SECTION V

Table 4,

FPrediction of future environmental stresses in

desceunding order of priority (&45)

LC

Heavy metals
Solid waste

Tritium, krypton-85
(nuclear power)

Suspended particulate matter
Waterborne industrial waste
Carbon dioxide

0il spills

Sulfur dioxide
(including oxidation products)

Waste heat

Chemical fertilizer

Organic sewage

Oxides of nitrogen

Litter

Radioactive waste (for storage)
Pesticides

Hydrocarbons in air
Photochemical oxidants

Community noise
{including sonic boom)

Carbon monoxide

135

120

120

90
84
75
72

72

72
63
48
42
40
40
30
18
18

15

12
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dpply to perhaps 1000 potentially toxic chemicals in order
Lo provide a basis for decisions on relative hazard and on
research priosrities.

The NAS Panel for evalwating chemicals (28) propesed the
establishment of thras levels of priority to be used in
deciding the appropriate level of risk estimation.

"1. High priority - Those compounds not having a
safety margin of 1000 or more in a 90-day subchronic
test and which are either (1} produced in high
volume, {2} are chemically related to some known
carcinogens, (3] sre chemically nonreactive so as to
lead to persisztence in the environment, or (4) have
an inteaded use involving extensive public exposure
require professional evaluatiam.

"2, Intermediate priority — Those compounds that
produce acute toxic effects at doses less than
3000-5000 mg/kg and/or whose use can be expected Lo
result in repetitive exposure levels of greater than
0.0l mg/kg/day require subehronic towieity studies in
order to determine need for in-depth evaluatiou,

i.e. chronie, reproducCive, behavieral testing.

3. bLow priority ~ Those compounds that have low
acute toxicity (i.e. produce acute toxic affects only
at levels greater than 3000-5000 mgikg) and/or whose
uae cannot be expected to produce human exposure
rates in excess of 0.0L wmg/kg/day may be congidered
low priority for testing.”

The Toxic Substances Control Act in the Bonited States uses
a4 numerical scoring system to estabiish privritiss for

testing existing themicals. The approach is described by
Gusman et al, (42) as follows;:

“"an Interagency Testing Committee (ITC), established
by TSCA, recommends substances to EPA for priority
consideration. The recormendacions are in the form
of a list of zubstances, not to exceed fifty
substances at any time. The list may be revised oy
the Commirtee from time to time. {(The Committee 18
comprised of representatives frowm many 0.5. Federal
agencies.} Its method of selecting chamicals has
been a scoring system For degree of human and
environmental exposure and on what can ressonably be
expected about toxic effects,
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The Committee ig required to consider, where
relevant, the amount of a chemical produced annuaily,
the amount entering the enviromment, the number of
individuals exposed at work and the durstion of their
exposure, the extent of human exposure, whether the
aubstance is closely related to others known to
present unreascnable risk, data presently availah}e
on health and environmwental effects, whether testing
will yield information useful for prediction of
effects, and whether facilities and peraonnel for
tesring are available. Seven Lypes of effects have
been considared by ITC: cancer, genetic sffects,
birth defects, acute taxicity, other toxiecity,
bicaccumulation, and ecelogical effects. Tha ITC
scoring system is not fixed, and can be expected to
be changed on the basis of ongoing experience,"

Given the large number of chemicals in use, the
establishment of priorities is a wital component of risk
estimation. It enables more ratiomal allogstion of
resources and decigsion on the type and level of 2ssessment
to be carried out for aach chemical. Prioritization is
essentially the secting out of risks on a cowparative
scale. Such a comparison is particularly important 1a
deciding on how to deal with chemicals already in use and
in the environment. 4 number of approaches have bagen
developed, ranging from the use of experience and expert
judgement to strictly quantitative renpking Schemes, The
former (informsl} approach has proven workable and allows
sufficient room Eor political considerations. However, it
has been mainly applied to the limited number of
Eraditional "hot spot" pollutants. This type of approach
is expected to be much more difficult to apply to 5 very

large number of substances or tn use to contipually
reassess priorities.

The quantitative appreach is advantageous because it
focuses efforts on the determinatiom of important
parameters, can degl with large numbers of sybatances and
allows, in principle, continuing reassessment of
prioririss. It is also an opaen procedure allowing
‘eriticism 4nd comment. However, many workers in the field
believe that rigid protocols of this kipd do not offer the
optimm allocation of resources. Abtention will likaly
focus on che development of flexible semiquantitative
hazard ranking schemes which allow considerabla latitude
for expert judgement.
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Wherzas hazard ranking schewes are comparative, the task
of risk estimation for individual substsnces iz Lo provide
a measure of the risk to individuals and populations
expoged to the chamical. This risk is governed by the
chyracteristics of two factors. oOne factor is harmful
exposure, the ievel{z) of exposure to a chemical which nay
result in some advarse effect on health. It is a function
of the icherent toxicelogical properties of the 2ubsrance
and the nature of the rarget response. Tha second Factor
is actual exposure, the level(s) of target exposyre. Tt
ig dependent upon the properties, sources, uses and
envirommental face of the chemical. In very broad termas,
if harmful expoaure is greater cthan actual exposure, the
substance as usad is safe; 1f acruszl exposure excemds
harmful exposure, the subatance as used is unsafe,
However, both harmful and actusl exposure can only be
estimated, in general, with little accuracy and

