
CHAPTER 4

Risk Evaluations and National Policy

4.1 POLICY CONSIDERATIONS

.In public policy, risk assessmentsmade on the basis of scientificevidenceor
public alarm, have to be translated into statutes and regulations that can be
enforced and, if necessary, stand up in courts of law. National policies have
broadly taken two approaches: that of specifying generally applicable codes
and regulations based on what is known about the causes and effects of the
risk; and a case-by-case approach in which the specific circumstances of each
case of the risk is considered individually. The first approach is based directly
on the evidence available about causes and effects and levels of harm. The
case-by-case approach is, in addition, based on what was reasonable in the
particular circumstances (sometimes despite the harm involved). The criterion
of reasonableness has a long tradition in legal systems, so that even when
assessments about new risks are enacted in legislation, they are often evaluated
according to some very old legal concepts.

Policy decisions about risk are also influenced by the particular
circumstances of a hazard or situation being assessed. Among the factors often
to be considered by risk assessors are the following questions:

- What alternatives are available, and what are their risks?
- What is the probability of the hazard occurring?
- What are the consequences?
- Who is at risk?
- Are the effects reversible and temporary, or not?
- What is the degree of public concern?

4.1.1 What Alternatives are Available?

The weighing of alternatives is at the heart of the risk assessment process. A
contaminated well is not going to be closed down by public health authorities
if it is the only water source within miles, whatever national water quality
standards have been adopted.

In the control of chemical hazards, the evaluation of alternatives is
particularly difficult because often the risks and benefits of the alternatives are
as uncertain as the suspect chemical. In more recent decisions, the risks of
substitutes which will inevitably fill the gap of the prohibited product, are
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taken more explicitly into account. Thus the proponents and opponents of the
asbestos industry argue alike that the risks of substitutes such as glass fibres,
which may have similar effects on human health to asbestos fibres, must be
part of the overall assessment equation. At the same time, the additional
deaths from fires etc., if asbestos is not used, needs to be set against the toll of
ill health and premature death attributed to the use of asbestos. This view is
put forward as a general principle for radiation protection:

The public must be protected from radiation but not to the extent that the
degreeof protectionprovidedresultsin the substitutionof a worsehazard for
the radiation avoided. (BEIR, 1973)

The importance of having alternatives has two aspects - the availability of
substitutes and the freedom to choose. Increasingly where risk assessments
result in decisions that intrude into the lives of many people, the issue of
individual choice is raised.

4.1.2 Urgency

One factor in the degree of risk is some measure of the imminence of
danger. A hazard that is expected soon will require a different evaluation from
one whose probabilities are viewed in a longer time frame. The hazard is said
to be 'present'. The overhanging slope, the flood, the hurricane, the
earthquake, that appear imminent are responded to by protective measures
which often include temporary evacuation. When the threatening event has
occurred or when its imminence appears over, people's lives return to a more
normal pattern; regulations temporarily imposed are lifted, and the assessment
of risk is again viewed in a future perspective.

In the USA, pesticides can be prohibited immediately if they are considered
to present an imminent hazard. This is defined as

'unreasonableadverseeffects on the environment'meaning'any unreasonable
risk to man or the environment,taking into account the economic,socialand
environmentalcostsand benefitsof theuseof any pesticide'(FIFRA, 1972)

This section of the Pesticide Act referring to imminent hazard has been open
to considerable dispute since it was first proposed, but it was used by EP A as a
basis for immediately suspending, in September 1974, aldrin and dieldrin, two
pesticides suspected on the basis of animal experiments to be carcinogens.

Common sense dictates that more imminent dangers require more drastic
action than those where there is time for careful risk assessment before taking
decisions. The Hippocratic rule of medicine that extreme remedies are
appropriate for extreme diseases echoes what a reasonable person would do.
Public health and other government authorities are more willing to allow
doctors to use less thoroughly tested drugs where threats to life are imminent.
However, for many hazards, especially chemical ones, the issue is not just
what action is required when the danger is imminent, but how to define what
the indicators of 'imminence' are - in other words what are the early
warnings we should take notice of?
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4.1.3 Accidents

Events take on a particular significance when they are rare and unexpected.
The example of the explosion in a chemical plant at Flixborough in England in
June 1974 illustrates how one accident can completely change the risk
assessment by making an 'incredible event' only too credible. Flixborough has
been described as the single most important event in forming British public
opinion about industrial hazards since the second world war (McGinty, 1976).
It is the archetype of industrial disasters to be avoided and has been the subject
of an important investigation by the UK Health and Safety Commission's
Advisory Committee on Major Hazards (1974).

The report reveals that inadequate consideration was given in the design and
management of the chemical plant to the possibility of the accident happening.
In effect, there was no risk assessment made for the event and thus no
judgement made on its acceptability, either in consequence or probability
terms. Thus a very different situation existed in the UK for major chemical
plants compared to the detailed risk assessment and stringent regulations in
safety design and management that are imposed on nuclear power stations.

4.1.4 Other Factors

In industrialized countries, there now exist many case histories of risk
assessment that are well documented. One important collection of these for the
USA is concerned with forty-five cases of public concern and government

Table 4.1 Factors Leading to Prompt Public Policy Action

Risks are judged to be serious and action is more likely to be taken when:

- a serious event has just occurred
- there is a high probability of a dangerous occurrence
- danger is imminent

- the danger is new and unfamiliar
- the danger has other fear associates (e.g. nuclear bomb)
- the danger is carcinogenic, mutagenic or teratogenic

- the damage is acute and short term
- the damage is irreversible
- many people are potentially affected
- cases of harm occur together (at one time or place)

- children are affected

- cause-effect relationships are scientifically understood
- there is direct impact on people (i.e. not through long cause-effect chains)
- national security is involved
- it is publically known
- it is given much attention in the mass media and by politicians
- consequences are highly damaging to economic and trade interests
- alternatives are available
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response for hazards which range from DDT, mercury discharges from
industry, massive oil spills, athletic injuries, and polio vaccine, to x-ray
machines and oral contraceptives (Lawless, 1977). Many European case
histories are documented in scientific journals like Ambio (Sweden) and New
Scientist (UK). From these case histories some general findings emerge about
the factors likely to produce an assessment that concludes the risks are serious
and warrant immediate action, compared to others that are more likely to lead
to administrative delay while further evidence is forthcoming. Some of these
factors are summarized in Table 4.1. It should be emphasized that these do not
necessarily represent guidelines for future decision-making, but rather the
priorities, trade-offs and social judgements associated with present risk
management decisions in certain industrialized societies. They describe present
processes rather than a model of how risk assessment should operate.

4.2 LEGISLATIVE CONSIDERATIONS

In Chapter 2, risk assessment was shown to be a comparative process, once
the hazard itself had been defined (Figure 2.3). In legislation, these
comparisons are made into explicit criteria for deciding whether a hazard is
acceptable or not. Figure 4.1 illustrates how public policy judgements about
risk are based on the different comparisons that can be made. These
judgements are often enshrined in particular phrases, which appear in the
legislation itself. In many countries, the exact meaning of these phrases is
spelled out, not in the legislation, but in the courts. Increasingly, the judiciary
of many countries, most notably in the USA, is taking upon itself the role of
clarifying and interpreting the intentions of legislators in drafting
environmental policy.

