
CHAPTER 2

Establishing an Overview of the Problem

2.1 MODELS, BOUNDARIES AND CONTEXTS

The soil from one field is washed down a gully and deposited as silt in a river
bed downstream. In the process it has contributed to a loss in food production
and an increase in flood hazards. Elsewhere, a toxic substance is emitted from
a factory waste pipe into a river. It leads to contamination of local fish and a
minute amount of the toxic waste finds its way into the water supply of a city
downstream. To the benefits of eating fish or drinking water must now be
added the risk from consuming the toxic substance.

We may aggregate many such small and localized examples, and so build up
a model of the ramifications of these effects for a river basin, an ecosystem or
an economic system. At the low end the impacts may be so small or so
uncertain that most people would agree that they should not be a cause for
concern. At the other end of the scale, where enough small and marginal
changes are added together, an obvious environmental risk may be created.
Between these two points there exists a large grey area where different people,
organizations and nations arrive at quite different views of the nature of the
risk assessment problem, and therefore of what a risk manager needs to know.

Commonly these different perceptions arise from the constraints of
incomplete and often inadequate scientific knowledge of the impacts, or from
the organizational limitations of their scientific and administrative
departments. Funds to collect data, to make observations or tests, may be too
limited, or the area of their responsibility may be confined to individual
components of the problem such as soil erosion or drinking water quality, so
that they cannot easily enquire into the links and interactions in a chain of
events.

The approach taken here is to discuss the development of the risk assessment
formulation in terms of three decision-making areas:

(1) SYSTEMS MODELLING - providing as comprehensive and detailed
a picture of the problem area as possible, quantified as far as possible
and with probability estimates where needed.

(2) SETTING BOUNDARIES - defining the limits of the problem
beyond which other data can be ignoredor neglectedfor decision-
making purposes.
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(3) PROVIDING CONTEXT - putting the problem assessedinto a larger
context by considering other risks and/or benefits.

Approached in this way, the translation of scientific data about potential
effects into regulatory action to control effects, can be a more systematic and
accountable procedure than is the case in the ad hoc and irrational process that
it sometimes appears to be. To achieve rationality and accountability it is
important to identify clearly and make explicit both the points of scientific
uncertainties and the points of judgement that go beyond available scientific
evidence.

2.2 MODELLING THE PROBLEM

Some examples of environmental risks that have been partially modelled
either qualitatively or quantitively are given in Chapter 3. Relatively few
comprehensive and quantitative models of environmental risks exist at
present, but it is an area of much current scientific research. Even where good
scientific data are scarce, a qualitative flow diagram of possible sources and
pathways for a particular effect can be a valuable decision-making tool. It can
set the stage for asking specific questions of different agencies and enables the
decision-maker to keep an overall picture in view. It can also identify
information needs and inconsistencies.

Take, for example, a case of a chemical pollutant such as a heavy metal
which is discharged into the air and water by two neighbouring factories
located on the same river. Figure 2.1 illustrates a generalized model of the
pathways through which the pollutant is transmitted into the environment and
up the food chains to man.

In an ideal world, scientific data would be available to the decision-maker
on the amounts of contamination reaching each component (fish, grazing
animal, milk etc.); the amounts stored or transmitted up the food chain over
time; and the significance of these amounts in terms of short term and long
term harmful effects. The risk assessment could follow a series of
measurements and calculations like those shown in Figure 2.1 and arrive at
regulations and standards aimed at controlling the pollutant at various points
in the risk system. Furthermore, each standard would ideally be arrived at in
the context of the total risk model - that is, all the sources and pathways
combined. Advanced technological risk assessments such as for nuclear
reactors or aircraft go through similar procedures.

The decision-maker is rarely, if ever, faced with such a comprehensive or
detailed picture of what is going on, even for pollutants such as lead, which
have been with us for centuries, or for technological risks subjected to much
analysis. The task is usually one of piecing together isolated sets of data which
refer to different components of the system.

Information breaks in the cause and effect chains of environmental models
are the rule rather than the exception. Often there are specific barriers to
obtaining information to fill these gaps. For example, in Figure 2.1,
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government agencies may be able to monitor the river water quality below
both factories but be prevented by legislation protecting the confidentiality of
industrial processes and formulae from actually measuring the concentration
of pollutants in the outflow pipes of each factory. Similarly, public agencies
can often not monitor air emissions within industrial premises. The agencies
may also have divided responsibility for monitoring industry, as often happens
between Health and Labour agencies. Technically, the levels of contaminants
in the air or water may be too low to measure even though they may pose a risk
to human health through biomagnification up food chains.

Sometimes concentrations of the pollutant in a food source may be known
but not how often and how much people eat that food. The deposition of an
airborne pollutant can be measured directly using filter instruments, but
monitoring of the transmission of the deposited pollutant through the soil and
ground water systems is more difficult. Yet without an understanding of this
transport and storage, long term contamination of fields and ground water is
hard to evaluate. These examples can be multiplied for every environmental
system.

Figure 2.1 is a generalized model and does not show the uncertainties and
decisions that take place within each 'box' and which compound the
managerial problem. The problems associated with environmental monitoring
systems for measuring air and water quality illustrate the complexity of each
component within the system.