certainty. The estimation of exposure (actual exposure)
and dose-effect relaticaships (harmful expesure} have
evolved fairly separately. This development is not
surprising because the expertise and rechnigues involved
ate quite diffmrent.

In many respects the study of dose-effect and
dose-regponse relationships is at a more sophisticated
level of development than is assessment of exposure. Even
when exposure is by relatively straightforward pathways,
its estimation and measuremmnt present considerable
problems.

Gusman at al. {42) have suggested a scale describing the
porential far exposure based on the followang hierarchy:
- chemicals used only as intermediates {intended to be
consumad by chemical reaction) ia a closed reaction
wessaly
chemicals used only in clogsed systems (such as
electric capacitors):
enemicals used in open systems (such as solvents in
painta); .
chemicals used in close or contimuing contact with,
or proximity to, people (such as in household
products and clothing);
- chemicals dispersed ip the environment in large
Quantities {such as fertilizers).

In 1975 the Hational Academy of Science (46) summed up the
state~of-art of exposure assessment as follows:
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SECTICON V

"1. Until a Zew vears ago there was very little
interest in following the path of chemicals through
the environment and, as a counsequence, very little
work has been done.

Z. The processes of movement of materials through
the environment are wvery complex agd include rime

delays thac may sometimes be long but are largely
unknovt.

3. Tha physical and chemical properties of these
substances, together with biological activity,

greatly sffect their movement, destinations, and
effects.

L. Qur knowledge of transformatioms that changs
substances from harmless co hazardous, and vice
verga, is gparse.

5. There have been vary few efforts to datermine
what pollutants are where and in what amounts, or to
monitor changes in these baseline levels.

6. The number of different substances that are
dispersed in the eavironment theough use and disposal
is probably in the hundreds of thousands. Presumably
®most of these are not injuring man or other
organisms; however, recent discoveries that certain
Substances are harmful and are widespread makes it
nécessary Lo identify any that should be rescricted
or banned #nd to avoid the introduction of new
substances that promise unacceptable exposure risks
for man, other organisms, aad the environment. "

Alchouph advances have been made since that time, above
irems 1, 4, 5 and 6 are srill generally true today; a

morg recent review of resgarch on the fates of pollutants
Came to similar conclusions (47).

The methods ysed to predict or measure expasure to a
chemical depend upon & large numoer of variables
including: whecher or not chemical is new; produstion
quantities; use category (induatrial cheaical, food/feed
additive, pesticide or censumer product); properties
(physical structure and chemical properties);
"envirenmental"™ properties (kinetics, transformation,
accumlation gnd degtadation)y stage of contact
{production, marketing, use, disposal and transfer through
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the environment); and exposure characteriacies (route,
levei, duration, continuity and targets).

Thus, the methods of expasure estimation can be classified
in a number of ways. Perhaps the main method is dccording
to the stage alt which the estimation ig carried out:
premarketing or postmarketing. In this review, a secand
classification is made an the basis of chemical dispersion
ia the enviroument. Such a classification was recommended
by the OECD {48): wuwethods of estimating exposure
resulting from use or "adventitious” sources are quite
different from those required to estimate expusure to
chemicals dispersea in the emvironmesnt. Thus, the wethods
veviewed here are grouped as follows: premarketing
dssessment of chemicals which will/will not desperse in
the environment and pestmarketing assessment of chemicals
which do/do not disperse in the environment.

4 large aumber of chemicals may reach man through the
general environment as well as Ehrough direct use. In

such cases, exposures through these twe modes gust be
Summad .

In the premarketing assessment of nondispersed chemicals
the initial estimation of exposure invelves a pgeneral
tabulation of its use, disposal patterns and the form in
which the chemical is distributed. The various stages of
the chemical's life cycle must be considered: production
{data on gquantities produced, losses in productionm,
trangportation and storage}; use (domestic, industrial,
occupdtional, agricultural, ete.); and modes of use
{contzined (closed) systems, open system, etc.).

Gusman et al. (42) have proposed the development of a
lexicon of uses which would suggest the degree of expodure
expected in each case, Some progress has been made in
developing such a nomenclature (&9),

The main category of tests which can help exposure
estimation of nondispersed chemicals is the acquisition of
data on physical and chemical properties (e.g. chemical
identity, physical state, solubilitv and partition and
stability). Such information is a guide, for sxampie, to
the likely routes of intake.

