birds shot off the west
coast of Scotland contained whole-body loads of PCBs comparable with
those in the victims of the disaster %&ab%c—if. The difference was
thut in the hcalthy birds the PCBs were distributed in the body fat

and the levels in liver and kidney were low,

The conclusion of she, study was thet we were dealing with a multi-

variate situation. The most vlausible hypothesis was that something,
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poanibly climatic changie, caused a reduction in the available food
supply of these birds in midoummer at a time whon their reserves were
fairly low A}tcr the breeding season and they were about to fo into
the moult, which imposes a further stress. The oceanographers were
unable to detect any change in marine life, but since these birds

feed onlj“in the very top layer of the woter, a long clear spell with
bright sun mirht have led their food organisms to descend slightly
deepcr.than normal, thereby shutting off{ the food supply dbut not cresting
changes detectable with the marine biologist's tow net. Be that as

it may, the initiating cause of the mortality was very possibly an
interruption of feeding. This would, of coufse, have led to the
mobilisation of body fat, which would have brought the PCBs stored
there into the blood stream and on their way to liver and kidneys.
This in turn might well have had minor behavioural effects at the
whole-organism level. It might have made the birds a little less
erficivni ab feeding, thus exacerbating the situation, arnd more prone
to exhnhntion by storm, especinlly since their food reserves were
alfcady low; any further stress could only lead to the increasing
flushing of T'CBs into the. blood. There would then be the recipe for

a localised disaster in the arca wherc the initial imbalance between
food.intake and food requircment had occurred, and the whole disaster
would be attributable not direcctly to PCB poisoning, but to the impact
of this pollutant within the system, tipninp, the scale between survival
and decath when the environment imposed cxternal stress. I believe
that this is likely to be a model commonly valid in the pollution srea
and that many pollutants must be looked oﬁ as operating in this woy,
changing the probabilities between health and disease in a situation

depending on a great .complex of variables.
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TIHE PREDICTICN O hrirkCls

In Drcdictind what will heppen under a variety of circumstances, it
in clenr that we must take account of the sensitivity of orranisms
to various levels of cxposure to both individual sipgnificant pollu-
tants andlfombinntions of pollutants. Ve must also endeavour to
predict tﬁ& levels of exposure at these target organisms, and these
in turn ‘depend on the pathways of the pollutants and the factors

determining their rate of input to and removal from the environment.

It is well known that all chemical substances vnry.in these respects,
It is self-cvident that the'pollutnnts likely to attain significant
concentrations in remions remote from their sources of emission arc
thosc released in large quantities, readily soluble in water or casily
dinpérscd in air, having a rapid rate or‘ciffusion and having a low
raote of chemical or biological transformation into innocuous produnts
or a low rate of settlement of sedimentation from air or water in
which they are suspended and werhaps ultimately exhibiting the
phenomenon of concencratiqn via food chains. Thosc of hirh percistence,
but less ready dispersal, on the other hand, are clearly type-cast to
create “hot spots” about points of emission. In both cascs, if we
know about their inhercent toxicity and the way by which that toxicily
takes effect, we have the recipe for predicting the likely seriousncss

of a pollutant substance.

It would be useful were we able to po further than this, and predint
from the molccular structurc of a substance what its behaviour in the
cnvironnment was likely to be, Sometimes this can be done to a degree,

\
as with the probability of biodegradation of certain deterpents
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%;&fffT—Tq"7. But a recent aoyald Society discunsion cxnosed the
1imitations of thio approach A———-;—-——-—=-—7Zf ¥ven minor structural
changes alter tho behaviour of molecules to a surprising deprec. For
the foresccable future we can expect o have Lo rely as the chemienl
industry now does on loboratory and field testing prior to the
introduction of new substances or new formulations. Yhat we can ensure
however is that the mass of available information is more effectively
retrieved, and this is the aim of the information referral system heing
A developed for the United Nations, with the active participation of the

UX Chemical Information Service [gbﬂchvyT'*??jf.