2.2.1 Environmental Variability

A characteristic of the environment is its natural variability in space and
time, making it difficult to separate 'signal' from 'noise'. Even under the best
of conditions, there are problems in detecting the early stages of an impending
environmental hazard. For example, a depletion of stratospheric ozone would
cause an increase in the ultraviolet radiation reaching the earth's surface and in
the incidence of skin cancer. However, because the day-to-day, month-to-
month and year-to-year variabilities in stratospheric ozone are very large,
there would be considerable difficulty in detecting long-term trends. In fact,
Pittock (1974) has suggested that if a 26,10depletion of stratospheric ozone
were suddenly to occur, an additional 10 years of observations would be
required before the event could be confirmed with 95% confidence.

2.2.2 Uncertainty in Knowing What to Monitor

There is frequently difficulty in deciding what to monitor, for one or more
of the following reasons:

(I) Theenvironmentaleffectsof a pollutantoftendependnot only on the
toxicity and concentration of the substance but also on a multitude of
associated factors, e.g., temperature, humidity, the coexistence of
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other substances, etc. Particularly in the case of suspected synergisms,
existing information on dose-response relations may be insufficient to
select the variables to be monitored.

(2) Sometimes there is uncertainty concerning whether to monitor the
environmental doses, the biological responses, or both.

(3) In order to devise management strategies, information on the pathways
of a pollutant from source to receptor is often required. This implies
that a large number of associated variables should be monitored.

(4) A management strategy may be suitable for reducing a particular
hazard, but at the risk of creating another hazard, e.g., replacing an air
pollution problem by a water pollution one. It is sometimes difficult in
such cases to decide on an appropriate monitoring design.

2.2.3 Uncertainty in Knowing Where to Monitor

There are spatial gradients (rates of change) in the concentration of
pollutants, in the populations of living organisms, in the values of climatic
elements, and so forth. These gradients lead to the following problems in the
design of monitoring systems:

(1) Is it better to monitor in regions of weak or of sharp gradients? It is
usually preferable to monitor at locations where environmental stresses
(pollution concentrations, temperatures, etc.) are highest and where
effects are most likely to occur. However, the spatial gradients are
usually largest at such locations, e.g., close to a chimney, at the edge of
a forest stand, etc., making it difficult to obtain a representative
reproducible sample.

(2) Even in regions with weak spatial gradients, there are many random
local variations. Should a 'typical' site be selected, or one in which
these local irregularities are minimized?

2.2.4 Uncertainty in Knowing When to Monitor

The records of environmental elements and indicators are time series in
which each observation is correlated with its predecessor. Wherever possible,
therefore, continuous monitoring should be undertaken to avoid the biases
introduced by irregular sampling, although the higher costs of continuous
monitoring may not make it possible.

2.2.5 Uncertainty in Knowing How to Monitor

The perception of an environmental hazard is sometimes a function of the
lower limits of detection of a pollutant or of a resulting effect. As analytical
methods and sensing devices become more sensitive, the range of problems for
study may, therefore, widen.
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In many cases, the environmental concentrations of pollutants believed to
be associated with significant effects are measured in parts per million or parts
per billion. Considerable care is then required to reduce experimental errors to
such a level that meaningful environmental monitoring data can be obtained.

Each of these decisions can affect the data or their evaluation and can
therefore be matters of scientific or political dispute. Frequently difficulties
arise in calibrating the amount or significance of one measured concentration
against another, when either different methods or different parts of the system
are involved. Experimental and epidemiological evidence can appear to be
contradictory (such as is often the case with potential carcinogens). When
these sources of uncertainty are added up across a sequence of events in a
system, the task of the decision-maker in assessing the risks is clearly a
judgemental one.

2.3 SETTING BOUNDARIES TO THE RISK SYSTEM

The drawing of a flow chart of the risk system immediately identifies some
of the decision-points about what risks to consider in the assessment and what
to exclude. For example, a decision has to be made whether risks to human
health are the sole or major criteria for assessment, or whether risks to
domestic animals, wildlife, crops or any part of the environment are also to be
considered. Some questions about boundaries which commonly arise in risk
assessments are discussed below. A useful decision-making tool to help make
explicit the basis on which the assessment and eventual regulatory decisions are
based is to develop a check-list of these decisions.

2.3.1 Are Risks From All Sources Included?

A farmer may lose crops and income through a variety of natural and man-
induced hazards - drought, floods, landslides, soil erosion, pests, soil
salinization and gullying. Equally important may be economic factors beyond
his control - a worldwide glut of one commodity and a fall in prices, a ban on
his product through its contamination by high residues of pesticides or toxic
heavy metals. From which of these risks will the farmer be protected or
compensated by government sponsored subsidies, insurance or disaster relief?
And when assessing the riskiness of any economic activity in an area, either
with a view to encouraging regional development or to controlling it (e.g. on a
flood plain) through land use regulations, exactly what natural and socio-
economic risks are to playa part in the calculations?

A child may suffer lead poisoning from ingesting lead in drinking water
from lead pipes, from paint or soil containing lead, from food contaminated
from lead in the air, water, or soil, or from biological food chain linkages.
When setting ambient air standards or permissible industrial effluent
standards for lead, are the risks of lead reaching the child from all other
sources to be included?
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2.3.2 What Are The SmallestEffects to be Included?

The most unequivocal effect of a risk on human well-being is death of an
individual. For other animals and for plants, it can be the death not of any
single individual, but of sufficient numbers to threaten a resource base, an
ecological community or a species that is the threshold for concern. Thus the
death of countless fish becomes a starting point for risk assessment and
regulatory measures when fish stocks are severely depleted. Similarly hunting
of whales in the Pacific or wild game in East Africa lead to governmental risk
assessments when the continuance of the species in the area is threatened.

