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OBJECTIVES

This enHealth document provides a
national approach to environmental health
risk assessment.

Risk assessments are being

undertaken for a wide variety of

projects by governments and industry.
Environmental health agencies need to be
able to assess their content and approach
against a benchmark. The document
presents a general environmental

health risk assessment methodology
applicable to a range of environmental
health hazards. The focus is on chemical
hazards in the first instance, but the
core methodology can also be applied

to physical (e.g. radiation, noise) and
microbiological hazards. The core
methodology is intended to be able to
accommodate specialised ‘modules’ that
will deal with issues such as physical and
microbiological hazards and mixtures

as they become available. The links

to risk management and community
consultation/risk communication will be
identified. The document emphasises
the importance of prior planning and
appropriate scoping in the design

phase of a risk assessment. It further
notes that appropriate consultation

with all stakeholders, but particularly
with decision makers, is essential to
ensure the conceptual models and
methodologies used are adequate to
address the desired outcomes.

Due to the complexity and scale of the
environmental health risk assessment
process a concise ‘cookbook’ is not
practicable, although this document
attempts to provide pragmatic and user-
friendly advice. Similarly, the situation-
specific issues are often sufficiently
complex and situation-specific that a
manageable and complete algorithm

for decision making cannot be drafted;
however, the document provides a series
of guidelines and checklists to assist
the decision-making process. Where
possible, the document is prescriptive

about certain aspects of risk assessment.

Having specific requirements for the
content of investigations and having
them presented in uniform, coherent
and logically developed reports will
enable more efficient, accurate, timely
and transparent decision making and
a greater consistency of environmental
health decision making across Australia.
However, contemporary paradigms

of risk assessment acknowledge that
stakeholders may sometimes impose
unrealistic demands on the available
science of risk assessment and that
data gaps and uncertainties may limit
the options for establishing all the
available risk management options.
Such knowledge gaps should not deter
decision makers from considering the
range of options within an appropriate
science-based framework, but this
should always be done with a full and
frank acknowledgement of the inherent
uncertainties.

AUDIENCE

This enHealth document is primarily
intended to be used by: environmental
health agencies reviewing risk
assessments; people preparing risk
assessments for environmental health
agencies; and those regulatory agencies
reviewing risk assessments. It is also
intended to be of assistance to a
broader audience seeking information
about processes of environmental risk
assessment in Australia.

Risk assessors should have a basic
grounding in epidemiology, toxicology
and chemistry.
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Chapter 1: Introduction to environmental
health risk assessment

Virtually all aspects of life involve
exposure to risks (National Research
Council = NRC 2008). Understanding
the nature of risk, including the way
people perceive threats to their health
and the rational and emotive factors
that govern that perception, is vital

to developing appropriate ways to
manage environmental health risks.
Risk assessment can be a useful tool in
managing environmental health risks.

1.1
WHAT IS RISK
ASSESSMENT?

Risk assessment is the process of
estimating the potential impact of a
chemical, physical, microbiological or
psychosocial hazard on a specified
human population or ecological system
under a specific set of conditions and for
a certain time frame.

The scope of environmental health risk
assessment (EHRA) can cover health
impacts of:

e chemical pollutants and contaminants
in air, water, soil and food

pathogenic microbiological
contaminants in food and water

radiation sources
electromagnetic fields (EMFs)
climate and climate change

In all cases of the above impacts, priority
is attached to evaluating the potential
human health impacts. This update of
enHealth guidance on EHRA focuses
primarily on hazardous chemicals (and to
a lesser extent, microbiological hazards).
Risk assessment relating to radiation
hazards, EMFs and climate change are
covered elsewhere.

Risk assessment is intended ‘to provide
complete information to risk managers,
specifically policymakers and regulators,
so that the best possible decisions

are made’ (Paustenbach 1989 p. 28).

ENVIRONMENTAL HEALTH RISK ASSESSMENT

There are uncertainties related to

risk assessment and it is important to
make the best possible use of available
information. It is equally, if not more
important, to be able to explain to
stakeholders in the EHRA processes how
these uncertainties have been identified
and managed.

Risk assessment gathers and organises
information and enables:

e risks at a point in time (including
baseline risks) and changes in risk
over time to be estimated and to
establish whether action is necessary

assessments of new and different
types of risk

the identification and comparison of
different factors that affect the nature
and magnitude of the risk

issues to be prioritised according to
their levels of risk

health guidance values (GVs) to be
estimated for environmental hazards
that can be used and will adequately
protect public health, as a preface
to setting risk-based standards for
regulatory exposure limits as well as
clean-up standards

a comparison of the potential health
impacts of various environmental
health interventions (thus enabling
cost-effectiveness estimates)
risk-based policy making and
consistent, transparent appraisal and
recording of public health risks

questionable theories, methods and
data to be challenged and addressed
by providing a clearly documented
and open process (Covello &
Merkhofer 1993).

Risk assessment is significantly
influenced by science policy
considerations (see NRC 2008 for an
outline of American EHRA policies).
Science policy on EHRA in Australia
is somewhat fragmented, with various
Commonwealth and state or territory
authorities applying risk assessment
policies and default approaches,

which are often not explicitly laid out in
legislation or regulations. The objective
of this enHealth document is not to
enunciate specific science policy relating
to EHRA but to provide information to
risk assessors on different approaches

to EHRA methodology, and to provide
guidance on how to use default values at
various stages of an EHRA. The difficulties
in establishing such defaults within a
science policy context are discussed in
some detail in Section 5.16, where there
is a discussion on the selection of ‘target
risk’ in the EHRA of carcinogens.

Risk assessment may be done as

a relatively rapid ‘desktop’ study or
‘screening’ study for simple issues, or may
be a large and complex process where
there are significant health concerns.
These processes may be designated as
Tier 1, 2 or 3 processes (see Section
1.9). There are numerous models of risk
assessment to suit the many contexts in
which risk assessments are undertaken.
Even limited measures of the level of risk
can be valuable for identifying complex
cause-and-effect processes and the most
efficient means of addressing the risks.