The construction of meaningful numerical nodels of environmental
polliution is' extremely difficult, Not only is one confronted with the
almost endless variation in biological resnonse, bui the curves
relating emissions to concentrations in the environment at a particular
point and tize are influenced by a very larpe number of factors, ''»
have ac'the pregsent time some relatively crude models for the bchoviour
of'pollutants in wufer, particularly rivers, which have the merit of
being relatively confined and subject to predictuble patterns of flow.
Such models are beinp attempted for the sea, but are prone to great
difficulty, while for air they have succceded only at the mosi
superficial level. Clearly, we neced mony more studies of pathuays and
cffects, and these are the two key areas for research upon which rust
depend our social response in terms of judging the relative seriousness
of a pollution problem and therefore the priority we must give to its
control. For we must remind oursclves that we live in n world in

vhich chemical factors are, and always have becn, important in ecolory
and phyniolocy. Illany of the pollutants to which we are exposed arc

natural substances whose concentrations and distributions, rather than

- 15 -
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eliminate thoro rubstonces; indecd.nany of them nre csaentiosl at low
concentrations to our well-being. We could not expect to take their
concentrutiohn Uhek to pre-industrial levela even if we knevw what
these were. VWhat we can do is neck to predict the pointe at which
their concentrations become socially unacceptable and to work oul the
most effikiont means, in economic and technolorical terms, of restrict-
ing, those levels below that threshold. And some pollutants, er; }CBs,
are entirely unknown in nature. Here also we must anply the principle
of restricting their concentrations to the threshold of social
unacceptibility. On the basis of this knowledge, too, we can make a
more sensible decision about the parameters we nced to monitor in the
environment and the frequency of the sampling we require in space and
time. ‘uite evidently, that monitoring must allow us to assess as
accurately and precisely as possible the Uenvce of exposurc of various
tarpets. It would be logical to see thé network of measurements most
closely grouped aboul targets in which we are ;ot prepared to see any
sifnificant changes‘at individual level, while a looser network of
monitoring mirht be acceptable where we are concerned only to prevent
changes at the ccosystem dcvel. Moreover, if we are prepared to
accept changes at all levels éhprt of the ecosystem lovel, biologicul
moni.toring bLecomes evidently acceptable. If we mgnitor the perfoinmance
of indicator species, we are tacitly accepting that we are preparcd

to sec their numbars or their performance impaired but because the
ccosystem level is unlikely to show change until such impairment at
individual level has occurred on & substantial scale, the biolopical
monitoring programme yet pives us somethi;n of a safcty factor and
time span in which to effect corrcctions should that be needed. On

the other hand, bielogical monitoring may be less acceptable where we

- 16~
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are secking to prevent damagse at the individual level unless we can
find an organicm which is an order of magnitude more susceptible than
the tarrets we gre chiefly concerred to nrotect and disnlaving a
similar sensitivity to the whole interacting matrix of foctors.

A ternatively, we can monitor at the biochemical level (gor exoample
following lead levels in human blood or orgonochlorine levels in wild
1ife) 8o as to gain early warning of effects at the organ‘or individual
level. Whatever conclusion we reach, the design of a coupetent
monitoring nystem must be greatly influenced by our knowlédge of the
exposurc-effect relationship between pollutunts and the ‘targets with

which we are particularly concerned.
TRENDS IN POLIUTICN AND SOCIAL RES:IONSE

rollution has become a subject of increasing national end international
conéern in the last two decades. But it 45 fair to point out that the
majority of the incidents which have served to focus this concern have
been due to localised concentrations of particulur pollutants in
pollution "hot spots” (eg.smoke and sulphur dioxide in the London "smops"
of the 19508, mercury and cadmium in water receiving effluent from
ccrtqin Japancse factories, and raised blood lead levels near a numter
of factories using lead). It is also fair to add that while the nuriber
of incidents causing, concern has mounted, the actual damage cue to
pollution has declined: London "pea-soupers" and acute pollution necar
industries almost certainly harmed more people fifty ycars ago. bl
AR R AR e ROk vk S
SO s enanassetn ity