Within human health and well-being a hierarchy of effects can be identified
from acute illness and death through chronic and long continued diseases
which impair life, to minor and temporary ailments. Even lower down this
scale would be temporary emotional effects or behavioural changes (Table
2.1).

Table 2.1 Range of Direct Risk
Consequences on Human Health

Premature Death of Many Individuals
Premature Death of an Individual
Severe Acute Illness or Major Disability
Chronic Debilitating Disease
Minor Disability
Temporary Minor Illness
Discomfort
Behavioural Changes
Temporary Emotional Effects
Minor Physiological Change

Particular problems of assessment arise with chronic diseases which are
often difficult to relate to specific risks or sources of risks. Respiratory
diseases for example may be caused by any or all of: occupational exposure to
dust at work; air pollution from industrial and urban sources; or smoke
pollution within the home; or by increased susceptibility of individuals.
Chronic diseases, caused by contaminants such as asbestos, also have very
long latency periods of 30-40 years so that the origin of the cause and its effect
may be widely separated in time, and the individual concerned may have
moved to another place and be in another occupation.

Other problems arise with effects that are considered 'sub-clinical' or not
detectable upon physiological examination. The significance of other
physiological effects is uncertain. For example, it is known that at blood lead
levels be/ow 100 micrograms of lead per 100 ml. of whole blood, clinical
anaemia does not usually occur. However lead at these low levels in the blood
affects the activity of one of the enzymes (ALA dehydrase) in the haemoglobin
chain (Hernberg, 1972). Is this a significant effect on human health? Scientists
and national governments differ in their assessments.
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2.3.3 What Are The Longest Term Effects to be Included?

The effects of environmental risks may be seen within seconds, or may take
years, or even generations to be revealed. The management problem lies not at
the short term end of the scale, where death from drowning in a flood, or
injury through a traffic accident are immediate, direct and unequivocal effects
of visible causes. Rather the problem lies in deciding which future long term
effects are reasonable ones to include in an assessment.

For example, overgrazing or overcutting in an area may lead to
deforestation and soil erosion some decades later. Yet these effects have offen
been knowingly accepted for shorter term gains of economic productivity, or
by necessity. To take another example, the practice of keeping children
indoors in smoke-filled homes in some cultures is thought to lead to a high
incidence of bronchitis and other respiratory diseases later in life. And as has
been discussed before, many carcinogens seem to take as long as 30-40 years
before any ill effects are seen. The question is, how far can these future effects
be incorporated in present decisions and practices?

These long latency periods for carcinogens and other diseases make it very
difficult to determine the cut-off point for the assessment of future risks. Even
more so do the teratogenic (inherited birth defects) and mutagenic (adverse
mutations occurring in germinal cells) risks of synthetic chemicals. These risks
involve several generations and thus often lie in the realm of the hypothetical
rather than the demonstrable. This futurist element is compounded by the low
probability and scientific uncertainty that is associated with many long term
risks.

The biological effects of radiation has been one of the most exhaustively
assessed risks of modern technology. Even so, the assessment of genetic effects
of low-level radiation on experimental mice is far from definitive:

Experiments performed at high radiation levels show that the dose required to
double the spontaneous mutation rate in mice is 30 roentgens of x-rays. Thus,
if the genetic response to x-radiation is linear, then a dose of 150 millirads
would increase the spontaneous mutation rate in mice by Y2per cent. To
determine by experiment whether 150 millirads will increase the mutation rate
by Y2per cent at a 95 per cent level of confidence requires a test population of
8,000,000,000 (8 billion) mice. A reduction in confidence level to 60 per cent
would still require 195 million mice. (Weinberg, 1972)

Statistical low probability models, laboratory testing over several
generations of animals, and the collection of detailed epidemiological and
health data for occupational and general human populations are some of the
tools required for assessing long term effects.

Where people are under the threat of immediate and direct risks such as
inadequate water supply or starvation, the longer term risks of carcinogenesis
from chemicalsin thewateror food are less likely to be included in the risk
assessment because they are further in the future and more uncertain. As the
Jirect health risks decline in importance within a population, concern with
longer term and more indirect risks increases and at the same time, data about
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these long term risks become available with improved monitoring and testing
procedures. The evolution of risk assessment has therefore been towards
including longer and longer term effects.

2.3.4 Are Risks to the Environment, other than to Man, Included?

In the past risk assessments have tended to focus on human health but
increasingly, hazards to animals, plants and natural areas have become a cause
for governmental action in their own right. Many countries, both developing
and developed have enacted legislation to protect natural areas from further
encroachment of man's activities (Table 5.4). Similarly, many individual
species of animals and plants are protected in different countries. In the USA,
it has been suggested that elements of the environment such as trees should
have similar legal rights to man, and be able to be represented in court (Stone,
1974).