Countries in which detailed codes, standards and regulations are drawn up
to make a risk assessment part of public policy, place heavy reliance on the
scientific evidence available within the risk system itself. The rules are usually
intended to be across-the-board and apply to all cases. Thus if scientific
evidence is accepted which shows evidence of adverse effects of a pollutant at
certain concentrations, then these concentrations (with a safety factor) will be
the basis for specific standards. Any person or agency causing these standards
to be exceeded can be automatically dealt with under the terms of the
legislation.

Where a comparison of the risks with the benefits is formally a part of the
legislative assessment, then rigid codes are replaced by judgements framed
within the context of individual cases. Two widely used approaches in national
policies apply one of two questions to each case:

- What is a practical solution? (best practicable means)
- Are effective benefits being produced? (efficacy)

In both these approaches, public policy is adopting a risk-benefit approach. In
the case of 'best practical means' very high benefits can sometimes outweigh
the risks. For example, a factory with high pollution levels may be tolerated
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Figure 4.1 The risk comparisions contained in legislative
principles

because it brings needed employment to an area and it would have to close
down if rigid effluent standards are enforced. On the other hand, for factories
where emission levelscan be improved without a significant loss of benefits, then
a 'best practical means' approach can lower emission levels below a general
standard. A risk-benefit approach can thus be viewed as risk assessment on a
sliding-scale in contrast to uniform standards and regulations. Either
approach can produce more or less strict standards and controls. Indeed,
public policy decisions often result from successive uses of different criteria as
one or another prove unsuccessful.

The role of hazard classification becomes therefore very significant in
defining the 'rules of the game'. Specific instruments of public policy deal with
categories of risk rather than all risks. Thus nuclear installations, major
industries, earthquakes (building codes), water pollution (effluent controls),
pesticides, drugs, etc. all come under separate public policies often
administered by different agencies. Since criteria for risk assessment are
embodied in public legislation they also differ for different categories of risk.
A reclassification of a risk (e.g. from being a food additive to a drug; from
being an ordinary industrial undertaking to a 'major works'; from being

outsidea flood zoneor earthquakezoneor cleanair zoneto beinginside)may
well mean that a different public policy criterion will be applicable in assessing
the risk. Recent legislation (e.g. the US Federal Resource Conservation and
Recovery Act of 1976)can be seen as a process of rationalizing risk assessment
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criteria across the risks entering the man-environment system through its air,
water and land components.

The process of making risk assessments consistent with one another is a
major theme in the evolution of public policy. In some countries it is being
approached by increasing the codification of risk assessment - by the
specification of more rules, regulations, standards and procedures - and also
by increasingly quantitative formats for assessing risk.

What has emerged so far from this survey of public policy for risks is that an
increasingly quantified and codified assessment process is not necessarily
based on new legislative principles. Rather, the concepts of 'best practicable
means' and 'reasonableness' remain so far the fundamental tools for the
decision maker in many countries to evaluate the evidence and arrive at a
(defensible) decision. The US Toxic Substances Control Act 1976 and the UK
Nuclear Installations Act 1965 are only two examples where these concepts
underlie highly technical codes.

4.2.1 Scientific Criteria

Criteria are observed effects/responses of one or several contaminants on a
defined reception/population under specific conditions. For air pollution, for
example, such criteria are used, along with socio-economic considerations, as
the basis for establishing air quality standards, which are maximum allowable
concentrations for given times and contaminants (Munn, Phillips and
Sanderson, 1977).

However, scientific criteria are not the undisputed canons that they are
sometimes believed to be. Different scientists, and thus different government
agencies, disagree about what constitutes a relevant, valid and acceptable basis
for assessing risks. These differences arise because the scientific data,
especially for new hazards, is less than ideal arid contains gaps in knowledge
about the risk systems, and about cause-effect relationships. Two issues often
lie at the heart of the differences: that of what constitutes a significant effect,
and what is an adequate amount of data on which to make a scientific
assessment of risk.

(A) Adequate data Scientific data on a suspected pollutant or risk rarely all
point in the same direction. Experiments on one animal species on the
toxicity of a chemical will not necessarily have the same results as
similar experiments on another animal species. Epidemiological
evidence frequently appears to contradict, or at least fails to confirm
for human populations, the toxicological data obtained from animal
experiments. Sometimes proof of carcinogenesis is conventionally
accepted when found in tests of two or more species. At other times,
decisions are taken on the evidence from experiments on one species.
Thus what are 'adequate' data will differ from country to country,
from time to time, and from risk to risk. Adequacy is highly bound by
its context and may stray within and without the norms of scientific
convention.
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(B) Significant effects In the USSR, the present criteria for atmospheric
pollutants derive from the principles laid down by V.A. Rjazanov in
1949. The criteria are:

(1) The only permissibleatmospheric concentration of a given substance is
that whichcauses no direct or indirect, harmful or unpleasant effect in man
and whichdoes not impair eitherhis ability to work or his mental or physical
well being.
(2) Habituation to harmful substancesmust be consideredas a harmful sign
and is proof that the concentration in question is abovethe permissiblelevel.
(3) Other impermissible concentrations are those at which atmospheric
pollutants have a harmful effect on vegetation, local climate, atmospheric
visibility,or human livingconditions.' (Izmerov, 1973)

By these criteria therefore 'significant effects' include direct and
indirect, harmful and unpleasant, physical and mental effects. They
also include adaptive responses to changed environmental conditions
and effects on the environment itself. This comprehensive definition of
'significant effects' is consistent with experimental design in the USSR
in which changes in behaviour and biochemical processes are tested. In
particular Soviet scientists have developed studies to detect
compensatory or adaptive responses for detecting the effects of long
term, low concentrations of pollutants. In addition to experiments they
use questionnaires on living conditions and special registers to monitor
incidents such as minor eye injuries from pollutants.

In this regard, the Soviet definition of what constitutes a significant
effect seems to be more stringent than that accepted in many other
countries. It falls near the lowest level of effects in the WHO (1964)
categories for atmospheric pollutants.' In other countries such as UK,
USA and Canada, adaptive responses of an organism to a pollutant are
not defined as 'significant effects'. The issue of low concentrations of
lead in human blood is one example of different national standards
being equally based on scientific criteria of dose-response relationships
but interpreting the significant cut-off point for harmful effects at
different levels of response. In this case, the effects concern the activity
of one enzyme in the haemoglobin chain (Hernberg, 1972).

The number of situations in which the above uncertainty about significant
effects exists, is increasing as better measurement techniques can reveal more
subtle and sub-clinical biological effects. Our ability to interpret their
significance lags behind our measuring facilities and gives rise to a wide range
of national interpretations of what scientific criteria are and what they mean.

This problem is widely acknowledged by scientists involved in risk
assessment. For example, in the USA, the Surgeon General's Advisory
Committee on Smoking and Health, 1964, reported on scientific criteria as

Statistical methods cannot establish proof of a causal relationship in an
association. The causal significance of an association is a matter of judgement
which goes beyond any statement of statistical probability. To judge or evaluate
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the causalsignificanceof the associationbetweenthe attribute or agent and the
disease, or effect uponhealth,anumberofcriteriamustbeutilized,nooneof
whichisan all-sufficientbasisfor judgement. Thesecriteriainclude:

a) The consistencyof the association
b) Thestrengthof the association
c) Thespecificityof the association
d) The temporalrelationshipsof the association
e) Thecoherenceof the association

Public policy legislation can help to mitigate this uncertainty by requiring
risk assessments to be based on several sources of evidence. For example, the
air quality criteria recommended by a WHO Expert Committee in 1972include
evidence from experimental animal studies and effects on vegetation, as well as
effects on man (acute and chronic effects, annoyance reactions, effects on
athletic, cardiovascular and psychomotor performance).