In this context, the methods used in
EHRA are inherently conservative! and
highly protective of public health. This

is especially true of ‘screening’ type risk
assessments, which tend to use the
most conservative assumptions about
exposure and risk. These are generally
termed Tier 1 risk assessments. A
conservative approach is also taken
when the EHRA is used as a basis for
establishing environmental guidelines

or standards. Conservatism is often

built into an EHRA by using exposure
estimates that represent ‘worst case’ or at
least the upper percentiles of parameter
distributions, rather than mean, average
or typical values. Furthermore, exposure
is usually considered to be constant over
a substantial period of time (sometimes

1 In this context, ‘conservative’ is intended to imply a
cautious approach to evaluating and managing the
uncertainties inherent in a risk assessment, which
reduces the probability of harm occurring.




an entire lifetime), whereas many
environmental exposures are episodic,
and may decline over time due to loss or
degradation of the contaminant.

The conservatism in EHRA can
sometimes lead to the development of
risk-based GVs that are so far below

the capacity of contemporary analytical
techniques that compliance monitoring
becomes impossible or impractical. In
some cases, conservative risk-based GVs
may be driven to levels below background
concentrations, casting doubt on the
credibility of the process.

It is important that assessors, users,
regulators and members of the public
recognise risk assessment may not
always provide a compelling or definitive
outcome. Some of the criticisms of risk
assessment are as follows:

e Default values and assumptions
are not realistic — a series of such
unrealistic values or assumptions
compounds the inaccuracy so that
risks may be seriously overstated
or understated if the default values
are too conservative or insufficiently
conservative, respectively.

¢ |nteractions between agents (i.e.
mixtures of agents) and the variability
of response between individuals are
commonly unknown and may be
insufficiently taken into account.

e The use of default values and
assumptions may become too rigid
so that situation-specific data is not
applied.

e The nature of the population to whom
the risk assessment is to be applied
regarding its exposure characterisation
or susceptibility is often poorly defined.

e The uncertainties of risk assessment
are often inadequately described, for
example, specific point estimates are
given that do not recognise uncertainty,
or simplistic upper-bound estimates of
uncertainty are used.

e There is an emphasis on cancer risk to
the possible neglect of other adverse
effects, for example, reproductive and
developmental outcomes.

* |n some situations, there may be
insufficient scientific knowledge
to be able to perform credible risk
assessments.

Risk assessment can be perceived
to be tailored to provide a desired or
predetermined outcome (NRC 1994).

e Excessive emphasis is given to the
process of risk assessment rather than
its content.

e The risk assessment process can
become so ‘bogged down’ (NRC 2008)
that it takes far too long to achieve
useful or timely outcomes.

® The risk assessment process is used
as a ‘whitewash’ or used to justify the
continuation or increase of polluting
activities.

e The efforts in risk assessment may be
inappropriately distributed in cases
where enormous effort is spent on
complex modelling in cases where
some targeted data collection could
provide much more relevant and
credible evidence.

Tal (1997) indicates that environmental
groups identify a number of problems
with the way risk assessments have been
practised, including disempowerment
and potential regulatory delays. Risk
assessments should be designed and
undertaken in ways that minimise

these pitfalls.

1.2
WHEN TO UNDERTAKE
RISK ASSESSMENT

The issues identification phase (see
Chapter 2) will determine when to
undertake a risk assessment. The

need to undertake a risk assessment

will be influenced by situation-specific
factors. As such, the following list is
indicative and not exhaustive. In general,

risk assessments will be needed for
products, processes, situations and
activities where there is a plausible
case that there could be an increased
risk of significant health consequences
for the human population from the
product, process, situation or activity.

A risk assessment can also be used to
inform the selection of the safest option
when making decisions about how to
achieve a particular aim. A screening
level comparative risk assessment could
be used to compare the risks associated
with various options when, for example,
formulating a particular product or
controlling pests.

Examples are:

* new additives to food or potable or
recreational waters

e introduction of a new chemical
under the NICNAS (National
Industrial Chemicals Notification and
Assessment Scheme) program (see
Section 17.2)

e assessment of a contaminated site

e assessment of a major planning
development, especially where hazards
are anticipated

e assessment of pollution impacts at
existing facilities

e changes to climate, landform,
geography or demography that
may impact on disease vectors and
parasites

e sjtuations where environmental
standards or guidelines are unavailable

e environmental changes that will
increase traffic flow and may increase
the risk of injury or air pollution, such
as new traffic corridors

e changes where impacts on
environmental health factors may be
permanent and irreversible

e changes that may impact on the
microbiological or chemical safety of
food chains and food supplies

e sijtuations where there is a high level

of public interest in or concern about
environmental health issues
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e situations where vulnerable
populations may be affected by
environmental health issues such as
the location of schools

* |egislative or policy changes

e designating housing setbacks from
industry and transport corridors

e where health impact assessments are
undertaken.

Risk assessment is inappropriate when
it is a ritual rather than a meaningful
process and should not be undertaken
when:

e there is no data or an insufficient
amount of data

e it is clear that the proposal, situation
or activity is seen by health and other
experts as having few potential risks to
health

e risks may be likely, but the evidence is
already well documented and it may
be possible to develop evidence-based
recommendations without the need for
a comprehensive assessment

e there is an inability to take action or it
is too late to take action

e there are insufficient resources

e the proposal is clearly politically or
socially unacceptable.

Of relevance to risk assessment is
Bardwell’s reference (cited in Thornton
& Paulsen 1998 p. 799) to a study that
indicates that ‘about 90 per cent of real
world problem solving is spent:

e solving the wrong problem;

e stating the question so that it cannot
be answered;

e solving a solution;
e stating questions too generically; or

e trying to get agreement on the answer
before there is agreement on the
question’.

13
TYPES OF RISK
ASSESSMENT

1.3.1
Individual and population risk
assessments

Risk assessments generally make

risk estimates for defined groups or
populations. The term ‘receptors’ is often
used to designate people who may be
exposed to an environmental hazard, and
to whom the EHRA would be directed.
Identification of ‘receptor’ locations and
pathways by which they might be exposed
is an integral part of any EHRA.

Individual risks are usually estimated

for a hypothetical person with assumed
characteristics for various durations of
exposure (e.g. per year or per lifetime) or
for different locations. The hypothetical
individual is designed to represent the
average person in the situation or the
maximally exposed person. However,
such risk estimates cannot be targeted to
a specific person. The distinction between
‘there is a risk’ and ‘| am at risk’ is often
difficult to explain to both the public and
by regulators, especially when discussing
very small probability estimates and this
can lead to serious misunderstanding
among stakeholders about the meaning
of quantitative risk estimates (McAuley

& Hrudey 20086. In the case of a lottery,

a winner may be found, despite the

small odds of winning, whereas in

most quantitative risk assessments the
probability of anyone being at risk is small
and the probability of a specific individual
being at risk is very much smaller.