The inclusion explicitly in the risk assessment of harmful effects other than
on human health allows much more evidence to be introduced on the 'risk'
side of any equation. Data on genetic effects are more readily obtainable for
animal and plant populations with shorter life spans. The inability of plants
and animals to sue man for damages under present legal systems has allowed
both more damage to be perpetrated and more information about the effects
to be gathered. Ethical and legal considerations have been more often

Table 2.2 Harmful Effects Specifically Considered in National Pesticide Legislation

HARMFUL EFFECTS ON: COUNTRY

MAN

MAN,
ANIMALS

MAN,
ANIMALS,

PLANTS

MAN,
ECOSYSTEM

- human health

- human health, warm blooded animals
- human health, bees
- human health, domestic animals, bees
- human health, mammals, aquatic

animals
- human health, cattle, wildlife
- human health, wildlife, aquatic animals
- human health, domestic animals,

wildlife

- human health, domestic animals, bene-
ficial insects, wildlife and domestic
plants

- human health, bees, animals, plants
- human health, animals, crops

- human health and the environment
- human health and the environment
- human health and the environment
- human health and the environment
- human health and the ecosystem

Finland

Turkey
Austria
Denmark

Japan
Portugal
India

UK

Sweden
Switzerland
Korea

Spain
Netherlands
France
Ireland
New Zealand

Sources: OECD, 1971; Mootooka, 1977.
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implicated in the gathering and publication of human health data, particularly
where man-made risks are involved. Thus the extension of the risk assessment
to consideration of environmental impacts is likely to produce more data,
much of them conflicting, and involve more scientists and specialized agencies
in the assessment process. It is also more likely to arrive at assessments of
unacceptable risks.

Table 2.2 shows the range of environmental risks considered within pesticide
legislation and gives examples of countries using these terms of reference. The
range varies from a narrow focus on impacts on human health only, through
various inclusions of domestic animals, wildlife and beneficial insects, to crops
and plants, and finally to consideration of any harmful effects in the
environment. This range can also be regarded as a historical trend in the
evolution of environmental risk assessment in national policies. It is also
witness to the increasing complexity of the assessment task.

OTHER RISKS -
ACCEPTED

Comparison with other
accepted risks

RISK BEING
ASSESSED

Comparison with
alternatives

RISK OF
ALTERNATIVES

Comparison with
natural background
level

NATURAL
BACKGROUND-

LEVEL

Figure 2.2 Alternative yardsticks for measuring risk
(these are not necessarily always in this order)
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2.4 PUTTING THE RISK INTO COMP ARATIVE CONTEXT

The assessment process, having specified what the risks are, and which ones
are to be considered in calculating the total risk, usually moves to a third stage
- that of providing a yardstick for measuring the risks. Even where the risks can
be quantified in some way; for example 1.5 mg fluoride per litre in drinking
water or 10-6 probability of an earthquake of a certain magnitude; these
figures lack meaning when taken out of context. Risks need to be compared or
measured against some yardstick to become relevant to decision-making.
Three commonly used yardsticks are 'natural back-ground' levels; the risks of
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Figure 2.3 Annual genetically significant dose rate for low
level radiation, averaged through whole population (Canada)

Source: Aiken, Harrison, and Hare, 1977. (Reproduced by
permission of the Ministry of Energy, Mines and Resources,
Canada)
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alternatives; and the dangers of quite other hazards that are not strictly
alternatives.

Figure 2.2 shows how these yardsticks can differ in the answers they give,
for a given level of a particular risk. In the illustration, the risk being assessed
may be elevated above natural levels, and be more noxious than its
alternatives, but be acceptable because it is less dangerous than other risky
activities or products people accept. The levels are not always in the same
relative positions. In the case of radiation, for example, natural background
levels are higher than either radiation leaks from nuclear reactors, or than the
total radiation burden of other risks such as medical x-rays (see Figure 2.3).

These three ways of comparing the risk being assessed to other risks tend
either to ignore the different benefits of alternatives, or to make them
equivalent for the purposes of calculation. A fourth, and most commonly used
approach is to compare the risks with the benefits, focussing either on the issue
at hand, or enlarging the scope to consider the risks and benefits of
alternatives. In this way, different bases for comparing risks lead to quite
different 'risk equations'. These are illustrated in Figure 2.4 where the risk
being assessed is shown in the centre and the alternative ways of comparing it
to something else outside the risk system itself are shown as different
directions. The resulting risk equations can be termed:

Elevated Risk
Balanced Risk
Comparative Risk
Risk-Benefit

In turn these different approaches involve different analytical methods.

Balanced Risk

Elevated Risk

Figure 2.4 Different waysof comparinga risk
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2.4.1ElevatedRisk: Comparisonwith BackgroundLevels

Risks can be measured by asking what is the additional hazard they present
over

(1) What occurs in the natural environment
(2) What has been tolerated for long periods of time without apparent iII-

effects
(3) What is believed to be a beneficial amount

The definition of 'natural' environmental levels or conditions is a difficult
one to determine. It depends on baseline studies prior to the source of risk
being assessed, or a large number of measurements in affected and non-
affected ('natural') areas. Determination of the additional flooding risk on the
Indus Plain of Pakistan caused by deforestation in the Himalayas relied on a
comparison of floods in the last twenty-five years (since deforestation has
escalated) with records for the previous sixty-five years (Leiftinck, Sadove and
Creyke, 1969). Baseline data on the amount of cosmic radiation received and
radiation levels in rocks and soil have been obtained from many sites around
the world so that the 'natural' radiation levels and their variability are well
documented.

For some pollutants, such as lead, baseline data on natural levels in man
prior to industrial or traffic sources are difficult to obtain because they have
been present for a long time. Comparison of levels found in urban (affected)
and rural (relatively unaffected) areas have been used to determine the lowest
(and hence 'normal') lead levels in human blood. This is less than 1070or 10-30
micrograms of lead per 100 grams of blood for adults. Thus anything above
this may be considered an elevated level of risk although it may not produce
significant effects on human health until much higher levels are produced
(symptoms of clinical lead poisoning in adults appear at about 80 micrograms
per 100 grams of blood). There exists a considerable range between the lowest,
'natural' levels and levels so elevated that obvious ill-effects are seen. It is on
the significance of elevated, but not excessively high levels, that much
scientific and thus, regulatory uncertainty lies. As concentrations get higher,
not only the percentage of the population affected increases, but also the
severity of the effects.