National drinking water standards are commonly based on several criteria,
including physical, chemical, radiological and microbiological characteristics.
Some of the measures involved are based on scientific experimental and
epidemiological evidence. Others, such as those relating to colour, taste,
turbidity, and odour of water and nuisance organisms are subjective criteria
defined in terms of people's acceptance or rejection of water rather than
necessarily being health risks themselves. These include physical characteristics
(indicators of organisms) and coliform bacteria (indicator of enteric pollution
present).

Thus the scientific criteria developed for regulating drinking water quality
can be seen as a mutually reinforcing and comprehensive system of risk
assessment which includes objective, subjective and indicative bases for
judgement. However, for most hazards today, the risk assessment system is
not as soundly based on scientific criteria as it is for drinking water quality.

Codes which can be based on scientific criteria tend to reduce the initial
emphasis in the risk assessment on a case-by-case approach. Regulations and
coded procedures seek to generalize risk assessment across individual
situations. Ultimately if the assessment becomes controversial, and
particularly if it is contested in courts, the general applicability of the codes
may break down. Courts tend to interpret the behaviour of any individual or
organisation involved in risks according to the criteria of 'reasonableness' for
a particular context. Conformity with codes mayor may not limit the liability
of an individual, but it will not absolve the whole risk assessment system. Thus
a manufacturer may be indemnified against blame because he can show that
regulations were followed according to the letter of the law. The liability may
then shift to the regulating agency who drew up the procedures. In any case,
somewhere in the system, responsibility (and liability) has to rest, whether
decisions are made too early or too late; made, revised, or not made at all.

4.2.2 The No Risk Principle: Zero Exposure

The principle of zero exposure to a particular risk may seem at first to cut a
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bold line in public policy. Its guiding principle is that no level of risk is
acceptable from the hazard in question. As a criterion stated without
qualification, it does not require other factors, such as the availability of
alternatives, to be taken into account. Taken literally, a criterion of zero
exposure would exclude consideration of other criteria commonly used in
public policy. It thus stands apart from 'best practicable means',
'reasonableness', and 'efficacy' which are implicitly part of a risk-benefit
assessment. Zero exposure puts the emphasis on the 'risk' side of the equation.

Zero exposure is an issue in the present debate about nuclear power stations
and particularly about plutonium economy and nuclear waste reprocessing in
North America and Europe.

In present public policy, zero exposure is most used in assessing the risks
from suspected carcinogens. Experience in the USA particularly through the
well-known Delaney Clause and the less well known 'Cancer Principles' is the
best documented attempt to use a zero exposure criterion. In the UK, a zero
exposure principle is used in the Pesticides Safety Precaution Scheme under
which British companies voluntarily agree not to sell pesticides which have not
been cleared as non-carcinogens.2 The American experience also illustrates the
difficulties and many qualifications necessary in applying such a criterion in
risk assessment. Far from being an effective sword for public policy, 'zero
exposure' has proved to be a two-edged one in bringing criticism down on the
heads of agencies who have tried to implement it.

One difficulty with using a zero-exposure or zero tolerance approach in
legislation is that the definition of 'zero' depends on what measuring
techniques and accuracies are available. In earlier legislation, zero tolerances
have been set as a matter of convenience when tests did not reveal any residues.
Legally, it meant that no residue was permitted, but technically it meant that
no residue could be detected (Blodgett, 1974). What happened when the
techniques for measuring residues improved by several orders of magnitude, as
they did in the 1960s, was that previously 'uncontaminated' material was
suddenly declared contaminated. Today's analytical techniques are almost one
million times more sensitive than they were in 1958. For example, in the USA,
50 parts per million was regarded as the practical equivalent of 'zero' in 1958.
Today, electron microscopes, mass spectroscopy, neutron activation analysis
and gas chromatography can collectively detect amounts of contaminants as
little as one part per trillion (1012).

In the US, the Department of Agriculture, which has registered pesticides on
the basis of zero tolerances, had to establish a fund to indemnify farmers
whose crops were suddenly seized because they contained residues that could
be detected with new analytical techniques. Since the farmers had sprayed the
pesticide as recommended by the Department of Agriculture, the authorities
were also held responsible. This type of situation arose because, although zero
tolerance is in fact dependent on the best available technology for measuring
residues (that is, is a relative concept) when framed in legislation it has been
defined in absolute terms.
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The Delaney Clause and the Cancer Principles in the USA The American
experience with zero tolerances in legislation is one of the most widely
discussed internationally and has been compared favourably and
unfavourably with legislation in other countries. The best known legislation is
the Delaney Clause3 which refers to food and colour additives. It states that an
additive:

shall be deemedunsafe, and shall not be listed for any use whichwillor may
result in ingestionof all or part of such additive,if the additiveis found by the
Secretaryto induce.cancerwheningestedby man or animalor if it is found by
the Secretary, after tests which were appropriate for the evaluation of the
safety of additivesfor use in food, to inducecancer in man or animal. . .

The Delaney Clause was invoked in 1969 for the banning of cyclamates and
in 1977 for the banning of saccharin. In both cases the use of the Clause has
provoked a storm of protest over the 'zero exposure' criterion. Subsequent
FDA consideration for reclassifying the chemicals as 'drugs' rather than 'food
additives' has also produced debate about the inconsistency of the criteria used
for risk assessment.

The arguments against the Delaney Clause are that it is too rigid and does
not allow case by case assessment. It is an 'all or nothing' criterion in decision-
making. A panel of the President's Advisory Committee objected (1973) to the
Clause because

The rigid stipulation of the Delaney Clause, springing from presently
inadequate biologicalknowledge,places the administrator in a very difficult
interpretativeposition. He is not allowed, for example, to weighany known
benefits to human health, no matter how large, against the possible risks of
cancer production, no matter how small.

A second argument against the Delaney Clause is that the ability of
detection today to one part per trillion (1012) far outstrips our ability to
evaluate the significance of such minute amounts, even of carcinogens.

Proponents of zero tolerance argue however that there is no safe level for
carcinogens given present scientific knowledge about dose-response
relationships in cancer-producing agents. However, it is also known that
common salt, and indeed, food itself, can cause cancer when taken in large
enough amounts.

The application of a zero exposure criterion for carcinogens is being
extended in the USA to chemicals entering the environment and food through
pesticides.

From 1973 onwards the US Environmental Protection Agency has
developed a set of so called 'cancer principles' for assessing the risks of
potential carcinogens which come under EP A's jurisdiction (Table 4.2). It is
part of an ongoing effort to rationalize risk assessment for suspected
carcinogens across the jurisdictions of different agencies - in other words, to
overcome the inconsistencies created by a hazard taxonomy that divides
chemicals into drugs, cosmetics, food additives and pesticides etc.

By June 1975 nine principles had been expanded to seventeen. The purpose
of setting down the principles in these hearings was to put them into the record
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Table 4.2 Nine Cancer Principles of US Environmental Protection Agency (1974)
(Reproduced by permission of the US Environmental Protection Agency)

(1) A carcinogen is any agent which increases tumor induction in man or animals.
(2) Well-established criteria exist for distinguishing between benign and malignant

tumors; however, even the induction of benign tumors is sufficient to characterize
a chemical as a carcinogen.