There is no evidence of damage to human health or ccolopical st:bility
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on a global scale, due to a globally-dictributed pollutant (except

perhaps for the statistical prediction of increased rudintion d
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atmosphere). The most-quoted examples of rlobal trends in pollution,
the pgradual.increase in the proportion of carbon dioxide in the
ntmosphcrc.\thn'trace quantities of DDT and other pesticides to be
found in orecans and wildlife throughout the world, and the nossible
changes in atmospheric turbidity due to the injection of fine dust
into the ir, are al)l no more than changos in pollutant level without

as yot proven consequences for living "targets”.

Monetheless, it does not follow thnt increased emissions of pollutanis
will not have unwelcome effcéts, both throurh the creation of morc and
"more unacceptable local "hot spots" and throurh the elevation of the
general level of contamination of ocean and atmosphere to the noint at
which undesfrablc climatic or ecoloftical changes ensue. Granted that
the latter process, in particular, is likcly to build up slowly and
require an equally long time and great éffort Lo reverse, it is clearly
important teo improve ocur ceientific knowledpe of pollutants und their
effects and our predictive capability, as well as our technical
capncibty to control pollution. In the past, we have allowed pollution
domape to develop, and had to cure it when we no longer found it
acceptadble; in the future we need to forestall such damnge, and thic

requires better understanding than we now have.
TREIN3 IN FOITUTANT FMISSION

It is a historical fact that some pol]uturps have been omitted in
steadily rising quantities, in parallel with mounting human populations
and increasing industrialisation. The generation of man's body v stes
and food residues, and the body wastes of his livestock, incviﬁnb]&
rine in direct proportion to population. Yrerry reneration throurh the

- 18 -
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vurning of foussil fuel relesses carbon dioxide, carbon monoxide,
oxides of nitrogen and of sulphur, wnLer-vnpour;~hydrocnrhonu nnd a
varioty of particulates. Total emissions of all these I :ve rinen
otondily over nast decades or even centuries, althouph man still
adds less of many of them to the cnvironment than is contributed by
natural processes. There is a similor tcndonc§ for yhn vastly wider
range of pollutants pgenerated by industry likewise to rise in direct

relation to industrial growth, unless anti-pollution measures arc

taken, or unless inherently ‘cleaner' nrocesses are developed.

. M'.';MWUWWW'Weu - persistent

TR S RIS A S S0 IS 0803 ve' RENENLALE; andiknown 7
TSRS AR EREERAC AR AP ARG S ADE - thedr ¢
ST R T U S . A j‘nlnnr.

Thigs is because of rccognition of the necd for nbatement and the
development of increcasinnly efficient pollution control technolory.
The poliutants still on a risinp trend are generally those not known
to be harmful at present or projected levels and hence not yet
Justifying control. Recognition of the necd for control, cg on
omissions of hydrocarbons, carbon monoxide and lead from cars, lend
from industry or sulphur oxides from low level chimneys, has nlrendy
berun to affect the trends in the products of fossil fucl combustion,
until recently looked on as harmless. Ilowever, abrupt changes in the
cost of various fuels will necessarily have a modifying effect on
control policics ndopted in future for various forws of cner(y
reneration. Tor we live in a situation wlere marginal benefits and
marpginal control costs have to be balunced, and the balance can shift

cither way.

- 19 -
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FACTORS IKFLUENCING FUTURE TRENDS

In crude taﬁns the concentration of a pollubtant in the environment

in the result of emission and removal. In practical terms, the
important determining factor is man's deliberate control over eminciona.
This is %P turn ﬁovefned by the costs and benefits of the activitins
leading to the pereration of the pollution and thc actual or predicted
cont to the community of the damape it does. Rescarch, leading to a
decper understanding of these matters ie likely to be a powerful
determinant of the actual future trends in emission, concentration and

effccts of any substance. .

