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1.1 INTRODUCTION

Over the last few decades there has been considerable
activity in the field of risk assessment. This has
mainly taken place in international bodies such as
the Organization for Economic Co-operation and
Development (OECD), the World Health Organization
(WHO) - especially in the context of its International
Programme on Chemical Safety (IPCS) - the European
and Mediterranean Plant Protection Organization
(EPPO), the Council of Europe and the European
Centre for Ecotoxicology and Toxicology of Chemicals
(ECETOC) [1-10]. Various directives and regulations
in which risk assessment plays a crucial part have been
issued by the European Community [11-14] and similar
activities are taking place in other parts of the world, e.g.,
the U.S., Canada and Japan. Most of these developments
would not have taken place without the contributions of
many expert advisory bodies and individual scientists.

Historically, risk assessments have primarily focused
on risks to human beings. It has gradually become
apparent, however, that the ecological implications
of large-scale environmental pollution should also
receive attention. A situation has now been reached
whereby detrimental ecological effects, caused e.g., by
deforestation, food production (agriculture), excessive
energy consumption, as well as the production and use of
chemicals, have begun to threaten biological diversity and
ecosystem integrity, and thus humanity’s very existence.
Accidents such as that at Chernobyl, the Sandoz disaster
on the river Rhine, and recent cases of massive river
pollution in China with benzene and cadmium, have
increased awareness of the ecological and economic
consequences inherent in such disasters.

Risk assessment is a central theme in the control of
chemicals. Despite the role of risk assessment as the
scientific foundation for many national and international
regulatory guidelines, the phrase ‘“risk assessment”
means different things to different people and is often
surrounded by misunderstandings and controversy.
Some points of controversy involve the interpretation
of scientific studies. Others have to do with science
policy issues. Still others centre on definitions and
on the distinctions between risk assessment and risk
management. Some important definitions are given in
Table 1.1.

The scope and nature of risk assessments range
widely, from broadly based scientific analyses of air
pollutants affecting a nation as a whole, to site-specific
studies concerning chemicals in a local water supply.
Some assessments are retrospective, focusing on the
effects of a pollution incident, for example, the risks
posed by a particular chemical dump site. Others seek to
anticipate or predict possible future harm to human health
or the environment, for example of a newly developed
pesticide approved for use on food crops. In short, risk
assessment takes many different forms, depending on
its intended scope and purpose, the available data and
resources, and other factors [15].

Risk management decisions may have local, regional
or national consequences, but measures taken by a single
country may also have world-wide consequences. Pollu-
tion does not recognize national borders. That is why the
risk management of chemicals has become an important
issue on the international agenda.

The development and international harmonization
of risk assessment methodologies is recognized to
be a great challenge. In Agenda 21 of the United
Nations Conference on Environment and Development
(UNCED), chapter 19 was entirely devoted to the
management of chemicals [16]. The first recommen-
dation of UNCED was to expand and accelerate the inter-
national assessment of chemical risks (Table 1.2), which
requires mutual acceptance of hazard and risk assessment
methodologies. Mutual acceptance of hazard and risk
assessment methodologies (Figure 1.1) is considered
to be the second essential step in the risk management
process of chemicals, after international agreement was
reached on the mutual acceptance of data by the member
countries of the OECD [17]. The implementation of
Agenda 21 is a long-term commitment. Therefore, it is
no coincidence that chemicals were again high on the
agenda of the World Summit on Sustainable Development
in Johannesburg in 2002.

Data I—> Methodologies I—> Measures I

Figure 1.1. Mutual acceptance of data (cf. words) and hazard
or risk assessment methodologies (cf. grammar) is essential
to arrive at mutually accepted risk reduction measures (cf.
language).
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Table 1.1. Definitions of terms commonly used in the field of risk assessment and management.

Hazard is the inherent capacity of a chemical or mixture to cause adverse effects in man or the environment under the conditions of
exposure

Risk is the probability of an adverse effect on man or the environment occurring as a result of a given exposure to a chemical or
mixture

Risk assessment is a process which entails some or all of the following elements: hazard identification, effects assessment, exposure
assessment and risk characterization

Hazard identification is the identification of the adverse effects which a substance has an inherent capacity to cause, or in certain
cases, the assessment of a particular effect

Effects assessment, or more precisely, dose-response assessment is the estimation of the relationship between dose or level of
exposure to a substance, and the incidence and severity of an effect

Exposure assessment is the determination of the emissions, pathways and rates of movement of a substance and its transformation
or degradation in order to estimate the concentrations/doses to which human populations or environmental compartments are or may
be exposed

Risk characterization is an estimate of the incidence and severity of the adverse effects likely to occur in a human population
or environmental compartment due to actual or predicted exposure to a substance, and may include “risk estimation”, i.e., the
quantification of that likelihood

Risk management is a decision-making process that entails weighing political, social, economic, and engineering information
against risk-related information to develop, analyse and compare regulatory options and select the appropriate regulatory response
to a potential health or environmental hazard

Risk reduction is taking measures to protect man and/or the environment from the risks identified

Safety is defined as the strong probability that adverse effects will not result from the use of a substance under specific conditions,
depending on quantity and manner of use

In this chapter a description is given about the risk
management process in general. In Section 1.2 the 8
different steps are described. They reflect the current
regulatory practice in most countries, where the work
is mainly done by the public authorities. In Section 1.3
a number of changes are described that reflect recent
developments such as the focus on risk reduction and
responsible care (reversal of the burden of proof),
risk communication, the importance of stakeholder
participation in all stages of the risk management process,
risk assessment policy and integration in risk assessment.
In Section 1.4 disciplines, roles and responsibilities in the
risk management process are described. How risks are
expressed is explained in Section 1.5 and risk perception
is described in Section 1.6. Section 1.7 focuses on

uncertainty, variability and precaution and Section 1.8
provides some concluding remarks. Finally, Section 1.9
gives a more detailed overview of the different chapters
of the entire book.

1.2 THE RISK MANAGEMENT PROCESS

Risk encompasses impacts on public health and on the
environment, and arises from exposure and hazard. Risk
does not exist if exposure to a harmful substance or
situation does not or will not occur. Hazard is determined
by whether a particular substance or situation has the
potential to cause harmful effects. The risk management
process is triggered by concerns about the risks of
particular uses of a chemicals or particular situations.
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Table 1.2. Environmentally-sound management of toxic
chemicals as recommended by UNCED [16].

a. Expanding and accelerating the international assessment of
chemical risks

b. Harmonization of classification and labelling of chemicals

c. Information exchange on toxic chemicals and chemical
risks

d. Establishment of risk reduction programmes

e. Strengthening of national capabilities and capacities for
management of chemicals

f. Prevention of illegal traffic in toxic and dangerous products

Risk
then asigo:lg erment

“What shall we

Figure 1.2. The conventional wisdom is that risk management
should not influence the processes and assumptions made in
risk assessment. Regulatory practice, however, shows that the
two elements depend on each other like Yin and Yang.