Natural background levels have been used as a yardstick to measure the
additional risk of radiation from nuclear power production (Figure 2.3) the
potential risk of adding fluoride to domestic water supply as a public health
measure, and the assessment of elevated noise levels near airports and traffic
routes. One caution is appropriate here. There may be undetected ill-effects
from background levels or long-tolerated levels. For example, background
'natural' radiation in Kerala, India, is up to ten times what is considered
normal elsewhere, but medical statistics are too poor to detect a substantial
harm rate.
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2.4.2 Balanced Risk: Comparison of Alternatives

Another way to make a risk level meaningful is to ask what the alternatives
are. These may be alternative products, processes or courses of action. This
approach is best suited to situations where the alternatives being weighed
against one another are indeed alternatives - they can substitute for one
another to provide the same goods or benefits. Take, for example, the case of
pesticides, where several alternatives may be available to protect crops against
pests. When the risks of a particular pesticide, such as dieldrin, were assessed
by the EP A in the United States in 1970 as too high for continued use in the
USA, one of the issues in the five years of argument and litigation that
followed was the risks of alternatives, especially heptachlor and chlordane. In
fact, these risks were uncertain as the alternative pesticides had not yet been
assessed by EP A, and eventually the EP A ban on aldrin and dieldrin was
upheld.

The risks of asbestos as an insulating material has also been compared to the
risks of other forms of insulation, such as fibreglass products which have
similar physical properties of minute fibres, and m:lY therefore have
comparable effects on human health. The comparison of risks of alternative
water supplies in a rural area where no supply is 'safe' can similarly make
meaningful in a larger, more practical context, the level of contamination of a
particular stream.

.><"'
oc
a
Q;>
Q)-'

Figure 2.5 Balanced risk model
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The concept of balanced risk is founded on the principle that it does not
make sense to reduce a risk beyond the point at which an optimal balance of
risks is attained. Consider the two risks A and B in Figure 2.5. As Risk B
declines (e.g. risk of soil erosion from deforestation), Risk A increases (e.g.
loss of subsistence farming production). If these risks are connected, as is
commonly the case, then a balancing point (optimal level) exists in theory,
beyond which an aggregate of the two risks increases in either direction. The
technique of balanced risk is therefore to find that optimal level for each risk
which results in the lowest aggregate risk. This concept need not simply be
applied to risks that are causally connected. Since all risk reduction involves
some loss (resources must be allocated to reduce the risk) it can be argued that
resources should be allocated on a priority basis to reduce the largest marginal
risks, e.g. to buy the maximum increment in safety for a given investment.

Such calculations are, of course, impracticable in quantitative terms.
Nevertheless the concept of balanced risk is useful. It can be used to show that
attempts to reduce low-level risks further are unwarranted compared with
higher level risks that are accepted elsewhere. It can also be used to show how
risk associated with the introduction of new technology (nuclear power,
multiple-purpose dams, chemical industries, raw materials processing)
compares with other and longer established risks (coal generation plans, dry-
farming, or rain-fed agriculture in semi-arid or sub-humid regions,
monoculture and plantation agriculture, and so on).

The concept of balanced risk however does not by itself provide an all-
embracing guide to safety judgements. Even if a fully quantified balance of
risks could be achieved (which it cannot), there remains the questions of
benefits and consequences. It is difficult to consider alternatives merely in
terms of risks, as their benefits rarely appear so equivalent that they can be
excluded from assessment. The assessor is therefore almost always weighing
the risks versus the benefits for each alternative.

2.4.3 Comparative Risks: Analysis of Other Risks

A common yardstick for measuring the significance or acceptability of a risk
is to compare it with other risks. In this kind of analysis, the consequences are
reduced to a common denominator - usually death - and the benefits are
ignored or not specified. This is because the benefits cannot be strictly
compared. The risks being compared are not alternatives in that they could
each provide the same benefit.

Table 2.3 illustrates two such sets of comparisons in which risks are
compared in terms of the probability of death per billion persons with one
hour of exposure and one in one million probability of death. The risks vary
from fatal snake bites, to coal mining, to being vaccinated or riding a motor
bike. The benefits associated with each one of them are in no way comparable.
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Deaths per billion persons
with one hour risk exposure

Being vaccinated or inoculated
Exposure to radiation in a two hour high altitude flight during solar flare
Living in area where snakes are present
Radiation exposure of world population in major nuclear war (areas away

from conflict)
Railroad or bus travel (USA)

(Britain)
Child asleep in crib
Being struck by lightning
Coal mining (Br.)
Amateur boxing (Br.)
Climbing stairs
Coal mining (USA)
Hunting
Automobile travel
Air travel

Cigarette smoking
Mountain climbing (USA)
Boating (small boats)
Motor scooter riding (Br.)
Swimming
Motor cycle riding (Canada)

(USA)
(Br. )

Armed forces in Viet Nam

Canoeing
Motor cycle racing (Br.)
Mountain climbing (Alpine)
Professional boxing
Being born