Premarkecing assessment of dispersed chemicals is

extremely difficult because exposure to chemicals which
will disperse in the environment requires extensive
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long-term envircumental data., Prediction of chemical
behavieur in the enviropment from laboratory tests and
aodels is difficult and the subject of some controversy,
Yet, in most cases, we cannot wait until the substapce is
in the environment. Furthermore, the implementation of
environmental monitoring systems can generally omly be
justified for chemicals of the highast comzern.,

HMethods for predicting exposure ta a chemical which will
disperse in the environment iaclude the transfar of
knowledge and data from the maviroomental behaviour of
similar but better charactarized chemicals, selected

laboratory tests, and applicarion of environmental
behaviour models.

The NAS panel on the fates of pollutants (47) concluded
that knowledge about the environmmental behaviocur of any
particular substance is not used efficiently to identify
productive areas of researth for other subatances.
Extrapolaticn of information from & weli-studied pollutant
to a less well-studied but similar subatance could be of
substantial bemefir, particularly if the informatien
transfer is organized in the framework of the
biogeochemical cyele,

In zhe seientific litarature, knowledge transfer is
utilized. For example, one substance's bigchemical
reactions have been used to predict those of others as
described by Weod ([50). "It ia posaible to predict whieh
(other) heavy metals can be transformed in the same way as
mereury. For exsmple, by using the same approach as that
used with methyimercury, ome can predict that tin,
palladium, platinum, gold and thallium will be methylated
in the envircament, but that lead, cadmium and zine will
oot be methylated". The transfer of information is wueh
more accepted in toxicological evsluations. For exasmple,
Slesin & Sandler {49) propaused rhat where little or no
specific information on a substance is available, EPA
should use a categorizatioen scheme based on
structure-activity relationships. imder such a scheme,
infersnces may be made about the texicological properties
of one substance basad on what is knowm about others in
the same category.

Data on environmental persistance/degradarion,
accumulation, transport and transformation provide a basis
for mstimating exposuras, but these parameters are
generally difficylt to determine directly. Howevaer, they
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can themselves be estimated to a degres by use of testy on
the substance concerned and che medis through which it
@woves. The purpose of this review is not to deseribe the
details of these tests, Howsver, Table 5 may be useful ia
relating the mein environmental parameters of transport,
Eraasformation, parsistence and accumulation to acrtual
tests/properties,

The acquisition of the above type of informatison enables
preliminary estimates to be mada of the most probable
Toutes of the chemical through the environment and of the
range of exposure levels to be expected. More refined
Bstimates of exposure, if required, are generally baased on
models of one kind or another. Medels of chemicel
transport through the environment are usually baged on the
mggs balance approach., However, numercus eavironmental
pathways to man are possible. An attractive
simplificacion has, therefore, been developed and is
sometimes referred to as the critical pathwaya approach.
This approach is based on the ideatification of the most
significant pathways to human targets. Once this step has
been done, the complexity of the models for more refined
éstimates of exposure are reduced., Furthermore, Che
implementation of monitoring systems alang the critical
pathways bacomes practicablsa.

Premarkerfing 2ssessment of new chemicals means that
environmental data is not available. Thus, such models
dre impossible to verify using field data. In chese
cases, some verification and/or estimation par se may be
possible through the uge of simulated emvironments. These
vary from highly complex field trials to simple laboratory
systems. For ¢xample, the research and developmmnt cost
for a new pesticide 13 estimated to be currently well over
US $10 million (51). About one third of this sum im spent

on envirommental rigk assessment, including extensive
fim]ld crials.

This scale of model building is far from necessary for
many chemicals which may be more limited in preduction,
use, digpersion and toxicity. Here, modsl ecosystems such
as laboratory microcosms may be used, They may ba built
at one of several lavels., For example, a fairly =lsborate
conktrolled microcosm was designed by Metcalf {52} to medel
the ecological processes invelvad in a complex
terrestrial-aquatic ecosystem. The model included a
plant, an herbivorous insect, an slga, & crustacean, a
snail, an aquatic insect and 2 fish, monitored under
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controlled conditions for a 30—day period., The system was
ufed primarily to trace the transport, metabolism and
big-accumulation of some fairly persistent

chemicals (46). The applicability of various types of
wicrocosm was reviewed by Draggan {33).

Apart from occupatipnal exposure of a relacively easily
identifiable group of people, consumer products and food
are the main sources of exposure to nendispersed
chemicals. The intake is mainly through ingestion but
sometimes by absorption through the skin or inhalarion.
In such cases the general environment is act a significant
pathway to man, and the circumstances and habits of the
individual concerned, rather than his geographical
location, are the main detarminants of exposure. Thus,
monitoring 1n the environment is not applicable;
exposures must be ideatified, estimaced or determined
through appropriate surveys of lifestyle, habits, ete. or
through biclogical menitoring. Additionally, the methods
of premarket exposure estimation for nondispersad
chemicals are also relevant.