Risk assessment and risk management are closely
related but different processes, with the nature of the
risk management decision often influencing the scope
and depth of a risk assessment [15]. In simple terms,
risk assessors ask “How risky is this situation?” and risk
managers then ask “What are we willing to accept?” and
“What shall we do about it?” Risk assessment is usually
seen as the objective/scientific part of the process and
risk management as the subjective/political part. The
distinction between these two components is important,
though controversial. The conventional wisdom - which
needs rethinking (Figure 1.2) - is that risk management
should not influence the processes and assumptions made
in risk assessment: the two functions should be kept
conceptually and administratively separate [18]. Risk
assessment provides information based on the analysis
of scientific data which describe the form, magnitude,
and characteristics of a risk, i.e. the likelihood of harm
to humans or the environment. Although risk assessment
is mainly a scientific task, political decisions are required
on matters such as: “What are we trying to protect
and to what extent should it be protected?”” Endpoints,
unacceptable effects, magnitude of uncertainty factors
are controversial topics and based on implicit political
choices. Questions about risk often have no scientific
answers or the answers are multiple and contestable.

Risk management is about taking measures based on
risk assessments and considerations of a legal, political,
social, economic, and engineering nature. It is mainly
a political process, although science is involved in the
gathering of technical, social or economic information.
The entire risk management process consists of eight
steps (Figure 1.3), in which steps 1-4 belong to the risk
assessment phase, while steps 5-8 are in the domain of
risk management.

1.2.1 Hazard identification (step 1)

Hazard identification is the identification of the adverse
effects that a substance has an inherent capacity to
cause. It is the likelihood of harm due to exposure that
distinguishes risk from hazard. Hazard identification
involves gathering and evaluating data on the types
of health effects or disease that may be produced
by a chemical and exposure conditions under which
environmental damage, injury or disease will be
produced. For example, a toxic chemical that is hazardous
to human health does not constitute a risk unless humans
are exposed to it. The observed effects in humans may
include reproductive defects, neurological defects or
cancer. Ecological hazards include lethal effects, such
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Figure 1.3. Steps in the risk management process.

as fish or bird mortality and sub-lethal effects on the
growth and reproduction of various populations. This
information may come from experimental laboratory
studies, accidents or from other sources such as measured
residues in fish or high concentrations detected at the
workplace.

Hazard identification may also involve character-
ization of the behaviour of a chemical within the
body and its interactions with organs, cells, or genetic
material. The principal question is whether data from
populations in which toxic effects and exposure occur
suggest a potential problem for other populations under
similar exposure conditions. Once a hazard (potential
risk) has been identified, a number of other steps become
important.

1.2.2  Exposure assessment (step 2)

Exposure can be assessed by measuring exposure
concentrations, once chemicals are produced, used and
emitted. With new chemicals, exposure assessments can
only be predictions. This involves estimating emissions,
pathways and rates of movement of a substance and
its transformation or degradation in order to obtain
concentrations or doses to which human populations or
environmental compartments are or may be exposed. It
involves describing the nature and size of the populations
or compartments exposed to a substance, and the
magnitude and duration of their exposure. The evaluation
may concern past or current exposures, or anticipated
future exposures. Multimedia exposure models are often
used, especially in environmental exposure assessment

(Chapter 4). Exposure assessment is also an uncertain
part of risk assessment because of the lack of information
on emission factors during the production of chemicals
(point-source pollution), and about the use of chemicals
in various products and their emissions (diffuse sources
of pollution). The enormous geographic variability
caused by differences in abiotic conditions, such as
climate (e.g. temperature, humidity, wind speed, and
precipitation), hydrology (e.g. different dilution factors
in streams, lakes and rivers), geology (e.g. soil type) and
biotic conditions (differences in ecosystem structures and
functions) also contribute to this uncertainty. Exposure
varies with time and depends on process-technology and
the safety measures taken. It is therefore not surprising
that measured environmental concentrations often differ
by several orders of magnitude [19]. The same applies to
occupational exposure and direct exposure to consumer
products. It may be concluded that measurements of
actual concentrations can help to reduce uncertainties in
exposure assessment, but only for existing chemicals, not
for new ones!

In health risk assessment (HRA) the various exposure
routes are often combined in order to determine a total
daily intake, expressed as mg per kg body weight per
day. In ecological risk assessment (ERA) there is no
single PEC or total daily intake, in fact, there are many
PECs. This complexity is often simplified by deriving
PECs for single environmental compartments: water,
sediment, soil and air.

1.2.3  Effects assessment (step 3)

Effects assessment or, more precisely, dose-response
assessment, is the estimation of the relationship between
dose or level of exposure to a substance, and the
incidence and severity of an effect. It sometimes involves
the description of the quantitative relationship between
the degree of exposure to a substance and the extent of a
toxic effect or disease, but reliable quantitative precision
cannot always be achieved. Data are generally obtained
from (quantitative) structure-activity relationships
(Chapters 9 and 10), read-across and in vitro studies or
from experimental plant and animal laboratory studies
or, less frequently, from experimental field studies
with plants or animals, or epidemiologic studies of
ecosystems and human populations (Chapters 6 and 7)
or combinations of these (Chapter 11). Different dose-
response relationships may be found if a substance
produces different toxic effects. For instance, short-term
exposure to high concentrations of benzene may produce
lethal effects (acute toxic effects), whereas cancer may
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be induced as a result of long-term exposure to relatively
low concentrations (chronic carcinogenic effects).

For most chemicals, no effect levels (NELSs) derived
from studies in laboratory animals are converted into
predicted or estimated NELs (PNELs or DNELs) for
humans or the environment by applying assessment
factors usually in the range of 10-10,000 [2,20-22].
Assessment factors are numbers reflecting the estimated
degree or amount of uncertainty when experimental
data from model systems are extrapolated to humans
or ecosystems. The rationale for assessment factors is
that if no assessment factors are applied large groups of
the human population or large parts of ecosystems will
remain unprotected. This is because laboratory tests
cover only a small part of the variety of responses that
may occur in ecosystems and in human populations
[2,20-22]. Experiments can yield both “false positives”
and “false negatives”. Extrapolation involves numerous
scientific uncertainties and assumptions, which in turn
involve policy choices.