Population risk may relate to the number
of adverse health effects (e.g. fatalities,
cancers or illnesses) in a population over
a specified period of time or the rate of
adverse effects for a given location or sub-
population (Covello & Merkhofer 1993).

1.3.2 Qualitative and quantitative
risk assessments

The level of risk can be described either
qualitatively (i.e. by putting risks into
categories such as ‘high’, ‘medium’ or
‘low’) or quantitatively (with a numerical
estimate). Practical guidance on how

to manage risks is the approach taken

in AS/NZS 1SO 31000:2009 (Standards
Australia, 2009) and in the Risk analysis
framework used by the Office of the
Gene Technology Regulator to manage
risks associated with genetically modified
organisms (GMOs) (OGTR 2009). (See
Sections 5.3, 17.6and 17.7.)

Current risk assessment methods do not
enable accurate quantitative estimates
of risk for low levels of exposure to
environmental hazards. Numerical
estimates of risk can be presented, but
caution must be exercised in assigning
strict meaning to the numbers:

... a number is a number is a number
... and yet exactitude should not be
confused with accuracy.

(Langley 2003 p. 166)

Complexity of the exposure conditions,
variability in the environmental agents and
exposed populations, and any inherent
limitations in toxicological data may limit
the accuracy of numerical risk estimates.
While a degree of quantification may be
possible for some components, such as
data collection and exposure assessment,
it is important that all uncertainties are
reflected in the EHRA outcomes. Further
discussion of qualitative and quantitative
risk assessment appears in Chapter 5.
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THE DISTINCTION
BETWEEN RISK
ASSESSMENT AND RISK
MANAGEMENT

Risk assessment is a process that informs
the risk management process. Risk
assessors and risk managers should
be sensitive to the distinctions between
risk assessment and risk management.
The enHealth framework for EHRA
(see Figure 1) clearly differentiates

risk assessment and management as
separate but interlinked processes,
with risk management following the
risk characterisation phase of a formal
risk assessment.

The development of risk management
plans is outlined in detail in AS/NZS 1SO
31000:2009. The important elements
of a risk management framework are
whether it:

e evaluates the external and internal
contexts of the organisation tasked
with implementing new or existing risk
management plans or policies

e provides for accountability and
transparency in the decision-making
process

e ensures that resources are made
available to measure and report on risk
and risk mitigation procedures

e establishes internal and external
communication and reporting
mechanisms

e ensures that there are audit processes
appropriate to the evaluation of the risk
management strategies

e provides effective processes for
collecting feedback and information for
continuous improvement

e develops monitoring and review
processes at the implementation stage
of all risk management plans and
strategies.

Risk assessors should generally strive to:

e generate a credible, objective, realistic
and scientifically balanced analysis

e present information on the separate
components of the risk assessment

e explain the confidence in each
assessment by clearly delineating
strengths, uncertainties and
assumptions, along with the impacts
of these factors (e.g. confidence limits,
use of conservative/non-conservative
assumptions) on the overall
assessment.

The risk assessors should do this

without considering issues such as cost
of remediation, feasibility or how the
scientific analysis might influence the
regulatory or site-specific decision (United
States Environment Protection Agency

— US EPA 1995a). However, it is likely
that a more thorough EHRA process (e.g.
moving to a Tier 2 or Tier 3 analysis) may
provide the risk manager with a suite of
options for managing the identified risks.
This should assist in determining the most
cost-effective set of actions.

Risk assessment processes should be
coherent and transparent. It is important
that the basis of the decision making

is clearly documented. This formal
record should be clear, comprehensive
and concise, and include a summary

of the key data that has influenced

the risk assessment and an appraisal

of its quality (Advisory Committee on
Dangerous Pathogens — ACDP 1996).
Further guidance on compiling an EHRA
report is in Chapter 7.

Risk assessment information is only one
of several kinds of information used for
decision making. The risk management
decision will be determined not only by
the risk assessment but a range of other
factors, including ‘technical feasibility
(e.g. treatability, detection limits),
economic, social, political,” and legislation
when determining whether to regulate
and, if so, to what extent (US EPA
1995a p. 2).

Consultation with the community to
identify their concerns is clearly an
important component of both risk
assessment and risk management.
See Chapter 6.

Scientific judgements and policies must
be clearly identified. Inevitable gaps

in knowledge will be filled by scientific
judgements and policies. These must
be clearly identified so that others may
understand the role of judgement in
interpreting the evidence.

1.5
EVALUATING RISK
ASSESSMENT METHODS

Criteria for evaluating risk assessment
methods (Covello & Merkhofer 1993)
include:

e the logical soundness of the method
(e.g. its justification based on
theoretical arguments or scientific
knowledge, and the validity of
the underlying methodological
assumptions)

e completeness (e.g. whether it can
address all aspects of the problem
and the degree to which it excludes
issues because they are hard to
accommodate)

e precision and accuracy (e.g. reflected
in the confidence level associated with
the results or the biases resulting from
undue weight being given to specific
interests or considerations and the
sensitivity of results to untested or
untestable assumptions)

e acceptability (e.g. compatibility
with existing processes; whether it
is viewed as rational and fair; the
level of understanding for all parties
affected by it; and the confidence and
familiarity of those who will use it)

e practicality (e.g. the level of expertise,
time and input data required)
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e effectiveness (e.g. usefulness of
results; range of applicability across
different risks and problem areas; the
generalisability of the conclusion to
other problem areas; and effectiveness
and efficiency of linkage with other
types of methods).

1.6
RISK ASSESSMENT
MODELS AND FORMATS

A variety of models are used for risk
assessment in Australia by government
agencies and consultants. Many of
these models are based on paradigms
for risk assessment first outlined by

the US National Academy of Sciences

in 1983 in the seminal work Risk
assessment in the federal government:
managing the process (NRC 1983).

This document laid the foundation for
contemporary risk assessment processes
(including quantitative methodologies)
and established different approaches to
assessing carcinogenic risks versus non-
carcinogenic health effects.

