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FOREWORD

Contaminated land has become an increasingly imporiam environmental, health, economic and
planning issue in Australia and New Zealand over the past few years.

The environmental implications of chemically contaminated land became an issue in Europe and
America some years ago and, in response, these countries have developed a range of approaches to
deal with the associated problems.

In the absence of agreed standards or guidelines, an ad hoc approach has been adopted in
Australia and New Zealand resulting in variable standards being applied.

To overcome this situation the Australian and New Zealand Environment and Conservation.
Council (ANZECC) and the National Health and Medical Research Council (NH&MRC) have
jointly developed technical guidelines to be used as the basis of a common approach Australia

wide.

The guidelines apply to all land regardless of whether it is privately owned or owned by
government and draw on current practice and experience in Australia as well as overseas.

The main purpose of the guidelines is to provide a framework for the proper assessment and
management of contaminated sites. This should ensure that a consistent standard of site
assessment and subsequent management is implemented at all contaminated sites. The adoption
of this framework will provide guidance to those responsible for management and assurance to the
community that public health and environmental concerns are being addressed.

The guidelines aim to inform and educate government, industry, unions and the general community

about the issues and factors to be considered in the assessment and management of contaminated
land. '

Although the guidelines provide a consistent basis for the development of current and future
strategies for managing contaminated sites across Australia and New Zealand, they also provide for
site specific approaches.

The guidelines set out the fundamental goals of contaminated site clean-up which in summary,
should be to select a socially acceptable and cost effective management strategy which mitigates
threats to and provides protection for public health and the environment as well as allowing
flexability in the future use of land.

The guidelines should be viewed as evolving. As more information becomes available, criteria
developed and technologies for clean-up improve, the guidelines will be amended and updated
accordingly. Continuing consultation with industry, unions, health, community and environmental
groups will be undertaken to ensure maintenance of broadly based national support for the
protocols and processes set out in the Guidelines.

Bill Wood MLA Dr Diand Horvath
Chairperson Chairperson

Australian and New Zealand Environment National Health and Medical
and Conservation Council Research Council
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Absorptivity

ADI

Background Levels

Bioaccumulation

Biodegradation

Biomagnification

Biological Monitoring
Carcinogen
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Exposure

Exposure Assessment

Hazard

Health Risk
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Health Risk
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GLOSSARY

The ability to absorb matter in bulk (for example, water, dissolved chemicals,
gases).

Acceptable daily intake.

Levels of substances or chemicals that are commonly found in the local
environment.

The retention and concentration of a substance by an organism.

Decomposition of substances into more elementary compounds by the action of
micro-organisms.

The serial accumulation of a chemical by organisms in the food chain, with
higher concentrations of the substance in each succeeding trophic level.

Measurement of a contaminant or metabolite in body tissue or fluid.
Cancer causing agent.

The removal, treatment or containment of soil contaminated with chemicals at
unacceptable concentrations.

A condition or state which represents or potentially represents an adverse
health or environmental impact because of the presence of potentially
hazardous substances.

The study of the characteristics of human populations such as size, growth
rates, density, distribution and vital statistics.

Of the skin, through or by the skin.

The process of estimating the potential impact of a chemical or physical
agent on a specified ecological system under a specific set of conditions.

The study of the distribution and determinants of disease frequency in humans.
Contact with a chemical, physical or biological agent.

The estimation (qualitative or quantitative) of the magnitude, frequency,
duration, route and extent (for example, number of organisms) of exposure to a
chemical substance or contaminant.

The capacity to produce a particular type of adverse health or environmental
effect e.g. one hazard associated with benzene is leukemia. )

The process of estimating the potential impact of a chemical or physical
agent on a specified human population system under a specific set of
conditions.

The process of evaluating alternative actions and selecting options

in response to health risk assessments. The decision making will incorporate
scientific, social, economic and political information. The process requires
value judgements e.g. on the tolerability of risk and reasonablencss of costs.



Indicator Chemicals

Investigation Level

In-situ
Twi
Metabolite

Mobility

NOEL

Persistence

Phytotoxicity

Pharmacokinetics

Photodegradation

Photolabile

Pollution

Porosity

Receptor

Record Linkage

Remediation

Response Level

Risk

Superfund

iv
Readily measured chemicals that can indicate the probable presence of certain

classes of chemicals or substances.

An investigation level is the concentration of a contaminant above which further
appropriate investigation and evaluation will be required.

The original place or location.
Traditional Tribal Units
A substance produced or modified by metabolism in an organism.

The ability of particles and substances to move, either by random motion or
under the influence of fields or forces. '

No Observed Effect Level.
The ability for a substance to remain unaltered for prolonged periods.
Toxicity of a substance for plants.

The analysis of the rates of absorption, distribution, metabolism and excretion
of chemicals used as drugs. Where the chemicals are toxins, the same process
is called toxicokinetics.

The process in which a substance or chemical is degraded when exposed to
light. :

A substance or chemical becomes unstable or it readily changes when exposed
to light.

Degradation or impairment of the purity of the environment by causing a
condition which is hazardous to public health, safety, aesthetics or welfare, or to
animals, birds, wildlife, fish or aquatic life, or to plants.

Property of a solid which contains many small channels or open spaces.

An organism, plant or physical structure that receives, may receive or has
received environmental exposure to a chemical.

The process by which data banks may be cross linked to permit further
analyses.

The clean-up or mitigation of pollution or of contamination of soil by various
methods.

Response levels apply to a specific site and site assessment and are levels at
which some form of response to protect public health and/or the environment
with a wide margin of safety is required.

The probability that an adverse outcome will occur in a person, a group, Or an
ecological system that is exposed to a particular dose or concentration of a
hazardous agent i.c. it depends on both the level of toxicity of hazardous agent
and the level of exposure.

A system in the United States whereby specific industries contribute to a fund
to be used for the clean-up of contaminated land.



Teratogenic Producing malformation in embryos.

Toxicity The quality or degree of being poisonous or harmful to plant, animal or human
life. g
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ABBREVIATIONS
ANZECC Australian and New Zealand Environment and Conservation Council
AWRC Australian Water Resources Council
EPAV Environment Protection Authority, Victoria
NATA National Association of Testing Authorities, Australia
NHMRC National Health and Medical Research Council
SEPP State Environment Protection Policy, Victoria

USEPA United States Environmental Protection Agency



1. INTRODUCTION

Historically, contamination of land and groundwater has principally resulted from the manufacture, use and
disposal of chemicals.

In the late 1970's 2 number of discoveries of contaminated soil in Europe and the USA resulted in legislative
action and major clean-up programs being implemented {1]. Consequently a number of European countries
and American and Canadian states or provinces already have some ten years experience in dealing with
contaminated sites.

The three main concerns associated with site contamination in these countries are:
Groundwater contamination;
Residential development of former industrial, commercial or agricultural land; and
Abandoned industrial land and waste disposal sites [1].

In Europe, the scale of the problem is large. For example, in the Netherlands, over 100,000 sites have been
identified as being potentially contaminated with 10,000 sites confirmed as being contaminated. Likewise, in
West Germany over 50,000 potentially chntaminated industrial sites have been identified. In the United
States there are an estimated 100,000 sites nominated as contaminated with some 10,000 of these designated
as priority sites.

Recognition of the problems of soil and groundwater pollution is a relatively recent development in
Australia, although isolated incidents of soil pollution have been the subject of local and state government
investigations since the 1950's. ’

The actual scale of this problem in Australia and New Zealand, however, is yet (o be determined. On
current estimates, there are up to ten thousand potentially contaminated sites around Australia. Many of
these potential sites are being re-developed for residential or parkiand use. In addition, there are hundreds
of former waste disposal and mining sites which have the potential to be major sources of soil or
groundwater pollution.

Chemical contamination of land is not solely limited to former or current industrial sites. Agricultural land
can also be chemically contaminated. The recent experience in Australia with organochlorine residues in
meat has highlighted the-potential impact of contaminated soil on agricultural produce for export. The use
of certain chemicals on agricultural land can leave residues in soil affecting the future development of such
land for residential purposes and may pose an off-site hazard to aquatic ecosystems.

The main concern with contaminated soil is that the presence of some contaminants can pose immediate or,
more likely, long term threats to human health, plants and animals and to the amenity of the land. Certain
contaminants can also have a detrimental impact on the integrity of building and service structures [2]. The
problems differ from site to site both in nature, hazard and importance.

Public awareness of the problems associated with contaminated soil has been heightened and it is now
recognized that site assessment prior to land rezoning or redevelopment of industrial land in particular is
essential as is the need for guidelines to address the full range of issues. ]

The publishing of these guidelines at this time, reflects the two Councils' awareness of the need for a
national co-ordinated approach to contaminated sites. There is already significant activity throughout
Australia and New Zealand on the remediation of contaminated sites as a result of business decision making
and decisions taken under existing legislation. There is a need therefore, for an operational set of guidelines
for those people who are currently required to make decisions on the need for remediation, the procedures
that should be followed and the standards that should apply. In the absence of agreed guidelines there is a
natural tendency to adopt a conservative approach to rehabilitation.

It is the aim of these guidelines to provide a systematic framework for the prevention, assessment, clean-up
and management of existing and future contaminated sites.



The goals of contaminated site assessment and clean-up should be to:

render a site acceptable and safe for the long term continuation of its existing use;

minimise environmental and health risks both on and off site;

maximise to the extent practicable, the potential future uses of a site.
A full clean-up may not always be technically achievable and the benefits of full or partial clean-up may be
outweighed by the costs to society. In some cases containing contaminants on a site or using planning
controls to limit site use may be the preferred options.
The New Zealand Authorities have opted for a slightly different approach in relation to the third goal:
where site clean-up is required, the goal should be to achieve a standard that minimises risks to human
health and the environment, consistent with the existing and likely future use of the site, and in accordance

with a system to inform future landowners that the clean-up has been conducted to an extent consistent with
particular land uses. '

2. DEFINITION AND SCOPE

A contaminated site is broadly defined as a site at which hazardous substances occur at concentrations
above background levels [3] and where assessment indicates it poses, or is likely to pose an immediate or
long term hazard to human health or the environment [4]. Background levels in this paper refer to ambient
levels of a contaminant in the local area of the site under consideration.
Impacts on public health from contaminated soil can occur as a result of exposure via a number of routes
including: pollution of surface and groundwaters; inhalation and ingestion of soil; and via uptake and
subsequent bioaccumulation by plants and animals. These and other expasure routes are discussed in
section 53. Impacts on the environment can occur from a number of routes including: direct uptake of
contaminants by plants and animals and migration of contaminants to ground or surface waters.
Materials which can cause contamination include:

metals,

inorganic compounds containing anions such as cyanide,

organic chemicals,

oils and tars,

toxic, explosive and asphyxiant gases (including gases from the decomposition of wastes in landfills),

combustible substances,

putrescible material, and

hazardous wastes.

Contamination can occur as a result of past or current industrial, agricultural and commercial activities.
These include:

disposal of wastes (controlled or uncontrolled),
accidental spillage,

lcakage during plant operation,



storage or transportation of raw materials, finished products or wastes,
spreading of sewage sludge,
deposition from the atmosphere from an industrial site,

migration of contaminants into a site from neighbouring land, either as vapour, leachate or
movement of liquids through the soil, and

use of agricultural chemicals [2].

Naturally occurring materials, such as mineralised rock and soils may also be a source of health and
environmental concern in certain localities depending on the intended use of the land [2].

While many different types of sites may be potentially contaminated, experience has shown that some
industrial activities have a higher probability of contaminating a site, including activities such as oil
production and storage and chemicals manufacture and formulation.

Specific industries and land uses which have been associated with site contamination include:

acid/alkali plant and formulation,
agricultural /horticultural activities,
airports,

asbestos production, and disposal,
chemicals manufacture and formulation,
defence works,

drum re-conditioning works;

dry cleaning establishments,

electrical manufacturing (transformers),
electroplating and heat treatment premises,
engine works,

explosives industry,

gas works,

iron and steel works,

landfill sites,

metal treatment,

mining and extractive industries,

oil production and storage,

paint formulation and manufacture,
pesticide manufacture and formulation,
pharmaceutical manufacture and formulation,
power stations,

railway yards,

scrap yards,

service stations,

sheep and cattle dips,

smelting and refining,

tanning and associated trades,

waste storage and treatment, and

wood preservation.

The exact level of risk of site contamination associated with any particular industrial, commercial or
agricultural practice will depend upon the standard of management, including the past regulatory framework
and of safety procedures employed at individual sites.
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3.

STRATEGIC FRAMEWORK

Even though each identified contaminated site is unique and generally requires the development of a site
specific solution, there is a need to establish a set of common fundamental principles which should be

reflected in policy, legislation, assessment, clean-up procedures and mechanisms for community
involvement.

3.1 Policy Basis

Prevention

Prevention of site contamination is of paramount importance. Steps need to be taken to minimise
the creation of additional contaminated sites and to prevent the further contamination of already
contaminated sites which can occur either as a result of accidents or of on-going poorly managed
industrial, agricultural or commercial activities.

Management should seck to minimise the risk of contamination associated with day to day
operation of processes and accidents, spillages, fires and explosions.

Contingency plans should also be developed to minimise the risk of contamination in the event of
an accident. ’

Appropriate precautionary measures need to be taken when decommissioning industrial premises.
Such measures include exercising of care during dismantling, containment of residual and
hazardous materials and the carrying out of clean-up procedures as decommissioning takes placc.

Management

313

3.14

Contaminated site management strategies should reflect the need to protect all segments of the
environment both biological and physical (air, land and water including groundwater).

It is important that consideration be given Lo the potential consequences and impacts of polluted
soils, groundwater, surface water and air on the environment, on the health and well being of the
community and on structures and service conduits.

The primary motive for the stringent soil criteria employed in other countries is to protect
groundwater which is often used for domestic consumption.

While Australia on the whole does not use a great deal of groundwater for domestic purposes,
there are some cities and towns which do. It is possible the use of this resource could be expanded
in the future and therefore, it is important that groundwater should be protected. The cost of
underestimating the importance of groundwater protection may be high.

Polluted groundwater has also been recognised to have the potential to contaminate soil and
surface waters at a distance from the source of the original contamination. Transmedia movement
of contaminants needs to be prevented and properly managed.

The fundamental goal of contaminated site clean-up should be to render a site acceptable and safc
for a long term continuation of its existing use and to maximise to the extent practicable the
potential future uses of the site. New Zealand has a slightly different approach as previously
described in Chapter 1.