The numerows and complex environmental pathways of
chemicals from the sources to the targets illusttaras the
interconnection of the physical environment (eir, water,
f0il, etc.) and the bislogical environment (crops,
livestock, wildlife, etec.). We are tharefore dealing with
4 linked series of source~exposure-{effect)
relatiouships. If these relstionships could be
interconnected, a summary source—exposure Curve could be
constyucted, linking emisgions directly with exposure.
This would allow the control of risks to the appropriate
level by regulating emissions - and only a winimal amount
of environmental mwonitoring would be required, However,
for even the most intensively studied pollutants, we are
Still some way from being able to quancify such
relationships. particularly if the pathways betwsen
source(s) and target(s) are long and complex.

In general terms, a combinatica of modelling and
monitoring is required to estimate exposure to dispersed
chemicals. However, the resources required can be quite
significant, and, tnerefore, as in the case of
premarketing assessment, the sophistication of the
estimation pracess should be carefully tailored to the
chemical in question. In fact, the case for undertaking

any monitoring and/or modelling at all should be carefully
axamined.
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Iwo basic types of tramsport models exist: time-dependent
(dynamic) and time-independent. As the name suggests,
Cime-dependenc models are intended to estimate exposure
levels and their variation in time. Time dependence is a
crucial factor in some environmental zituations at, for
example, close to discreel sources of atmoapheric
pollution or in evaluating adherence to 2n environmentazl
quality standard. However, the data requirements are
correspondingly heavy.

In some situatlons, particularly for low-level, long-terw-
exposures, short-tsrm fliuctvations may be neglected and
instesd, estimates of the sum or integral of the requirad
parameLers, including exposure, made. Time-independent
models have been successfully applied by UNSCEAR to
estimate population exposure resulting from muslear
weapons testing in the atmosphere (54). This approach,
known as the dose commitment, is now being appliad te

nonrasdicactive persistent pollutants, Such as legd and
mercury {35).

Time independence coneiderably reduces the naed for
monitoring data. In prineiple, all that is needed is a
knowladge of the transfer ecoefficient Pan for pellutant
movenant from compartment m to compartment n - over all
the compartments., The cosfficients are derived from
monitoring data on the levels of the subscances in each
compartment. The mathod for determining the collective
dose (or exposure) is illuaerated in Fig. 1. The time
delay in the build-up of the chemical may be sevaral years
or decades in duracion, The commitment method calculates
total exposure due to a given release and it takes into
account any such cime delays. Although the data
requirements of this approach are relatively modast, they
should only ba considered for priority chemicals; their
applicability to each problem must also be carefully
examined,

In many countries, chemical pollution is controllaed on a
media basis (e.g. air, water or land pollution). The
medsurements of dny single pollutant in the variopus media
are usually unccoordinated in time, space, frequancy, etc.
In syuch ¢29es and where the pollucanc is of high priority
(e.g. Pb, Cd, Hg or PCR), special one-off surveyg may be
made of the situatjon. Ia these surveys, an expart group
13 wsually given the task of gathering and evaluating all
available data on the scurces of the pollutant, its lewals
in the anvironment, exposure levels and variability, the
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Fig, 1. Metpod for defermining collective dose

[13 exanurei

(0) 8]
Source Air
output
(&3] (8}
Hinnan Colleccive
intaka deaa
(2 3} (4)
Sadil Vegetacion Tood

5 = Oul:pul‘.‘ [(P E12 P23 P31+ P45 P )
+ (Pgl P1s P56?} where S is the collective dose from
a given source

results of epidemiological and toxicological studies and
evalugtion of effects.

Buch surveys are "suapshots" of the overall situation
regarding the pollutant and have been undertsken in the
Daitad Kingdom (lead, mercury, cadmium and CFCa), the
United Statés [lead, marcury, cadmium, PCBs, ete.) and
other countriss., The Environmental Health Criteria series
of the World Health Organigation is a aimilar exereise,

4lthough its emphasis is mor® on dose-effect than on
actual exposure levels,

These gurveys are very useful in assessing the current
overall health risk from the substance and the success (or
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otherwige) of controls; however, they are inevitably
aggregated and as such can fai1l to pinpoint hot spots,
suaceptible zroups or individuals. Furthermore, their

one—off nacure makes a prospective approach to pallution
management difficuelt to take.

The egrimation of exposure levels is extremaly complex and
at a less sophisticated level than dase=-effect

assessment., Qur knowledge of envirocmmental processes is
not sufficient to emable accurate estimations of chemical
pathways and eXxposures to be made.