Through the 1980s, 1990s and 2000s
these risk assessment paradigms were
formalised (and continue to be updated)
in a number of US guidance documents,
which include:

* Risk assessment and management:
framework for decision making (US
EPA 1984)

e Science and decisions: advancing risk
assessment (NRC 2008)

® Risk assessment guidance for
superfund (‘RAGS’ documents),
published successively from 1989, and
which continue to be updated today

e Guidelines for carcinogen risk
assessment (US EPA 2005a)

e FExposure factors handbook (US EPA
1997a), with an updated version
released for public comment in
October 2009.

Further details of the US approach to
EHRA are outlined in Chapter 18.

Recent summaries of approaches to
EHRA in the Australian context are:

e guidance on health risk assessment of
contaminated sites in schedule B(4) of
the National Environmental Protection
Measure (NEPM) — currently under
review and being updated (National
Environment Protection Council —
NEPC 2010)

e guidance on ambient air quality
standards-setting (National Health and
Medical Research Council - NHMRC
2006) — which includes a review of
health-based approaches to hazard
assessment of air pollutants. This led
to a comprehensive Methodology for
setting air quality standards in Australia
(NEPC 2011), which includes detailed
information regarding risk assessment
in the specific context of air pollutants.

An extensive discussion of the different
framework models for human health
risk assessment in use in Canada and
the US can be found in Jardine et

al. (2005). This review compares the
models, emphasising the ways in which
the basic framework can be changed
to accommodate different regulatory
settings, and the extent to which different
models emphasise the importance of
consultation with stakeholders and
socioeconomic analyses.

1.7

THE FIVE STAGES OF
ENVIRONMENTAL HEALTH
RISK ASSESSMENT
(EHRA)

The historical development of formalised
EHRA has resulted in the process being
categorised into five distinct stages:

1. Issue identification

2. Hazard identification

3. Dose-response assessment

4. Exposure assessment for the relevant
population

5. Risk characterisation.

Some of the key factors and questions
that must be taken into consideration at
each of these stages include the following:

1. Issue identification

e What are the true drivers for the issue
being assessed? (e.g. there is no
point in doing a quantitative cancer
risk assessment if the real concern is
cognitive impairment of children, and if
the latter cannot be addressed by risk
assessment, then another approach
may be necessary).

e Are intervention strategies available to
manage the outcomes of the EHRA
(e.g. containment of contaminated soil,
chlorination of water, pasteurisation of
food)?

e Have transport mechanisms
been adequately considered (e.g.
meteorological factors affecting air
pollution, vectors for communicable
diseases)?

e Are there factors that could affect
persistence (e.g. photolysis and
volatilisation of chemicals, desiccation
of micro-organisms)?

e Has the risk assessment been initiated
as the result of a breakdown of
public health measures (e.g. flooding
affecting waste control and potable
water treatment)?

2. Hazard assessment

e Have the severity and reversibility of
health effects been considered?

e |s there any interaction between the
identified hazards and other agents in
the environment?

e |s the onset of health effects immediate
or delayed? While health-based
guidelines generally assume long-term
continuous exposure, and are usually
based on chronic (preferably lifetime)

ENVIRONMENTAL HEALTH RISK ASSESSMENT



dosing in animal studies, there may
be circumstances where data from an
acute or short-term toxicity test may
be more appropriate to use in the

risk assessment (e.g. adverse effects
associated with irritancy).

Is there is a critical window of
exposure? This is often associated
with chemicals that modify foetal
development, either during gestation
or in the early postnatal period

when critical neural or organ

system developmental processes

are occurring. It is also likely that
epigenetic and hormonal disturbance
mechanisms act mainly during critical
exposure windows.

Has the carcinogenic and/or
genotoxic potential of the identified
hazards been addressed?

. Dose-response

Is appropriate dose-response data
available, and has the data been
appropriately scaled in translation from
animal to human?

Has the potency of the agent been
determined for both acute and chronic
dosing?

Does a threshold or non-threshold
model best describe the data?

. Exposure

What is the duration, timing, frequency
and consistency of exposure?

Are exposures continuous, intermittent
or episodic, or do they show clear
patterns?

Are there are relevant past, current or
future exposure patterns to consider?

Have all exposure routes (ingestion,
inhalation, dermal) have been
considered?

Are exposures intergenerational
or cumulative, or should they be
aggregated?

this myth in the risk communication
process by explaining its inaccuracy
because of variability and uncertainty, one
should not lose sight of the fact that an
exceedence of a standard or guideline or
other indicator of ‘safety’ by a derived risk
assessment number should always trigger
further consideration of the situation
being assessed. Such consideration could
include refinement of the assumptions,
modelling or input values, and the
magnitude of safety factors.

5. Risk characterisation

e Has genetic variability in the
exposed population (or in the source
toxicological data) been adequately
accounted for?

e Are there individual host
characteristics (e.g. age, gender,
body weight, pre-existing poor health,
immune status, nutritional status,
previous exposures or reproductive
status) that need to be considered?

e Are there population characteristics
(e.g. herd immunity and social
behaviours for communicable
diseases, social mobility for exposure
to air and soil contaminants, EHRA really mean. This has possibly
recreational patterns for exposure to been compounded by the dichotomy that
contaminated recreational waters) that has developed in the approach to cancer
need to be considered? and non-cancer endpoints. The recent

review of EHRA methodology by the US

National Research Council (NRC 2008)

proposes harmonising approaches to

these two types of endpoints, including
the use of BMD methodology to derive

a point of departure (POD) for risk

estimation, and assigning a finite risk

estimate to both a cancer risk estimate
modifying factors to a no observed and the calculation of a derived reference
adverse effect level (NOAEL), lowest dose (RfD) (see Section 3.9). The danger
observed adverse effect level (LOAEL) 1N this approach is that it introduces

or benchmark dose (BMD)? additional challenges in communicating

the meaning of small probability risks,

where previously, assessments based

on a threshold approach were explained

without recourse to citing finite risk

Part of the reason behind this false
perception is a lack of understanding
of what the numbers generated in an

e Has the risk estimate been expressed
quantitatively or qualitatively and,
if quantitative, is it a finite risk
estimate based on extrapolation of
the dose-response relationship, or
is it an acceptable daily intake (ADI)
or tolerable daily intake (TDI), based
on application of safety/uncertainty/