In HRA, risk assessment focuses on one single
species. Uncertainty is restricted to differences in
sensitivity between laboratory mammals and humans,
variations in exposure routes and differences in
sensitivity between individuals (intraspecies variation).
In ERA millions of species may be exposed via a variety
of routes (see Chapter 7). Therefore, many NELs can be
determined. Differences in sensitivities between species
(interspecies variation) play an important part in ERA.
This complexity in ERA is often simplified by deriving
predicted no effect concentrations (PNECs) for different
environmental compartments: water, sediment, soil and
air.

Please note that E stands for Effects in the acronym
DNEL, PNEL and PNEC and for Exposure in the
acronym PEC (predicted environmental concentration).
1.2.4 Risk characterization (step 4)

Risk characterization is the estimation of the incidence
and severity of the adverse effects likely to occur in a
human population or environmental compartment due
to actual or predicted exposure to a substance, and may
include risk estimation, i.e. the quantification of that
likelihood. It generally involves the integration of the
previous three steps [23]:

1. Hazard identification.

2. Effects assessment, i.e. the determination of the

DNEL or PNEC.

3. Exposure assessment, i.e. the determination of the

PEC or human intake or exposure.

A framework to define the significance of the risk is
developed, and all the assumptions, uncertainties, and
scientific judgements from the preceding three steps are
considered. In many international regulatory frameworks
environmental risks are often expressed as PEC/PNEC
ratios, i.e. as risk quotients (Figure 1.4). For human
risks a similar comparison between exposure and the
NEL is usually made. It should be noted that these
ratios or comparisons provide no absolute measure of
risks. Nobody knows the real risks of chemicals where
the exposure exceeds the PNEC or NEL. We only know
that the likelihood of adverse effects increases as the
exposure/effect level ratios increase. Thus, exposure/
effect ratios are internationally accepted substitutes for
risks. It should also be noted that there is no such thing
as precise risk assessments and scientists will always
differ in the conclusions they draw from the same set
of data, particularly if they contain some implicit value
judgements.

At the present level of understanding we cannot
adequately predict adverse effects on ecosystems, nor
can we predict what part of the human population will
be affected. We are only able to assess risks in a very
general and simplified manner. In fact, the best we can
do is provide a relative risk ranking. Risk ranking
enables us to compare single chemicals or groups of
chemicals once the risks of the respective chemicals
have been assessed in a consistent “simplified” manner.
Nevertheless, relative risk ranking allows us to replace

Base set
of data
Exposure
assessment
Predicted Predicted
environmental no effect
concentration concentration
Risk quotient

Risk
characterization

Figure 1.4. Risk characterization: a systematic procedure
through estimation of exposure and effects.
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dangerous processes, techniques or chemicals with
safer alternatives in the risk management phase, without
knowing the precise risks.

1.2.5 Risk classification (step 5)

Once a risk characterization has been made the focus
turns to risk management. The first step in the risk
management phase is the classification, i.e., the valuation
of risks in order to decide if risk reduction is required. It is
obvious that risks cannot be evaluated solely on the basis
of scientific considerations, but who can decide what is
acceptable? Decisions about risk classification are related
to risk acceptance and must always be taken in a situation
of some residual uncertainty. This is the field of policy-
makers. According to Bro-Rasmussen [24] the term
“acceptability” has become a crucial new element to be
considered as a constituent part of the risk management
process. The problem of defining operational criteria
for “acceptable” and “unacceptable” risks is especially
important in relation to the environment. Defining
acceptable risk cannot be reduced to a mechanical
exercise. It requires scientific knowledge as well as an
appreciation of the limits of that knowledge. It requires
a good understanding of the context of the risk and it
requires willingness, by regulatory agencies as well as
by their critics, to deal openly with these difficult, value-
laden issues. Acceptability varies with time and place.
What was acceptable in the past may not be acceptable
in the future, and vice versa (Table 1.3). What may be
acceptable in one country may be totally unacceptable
in another. Cultural influences on risk management in
legal and institutional frameworks are significant. It is
important to realize that discussions on acceptability go
back to our roots: to our youth, education and culture.
In conclusion: risk classification is related to risk accep-
tability, which in turn is a risk-related, technical, social,
cultural, political, educational and economic (conjunc-
ture-dependent) phenomenon.

Over the past decade there has been growing
support for defining two risk levels that may help to
avoid lengthy debates about acceptability, because the
area under discussion is restricted. These risk levels are
known as:

e The upper limit, i.e. the maximum permissible level

(MPL).

e The lower limit, i.e. the negligible level (NL).

These two risk limits create three zones: a black (high
risk) zone, a grey (medium risk) zone and a white (low
risk) zone. Actual risks in the black zone above the MPL
are unacceptable and further risk management measures

(RMMs) are necessary. Actual risks in the white zone
below the NL (the de minimus level) are negligible
(Figure 1.5) and further RMMs are not strictly required
[25,26]. In the Netherlands, the lower limit for chemicals
has generally been defined as 1% of the upper limit
(Table 1.4). This approach has been adopted to take into
account factors such as:
e Multiple exposure (additivity of risks and synergistic
effects).
* Uncertainties in the estimates (limited testing and
specific sensitivity).
* To leave a sufficient margin to distinguish between
MPL and NL.
In the grey zone between the upper and lower limits, risk
reduction is required based on the ALARA principle (as
low as reasonably achievable). This is a powerful risk
management principle. Managers are expected to do
everything possible to reduce risks up to a limit they can
justify to their organization and justify to the regulatory
authorities. In general, the aim is to reduce risks until the
cost of doing so is disproportionate to the benefit.
1.2.6  Identification and risk-benefit analysis of
risk reduction options (step 6)

Once risk classification has been completed and risk
reduction is thought necessary, the next consideration
is the identification and analysis of options for risk
reduction, and eventually selection of the most
appropriate risk reduction option(s). The options for the
risk reduction of chemicals range from slight adaptation
of the production process or the intended use of the
chemical to a complete ban on the production or use of

a chemical. To that end a risk-benefit analysis sensu lato

is carried out by drawing up of a balance sheet of the

respective risks and benefits of a proposed risk-reducing
intervention as compared to the baseline, i.e. the situation
of not imposing risk reduction.