A wariety of methods in exposure estimation are available,
ranging from the cataloging of user groups to the use of
sophisticaced field trials and/or methematical moaels.
Honitoring is of crucial importance for eXposure
estimacion of dispersed chemicals. Howewar, the large
resources needed for the more sopnisticated methods of
eXposure estimation Tequire that care be taken in
tailoring tha methods chosen to the likely level and
nature of the risk involved.

AL Cthe Same Cime, the uncertainties involved in exposure
€stimations require that the possibilities of chemical
build-up in the environment or of adverse exposures should
be carefully watched even after the initial estimation has
been carried out. According to Gusman st al. (42): "Many
of the more discurbing impacts of chemicals on man and on
animals in recent years have been due to substantial
unrecognized buildup of chemicals in the environment.

B1sk Evaluation

Risk evaluation is the process of measuring the
significance of the risk in the context in which it
gccurs. Thig task not only involves social judgement of
the risk as estimated but also the balancing of the risk
against perceived and/er estimated social gains.
According to many workers in the field (e.g. 13, 56)
decision-making institutions are not by any means fully
prepared for this task,

4 number of evaluation methods have been developed and are
discussed below. They are at a relatively 2arly stage and
Nave not been widely appliad. MNevarthsless, they do
provide rhe basis for longer term development and more
Systematic #valuations of risk. According to

L]
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Flachoff et al. (56) of Decision Research in the imited
States, ganerally regarded as one of the leading groups in
the field, better approaches are unlikely to be

developed. Haewever, 'what we can hope for is to
understand the vwaripus approaches well spough to be able
to use them in combination so that they complement one

another's atrengths, rather than compound each ather's
weaknesgses",

Methods

The main veviews 1n this field show gzeneral agreement aa
to the available methods of ewaluation. However, less
agreement appesra in the way in which these methods are
clagsified. In broad terms the methods can ba dividad
into those that use economic criteria and those which rely
oo analyeis of public preferwnce and political
congiderations. In turn, chese methods either measure the
required degree of risk aversion (reduction) or the level
of rigk acceptanae,

Three typas of analytical mathods are required to judge
the acceptability of a given risk: contextual analysis,
public preference analysis and equity amalysis (2).
Contextual analysis invelves comparing the risk ia
guestion in one (or more) of the following ways: with
gther risks, e.g. natural levels, risk of alternatives,
other unrelated risks {risk cowpariszon); with benefits of
the product or activity {cost-benefit analysis); and wich
the costs of risk reduction (coat-effectiveness of risk
Teduction}. Publi¢ preference analysis involves
comparigons of perceived risks according to the following
criteria: compared to currently accepkbed products or
activities of similar benefit (revealed preferences) anud
what people say about the acceptability of the risk
(expressed preferences). Equity analysis seeks to analyse
inequities in the distribution of rigks, coSts and :
benefits aver various social groups, 4ifferent regiens and
generartions.

Risk comparison

The risk in question can he compared to other tisks im
three basic ways, each of which either ignores the

different benefits of the alternatives or daliberately
makes them equal (Fig. 2},
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Fig. 2. Diiferent appruaches to risk comparisen (adapted
from vef. 12}

Risky of
Alternatives

Balaeed

Comparativa

Gther rigks e ok

Risk system

Elevated
ripk

|

Watural risk
levels

Compsrison with nmtural risk lavels has a number of
attractions. In particular, unlike the ather methods of
evaluation, it 18 independent of the particular valyes of
any society at any one time, Thus, it woyld appear to be
particularly relevant for latent risks, espacidlly those
which span several generations. The basic philosophy here
ig that one might look to geclogical time, assuming that
the optimal level of exposure tw pollutants is

characteristic of the conditions in whic
evolvaed (56),

h the specien

The best-known critearie For risk acceptabiliry based on
natural standards are those for ionizing radiation set by
the International Commission on Radiclogical Protection
(ICRP} (56}. These consider natural background radiation
a3 the basis for the development of protection levels,
However, the definition of natural risk levels is
difficult to determine and dapends on excensive baseline
studies. Even faor wellwstudied pollutants {lead), the
natural biegeochemical cyele haz nat been sdequately
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quantified. Comparison with natural risks is not really
applicable for synthesized chemicsls with no c¢ounterparts
in nature; thus the majority of chemicals would be
excluded,

The tisk in question may be compared with the risks of
alternatives, whether they are products, processes or
activities, This approach is clearly best suited to
situatious where the altarnatives being weighed against
one anather are indeed #lternatives and de provide the
same zoods or benefits (12). Examples include alternative
industrial processes, alternative use of pesticides or
alternative use of numerous consumer products.