All of these issues will be addressed in
more depth in Chapters 2 to 16. The

terminology ADI, TDI, NOAEL, LOAEL _
and BMD is explained in more depth numbers. The NRC recommendations

in the Glossary and their derivation in have also been criticised (Goldstein 2010)
Section 5.6. on the basis that EHRA methodology has
worked well and is not in need of any

One of the concerns about some such ‘improvements’.

stakeholder perceptions of current
EHRA methodologies is that an
impression may be given that the derived
risk assessment number, whether

based on extrapolation or an ADI/TDI
approach, can be taken as a ‘bright

line between possible harm and safety’
(NRC 2008 p. 8) or, in other words, the
separation between safe and unsafe
exposures. While it is important to dispel

At the present time, where EHRA is
practised in Australia, assigning an ADI
or TDI carries no such implication that it
is associated with any finite level of risk.
The operating definition is that an ADI or
TDI represents ‘an estimate of the intake
of a chemical which, during a lifetime

of exposure, appears to be without
appreciable risk, on the basis of all facts
known at the time'.
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1.8
RISK ASSESSMENT
FRAMEWORKS

The framework model that
encompasses the five stages of EHRA
and their interlinkage with stages of
risk management and stakeholder
consultation was first proposed for
use in Australia in the 2002 enHealth
document, which is revised in this

document. Conceptually, the five stages
are closely linked and dependent on the

preceding stages.

The original model is illustrated in
Figure 1. The terminology is similar
to terminologies used by other major
models.

Note that stakeholder consultation is
considered essential at all stages of
the EHRA process, and that a review/
reality check should be built into the
critical stages of hazard and exposure
assessment, and risk characterisation,
to ensure the outcomes have not been
distorted by inappropriate choice of
data inputs.

Various revisions to this basic model of
EHRA are set out in the NRC (2008)

update of approaches to risk assessment.

This NRC document outlines a more

holistic framework (see Figure 2), which

emphasises the importance of problem

formulation and planning as precursors

to the formal steps of quantitative risk

assessment. It further reinforces the view
that the outcomes of the EHRA process

are critical in better informing the risk

management stages, and providing for
stakeholder consultation and review to
occur at all stages.

While the model described in Figure 1
has served Australia well over the past

decade, it is recommended that the more
holistic model (Figure 2) provides a more
structured and informative framework for

EHRA in Australia from now on.

Figure 1: Environmental health risk assessment model
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Figure 2: A revised outline of the interlinked processes of EHRA

4 Y
Phase I: Phase II: Phase IlI:
Problem formulation Planning and conduct Risk management
and scoping or risk assessment
Stage | - Planning:
:I - What assessments are needed to characterise the health risks?
- To what extent do variability and uncertainty modify the risk assessment

- What problem(s) have - Has there been an
been identified for the economic and/or social
environmental scenarios Stage 2 - Risk assessment: assessment of the existing
under consideration health nisks, as well as the

_ (Bilrm il - Hazard identification reduced risk associated
human health or to the What are the likely adverse health effects with each of the risk
environment? associated with the identified COPC management options?

- Avre there options for - Dose-response assessment - Has there been an
modifying any of the For each of the identified adverse health assessment of the
environmental sources! effects, what is the dose-response technological feasibility

- What risk assessments relationship? What studies were used to (and Cos"ts)_‘:’fthe
or other technical provide this data? Have the doses been proposed risk i
assessments are needed? adjusted to estimate a human dose - Risk characterisation management options?

- How wil these help equivalent? On what basis was the decision What are the magnitudes - How has a decision been
frame risk management made to use a threshold or non-threshold and nature of the: risks made on the best risk
options? approach for the dose-response assessment? characterised? To what management option, and

extent have risks been has there been adequate
A %’ differentiated for sensitive engagement with all -
receptors, the general st:.?\keho!d_ers in reaching
- Exposure assessment population and for specific this decision’
Has a conceptual site model been used to pathways! Has uncertainty - What actions need be
identify pathways connecting sources and ass_ooated with the n_sk tlaken to implement the
human receptors! How have inputs from estimates been explained? risk management
each of the potential pathways been strategies?
assessed! Are the data based on modelling - How will the effectiveness
or moenitoring? Were the sampling plans of the proposed risk
and quantitative analyses adequate to management option be
characterise all the exposure pathways? evaluated?
A A
Stage 3 - Confirmation of utility:
- Has the risk assesment addressed all the issues identified in Phase I?
- Does the risk assessment facilitate discrimination between the risk YES
management options?
- Are the data inputs based on peer-reviewed studies?
- Has the final risk assessment report been subjected to peer review
o AN
Y ¢ A4

Formal provisions for internal and external stakeholder involvement at all stages

- The involvement of decision-makers, technical specialists, and other stakeholders in all phases of the processes leading to decisions should in no way compromise
the technical assessment of risk, which is cammied out under its own standards and guidelines.

Adapted from: NRC 2008.
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The relationship between the expanded
framework and the framework first
described in 2002 is that Phase | and
the planning stage of Phase Il are aligned
with the former ‘issue identification’
stage, the Phase Il ‘Planning and conduct
of risk assessment’ elements (hazard
identification, dose-response assessment
and risk characterisation) are aligned
with comparably named elements of

the former framework, while the

Phase Il ‘Risk management’ elements

are an expanded version of the fifth stage
of the 2002 framework. All phases of the
new model have more description of the
key issues that need to be addressed at
each stage, although it is likely that in
some risk assessments, answers to some
questions will be obvious, while others
may need a full and detailed approach.

As in the former framework, stakeholder
engagement at all phases is emphasised
as a critical element.

Various elements of the framework can
be expanded to illustrate the critical
individual components.

For example, Figure 3 illustrates the
multiplicity of exposure sources, exposure
pathways, receptors, endpoints and
measurements (metrics), which could be
included in conducting an EHRA.