It is essential to remember that the result of risk
classification is only one of the many aspects involved
in the selection of regulatory options for risk reduction.
This is the most difficult step in the risk management
process, because it is a multifactorial task in which the
risk manager has to consider not only the risk assessment
but also other important aspects (Figure 1.6), such as:

o Technical feasibility: are measures technically
feasible?

* Social and economic factors: e.g. what are the costs,
do the measures affect employment or, in the case of
extremely high risks, do we need to remove people
from their homes?
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Table 1.3. Changes in the perception of health and environmental risks and their solutions.

1970 1990
e Sectoral (air or surface water) ¢ Multiple media (including soil, sediment and groundwater)
e Localized « Diffuse pollution
¢ Human health and well-being ¢ Ecosystem health, production functions and goods
e Local/regional * National/international
e Limited economic damage * Great economic damage
¢ End-of-pipe solutions ¢ Integrated approaches

Table 1.4. Risk limits for chemicals. From [23].

Maximum permissible level Negligible level
Man: individual risk
chemicals with threshold 10°%y 1087y
chemicals without threshold PNEL 1% of PNEL
Man: cumulative risk
chemicals without threshold 1071y 1071y
Ecosystems PNEC? 1% of PNEC

2 The PNEC is determined by using fixed assessment factors (little data) or variable assessment factors (adequate data set) calculated
by means of a statistical extrapolation model with an arbitrary cut-off value set at a protection level of 95% of the species [24].

Increase
in risk

Unacceptable
risk Legislative/
T political

factors

Social/
economic
factors

Scientific
aspects

Maximum Requlat
permissible degl_' atory
Risk reduction level ecisions |
required Risk Ethical
assessment cultural
values
Technical
| Negligible feasibility
Negligible level
risk

Figure 1.6. Elements in risk management. Modified from the
Figure 1.5. Risk limits and risk reduction. U.S. Congress, Office of Technology Assessment [27].
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e FEthical and cultural values: e.g. will a potential
measure discriminate against specific groups in our
society?

» Legislative/political factors: legal, regulatory, policy,
and litigative constraints or risks, i.e. do we have
appropriate regulatory, monitoring and enforcement
tools?

* Scientific aspects: the limits of science are manifest
at different levels; how great are the uncertainties in
methodologies, measurements and other observations,
extrapolations; do the risks affect mortality, morbidity
or both and what assumptions have been made?

Selecting  risk-reducing options  will trigger

“acceptability” discussions, not only about the

predicted risks themselves but also about the anticipated

consequences of risk reduction measures. This requires
risk communication: a process by which stakeholders
discuss risks and consequences with one another.

Because the perception of risks (see Section 1.6) often

differs widely, risk communication typically requires a

sensitive approach and should involve genuine dialogue.

The role of risk communication will be discussed in more

detail in Section 1.3.2.

The use of a cost-benefit analysis, where the risks
reduced by a proposed intervention are juxtaposed
to estimate the net benefits (or net costs) to society
and thus cover all major changes that will occur as a
consequence of imposing a restriction compared with
the baseline, is sometimes, but not always, a useful tool
in risk management. To gauge benefit in an absolute
sense, it is necessary to assign a value to the risk avoided
(e.g. lives saved, lifetime extended). In general, the
philosophy is that the greater the risk, the greater the
incentive to reduce it. Estimated values of saving one
additional “statistical life” can vary by at least six orders
of magnitude [29,30]. Another relevant term used in this
context is cost-effectiveness (determination of that action
which maximizes the level of risk reduction per unit
cost). Environmental risks are also difficult to quantify,
although clean-up costs for polluted soil or sediment, as
well as loss of fish stocks can be quantified. Cost-benefit
analyses are useful in many contexts, certainly in ranking
investments in some order of priority and effectiveness.
However, this approach can only be a guideline, another
input into a decision.

In conclusion, selecting the options for risk reduction
using risk-benefit analysis is a multifaceted task centering
on discussions about acceptability. Acceptability revolves
around facts, value judgements and communication. It
is this part of the risk management process in particular,
where the lines between science, science policy and

policy become fuzzy, that much conflict arises over where
the boundary should be drawn [18]. Some of the forces
at work in policymaking regarding human health and the
environment are shown in Figure 1.7.

1.2.7 Risk reduction (step 7)

Risk reduction is taking measures to protect humans
and/or the environment against the risks identified. Apart
from the factors explained above, a number of additional
factors should be taken into account before a risk
management decision is taken, including those related
to the implementation of RMMs. These considerations
include: effectiveness, practicality, monitorability,
equity, administrative simplicity, consistency, public
acceptability, time, and the nature of the legislative
mandate. There are different approaches to risk
management (Chapter 2). In this Section only a brief
summary will be given.

1. Classification and labelling

Notifiers of chemicals are required to provisionally
classify and label dangerous substances on the basis of
the intrinsic properties of the chemical. The decision on
how to classify and label a substance is based on a series
of criteria which themselves are based on the results of
standard laboratory tests. The classification and labelling
includes assigning a symbol (Figure 1.8), a risk phrase
and a safety phrase [31,32]. Classification and labelling
can be considered to be the first risk management tool
for chemicals.

2. Safety standards

Safety or quality standards are another approach to

chemicals control. Such standards are set with the

intention of protecting human health and the environment.

The terms criteria, guidelines, objectives, and standards,

are often used. In this sequence the nature of the values

moves from recommendations towards legally binding
provisions. The use and interpretation of these terms
varies between different agencies and countries. For the
purposes of this book, these terms are defined as follows:

* Criteria are quality guidelines based on the evalu-
ation of scientific data.

* Guidelines are numerical limits or narrative
statements that are applied to support and maintain
designated uses of the environment or to protect
human health.

*  Objectives are numerical limits or narrative statements
that have been established to protect and maintain
human health or designated uses of the environment
at a particular site.
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e Standards are fixed upper limits of exposure for
certain chemicals that are laid down in enforceable
laws or regulations by one or more levels of
government.

Well-known examples of standards are the air, water
and soil quality standards as well as the threshold limit
values (TLVs) for airborne concentrations of industrial
chemicals at the workplace. Environmental quality
standards and TLVs are the control levels at which
exposure is currently considered acceptable. They do
not provide assurance of safety. Guidelines, objectives
and standards for chemicals are derived from criteria,
often by applying safety factors. Another example is
the acceptable daily intake (ADI). The ADI is derived
by applying a safety factor to no observed effect levels
(NOELSs) obtained from toxicological studies. An ADI is

Media
coverage
(press, etc.)