Comparison of the risk in quastion with othexrs commonly
encountered is perhaps the most common form of risk
comparison. In this kind of analysis, the consequences
are teduced to a coumon denominator - usyally death. The
benefits are usually ignored and could gensarally not be
compared in any case. The most general type of comparison
is with the other hazards of life. However, comparisona
of similar parameters are generally more appropriate,
¢.g. risks of various occupations, wodes of tramsport and
energy strategies, This approach is particularly useful
in identifying priorities for improvemsnt of safety
measures as well as for indicating major anomalies.

Table 6 is an axample of this comparison.

Table 6. Life valustions for different occupations in the

United Kingdom derived from visk lavels set by
curteant control techniques (55)

Annual risk Implicity valuation
Qceupation of death of life
(£ sterling in 1972)

Trawling 1.4 in 1 0OG Negative value
Agriculture 2.0 in 10 §00 £ 10 000
Steel Handling 2.2 in 10 000 £ 230 000
Nuclear Energy £ 1 000 QGO0
FPharmaceuticals 2.0 in 100 000 £10 500 000
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Perhaps the most frequantly ugsea mathod of contextnal
analysis is comparison of costs (which include tisks) or
risks alone with benefits. The aim is to establish
whether or not the expected benefits from an activity or

product outweighs the expacted costs. The basic steps for
calculation of costs are, in principle, as follows:

l. Enumerate the expected extreme ¢consequences.

1, Assess the probability of aach adverse congequence
occurring.

3, Estimate the cost to society of each conamquence,

4, Calculate the get cost to society of each consequence
by multiplying the cost (in 3 above) with the
probability of occurrence (2 aboval.

3. The total cost of the product or activity La
¢alculated by summing the net ccst of each
consaquence (as in 4 above). The same procedure can
be applied, in principle, to the benefits.

The NAS' Cowmittee on Principles of Decision-Making for
Regulating Chemicals in the Environment {28) censidersd
information needs on benafits and costs of chemicals as
wall as the isgues in comparing hazards, costs and
benefits. Concerning the benefits from chemicals, the
Panel concluded that they were to advance human health by
extending life and reducing sufferinog and pain, raduce
human work effort, help matiomsl gecurity, conserve
resourcas, consarve irrepilacable objects for future
generations, increase human convenienca, and enbance
aesthetics, The Panel concluded that an objective,
sciencific way of measuring total benefits was not
pessible, ™Given this situation, substantial weight
should be given to the summarizing of net benefits
reported in the dollar sale cotal for those who buy
particular chemicals."” 1In deciding which benefits should
be conzidered, the Panel conciuded thar in Principle,
"every class of benefita that is treated aa significant by
buyer of chemicals", In pracfice, however, the bensfits
are congidered using the manufactyrers' list of the
tlasses of benefits that tha chamical will provide and by
use of sales figures by type of user or application.

The quantification of risks or hazards i3 the task of risk
sstimation. &s poinked sut, little information on the
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nature and likelihood of the adverse censequences from
individual chemicals is generally available,

Even if these effects were known, attaching a price tag to
then poses substantial difficulerles. For exampla, how (if
at all) to assign a monetary value to Life or health is
subject to considerable discussion and controversy. A
number of metheds have been developed, none of which are
totally satisfactory.

Social costs of chemicals associated with risks of advarse
health effects are sometimes called direct noneconomie
costs. Howaver, additional social costs of a chemical may
arise in the form of direct sconomic costs, indiract
economic costs and structural costs, The first cost
includes the regulative and administrative coat of toxic
Substances control. Indirect econcmic costs apd
structural costs ipclude the indirect effects of
régulation on competition by alternative products, effscrs
oh innovation, etc.

In summary, cost-penefit and risk-benefit analyses are, in
principle, extremely useful methods of evaluating products
o activiries concerning the acesptability of the rigk
they pose. Rowever, ia practice, the informatipn
Tequirements ire considerable and involve value Judgemenrs
which are cutside the realm of economics.

The third method of contextual analysis lies batween risk
comparison, which uges risk criteria alone, and
cost-benefit analysis, which is largely a teshnique of
econowics, Here, the question is how much society wishes
Lo spend to avgid a particular comsegquance. The method
is, therefore, applied to choose the best possible course
of action (usually the least cosc) €o attein a given
objective, The bemefit of the chemical ar various levels
of control would be assumed to remain constant.

The expenditures to reduce risk are koown o vary. For
example, Table 6 shows the different amounts actvally
spent on saving life in various occupations in the United
Kingdom. Similarly, Wilson (57} estimated that the
American public expended $1000 to avoid ome occuparional
déath arising from the use of ligquefied natural gas as
compared with $750 000 for nuclear power. The second
Wajar approach re risk evaluatison is bzsed upon the
publie's perception of risks., This approsch should be
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regarded as complementary rather than alternata to the
mechod of “expert" evaluation of risks, as outlined above.