Wherever human health is at risk, either on or off-site, or the off-site environment is at risk, a
contaminated site should be cleaned up to the extent necessary in order to minimise such risks in
both the short and long terms.

However, in cases where there is no threat to human health and the environment is not at risk, it
may be appropriate to clean-up the site to some lesser degree, and in some cases (o accept a



strategy of containing contaminants on the site or using planning controls to limit site use.
Considerations of technical feasibility and of net social benefit should always play a part in
influencing the clean up strategy adopted for a particular site.

Clean-up should not proceed if the process is likely to create a greater adverse effect than leaving
the site undisturbed. This stance would need to be revised when new technologies or clean-up
strategies became available.

A multi-disciplinary approach is essential to the clean-up of contaminated sites, as no single
discipline or profession is likely to be able to deal effectively with the range and complexity of
technical, health, environmental, social and other issues which may arise.

Consideration must be given to public and occupational health and safety in the development of a
strategy to assess, clean-up and manage a contaminated site. '

318 The preferred order of options for site clean-up and management are:

on-site treatment of the soil so that the contaminant is either destroyed or the associated
hazard is reduced to an acceptable level, and

off-site treatment of excavated soil which, depending on the residual levels of
contamination in the treated material is then returned to the site, removed to an approved
waste disposal site or facility or used as fill for landfill.

Should it not be possible for either of these options to be implemented, then other options that
should be considered include: '

removal of contaminated soil to an approved site or facility, followed where necessary by
replacement with clean fill,

isolation of the soil by covering with a properly designed barrier,

choosing a less sensitive land use to minimise the need for remedial works which may
include partial remediation, and

leaving contaminated material in-situ providing there is no immediate danger to the
environment or community and the site has appropriate controls in place.

In cases where a limited number of highly localised "hot spots’ are involved, responsible authorities
may agree to mixing with clean soil or subsoil to reduce the concentration of contaminants to
acceptable levels. However, it should be emphasised that this is not seen asa preferred clean-up
strategy.

It should also be emphasised that the appropriateness of any particular option will vary depending
on a range of local factors. Acceptance of any specific option or mix of options in any particular set
of circumstances is therefore a matter for the responsible authority.

319 Polluted soil should be regarded as potentially hazardous waste and as such should be subjected to
the same controls over its use, storage, transport and ultimate disposal as industrial waste.

3.2 Implementation Strategies

It is recognised that the legislative responsibility for the assessment and management of contaminated sites
rests, in the case of New Zealand, with the New Zealand authorities and, in the case of Australia, with
individual State and Territory authorities, (excluding sites on Commonwealth Territory) and that each
authority may implement the necessary controls in a different manner. However, they should do so in as
consistent a2 manner as practicable. In establishing strategies for the assessment and management of
contaminated sites, including legislative controls, all governments should ensure that the following matters
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are addressed. (In the case of 3.2.2 and 3.2.4 below it should be noted that there arc no requirements at
present in New Zealand legislation equivalent to these two aspects.)

326

329

Reporting to the relevant authorities of the existence of contaminated sites and of pollution
incidents which are likely to lead to contamination is essential. This notification requirement could
also encompass those sites which, on the basis of past use and management, are likely to be
contaminated.

Site owners should be required to advise prospective buyers or developers that a site is
contaminated (contamination being determined on the basis of standards established in the relevant
jurisdiction).

Consideration needs to be given to amending legislation to require clean-up actions to be recorded
on land titles or some other data base, along with the need for further clcan-up action if land use is
to be changed. -

Assessment and if necessary, clean-up of contaminated sites should occur prior te a change in land
use being authorised by the appropriate agency.

Regulatory authorities need the ability to require, control and enforce the assessment, clean-up and
long term management of contaminated sites. These controls need to take into account public
health and environmental concerns.

Development of financial incentives to assist the owners of contaminated sites in remediation works
should be considered where appropriate. Such incentives include tax concessions in areas such as
customs on the import of remediation technology and sales tax on equipment which is essential for
the successful remediation of the contamination.

Development of inventories or registers of contaminated sites should be considered in order to:
establish priorities for clean-up,
establish the resources necessary to approach this problem,
aid in assessing the potential hazards to human health and the environment,
assess suitable development on a site specific basis with due recognition of economic and
resource considerations,
establish the market for clean-up technologies in Australia and Ncw Zecaland, and

. inform potential purchasers. :

Such registers will provide governments with important information to assist in the development of
policies and legislation and will provide planning authorities and potential purchasers of land with
an authoritative source of site specific information.

The separation of those sites judged to pose some threat to human health (either on or off-site),
and/or to the off-site environment from those sites which are judged to pose no such threat should
be considered. In the latter case, the listing would be for information purposes only, since the on
site environmental impairment would not preclude the continuation of the present land use. Clean
up action would only need to be considered if a change to a more sensitive land use were to be
proposed.

Such registers may also be used to encourage the development of innovative remedial technologies.
For instance, one way to facilitate research and development is to estimate the possible extent of
the problem of soil and groundwater pollution in Australia, thus establishing a market for
technologies in this area.

Planning Issues

Planning issues are important to consider when dealing with contaminated sites. In Australia, the
identification of contaminated sites is commonly associated with changes in land use, for example where
industrial land is rezoned for residential development. In urban arcas the rezoning of industrial land for
residential development is becoming increasingly common.
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At present planning controls often fail to take contamination of soil into account in the rezoning process.
This issue requires the attention of municipal councils and planning authorities.

328

3211

3212
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Consideration should be given to clauses in planning systems indicating that any proposed re- -
development of sites for specified uses requires a permit or certificate to indicate either that a site
is not contaminated or that the nature and extent of any contamination does not render it
unsuitable for its intended use. It may also be appropriate for a caveat to be put on land which has
been used for specified purposes. The caveat could not be removed unless appropriate Planning or
Environmental authorities are satisfied the land is not contaminated.

Planning controls should effectively restrict future land uses to those which will not be ‘adversely
affected by the residual contamination. This may be appropriate where a site has been cleaned up
to cither to the best level possible with existing technology or to a lesser standard with agreement of
the relevant authorities, and where the residual levels of contamination will not adversely impact
upon certain sensitive land uses. '

A mechanism is needed for planning and other relevant authorities to ensure that land with a
history of use indicative of potential contamination and being considered for re-zoning, sale or
transfer is suitable for its intended future use. Some assessment may be appropriate for the
transfer process. :

Such a mechanism will need to draw on mandatory reporting of site contamination and some form
of register of contaminated sites where available.

The use of appropriate buffer zones to prevent potential contamination of residential or agricultural
areas should be utilised.

Tighter planning controls should be introduced to ensure appropriate separation of incompatible
land uses.

Community Involvement

Community involvement is necessary from the earliest stages of contaminated site management.

The principles underlying this statement are the public's right to know and the necessity for their
involvement in the decision making process. Obviously at a site where no community groups are
potentially affected or concerned, involvement in the decision making process may not be
appropriate.

Education programs need to be instigated to increase the awareness of the public, industry, unions,
planning and local authorities and government agencies about the need to prevent site
contamination and about issues affecting the assessment and management of contaminated sites.

Persons making use of these guidelines should have regard to the cultural and spiritual significance
that indigenous people attach to land in general, and sites of particular significance! In New
Zealand, the principles of the Treaty of Waitangi, as noted in Part II of the Resources Management
Act 1991, should be noted and active consultation and participation of Iwi should be incorporated
as well. In Australia, relevant State, Territory and Commonwealth legislation dealing with
Aboriginal and Torres Strait Islanders’ land and heritage issues will apply where appropriate



34 Future Directions

Research and Development

Research and development of appropriate technology for the treatment, handling and disposal of
contaminated soil should be encouraged and supported by both government and industry.

A survey of background levels of chemicals in Australian and New Zealand soils needs to be
undertaken to assist in the development of investigation thresholds for contaminants and Australian
and New Zealand soil criteria.

Further work is required to assess the bioavailability of chemical contaminants in soil.

Standards and Protocols

Uniform sampling and analysis protocols and standards should be adopted by regulatory agencies.

This is particularly pertinent with the application of criteria. Analytical methods should be
stipulated for specific acceptance criteria for contaminants in soil.

345  Protocols, exposure transport models and risk assessment techniques need to be researched and
developed for Australian and New Zealand conditions to assist in the development of site specific
criteria and guidelines to protect human health and the environment from contaminated soil and
groundwater. ’

Review and Up-date

346  Further development and periodic update of these guidelines will be essential to reflect
improvements in our understanding of the nature and impacts of various contaminants and to take
advantage of any proven new technologies and strategies for clean-up and management which may
become available.

Of immediate importance in this context is the development of Australian and New Zealand soil
quality criteria and development of soil sampling and analysis guidelines.

Continuing consultation with industry, unions, health community and environmental groups will be
undertaken to ensure the maintenance of broadly based national support for the standards and the
processes set out in the Guidelines.

There are a number of issues related to these guidelines that are not addressed in existing New Zealand
Government policy. These issues are the subject of further consideration, currently being co-ordinated by
the Ministry for the Environment.

(X}

4. ASSESSMENT AND CLEAN-UP

Australia and New Zealand are in the fortunate position of being able to learn from overseas experience in
the assessment and management of contaminated sites. During the past ten to twenty years countries in
Europe and North America have trialled a number of strategies and mechanisms to deal with the clean-up
of contaminated sites, with mixed results:
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Broadly speaking, there appear to be two basic approaches to dealing with contaminated sites. The first
approach involves a fairly rigid adherence to a set of predetermined soil criteria. The criteria are used both
to define a condition of contamination and to serve as the standard which sites must meet in order to be
considered to have been decontaminated. In some cases, as in the UK, minor variations are made to the
standard criteria when applied to different land uses.

The second approach involves a more flexible use of pre-determined soil criteria. The criteria are used
chiefly to provide guidance as to whether a detailed investigation is required, confirm no further action is
needed or provide guidance for clean-up in appropriate circumstances.

The second approach recognises that the environmental consequences of the soil chemical concentration
identified in any standard list may vary from site to site. Therefore, the second approach does not advocate
any universal standard (or criteria) to which contaminated sites must be cleaned up. Rather, this approach
relies on careful consideration of site specific data to derive acceptance criteria which will ensure that public
health, local amenity and soil, air and water quality are protected. This is the approach favoured by New
Zealand authorities. Commonly, the development of site specific criteria involves the use of modelling
techniques (geochemical and hydrogeological transport models, exposure assessment, risk estimation) in
conjunction with physico-chemical, toxicological, demographic and geographic data. Often, this information
is difficult, expensive and time consuming to obtain.

Given the experience of individual Australian States and Territories and that of other countries, it has been
concluded that the most appropriate approach for Australia to adopt is to combine the above two
approaches. This approach incorporates, at 2 national level, a general set of management principles and soil
quality guidelines which guide site assessment and may guide site clean-up action, obviating, where
appropriate, the need to develop costly site specific criteria. However, this approach also recognises that
every site is different and that in many cases, site specific acceptance criteria and clean-up technologies will
need to be developed which reflect local conditions.

Soil quality criteria can be used as guidance values for assessing the extent of effort necded to investigate a
contaminated site. Contaminant migration models, exposure assessment models and risk models can help
take account of the physical, demographic or geographic conditions specific to a particular site. This
approach provides for flexibility in the decision making process and allows the consideration of site specific
factors such as land use, extent of contamination and the social costs and benefits derived from clean-up.

The ultimate goal of such an approach is to select a socially acceptable and cost effective management
strategy which mitigates threats to and provides protection for public health and the environment as well as
allowing flexibility in the future use of the land.

There is a demonstrated requirement for community consultation and participation during the investigation
‘and clean-up of contaminated sites. Overseas experience has shown that heightened public concern,
mistrust of agencies involved, as well as delays to major developments may result when there is inadequate
community involvement.

In addition to community consultation there is a fundamental requirement to address occupaﬁonal health
and safety concerns.

The recommended Australian approach is intended to apply to both large scale and small scale clean-up
operations. It is unrealistic to expect that small contamination incidents will be subject to the same level of
investigation and treatment as larger incidents. The recommended approach makes allowance for some
simplification of the assessment and clean-up procedures in the case of minor incidents, provided the
general systematic approach outlined in Figure 4.1 is considered and each stage of the investigation adopted
is completely and accurately documented. Proper documentation is required to assist in the evaluation of
the effectiveness of the clean-up program employed. '

The following diagram represents the recommended approach to the assessment and management of a
contaminated site. Overlaid on this diagram, but not stipulated is the need for progressive and final review,
with reporting to and acceptance by participants.

As previously suggested, not every site will require exhaustive investigation in order to devclop responsible
management options. The degree of effort will vary from sitc to site.
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Figure 4.1

Recommended Approach to the Assessment and Management
of a Potentially Contaminated Site
Initial Evaluation to Determine if Detailed Investigation is Necessary

Site History/Site Dc‘scription/ Preliminary Sampling

Australian Soil Investigation Guidelines
|

No Problem Apparent Potential Problem
#
No Further Action Development of a Work Plan for second stage
investigation Program
i

. Detailed Sampling and Analysis Plan
. Health and Safety Plan
. Community Participation Plan

|
Assess Nature and Extent of Contamination

Assess Potential Public Health
Risk/QOccupational Health & Safety

Assess Potential Environmental Impact of
Contaminants

[

No Unacceptable Impacts Detected Unacceptable Impacts Detected

Dcvclopmc:nt of Work Plan

No further Action® Determine Criteria for Site Clean-Up
(monitoring may be .
necessary) Develop Options for Site Management

Determine Contamination Mitigation/
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# decision to proceed directly to clean-up according to guidelines may be taken at a number of points in the
following process sequence

provided land use remains as originally proposed
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4.1 Preventive Measures

In many instances site contamination could have been prevented had appropriate procedures and standards
been put into place.

While governments have an important role to play in the establishment of guidelines, standards and
controls, the primary responsibility for minimising or eliminating soil contamination must be with individual
firms and operators in industry, commerce and agriculture. In essence this means an acceptance by industry
of the need to follow environmentally sound siting procedures for facilities and to adopt exemplary chemical
and waste management practices during operation.
The following list is a guide to the sorts of measures which should be considered.

