Monsanto ' Qy
tnom twamt s ot § 0 TUROVER, BRUSSELS *

——— | —————— g o et i 62 18 B b e g

oare. JUNE 27, 1974 " t—-—; Ly

Pcp's L 8T Rig

et S'l‘/nd ' N“)’.fﬁlf"(i” ok
T0 IN_TURN Mk P

\ T
PJA MARSH, BRUSSELS
S TUROVER, BRUSSELS

Attached is a paper by Martin Holdgate - whom we know -
recently presented at a function of the Chemical
Society in the UK,

[

It is a perceptive and interesting paper, and it includes
a rational discussion of PCB's in the environment. Papers
of this kind can be very important in reducing the cries
of the environmentalists to a somber examination of the

. facts,

Please return to ST. Thanks.
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ITE BIOIOGICAL LFFLECTS QX CHEMICATL BUBUTAUCTES

.

De M W Holdpate, Coentral Unit on EnV1ronnontn1 Pollution, Department
of the Environment*

*Irootnote., The views. expressed in this vaper are those of the author
and not necessarily those of the Department of the Environment.

Pollution may be defined as "the introduction by man into the environnent ,

of substances (or energy) liable to cause hazards to human health,
harm to living resources or ccological systems, damare to amenity

or interference wiLh legitimate uses of the environment", This
definition brings out the vasic fact that in responding to pollution
we are concerncd with actual or potential adverse efrectq ~ damage to
our own physiolofy, to the living resources on which we depend directly,
or to.the wider ccolopical systems of land and sea that pley a vita)
part in the yenewal of atmospheric oxygen, the climination of many of
our wastes, and the recycling of vital nutrients. In this paver I am
concerned with the effects of chemicals injected into the biosphere
by man (whether injected directly or indirectly vis the physical

environment), and the nature of our response to them.

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

mony levels. A pollutant in the environment may affect:

(n) hn ecosystem

(v) a population of a single species
(¢) a sinpgle individual organism

(d) an organ or system within that organism

(e) a biochemical or cellular subsystem MONS 028891

or several of these simultaneously.
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HIEKARCIICAL L FIECIS OF  rokitTion)

Commoﬁly. we consider pollution in terms of its effect upon whole
individual organisms. It is evident that the responses of individuals
aro in fact the intepral of a complex web of subsidiary cffects wnon
biochemical systems, leading to changes in cellular physiology and
behaviour which in turn affect the functioning of whole orpans. A
pollutant may often have a demonstrable effect at.biochemical or
cellular level which, because of the homeostatic machinery of living
creatufes, may not be manifeﬁt at the level of the whole individual
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 discharge
of a pollutqntlinto a lake uses some of its dilution ~ capacity
even though it does not reach the threshold at which ecological
change ensues. Similarly, the responses of whole ecolorical systems
are the integral of many interdepcndent individual responses. It

is quite common tor significant effects on individuals not to be
mahifested at all at the ecosystem level, where so many organisms

of so many different species iﬁteract to produce a system that is in
dynamic equilibrium and wkich displays considerable inertia,

Thgae levels of effect are arranged hierarchically. The ecosystem
level of response is the highest level and a "no response thrashold"
may yet be maintained while there is a considerable pollution-induced
mortality at the individual level, and even at the species level
should the species exterminated from the ecosjstem not be of major
importance in de€ermininn the characteristies of the whole. For
example, it has been established that cxposure of lichen species on

the trunks of English oaks to mean annual sulphur dioxide concentra-~
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tions of N0—180/um/m5/ can be corrclated with their progressive
extermination - und, no doubt, that of the small insects that feed
on them. Thxs has no effect, so far as we know, on the bdbasic
ecological stability of oak woods in the Ilidlands or South-East
Fngland, and, while it clearly leads to a degree of impoverishment
compared with the natural situation, does not prevent the establish-
ment or,ﬂzodlnnd Mational Nature Reserves which supnort 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 nffeéting either the
capacity of those waters to'support‘a balanced ané productive
ecosystem or creating a system unacceptable to man.