A number of approaches hag been developed for evaluating
public preferences, The two moat frequantly cited are
"revealed preferences"” and "expressed prefarsnces”. The
former approach 1s based upon the agsumption that by trial
and error, zociety has arrived ag a nearly optimal balance
between the risk and benefits associated with any
activity. Thus, statiatical coat, risk and benefit data
are used to reveal patterns of acceptable rigk.
Acceptable risk for a new technology {or chemical) is
assumed to be the level of safety associated with ougoing
activities (or existing products) having similar benefits
to sociaty. This approach may be applicable to gToups of
chewicalas (e.g. pesticides, foaod additives, groups of
consumer praducts), However, it does not appear to be
practicable on an individual themical basia,

The revealed prefarance method is based on compelling
logic, especially from a political point of view.

However, Fischoff et al. (56) have identified some
drzwbacks:

- LL assumes thaet past behaviocur is a valid predictor

of present preferences;

it ignores distributional questioms (in comnon Wi th

most methods of contextual amalysis); apd

it makes stromg Assumptions about the rationality of
people's decision-making in the marker place.

The second main technique of public preferenca analysis is
known as expressed preferemces. It Etries to determine
¥hat pepple Find acceptabls by asking them to express
thair judgement through such instruments as refarenda,
opinion surveys and questionnaires (56},

By sliciting current preferances, this method ailows for
changing values, openness and widespread citizen
involvement, However, its use is Testricted to the more
visible risks which pesple can understand and evaluate.

It is unlikely to be significant in tha evaluation of
toxic chemirals.

Judging risk acceptability or intolerability involves
guessing on behalf of the public at large. Rowa {58)
defines risk acceptability as "a risk iz acceptable when
the public accepts it".
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However, the uncertainty projected by this atatmment 1s
not as serious as first indicated. For a start, upper and
lower limits may be placed om risk acceptabilirty, Risk
lucreagms 1n magnitud# from zers through a range im which
it is considered a¢ small a5 nat worth coatrolling

(i.e. the benefit clearly outweighs tha risk). As the
Tisk rises above this '"mo-action' lavel, it hecomes
progressively more elevated until the limit of rigk
tolerability is reached, above this level the risk is
excessive and unacceptable: actiou must be taken Lo
reduce it. This situation applies generally, regardless
of the benefits involved - with perhaps 2 few significant
exceptions such as pharmaceuticals for certain severe
illnesses. Tha levels of action and no-action cannot be
exactly specified because they depend upot a number of
complex technical, economic, societal and political
factors. Wavertheless, no-action levels may be comparable
wifg risks {of death) from natural hazacd {of ahout

107"} and cthe action level by the annugl per capira
illness and disesse risk {of about 107},

From this analysis of revealed preferences, Starr (3%}

drew certain conclusions, sometimes referred Lo as the
"laws of acceptable risk".

L. The acceptability of risk is roughly proportional to
the third pawer of the benefit (i.g, R = KB where B

is the level of viak, B is the benefit and K is a
constant).

2. The acceptable lavel of risk is inversely related to
the nusber of parsons exposed to that risk.

3. The public seems willing te accept visk from voluntary
activities {e.g. mouncain climbing, skiing or smoking)
roughly 2 thousand times gregrer than it woyld
tolerate from involuntary activities {e.g. nuclear

powar, pesticides) that provide roughly the same lave]
of benefit,

The "rule" velating acceptable lavels of voluntary and
inveluatary risks ia particularly important to risk
management. For the case of chemicals, this Tule appears
to pose many problems. While exposures to certain
chemicals avre clearly iovoluntary (e.g. toxic wasres,
foeod/feed additives and chemicals in drinking-water and in
the air) and exposures to others clearly valuntary

{e.g. certain consumer articles and cosmeticg), a number
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of chemicals, and exposures to them fali between these two
Broups. For example, it 1s difficult to degide whather
exposure Lo certain industrial chemicals at work is
voluntary of otherwise. This decision would depend on a
number of factors; for example, the availability of
alternative employment in the area.

Voluntary risk can also legizimately be considered
involuntary wman the risk raker is not sware of the
existence or level of the risk concerned, TFrom the
digcussion in the previous sections, this situatiom would
clearly apply to the majority of themicals in use. For .
new chemicals, however, hoth the appropriate United States
and EEC legislacion contain provisions by which the
labelling of substanzes may be required to warn of the
danger (42),

The above discussion leads naturally to othar aspects of
public parception of risks, which do not always agree with
expert evaluation, leaving the risk manager in a dilemma,
The fear of cancer and the role of the media in raiting
public alarm have already been mentioned. Many ocher
perception factors of this kind also influence
evaluatipn. Given the same level of escimated risk, the
public %ill be far wore slarmed about catastrophic risks
(e.g. chemical aecideat) than abour "ordinary vigks"
(general exposure to chemicala), abouk immadiate
(poisoning) thaa about latent risks (chronic effects -
with possible excaption of cancer), and about
upcontrollable risks (e.g, earthquakes) thanm about
controllable ones {e.g. bridge construction).