Public
concerns

Parliamentary
or executive
branch oversight

struggle with vagueness

Court interpretations:

an estimate of the daily exposure dose that is unlikely to
have any detrimental effects even if exposure occurs over
a lifetime.

Absolute safety is a special case in safety standards.
The most obvious example is the so-called Delaney
clause, enacted by the U.S. Congress in 1958 as an
amendment to the Food and Drug Act. This requires
that no (food) additive shall be deemed to be safe if it is
found to induce cancer when ingested by man or animal.
The introduction of this amendment posed significant
problems for the US authorities. In practice, the US
authorities abandoned this approach in the mid-1980s.

3. Risk reduction measures (sensu proprio)

RMMs may comprise [33]:

e Technical measures such as redesign of production
and use processes, closed systems, separation of man

Dramatic
event(s)

Scientific
information and
judgements

Parliament passes
laws: protective, but
practicable

Regulatory agencies

and contradictions
Affected

groups

undefined terms

Implementation

Figure 1.7. Forces in health and environmental policy-making. Modified from Lave and Males [28]. With permission. Copyright

1989 American Chemical Society.
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and sources (by construction measures), exhaustion,
ventilation, separation and clarification techniques,
physical, chemical and biological treatment.

* Organizational measures such as restriction to certain
specific workplaces, limiting time of operation or
work activities, training, monitoring and surveillance,
prohibiting eating, drinking and smoking at the site.

e Instructions, information and warnings regarding
normal use or safe use. This may include classification
and labelling as described above.

* Personal protection measures such as gas and dust
filter masks, independent air equipment, goggles,
gloves and protective clothing.

* Product-substance related measures. Examples
include limiting the concentration of a substance in a
preparation or article.

T
Toxic Very toxic
Xi
Harmful Irritant
C N
Corrosive Dangerous
q to the
P R environment
0 "
Explosive ! Oxidizing
F F+
Highly Extremely
flammable a flammable

Figure 1.8. Classification and labelling of chemicals is the
most frequently applied management tool in the control of
chemicals.

* Instructions to limit the use of a substance or
product. This can be implemented by limiting certain
applications and uses and the restriction of uses with
releases, etc.

1.2.8 Monitoring and review (step 8)

Monitoring and review is the last step in the risk

management process. Monitoring is the process of

repetitive observation for defined purposes of one or

more chemical or biological elements according to a

pre-arranged schedule over space and time, and using

comparable and preferably standardized methods.

Monitoring is undertaken to ensure that previously

formulated standards are being met. In this sense

monitoring serves an important function in enforcement

(Figure 1.3), i.e. control. Monitoring serves a number of

purposes [34]:

* The control function to verify the effectiveness of
risk reduction (control) strategies and check for
compliance.

* The signal or alarm function to be able to detect
sudden (adverse) changes in human health and the
environment. Ideally, the monitoring system should
be designed such that the causes can be traced
immediately.

e The trend (recognition) function to enable the
prediction of future developments based on time-
series analysis.

* The instrument function to help in the recognition and
clarification of underlying processes.

Monitoring plays an important role in both environmental
and health risk management. In health risk management
biomonitoring is a part of the exposure-disease
continuum as depicted in Figure 1.9. It can be used
for consumer and occupational safety. Both biological
monitoring and biochemical effect monitoring are
crucial methods to help better understand the complex
relationships between external and internal exposure and
consequently, the potential adverse health effects that
may result from exposure. Just like ambient monitoring,
biological monitoring and biochemical effect monitoring
should be regarded as exposure monitoring methods
with high specificity for the substance being measured.
Both methods give a measure of the total actual exposure
regardless of the route of exposure [35]. Typical examples
of biological monitoring are the determination of metals
in blood or urine, unchanged substances (e.g. PCBs)
in e.g. adipose tissue or blood, specific metabolites of
a chemical in urine or volatile compounds in exhaled
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breath. Biochemical effect monitoring includes the
determination of adducts of a specific chemical to DNA
or a protein, or increased or decreased levels of specific
enzyme activities.

Besides monitoring there are many other ways
to review environmental and health management
measures such as: audits and inspections, voluntary
agreements and programmes, reporting (e.g. in case of
voluntary agreements), market investigations, economic
instruments, product registers, technology assessments,
performance measurements and indicators for human
health and sustainable development. These are equally
important tools used to arrive at sustainable patterns of
production, use and disposal of chemicals [36-39].

1.3 FURTHER DEVELOPMENTS IN THE
RISK MANAGEMENT PROCESS

Section 1.2 described the different steps in the risk
management process. These steps reflect the current
practices of risk assessment and risk management.
Compared to the first version of our book published in
1995, many developments have taken place and a number
of them need to be highlighted in this new edition. They
are crucial elements in the REACH legislation [40]. The
major changes are shown in Table 1.5.

First of all, in the context of the REACH legislation
[40], the focus has shifted from risk assessment to risk
management, i.e. the implementation of RMMs, and from
the principle of the authorities identifying and regulating

the risks to industry taking its own responsibility for
doing the assessments and implementing the necessary
control measures to adequately control the risks.

Secondly, the risk management process has been
put in a much wider context. The planning of risk
assessments, the problem formulation phase, risk
communication and stakeholder participation have all
become more important. Communication with all the
stakeholders at all stages in the process is crucial. In this
respect the report of the US Presidential/Congressional
Commission on risk assessment and risk management
[41] and the guidelines for ecological risk assessment
[42] have had a substantial impact.

The third major development is the inclusion of
risk assessment policy as a specific component of risk
management, as advocated by the Codex Alimentarius
Commission [43]. This particular inclusion can help us
to understand disagreements arising from differences in
up-stream framing assumptions [43].

The fourth relevant development is the need
for further integration between human health and

Table 1.5. Major changes in the risk management process
during the last decade.

Focus on risk reduction and responsible care
Risk communication and stakeholder participation
Risk assessment policy and the role of science

bl s

Integration in risk assessment
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environmental risk assessment [44-48]. These major
trends and paradigm shifts will be discussed here in
Section 1.3.

1.3.1 Focus on risk reduction and responsible care
Under the REACH legislation [40] emphasis will be
placed on industry taking its own responsibility for the
safe use of chemicals. This will take the form of a formal
requirement to draw up exposure scenarios. These
scenarios will be used as a tool to indicate what risk
management measures (RMMs) will be used under what
operational conditions to ensure that risks are adequatly
controlled during the manufacture and use of chemicals.
According to REACH, exposure scenarios will be
developed for manufacturing processes and for identified
uses of the substance on its own or in a preparation and
for all life-cycle stages resulting from these uses.