Figure 3: Expanded illustration of the major exposure pathways, potentially exposed groups leading to potential health outcomes

4 N\
i Other fixed Mobile Indoor air Background from
Sources Industrial il (on/off road) sources other media
i
1
! eg. furnishings
Pathways/media Indoor air Outdoor air Soils & dusts Food Water
Exposure routes Inhalation Ingestion Dermal
Receptors Ethnic [ __ __ _| Gener‘al Susceptible
sub-groups population sub-groups
eg. children, pregnant women, aged
Cancers : Blood (including Liver & Cardio- Other health
Bndpolnts (leukemia, lung, others) e marrow & spleen) CNS kidney vascular effects
| | | %j
| Cardiovascular hazard index
| Possible carcinogens [ Liver & kidney hazard index
| Probable carcinogens | CNS hazard index
Metrics | Known carcinogens | Blood hazard index
Distribution of Estimated percent of Estimated Distribution of Estimated percent of
high-end cancer || population with specified number of estimated population with specified
risk estimates cancer risk ranges cancer cases index value ranges of index values
(N /
Solid lines indicate pathways usually considered. Other pathways shown may not be considered in conventional EHRAs.
Adapted from: NRC 2008.
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1.9
TIERED APPROACHES
TO EHRA

Because of the cost and complexity

of contemporary formal EHRAs,
circumstances may suggest a tiered
approach to formulating a site- or issue-
specific EHRAs. The simplest approach
(Tier 1) would be an initial screening-type
evaluation of risks using conservative
default exposure parameter estimates and
comparison with published health-based
guidelines. Tier 2 and Tier 3 processes
would involve collecting additional
exposure data and a more detailed
analysis of dose—response data, possibly
including calculation of target tissue
doses or translating animal doses into
human-equivalent dose estimates.

The tiered approach in risk assessment is
common in many jurisdictions, although
the number of tiers and their precise
usage may differ. For example, Health
Canada uses the term Preliminary
Quantitative Risk Assessment (PQRA) to
refer to what would otherwise be called
Tier 1, while the terms Tier 2 and 3 are
allocated to site-specific risk assessment
(SSRA).

Figure 4 is a schematic depiction of some
of the elements that might comprise Tier 1
to Tier 3 EHRAs.

Tiered risk assessment is particularly
relevant to the EHRA of contaminated
sites, and is discussed in more depth

in schedules B(4) and B(7) of the
contaminated sites NEPM (NEPC 2010).
The tiered approach allows the problem
under consideration to be assessed at
an appropriate level of complexity. The
degree of health protection achieved

is equal at each tier. As the amount of
data and assessment detail increases
and the conceptual understanding of
site conditions (i.e. the conceptual site
model) is refined, the level of uncertainty
decreases. In turn, the amount of caution

which must be substituted for knowledge
in the risk assessment process may be
reduced (NEPC 2010).

A risk assessment progresses from
Tier 1 to Tier 2 when the less-refined risk
estimates at Tier 1 may be unacceptable,
and further assessment is needed.
Progression from Tier 2 to Tier 3 is driven

by potentially unacceptable risks at Tier 2.

Tier 3 provides more detailed and specific
focus on risk-driving factors.

In Australia, there is often no clear
break between the different tiers. The
investigations and risk assessment
proceed until the level of information

is appropriate for the decision making
required. It is common for most risk
assessments, regardless of which tier,
to have a screening step and a detailed
assessment step.

In the screening step, usually the
maximum concentration of each
chemical in the full list of chemicals

or other agents that might pose a risk
at the site are compared to relevant
national or international guidelines.
This is conservative as the maximum
concentration is presumed to be present
at all times in all situations for this step.
If a chemical or other agent is found to
exceed the guideline value then that
chemical is classified as a chemical

of potential concern and a detailed
assessment should be triggered.

In the detailed assessment step, the
chemicals are assessed more fully, and
this may include exposure scenario
modelling, fate and transport modelling or
further investigations to better understand
the situation under investigation and to
refine the assumptions to make them
more realistic. Such assessments usually
include consideration of the maximum
case and an average case.

Figure 4: Elements of a tiered approach to EHRA

-

o S

Tier Tier Tier

2

Protection of human health

Site-specific data requirements

Conservatism

~

Adapted from: NEPC 2010.
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There is a danger that the tiered
structure common to some regulatory
risk assessments can lead to a negative
impression that the only possible
outcome contemplated by going to a
higher tier is a relaxation of remediation
requirements rather than an unbiased
approach allowing for more evidence
leading to more onerous remediation
requirements. This perception needs to
be offset by clearly explaining that the
only purpose of going to a higher tier

is to reduce uncertainty by including
more realistic estimates of exposure.
Going to a higher tier may also aid risk
management by better targeting the risk
management options.

Conservative exposure settings and
assumptions (as in Tier 1 assessments)
may not be realistic for the site under
consideration as they are based on
generic assumptions and parameters
that are not likely to be realistic. A

Tier 2 assessment may be used to
produce more appropriate values by
amending the assumptions to reflect
actual site conditions. Where available,
data on biodegradation of contaminants
and bioavailability of chemicals should be
considered (see Section 4.2.1). Exposure
factors (and assumptions) should reflect
the scenarios under consideration.

The tiered approach is expanded and
outlined in more detail in the International
Programme on Chemical Safety

(IPCS) framework for risk assessment

of combined exposures to multiple
chemicals (IPCS 2009b). A flow chart
describing the IPCS framework

(Figure 5) emphasises integration of
information on mode of action (MoA)

and gradual refinement of exposure
assessment throughout the tiers. It
applies a separate tiered approach to
both hazard and exposure assessment.

It also notes that the hazard assessment
component could be based on individual
components or incorporate dose-additive
approaches for mixtures (see Chapter 12
for discussion of toxicological assessment
of chemical mixtures).

Figure 5: Conceptual representation of the proposed IPCS risk assessment framework

f—( Sample tiered exposure and hazard considerations )ﬁ

Tiered exposure
assessments

Tier O

Simple semi-
quarititative
estimates of exposure

Tier |

Generic exposure
scenarios using
conservative point

Tier 2
Refined exposure
assessment, increased

use of actual measured
data

Tier 3 No

Probabilistic Exposure
Estimates

Increasing refinement of exposure models

\.

Mixture or component based

Mo further
action required

Input from
exposure or hazard
£ assessments

estimates || (iterative process)

Is the margin of
exposure adequate?

Continue with iterative
refinement as needed
(i.e. more complex exposure
and hazard models)

Tiered hazard
assessments

Tier O

Dose addition for
all components

Tier |
Refined potency
based on individual
POD, refinement of
POD

Tier 2

More refined potency
(RPF) and grouping
based on MoA

Tier 3

PBK or BBDRI probabilistic
estimates of nsk

(o) sjapow paezey jo wawauyas Fuisea.du)

Reproduced from IPCS 2009b with permission from WHO.