[
In this situstion pollutants can be considered to impose “stress" on
the'ccologicul system just as other forms. of human interference do,
It scems probable that the very first effect is to increase the
species dchrsity of the system, but thereafter rising levels of
pollution are pesralleled 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 shorter life cycles - as when

hoodiand mives wny to grasslands. In more technical language, the
shift is toward systems in which the annual production is larger in
proportion to the standing crop. This is not the place to go into

dotails, but we do now know a good decal about how ecolopgical systoms

‘renpond to stress and this is valuable in predicting what new levels

of pollution may do to pattorns of vegetation and fauna.

-3 -

4yum/m3 is microgram per cubic metre
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At the population level, if one is concerncd simply to have "no
resnonse" in terms of population size, enhanced mortality io
aceeptadble so 1;nm as this is not on 5o rreat a scale thot it leads
to population decline. That is, it ic permissible in these terms

to substitute nollut;on for other forms of mortality that would
otherwiso remove the surplus of off{spring produced in most populations
of living creatures, .If the annual production of young seabirds,

for cxanple, 1s three times that required for recruitment into a
stable dbrocding population and the norm is for the surplus two-thirds
to die, in population Cerms‘it is immaterial whether this surplus

is removed by competition for food, predation or chemical pollution,
80 long as rgcruitment is sustained. The sizo of the population
would be eqﬁally unaffected if the mortality among breeding adults
wore increased by pollution, 50 long as enough young survived to
maintain recruitment at the higher rate which would then become

necessary.

Indeed i4 scems very probable that during the early 1960's the heron
population in England was in Just this position in relation to certuin
orfianochlorine pésticidcs. We know that some adult herons vere
1cphﬁlly poigsoned and there is considerable evidence to suggest that
sub-lethal residues affocted egg-shell thickness and 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 Enpland

and Vales -of 4,500 pairs remained unchanged.
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Again, a demand for "no response” at the individual level permite
orisan, cellular, or biochemical chanpes, so0 lonp as mortality or a
serious retardation of growth or distortion of behaviour does not
ensug. The influence of factovies emitting fluoride on cuttle
mrﬁzing in their vicinity has been regulated on such a basis: a "no
effect" standard at the physiolopical level has not been demanded,
but the exposure has been restricted in such a way that unncceptable
effects are avoided. Rather similarly, some pasture grasses and

crop plants in industrial areas of Britain may heve their growth rates
affected by atmospheric pollution, including pollution by SOp, but
this is reparded as acceptable so0 long as yields are maintained sbove
a cortain threshold, determined by economics. Fven in mon one sces
this situatibn, althugh the threshold is usually set mpch more
stringently on health grounds: eg, in our acceptance of blood leand
loevels which affect the activity of the enzyme delta-aminolaevulinic
acid dehydratuase, co long as these are not nerimitied bLo rise sbove
around 36-40/u3/100qﬂ of blood, which is commonly taken as the point
beﬁond which we become socially concerned. Fénally. if we determine
that we shall have a "no response' situation at the biochemical level,
we are admitting of no detectable effect whatsoever and are faced
with.the most stringent of all demands for pollution control. Indeed,
ﬁith an impossible situation, since some substances we release as
pollutants are present naturally in our environment at levels which

have a biochemical effect.
MONS 028895

In social terms, we tolerate different levels of effect according

to the nature of the target and its immediccy to the human situation.
For example, it is commonly apreed that we should not accept sisnificont
effects at the organ level in man. Ve are indeed wary about the
cunulutive effects of lifelong exposure to substances which may only

have minor dcmonstrable cffects on human biochemistry, fearins that



they may in some way progrossively erode the body's homeostatic
machinery and shorten life. Ve reject sipnificant effects nt the
individual level - illness or impaired (trowth - in cattle, shecp,
other farm stock and domestic petn. YWe reject significant ecosystem
effeocts in marine and freshwater ecosystems and in foreséZnnd wild
vemetation, with their invertebrate and bacterial components.
Sometimes, of course, the standard we set at one level affects
organisms for whicﬁ vwe would otherwise only be seekinp lesser depgreces
of protection: standards set for mercury in fish as human food for
cxample, may lcad to curbs on discharges of éﬁgg; metal to the sea
which from the point of vicy'of nrotecting marine ecosystems would
‘not ve necessary. It does not follow that our judgement in these
matters is alvways wise (although I believe that it is defensible)
but it does follow that we should be awafe of the logic' of our

actions.
EXPOSURE AND EFFECT

The cffect on a target depends upon three groups of variables:

(a) the nature of the pollutant,

(v) 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
oimple.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‘thé

concentration for ten times as leng. Ozone for oxamplo, can affect
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twice the time ut half the level may have much loss effect).

