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INTRODUCTION

The US National Academy of Science report on risk assessment (Natio-
nal Research Council 1983} is often taken as a landmark document
setting out clear definitions of risk assessment and risk management
and their relationship. The NAS Committee recommended risk assess-
ment to mean

the characterization of the potential adverse health effects of human exposure to
environmental hazards. Risk assessments include several elements: description of
the potential adverse health effects based on an evaluation of results of
epidemiologic, clinical, toxicologic, and environmental research; extrapolation from
those results to predict the type and estimate the extent of health effects in
humans under given conditions of exposure; judgment as to the number and
characteristics of persons exposed at varipus intensities and durations; and
summary judgments on the existence and overall magnitude of the public-health
problem, Risk assessment also includes characterization of the uncertainties
inherent in the process of inferring risk.

The Committee used the term risk management

to describe the process of evaluating alternative regulatory actions and selecting
among them. Risk management, which is carried out by regulatory agencies under
various legislative mandates, is an agency decision-making process that entails
consideration of political, social, economic, and engineering information with risk-
related information to develop, analyze, and compare regulatory options and to
select the appropriate regulatory response to a potential chronic health hazard. The
selection process necessarily requires the use of value judgments on such issues as
the acceptability of risk and the reasonableness of the costs of control.

The NAS Committee emphasized that risk assessment and risk manage-
ment were to be separate activities. Indeed, one of its declared goals
was to encourage scientists and policy makers to separate clearly the
two processes. A recent conference to mark the 10th anniversary of
the NAS Report has largely confirmed the paradigm established in 1983
(Barton et al 1994).

One purpose of this paper is to question whether it is really possible to
separate risk assessment and risk management in the way set out in
the paradigm. The other, and more central objective, is to explore the
scope for integrating the various risk assessment practises into a
coherent system that can be used internationally.
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This is particularly important where risk assessments are partly based
on standards or guidelines for contaminants in soil or groundwater.

It is worth noting that this approach is now employed even in the U.S.
Superfund programme. A study conducted by the USEPA in 1991
found that the risk assessment and remedy selection for National Prior-
ities List sites typically took more than three years to complete.
Subsequently the EPA has developed soil trigger levels (now known as

Soil Screening Levels or SSLs) for thirty chemicals in order to accelerate
decision making for contaminated soils (USEPA 1994).

A REALISTIC BASIS FOR SETTING SOIL GUIDELINES & STANDARDS

Risk analysis is sometimes seen simply as a scientific exercise to deter-
mine what the risks "really are". The reality is more complex. The use
of risk analysis to place limits on contaminant concentrations in food,
water, air or soil cannot be divorced from social and economic conside-
rations. Nor are the facts and the scientific methodologies that underpin
standards and guidelines wholly divorced from these wider consider-
ations. Jasanoff (1993) observed that "the principles by which we
organise the "facts” of risk have to derive, at least in part, from under-
lying concerns of public policy and social justice: whom should we
protect, against what harms, at what cost, and by foregoing what other
opportunities?”

A key step in risk analysis is comparing estimated human intakes of soil
contaminants with "safe" levels determined by toxicologists. It is an
established principle of toxicology that, for many substances, there is a
dose threshold below which no adverse effects are observed. Geno-
toxic carcinogens, however, are not believed to have such a threshold.
In theory, then, it is easier to decide on a safe dose for threshold sub-
stances, ie determine the maximum dose at which no adverse effects
occur - than for genotoxic carcinogens. But the information about dose-
thresholds is not derived from controlled toxicity experiments on human
subjects. Also, the effect of a dose depends on a number of factors,
including absorption, distribution, biotransformation, retention or accu-
mulation, and elimination. These considerations suggest that the
adverse effect threshold for a toxic substance will depend on characte-
ristics of the individual organism. Each member of a population in
effect has its own threshold.

In practice these complexities are overcome by the convention of deter-
mining a no observed adverse effect level (NOAEL) from animal experi-
ments, and then deriving a human acceptable daily intake (ADI) by
dividing the animal NOAEL by a safety factor.
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The factor used traditionally dates back to the 1950s when scientists
from the U.S. Food and Drug Administration reviewed the literature on
relative sensitivities of humans and test animals to chemicals used as
food additives. Their conclusion at that time, that a safety factor of
100 was adequately protective, is still widely used not only for food
additives but also now for other environmental media.

So the traditional method of determining a human ADI is a convention,
as it is not solely the result of detailed scientific investigation. Therefore
there is no exactness about an ADI, or about any soil guideline derived
fromit. It is therefore more appropriate to consider a soil guideline as a
point within a broad zone of safety, rather than as a sharp dividing line
between 'safe’ and ‘unsafe’.

There is a special difficulty with genotoxic carcinogens because the
result of animal tests (cancer bioassays) is usually an increase in the
incidence of tumours in the dose group relative to the control group.
But the excess lifetime risk of cancer that can be detected and judged
to be statistically significant depends on the number of animals used.
In fact it is difficult to detect excess lifetime cancer risks less than 5 -
10%. But for almost all carcinogens in the environment, human expo-
sures {and the resulting doses) are orders of magnitude smaller than
those used in animal studies. Thus estimating excess cancer risks from
such low levels of exposure involves not only applying animal test
results to humans but also extrapolating to cancer risks thousands of
times smaller than those for which dose-response data are available.