(3) The majority of human cancers are caused by avoidable exposure to carcinogens.
(4) While chemicals can be carcinogenic agents, only a small percentage actually are.
(5) Carcinogenesis is characterized by its irreversibility and long latency period

following the initial exposure to the carcinogenic agent.
(6) There is a great variation in individual susceptibility to carcinogens.
(7) The concept of a 'threshold' exposure level for a carcinogenic agent has no

practical significance because there is no valid method for establishing such a level.
(8) A carcinogenic agent may be identified through analysis of tumor induction results

with laboratory animals exposed to the agent, or on a post hoc basis by properly
conducted epidemiological studies.

(9) Any substance which produces tumors in animals must be considered a
carcinogenic hazard to man if the results were achieved according to the established
parameters of a valid carcinogenesis test.

Note: These principles were followed by 29 pages of citations from reports and testimony to
support each principle and to place them in context.

and to establish their validity as criteria for public policy through their
incorporation into Administrative Law decisions. The cancer principles were
distilled from the testimony at the various pesticide hearings of many scientific
and medical experts. Each principle was supported by detailed documentation.

The use of these 'cancer principles' as legal facts and scientific criteria in
EP A decisions to suspend or cancel pesticides (notably the aldrin and dieldrin
suspension in 1974, DDT in 1972, and the heptachlor and chlordane
proceedings in 1975) has caused much controversy among US scientists and
decision-makers.

The first principle (a carcinogen is any agent which increases tumour
induction in man or animals) caused controversy in equating the production of
any tumour - benign or otherwise - with carcinogenesis. It was regarded as a
precedent-setting criterion, although it was similar to the Delaney Clause.
EP A also felt the burden of proving safety should be on industry and not on
the public, and recommended the use of experimental animals such as rodents
which were more sensitive to toxicity than man, following a philosophy of
better to err in the direction of preventing a 'safe' substance getting into the
environment than to err in allowing the entry of a harmful one.

Although the use of the cancer principles extends present FDA policy on
food additives over a wider range of chemicals in the environment, one major
source of opposition to the principles is from within FDA and from the food
and drug industry which oppose the Delaney Clause. They would seek to
rationalize the US national risk assessment policy to chemicals on another
basis than that of 'zero exposure'.
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4.2.3 Best Practicable Means

The term 'best practicable means' is widely used in environmental legislation
in English-speaking countries, both industrialized and developing. It has been
described (Ashby, 1975) as 'an elastic band ever tightening as chemical science
advanced' and has operated as a criterion for regulatory control and court
judgements in many countries. It is commonly though of as a peculiarly British
institution, where is is used to determine effluent standards from major
industrial works and to control air and water quality generally. The same, or
similar criteria for regulation and liability operate in other countries, including
Australia, Canada, Federal Republic of Germany, Jamaica and the USA.

Related terms include:

(1) best practicable technology or best practicable control technology
currently available (BPT), e.g. 1972 Amendments to the US Federal
Water Pollution Control Act.

(2) best available technology economically achievable (BAT), e.g. 1972
Amendments to the US Federal Water Pollution Control Act (1983
standard).

(3) any practicable means or all practicable means, e.g. UK Clean Air Act
1956 (provisions for smoke emissions from railway locomotives), and
Clean Air Act 1957 State of Victoria, Australia.

Although the term (and its variants) are widely used, they are usually not
clearly defined within the legislation where they appear. This flexibility in
interpretation is often cited by proponents of the term as its major advantage,
and by opponents as its major weakness.

The Clean Air Law 1961 of Jamaica is one of the few that include a
definition of 'best practicable means'. The word 'practicable' is defined by the
Act to mean

'reasonably practicable, having regard, amongst other things, to local
conditionsand circumstances,to the financialimplicationsand to the current
state of technicalknowledge.'

This definition is similar in wording to that of the UK Clean Air Act of 1956.
In both Acts the importance of case by case assessments, the current state of
knowledge and the weighing of economic and technical factors are made
explicit. However, other considerations, such as environmental impact and
aesthetic quality are not excluded from the risk assessment just because they
are not specified. Decisions by regulating bodies and individual inspectors,
and judgements made in court have interpreted the term 'best practicable
means' within a wide range of possible meanings.

The distinction to be made between best practicable technology and best
available technology is also not always clear in national legislation. For
example, in the US Federal Water Pollution Control Act 1972 Amendments
the risk-benefit equation for best practical technology is defined as:

Factors relating to the assessment of best practicable control technology
currently available... shall include consideration of the total cost of
application of technologyin relation to the effluent reduction benefits to be
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achieved from such application, and shall also take into account the age of
equipment and facilities involved, the process employed, the engineering
aspects of the application of various types of control techniques, process
changes, non-water quality environmental impact (including energy
requirements), and such other factors as the Administrator deems
appropriate. (Sec.304(b)(1)B)

The instruction about how the 'best available technology' is to be assessed is
almost identical including the loophole phrase 'and such other factors as the
Administrator deems appropriate'. This last phrase would seem able to take
into consideration the possibility of best available technologies being found
outside the USA and necessitating foreign imports - an issue which has been
widely discussed. The requirement to consider the 'best available technology'
in 1983would appear mainly to call for a re-evaluation of control technologies
at that time.

The term best available technology (and its variants) leaves several questions
open when in legislation. These include:

(1) What factors are to be included in the assessment? - technology,
economics, material and non-material disbenefits (such as scenic loss).

(2) From whose point of view is practicality to be defined? - the polluter
or the public?

(3) Who defines what is practicable? - the polluter, the regulator or the
public?

(4) Does the 'best practicable means' include the extreme case of
prohibition of the cause in order to reduce pollution to zero?

One reason why a 'best practical means' approach has been widely adopted
in national legislation is that it can be interpreted to suit national risk
assessment philosophies. The degree to which a risk is evaluated in terms only
of its impact on public health; or whether it will be broadened to include
impacts on environmental quality, is left up to the regulating agency.

The use of 'best practicable means' in risk assessment places a burden on the
regulator, and particularly (as in the UK) on the individual inspectors of a
regulatory agency. In effect they are required to make political decisions in
which they must discriminate between large and small works, or old works
with outdated equipment and new ones with modern technology. They take
into account the need for jobs locally, the importance of the product, and
financial and managerial capability of a firm, and its 'good will'. Such
inspectors have been described as

. . .human 'computers' ... for social welfare, programmed by inputs of hard
data and social values, . . . authorized to include their own judgement as one
of the inputs... entrusted with political decisions... (Ashby, 1975)

Theroleof thecourtsin manycountrieshasbeento interpretwhat'best
practicable means' are. In the UK, a polluter can use the fact that he used the
best practical means to control pollution as a defence in any court proceedings
taken under the Clean Air Act 1956. Sometimes the courts condemn the use of
such terms as 'so far as is practicable' and 'where feasible' in legislation on the
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grounds that they are too vague but generally they are regarded by judges as
providing 'reasonably certain' criteria. Courts in English-speaking countries
have also differed in from whose point of view practicality is to be defined.
Often, however, it is defined from the standpoint of the polluter or source of
risk, rather than from that of the public's welfare. In these cases the risk
assessment may err on the side of risk perpetrator.