In addition, it is important to know the site of entry of the

pollutant (er skin, lung, rut) and the 5ite of action (neorvous

system, blood, kidney, liver etc).
It is worth cmphaﬁls;nn that exposure has to be measured ati the tameot,
The pathway from the source of pollution to the target is all important
in determining exposure levels. 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
pavameters such as diffusion coef{ficients, ubeorpt1on properties in
and from soil, solubility in water or other llqn\do, retes of break-
down by ultraviolet radiation and reactivity with other componcnts
of air, water or soil can have a major influence. This is well
excmplified by the pathway of sulphur dioxide in air (Fipure 2)
74He&d1ﬁﬁm—ﬂﬂd—ﬂeodT—49?%}C Here transformation to SO:,,++ or SOQ++,
washing' out in rain as éilute sulphuric acid and/or combinstion with
amonia to form an ammonium sulphate haze ("Teesside mist") have an
important influence on the actual nature of target exposure. Similarly,
chlorofluoro hydrocarbon éompounds emitted to the cnvironment as
serosol propellants apparently voersist for a long time under ground-
]eyei conditions but are fairly rapidly degraded Ly ultraviolet
radiotion in the upper atmosphere: here physical mixing of layers of
air will cleanrly be an important determinant of persistence. In
predicting the scale of a possible pollution prodblem, thereforc, any
model we develop must take full asccount oft the.pnthways, as vell as
the nature of the actual interaction of the pollutant and the target.

It must also cater for individual variations in susceptibility and

-7- : MONS 028897
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variations with time and circumstance.

sometimes these"variations can be very larpge. For example, concentra-
tions of lcad in air in Britain may reach 20-25/ug/m5 in the centre of
motorways by day and average 10—1§/um/m5 over 24 hours. In ordinary
busy strecets, and around factorics, 24 hour averages are around
1-%/ug/m3; In the country levels arc much lower - belowlo.l/ug/ma.
hunan exposure inevitably varies as neople move around. Human intake
to the lungs likewisc varies according to the volume of air we breuthe
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 cnléulations give retentions of 10-60% of the potential intnke.
Only a proportion of the lead retained is absorbed - maybe 507 on
averapge, but with much individual variation. If you sum the cunmulative
offcct’of all these v-riables,'you can rcadily see how there could te
a thousandfold variation in human lead absorption from the air - and
tﬁc uncerlainties in many figures cast doubts on the usefulness of

such a broad-brush calculation at all,

Generally speaking, the effecct of cxposure to a pollutant is related

to concentration, althoush the curve is unlikely to be lincar.
Moreover, the response to increasing concentration is frequently
hierarchical in nature. That is, at the lowest concentrations the-e

is a biochemical effect. With inereasing concentration this becomes
manifest in whole cell or whole organ changes, then in variations in
individual behaviour. AL hipgher concentrations still, individual
mortality may ensue while preater exposure leads on to whole population

or vhole ccosystem changes.
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we have partial documentation of many of these curves. Often the
information results from laboratory tests, under conditions remote
fron those in the ficld, of single pollutonts opainst sinple target
aspecies. ‘Thisc may be reasonsble enourh for cyposures to pollutants
with a apecific nction, like the effects of radivtion on renetic
‘systems *ﬁﬁjﬂnﬁr—f}ﬂ but how valid is it as an indicator of whole-
nopulation or whole-organism responses to chemical factors? Often
the laboratory tests oscimaté doses that kill 507 of the exposed
organisms (LD50) in 24, 48 or 72 hours or over a 1onmnr neriod of
days. Often, the dose concentrations used in such tests are relatively
high - sometimes khis is netessary to demonstrate a response in a
convenient time. The test species used are often selected for
convenienco'in the laboratory and basic (and sometimes sweeping)
assumptions are made about the similarity of response other organisms
may be expected to show.