Numerous mathematical models for low-dose extrapolation have been
proposed, but most fall into three general types as shown in Figure 1.
A particular human dose from environmental exposure (say dose B,
Figure 1) might be associated with no excess risk of cancer (threshold
model) or with excess risks which differ by an order of magnitude de-
pending on whether the linear or sublinear model is used. Accepted
levels for contaminants in the environment are often determined using
the reverse procedure. A level of excess lifetime cancer risk (say 10,
Figure 1) is set and then the maximum dose that would not exceed that
risk is estimated. This procedure can be misunderstood and lead to the
excess risk criterion {say, 10"*) being treated as a quantitative state-
ment about risk. This is not the case. The authors of pioneering work
on extrapolating cancer bioassay data to low doses (Mantel & Bryan
1961} did not suppose that their procedure could be used to predict the
actual risk associated with a given low dose. Rather, they saw it as a
method for identifying the dose that would be unlikely to create a risk
greater than some operationally-defined 'safe’ level. From the outset
quantitative risk assessment (QRA) for genotoxic carcinogens has been
a convention, to express the concept of ‘virtually safe’.
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There is a reluctance in some countries to place too much emphasis on
derivation of guidelines from laboratory studies of rats and mice
because of the difficulty in extrapolation from high-dose results in ani-
mal tests to effects in people at very much lower doses. In the UK, for
example, there is a preference for putting greater weight on studies of
human populations, especially those exposed to chemicals in the
workplace (e.g. Department of the Environment 1994). This approach
also presents difficulties. Industrial workers may be exposed to higher
concentrations of chemicals than the population at large, but usually do
not include the more sensitive members of the population {children, the
elderly, the sick, pregnant women).

Extrapolation from relatively high doses in healthy young and middle
aged male workers to lower doses in the general population is rarely
straightforward because of uncertainties over actual exposure levels,
simultaneous exposure to other chemicals, differences in sensitivity,
and different total exposures times. To overcome these difficulties
safety factors are introduced, which again are no more than conven-
tions chosen to provide reasonable confidence that certain very low
levels of exposure are ‘virtually safe’.

As well as toxicological safety factors, another type of safety conven-
tion is implicit in many risk assessments - that is the use of conserva-
tive assumptions in exposure assessments. Further conventions are
involved in the selection of sampling regimes and analytical techniques
to determine the actual concentration of contaminants on a particular
site. Sampling regimes carry their own underlying statistical assump-
tions about the representativeness of a sample. Analytical techniques
are also rarely absolute, and may not truly reflect the particular "hazard’
represented by the contaminant for which guidelines are being set.

SETTING SOIL CONTAMINANT GUIDELINES - A RISK MANAGEMENT
PHILOSOPHY

It can be argued that the framework of guidance or regulation in which
risk management decisions are taken, needs to balance the need to
safeguard human health and the environment and the need to foster
activities which will ultimately fund remedial works. The cost of risk
reduction can be highly non-linear. If soil guidelines are set at levels
which are prohibitively costly to achieve, redevelopment of many old
industrial sites will not go ahead. The costs of untackled dereliction
might include loss of new job opportunities or new amenities, and
reduced local property values and quality of life. Failure to redevelop
sites increases the pressures for greenfield sites to be converted to
industrial or commercial use.
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However, the risks to the public from contaminated land are involuntary
and often not known or understood completely. Consequently the level
of concern is typically much greater than might be expected from objec-
tive analysis of the risks. There is nothing irrational about this. Every-
one expects a much higher level of protection against involuntary risks
compared with risks from activities willingly entered into and bringing
clearly identifiable benefits. The goal of risk management, then, is to
select options that balance the costs of an action against protection
from the real and perceived risks.

Soil guidelines should not be thought of as marking a sharp boundary
between ‘safe’ and 'unsafe’ concentrations in soil. It is more appro-
priate to think in terms of gradational zones from ‘very safe’ to 'not
safe’ with a diffuse boundary zone between them (Fig 2). Scientific risk
analysis can aim to relate these zones to contaminant concentrations in
soil. Choosing a particular value to act as a guideline is not, however,
an entirely scientific decision. It is a risk management decision in which
benefits and costs are also balanced.

THE HCH FORUM PROJECT PROPOSAL

In the EU there is no generally accepted method for assessing the risk
from soils contaminated by chlorinated pesticides. Therefore it is
virtually impossible to implement an economically sound strategy for
the distribution of remediation funds. Methods and techniques for risk
assessment of soils are often very expensive.

In order to make a Community-wide contribution to solving the risk
assessment problem this project has two major objectives:

- to achieve a uniform, practical and transparent method for risk
assessment of pesticides on contaminated sites using HCH as a de-
monstration pesticide. The method will be considered as a prototype
for European use;

- to develop a modular decision support system that can be integrated
with existing soil information systems to support the new evaluation
method.
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The products of this research can be expected to meet the following
criteria:

- as far as possible the proposed method and support system should be
applicable in all organisations responsible for the distribution and use
of remediation funds; this is considered to be of the utmost impor-
tance and will be elaborated on in an initial definition study;

- the products will reflect the combined experience of several inter-
nationally leading groups which, in turn, will facilitate the spread of
these advanced environmental decision support tools throughout the
EU;

- it will be possible to adapt the system to the specific requiremets of
individual countries;

- the products will have been tested extensively by the partners in
order to insure their utility and robustness.

The innovative aspects of the proposal can be summarised as follows:

- The unification of current investigation and risk assessment methodo-
logies and computer techniques of the partners will lead to a more
advanced and general tool for balanced assessment of waste sites
and industrial land that is contaminated with pesticides.

- Due to the number of suspect locations and their likely complexity,
the use of formal decision-support systems is essential in the long
term if fair, consistent and practical support is to be provided to the
authorities.

The partners plan to combine and to improve their current knowledge in
this field and to address the problems involved in integrating computer-
based support systems into complex environmental decision making.
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Extrapolations from
much higher doses
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Figure 1. Hypothetical dose — response curves for
chemically induced cancer at low doses.
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Figure 2. Schematic illustration of “safe’ and ‘unsafe’
zones separated by a diffuse boundary zone.