Note that the IPCS framework includes

an additional tier (Tier O) that is not
included in the Australian guidance. In
the IPCS context, Tier O would encompass
initial crude exposure estimates that are
less well defined than those used in an
Australian Tier 1 assessment.

1.10

DETERMINISTIC
VERSUS PROBABILISTIC
ESTIMATES IN EHRA

A deterministic approach means that
input values in an exposure model are
expressed as single values or point
estimates. These are intended to be

‘best estimates’ of the value of the input
variables. The advantage of this approach

is that it is simple, easily understood, and
therefore widely applied in EHRA practice.
However, an inadvertent consequence

is that many of the point estimates used
are chosen at the upper end of their likely
ranges. This can lead to compounding

of the conservatism in a model, and
consequently in the EHRA outcome.
Sensitivity and uncertainty analysis are
used to overcome this disadvantage, and
provide increased understanding and
clarity on which values are risk-driving;
this is itself a useful part of the risk
assessment (NEPC 2010).

Probabilistic techniques can overcome the
potential for compounding conservatism,
and may provide for a better descriptor
for the uncertainty associated with the
various input parameters, and also
provide estimates of the statistical limits

of underlying parameter distributions.

ENVIRONMENTAL HEALTH RISK ASSESSMENT
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This can be useful for the risk manager
to decide on the extent to which ‘outliers’
may influence the EHRA process, and
provide a basis for deciding the limits
applicable to protecting the extremes of
the population distributions to which the
EHRA applies.

Probabilistic risk assessment
methodologies have been reviewed by
Bogen et al. (2009). These methods

can be used to assess and manage
uncertainty, inter-individual heterogeneity
and other sources of variability.

Monte Carlo analysis is one probabilistic
tool that has been promoted for use in
EHRA because it replaces deterministic
estimates of individual parameter inputs
with probability distribution functions
describing the variability of those input
parameters. The probabilistic exposure
model can be run through thousands of
iterations, with values for each parameter
selected randomly on the basis of their
occurrence frequency. The ultimate
output is a probability distribution
function, which describes the calculated
parameter (usually an estimate of
exposure). Further discussion of the
strengths and weaknesses of the Monte
Carlo approach is in Section 13.2.

1.11

ENVIRONMENTAL HEALTH
RISK ASSESSMENT

AND HEALTH IMPACT
ASSESSMENT

Although they are related processes,
health impact assessment (HIA) and
EHRA address different issues. HIA

is defined by different agencies in
different ways. The consensus definition

is that of the 1999 Gothenburg consensus
paper by the WHO Regional Office for
Europe, as described in the enHealth
Health impact assessment guidelines
(enHealth 2001).

... @ combination of procedures or
methods by which a policy, program
or project may be judged as to the
effects it may have on the health of
a population.

In other words, HIA is a systematic
process to assess the actual or potential,
and direct or indirect, effects on

the health of individuals, groups or
communities arising from environmental
conditions or hazards arising from
policies, objectives, programs, plans or
activities. It looks at both potential health
benefits and health impacts from an
activity or situation. It is usually a process
undertaken as part of an environmental
impact assessment for a significant
project and looks at both positive and
negative impacts on health. HIA is
generally undertaken in the early stages
of project planning in order to predict
and facilitate avoidance of potentially
negative health impacts, to promote
more positive health impacts and to
promote sustainable development. It
takes into consideration the social and
socioeconomic factors.

The definition of ‘health’ is taken to be
‘a complete state of physical, mental
and social wellbeing and not merely the
absence of disease or infirmity’ (WHO
Constitution). This definition has not
been altered since it was promulgated
in 1948. In this context, EHRA is simply
a tool for appraising health risks (i.e.
adverse health impacts) from contaminant
exposures in the broader process of
health impact assessment.

1.12

ENVIRONMENTAL HEALTH
RISK ASSESSMENT AND
THE ‘PRECAUTIONARY
PRINCIPLE’

The precautionary principle (PP)

was first formalised in 1984 at the

First International Conference on the
Protection of the North Sea and has since
been integrated into several international
conventions and agreements. The

UN Conference on Environment and
Development (UNCED - 1992 Rio
declaration from Agenda 21) interpreted
a precautionary approach to chemicals
management in the following statement:

‘In order to protect the environment,
the precautionary approach shall be
widely applied by the States according
to their capabilities. Where there are
threats to of serious or irreversible
damage, lack of full scientific certainty
shall not be used as a reason for
postponing cost-effective measures to
prevent environmental degradation.’

Some key points relating to the
precautionary principle from a 2002
paper from the UK Inter-Departmental
Liaison Group on Risk Assessment
(ILGRA 2002) were:

e ‘The purpose of the precautionary
principle is to create an impetus to
take a decision, notwithstanding
scientific uncertainty about the nature
and extent of risk.

e The precautionary principle should be
invoked when there is good reason to
believe that harmful effects may occur
to human, animal or plant health or to
the environment.

e Action in response to the precautionary
principle should be in accord with the
principles of good regulation, i.e. be
proportionate, consistent, targeted,
transparent and accountable.
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e Applying the precautionary principle
is essentially a matter of making
assumptions about consequences and
likelihoods, and then using standard
procedures of risk assessment and
management to inform decisions on
how to address the hazard or threat.

e |nvoking the precautionary principle
shifts the burden of proof in
demonstrating presence of risk or
degree of safety towards the hazard
creator. The presumption is that the
hazard creator should provide, as a
minimum, the information needed for
decision making.

e Decisions reached by invoking and
applying the precautionary principle
should be actively reviewed, and
revisited when further information
that reduces uncertainty becomes
available.’

In Australia, the 1992 Inter Governmental
Agreement on the Environment (IGAE)
<http://www.environment.gov.au/about/
esd/publications/igae/index.html> defines
the precautionary principle as follows:

‘Where there are threats of serious or
irreversible damage, lack of scientific
certainty should not be used as a
reason for postponing measures to
prevent environmental degradation.

In the application of the precautionary
principle, public and private decisions
should be guided by:

i. careful evaluation to avoid, where
practicable, serious or irreversible
damage to the environment; and

ii. an assessment of the risk-weighted
consequences of various options.’

There are clearly some common
elements to these various espousals of
the precautionary principle, which are
also relevant to an alternative term that is

frequently used, ‘precautionary approach’.