It is impossidle to catalopue all major pollutants and predict their
future levels., But we can reliably foreqast a continmuing decline in
dnmﬁging industrial emissions such as acicic and alkaline vanours,
particulates and heavy metals, and in persistent organohalofens such
as J’CBs and DDTs, for which substitutes cither exist or are being
psoupht. Ve can predict a slowing down in the upword curve of cmission
of pollutants f{rom motor yehicles since most devcloped countries are
adopting standards that will halt, or even reverse, this trend within
their borders. Substitution of nucloar for fossil crerpy sources will
a)so lead to a net decline in gaseous and particuﬁutc emissions,
although imposing a demand for continuing strinpent controls on
radioactive discharges., Recent international agreements seem to lead
to n progressive reduction in the dumping or dieccharge of orraenohalopens,
oils, heavy mctals and known carcinogens to the sea and rivers, and
the Jevels of these substances in the occan and marine life should

soon begi fall.
° egin to fa v MONS 040336

Nevertheless, pollutants continue to be an inevitadle accompaniment of

man's increasingly technological socicty, and we shall alunys have

varten to disnone of in the envivanmenti.,  Tndnad, 36 §n anliwede



lepitimate to uso the environment for thir purpone, so lonm as we

do not over-tax its finite cupacit& to disperse and deprnde '-antes.
With incrcnsinnky strinFent demands for the testing of now substaners
for environmental cffects before they are used or discharped, and
inercasinmly precise analytical, toxicolopiical research nmethods ag

our dispoenl, the probability is that pollutant levels will less and

leao frequently be allowed to mount to the point at which damape berins.

THE TREND IN THE COLT OF TOLLUTION CONTHOL

This esscntially optimistic projection is grounded on history, for in
Britain and moot other deveioned countries, pollution has become a
diminishing problem as our awareness, scientific understuanding and
technological capabilities have grown. But there is a price to pay for
continued optimism. There is a tendency for the energy cost of
pollution atatement cr prevention to rise disproport%nnntc1y as vopula-
tions ﬁ%ow‘nnd the standard of living and technologicul develonment

increase. This is because:

(a) the capacity of the environment to disperse and degrade
pollutants is finite, and any increment of pollution over and

above that capable of natural depradation demands trecatment

prior to release,

(b) the larger that increment, the purer the effluent may hove
to be, volume for volume, if the quality of the environment is to

be sustained, MONS 040337

I8
(c) the costs of removing pollution from an effluent tend to

mount exponentially as onc moves towards greater purity,

(d) the development of substitute or new products becomes more

- Na
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and more\ costly as the comnunity demands increasingly strin . by

tests of their safety,

(e) the environmental quality which people dcmand tends also
.
to risc in parallel with the steandard of living, and this provides

a “"positive feed-back" increasing the costs listed above,

(f) as we become more and more dependent on technology to
purify nmissio;a and.protecc the environment, so the consequences
- of breuk-down become less acceptable and more thorough "fail-snfe"
mechanisms are nceded, often at Iaubstantial cost (c.f. the.
standards required for nuclear as arainst convential power statidns).
As economic and technological growth proceeds, an increcasing proportion
of GNP thus tends to be demanded for environmental protection. If
this is‘to-be prevented, increasing effort nends to be devoted to the
dc#elopmcnt of better, safer and more efficient technolofies, giving
. higher quality controls at less. cost. This is one of the needs of
society to which chemistry has shown itself responsive, and must

~

continue to respond.
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Cantions for fipures

Figure 1. © The pathways of pollutants from source to the point
h. of effect.

‘Pigure 2. The pathway of sulphur dioxide in air (from Xellogr, V' VW
Cudle, R.D., Allen, E R, Lazarus, A L and NMartell, £ A,
Science (February 1972), Vol. 175, No 4022).

Figure 3. Thresholds of sulphur dioxide effect on some plants

“ and people,
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