Exposure scenarios are essential for risk management
at the various life-cycle stages to ensure safe handling
and adequate control of risks related to human health
(workers, consumers and the general population exposed
via the environment) and the environment. To be able to
make realistic estimates of the exposures, it is important,
as a first step, to determine which RMMs are already in
place. These measures are an integral part of the overall
process of developing exposure scenarios for identified
uses of a substance on its own or in a preparation and the
life-cycle stages resulting from these uses. How to arrive
at appropriate exposure scenarios is an iterative process
described in more detail in Chapters 2 and 12. Although
a manufacturer or importer is not required to be proactive
in seeking information on the uses of their chemicals,
it will be beneficial to be so. It would allow them to
develop a Chemicals Safety Assessment (CSA) covering
all identified uses. Thus, already early in the process
of developing the CSA, the manufacturer or importer
should identify the uses of their chemicals and obtain
sufficient information to develop exposure scenarios,
e.g. by approaching customers, to be able to adequately
control risks. Relevant RMMs should therefore be taken
as a starting point for the development of exposure
scenarios under the assumption that the described and
recommended measures are implemented.

While in the past the entire risk management process,
as described in Figure 1.3, was the responsibility of
authorities (except for the implementation of risk
reduction), the responsibility has now shifted to industry
(manufacturers and importers in collaboration with their
downstream users). Furthermore the focus has changed
from risk assessment to risk management. These are

fundamental changes by which the main policy objectives
of REACH are achieved, i.e., the reversal of the burden
of proof from the authorities to industry for testing and
risk assessment and a shift in the focus on identification
and implementation of RMMs to controlling the risks of
chemicals. In this way REACH could be considered a
legal instrument for implementing “responsible care”.
Little experience has so far been obtained with
exposure scenarios and these new iterative approaches
to reduce risks. This redesign of the risk management
and the practical tools approach needed to implement
“responsible care” or “risk reduction first” will be
developed further over the next few years following a
stakeholder participation process that will be described
in more detail in the next section.
1.3.2  Risk communication and stakeholder
participation

Risk communication is an essential interactive process
among the stakeholders, i.e. risk managers, risk
assessors, and those who may directly or indirectly be
affected by the risk management decision. The general
principles of risk management decision-making are given
in Box 1.1. Risk communication is the link between
risk assessment and risk management. Stakeholders
who could potentially be included in any particular
risk assessment are representatives of industry, public
and occupational health professionals, public pressure
groups, academic experts, specific consumer groups and
private citizens. These stakeholders can participate in a
number of ways, including assisting in the development
of management goals, proposing assessment endpoints,
providing valuable insight and information, and
reviewing assessment results. Timely engagement of
all the stakeholders will help to ensure that different
technical perspectives, public values, perceptions, and
ethics are considered [33,41,42].

Although the circumstances of stakeholder involvement
will vary widely between risk assessments (depending
on the regulatory and management context of the
assessment), active stakeholder participation helps to
ensure understanding and acceptance of assessment
results and management actions.

Stakeholder participation and risk communication are
key elements in a broad framework for risk management
that was developed by the US Presidential/Congressional
Commission [41]. This general framework was designed
to help all types of risk managers - government officials,
private sector business, and individual members of
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Box 1.1. General principles for risk management decision-making [41]

A good risk management decision:
e Addresses a clearly articulated problem in its public health an

d ecological context.

* Emerges from a decision-making process that elicits the views of those affected by the decision, so that differing technical
assessments, public values, knowledge, and perceptions are considered.
e Is based on a careful analysis of the weight of evidence that supports conclusions about a problem’s potential risks to

human health and the environment.

¢ Is made after examining a range of regulatory and non-regulatory risk management options.

* Reduces or eliminates risks in ways that:

- Are based on the best available scientific, economic, and other technical information.
- Account for their multisource, multimedia, multichemical, and multirisk contexts.
- Are feasible, with benefits reasonably related to their costs.

- Give priority to preventing risks, not just controlling them.

- Use alternatives to command-and-control regulation, where applicable.
- Are sensitive to political, social, legal and cultural considerations.

- Include incentives for innovation, evaluation, and research

e Can be implemented effectively, expeditiously, flexibly, and with stakeholder support.
e Can be shown to have a significant impact on the risks of concern.
e Can be revised and changed when significant new information becomes available, while avoiding “paralysis by analysis.”

the public - make good risk management decisions.
This Commission also broadened the definition of
risk management. In their view risk management is
“the process of identifying, evaluating, selecting, and
implementing actions to reduce risks to human health and
to ecosystems”, whereas the goal of risk management
was defined as “scientifically sound, cost-effective,
integrated actions that reduce or prevent risks while
taking into account social, cultural, ethical, political,
and legal considerations”. The framework consists of six
consecutive stages:

1.
2.

w

Define the problem and put it in context.

Analyze the risks associated with the problem in
context.

Examine the options for addressing the risks.

Make decisions about which option to implement.

Box 1.2. Defining the problems and putting them in a context [41]

—_

Identifying and characterizing an environmental health prob
hazardous agents or situations.

Putting the problem into its public health and ecological conte
Determining risk management goals.

CHECNCE

Implementing a process for engaging stakeholders.

5. Take actions to implement the decision.

6. Conduct an evaluation of the actions.

Every stage of this framework (Figure 1.10) relies
on defining risks in a broader context, involving
stakeholders, and repeating the process, or part of it,
when needed. The problem formulation phase is the
most important step. It establishes the goals, breadth, and
focus of the assessment. It is a systematic planning step
that identifies the major factors to be considered, linked
to the regulatory and policy context of the assessment
[42]. This step requires an intensive dialogue between all
stakeholders to define the goals of the assessment (Box
1.2). The importance of problem formulation was also
highlighted in the USEPA guidelines for ecological risk
assessment [42]. Shortcomings consistently identified
were: (1) absence of clearly defined goals, (2) endpoints

lem, or a potential problem, caused by chemicals or other

xt.

Identifying risk managers with the authority or responsibility to take the necessary actions.
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Figure 1.10. Framework for risk management according to the

US Presidential/Congressional Commission [41].

that were ambiguous and difficult to define and measure,
and (3) failure to identify important risks. These and
other shortcomings can be avoided through rigorous
development of the products of problem formulation as
described by the USEPA [42].