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

to move away from areas of high pollution. There can be no confidence
in their extrapolation to the real world. Often,too, ccologically
pignificant effects can be sub-lethal and will not show up st all in
ID% tests. For instance, seaweed growth rates can be related to
derrees of marine pollution AJiﬁ&”e—“;1‘ﬁﬁ??0ﬂﬁ1“49"7, with conse-
quences for herbivorous marine animals; and fish physiolory can be
adversely affected by DDT levels below the directly lethal dose, .

making fish more likely to succunb to cold or to be unsuccessful on

migration A&Wﬁ%—éﬁm,—%‘}—%.

A ood example of a complex and imperfect framework of knowledge is

MONS 028899
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’ atudied of atmospheric contaminants. As Fipure f inplies, quite a
lot is known about the exposurcs ét which various kinds of nlant
firat show injury and then serious damape. Likewise, the onsct of
symptoms in the most sensitive people (Lronchitics) is predictoble,
But in both cascs allowance must be made for a very wide ranpe of
individual variation (in man there is probably a thousandfold 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
SOQ' exposure are critical., Thus, the "threshold" level for S0p,
averaged over 24 ‘mours, is 50q;:m/m3 when nccompanied by 25(3/u['r‘/m3
smoke f;&nnre—?%~ilawthefﬁ-—-——j}< whereas laboratory studies have
failed to find significant impairment of human respiratory function
by S0p alone at concentrations below 2500/ug/m5 for comparable periods,
In this casc we do have enough knowledge‘of dose/response rolationchips
to conclude that in order to.protoct vulnerable pcople we should scek
to keep daily average sulphur dioxide levels in air below SOQ/ug/mb
and smoko below 250/ug/m5 and these fipures have been adopted as
short-term objectives by a WHO VWorking Party. If we consider that the
wanilest sensitivity of lichens indicates potential biochcmical
disturbonce which, while we cannot nrove its parallel existence in man,
oursht in common prudence to be avoided, we would necd to toke an
annual mean of around "O/uc;/m5 as our environmental quality goal - and
See  that peaks never greatly exceeded this figure. Althoush we have
littlo information on other species, this would almost certainly also
proevent any crop losses and protect most forms of life while it would
not climinate the beneficial action of air-borne £02 in correcting
sulphur deficiency in some soils. The recently published national

028900
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survey of smoke and sulphur dioxide A;W**%~ﬂ§9a/ indicates that
SOQ/UG/W5 is only exceeded in the %outh of England, excluding London, -
for a very few days in the year, whereas in Tondon and in the midlond
and northern towns it is frequently exceecded. But in wany rural arvens
the lower "target" of an annual nmcan of /Jlolkm,/m5 is exceeded, so that
it is nol surprising that thoe British Lichenological Society has
recorded considerable impoverishment of the lichen flora in the whole
central midland zone of England ﬁ?iturc—gl. The question is whether
this is paralleled by any significant agricultural losses (ene report
placed these at Z40 million: jrr annum in England, but with an
enormous possidble margin of ,error) and sufficiently scrious to justify
the major expenditure that would be required.to reverse it (especially

in the current energy situation).

Only rarcly do we have even this degree of detailed information abkout
exﬁounreunffecc relationships., DMore commonly alil that we hrve iu
brosd, descriptive correlation betwegn vollution levels, gencrally

o Treat [Sidogieet ludix 7S a (oel-fencen
assessed, and biological response: anLg ample for fresh water, ifftven