Site selection:

When selecting a site which will be used wholly or partly for the storage, processing or disposal of
potentially contaminating materials, consideration should be glvcn to the vulnerability of the local
environment to contamination.
Good house keeping, including:.
staff training,
infrastructural measures to ensure satisfactory removal of residual substances,
layout of work site; the designation of areas for certain types of high risk activities,
regular internal checks and inspection of the protection systems,
-material/waste audits to detect losses,
maintain drainage system in good condition, and
immediate clean-up of spills.
Equipment features, including:
equipment safety features such as overfill protection for tanks and leak detection systems,

enclosed structures and secondary containment such as liquid-tight floors, drip trays and
double liners,

protective coatings and cathodic protection for underground tanks and pipes so as to
minimise corrosion,

installation of aboveground tanks and pipes so leaks can be traced quickly, and
installation of low leakage pumps, valves and flanges. e
Process-related measures such as:

the use of alternative raw and ancillary materials, production of alternative substances,
and

incorporation of pollution control equipment and processes.
Other issues which need to be considered are appropriate buffer zones to prevent migration of pollution to

residential or agricultural areas and tighter plannmg controls to ensure appropriate separation of
incompatible land uses.
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By choosing a number of prevention measures, the risks of contamination of soil and groundwater at a site
can be greatly reduced in an efficient and cost effective fashion, thus reducing the number and scale of
future clean-up actions. ’

4.2 Decommissioning Considerations

By adopting the types of measures outlined above, industry can avoid excessive costs and liabilities in the
future when decommissioning [5].

When an industrial site or part thereof is to be closed down and decommissioned, the bwncr/s should begin
to plan an evaluation of the site to determine the following [5]:

whether risks to public health and safety and/or the eavironment are issues,
whether the potential costs of any impacts are of concern,

if the proposed decommissioning procedure is in compliance with all applicable laws and
regulations,

whether the land may be a liability to current and future owners due to contamination, and
whether the premises and land are aesthetically acceptable.
The following measures can be utilised to achieve the above:

review records of the types of materials handled and processes carried out to assess the likelihood
of contamination,

review records of any accidental spills and clean-up action taken, and

where any doubt exists as to the status of the site, the relevant authority should be consulted and
the site assessed. '

An effective decommissioning program should involve [5]:

site information/assessment,

initial testing program,

comprehensive investigation,

preparation of decommissioning plans,
implementation of decommissioning and clean-up, and
confirmatory sampling/completion reporting.

It is important to recognise that some companies may not have the financial resources to properly
decommission a site in an environmentally acceptable way. Others may avoid appropriate decommissioning
practices or in some extreme cases may attempt simply to abandon a site.

Financial and legal mechanisms relating to decommissioning need to be examined on a national basis to
establish a consistent approach towards preventing the huge sums of public money being required to clean-
up contaminated sites and to ensure that the true costs of environmental protection are applied equitably to
mdustry.

Some potential mechanisms are as follows [5}:
a decommissioning and clean-up bond deposit refunded onl'y when government is satisfied that the
site has been properly decommissioned (the level of the bond being based on an assessment of risk

associated with the operation),

an annual decommissioning and clean-up surcharge assessed against each industrial facility based
on operating and waste management practices, and
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industrial sector specific decommissioning and clean-up contingency funds to which all industries in
that sector contribute on an annual basis to address clean-ups at bankrupt or abandoned sites.

A spectrum of issues needs to be addressed if any of these funding mechanisms are adopted. For example,
industries that have supported and practised ecosystem protection would take strong objection to having to
contribute to the remediation costs of less responsible industries.

43 Identification of a Potentially Contaminated Site

Early identification of potential contamination is fundamental to achieving the optimum design of a more
detailed site investigation. This can be facilitated through information provided by the site's present and
previous owner /occupier, knowledge of past and present land uses, historical records, local government and
community submissions.

Identification of contamination may also arise from the discovery of foreign materials during any demolition
or construction activity on site. :

A number of methods can be employed to identify a potentially contaminated site such as:

routine surveillance of industrial premises and those generating industrial waste,

-

appraisal of premises which have been used by particular industries and/or for specific land uses,

appraisal of premises which have notified the relevant authority of any accidents or spills or who are
subject to periodic audit,

appraisal of land which is to be re-developed,

appraisal of land where localised environmental effects are noted with no apparent cause, and

environfental assessment on change of ownership.

Once a potentially contaminated site has been identified, an initial evaluation is required to determine
whether a problem éxists and whether a detailed investigation of the site is warranted. )

4.4 Initial Evaluation

An initial evaluation should include a review of the site's history and a description of the site’s condition. It
may also involve an initial sampling and analysis program for a limited range of chemicals to ascertain
whether contamination exists. Without sampling and subsequent analysis from a given site, there is no sure
way of determining whether a site is contaminated or not. .

Public health, environmental issues, community participation and occupational health and safety
considerations should be taken into account at this early stage. Comprehensive plans to address these
matters, however, may be developed at a later stage. Discussion of health considerations, environmental
considerations, community involvement and occupational health and safety plans can be found in sections
53,5.4,5.5 and 5.6 respectively.

1.8

L

Site History

A site history should be compiled, taking into account relevant items from the following checklist.
Obviously, not all these factors will be appropriate for a particular site.

They include:
. past and current owners of the site,
air and ground photographs,
past involvement with government authorities, consultants,
trade and street directories,
local literature, including newspapers,
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technical literature, including building and related permits,
local knowledge of residents,
complaint history,

previous land uses,

previous industries supported,
products manufactured,

raw materials used,

wastes produced,

chemical storage and transfer areas,
disposal locations,

discharges to land,

product spills and losses,

geological survey maps, and

sewer and underground service plans.

Information gained from former site owners and employees will be useful in compiling a history of the site.

Site Condition

A description of the condition of the land should be included in the site assessment report, in an attempt to
identify any obvious pollution problems.

Some useful indicators are

disturbed or affected vegetation,

unpaved areas where no vegetation is apparent,
discoloured, oily or disturbed soil,

presence of chemical or waste containers,
odour, -

quality of surface water, and

condition of buildings and roads.

Initial Sampling and Analysis Effort

An initial sampling and analysis program should be aimed at assessing whether contaminated soil is present
It should be based on information arising from the site history and condition reports described in the
previous sections.

Samples should be taken where contamination is suspected as well as where it would not be expected in the
locality of the contaminated site. Initial samples should be located on a coarse grid pattern within the area
of suspected contamination. However, if there is good information arising from the site history and
condition reports, judgemental sampling may be more appropriate than coarse grid sampling. Stratified
random sampling can provide further useful information.

Additional samples may be taken at off-site locations to provide an indication of the “local' background
levels of suspected contaminants. Where possible local background samples should be of similar soil type to
those taken on site.

Analyses should be performed using approved standard methods and should be perform(ed by a laboratory
registered for those analyses with the National Association of Testing Authorities, Australia (NATA) or the
New Zealand Testing Laboratory Registration Advisory Council (TELARC).

Once this information is collated, a decision can be made as to whether further investigation of a site is
required.

It should be re-iterated at this point that an initial assessment of occupational health and safety and public
health concerns will need to be addressed to ensure the protection of investigators/workers and the general
public. )
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5. DETERMINING THE NATURE AND EXTENT OF
CONTAMINATION - DEVELOPMENT OF A WORK PLAN

Once an initial investigation of a site is complete and the site is considered to warrant further investigation,
a site specific work plan needs to be developed to determine the nature and extent of contamination. In
developing a work plan, thought needs to be given to potential health and environmental impacts,
occupational health and safety considerations and a community participation program. The following
sections outline what may be required depending on site specific factors.

The level of detail to be included in a work plan will depend on the type of site but should be based on
consideration of the areas covered in the following sections.

A work plan defines the scope of work, level of investigation, costs and schedules for performing site
assessment activities. In generata work plan describes what will be done.

The key parties involved in developing the work plan include the site owner/occupier, developer,
consultant/s, the community, workers or unions covering those workers, the local council and relevant
government authorities.

5.1  Site Investigation
Survey of Existing Information

Once a site is deemed to require further investigation, information about the specific site and the region .
should be collated. This will assist in the identification of surface, subsurface, atmospheric and biotic
migration pathways for contaminants as well as determining the degree and extent of contamination. The
information collected should include data on the local geology, hydrogeology, climate and flora and fauna.
Regional information may help to identify local soil, water and air quality characteristics [6].

Information on potential contaminant exposure routes and receptors in the arca surrounding the site should
be compiled. Demographic and land use information will also help to identify the potential receptors of
contaminants [6].

The location of any threatened, endangered, or rare animal or plant species, sensitive environmental areas
or critical habitats on or near the site should be identified. Any results from previous biological studies in
the area should also be compiled to document any potential for bioaccumulation in the food chain.

The site history, existing conditions, details of industrial, commercial or agricultural operations and a
description of the site are compiled to:

assist in the design of a sampling and analytical program, and
assist in the preliminary assessment of exposure risk and to enable the initial identification of
potential remedial technologies (6]. ¥

Site Inspection

It is essential that the investigators or assessors of a site familiarise themselves with the site. It may.be
beneficial for them to inspect the site with resource persons such as former employees.

The resource persons may help to identify possible areas of contamination and locations of specific
industrial operations.
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A site inspection should be performed at an early stage of the evaluation process and may include the
following {7]: '

use of field testing procedures to obtain data on volatile chemical contaminants, radioactivity and

explosive hazards to determine appropriate health and safety levels,

assessment of whether any conditions could pose an imminent danger to public health or the

environment,

confirmation of information contained in previous documents,
recording of observable data missing in previous documents,
updating site features and conditions if undocumented changes have occurred,

identification of possible off-site sources of contamination, and

documentation of the location of access routes, proposed sampling points and other site features, as

required for the design of detailed field investigations.

Site Description

The following is a list of some of the features which may be considered in the development of a work plan
and in the investigation of a contaminated site. (Not all of these factors may be appropriate for a particular

site.)

Surface Features
vegetation
topography
surface water features
tanks

piping

disposal areas
fencing

property lines
utility lines

road ways
railways
drainage ditches
water quality

Sub Surface Features

depth to ground water

rate of groundwater flow
direction of groundwater flow
various services

underground structures/tanks

Other

flood potential

uses of surface water
uses of groundwater
accessibility

local climate
demography
surrounding land uses
air quality

soil types

regional geology

soil chemistry
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climate (precipitation, temperature, wind speed and direction, presence of inversion layers,
extremes in weather)

On most sites a description of current or past industrial opcratioxis will be appropriate. Operational details
to be noted may include:

ownership,

location,

nature of industrial processes and operations,
waste type,

estimates of waste volumes,

chemical handling, storage and disposal practices,
previous site visits,

sampling events,

regulatory violations, and

legal actions.

The data review should be as thorough, accurate and well documented as possible given time and resource

requirements. Failure to fully investigate a site and identify a potential hazard could result in detrimental
impacts on public health and the environment, as well as costly litigation at some later stage.

52  Sampling and Analysis

Once an initial sampling and analysis program has confirmed the presence of contamination, further work is
performed to collect data to permit estimation of the extent of contamination, location of contaminant
sources on and off site, the identification of contaminant migration pathways, if any, and the extent of off-
site movement of contamination to determine whether a contaminated site is an immediate or long term
threat to public health and the environment.

The sampling and analysis plan should detail the number of séfnplcs, depth(s) and location of samples and
type of physical/chemical analysis required to determine the nature and extent of contamination.

Further investigations typically involve on-site testing, sample recovery and characterisation of subsurface
conditions.

A sampling and analysis plan should describe how tasks are to be carried out. The following information
should be included in a sampling and analysis plan:

description of objective of sampling and analysis program,
an appropriately detailed scale map of the site, showing the area to be investigated,
estimated number of samples to be obtained in the field including off site samples and duplicates,

the locations from which the samples have been and will be recovered, including sample depths and
sampling methods,

list of analyses to be performed,

requirement for leachate, bioavailability or speciation tests,

a general discussion of the accuracy and precision required, and
identification of pilot or laboratory bench studies to be performed (if any).

At some sites the ambient or background chemical level is significant and should be taken into account
when designing a sampling program and subsequent interpretation of the analytical results.

Collecting an environmental sample requires careful planning and meticulous documentation to ensure that
samples are representative of the original source material [8].
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It is important to realise that the quality of the results of a sampling and analysis program are only as high as
the quality of the sampling program.

If samples are collected without consideration of heterogeneity and variations over space and time, and
without the application of correct methods and an awareness of contamination problems with equipment,
the validity of the analytical data obtained is negligible [8].

The approach to a Sampling Program may depend on:

budget constraints,

deadlines,

reference materials available,

equipment available,

methods to be employed,

number of samples required,

sample handling techniques,

parameters to be analysed, and

level of accuracy required for decision makmg purposes.

The type of contamination is also important. Contaminants that are highly water soluble must be handled
differently from those that are immiscible in water (eg. petrotl).

Physical constraints must also be taken into consideration. These include: the solid-carrying capacity of a
liquid; stratification of liquid based on density, immiscibility or temperature gradients; solid distributions
based on particle size, density or surface characteristics and any other contributing parameters.

Clearly, the partiaxlzir soil type(s) encountered will have a major influence on the contaminant of interest.
For this reason, it is recommended that fundamental soils information such as soil type, pH, salt content,
permeability, porosity, texture and cauon/amon exchange capacity, percent organic material, moisture
content and absorptivity be obtained.

The number of locations sampled is based on the known history of the site and its size. At each location,
where environmental parameters are of concern, samples should be taken at least two depths, commonly
three. The depths at which samples are taken will be dependent on the soil type, subsoil type, where a
change of texture is observed, suspected contamination on the site, and upon the depth to natural ground
surface in the case of filled sites. While from a health perspective, the surfacelayer is usually the most
important, from an environmental perspective the extent of contamination both at surface and at depth is
extremely important to ascertain.

Where appropriate, surface water, groundwater and air samples should also be taken.

There are major problems associated with sampling and analysing the large numbers of samples typically
required to assess the actual nature and extent of contamination at a site [9]. A number of methods, are
being developed to assist in the programming of sampling and subsequent analysis.

It is prudent to allow adequate time and resources for a multiple stage sampling program. Single stage
sampling may be expedient, but lacks the flexibility to cater for any feedbacks from samPling and analysis.
The sampling plan may need to be altered at times for numerous reasons including unforeseen physical
structures on site such as the discovery of underground storage tanks and encountering concrete
foundations. The plan may need modifications in response to observations of strata, odour and unusual
appearances of the soil.
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Analysis

Precise and representative chemical analysis of soil samplcs may be difficult because of the interference
related to a complex soil matrix [10]. However, screening for a range of inorganic and organic indicator
chemicals should be considered to check whether any previous illegal or accidental discharge of unsuspected
contaminants has occurred.