The identification of “what” needs to be assessed is also
known as the determination of the assessment endpoints.
Further dialogue and interaction between risk managers
and all other stakeholders will subsequently lead to a
scientific and technical way of “how” to measure risk.
This is the identification of the measurement endpoints.
Essentially, this second step is a translation from higher-

Box 1.3. Seven benefits of engaging stakeholders [41]

Supports democratic decision-making.
Ensures that public values are considered.

Improves the knowledge base for decision-making.

SIS O1E i GOl DE =

level decision criteria from the manager to the assessors
by formulating evaluation questions with specific
assessment and measurement endpoints and a testable
hypothesis [49]. It is also during the problem formulation
phase that the nature and extent of integration must be
defined [45-47]. The involvement of stakeholders at
all stages in the risk management process has great
advantages (Box 1.3).

1.3.3 Risk assessment policy and the role of science
Risk assessment policy

A Dutch State-Secretary of science once said that
science does not play a decisive role in important
political decisions. Whether you agree or not, there is
a growing recognition that science, on its own, cannot
settle policy questions (see also Sections 1.2 and 1.7),
and consequently that policy-makers need to take both
scientific considerations and other legitimate factors
into account (Figure 1.6). A common approach on the
part of the policy-makers and their advisors [50] was
to represent these deliberations and policy-making
processes in terms of a model that did not acknowledge
prior framing judgements. An important part of
these framing assumptions concern what the Codex
Alimentarius Commission (CAC) calls “risk assessment
policy” [43]. According to the CAC risk assessment
policy comprises documented guidelines on the scope
of the assessment, the range of options (and associated
judgements for their application) at appropriate decision
points in the risk assessment such that the scientific
integrity of the process is maintained [43]. Very often,
the key difficulty facing risk managers, expert advisors
and policy analysts has been to understand how, within
the policy-making process, scientific considerations and
other relevant factors can be distinguished and separated
from each other and yet ultimately brought together to
arrive at informed, systematic, complete, unbiased and

Develops the understanding needed to make better decisions.

Can reduce the overall time and expense involved in decision-making.
May improve the credibility of agencies responsible for managing risks.
Should generate better accepted, more readily implemented risk management decisions.
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transparent decisions. The relevance of risk assessment

policy has been demonstrated in a critical analysis of

trade disputes [50]. The study showed that:

1. Different judgements were made about what the
breadth and scope of scientific risk assessments
should be.

2. Different judgements were made about the ways
uncertainties should be handled by risk assessors, and
the significance that should be ascribed to them.

3. Different judgements were made about the
benchmarks by reference to which the available
evidence is interpreted.

4. Different judgements were made about the “chosen
level of protection” i.e. the extent to which risks and
uncertainties are socially acceptable.

These prior framing assumptions [50], may have to do
with very practical questions related to the management
context, identification of the assessment and measurement
endpoints, or to specific questions related to the data
and the risk assessment methodologies [49,50]. Just to
mention a few:

1. What management decisions will the risk assessment
support?

2. What are the time constraints on performing the risk
assessment?

3. What is the budget for the risk assessment, including
the collection and generation of additional data and/
or modelling?

4. Is there going to be more than 1 assessment (i.e. more
than 1 alternative to be examined)?

5. What is the maximum level of uncertainty that will
still allow for a decision to be made, and how should
uncertainties be handled?

6. What are the reference conditions against which
possible adverse effects or risks will be compared?

7. Which impacts are deemed to be within the scope of
the assessment and which are outside it?

8. What kind of evidence can be included and what can
be discounted?

9. How should the available evidence be interpreted?

10. How much of different kinds of evidence would
be necessary or sufficient to justify different
judgements?

In conclusion, risk assessment policy judgements
have routinely played a key role in risk policy-making
processes, but they have often remained implicit,
unacknowledged and unexamined [50]. As a result,
the CAC [43] concluded that: “the determination of
risk assessment policy should be included as a specific

component of risk management. Risk assessment policy
should be established by risk managers in advance of
risk assessment, in consultation with risk assessors
and all other interested parties. The procedure aims at
ensuring that the risk assessment process is systematic,
complete, unbiased and transparent...Where necessary,
risk managers should ask risk assessors to evaluate the
potential changes in risk resulting from different risk
management options.”

The role of science

Further to the increased emphasis on risk communication
and stakeholder participation different levels of
scientific involvement can be distinguished. The first
type of approach articulated by policy-officials can be
encapsulated in what is termed a fechnocratic model.
A technocratic model assumes that risk policy can
and should be decided solely by reference to scientific
considerations and expert advice. In short it is “on, and
only on, the basis of sound science” [50]. This reflects
the thinking of the 1980s, but has its roots in the 1890s.
[51] The technocratic model is incapable of explaining
how to make decisions in conditions of acknowledged
scientific uncertainties and neglects many other relevant
factors, as given in Figure 1.6.

In response to the inadequacies of the technocratic
model, an increasingly large portion of public policy-
makers and their advisors now represent the processes
in which they participate as a decisionist model [50].
This closely corresponds to the model described in
Figure 1.3. It assumes that risk policy is, and should be,
the product of a two-stage process, the first of which is
purely scientific (risk assessment) and a second one
that includes economic, social, technical, political and
other considerations, often called risk management.
This model reflects the thinking of the early 1990s. The
decisionist model assumes that the risk assessment phase
is entirely independent on any and all risk management
considerations and judgements which, of course, it is
not (Figure 1.2). For instance, every mandatory risk
assessment of a chemical starts with an explicit political
decision about the core set of data - the basis - on which
a risk assessment will be performed. These discussions
have been dominated by politicians, not only decades
ago, e.g. in discussions about minimum data requirements
(pre-marketing set of data or base set in the OECD and
the EU respectively), but also more recently in the context
of the political discussion about REACH.