It has been known, however, for English courts to consider 'practical
feasibility' under the rubric of 'inevitability of nuisance' (e.g. UK House of
Lords 1930). The significance of this is that an action of nuisance is much
easier to bring against a polluter. It is a common law doctrine providing a
broad avenue of legal action which requires comparatively light proofs, and
which is being used increasingly in environmental litigation brought under
Common Law.5 Many statues relating to public health and environmental
pollution declare specific acts to constitute 'nuisances' and thus can be tried on
a case by case basis under the common law of nuisance.

'Best practicable means' are sometimes regarded as a regulatory criteria
distinct from quantitative probability methods of risk assessment and from the
setting of quantitative or specific standards. The UK Nuclear Installations
Inspectorate have long argued that their 'best practicable means' rationale
have enabled them to press for progressively higher standards of design and
operation in nuclear reactors whereas a probability risk assessment might lean
towards a less than optimal standard (Critchley, 1976). In the USA individual
permits for effluence discharge are arrived at through the 'best practical
control technology rationale' (Federal Water Pollution Control Act 1972
Amendments). A standard was also issued for vinyl chloride in the workplace
on the basis of what is 'technologically feasible' by the USA Occupational
Safety and Health Administration in 1974. This is a particularly interesting use
of the 'best practical means' philosophy, as vinyl chloride is a carcinogen.

A quantitative approach to 'best practicable means' is used by industry in
the UK for accident risks to workers and to the public from chemical works.
This involves estimating the Fatal Accident Frequency Rate for a plant
(defined as the number of deaths in every 108hours exposed to risk) compared
to the rate for the chemical industry as a whole. Plants which are found to
have higher accident risks are then improved 'by the best practicable means' -
usually on the basis of an economic analysis of the cost of an accident against
the cost of preventing or reducing it (Gibson, 1976).

The use of 'best practicable means' in risk assessment is widespread today
and has long historical precedence. It is a flexible criterion which at its best can
be used as a lever for the highest standards today, and be forward looking to
future improvements. It requires technically competent and ethical personnel
within the regulating agencies to define what are the best practical means in
each case. It also places upon those regulators the task of almost the whole risk
assessment process in miniature, for it is they who balance tangibles and
intangibles in case by risk equations. It can be argued that an assessment
process employing 'best practicable means' pre-empts some of the judgements
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that should be made by the public or by their elected representatives. This last
argument is particularly an issue where a 'best practical means' strategy is
associated with government and industrial secrecy. What the means are, and
how effective in controlling the risks, can be withheld from the public at risk
behind a cloak of 'best practicable means'.6 However, the two issues should be
clearly separated since the use of 'best practicable means' does not necessarily
require confidentiality about the standards set or the means by which they are
achieved.

4.2.4 Efficacy

Efficacy is defined as a
(1) Capacity to produce effects;
(2) Power to effect the object intended.

In the context of risk assessment, efficacy assumes a more relative meaning, in
that how effective or useful a product or process is must be weighed (among
other things) against how safe it is judged to be. Efficacy and safety are thus
two interdependent concepts in risk assessment although they may be
measured or estimated in independent processes and by different bodies. The
balancing process has been made particularly explicit in drug safety:

No physician, no one who has ever been responsible for the welfare of
individual patients, will accept the idea that safety can be judged in the
absence of a decision about efficacy. No drug is 'safe' if it fails to cure a
seriousdiseasefor whicha cureis available.No drug is too dangerousto use if
it will cure a fatal diseasefor whichno other cure is available.To attempt to
separate the two concepts is completelyirrational. (US Senate, 1960).

Another set of risks for which efficacy is widely used as a criterion is for
pesticides. It is explicitly stated in the pesticide legislation in Australia,
Finland, France, Japan, Korea, Netherlands, Norway, Sweden, Switzerland,
and Taiwan, among others. Field trials are usually required in experimental
plots over at least one year, together with controls, in order to test the
effectiveness of the pesticides.

Efficacy is also widely used in national legislation as a criterion for
controlling consumer product labelling and advertising to counteract false or
misleading claims. In some cases, the product was effective but not in the
specific conditions for which it was sold, and so it could be banned. For
example, in 1964 the US Federal Food and Drug Administration stopped the
sale of 50 cold compounds and lozenges containing penicillin and other anti-
biotics because they were ineffective against the respiratory virus infections for
which they were prescribed, although they are effective in other circumstances.
Their rationale was published as

There is a lack of substantial evidencethat the drugs are efficaciousfor the
purpose claimedin the labelling(FederalRegister, 1964).

Efficacy is to some extent always a consideration in risk assessment but it is
commonly not made explicit in public policy, even where it might be
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expected. For example, British legislation requires drug manufacturers to
prove that newdrugsaresafe,but not that theyarealsoeffective. On the other
hand, efficacy is also used in legislation to regulate claims about products that
do not necessarily relate to concerns about safety.

4.3 LEGAL CONSIDERA nONS

4.3.1 Reasonableness

The concept of reasonablesness is very important to risk assessment in the
public policy of many countries, particularly those influenced by the English
Common Law system. It is frequently mentioned in environmental legislation,
and is even more important in the way courts interpret legislation. It lies at the
foundation of much risk assessment, even when it is not spelled out. Thus
scientific criteria, zero tolerance and best practical means are all evaluated in
the light of what is reasonable. A judgement about reasonableness also lies
behind many of the technical codes in regulating hazards.

In English, reasonableness means 'what is appropriate or suitable to the
circumstances'. Court interpretations of the word as it appears in
environmental legislation put it in the context of the ordinary, average man.
Reasonableness is that which is

. .. in the scaleof prophecyor foresightof the reasonableman. .. (Harper
and James, 1956)

While this may seem a circular argument, the notions of 'ordinary',
'average', 'natural' as yardsticks for measuring risk and harm are well
established in national environmental policies. They enable, for example, an
industrial management to argue that their actions were customary technical or
professional practice; that, is reasonable, acceptable practice. Similarly, under
English Common Law a defendant can argue that environmental damages are
the result of 'reasonable use' of land where the uses are ordinary for the time
and the place. The escape of noxious fumes, on the other hand, has generally
been regarded as an 'unreasonable' use of property. This emphasis on the
average man in the measure of reasonableness makes it difficult to argue the
case of people who are particularly sensitive to environmental pollution, as has
been found in the cases of noise and smell.

Both judicial and legislative uses of 'reasonableness' focus on a case by case
assessment in which the parameters of the particular situation are crucial to the
decision. This emphasis on the context in which each risk assessment is made
imparts an individualized, flexible and, some would argue, a piecemeal
approach to the risk management process.

Legislative definitions of 'reasonableness' are hard to find, although in
some countries almost every public health statute includes the term. It is
usually left to the judicial process to decide what is reasonable for each
individual case. The US National Commission on Product Safety has provided
guidelines on reasonableness in relation to products:
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Risks of bodily harm to users are not unreasonable when consumers
understand that risks exist, can appraise their probability and severity, know
how to cope with them, and voluntarily accept them to get benefits that could
not be obtained in less risky ways. When there is a risk of this character,
consumers have reasonable opportunity to protect themselves; and public
authorities should hesitate to substitute their value judgments about the
desirability of the risk for those of the consumers who choose to incur it.
But preventable risk is not reasonable
(a) when consumers do not know that it exists; or
(b) when, though aware of it, consumers are unable to estimate its frequency
and severity; or
(c) when consumers do not know how to cope with it, and hence are likely to
incur harm unnecessarily; or
(d) when risk is unnecessary in . . . that it could be reduced or eliminated at a
cost in money or in the performance of the product that consumers would
willingly incur if they knew the facts and were given the choice.