To obtain useful results from site sampling, the analytical methods used must:
be able to be assessed for accuracy and reproducibility;
have an appropriate detection limit;

have a knowhn response to possible interfering species; and
be suitable in terms of time and cost.

Soil also needs to be analysed for physical parameters such as clay content, orgamc matter content, particle
size, and others deemed appropriate.

Analytical Methods
Analyses should be performed in accordance with the protocols approved by the relevant authorities.
Analytical methods needed for site assessment fall into three categories:

Field measurements that can be performed "in situ”;

Laboratory based broad screening methods used to dc(ermmc the type of contamination present;
and

Methods specific for contaminants that are known or cxpected to be present.

Approved Methods

Analytical methods should be approved and then listed. Analytical techniques need not be restricted to
existing USEPA or similar standard methods. However, non standard methods will require validation
before they are approved for routine use. Such methods should be detailed in assessment reports for the
evaluation and review of the relevant authorities.

Groundwater

Groundwater samples should be taken in areas with a shallow depth to groundwater and where a site may
have been used as a landfill, for lagooning of wastes, underground product storage and where a suspected
contaminant is extremely mobile. Siting and construction of sampling bores must take into account a
contaminant's physicochemical properties and the nature of the local hydrogeology in order to target
contaminated zones while preventing the spread of contaminants through inappropriate op careless bore
installation. A general hydrogeological assessment including the level of groundwater, rate of movement
and direction of flow needs to be obtained prior to groundwater samples being taken, as subsequent
interpretation of data will be made difficult.

Groundwater investigations should be professionally supervised, preferably by a hydrogeologist specialising
in contaminant hydrology, who should be involved in the design, supervision, and follow up phases.

Where little is known of factors such as aquifer type and permeability, depth to water table and gradient of
water table, it is best to plan the program in two phases. The second phase (monitoring bore design and lay
out) being dependent on the findings of the first phase (hydrogeological data gathcring).

Obviously decisions must be made when designing a bore program as to what information is required from
the bores. Examples of this being the direction of movement of groundwater and which indicators arc to be
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analysed, as some determinations may be masked or suffer interference from bore construction and
sampling materials.

Factors which need to be considered regarding site conditions are:
. depth to aquifer under investigation;
width of source, as this can affect plume shape and bore pattern;
geology and hydrogeology in the area, including type and amount of permeability and likely
gradient;
depth to water table;
site accessibility for a drilling rig;
established or likely background values for the parameters required;
current usage of the shallow aquifer groundwater in the area.

These and other factors will influence the optimum design of the drilling program, including location,
number and depth of bores. )

Geanerally, a minimum of three bores per site (for example over a hectare) is acceptable for an initial survey.
However, as with soil sampling, this number can vary from site to sitc. Therefore, each site will need to be
assessed individually.

Under relevant local legislation, all bores will generally be required to be registered with an appropriate
authority and licensed drillers employed.

53 Health Considerations

Protection of the health and safety of the public and site workers is a concern once a site has been identified
and during site investigation and clean-up. The workplan needs to address these concerns and ensure that
potential problems are identified and prevented. Where appropriate, efforts must be made to inform and
educate the public. Actions undertaken may be as simple as constructing a secure fence to restrict access, or
as complex as the creation of an evacuation plan in the rare occasions where this is a real concern.

It is important that professional expertise is sought.

The public health implications need to be explicitly addressed for all sites. This will involve some level of
risk assessment.

It is not necessary or practicable to perform detailed analysis for every site, since there may be no
population at risk, or decisions may be made on other grounds.

For the majority of sites, clinical or epidemiological evaluation has no role. It is difficult to equate health
effects with concentrations of contaminants in soil.

-

Health Monitoring [14]

From Australian and international experience, health effects are likely to be found in only a very limited
number of situations of extreme soil contamination. Subtle effects may only be able to be determined on a
group basis rather than on an individual basis (e.g. subtle neuro-developmental effects dgtermined by
sophisticated testing in groups of children with different lead exposures). Problems of cadusation relating to
individual findings rather than group findings arise if the putative effects are common in the general
population e.g. headache, fatigue. Health effects are rarely as specific to an exposure as chloracne with
some chlorinated hydrocarbon exposures.

Health monitoring for specific health effects is warranted only where environmental or biological -
monitoring has indicated a significant risk of effects e.g. specific tests of renal function if urinary cadmium
levels above the levels of concern are detected in biological monitoring.

When health monitoring is done it should rarely be done in isolation from environmental and/or biological
monitoring. Clearly defined health effects should be sought with specific case - dcfinition criteria. Records
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of other symptoms and clinical findings should also be kept to enable epidemiological assessment of other
potential health effects.

Biological Monitoring [14]

Biological monitoring is a measuring procedure whereby validated indicators of the uptake of contaminants,
or their metabolites, and people's individual responses are determined and interpreted. Biological
monitoring is only of use in limited circumstances when dealing with contaminated sites. It is most likely to
be appropriate if there are high levels of contamination extending over a largc area e.g. regional
contamination by lead from a smelter.

It is more likely to be useful in monitoring chronic exposure for substances with long biological half-lives.
If biological monitoring is appropriate and practicable it can be more valuable than environmental
momtormg in determining the level of risk from an environment as it will measure whether exposure is

occurring and the level of exposure.

Before biological monitoring is undertaken the following are necessary:

1. ‘The objective of the biological monitoring must be defined clearly.

2. A normal range of results must be established that 'is applicable for the population under
study.

3. Consideration must be given to how people with abnormal results are to be managed.

4. A centralised collection point for results must be established to enable consistent analysis

and epidemiological appraisal of results.

Meaningful results are only available for a limited number of substances. Quality assurance is always a
major problem with biological monitoring. The following substances are the only ones likely to be suitable
for biological monitoring: lead, cadmium, arsenic, mercury, polychlorinated biphenyls (PCBs),
organochlorine pesticides and organophosphorus pesticides.

If there are multiple potential exposures it may be appropriate to measure a specific indicator analyte e.g. if
lead and cadmium are both present, the measurement of lead alone may act as a surrogate measure of
cadmium exposure.

Bioloéical monitoring should be undertaken only with specialist medical or toxicological supervision. A
biological monitoring program should be assessed by the way in which the testing program is organised, the
way the results are evaluated and communicated to people, and the way abnormalities are pursued [12]. Itis
recommended that the normal ranges for differing age groups in the Australian situation be determined for
the listed substances: lead, cadmium, arsenic, mercury, polychlorinated biphenyls, organochlorine pesticides
and organophosphorus pesticides.

Risk Communication

There will often be significant differences in the risk perceptions of the public health authorities and
members of the community. «

Risk perception will be affected by factors such as the involuntary nature of the exposure (e.g. is there a
gaseous contaminant that will unavoidably be inhaled); whether the contaminant is familiar (e.g. tobacco) or
seen as exotic (€.g. PCB); and the nature and dread of the potential effect (respiratory tract untatlon or
lung cancer).

Aesthetic concerns and the stigma of living near a contaminated site may also influcnce public attitudes.
The importance of public perceptions and opinions should not be dismissed. Effective risk communication

will be needed to address public concerns and anxiety and to enable a productive dlSCOUrSC between public
authoritics and the community.
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The USEPA [13] highlights several important features of risk communication:
accept and involve the public as a legitimate partner,
carefully plan and evaluate your efforts (there will be different audiences and concerns),

listen to the public's specific concerns (the public are unlikely to listen to you if you are not
perceived as listening to their problems),

be honest, frank and open as trust and credibility are important assets that are hard won and easily
lost,

co-ordinate and collaborate your messages with other credible sources,
address the needs of the media, and Y
avoid jargon and provide detail where possible (discuss actions that are underway and the
limitations of possible action).
Counselling and Support

A factor often not considered is the psychological stress of those living or working in the surrounding area,
once a potentially contaminated site has been identified.

Where risk assessment suggests substantial exposure may have occurred (substantial future exposure being
preventable), then it is essential to provide information to the community as discussed to above, and to put
in place appropriate facilities for counselling and appropriate referrals to clinical specialists. Detailed
information packages should be made available to family medical practitioners, community clinics and other
sources of primary health care.

54 Environmental Considerations

Environment protection requirements need to be clearly identified and taken into account during the
investigation, clean-up and management of an identified contaminated site.

The development of a workplan, therefore, needs to take into consideration the environmental parameters
which may be relevant to a particular site and how these may be tested and protected.
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‘The following diagram simplifies the sectors in an ecosystem which need to be considered.

Fig 5.4
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Site and ecosystem characteristics are likely to differ markedly between one location and another. Soils
alone may vary dramatically . This, together with the great diversity of plant and animal species which may
be involved and variations in hydrogeological conditions and land uses, make it difficult to develop a general
checklist of environmental considerations for inclusion in a work plan.
Nevertheless, some specific aspects which should be considered are as follows:

physico chemical characteristics of contaminants (speciation, mobility, solubility etc.);

soil characteristics such as pH and clay content;

site characteristics (likelihood of exposure to contaminants in air, water and soil both on
and off-site);

identification of exposure routes and receptors, e.g. plants, water bodies; ,
toxicity of contaminants to animals and plants, both terrestrial and aquatic;
bioaccumulative and biomagnification capacity;

bioavailability of the contaminant to the range of receptors in a given ecosystem;

the health of the environment with respect to biological species distribution and number
(including microbes); and

microbial degradation rates, as these may affect productivity and integrity of the soil.
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5.5  Community Consultation and Involvement {14]

Consultation will be required where issues are contentious or where a site may have effects on a community.
An effective consultation includes all affected people and uses strategies that ensure that all who wish to
participate in the consultation are able to do so. Public meetings should not be regarded as the only form of
public consultation. When public meetings are held some of the potential problems can be addressed by:
collaborating with a local agency which is trusted or perceived as impartial and being sensitive to the choice
of venue; being honest, accurate and non-patronising in the presentation of factual information; planning the
meeting carefully to allow time for all perspectives to be presented and for discussion; not assuming what
the outcome of the meetings will be. A meeting should not be called to ratify a decision which has already
been made elsewhere and perceptions that this is occurring tend to be destructive for any form of
consultation. The use of a skilled facilitator may be required if the situation is, or is likely to become,
particularly sensitive. :

The information which makes up a consultation protocol should include {15]):

"1 A brief, clear statement of the issue in plain English, and a summary of any background
information needed to understand the issues.

2. A clear statement of any issues which are or are not negotiable wihtin the consultation, and the
reasons for this, €.g. a decision has already been made at another level of government, but where
input is sought on how a change should actually be implemented.

3. A broad description of who is affected by the issue or the proposal, and a list of relevant groups,
organisations or channels through which their input can be sought.

4 A statement of what kind of input is being sought, e.g. comments on existing proposals or activities.

S. A time line for the consultation which includes sufficient time for organisations and individuals to

discuss and form opinions on the issue and prepare a response. A time line is also needed for
reporting on the outcomes of the consultation to those who are affected or who have participated in
the consultation.

6. A list of consultation strategies to be used, which reflects any particular difficulties of those who are
affected by the issue (e.g. inviting comments by telephone is useful for many people with mobility
problems, but not very useful for non-English speaking people). Examples are small discussion
groups, telephone hotlines, surveys and questionnaires, public meetings, and doorknocking.

7 A list of resources which are available for consultation e.g.
- staff with relevant skills and knowledge
- funding for preparing written material, advertising, child-care, mterprctmg and transport
- funding for facilitators for meetings
- resources for relevant groups or organisations to collect mformatlon for the consultation.

K If public meetings are planned, a discussion of issues about the choice of venue, speakers, and
timing of the meetings".

5.6 Occupational Health and Safety Considerations [14]
It is expected that em;')loycrs will provide:

a health and safety policy; a safe work environment and safe systems of work;

adequate fadcilities for the welfare of employees; '

information, instruction, training and supervision necessary to ensure the hcalth and safety of
employees;

appraisal and monitoring of working conditions and the workplace. .
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The legislative, and ethical obligation to prbtcct the health and safety of workers applies to all worksites
including contaminated land. Consideration must be given to appropriate occupational health and safety
measures from the time of the preliminary assessment of a site. ‘

At all times the exposure of workers to contaminants involved in contaminated site assessment or
management should not exceed legislated limits, where they exist. Otherwise exposure should not exceed
the most recent National Exposure Standards declared by the National Occupational Health and Safety
Commission [16]. '

The following information is required to enable appropriate control of employees' exposure to
contaminants;

the types of contaminants present, their form and likely concentrations. For workers physically
involved in sampling procedures for initial assessment of the site, some idea of possnblc '
contamination of the site may be gained from the site history;

the toxicity of contaminants (via all exposure routes) as well as other safety hazards posed (e.g.
explosion potential from specific gases or vapour);

the types of operations to be carried out on site.
-

Given this information, a range of measures to minimise workers' exposures may be considered by an
appropriately skilled occupational health and safety professional:

Q) Type of equipment and processes used on site to minimise airborne-generation of contaminants.
@ Dust suppression techniques (e.g. water spray, or conducting operations during winter)
3) Enclosed, air filtered cabins on vehicles.

“ Personal protective equipment which may include overalls, boots, helmets, goggles/face visor and
respiratory protection.

&) Personal hygiene precautions
- provision of adequate facilities for washing and showering
- - provision for disposal of contaminated clothing before leaving site
- maintaining the cleanliness of crib rooms
- supervision

(©6) Worker education and training
Worker awareness of the nature of the risk is vital. Specifically, worker education must address: the
nature of contaminants; the degree of contamination; the risks of exposure; the potential routes of
exposure, the risks of transferring these contaminants into the home, and an understanding of the
precautions to be taken to minimise exposure. This knowledge will provide a better' perception of
the actual risk of working on a contaminated site and an appreciation of the control measures to be
used. ’

@) Other safety equipment requirements dependant on the work being undertaken (g, g. testing devices
for vapours, gases).

(8) Where there are high levels of contamination, consideration will need to be given to airborne
monitoring of contaminants in the breathing zone of workers to ensure that the precautions being
taken are suitable. Occupational hygienists and occupational physicians can provide specialist
advice on these matters. .