—~in*¥tnvrv“97 There is clearly a need for more research to determine
rigorous "criteria" on which our social judgement of the need for
more .(or less) intensive effort to combat pollution must depend. Such
work nceds to take into account the blochemical means by which the
whole-orcaniﬁm responses are mediated. Ye need a better understanding
of individual variations in response, and how variables such as ape,
nutritional state or reproductive condition of the individual interoct

vith environmental chemical factors in doﬁermining them.,

MONS 028901
PHE IRTENACTION OF TOLTUTAUTS AND OTUER FACTORS

This lcads to another important generaligsation: pollutants rarely

operate in isolation. I would like to give a case history that
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underlines this vather well and illustrates the true complexity of
the kind of situation that confrogbs us. Between duguat and November
1969 about 17,000 seabirds died in the Irish Sea., They were almont
n)1 of one species (Uria salpe, the Guillemot); they

were almost all adults, and nearly el of them came ashore after
Soptember gales in an emaciated condition. Invnntimatiorxﬁikddgztgy
4 " ghowed, however, that the gales were not the primary cause, for
while the peak in the number of strandinpgs coincided with the storms,
some birds had begun to leave the water in a distressed condition
before the gales bepan and while gales of equal severity had affccted
-the whole wcstern'senbburd of Britain, the mortality was concentratoed
in the Irish Sca north of a line from Holyhepd to Dublin and south of
a linc from Donegal to the Mull of Kintyre {Sipure 75.

Hiotologiical examination showed that many of tho birds hnd lesions in
the kidpey and liver and changes in the hecart and pericardium wvhich
pa?allelod~cxporimeﬁtal effects obtained by exposing birds to larpe
concentrations of polychlorinated biphenyls (FCBs)., Chemical analysis
subscquently showed high levels of PCBs in liver and kidney, and to a
lenner extent in brain [&ah&e—4y. It would be tempting, therefora, to
frame the hypothesis that these birds died of PCB poisoning. This, too,
would be ‘an oversimplification, since hcalthy birds shot off the west
const of Scotland contained whole-body loads of PCBs comparable with
those in the victims of the disaster A@abic—ef. The difference wvas
that in the healthy birds the PCBs were distributed in the body fat

and the levels in liver and kidney were low.

The conclusion of the study was that we were dealing with a multi-:

variate situation. The most plausible hypothesis was that something,
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poussibly climatic changfe, caused a reduetion in the available food
supply of these birds in midnummef at o time when their reserves were
fairly low after the breeding season and they ﬁere about to o into
the moult, which imposes a further stress, The oceanographers were
unable to detect any change in marine life, but since these birds
feed only in the very top layer of the water, a long clear spell with
bright sun mipht have led thgir food organisms to descend slirhtly
deeper %han normal, thereby shutting off the food supply but not creating
changes detoctable 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 course, 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
efficient al feeding, thus exacerbating the situation, and more prone
to exhu&stion by storm, especially since their food reserves were
alfeady low; any further stress could only lead to the increasing
flushing of I'CBs into the. blood. There would then be the recipe for
@ localised disaster in the arca where the initial imbalance between
food.intake and food requirement had occurred, and thc whole éisaster
would be attributable not directly to PCB poisoning, but to the impact
of this pollutant within the system, tipning the scale betwecen survival
and doath when the environment imposed cxternal stress. I belicve
that this is likely to be a model commonly valid in the pollution arca
. and thnﬁ many pollutants must dbe looked on as operating in this way,
changing the probabilities between health and disease in a situation

depending on a great complex of variables,

03
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PIE PREDICTICN OF EFFECTS

In predicting what will havpen under a variety of circumstnncen, it
io clear that we must tuke account of the nensitivity of orpranisms
to various levels of .exposure to both individual sipgnificant pollu-
tants and combinations of pollutants. Ve must also endeavour to
predict the levels of exposure at these target orpanisms, 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-evident that the pollutants likely to attain significant
concentrations in regions remote from their sources of emission are
those released in large quantities, readily soluble in water or casily
dinpérsed in air, having a rapid rate of cdiffusion and having a low
rate of chemical or biological transformation into innocuous products
or a low rate of settlement of sedimontation from air or water in
,which they are suspended and merhaps ultimately cxhibiting the
phenomenon of concentration via food chains. Those of hiph persistence,
but less rcady dispersal, on the other hand, are clearly type-cast to
create "hot spots" about pointis of emission. In both cases, if we
know about their inherent toxicity and the way by which that toxicity
takes effect, we have the recipe for predicting the likely seriousncss

of a pollutant substance.