The results of the study of trade disputes [50] can
effectively be incorporated in a third model on how
science and governance should interact. This third model
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Figure 1.11. Risk analysis. Future processes of risk management should focus on risk communication in an interactive dialogue
with all stakeholders and clarification of risk assessment policy at all stages [41-43].

emphasises the importance of risk assessment policy as
given by the CAC [43]: “risk assessment policy should
be established by risk managers in advance of risk
assessment, in consultation with risk assessors and all
other interested parties.” This third model, the transparent
model [50], assumes that not just science-based risk
assessments play a role in policy-making processes,
but that the risk assessments are also influenced by the
socio-economic, cultural and political contexts in which
they are developed. The transparent model assumes that
non-scientific considerations play a distinctive up-stream
role in setting the framing assumptions that shape the
ways in which risk assessments are performed. It implies
that rather than leaving those assumptions implicit, and
leaving risk assessors to take responsibility for non-
scientific judgements, risk managers should provide their
risk assessors with explicit upstream framing guidance.
In this way the transparent model can be considered as a
three-stage iterative process (Figure 1.11) encompassing:
1. Risk communication over the entire process

embedded in an iterative dialogue engaging all

stakeholders at all phases (Figure 1.10) with a focus

on risk assessment policy in advance of the actual

risk assessment [41-43,50]. This phase is dominated

by legislative, socio-economic and political

considerations, particularly in relation to public and
occupational health and environmental protection.

2. Risk assessment, (steps 1-4 in Figure 1.3) dominated
by scientific considerations.

3. Risk management decision-making (steps 5-8 in
Figure 1.3) based on technical, economic and social
information.

Does this mean that the role of science in the overall

risk management process has decreased over time? First

of all, the process of risk assessment has not changed
fundamentally in the past 25 years [41,52]. Secondly,
scientists will continue to play a crucial role in the
problem formulation and dialogue with risk managers
in the development of risk assessment methodologies,
in making explicit what we want to protect and at what
levels, and in providing clarity about the uncertainties
in assessments that were made [41,42,47,49]. The real
change is the increased awareness that scientists are part
of an overall risk management process in which the role
of other stakeholders (Box 1.3) has increased. This new
way of thinking is gradually implicitly, and sometimes
explicitly, finding its way into current practice. Examples

include the development of the REACH legislation [40],

the development of Technical Guidance Documents [22]

and other REACH implementation projects [33,53]. It is
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obvious that further work is necessary to provide clarity
on the quality of the input (data), testing/assessment
strategies, risk assessment models and their assumptions,
simple tools to quantify uncertainties, guidance about
acceptable levels of uncertainty and further practical
guidance concerning the risk characterisation/risk
management interface.

The debate on how to use and implement scientific
expertise continues! The role of scientific expertise
in EU policy making remains under discussion.
In multiple scientific committees, experts provide
guidance to regulators and decision-makers about the
potential risks to human health and the environment.
Proponents of a “technocratic” approach claim the
credibility problem of supranational regulation caused
by extensive politicization. They want to provide far-
reaching delegation of powers to independent experts.
Representatives of a “democratic” approach argue for
a more socially inclusive use of expertise by providing
a broader participatory mechanism for a variety of
stakeholders as described above [54,55]. These views are
conflicting. Gaps remain in the scope of the operational
guidelines for the inclusion of scientific evidence in
the legislative process, and in relation to information
quality, the interpretation of evidence and the reporting
of results. There is a lack of institutional mechanisms to
ensure the integrity, quality, and effective operation of
the scientific advisory system. In a recent review it was
concluded that there are weaknesses in the effective use
of scientific evidence in policy-making and regulatory
decision-making processes by the European Union and
a structured programme of reform has been proposed
[56,57].

A further focus on risk assessment policy as advocated
by the CAC [43] will allow us to arrive at considerable
improvements regarding informed, systematic, complete,
unbiased and transparent decision-making. A recent
bulletin of the US Office of Management and Budget
[58] contains clear proposals to make the risk assessment
process better understood, more transparent and more
objective. It also broadens the set of circumstances in
which risk assessment needs to be done. The purpose
of this proposed risk assessment bulletin is to enhance
the technical quality and objectivity of risk assessments
prepared by federal agencies in the USA by establishing
uniform, minimum standards. Under the REACH
legislation [40] emphasis will be placed on industry’s
own responsibility for the safe use of chemicals. Once
uniform, minimum standards have been formulated
and internationally agreed, correct implementation
by regulatory agencies, as well as industries, will

enhance the scientific and technical quality of the risks
assessments. It will foster international collaboration
on risk assessments of chemicals (sharing the burden).
It will facilitate communication about risks and it will
embed risk assessment more deeply in the decision-
making process.

1.3.4 Integration in risk assessment

As indicated above, it is important to deal with both
human health risks and environmental risks. Let us
first look at the effects part of the risk equation, i.e.,
the toxicological and ecotoxicological effects. From
a scientific viewpoint, studies into the mechanism
of toxicity should be a central element of risk. This is
because the mechanism of toxicity is often similar
across a wide range of species, even though the observed
endpoints may vary [44,46,59]. The most obvious
benefits of integrated assessment come from the sharing
of information and even collaboration in the generation
of hazard information by health and ecological risk
assessors. Successful integration of human health and
environmental (ecological) risk assessment must begin
with the recognition that, for pragmatic rather than
scientific reasons, the strategies for these areas have
developed independently of one another. This is despite
the fact that in many situations human health risk and
environmental risks are interdependent. For many uses of
chemicals there is a legal requirement that an assessment
be made for the risks to both human and ecological
health, but commonly these assessments are conducted
separately [44].

What has been said about the integration of
toxicological effects also applies to the exposure part
of risk assessment. First of all, the same process may
cause exposure to both workers and the environment
and controlling worker exposure to exhaust ventilations,
for example, may cause an environmental problem.
Human and environmental exposure assessment are
therefore linked by the same “determinants of exposure”.
Secondly, when developing exposure scenarios these
must be based on integrated thinking in order to avoid or
reduce problem shifting.

This integration of human and ecological risk
assessment, both effects assessment and exposure
assessment, can provide better input for decision-
making. The move towards integration to achieve
more fully informed decisions must come from the
realization that decisions are currently not always fully
informed [46] and often are not made in a cost effective
manner [59]. Integration has been one of the major
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Table 1.6. Types of integration in the risk management process and why they are needed [45-48].

Exposure and effects — This is the most fundamental type of integration in risk assessment, i.e. the interaction of exposure estimates
with estimates of the relationship between exposure and effects to estimate risks.

Multiple agents — Assessments should integrate risks to humans and the environment from all agents that are relevant to the
decision.

Multiple routes - Assessments should integrate risks to human health and the environment from all routes of exposure relevant to
the decision.

Multiple endpoints — Assessments should consider all potentially significant endpoints for both human health and ecological
receptors that are relevant to the decision.

Multiple receptors — Assessments should consider all classes of human and ecological receptors that are relevant to the decision.

Multiple scales in dimensions — Extrapolations in risk assessment can occur in various dimensions including time (short to
long term), place (one site to other sites), space (lo