Biological monitoring as part of a health surveillance strategy undertaken by an occupational physician, may
need to be considered. This may be used to ensure that proper personal hygiene precautions are being
undertaken and that personal protective equipment is adequate and being used.
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6. Determination of the Environmental And Health Impact of
Contaminants

Each identified chemical contaminant should be considered forits potential impact on humans and the
environment.

This is generally done by looking at:
the physicochemical characteristics of the contaminant (e.g species, mobility, reactivity, sorptivity)
and soil characteristics such as pH, clay content etc. which may influence bioavailability and
mobility,
the toxicity of the contaminant to humans, animals and plants,
the likelihood of exposure of humans, animals or plants to contaminants in soil, air, or water
the natural background levels of the area, and

bioaccumulation and biomagnification capacity.

The detail required for such an assessment should be based on the nature and degree of contamination, the
size of the site and proximity to sensitive land uses. '

For the majority of sites, a complete risk assessment will not be required. However, consideration of the

toxicity of the contaminants of interest and the various routes of exposure should form part of the process of
assessing the likely impact of contamination.

6.1 Toxicity Assessment

Although a considerable amount of effort is required to correctly identify the target species and the degree
of exposure to a toxicant due to the presence of contaminated soil, the evaluation of the hazard is not
complete until the potential absorbed dose is compared with a standard or guideline for acceptable intakes
of specific chemicals [17]. Thése are usually derived from studies involving animals.

Where the environment is of concern, there are usually data available to complete such comparisons. There
is a range of established environmental quality guidelines for a variety of media from various countries.

Relevant information about toxic substances includes, but is not limited to {18}
physical and chemical properties,
routes of exposure,
metabolic and pharmacokinetic properties,
structure-activity relationships,
phytotoxicological effects,
human toxicological effects,
acute animal studies,
chronic (long term) animal studies, and

human epidemiological studies.
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A regular review of available data is imperative.

Traditional toxicological procedures define a safe level of exposure for humans and a range of terrestrial
and aquatic species as some arbitrary fraction of the dose/level at which no effects were observed in a group
of animals, usually termed the "no observed effect level" (NOEL) [17].

Where effects other than cancer are concerned, an acceptable daily intake has often been established by
dividing the NOEL by a safety factor of 100. The purpose of the safety factor is to account for the possibility
that humans may be up to ten times more sensitive than the animal species tested and that a ten fold
variation within the human population may exist {17].

The magnitude of this factor may be altered depending on the chemical, pharmacokinetic properties, the
severity of the effect and the quality of the available toxicological data [17].

In addition to the use of safety factors, models may be developed to attempt to estimate safe doses. These
models try to identify safe doses based on extrapolation of data obtained from animal tests [17].

Contaminants at a site can have diverse short-term and long-term effects. In order to account for these
varymg effects over time, non-carcinogenic acute and chronic toxicity should be determined as well as
carcinogenic chronic effects for both children and adults [17].

Pharmacokinetic factors, when available, can account for differences in absorption and metabolism due to
different exposure routes. Without inclusion of pharmacokinetic factors, the same toxicity value used for
different exposure routes may not adequately represent the hazard level. For example, toxicity due to
ingestion may be different from that due to inhalation.

It is important that both the traditional toxicological methods of assessing the hazard of a particular
chemical be used for assessing the toxicity of a given contaminant to humans in conjunction with the results
of human epidemiological studies where available.

Toxicity assessment as part of the risk assessment process usually considers:

the types of adverse health or environmental effects associated with individual and multiple
chemical exposures,

the relationship between the magnitude of exposures and adverse effects, and

related uncertainties such as the weight of evidence for a chemical's potential carcinogenicity in
humans {6].

The following are disadvantages of the toxicity assessment process {1]:

there is a limited range of substances for which toxicological data are available and from which to
derive acceptable daily intake levels for humans,

there are limited data available on the toxicity of contaminants to plants and animals in Australia,

much of the experimental data are derived from animal studies which rely on standird application
factors to estimate corresponding acceptance concentrations for humans,

all toxicity data are derived from studies utilising pure chemicals. The reduction in activity of a
toxicant in a soil matrix or synergistic effects of multiple toxicants being present have not as yet
been evaluated, and

standards derived for a specific contaminant may be too stringent when oonsi&ring asite
composed of clayey soil or conversely may under estimate the level of harm when considering a
sandy site overlying a potable groundwater supply.
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The reference texts for toxicological data for human health include:

1 Toxicological Profiles prepared by the Agency for Toxic Substances and Disease Registry
(US Public Health Service) in collaboration with US Environment Protection Agency.

2. Environmental Health Criteria' published by the World Health Organisation.

3 IARC Monographs on the Evaluation of Carcinogenic Risks to Humans' published by the

International Agency for Research on Cancer, World Health Organisation.
Where information is unavailable in these texts, secondary texts may be consulted including:

Klaassen CD, Amdur MO, Doull J (eds). Casarett and Doull's Toxicology. The basic
science of poisons, 4th ed. New York: Macmillan, 1991.

In many instances, expert toxicological interpretation will be required.

6.2 Exposure Assessment

Exposure can be defined as contact with a chemical or physical agent. The magnitude of the contact is
determined by measuring or estimating the amount of an agent available at the exchange boundaries (e.g.
lungs, skin) during some specific time [17].

Once the agent is absorbed across these boundaries, the absorbed amount becomes a dose. Exposure
assessment is the qualitative or quantitative determination/estimation of the magnitude, frequency, duration
and route of exposure and often also describes the resultant absorbed dose [17].

The main receptors of soil contaminants are humans, plants and animals in both aquatic and terrestrial
environments and buildings (including service conduits).

For humans, direct pathways include the following [19):
ingestion of contaminated soil,
inhalation of vapours, gases or mists or contaminated dust,
skin contact,
uptake of contaminants in food (plants, animals) and subsequent ingestion, and

contamination of drinking water, surface or ground water.

Classifications of this type are necessarily simplified and alternative routes of exposure could be determined
and may need to be considered. Each exposure needs to be investigated in turn. For instance, with building
materials, consideration should be given to the type of contaminant and how it may impact on health and
safety of the occupants and the environment as well as its impact on the building itself.
It is important to note that intake is not equivalent to the absorbed dose as absorption from the lungs,
gastrointestinal tract and skin may be substantially affected by numerous factors. This difference between
intake and absorbed dose is described by the term ‘bioavailability which indicates the overall proportion of a
substance that is absorbed into the body [14]. Information on bioavailability is required for assessment of
impact. It should be noted that bioavailability in this context is quite different from that for plants.

The following issues are important to consider in exposure assessment from a public health perspective [14]:

1 Children usually receive a higher exposure to seil contaminants per unit body weight than adults
(20;

2. Soil ingestion by small children is usually by far the most important exposurc route (ibid);
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3 One exposure route will normally predominate (ibid);

4 The inhalation route will be important for highly volatile contaminants but, as they rapidly
evaporate, they will quickly disappear from a site unless new sources are added (ibid);

5. In large-scale contamination (i.e. regional) more exposure pathways are likely to be involved than in
small-scale (very localised) contamination.

6. All exposure pathways must be considered for health risk assessment. Existing Australian data for
other exposure pathways (e.g. contaminant levels in food, water and air) need to be appraised to
enable comparisons. ' '

For the purpase of exposure assessment, it is recommended that a soil ingestion level for children (1-5
years ) of 100 mg/day of soil from all routes is used. This incorporates a wide margin of safety (i.c.itis a
conservative estimate which overestimates typical exposures). Inhalation and skin routes of exposure are
considered relatively insignificant (except for certain volatile contaminants). This figure should be used for
preliminary risk assessment but there must be an awareness of the very small number of children who have
a soil eating habit and who may ingest more than this level {14].

Table 6.2 details recommended soil intakes for exposure assessment purposes.

TABLE 6.2 SOIL INTAKE ESTIMATES [14]

Age (years) Soil Intake (mg/day)
0-1 negligible

1-5 100*

5-15 50*

Adult 25*

conservative estimates.

In most situations, the person most exposed to contaminated soil will be a child aged 2 to 3 years. This has
been demonstrated by the blood lead levels of children affected by environmental contamination in Port
Pirie {21]. The average weight of a 2 and a half year old child for risk estimation purposes should be taken
as 13.2 kg [22]. The average weight of an adult should be taken as 70 kg.

Background exposures from food and water will be required for exposure assessment. Food intakes and
levels of substances in foods should be derived from the most recent Commonwealth Department of
Community Services and Health National Dietary Surveys [23][24][25]{26] and the NHMRC Market Basket
Survey {27]. '

The amount of fluid ingested daily is estimated to be 0.03 litres/kg body weight for an adult and 0.05
litres /kg body weight for a child [28].

The amount of air breathed will be highly dependent on the degree of activity and age. An adult involved in
physically active work may inhale more than 20m?3 of air per day. A child aged 2 to 3 years will inhale 4-5m3
of air per day [28](29].

The sorts of factors considered for plants in terms of uptake and contact are species variation, stage of
development, nutritional status and availability of the toxic substances to the plant.

Methods of exposure assessment include [17];

direct measurement of exposure involving direct, real time measurements of the contact of
chemical or substance with an organism,



30

biological assessment including measurement of chemical or other indications of changes in body
tissues, fluids, growth, reproduction etc., and '

predictive exposure assessment which involves estimation of contact intensity, frequency, duration
and route by estimation of concentration in media and/or estimation of the habits/activities of

individuals or populations that bring them into contact with the chemical or which uscs a fate
model.

6.3 Risk Assessment

The risk assessment process attempts (o estimate the likelihood of an adverse effect occurring in a receiving
population due to the presence of contaminants in soil. It is a tool to assist in the dccision making process
and should not be seen as the only method of determining criteria.

It should be emphasised that the majority of sites will not require risk modelling and guidance values may be
sufficient. The potential for contaminant migration and the likelihood of human exposure should, none the
less should be considered in the decision making process.

The risk assessment process assumes:

knowledge of the risk level for a human population or for flora and fauna associated with specific
doses of chemicals, and

knowledge of the dose which would result from direct or indirect exposure to soil containing a given
concentration of chemicals.

The process involves four stages [29]:

data collection and evaluation of the chemical condition of the site;

toxicity assessment of contaminants;

exposure assessment for the population on or near the site;

risk characterisation. (Some texts use “risk assessment' only to refer to risk characterisation)

Data collection entails the acquisition and analysis of information about chemicals on a site that may affect
human health and which will be the focus for the particular risk assessment {29].

Since risk assessment involves extensive use of animal toxicological data, the results of such an analysis need
to be interpreted with care.

Perception of risk is an extremely important factor and may alter the types of criteria and degree of clean-up
required for a given site. For instance, although the risk associated with driving, or being driven in a motor
car is comparatively high, it is widely accepted (8]. .On the other hand, while the use of chemicals is readily
accepted, chemical residues in the environment are not accepted [8]. The benefits of the motor car are
obvious, however, the benefits of chemicals are not widely appreciated.

The concept of voluntary and involuntary exposure needs to be considered when assessing how risks are
rated. o

In assessing risk, therefore, it is important to consider the following {8]:
the nature and degree of the potential health hazard to humans or other species,

the techniques used for estimating the risk at low doses of substances that are believed to have
genotoxic or carcinogenic properties,

the notion of ‘acceptable risk,

the assumptions underlying human (or other species’) exposure (0 compounds in air, drinking
water. soil food, as well as exposures from other routes,
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the assumptions underlying human (or other species’) exposure to compounds in air, drinking
water, soil food, as well as exposures from other routes, ' ’

the importance given to organ specific and behavioural toxicity,

the ways in which uncertainty factors are applied to guard against cither excessively pessimistic or
optimistic projections,

potential problems associated with extrapolation from animal studies to different species and
humans,

application of results from studies using pure chemicals to situations involving complexed chemicals
in the soil or environment, and

possible synergistic or antagonistic effects of multiple chemical exposure, compared with results
form single chemical studies.

1t is important to stress that all risks are relative.

Risk estimation is a process of prediction and is therefore, unlikely to be precise. For some risks of very low
probability, uncertainties by factors of tgn are commonplace [8]. However, making even a rough estimate
may be better than making no estimate at all. This will depend on the accuracy and precision of the model
and the information on which it is based. :

Figure 6.1 represents the process of risk assessment and indicates the information required to assess risk.
Figure 6.1

Risk Assessment Model

Data Collection and
Evaluation -

-. Collection and analysis of relevant site data
. Identification of indicator chemicals

[
L 1

Exposure Assessment - Toxicity Assessment

. Analysis of contaminant releases . Collection of quantitative and

. Identification of exposed populations qualitative toxicity information

. Identification of potential exposure pathways . Determine appropriate toxicity values

. Estimation of exposure concentrations for pathways
. Estimation of contaminant intakes for pathways

Risk Characterisation
. Characterise potential for adverse health effects to occur
. Evaluate uncertainty

. Summarise risk information

adapted from USEPA, 1989 [29].
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One of the most problematic phases of a contaminated
“how clean is clean™. :
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DEVELOPMENT OF SITE SPECIFIC CRITERIA

site management/clean-up program is determining

While it is recognised that every site is different to some degree, in many cases, guideline levels will be

sufficient to guide clean-up action,

The setting of acceptance

obviating the need to develop costly site specific criteria.

criteria or soil quality criteria for contaminated soil is difficult since site specific -

factors have an important

influence on what concentration of cont

aminant might pose a hazard as previously

discussed. Figure 7.1 depicts the various

factors requiring consideration in the development

of such criteria.

Figure 7.1
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Initially soil guidelines should be used to indicate whether a problem may exist.
Generally these numbers act as starting points in the investigation process.
Other considerations for determining clean-up guidelines are:
the persistence, toxicity and mobility of hazardous substances,
the propensity of substances to bioaccumulate,
short and long term potential for adverse health effects from human exposure,
synergistic effects of contaminants,

the potential threat to human health and the environment associated with excavation,
transportation and disposal and treatment or containment,

the pre-exisiting levels of the contaminants of concern or the evaluation of background levels,

relationship of the site to underground water resources and the extent of usage of these resources
downstream of the site,

-

physical features of the site,
neighbouring land uses,

the consequence of not reaching an agreement by all parties, for example, increases in health and
environmental risks due to prolonged delays in implementing clean-up work,

capacity of existing clean-up technology to achieve clcan-up criteria, and
resource availability to implement the clean-up plan based on appropriate criteria.