Much of the history of risk assessment has been a response to events, or a
case by case analysis of what has happened. Reasonableness has long been a
post facto criterion. In recent legislation (notably the US Toxic Substances
Control Act 1976) (TOSCA) it is being expressed a new way - future
probability. Thus TOSCA uses the criterion as 'reasonable likelihood of future
harm'. This is an important new direction which may lead to probability
expressions of reasonableness that do not depend upon the circumstances of
individual assessments.

Thus reasonableness may itself become codified, although exactly in what
way and how it would relate to legal interpretation of legislation, is unclear.
Indeed, the other criteria described here can be regarded as earlier attempts to
codify reasonableness. If they are, they have not been very successful in
moving risk assessment away from case by case analysis of what is reasonable
risk and reasonable behaviour and policy. Where decisions are contested, the
assessment often stands or falls on what constitutes reasonableness in that
particular case rather than as it is embodied into existing regulations. In the
USA, for example, more and more assessments are being contested in court
despite increasing codification of reasonableness through other criteria in
regulations.

4.3.2 Nuisance and Negligence

The criterion of reasonableness also underlies other legal concepts such as
nuisance (continuous or repeated unreasonable acts) and negligence (absence
of reasonable care) in English Common Law, and les obligations de voisinage
(reasonable use of property in relation to one's neighbours) in the French Civil
Code. In English Common Law, cases brought for negligence and nuisance
constitute the main judicial process for risk assessment and acceptance of risk

liability. As a separate basis for legal liability, negligence rose with the
Industrial Revolution when a rapid increase occurred in the number of
industrial and transport accidents. Standards of negligence largely determined
the levels of safety required in industry at that time (Prossner, 1964).
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4.3.3 Assumption of Risk

Another legal inheritance of industrialization is the common law doctrine of
'assumption of risk' that can be used by an employer or owner against a charge
of negligence. Its doctrine, in the words of a Scottish court in 1863, is that 'if a
servant in the face of a manifest danger chooses to go on with his work, he
does so at his own risk, and not at the risk of his master' (Wollan, 1968).

It allows employers to provide lower levels of safety for their workers, and
in many countries, including the USA and the UK, the doctrine has been
abolished as a defence in specific circumstances by statute or by regulations
such as govern worker's compensation boards. In the USA it was seen as a
common law response to the needs of industrial progress.

Assumption of risk is a judicially created rule which was developed in response
to the general impulse of common law courts. . . to insulate the employer as
much as possible from bearing the 'human overhead' which is an inevitable
part of the cost - to someone - of doing industrialized business. The general
purpose behind this development in the common law seems to have been to
give maximum freedom to expanding industry (9). Justice Black (1942) in
Wollan, 1968.

The doctrine is not, however, entirely removed from the statute books of
many countries, so that an employer can stilI argue that an employee assumes
those risks which are 'ordinarily and normally incident to work' (reasonable
risks?) as well as any extraordinary risks which he 'knows and appreciates and
faces without complaint' .

4.3.4 Professional Liability

In the field of professional liability a similar process of assessing
responsibility for risks incurred has evolved which again hinges on judgements
of what is reasonable. Historically, professional services (of engineer,
architects, builders etc.) were limited in liability by two doctrines in English
common law; 'privity' which restricted liability only to those with whom a
contract had been directly made (and thus excluded rights of compensation to
the ultimate purchaser or secondary middlemen); and the 'completed and
accepted' rule which said that once the owner or purchaser accepted the work
or product then he took all responsibility for it, including risks to third parties
arising from defects.

These two rules have been criticized and changed (particularly in the USA)
so that by the 1960s neither manufacturers nor professionals were protected
from responsibility for risks arising from their goods and services. The burden
for these risks swung too far in the other direction in the USA, and
professionals found themselves liable on negligence charges for indefinite
times into the future in connection with projects they had virtually forgotten
and a changed climate of what constitutes 'good practice' and 'reasonable
prudence and competence'. They could not realistically assess the total future
risks they were making in decisions about a project where their liability was
unlimited in time.
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The unreasonable burden this placed upon them was increasingly recognized
in the late 1960s in the USA when many states enacted legislation to limit the
number of years professionals could be exposed to liability for negligence on a
particular project. In California, for example, a four year time limit was made
from the date of 'accepted and completed' by the owner. In other states, the
limit ranges from three to ten years. The situation for professional liability in
the case of medicine is different; in some states, patients can bring proceedings
for a limited time period after he (the patient) discovers the negligence or
malpractice, which may be 20 years after it actually occurred. The judicial
trend is to date the time-limit from the point of discovery of damage rather
than the date of 'acceptance and completion' (Fife, 1973).

When cases concerning risk and liability reach the courts there are several
general factors that presently influence judicial decisions about what
constitutes a reasonable risk. These include the probability of harm, the
magnitude of the consequences, the degree of knowledge, the availability of
alternatives and the ratio between the risks and the benefits involved.

4.3.5 Probability of Harm

Legislative and legal approaches to 'reasonableness' consider how likely an
accident or injury is in the eyes of an average, prudent person. Thus some
events are regarded as being unavoidable in that they have probabilities below
that at which an average person would consider taking precautions. They
would include a runaway horse and an unprecedented natural hazard such as a
flood or lightning strike. For these hazards, the law of negligence would not
apply and no one would be legally responsible.

4.3.6 Magnitude of Consequences

The criterion of reasonableness itself constitutes a judgement in which
probability and consequence are combined. Thus, when the consequences can
be expected to be great (such as causing death), a reasonable person would be
(or should be) more prudent even when the probability is low. For example,
shooting a gun blindly in a forest may have a low probability of hitting
someone, but the shooter would be considered negligent or 'unreasonable' in
doing it because the consequences could be serious. In common law,

As the gravity of the possible harm increases, the apparent likelihood of its
occurrence need be correspondingly less. (Prossner, 1964, p.ISI)

4.3.7 The Degree of Benefit

Case law indicates that the social benefit of an act can determine the level of
safety that is 'reasonable' even to the point of risking, and losing, one's life. In
New York, in 1971, the jury found that a man who was killed saving a child
from an oncoming train, had not exposed himself to an unreasonable risk. In
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this case the probability of harm and the magnitude of the consequences were
both high, but the social value of the risk taken made it 'reasonable'. If,
instead of a child, the man had saved a dog or his car, the decision would
almost certainly have been reversed.

4.3.8 Knowledge of Risk

What is considered 'reasonable' is usually defined in terms of what the
parties involved knew, or could be expected to know, in the circumstances.
The amount and quality of information in relation to the risk is therefore a key
factor in legislation and case law dealing with the criterion of reasonableness.
Professional liability law in some jurisdictions distinguishes between patent
risks (obvious to an ordinary person) and latent risks (hidden flaws). The
degree of warning required by labelling and sign posting is commonly defined
by statute for dangerous products and places. Case law tends to confirm the
importance of making as much information as possible available about a risk
in order to render it a more 'reasonable' one. In common law, the doctrines of
negligence and assumption of risk hinge upon defining the degree of
information and understanding of the risks that existed in each case.