"It would be useful were we able to go further than this, and predict
from the molecular structure of a substance what 3its behaviour in the
cnvironrent was likely to be. Sometimes this can be done to a degree,

as with the probability of biodegradation of certain detergents

MONS 028904
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{%kiff7'19“’7- But a recent noya) Society discuncion exnosed the
1imitations of this approach A_——J-———————=~77f Fven minor structural

chanpes alter the behaviour of molecules to a surprising deprree. For
the foresccable futurc we can expect Lo have Lo rely as the chemienl
industry now does on laboratory and fiecld testing prior to the
introduction of new substances or new formulations. thtAwe can ensure
however is that the mass of available information is more effectively
rotrieved, and this is the aim of the information referral system being
developed for the United Kations, with the active participation of the

UX Chemical Information Service K&hﬂcﬁv77'49?ﬁf.

The construction of meaningful numerical modgls of environmental
pollution is' extremely difficult. Nobt only is one confronted with the
almost endless variation in biological resmonse, bub the curves
relating emissions to concentrations in the environment at a particular
point and time are influenced by a very large number of factors. ‘e
have ab'the present time some relatively crude models for the hehuviour
of'pollutunts in water, particularly rivers, which have the merit of
being relatively confined, and subject to predictable patierns of flow.
Such models are being uttemptéd for the sea, but are prone to great
difficulty, while for air they have succcecded only at the most ‘
éupcrficinl level, Clearly, we nced mony more studies of pathwnys and
effects, and these are the two key areas for research upon which nust
depend our social response in terms of Judging the relative seriousness
of o pollution prodlem and thereforve the priority we must give to its
control; For we must remind oursclves that wo live in a world in

vhich chemical factors arc, and always have becn, important in ecolory
and physiolory. lMany of the pollutants to which we are exposcd are

natural subostances whose concentrations and dicstributions, rathor than
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eliminate thoso cubstances; indeed rany of them are esgentinl at low
concentrations to our well-being. .We could not expect to tuke their
concentrations WYhck to pre-industrial levels even if we knew what
those were, What we can do is seck to predict the points at which
their concentrations become socially unacceptable und to work out the
most efficient means, in economic and technological terms, of restrict-
ing those levels below that threshold. And some pollutants, er, YCBs,
are entirely unknown in nature. Here also we must apply the principle
of restricting their concentrations to the threshold of social
unancceptibility. On the basis of this knbwledgo, too, we can make a
more sensible decision about the parameters we need to monitor in the
environment and the frequency of the sanpling we require in space and
time. fuite evidently, that monitoring must allow us to assess as
accurately and precisely as possible the depree of exposure of verious
targets. It would be logical to see the network of neasurements most
closelx grouped aboui targets in which we arc Aot prepared to see any
pignificant changes at individual level, while a looser network of
monitoring might be acceptable where we are conccrned only to prevent
changes at the ecosystem level. Moreover, if we are vrepared to
accept changes at all levels short of the ecosystem level, biologicul
ﬁonitorin@ becomes evidently acceptable. If we monitor the perforwance
of indicator species, we are tacitly accepting that we are preparcd

to see 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 a substantinl scale, the biological
monitoring programme yet gives us somethi;m of a safety factor and
time span in which to effect corrcctions should that be nceded. On

the other hand,; biological monitoring may be less acceptable where we
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are secking to prevent damage at the individual level unleas we can
find an organicm which is an order of magnitude more susceptidle than
the tarpots we are chicefly concerned to nrotect and diswnlayving a
similar sensitivity to the whole interacting matrix of factors.
Alternatively, we can monitor at the biochemical level (for example
folloﬁing lend levels ih human blood or organochlorine levels in wild
life) so as to pain early warning of effects at the organ‘on individunl
level. VWhatever conclusion we reach, the design of a coupetent
monitoring system must be greatly influenced by our knowlédge of the
exposure~effect relationship between pollutants and the ‘targets with