The development of site specific criteria relies on assessing the potential for movement of a contaminant
from the soil matrix in which it is contained to humans and the surrounding environment {1]. Such an
assessment can be done using modelling techniques.

In most instances, a combination of site monitoring and analytical data and environmental modelling results
will be required to estimate chemical concentrations at points where potential exposure to a contaminant
may occur [30]. The potential effect of that exposure is then determined. However, either type of
information has considerable drawbacks if used in isolation. Taken together, site monitoring data and
environmental modelling offer the best approach to estimating whether a particular chemical will pose a
problem in a range of different situations.

Site monitoring data have several shortcomings, specifically for public health evaluation and especially for
the assessment of long term effects. These are [30]:

data may be representative of current and/or past trends, but do not give an indication of possible
future conditions, and s

data are representative of their sampling locations, which may or may not be relevant to a risk
assessment. Because chemical concentrations are spatially variable and data may not cover off-site
human exposure points, monitoring data must usually be supplemented by modelling to allow an
adequate assessment of public health effects.

Models may also be used to assist in the evaluation of acceptance criteria for contaminants in soil. Various
models are currently available to simulate contaminant migration, to estimate likely exposure of specified
populations, or to estimate the incremental risk associated with a particular environmental concentration of
a contaminant.
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A difficulty with the use of most models is the large amount of input data required, which are time
consuming to generate. In addition, the results obtained from such models often involve subjective -
evaluation which can become a focus for controversy. Nevertheless, modelling can be useful in the
identification of key environmental parameters or in ranking management options, even when lack of site
specific data prevents reliable quantitative estimation of the modelled parameter.

Therefore, where necessary, site specific criteria can be generated or confirmed using models.

This is particularly pertinent for laréc-scalc or sensitive site assessments where all factors of a specific site as
well as pollutant characteristics are taken into account.

At sites where the potential impact on health or the environment is great, a rigorous assessment of risk and
toxicity should be made in order to develop appropriate criteria.

Health Risk Assessment and Site Specificity [14]

Much of the process of health risk assessment will be the same as the process of environmental risk
assessment. Health and environmental risk assessments should be complementary in planning the
management of a site, as human health and the state of the environment are inseparable.

Some types of contamination will persist, presenting continuing risks to heaith and the environment. If the
contaminants are environmentally mobile, the risks may be more complex and widespread. Health risk
assessment must take a long-term perspective in the appraisal of a site.

A site-specific approach to risk assessment will often prove to be the best approach to ensuring the most
appropriate management strategy is adopted, i.e. one based on its particular characteristics, history and
proposed land use. However, as noted above, there will be many instances where the costs involved in
generating site specific criteria will not be warranted and the most effective management strategy will be to
adopt figures established in these national guidelines.

The process of health risk assessment set out in this document is intended to fulfil the following objectives:

1 To establish baseline risks and whether site remediation or other action is nccesSary on
health grounds alone;

2. To determine a tolerable level of contaminants that can remain in situ with adequate
protection of public health (assuming no unacceptable environmental impacts are
involved);

3 To enable companson of potential health impacts of various remediation techniques;

4 To provide a consistent method for appraising and recording public health risks at sites.

In most situations, a numerical estimate of risk is not feasible because of limitations in toxicological and
exposure data. A semi-quantitative estimate is possible and is the preferred approach if sufficient data are
available. The uncertainties at each stage of the risk assessment process should be stated and taken into
account in planning the management of a site. It should be recognised that risk assessment is based on
probabilities rather than absolutes and this should be reflected in decision-making.

The process of risk assessment should enable consistent decisions to be made by the specialists undertaking
the process. Expert professional judgcmcnt is an integral part of the process. Site specnﬁc risk assessments
should not lead to significant variations in the management of similar sites. -

The following section outlines the various considerations which may be used to develop public health based
criteria for a specific site and provides examples of calculations:
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Soil Criteria [14]

There are two prerequisites for comparison of soil test results with defined’soil criteria. The first
prerequisite is a uniform soil sampling methodology which provides an appropriate amount of information
about the distribution and level of contaminants on a piece of land. The second is a uniform approach to
data analysis to enable a meaningful interpretation of sampling results.

Final assessment of the degree of contamination should take into account any uncertainties arising from the
sampling and analytical methodologies.

Site-specific evaluation of the available data and proposed land use will be required to determine whether
single, occasional or typical values in excess of the investigation level will prompt the further investigation.

Levels slightly in excess of the investigation levels do not imply unacceptability or levels likely to pose a
significant health risk (See Figure 7.1).

Once the further investigation(s) is (are) completed, a site-specific health risk assessment will be required (o
determine the presence of health risk and, if present, its nature and degree.

Overt health effects would not be expect@d to occur until contamination is present at levels well in excess of
response levels. :

The nature of the response required to protect human health will depend on the assessment of risk
associated with a given level of contamination. Where the risk is assessed as being relatively low, the
response may simply involve informing occupants of the site so that they are aware of hazards arising from,
for example, pica behaviour in children. In cases where there is a relatively high risk, complex soil treatment
may be required. -

More specifically, the nature of the response will be modulated by factors including:

1 Land use e.g. residential, agricultural/horticultural, recreational or commercial/industrial.

2 Potential child occupancy.

3. Potential environmental effects including leaching into groundwater.

4, Single or multiple contaminants.

5. Depth of contamination.

6. Level and distribution of contamination.

7. Bioavailability of the contaminant.

8. Toxicological assessment of the contaminant(s) ¢.g. toxicokinetics, carcinogenicity, acute
and chronic toxicity.

9. Physico-chemical properties of the contaminant(s).

10. State of the site surface e.g. paved, grassed or exposed.

11. Potential exposure pathways.
12. Uncertainties with the sampling methodology and toxicological assessment.

Where a site specific assessment is being carried out with a view to defining response levels, consideration
should also be given to the possible risks associated with mixtures of contaminants, since in some
circumstances such risks may necessitate a more or less extensive response than would be required to deal
with a single contaminant. ' o

A uniform approach should be applied in undertaking such assessments.
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Figure 7.1: The relationship of soil criteria levels for substance, X.
——-Contaminated Site >
Y T T >
a 1 2 3 4 b
Background Investigation Response Levels Possible
Level Level (single or multiple) Overt
health
effects
Proposed Land Use:
1. Residential
2. Horticultural

3. Recreational
4. Commercial/Industrial

Environmental Factors:
a. Groundwater protection
b. Plant protection
(Figure not to scale)

Different response levels may be required to protect people in different exposure situations (e.g. residential,
recreational, or commercial/industrial land uses).

When dealing with substances which are considered to have possible effects at very low doses (e.g. some
carcinogens), a level of acceptable (or tolerable) risk will need to be established to derive the investigation
and response levels. -

Investigation Levels

Investigation levels provide a trigger to assist in judging whether a detailed investigation of a site is
necessary.

When assessing the environmental/health significance levels of contamination above investigation level, the
following factors should be considered: potential ground water contamination; land use; the history and
nature of the contamination; the local background levels; and the size of the site. Exposure pathways will be
more diverse for a larger site.

Separate health and environmental investigation levels have been established to take into account the
different sensitivities of humans and other components of the environment. Site specific decisions need to
be made to determine whether health or environmental investigation levels (or both) should be applied.

Determination of Investigation Levels [14]

Investigation levels will be determined taking into account:

, e

1. The bioavailability of a substance. The bioavailability should be assumed to be 100% if
specific information is not available;

2. The Provisional Tolerable Weekly Intake (PTWI) or Acceptable Daily Intake (ADI) as
determined by the World Health Organisation/Food and Agricultural Organisation
31,32},

3. Other potential sources of the substances that comprise a proportion of the PTWI or ADI

(e.g. background levels of the substance in soil, food, water and air and the amount of
exposure through these routes).
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The total exposure to a substance X' can be represented by the equation:
Total exposure to substance X = Background exposures (e.g. from food and water) ‘ -
. .
Exposures from contaminated soil by ingestion, inhalation and skin

absorption.

background exposures + amount of substance absorbed from soil.

BE + (Sing x Cing x Bing + Sinh x Cinh x Binh + Sskin x Cskin x Bskin)
BE + SEsoil

BE = Background Exposures (e.g. from food and water).

Sing = Amount of soil ingested.

Sinh = Amount of soil/dust inhaled and retained.

Sskin = Amount of soil on skin.

Cing = Concentration of substance in soil ingested.

Cinh = Concentration of substance in soil/dust inhaled and retained.
Cskin= Concentration of substance in soil on skin.

Bing = Bioavailability, i.c. percentage gbsorbed, of substance when ingested.
Binh = Bioavailability of substance when inhaled. .

Bskin = Bioavailability of substance when on skin.

SEsoil = Substance exposure from soil.

Different levels of bioavailability will occur between soil ingested, inhaled and on the skin.

The investigation level guideline will be set by the NHMRC. In setting an investigation level guideline, total
exposure to substance X should not exceed the ADI or PTWI, i.e. BE + SEsoil < ADI or PTWI. In some
cases the proposed level will equate to total exposure below the ADI or PTWL. Developing such levels will
include consideration of factors such as: the nature of the threshold effects, the completeness of
toxicological data, exposure variability within a population and the relative sizes of BE and SEsoil.

When the Provisional Tolerable Weekly Intake/Acceptable Daily Intake is used for establishing
investigation levels, the basis for the level set should be sought from appropriate World Health Organisation
documents (e.g. WHO 1987[31}, WHO 1989[32]). This information should include target organ(s) and
effect(s); bioavailability; and safety factors accounting for variations in human sensitivity and extrapolations
from animal studies.

It should be recognised that “short-term exposure to levels exceeding the PTWI is not a cause for concern
provided the individual's intake averaged over longer periods of time does not excecd the level set” ([32]p9).

If no PTWI or ADI is available a tolerable level of risk will need to be determined (e.g. for carcinogens) and
used for calculations.

Examples of how investigation levels have been determined are provided in the documentation for lead,
arsenic, cadmium and benzo(a)pyrene in the publication “The Health Risk Assessment and Management of
Contaminated Sites* (South Australian Health Commission 1991)[11].

,“g - -
It is considered that this way of determining investigation levels would protect the entire population with few
exceptions. People who may have unusual sensitivity to contaminants may need to be considered in a site
assessment. :
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Proposed Investigation Level Guidelines
Investigation levels based on health considerations have been established using a risk assessment approach

for lead, cadmium, arsenic and benzo(a)pyrene, which are frequently occurring and toxicologically -
important contaminants.

Further investigation level guidelines will be proposed as sufficient toxicological information becomes
available and the present guidelines may also be subject to change as more information becomes available.

The levels should not be interpreted rigidly. A site with a median lead level of 290 will not be significantly

different to a site with a median lead level of 310. The proposed land use, distribution of contaminants and
the frequency distribution of elevated levels will all be very important in interpreting the results for a site.

Table 1. - Proposed Health Investigation Level Guidelines

Substance Health Level mg/kg
Lead 300
Arsenic(Total) 100
Cadmium 20
Benzo(a)pyrene 1
(PAHs)? (20)

a The level for PAHs is based on 5% of the PAHs being present as benzo(a)pyrene.

These investigation level guidelines relate to specific sampling, extraction and analytical techniques. As
such, they should not be compared with other tables of values which do not use similar techniques. The
Health Investigation Levels can be used only with reference to the Protocol for the Health Risk Assessment
and Management of Contaminated Sites (Oct 1991) [14].

12 Development of Environment Investigation Guidelines
Unless specified otherwise, investigation guidelines will be based on threshold levels for:
phytotoxicity; and

uptake of contaminants which may result in impairment of plant growth or reproduction or
unacceptable residue levels.

s

Investigation guidelines will be developed to take account of various "worst case scenarios”. This requires
guidelines which are framed to protect the most sensitive receptor likely to be placed at risk and to reflect a
level at which there is no observed effect on that receptor.

Where there is a likelihood of run off of contaminants into surface waters, the estimated concentration can
be compared with water quality standards (where available) and an acceptable level can be calculated based
on estimated transport rates.

Where contamination may result in unacceptable residue levels in animals or plants, the residue levels can
be compared with standards and soil guidelines can be developed by working back to estimated

tranclocatian rates.
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Obviously, where a site specific assessment reveals the presence of a more sensitive receptor than any of
those used to derive the values employed in these guidelines, investigation levels should be varied to reflect
this.

In contrast to investigation guidelines, clean-up guidelines will be based on levels at which there is a
demonstrated hazard td the environment for the majority of receptors. However, where site specific factors
reveal a particularly sensitive receptor, then a clean-up guideline should reflect this.

The soil quality guidelines included in this section are interim guidelines only, intended for use until values
are derived from more extensive evaluation of the behaviour and toxicity of contaminants in soil relevant to
Australian and New Zealand conditions. The methodology for establishing guidelines for longer term use is
currently being established and a review of overseas criteria, Australian and New Zealand conditions and
the existing toxicology database is being undertaken.

To date, background levels have been established for a range of chemicals in Australian soils. The values
shown in Table 2 as "Background" reflect the range of levels ascertained from a small number of soil
investigations performed to date, as well as information gained from CSIRO {33,34,35]. As more
information becomes available, these interim levels will be adjusted accordingly. The levels derived from
these investigations should be taken as being generally representative of background concentrations.

-«
In this context, “background" is defined as the level of contaminants typically found in the vicinity of a
locality, but away from a specific activity or site. In the great majority of cases the levels shown will not
represent “pristine” concentrations. The soil data employed to derive the values in Table 2 come from both
rural and urban environments. It is imperative therefore, that any site assessment incorporates an
evaluation of background concentrations of contaminants.

It is likely that with experience and time, different quality guidelines will be set for different soil types and
that separate background levels may be specified for urban and rural settings. The Dutch are now
differentiating soils on the basis of type and, more particularly, clay and organic material content {36]. This
approach may also be useful for Australian and New Zealand soils.

In time, it is also conceivable that the concentration of bioavailable metal, for example, will be listed rather
than total metal. This factor has more relevance to the actual impact of contaminated soil on the
environment.

The background (A) levels listed in Table 2 should be viewed as indicative values, where soils with
contaminant concentrations in the range shown will generally be acceptable and no further investigation of
the site will need to be undertaken. However, it must be noted that natural levels of a range of chemicals
vary tremendously [34] and this must be taken into account when applying these values and when
interpreting results from different soil types.