1.3
2.5
3.8

5.0
10.0
50.0

140.00
200.0
400.0
450.0
550.0
910.0
950.0

1200.0
1450.0
2600.0
2700.0
3000.0
3000.0
3650.0
4420.0
6280.0
6600.0
7935.0

10000.0
35000.0
40000.0
70000.0
80000.0

Sources:

One in a million risk of death from the following:

1Yz cigarettes
50 miles by car
250 miles by air
1Yz minutes rock climbing
6 minutes canoeing
20 minutes being a man aged 60
1 or 2 weeks' typical factory work

Stannard, 1969;Insurance,October 25, 1969;Pochin, 1974.
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Table 2.4 Comparative Occupational Accident Rates

Federal Republic of Germany (1970)

diMly

103~ 11
114~ 6
274~ 10
590~47

Chemical industry
Iron and metal industry
Construction

Mining

France, National Statistics of
Occupational Accidents (Statistiques
Nationales d' Accidents du Travail,

1968-70)

Clothing industries
Textile industries
Metal workers
Chemical industries

Quarrying, etc.
Dockers (marine)

Trawling, telepheriques,
pleasure vessels, etc.

diMly
17
42

118
169
365

1020

1636

United States fatal accident rates (diMly) (United States National Safety Council)

All industries

Trade
Manufacture
Service

}Government

Transport and public utilities
Agriculture
Construction

Mining and quarrying

1955

240

120
120

150

340
550
750

1040

1958

220

90
120

1961

210

90
110

130

1964

210

80
100

1968

190

70
90

{

120

130
380
650
740

1170

1971

180

70
100
120

130
360
670
710

1000

Source: Pochin, 1974.

140

330
570
740
960

430
600
740

1080

130

440
670
730

1080

These comparisons are actuarial ones, such as might be used by insurance
companies to calculate rates for providing protection against them. When such
a wide range of potential risk is included in the comparisons, the statistics are
less useful and less valid for regulatory decisions - because no one decision
maker has power to control so many different activities and the numbers may
not be comparable - than for highlighting particular hazards, such as
smoking, in order to make the public aware of them.

Within a more closely defined set of risks, however, such comparisons can
be a useful basis for decision-making. Occupational risks are frequently
compared in this way and the variability of the risks from year to year can also
be included. Comparisons can also be made between countries for the risks of
similar occupations (Table 2.4).
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The range of risks involved can sometimes be attributed to the inherent
riskiness of the activity - for example, rock climbing or race-horse riding,
which both entail high risks of death or injury. It also reflects a more
significant fact - that more effort is put into preventing loss of life in some
occupations, and for some risks, than for others. In the United Kingdom, it
has been shown that extraordinary effort is put into nuclear safety, even for
the most unlikely accidents, compared to little effort to protect workers
against accidents in agriculture (Sinclair, Marstrand and Newick, 1972).

Comparisons of the probability of death or injury between different
occupations give a measure of the implicit value that is put on human life and
injury by showing how much money is spent to prevent them. Thus where the
risk level is very low, as in nuclear energy production or drug manufacture, the
implicit value put on life is very high (over one million pounds sterling in UK,
in 1972). In agriculture, it is low (only £10,000 per life in UK in 1972) and in
trawling the value is zero or even negative (Table 2.5).

Table 2.5 Life Valuations for Different Occupations in the United Kingdom Derived
from Risk Levels Set by Current Control Techniques

Occupation Annual Risk of
Death

Trawling
Agriculture
Steel handling
Nuclear Energy
Pharmaceuticals

1.4 in 1,000
2.0 in 10,000
2.2 in 10,000

Implicity Valuation
of Life

(£ sterling in 1972)

negative value
£ 10,000
£ 230,000
£ 1,000,000
£10,500,0002.0 in 100,000

Source: Sinclair, Marstrand, and Newick, 1972.

Comparative data of this kind can therefore be used to redirect priorities to
areas where better safety measures are needed and perhaps also where more
stringent government surveillance is necessary. For example, in the UK, it is
known that different government regulatory agencies also show a range of
probability of death and injury for the occupations under their authority
(Table 2.6).

Transportation accident rates are often put into a comparative framework,
as within limits, different modes of transportation are substitutes for one
another. One example for the UK is given in Table 2.7 in which the risk is first
defined as the number of deaths per hundred million passenger-miles.
However, this comparison masks the fact that, for aviation, landing and take-
off represent times of considerably higher risk so that the accident rate is
probably more related to the number of flights flown rather than to the
distance covered, or to the time travelling. For 1974 in the UK, the risk in
aviation per number of flights was 2.9 fatal accidents per million flights. This
produces a quite different set of comparisons, if number of journeys are
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compared rather than passenger-miles which are shown in the lower part of
Table 2.7.

The basis of comparison can therefore be crucial to the ran kings of the risks
being compared, and the statistical evidence presented can make planes seem
safer or more dangerous than cars.

This is well illustrated in another area where comparative risk accounting
has been relatively well quantified - that of energy production. Recent

Table 2.6 Death and Injury Rates per hour per Billion (109) Population at Risk for
Occupations Regulated by Different Government Agencies in the UK (1966 data)

Inspecting Agency

Offices, Shops and Railway Premises
Inspectorate
Factory Inspectorate
Railway Establishments Inspectorate
Mines and Quarries Inspectorate
Agricultural Inspectorate

Source: Sinclair, Marstrand, and Newick, 1972.