which we are particularly concerned.
TREND3 IN POLIUTICN AND SOCIAL RESTONSE

Tollution has become a subject of increasing national and international
conéern in the last two decades. But it is fair to point out that the
majority of the incidents which have served to focus this concern have
been due to localised concentrations of particular pollutants in
pollution "hot spots" (eghsmoke and sulphur dioxide in the London "smogs"
of the 19508, mercury and cadmium in water receiving effluent from
qertqin Japanese factories, and raised blood lead levels near a numLer
of foctories using lead)., It is also fair to add that while the nunber
of incidents causing concern has mounted, the actual damage due to
pollution has ¢eclined: London "pea-soupers" and acute pollution near
industries almost certainly harmed more people fifty years ago. Vhat
has increascd is our capacity to diagnose the.problems, our will to
rcnpond, and our fastidiousness in environmental matters.

MONS 028907
There is no evidence of damage to human health or ccological stubility

on a frlobal scale, due to a globally-distrivuted pollutant (except

perhaps for the statistical prediction of increased radintion dnmnin

A



UL VW VL A Ma Ve e Ui WY A VMUC LG VA UL Gl wRAPUIE LU oA, L b b

atnosphere), The most-quoted examplcs of plobal trends in pollutioen,
the gradual inercase in the proportion of carbon dioxide in the
atmosphere, tho trace quantities of DDT and other pesticides to be
found in occans gnd wildlife throupghout the world, and the nonaibvle
changes in atmospheric turbidity due to the injection of fine dust
into tho air, are all no more than changos in pollutant level without

as yot proven consequences for living "targets".

Monetheless, it does not follow thnt increased emissions of pollutants
will not have unwelcome effcéts, bobh throush the creation of morc and
" more unaccepcﬂblé locnl "hot spots" and throurh the elevation of the
general level of contamination of ocean and atmosphere to the noint at
vhich undesirable climatic or ecolorsical changes ensue. Granted that
the latter process, in particular, is likely to build up slowly and
require an equally long time and great effort to recverse, it is clearly
important to iwprove vuce scientific knowicdﬁe of pollutants and their
effects and our predictive capability, as well as our technical
capiicity to control pollution. In the past, we have allowed pollution
damage to develop, and had to cure it when we no longer found it
acceptable; in the future we need to forestall such damage, and this

requires better understanding than we now have,
TRENDS IN FOLIUTANT EMISSION

It is a historical fact that some pollutants have been omitted in
stoudily rising quantities, in parallel with mounting, human pepulations
and incrensing industrinlisation. The generation of man's body wrstés
and food rcsiduecs, and the body wastes of his livestock, ineviénb]&

rine in direct proportion to population. Ererry generation throuph the

028908
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vurning of fosgil fuel releases carbon dioxidé}'éﬂ;ﬁ6;*56hoxidn,
oxides of nitrormen and of sulphur, waler-vapour, hydrocarbons nnd a
variety of particulates. Total cmissions of all these t :ve rinen
astecndily over nast decades or cven centurics, althouph mun still
adds less of many of them to the environment than is contributed by
naturnl proccsses. There is a similor tcndcnc; for the vaatly wider
range of pollutants generated by industry likewise to rise in direct
relntion to industrial rmrowth, unless anti-pollution measurcs arc

taken, or unless inherently 'cleaner' processes are devecloped.

. But in practical terms many‘of the most noxious substances - pergistent
orpanohnlogens, heavy metals, rudioéctivc materials ané known
carcinogens ~ are being released in diminishing emounts and their
concentration in the biosphere - in the UK, if not globally - is felline.
Phis is because of rccognition of the need for nbatement and the
development of inercasinply efficient pollution control technolory.