A number of interim investigation threshold (B) levels have also been listed based on environmental
concerns. Generally where these levels are exceeded, an investigation should take place, but it should be
stressed that the values are intended as a guide and site specific factors need to be taken into account in
reaching a decision on the nature and intensity of any investigations which may be required.

These levels have been set utilising overseas information and represent conscrvative values which should
protect the environment. In general, the numbers presented will protect the most seusitive receptor for
these chemicals, as determined from overseas research and Australian data (where available). Of the
receptors considered, the most sensitive and hence most stringent guidelines appear to be for protection of
plant life. The rationale for setting these guidelines has been set out in section 7.

It is anticipated that in time, a response level may be developed which will represent an action level where
some form of clean-up should occur or management strategy be developed, irrespective of site specific
factors. Action may range from simply covering and grassing an area to applying complicated remedial
techniques. This level will be based on toxicological considerations.

In summary, it must be stressed that the values listed in Table 2 should be seen as guidance values only and
site specific factors will influence their use. Professional judgement must be exercised in this regard. All
values are expressed as mg/kg (ppm) of dry soil unless otherwise specified. The levels refer to the total
concentration of a chemical in soil when tested in accordance with approved analytical methods.
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It must also be stressed that the need for clean-up action will depend on the actual levels present, together
with various site specific factors.

For those chemicals not listed or for which no investigation level is listed, it is suggested that the Dutch B
level be utilised as an investigation threshold for environmental concerns. This level is conservative and has
been set principally for the protection of groundwater.

Background

A
Heavy Metals
Antimony Sb 4-44
Arsenic As 0.2 - 30(a)
Barium Ba 20 - 200
Cadmium Cd 0.04-2
Chromium Cr 0.5 - 110*
Cobalt Co 2-170
Copper Cu 1-190**
Lead Pb <2-200
Manganese Mn 4 - 12,600
Mercury Hg 0.001-01
MolybdenumMo <1-20
Nickel Ni 2-400
Tin Sn 1-25
Zinc Za 2-180
Mineral Pollutants
Boron B 1-75
Phenolic Compounds
Phenols 003-0.5
Monocyclic Aromatic Hydrocarbons (MAH)
Benzene 005-1
Toluene 01-1

Polyclic Aromatic Hydrocarbons (PAH)

PAH (total)

Table 2

Environmental Soil Quality Guidelines

095-5

(mg/ke)

Environmental
Investigation
B

20(b)

500(b)

1(d)
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Chlorinated Hydrocarbons

PCB (total) 0.02-0.1 1
Pesticides

Aldrin <0.001 - <0.05

Dieldrin <0.005 - <0.05 0.2
DDT <0.001 - 097

Other Chemicals

Sulphate 35 - 1000 2000(d)
pH 6-8

[33]  excludes known orchard soils

* 33} possible underestimation
(@) 37

®) (38]

(C) [38,3] -

@ {39.3]

When samples of groundwater, surface water and air are relevant to a particular site the following guidelines
or their counterparts in other states should be consulted. For example:

Groundwater: EPAV Draft Groundwater Policy 1992.

Surface water: Auistralia Water Quality Criteria 1983
Guidelines for Use of Reclaimed Water in Australia 1987.

Drinking water: Guidelines for Drinking Water Quality in Australia, NHMRC/AWRC 1987.

Air: EPAYV Air SEPP 1988; or
National Air Quality Goals, NHMRC 1985

8. MANAGEMENT AND CLEAN-UP

The ultimate goal of site clean-up is to select a socially acceptable and cost effective management strategy
which mitigates threats to and provides protection for public health, welfare and the environment as well as
allowing flexibility in the future use of the land.

In site clean-up, it is important to establish the feasibility of restoring a site to productive use without
causing harm to public health or the environment. In some cases, action may need to be taken even when a
productive end use cannot be achieved (for example, where human health or environmentakconcerns
necessitate clean-up).

In general, the response to dealing with contaminated soil in Australia has been to dig it up and take it to a
secure landfill.

In many cases this may not be an appropriate approach for the following reasons:
potential hazard associated with the transport of contaminated soil,

Limited available secure landfilling space in Australia, and
the approach does not take advantage of available contamination mitigation techniques.
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The options for clean-up of contaminated sites are discussed in Section 3.1.8 on page 5 of this document.

—— Aspreviously indicated, a thorough investigation of the conditions of the site and the extent and type of

contaminants must be completed before any decision about clean-up can be made. Once the extent of
contamination has been ascertained, options for clean-up must be canvassed and a clean up strategy
determined. At present, containment or removal are the most frequently applied strategies, but in-situ
treatment is an option which should be assessed.

Although the effectiveness of in-situ treatment technologies is highly dependent on the nature of the
contaminants and the soil environment [40] and many forms are still developmental, such techniques are

becoming much more important as the problems of excavating and transporting contaminated soil to a
secure landfill become pronounced.

In-situ chemical detoxification techniques include [33]:
injection of neutralising agents for acid or caustic conditions,
addition of oxidizing agents to destroy organics,
addition of agents that promote photodegradation or other natural biodegradation processes,
extraction of contaminants,
immobilisation, and
volatilisation of contaminants.

Another option is long term storage for large volumes of contaminated materials. This usually involves
specially designed landfill cells from which the material can be eventually recovered for treatment.

The cost of cleaning up contaminated sites is traditionally high. The range of clean-up technologies
becoming available in Australia is likely to increase once industry is aware of the potential magnitude of the
contaminated sites problem. This should have a beneficial impact on the cost of clean-up.

At present, a few alternative technologies are being trialled. To date, however, no sites have been cleaned up
using them.

8.1 Health Risk Management [14]

As the risk from a site will depend on the toxicity of the contaminants and the exposure levels, risk can be
reduced or removed by altering toxicity or exposure or both. Toxicity may be altered by chemical reaction
(e.g. degradation of PAHS; soluble BaCl, + gypsum —-> insoluble BaSQ 4) but this approach has only
limited-application. Management of a site will usually rely on the feasibility of some alteration of exposure.
If exposure becomes zero or negligible, so too will risk. Where a clean soil barrier is created by soil
treatment or soil replacement, it is recommended that the depth of the soil barrier be determined by site
specific analysis.

In determining the depth of a barrier the following factors should be considered:

L 0.5 metre depth of clean soil is unlikely to be penetrated with normal gardening activities.

2. The nutritional roots of vegetable are unlikely to extend below 0.5 metres. In Australia's
dry climate the root exploration depth will tend to be governed by the depth of water
penetration from domestic watering which rarely penetrates deeper than 30cm. Larger
fruit trees with more extensive root systems appear to have limited uptake of most
contaminants.

3. Deep trenching for the laying of sewage mains is unlikely to extend beyond 1-2 metres.

Site-specific assessment will enable determination of the level of protection afforded by a particular
thickness of clean soil over contaminated soil. In most situations, 0.5m of soil gives a high level of protection
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provided appropriate safeguards are established to deal with situations in which the barrier may be breached
(c.g- by ditch digging).

It must be recognised that if the clean soil barrier is breached, there may be specific requirements for the
management of the soil and for personal protection if exposure is likely to be hazardous. There may also be
requirements for future residents to be informed and for constraints to be applied to trenching activities
(e.g. occupational health and safety requirements, or specialised soil management procedures may be
required). '

Barriers may still leave larger shrubs and trees exposed to phytotoxic effects if their roots penetrate the
contaminated zone. . ’

Well maintained grass will cause a substantial reduction in exposure to contaminants in surface soil and may
therefore provide an effective barrier in particular situations. The reduction of exposure from well-
maintained grass is at least 80%.

9.  VALIDATION AND FUTURE MONITORING

Once a clean-up technique or management strategy has been chosen and used, validation of the clean-up
must take place to ensure the measures taken were adequate for the protection of local amenity, public
health and the environment.

Monitoring data for validation purposes should be compared with the pre-determined clean-up criteria or
site specific generated criteria as determined by the process outlined.

Future monitoring may be required, particularly at sites employing in-situ treatment technologies, dilution,
or containment options. ,



44
BIBLIOGRAPHY

{1] C Osmers. Report on Overseas Visit May 1989 Clean-Up of Chemically Contaminated Sites.
Environment Protection Authority Victoria 1990. ‘

2] Great Britain Inter Departmental Committee on the Redevelopment of Contaminated Land.
Guidance on the Assessment and Redevelopment of Contaminated Land ICRCL 59/83 United
Kingdom July 1987.

3] B. Crathorne, J. De'Rosa, M. Fielding, J. Hetherington. The Effect of Soil Contaminants on

Materials Used for Distribution of Water. Medmenheim Laboratory Henley May 1987.

4] Environment Ontario. Guidelines for the Decommissioning and Clean up of Sites in Ontario
February 1989. »

[5] Monenco Consultants. Volume 1 National Guidelines for Decommissioning Industrial Sites
Environment Canada July 1989.

{61 US EPA, Office of Emergency and Remedial Response. Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA. US EPA Washington DC 70460, August
1988.

7] US EPA. Data Quality Objectives for Remedial Response Activities Development Process.

Office of Emergency and Remedial Response and Office of Waste Programs Enforcement,
Washington DC EPA /540/G-87/003.

[8] M L Richardson [Ed]. Risk Assesment of Chemicals in the Environment. Royal Society of
Chemicals 1988 UK.
9 J W Assink, W J van den Brink. Contaminated soil, First International TNO Conference on

Contaminated Soil 11-15 November 1985, p399 - 405 The Netherlands Martinus Nijhoff
Publishers, The Netherlands 1986.

[10] USEPA Office of Emcrgcncy and Remedial Response. Community Relatiohs in Superfund: A
Handbook. US Environmental Protection Agency, Washington, USA March 1988.

nn El Saadi O, Langley AJ, (eds). The Health Risk Assessment and Management of
Contaminated Sites. Proceedings of a National Workshop on the Health Risk Assessment and
Management of Contaminated Sites. Adelaide: South Australian Health Commission 1991.



(12)

(3]

(16]

(17

{20)

21

2]

45

M A Silverstein. Medical Screening, Surveillance, and the Prevention of Occupational

Disease (editorial). Journal of Occupational Medicine, Vol. 32, 1990, p1032-1036.

United States Environmental Protection Agency Seven Cardinal Rules of Risk Communication.
Washington D.C. USEPA, OPA-87-020, April 1988

Langley A J, El Saadi O (eds). Protocol for the Health Risk Assessment and Management of
Contaminated Sites. Summary of a National Workshop on the Health Risk and Management
of Contaminated Sites.” Adelaide: South Australian Health Commission, 1991.

Health and Social Welfare Councils of South Australia. Consultation Principles and Protocol.
Adelaide: Health and Social Welfare Councils of South Australia, in press.

. L J
National Occupational Health and Safety Commission. Exposure Standards for Atmospheric
Contaminants in the Occupational Environment. Canberra: Australian Government Publishing

Service, 1990.

R T Kostecki and E J Calabrese Petroleum Contaminated Soils Volume I: Lewis Publishers
1989 USA. ‘

Department of Health Services. The California Site Mitigation Decision Tree Manual. Dept
Health Services, Toxic Substances Control Division Alternative Technology and Policy
Development Section, California May 1986.

Environmental Resources Limited. Problems Arising from the Re-development of Gas Works

and Similar Sites (Second edition). Department of the Environment UK 1988

European Chemical Industry Ecology and Toxicology Centre (ECETOC). Technical Report
No. 40. Hazard assessment of chemical contaminants in soil. Brussels: European Chemical

Industry Ecology and Toxicology Centre, 1990.

.
A J McMichael, P A Baghurst, N R Wigg, G V Vimpani and E F Roberts. Port Pirie Cohort
Study: Environmental Exposure to Lead and Children's Abilities at the Age of Four Years. New

England Journal of Medicine, Vol 319, 1988 p468-465.

Hawley JK. Assessment of health risk from exposure to contaminated soil. Risk Analysis
198S; 5(4): 289-302.



(26}

27

(28]

29

1301

B1]

32)

46

Department of Commumty Scmwc and Health. National dietary survey of adults (1983) No.
1. Foods consumed. Canberra: Australian Government Publishing Service, 1987.

Department of Community Services and Health. National dietary survey of schoolchildren
(10-15 years): 1985. Report No 1, Foods consumed. Canberra: Australian Government
Publishing Service, 1988. ' '

Department of Community Services and Health. National dietary survey of school children
(10-15 years): 1985. Report No 2, Nutrient intakes. Canberra: Australian Government

Publishing Service, 1989.

Department of Community Services and Health. National Dietary Survey of Adults: 1983.

Report No 2. Nutrient infak&. Canberra: Australian Government Publishing Service, 1987.

National Health and Medical Research Council. The 1990 Australian Market Basket Survey.

Canberra: Australian Government Publishing Service, 1991

McKone TE, Daniels JI. Estimating human exposure through multiple pathways from air,
water and soil. Regulatory Toxicology and Pharmacology 1991;13: 36-61.

US Environmental Protection Agency, Office of Emergency and Remedial Response. Risk
assessment guidance for Superfund, Volume 1. Human health evaluation manual, (Part A).

Interim final. EPA/540/1-89/002 1989.

US EPA. Superfund Public Health Evaluation Manual. Office of Emergency Response,
Washington DC Oct. 1986. EPA/540/1-86/060.

World Health Organisation. Environmental Hcalth Criteria 70. Prmcxplqs for the safety
assessment of food additives and contaminants in food. International Programme on
Chemical Safety (IPCS) in cooperation with the Joint FAO/WHO Expert Committee on Food
Additives (JECFA). Geneva: World Health Organisation, 1987.

World Health Organisation: Evaluation of certain food additive and contaminants. Thirty
third report of the Joint FAO/WHO. Expert Committee on Food Additives. World Health

Organisation Technical Report Series 776. Geneva: World Health Organisation, 1989.



34

37]

138]

391

[40]

(41]

[42]

[43]

[44]

{45)

47

K.G. Tiller. Personal Communication 1990
K.G.Tiller et al. CSTRO Division of Soils, Adelaide 1987 (unpublished).

K.G.Tiller. Soils and Australian Viewpoint. Chapter 25 Micronutrients.
CSIRO Division of Soils CSIRO/Academic Press 1983 p366-

Reiner Van Den Berg. Personal Communication 1990

Department of Agriculture and Rural Affairs, Victoria. Submission to Draft Australian
Guidelines for the Assessment and Management of Contaminated Sites 1990

Environment Canada. The Qevelopment of Soil Clean up Criteria in Canada Volume 1
Methods and Strategies Currently Used to Develop Clean up Criteria for Contaminated Sites.