Equity analysis was wentioned abave as ome of the three
components of risk evalustion along with contextual and
public preferenca analysis. Three ©ajor types of rigk
inequity require anmalyais., The first is inequity among
social groups. Tha people moat at risk from producks ot
activities often do uot receive its benefits. Examples
are workers occupatiounally exposed to harmful chemicals

and psople living in polluted areas or near to toxic waste
dumpa .

The secona typa of inequity is among regiona. Of these,
the moat publicized are the transboundary pollution
problems of 509 emissions in western Earopa which result
in "acid rain" in Worway and Sweden, the discharga of
effluents iato the Rhine in Frauce and Germany which cause
serious pollucion problems downstream in the Netherlands,
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and the pollufion af the Mediterranean, for which the
northern coastal states are largely responaible, with
deleterious effscts to all the coastal states. Although
the pollucer-pays principle is agreed im all tases, the
polluters and rhe victims invariably disagres as to the
nature of rthe risk or impact and the severity and
significance of the damage.

The rhird and pernaps most complex type of imequity is
over generations. Until recently, environmental concern
has coocentrated on hot spot pollution problems where
cause and effect are not greatly separated in time.
However, comcern is growing over risks which may be passed
to succeeding peneraticns (e.g. mutagenic and teratogenic
effectn) and over persistent substances emittaed now, or inm
the past, to which future generations will be exposed.

This problem has not been properly addressed. The
question of how to evaluate decisions taken now which will
affect future generatioms has largely been neglected, bath
scientifically and politically.

At the scientific level, the dose—rommitment approach,

carries the advantage that it calculates the integrated
exposure which resylts from 3 given relesse. Thus, the
risk cf a given quantity of chemical released into the

environment is summed over all generations.

At the political lewel, several approaches wmay be taken.
At one extreme the future affects of chemicals may be
discounted at vwarious rates {e,g. akin to depreciation of
capital assets). At the other extreme, the suggestion has
been made (42) that costs and risks should be internalized
within one generation. This approach would forbid the
carry-over of costs and risks to future generations.

Thus, the manufacture of cnemicals which would remain ip
the environment for more than a generation and/or produce
effects on future generations would be prohibited.

Between rhese extremes are & number of possible priaciples
which can be adopted. An obvious one would be that the
risks now accepced on benhalf of future generations should
not exceed acreptable risks of today.

an ingividual risk may be small enough to be negligible or
acceéptable to the person at risk. However, if
sufficiently large numbers of pecple are exposed Lo
individual riaks which ars barely acceptable, pome peraons
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will certainly be harmed (60). Thus, the sum of
acceptable individual risk over the total populakion
affected is nor necessarily equal to the acceptable
population risk.

Conventional practice is to assess acceptability of
individual risks; when individuals are st excessive risk,
countrol actiom is taken. This approsch limits individual
exposurea buf nol nacessarily the total release of the
palluting substance. The latter can be ass-ised by means
of gource-related agsessments based on the dose-commitment
model. This dual approach is well accepted in the
vadiation protection field and 1s the basis of ICRP
recommendations.

Source-related assessment assuunes particular importance
for the coutrol of chemicals which do not axhibit a
threshold dose for response and for which 2 linear
dose-responae relationship can be assumed. This working
assumption is widely acceptad for the case of radioactive
pollutants, and opimion is growing that it should also be
accepted for a oumber of chemical carcinogens. {However,
the whole question of thresholds of rmsponse is the
subject of intensive research and controversy., )

This &gsumption carries major implications for all atages
of risk assessment. For example, it calla inte the
question the whole philosophy of ambient quality
standards. These standards have often been achieved, at
lezast partially, by dilution and dispersion rather than
reduction in the totzl emisaion. As a result, while
people near the source are exposed to lower levels of the
poliutants, the total number of exposed people will

incraase, The total risk (RT) over all the populaticn
is given by:

where r; is the risk of an effect to individual i and n
is the number of peocple exposed to nonzero concentrations
of the pollutant. While the application of the
environmental quality standard has decreased tha

individual risk (r) near the source, the total numbar

of people exposed tn) has increased. This may result in a
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higher total risk Ry (although the burden is more
equitable}.

Une important teason why public perception and "objective"
evaluation of chemical risks differ is that while thae
public i3 generally responsive in terms of its percaived
overall risk burden from toxic¢ chemicais ae a group,
regulation is, of necessity, concerned with individual
substances. Tredting each substance individually, to the
exclusion of higher leval asgessments, is bound to obscure
problems and their solutions, lead to a misallocation of
resources and produce regulatory incousistencies (e.g. in
the leval of protection of particular worker groups).
While continuing the nacessary control substance by
subdtance, the need for government to take a broad view of
risks from chsmicals grows increasingly important,
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