4.3.9 Changes in Legal Interpretations of Policy

Traditionally case law in countries with English Common Law systems has
provided a responsive, after-the-fact mechanism for assigning liability for
harm already done, since many cases are brought as a result of accidents and
injury. As the hazards we are concerned with have longer latency periods
between cause and harmful effects, and as causes become almost impossible to
isolate from one another, recourse to present common law concepts of
reasonableness and negligence will prove of less and less help. This is because,
as used in common law, the criterion of reasonableness is weakened for the
purposes of risk assessment by its dependence on demonstrated cause and
effect.

In legislation, however, reasonableness is still considered to be an effective
and flexible basis for making decisions even in relation to long-term genetic
risks. In the recent and far-reaching US Toxic Substances Control Act 1976, a
new shift of emphasis from past to future proof of reasonableness is shown.
Previously the best and only convincing proof was what has happened in the
past. The new statute requires only a reasonable likelihood of future harm.
Future case law may further enshrine or dismantle government agencies'
mandate to make judgements on the basis of what they consider to be
reasonable or unreasonable risks. The continued widespread use of
'reasonableness' in legislation indicates its effectiveness in public policy risk
assessment.

In the US, the role of the courts has extended into a review of federal
government agency decisions and in-house procedures with regard to
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environmental risk assessment. This process was encouraged by one section of
the US National Environmental Policy Act 1970 (NEP A) which required each
federal agency to prepare a detailed statement of the environmental impact of
every major federal action that might significantly affect environmental
quality (Section 102(s)C). This provision applied to federal projects ranging
from roads and other major construction works, to decisions about pesticide
registrations, pollution control or even the impacts of legislation itself such as
the control of recombinant DNA experiments. Thousands of such impact
statements have now been filed (Anderson and Daniels, 1973). The American
courts have not only played their traditional role of interpreting the meaning
of terms in the legislation such as 'major action', 'federal action' and
'significantly affect', but have used the legislation to take a close look at the
adequacy of environmental risk assessment procedures by government
agencies. The courts have also required government agencies to explicitly
assess the risks and benefits of the decision it has reached, and the risks and
benefits of alternatives it has considered. Federal risk assessments coming
under NEP A are now required to include

- clear statement of the reasoning that supports the decision taken
- elaboration of the risks involved
- discussion of alternatives, and their risks
- public participation and inter-agency review
- established agency procedures for principled decision-making

These changes in US federal risk assessment procedures were to some extent
envisaged by the promoters of the bill but the courts showed themselves very
willing to use the legislation to provide a judicial review of environmental risk
management in the USA. It is a process that may well develop in other
countries.

4.4 ECONOMIC CONSIDERA nONS

In many areas of contemporary public policy, economic considerations are
paramount. 'Is it worth the cost?' and 'Can we get better value for money in
some other way?' are the questions that must be satisfactorily answered. The
incorporation of such economic considerations into the assessment of
environmental risks has proved to be a difficult and frustrating task. There are
three reasons why this is so.

First the methods developed for economic evaluation have not won
widespread acceptance in risk assessment. Second, there is often lack of
agreement on the objectives to be satisfied, and third, the necessity to place a
monetary value on human life, if risks are to be evaluated in economic terms,
is a source of deep-seated conflicts of value and belief.

The two main methods in useare cost-benefit analysisand its variant risk-
benefit analysis. Beyond these two a series of other methods (Table 4.3) have
been undergoing development and have been used in a small number of
applications. All the methods listed can be useful in dealing with particular
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Table 4.3 Methods for Evaluating Risk

Main Objective Mode of Comparison

With benefits

Cost-benefit analysis
Risk-benefit analysis
Multiple-attribute utility theory
Social judgement theory
Decision analysis

}
Single dimension

Utility
maximization

}
Multiple
dimensions

Risk
reduction

With cost

Cost -effectiveness

Risk
rationalizing

With other risks

Comparison with natural levels
Comparison with the risks of alternatives
Comparison with other (unrelated) risks

risk problems, but each of them has its critics, and each is subject to a number
of limitations, both practical and theoretical. All of the methods require
extensive information which may be costly to acquire. There is also a
commonly expressed concern that the methods may give an impression of
precision that is not warranted by the procedures used. The methods also
require some simplifying initial assumptions to be made which can have a
major effect on the outcome but which may not be apparent to the decision-
maker. One has only to vary certain assumptions to change the result radically.

Perhaps the most positive statement that can be made about these methods
is that they are an aid in ways of thinking about risk problems more than a
set of tools for providing unambiguous solutions. They can encourage careful
and logical thinking. At worst these tools can be a means of self-deception. If a
decision-maker is offered a precise answer on the basis of an analysis which
relies on doubtful assumptions, then the analysis should be treated with
skepticism.

The methods being developed are listed in Table 4.3. All methods involve a
consideration of a particular objective and a mode of comparison. In essence
the questions asked are 'What objective is being sought?' and 'How does this
risk compare with other considerations that are involved in obtaining the
objective? '

Three quite different objectives are in use in evaluating risk. These are utility
maximization, risk reduction and risk rationalizing. Utility maximization
means simply trying to gain the highest net value from any risk management
situation. In theory the level of risk is set at that point from which a move in
either direction, i.e. an increase or a decrease in risk would lower the net value
or utility. Some would argue that this is in fact the only objective worth
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considering and that risk reduction or risk rationalizing are not really
objectives at all.

The objective of risk reduction arises in part because the methods of analysis
designed to help achieve utility. maximization are deficient in several respects
and their results are always subject to question and qualification. To adopt the
objective of reducing risks as far and as long as it is cost effective to do so,
simplifies the analysis and avoids the problems associated with the methods
used to achieve utility maximization. At the same time, of course, it introduces
the possibility of new error. In neglecting the question of the ratio of benefits
to costs and risks the analysis can lead to a result which would most effectively
reduce risk, but beyond the point at which utility ceases to increase.

In order to provide a check on such error as a specified level of risk for one
activity can be compared with other existing levels of risk. In the strict sense
risk rationalizing is not really an objective at all. Nevertheless risk
rationalizing comparisons are in common use in public debates concerning
acceptable levels of risk.

4.4.1 Cost-Benefit Analysis

The question this method seeks to answer can be stated very simply: do the
benefits to be gained from this activity make it worth the cost? Cost-benefit
analysis is essentially a way of duplicating in the public sector the private
sector analysis of profitability. The purpose is to reflect the costs (one element
of which is environmental risks) and benefits of an activity to the society as a
whole. A major characteristic of cost-benefit analysis is that the return on an
investment is not necessarily realized in terms of a direct cash flow back to the
project. A bridge over a river previously impassable in the rainy season, for
example, may yield net benefits by reducing the transport costs of all those
who use it. These benefits are spread over a large number of bridge users -
and through them to the rest of society, because costs are lowered, and greater
efficiency is achieved.8

Benefit-cost procedures also permit comparison among proposed projects
or developments as well as comparison among proposed alternatives for a
single project. While problems in estimating the benefits and costs of an
activity have been dealt with at length elsewhere (Mishan, 1976) it is important
to note some of the major ones to suggest issues which must be confronted in
using this method:

(1) In the absence of perfect competition, market prices of goods and
inputs are not accurate guides. They have to be corrected, therefore,
when used for project evaluation.