Death Risk Injury Risk

1.85
38.95

144.00
140.15
161.90

1,200
16,500
16,000

145,500
14,500

Table 2.7 Number of Deaths by Various Means of Transport in the UK in 1974 Using
Different Bases for Comparison

Deaths/100 Million
Passenger Miles

32.0

13.3

1.3

0.8

0.455

0.38

0.23

0.2

0.15

Passengers using:
Deaths/Million

Passenger Journeys

1.

2.

3.

Aviation (475 miles avo journey)

Trains (26 miles avo journey)

Motor car (5 miles avo journey)

1.8

0.059

0.027

Source: Warren, 1977.

1. Motor cycle

2. Pedal cycle

3. Motor Car Drivers

4. Heavy Truck Drivers

5. Motor Car Passengers

6. Aviation (world wide schedule)

7. Train Passengers (1973)

8. Public Vehicle Drivers

9. Public Vehicle Passengers
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analyses have been conducted by government agencies in Canada (Inhaber,
1978) and the United Kingdom (Health and Safety Commission, 1978). They
demonstrate some of the difficulties and possibilities in comparative risk
assessment.

The Canadian study attempts to compare conventional sources of energy
(coal, oil, natural gas and nuclear) with non-conventional ones (wind, solar,
methanol and ocean thermal). It presents data on the occupational and public
health risks of the total fuel cycles (see Chapter 3). Eight main sources of risk
with the fuel cycles are considered:

(I) The production of fuel
(2) The production of other materials to build the hardware components

required (e.g. nuclear reactor, solar cells)
(3) Manufacturing of components
(4) Construction of plant
(5) Operation and maintenance of plant
(6) Pollution and accident risks to public including catastrophic accidents
(7) Transportation
(8) Waste disposal

For each type of activity - mining, manufacturing, etc. - labour statistics
were used to obtain the number of deaths, injuries and disease-related time lost
per unit of time worked. Inhaber argues that energy generated by natural gas
has the lowest overall risk associated with it, followed by nuclear energy and
ocean thermal. According to his analysis, coal and oil generation of electricity
have the highest risk and are 100 times more dangerous. However, the

Table 2.8 Deaths from Accidents Involved in Energy Production from Coal, Oil/Gas,
and Nuclear power in UK

Energy source

Coal

Operation

Extraction
Transport
Generation
Total

Deaths/GWy
from accidents

Oil/Gas Extraction
Transport
Generation
Total

Extraction
Transport
Generation
Total

1.4
0.2
0.2
1.8

0.3
insignificant

none reported
0.3

0.1
insignificant

0.15
0.25

Nuclear

Source: UK Health and Safety Commission, 1978.
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Canadian study by Inhaber has received widespread criticism of its
assumptions, methods and calculations; and it is apparent that such risk
comparisons are extremely difficult, if not impossible, to carry out at present.

The British study (UK Health and Safety Commission, 1978) also tried to
compare the total social costs of different means of energy production but
because of the uncertainties, decided to exclude health effects from pollution.
It therefore restricted itself to accidents and even excluded severe, rare
accidents (Table 2.8).

Some of the hesitations expressed in the British study illustrate the
difficulties and simplifying assumptions involved in this kind of exercise.

(1) Data for non-conventional technologies are too poor to include them.
(2) Data for health effects (e.g. through air pollution) too unreliable to

include them.
(3) Severe, rare accidents excluded b~cause assumed probabilities are too

low to affect results.
(4) Accident data for uranium mining in USA assumed similar to

Australia, Canada and South Africa (where British uranium comes
from).

(5) Effect of low-level emissions of radiation included but not effects of low
level emissions of heavy metals from coal, gas and oil combustion.

(6) Dose commitment for future potential health damage of radiation
calculated but not for other fuels.

(7) Deaths and injuries not added together (Canadian study values one
death at 6,000 man-days lost).

The British report concludes that:

'If sensible comparisons are to be made between the environmental
consequences of nuclear energy and those from other fuel sources, the
methodologyhas to be resolved'.

Comparative risk assessment is still in its infancy and all such data should be
carefully scrutinized for simplifying assumptions, non-comparability of data,
and the validity of the units in which the risk or loss is expressed. Furthermore,
data themselves are often critically lacking.

2.4.4 Benefit-Risk: Consideration of Benefits

A fourth way to compare risks is to compare them with the benefits they
bring. By this argument greater risks can be accepted where there are greater
benefits. An extreme example is the utilization in medical practice of high risk
surgery or high risk chemotherapy or radiation treatment to prolong the life of
terminally ill patients. The impending threat of death allows for the rational
choice of more extreme risks in treatment than would otherwise be acceptable.
Another common basis for comparison is to set the benefits of higher wages
against the higher risks of some occupations (Figure 2.6).
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Figure 2.6 Mining accident rates vs. monetary reward (risk-
benefit)

Source: Starr, 1972. (Reproduced from Perspectives on Benefit-
Risk DecisionMaking (1972)with the permissionof the National
Academy of Sciences, Washington, D.C.)

A benefit-risk argument is also commonly employed in supporting major
engineering works for development, in nuclear energy programmes, in
pesticide applications and in other instances. It is claimed that the ecological
risks attendant upon major dam construction are acceptable because the
benefits from an expanded acreage of irrigated land will be large. Similarly,
others would argue that the risks of major accident or massive release of
fission products from nuclear installations are acceptable because of the
benefits of increased power supply. Again the risks to ecosystems and perhaps
to human health, from pesticide use are acceptable tQ many gQvernments and
individuals because the loss of food production that would accompany failure
to control pests is a greater and more serious risk.
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The principal, and often overriding difficulty in a risk-benefit approach is
that the two sides of the equation are almost impossible to compare
quantitatively or comprehensively. Furthermore, the benefits are usually more
quantified and demonstrable than are the risks. The balance in a risk-benefit
analysis is thus often tilted towards the benefits, especially at the beginning.
Over time, the perception of risks and benefits changes and as new data on
risks become available (through monitoring, testing and general experience)
the balance may become tilted towards emphasizing the risks.