These common elements include:

e |tis aimed at preventing serious
or irreversible damage to the
environment.

e |t provides for taking appropriate
actions in the face of uncertainty or
lack of complete knowledge of the
potential risks.

e There needs to be consideration of the
economic and practical feasibility of
implementing the risk management
measures that may be suggested by
invoking the precautionary principle.

e Application of the precautionary
principle is closely intertwined with
social equity issues. Protection of
more vulnerable, socioeconomically
disadvantaged or ethnic segments
of the community who may be at
greater risk from environmental
hazards is an important element of
risk management.

In EHRA, consideration of the
precautionary principle is particularly
relevant during the risk management
stage. Risk assessment provides a
process for applying the precautionary
principle by providing information about
the nature and magnitude of the threats
of serious or irreversible environmental
damage’ associated with various risk
management options.

There is a detailed description of the
precautionary principle and its application
to setting air quality standards in a recent
consultation paper associated with the
review of the ambient air quality NEPM
(NEPC 2009).

However, it is quite difficult to find any
specific reference to the ‘precautionary
principle’ in chemicals management
legislation or regulation in Australia. A
search of the Chemicals Gateway, an
Australian Government website with
extensive references to chemicals risk
management gives a ‘no match’ when
searched for the ‘precautionary principle’
and there is no formal reference to it in
any other chemicals risk management
site. However, the principle is

embedded in various public health and
environmental legislation around Australia
and there are abundant references to

the fact that Australian agencies use a
precautionary approach to managing
uncertainty in the risk assessment and
management of hazardous chemicals.
Advocacy to adopt a precautionary
approach to EHRA is reflected throughout
this enHealth document.

ENVIRONMENTAL HEALTH RISK ASSESSMENT
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Chapter 2: Problem formulation and scope

The purpose of this stage of EHRA is to
formulate the problems to be considered
by the risk assessment and to clarify the
proposed scope. It corresponds with
Phase | of the framework outlined in
Figure 2 and with ‘issue identification’, the
first stage of the original risk assessment
framework depicted in Figure 1.

Essentially, this means addressing the
following points:

e What is the concern?

e Why is it a concern?

e How urgent is the concern?

¢ How do stakeholders perceive the
concern?

This will include identifying and
describing:

e issues associated with existing
environmental conditions

e susceptible and/or vulnerable
populations likely to be exposed

e potential exposure pathways

e potential management options that
may mitigate exposure

e the risk and other technical
assessments necessary to evaluate risk
and discriminate between potential risk
management options.

2.1

IDENTIFYING AND
DESCRIBING ISSUES
WITHIN EXISTING
ENVIRONMENTAL
CONDITIONS

‘Hazards’ need to be distinguished from
‘issues’. The determination of the issues
is necessary to establish a context for
the risk assessment, and assists the
process of risk management. Issues
have dimensions related to perceptions,
science, economics and social factors.

Examples of issues are:

e community concerns over emissions
from a smelter or other industrial
facility

e community outrage over the proposed
development of a communications
tower

e how contaminated sites are managed

e development of new standards for
water quality, including use of a new
water treatment chemical or new uses
for recycled water

e changes to a food standard that permit
higher levels of exposure or introduce
new chemicals into the food chain.

‘Hazards’ relate to the capacity of a
specific agent to produce a particular type
of adverse health or environmental effect.
The environmental agents of concern may
include physical, chemical, biological or
social factors.

e Physical factors include heat, cold,
noise, mechanical hazards, solar
radiation, ionising radiation (e.g.
X-rays) and non-ionising radiation (e.g.
microwaves), noise and vibration.

e Chemical factors include synthetic and
naturally occurring substances.

e Biological factors include viruses,
prions, bacteria, parasites and vermin.

e Social factors include poverty,
unemployment cultural values and
effects on access or amenity.

Examples of hazards include the
capacity of:

e benzene to cause leukaemia

e solar radiation to cause skin cancer

e salmonella to cause vomiting and
diarrhoea.

Hazardous agents may be identified from
the range of data sources, including:

e environmental monitoring (e.g. of food,
air, water and soil)

e emissions inventories (e.g. the National
Pollutant Inventory)

e biological monitoring (e.g. of children’s
blood lead levels or Ross River virus
antibody levels)

e disease surveillance (e.g. of salmonella
types for food poisoning, skin cancer
rates, pregnancy outcomes)

e health monitoring (e.g. of lung
function testing to detect the onset of
environmentally caused asthma)

e epidemiological studies (e.g. of
particular disease rates in certain
populations such as workers) to
identify previously unknown hazards

e information about analogous hazards.

2.1.1
Phases of issue identification

Issue identification comprises several
phases:

1. Identification of environmental health
issues (or an individual issue) and
determining whether there are hazards
amenable to risk assessment — this
will involve demarcating ‘hazards’ from
‘issues’ and may require environmental
sampling.

2. Putting the hazards into their
environmental health context
(clarification and prioritising of
problems and hazards).

3. Identifying all the chemicals of
potential concern (COPC) (i.e.
prioritising those chemicals that need
to be fully considered in a quantitative
risk assessment)

4. identification of potential interactions
between agents.

At this stage it often becomes apparent
that the setting for the risk assessment is
a situation where:

e there are multiple, interacting hazards
rather than an isolated hazard —
perhaps the contaminant affects
multiple environmental media (e.g.
lead smelter emissions contaminating
soil, air, water and food)
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e the hazard may have single or multiple
sources (e.g. atrazine contamination
of a drinking-water supply from a
chemical spill versus particulates in
ambient air arising from diesel engines,
wood stoves and environmental
tobacco smoke)

e there are concerns about a range of
potential health effects from various
hazards

e there is variable and often superficial
information on exposure and the level
of health problem

e there is a context of public anxiety,
anger and impatience

e different stakeholders may have
different perceptions of the issues
for example, a stakeholder group
comprised of workers at a smelter who
are also nearby residents may have
complex perceptions

e the hazards may be compared with
other environmental hazards affecting
the community; this component
of the appraisal will be affected by
objective data (e.g. of different disease
rates) and subjective perceptions
by the stakeholders (Presidential/
Congressional Commission on Risk
Assessment and Risk Management —
P/CCRARM 1997).

In relation to assessment of multiple
exposure routes and sources, US
regulations define two types of exposure
that need to be considered in a risk
assessment:

e aggregate exposure: the analysis of
exposure to a chemical by multiple
pathways and routes of ex