(2) There are costs and benefits (e.g. the cost of a human life or the benefit
of pleasant scenery) with no explicit market equivalents which haveto
be somehow estimated. The valuation of indirect and 'intangible' costs
and benefits is difficult, especially if they involve irreversible effects.
An obvious example is the loss of 'life and limb'. Various criteria have
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been proposed for the determination of the 'price' of a life. A well.
known criterion is the use of an index of the expected life-time earnings
of the deceased. Benefit-cost calculations rarely involve explicit
statements on the price of a life, but each time a decision is made
concerning the amount of money it is worthwhile to spend to gain an
extra margin of safety an implicit judgement about the value of life is
being made (Sinclair, 1972).

(3) Investment in any activity results in costs and benefits over time. This
requires the estimation of future costs and benefits, and their
expression in present values. This task necessitates the choice of a social
rate of discount or 'time preference'. This is the issue of the relative
valuation of present and future welfare. Given the full employment of
existing resources, for example, a lower rate of growth of output would
imply a higher immediate, and a lower future, aggregate consumption
than a higher growth rate. The question is: How, and by what criterion,
do we determine the value of the welfare of the present generation
relative to the future generation. Thus, the present value of the net
benefit of a project will be lower the higher the social rate of discount
- and vice versa. Intuitively, it is probably evident that the choice of an
'objective' or market-based social discount rate is impossible.

(4) Another issue for which there has been no satisfactory solution is the
problem of distribution. This question poses itself at two levels:
(a) How can we ensure that the burdens and benefits of a public project
are equally shared by members of the public?;
(b) How can we do the same for those who lose or gain directly from a
public project?
A real solution to the first question is forbidding; that is why it is
usually dismissed by the argument that 'eventually' each person's losses
and gains will balance given the number and range of public investment
projects; and that the issues of public investment and redistribution are,
in any case, separate policy questions. As for the second,
compensations are seldom valued satisfactorily and paid out even less
often.

(5) In the absence of perfect competition, market prices are inaccurate
guides to real opportunity costs of inputs and outputs. This is
particularly so in those countries where economic dualism (a mixture of
socialist and capitalist systems), structural rigidities and immobilities,
survival of significant barter relationships, and public intervention in
domestic and foreign trade are more eviJent. Therefore, it would be
necessary to evaluate costs and benefits by the use of 'shadow prices'
(i.e. accounting prices or imported values which more accurately reflect
the real cost of goods and resources in the society). In addition, there
are some items without explicit market equivalents which have to be
estimated.
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4.4.2 Risk-Benefit Analysis

Risk-benefit analysis is properly thought of as a subset or particular type of
the cost-benefit approach. The focus is on how the risks (as one type of social
cost) compare with the benefits. Since the measures of risk cannot readily or
justifiably be reduced to monetary terms, the analysis usually takes the form
of a comparison of benefits with the injury or fatality rate.

A well-known discussion of this technique is that by Chauncey Starr (1972).
Starr estimated the risk of death per person-hour of exposure and compared
them with the benefits for a variety of activities. The benefits were calculated
by assuming them either as equivalent to the expenditure for the activity or as
expenditure plus some additional benefit. The benefits and risks were then
plotted against one another, revealing that risks tend to increase by the cube of
the benefits and that society accepts much higher levels of risk (by a factor of
103)for risks which are 'voluntary' than for those which are 'involuntary'.

A second approach to risk-benefit analysis involves not the extent levels of
risk and benefits in society but rather how these are perceived by the public.
Risks and benefits are both experienced by people and it is useful obviously for
the risk manager to know what the public thinks the risks and benefits are.
This approach has the added value of building in public concern over the
different consequences as well as their likelihood of occurrence. There is some
indication that some types of consequences are more feared than others.
Cancer, for example, is a particularly dread form of disease and may represent
a larger felt risk than health or fatality statistics would suggest (Slovic, 1978).

Both of these approaches do provide useful and somewhat different,
perspectives. Both also yield information concerning risk-benefit comparisons
to the risk assessment process and to the risk manager.

NOTES

I. Level I. Concentration and exposure time at or below which, according to present
knowledge, neither direct nor indirect effects (including alteration of reflexes or of
adaptive or protective reactions) have been observed.

Level II. Concentrations and exposure times at and about which there is likely to be
irritation of the sensory organs, harmful effects on vegetation, visibility reduction,
or other adverse effects on the environment.

Level III. Concentrations and exposure times at and above which there is likely to
be impairment of vital physiological functions or changes that may lead to chronic
diseases or shortening of Iife.

Level IV. Concentrations and exposure times at and above which there is likely to be
acute illness or death in susceptible groups of the population.

(WHO, 1964)
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2. The wordingof the principleis 'If a chemicalis knownor shownto beacarcinogen
it willnot be permittedto occur as a residuein food'. PesticidesSafety Precautions
Scheme.

3. Delaney Clause for food additives is contained in Sec. 409(c)(3)(A) of the Food
Additives Amendment of 1958. 21 USC Sec. 348(c)(3)(A) (1964). Delaney Clause
for food colour is contained in Color Additive Amendments of 1960 Sec. 706(b)
(5)(B) 21 USC Sec. 376(b)(5)(B) (1964).

4. The minor difference in wording is the replacement of the total cost of application
of technology in relation to effluent reduction benefits to be achieved by such
reduction with the cost of achieving such effluent reduction for the best available
technology/Sec. 304(b)(2)B/. This difference is pointed out by Cox, Doak, c.,
1972, 'The Best Practicable Control of Environmental Discharge', Proceedings 31st
Annual Meeting of Hawaiian Sugar Technologists, November 1972.

5. In Common Law to succeed' in an action of tort (or wrong) the plaintiff must
establish (a) what a duty of care is and (b) that the defendant failed to take
reasonable care in fulfilling that duty. Thus the plaintiff must prove negligence. In
an action of nuisance, the plaintiff does not need to establish either of these points.
He must show only that the nuisance exists and that the defendant is the relevant
owner or occupier. It is up to the defendant to try to excuse himself.

6. The UK Alkali Act 1863 enabled secret effluent limits to be set for individual
chemical works as well as prohibiting disclosure of actual discharges.

7. This is true even for some of the most far-reaching recent environmental legislation.
For example,

US Federal Environmental Pesticide Control Act 1972 - P.L. 92-516
'Unreasonable adverse effects on the environment. /defined as/ any reasonable risk
to man or the environment, taking into account the economic, social, and
environmental costs and benefits of the use of any pesticide'. /78/

US Toxic Substances Control Act 1976 - P.L. 94-469 'If the Administrator finds
that there is a reasonable basis to conclude that. .. such activities present or will
present an unreasonable risk of injury to health or environment. . .'. Sec. 5.

8. The procedure for developing a cost-benefit analysis may be described simply as
follows. Let the 'life' of a project be n years. Then benefits accrued and costs
incurred in each year may be estimated to be BI' B2 ... Bn; and CI' C2 ...
Cn.Therefore, the total net benefit of the project would be equal to the sum of the
net benefit for each one year, Le.

Total net benefit = (BI - CI) + (B2- C2) + ... (Bn- Cn)

Or, symbolically,
t = n

E
t = I

(BI - C/)

The sum of the benefits minus costs over the life of the project.
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But, since - even at constant prices- a dollar's worth of present consumption is
higher than future consumption, the nominal value of future costs and benefits
must be reduced to their present worth by discounting them at a social rate of
discount, r. Hence:

Worth = Total present net benefit

rBI - C( ) (B2 - C2)

(1 + r) + (1 + r) 2 +...

(Bn - Cn)

(1 + r)n

Or, symbolically,
t = n

I;
t = 1

rEt - C)
(1 + r)n