The poliutanta still on a risinp trend are generally those not known
to be barmful at present or projected levels and hence not yet
Justifying control. Recognition of the need for control, eg on
emissions of hydrocarbons, carbon monoxide and lead from cars, 1lnad
from industry oxr sulphur oxides from low level chimneys, has alrendy
berun to affect the trends in the products of fossil fuel combustion,
until recently looked on as harmless. However, abrupt changes in the
cost of various fuels will necessarily have a modifying cffect on
control policies adopted in future for various forms of cnergy

" poneration. For we live in a situation wﬁcré marginal benefits and

morpinal control costs have to be balunced, and the balance can shift

either way.
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FACTORS INFLUENCIRG FUTURE TRENDS

In crude teorns the concentration of a pollutart in the environment

is the result of emission and removol. In practicel terms, the
important determining factor is man's deliberate control over emissiona,
This is in turn Gerfncd by the costs and benefits of the activitica
leading to the gereration of the pollution and tpe actual or predicted
cost to the community of the damage it docs. Rescarch, lending to a
decper understanding of these matters is likely to be a powerful
determinant of the actual future trends in emission, concentration and

effeccts of any substance. .

It is impossible to catalopue all major pollutants and predict their
future levels, DBut we can relinbly forecast a continuing decline in
d&nﬂning industrial emissions such aé aci¢ic and alkaline vapours,
particulates and heavy metals, and in persistent organohslogens surh
as PCBs and DDTs, for which substitutes cither exist or ufe being
soupht, Ve can predict a slowinpg down in the upward curve of cmission
of pollutants from motor yehiclcs since most developed countries are
adopting standards that will halt, or even reverse, this trend within
chuip vorders. OSubstitution of nuclear for fossil energy sources will
also lead to a net decline in gaseous and particulate emissions,
althourh imposing a demand for continuing stringent controls on
radioactive discharges. Recent international agreements scem to lead
to a progressive reduction in the dumping or discharge of orranohalopens,
" oils, heavy metals and known carcinogens to the sea and rivers, and
the Jovels of these substances in the occan and marine life should

soon begin to fall.
MONS 028910

Nevertheless, pollutants continue to be an inevitable accompaniment of
man's inereasinply technological society, and we shall always have

warten to dinnose of in the envivonmenti,  Tndend, §6 40 enlived-r



lepitimote to use the environment for this purpose, so long as we

do not over-tax its finite capacity to disperse and deprade ‘-astes.
With inoreasingly stringent demands for the testing of new substancesn
for onvironmential coffects before they are used or discharpged, and
incrcasinfly precise analytical, toxicological rescarch methods at
our disponal, the probability is that pollutant levela will less and

less frequently be allowed to mount to the point at which damape bepins.
THE TRERD IN THE COUT OF TOLIUTION CONTIOL

this cssontially optimistic projection is grounded on history,lfor in
Britain and most other deveioned countries, pollution has become a
diminishing problem as our awareness, scientific understanding and
technological capabilities have grown. But there is d price to pay for
continued optimiem. There is a tendency for the energy cost of
poellution abatement or prevention to rise disproportionubely as popula-
tions @%owlnnd the standard of living and technological development

incrcase. This is bYecause:

(a) the capacity of the environment to disperse and degrade
pollutants is finite, and ony increment of pollution over and
above that capable of natural degradation demands treatment

prior to release,

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

bo sustained, WONS 028911

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

mount exponentially as one moves towards greater purity,

(d) the dovelopment of substitute or new products becomen more

-1 .



and more costly as the comnunity demands increasinply string: i

tests of their safety,

(e) the environmental quality which people demand tends also
to rise in parallel with the standard of living, and this provides

a "positive feed-back"” increasing the cost: listed above,

(f) as we become more and more dependent on technology to

purify emisni&ns and protect the environment, so the consequences
- of break-down become leps acceptable and more thorough "fall-safe"

mechanisms are needed, often at.substantial cost (c.f. the.

standards required for nuclear as afainst convential power ntatidns).

As economic and technological growth proceeds, an increasing proportion
of GNP thus tcnds to te demanded for environmental protection, T1f

this is‘to-be prevented, incrcasing effort necds to be devoted to the
de§elopment of better, safer and more efficient technolonies, giving
higher quulity 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

Mgure 1. The pathways of pollutants from source to the poing
of effect.

‘FPigure 2. The pathway of sulphur dioxide in oir (from Kelloge, W W
Cudle, R.D., Allen, E R, Lazarus, A L and Martell, E A,
. Science (February 1972), Vol. 175, No 4022).
Figure 3. Thresholds of sulphur dioxide effect on some plants
' and people.
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