Risk-benefit analyses for major technologies such as a large industry or
irrigation scheme, or for new products such as drugs or pesticides, can suffer
from major deficiencies of data and high uncertainty. For new chemicals, the

Table 2.9 Risk Assessment Inventory for DDT made by US Environmental Protection
Agency 1975

Data Source
Benefits Risks Exper. Environ.

Improved yields in 1/6 US Bioaccumulates in living
cotton acreage organisms up food chains to

man X

Saved $1.00-$6.00 production Is a persistent substance and
costs per treated acre of can be widely distributed in
cotton (US total cost $54 M air, soil, and water far from
p.a.) Translate into increased points of application X
consumer costs of 2.2
cents per capita per year Is everywhere in the environ- X

ment
Important available substitute
(methyl parathion) principal Is common in human food X
pesticide cause of human
poisonings Is stored in human tissue

Improved yields on variety of Is a potential human carcino- X
vegetable crops gen (experimental data on

mice)
Only effective pesticide for Decreases photosynthesis by X
pea leaf weavil photoplankton and adversely

affects growth rate
Only effective pesticide
against two forest pests Has lethal and sublethal X X
(Tussock and Gypsy Moths) effects on useful aquatic

freshwater invertebrates
Exterminator for bats and
mice used by military Can kill most fish species at X

very low concentrations
Disease vector control
(malaria) for public health Has been responsible for fish X
(held in reserve for emer- kills
gencies in US)
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Benefits
Source

Environ.Risks

Affects reproductive process
fish
Has adverse physiological and
behavioral effects on fish
Causes thinning of eggshells
and interferes with reproduc-
tion of birds

High concentrations in birds
of prey through bioaccumu-
lation threatening species
survival

Many pests now resistant to
DDT

Alternative pesticides are
effective at acceptable cost for
cotton and most vegetables
Alternative exterminators are
effective and available

Data
Exper.

X X

X

X X

X

Decisions:

I. Ban DDT as pesticide in USA except
a) Allow temporary use against pea leaf weavil in 1974
b) Allow emergency use against Tussock Moth in 1974

2. Ban DDT as exterminator for bats and mice
3. Keep DDT in reserve as disease vector control for public health
4. Allow export of DDT

Source: US Environmental Protection Agency, 1975.

risks are largely unknown at the outset while the benefits may be loudly
acclaimed. Increasingly, the marketing of new products is preceded by careful
testing. However with carcinogenic hazards, the time delay between the
benefits (employment or product) and the risks (cancer) may be years, or
decades, or even generations. The benefits and risks may fall on different
groups of people - occupational risks are concentrated on workers while
benefits may be widely spread among the public. Other risks, such as air
pollution from industry, fall generally on the public but the benefits may be
concentrated in the private sector.

There are many problems in drawing up a balance sheet for the risks and
benefits associated with a particular hazard. Some of the necessary decisions

X X

X X

X X
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involved have been discussed earlier in this chapter. Producing a risk-benefit
inventory can, however, provide valuable input to the decision-making
process. It provides a summary overview of the issues, and can make explicit
what has been included, and what omitted, from consideration. Take, for
example, the accounting risks and benefits for DDT that led to the decision by
the US Environmental Protection Agency to prohibit the use of DDT as a
pesticide in the USA (Table 2.9). Here the number of risks would appear to
outweigh the benefits, but the benefits are better quantified. The lack of
effective alternatives for certain pests proved to be a major factor in the
exemptions permitted in the overall ban on its use as a pesticide, and the small
environmental impact of public health uses in the US, led to its continued use
(in reserve) as a disease vector control.

Risk benefit comparisons can also include the risk of not taking or doing
something. This has entered into the present debate about the risks of
saccharin, a low calorie sweetner which has been linked experimentally to
bladder cancer, and which has been suspended from use in soft drinks in
Canada and USA. The suspension was based on a risk assessment that if the
US population were to drink one diet soft drink each day throughout their
lives, there would be an extra 1,200 bladder cancers over the whole US
population per year. This leads to a calculation that on average one diet drink
would reduce life expectancy by nine seconds. The benefits of diet soft drinks
are that they help to control obesity. Cohen argues that a 45 year old male
weighing 170 pounds instead of an optimal 150 pounds has a reduced life
expectancy of four years. Thus a diet drink has only to reduce his calorific
intake by I calorie per day to make the benefits of saccharin outweigh the
risks. Furthermore, diet soft drinks have about 100 less calories per drink so
that not using saccharin in a soft drink increases personal risk by a factor of
100 (Cohen, 1978). The initial risk assessment concentrated only on the risks
of saccharin and ignored the benefits. On the other hand, the risks from
saccharin and obesity can both be reduced by drinking water!

Risk-benefit analysis can sometimes be highly quantified but more often its
value lies in its comprehensive approach than in its statistics. Even where they
cannot be quantified, risks and benefits should be considered together within a
single accounting system and in some circumstances formal techniques of risk-
benefit analysis can be applied.