Decommissioning Steering Committee September 1988.

G.M. Richardson. Inventory of Cleanup Criteria and Methods to Select Criteria, Prepared for

the Committee on Industrial Site Decommissioning, Environment Canada 1985.

M D Lee, J T Wilson and C H Ward. In Situ Restoration Techniques for Aquifers
Contaminated with Hazardous Wastes. Journal of Hazardous Materials, Vol. 14, 1987 p 71-82.

K Wolf, W Van Den Brink, F Colon. Contaminated Soil “88. Second International
TNO/BMFT Vol 2. Conference on Contaminated Soil 11-15 April 1988 Germany. Kluwer
Academic Publishers.

R.M. Sedman. The Development of Applied Action Levels for Soil Contact: A Scenario for the
Exposure of Humans to Soil in a Residential Setting. Environmental Health Persepectives Vol
79, pp291 - 313 1989

L Baas. Paper presented at the International Association for Impact Assessment Annual
Conference, Methods and Experiences in Impact Assessment, June 27-28 1985'Utrecht.

F. Koo. Potential for Biological Clean Up of Chemically Contaminated Sites. Eighth
Biotechnology Conference, Sydney 6-9 February 1989.

Campbell Environmental Ltd. Guidelines for the Development of Soil Criteria for
Rehabilitation of Contaminated Sites in Australia. Proposal to AEC Advisory Committee for

Chemicals in the Environment 3 April 1989.



(46]

{491

51]

(521

[53]

541

{551

[56]

57

(>8]

48

State Pollution Control Commission. Draft Policy and Discussion Paper on Contaminated
Sites: 1989 )

B A Boomer, T P Dux, D J March. Planning and Conducting Sampling Surveys of Hazardous
Wastes at Industrial Facilities JAPCA Vol.38 No.11, November 1988, p 1426-1432.

S Tejada. Testing the Potential of Cleanup Technology. US EPA Journal Vol. 10 No.4, May
1984 p 37-39.

D Hice. Levels of PAH's in Sediments and Soils, 1989.

US EPA. Handbook: Remedial Action at Waste Disposal Sites (Revised) Office of Emergency
and Remedial Response. US EPA October 1985.

US EPA. Superfund Exposure Assessment Manual. Office of Remedial Response.
Washington DC, April 1988. EPA /540/1-88/001.

US EPA. Data Quality Objectives for Remedial Response Activities, Example Scenario: Office
of Emergency and Remedial Response and Office of Waste Programs Enforcement.
Washington DC EPA 540/G-87/004, March 1987.

Environment Canada. Detection, Prevention and Remediation of Leaks from Underground
Storage Tanks. Technology Development and Technical Services Branch. Report EPS 2/PN/1,
February 1989. (628.50971 EPS).

Australian Consumers Association. Submission to the Senate Select Committee on Agricultural

and Veterinary Chemicals in Australia April 1989.

R E Jackson, E Hoen. A Review of Processes Affecting the Fate of Contaminants in
Groundwater. Water Poll. Res J Canada Vol 22 No.1 1987 p1 -20.

Contaminated Soil Clean up in Canada Volume 2. Interim report on the demoastration version

of the Aeris Model prepared for the decommissioning steering committee 1‘988.

F E Dean B. B. Goalby. Successful Re-development of Gas Works Sites. British Gas October
1979. '

T J Nunno, J A Hyman. Assessment of International Technologies for Superfund Applications,
US EPA. EPA /540/2-88/003, September 1988. )



(61}

[64]

[65]

(6]

(671

[68]

[69]

{701

71}

49

US EPA. Summary of Treatment Technology Effectiveness for Contaminated Soil. Final

Report, March 10 1989.

Monenco Consultants Ltd. Guide to the Environmental Aspects of Decommissioning Industrial
Sites. Prepared for Environment Canada, April 1985.

State of California, Leaking Underground Fuel Tank Task Force. Leaking Underground Fuel
Tank Field: Guidelines for Site Assessment, Clean up and Underground Storage Tank Closure,
May 1988.

Monenco Consultants. Volume II National Guidelines for Decommissioning Industrial Sites
"Appendices® Environment Canada July 1989.

J Calabrese, P T Kostecki, E Fleischer. Soils Contaminated by Petroleum. Environmental and
Public Health Effects. John Wiley and Sons 1988 USA.

K Wolf, W J Van Den Brink, F Colon. Contaminated Soil “88 Volume 1. Second International
TNO/BMFT Conference on Contaminated Soil, Kluwer Academic Publishers 1988 Germany.

N Irving Sax. Dangerous Properties of Industrial Materials Sixth Edition. Van Nostrand
Reinhold Company. New York 1984.

Government of Quebec. Contaminated Sites Rehabilitation Policy. Ministry for Environment
February 1988.

National Institute of Public Health and Environment Hygiene. Vulnerability of Soil and
Groundwater to Pollutants. International Conference Noafdwijk can Zie, The Netherlands
March 30 - April 3 1987. The Hague 1987.

D R Hopper. Cleaning up Contaminated Waste Sites. Chemical Enginecring p94-110 August
1989.

’ 18
A Fisher, G McClelland, W D Schulze. Communicating Risk Under Title 111 6f SARA:
Strategies for Explaining Very Small Risks in a Community Contest. JAPCA Vol 39 No 3
March 1989 p 271-286.

Marshall Sittig. Handbook of Toxic and Hazardous Chemicals and Carcinogens 2ad Edition.
Noyes Publications New Jersey USA, 1985.

T R E Southwood. Royal Commission on Environmental Pollution. Ninth Report. Lead in the
Environment. Published Her Majesty’s Stationery Office, London, 1983



(73]

1741

(76]

71

{81]

83

50

Casarett and Doull's Toxicology. The Basic Science of Poisons 3rd Edition. Mac Millan
Publishing Company New York, 1986.

C Chess and B J Hance. Opening Doors; Making Risk Communication Agency Reality
Environment Vol 31 No.5 p11-15. June 1989

Environment Canada. Response Techniques for the Cleanup of Sinking Hazardous Materials.
Report EPS 4/5p1, April 1989 Canada.

Ministry for Environment, Quebec. Standard Guide to the Characterization of Contaminated
Sites. February1988.

Connell D W . Miller G J. Chemistry and Ecotoxicology of Pollution. John Wiley & Sons Inc.
1984.

G W Leeper. Managing the heavy metals on the land. Marcel Dekker, Inc. New York &
Basel. 1978. (Deakin Uni)

Commonwealth Department of Health. Standard for maximum residue limits of pesticides,
agricultural chemicals, feed additives, veterinary medicines and noxious substances in food.
Australian Government Publishing Service Canberra 1985.

Americal Conference of Governmental Industrial Hygienists. Threshold limit values and
biological exposure indices for 1989-1990. ACGIH Cincinnati, Ohio. 1989.

Scope 31. Lead, mercury, cadmium and arsenic in the environment. Edited by T C
Hutchinson & K M Meeema. John Wiley & Sons. Brisbane. 1987

Victorian EPA. Recommended water quality criteria. First Edition May 1983.

State Pollution Control Commission. Assessment of organochlorine pesticides used in the
environment, especially aldrin, chlordane, DDT, dieldrin, heptachlor and lindane. Assessment
Report. 25 July 1986.

Ministry of Environment Ontario. Review and Recommendations on a Lead in Soil
Guideline. Report to the Minister of the Environment by the Lead in Soil Committee. May
19R7. ’



[85]

(86]

oy

92

193]

(94

%3]

51

V.T. Covello, D.B. McCallum, M.T. Pavlova. Effective Risk Communication. The Role and
Responsibility of Government and Non-government Qrganisations. New York Plenum Press
1988 | ‘

J B Stevens and D L Swackhammer. Environmental Pollution. A multi media approach to
modelling human exposure. Environmental Science and Technology Vol 23 No.10 p1180-1186.
1989.

Australian Standards. Sampling of Aggregates and Rock. AS 1411-3 - 1986. Sydney:
Standards Association of Australia, 1986.

Australian Standards. Preparation of Disturbed Soil Samples for Testing. AS 1289-41 - 1977.
Sydney: Standards Association of Australia, 1977.

Gilbert RO. Statistical metholis for environmental pollution monitoring, New York: Van
Nostrand Reinhold, 1987. '

Ingamells CO, Pitard FF. Applied Geochemical Analysis, Vol. 88. New York: John Wiley &
Sons, 1986. pp. 1-84.

Johnson BL.: Health risk communication at the Agency for Toxic Substances and Disease

Registry. Risk Analysis 1987; 7(4): 409-410.

National Health and Medical Research Council (NHMRC). The market basket (noxious
substances) survey 1986. Canberra: Australian Government Publishing Service, 1988.

US Environmental Protection Agency. Seven cardinal rules of risk communication.

Washington: US Environmental Protection Agency, 1988.

US Environmental Protection Agency. Test methods for evaluating solid waste. 3rd edition
Office of Solid Waste and Emergency Response. .Washingtdn, DC: US Government Printing
Office, 1986.

. N %
US Environmental Protection Agency. Review of the National Ambient Air Quality Standards
for Lead: exposure analysis' methodology and validation: OAQPS Staff Report, EPA 450/2-
89-011. Research Triangle Park, NC: US Environmental Protection Agency. 1986b.

Paustenbach D J (ed). The risk assessment of environmental hazards: A textbook of case

studies. New York: John Wiley & Sons 1989.



i e rEnetee gk

. H - .

immsctand ol &0 Pt v
i | iser e ey W s (et
b €3 s

. yeerlisg
' A . p = !m
] = 1 . fah-




53

APPENDIX 1 REPORTING REQUIREMENTS

Site Assessment Reports [14]

The following is intended as a guide to the types of information contained in a comprchcnswe site
assessment report.

1. Site identification
including map showing relationship to streets and other properties and dimensions of site;
certificate of title and plan/parcel information; and photographs showing topography,
nature of surface and existing structures.

‘A "north point" and scale must always be shown.

2. Owmership
(as listed on title documents)
3. Party responsible for assessment and management, if not owner.
4. Soil Consultant
5. Proposed use
- including map
- nature: residential/recreational /industrial
- density

- occupant type: adults - children
- local government approval for proposed use (and date).

6. History of Site

a) History

b) Source of information

c) Validation of information

d) Map detailing historical uses.
7 Site Inspection

a) Topography
b) Local geological factors of relevance
9]} Local soil types

d) Evidence of possible contamination.

8. Initial Testing

a) Sampling locations (map) and methods (e.g. number of boreholes, depths, pattern).
Rationale for sampling (e.g. screening, knowledge of previous land use).

b) Laboratory used o8,

<) Analytes and analytical techniques (including extraction methods).
Quality assurance methods for specific analytes.
Rationale for choice of analytes (e.g. general
screening, historical factors)
d) Results
- Table of results, map
- Borehole logs and soil profiles (including description of ﬁll)
- Ranges of analytes, most significant results, results by stratum (including mean,
median, standard deviation, geometric mean, geometric standard deviation and range)
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Preliminary conclusions

- Rationale for conclusions (e.g. most significant results; dispersion of contaminants;
properties of contaminants that may affect health or environmental risk such as volatility or
water solubility).

- Uncertainties relating to conclusions (e.g. adcquacy of site characterisation, likelihood of
missing significant contamination).

Further Testing
As for 8.
Groundwater

If groundwater testing is not performed a reason be given e.g. “contamination was
superficial and was at low levels. There was no evidence of leaching that could affect
underlying groundwater". i

Current and future use of local groundwater

Hydrogeology - including depth and distribution of aquifers

Potential for contamination

Past testing of site or nearby

Potability

Need for testing (including reason).

There should be adequate information in the consultants' reports to enable administering authorities to
address the following in their conclusions:

a)

b)

)

d)

Hazard identification

- Review of relevant test information

- Critique of data quality

- Specific toxicological issues (€.g.carcinogenicity, dermal absorption).

Exposure assessment

- Nature of site occupants

- Potential sources and pathways of exposure identified (including possibilities of extreme
exposure)

- Biological monitoring where relevant.

Uncertainities/Assumptions relating to

- Data

- Toxicological information

- Pathways of exposure.

Major components of risk (e.g. soil ingestion by children, inhalation of volatile carcinogen).

Consultants’ reports should also have sufficient information to enable decisions on the following
management issues:

)

a)
b)

<)

d)
)

Short Term Management (consider these aspects from time of site notification)

Fencing

Signage

Dust Suppression wt
i) Reason - Toxicity/Nuisance

- Nuisance
i) Type of Suppression
Site drainage issues
Odour
Notification of owners, local council, local residents (including neighbours)
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II) Long Term Management

a) Remediation feasibility study -
i) Consultant used
ii) Date
iif) Options, including cost
iv) Public consultation aspects
v) Legal aspects.
b) Possible site management requirements for accepted development
i) Inform occupants and local residents of results and appropriate actions
ii) Barrier requirements (e.g. clean soil, surfacing, impermeable clay layers,
membranes) ’
iii) Soil treatment (including removal/replacement
iv) Site monitoring (e.g. frequency, by whom)
v} Rehabilitation endpoints (soil criteria) ]
vi) Post rehabilitation testing or quality assurance . -
vii) Occupational health and safety requirements )
viii)Community hcalth and safety requiréments during remediation (e.g. dust suppression)
<) Reasons for site management requirements
d) Requirements if there are variations in future from the land use plan currently proposed
(e.g. need for re-evaluation/constraints)
e) Groundwater protection
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APPENDIX 2 Risk Characterisation and Health Appraisal of Site Assessment

Reports [14]

Risk characterisation and the health appraisal of site assessments are complex proccdurcs Rarely is it
possible to offer an absolute guarantee that a site is "free” of contaminants. Rather, it is implied that the
assessment ensures that there is an extremely low probability that contaminants, if present, will cause health

effects.

Health authorities will consider the following in the appraisal of reports:

L
(@)
®)
©
2

(a)
()

(@)
®)

©
@)

(@
®)

®)

©

Proposed Land Use

Residential? Recreational? Agricultural/horticultural? Commercial/Industrial?

Is information (e.g. plans) available to assess the disposition of proposed land use(s) e.g.
Will some areas be sealed by roadways or foundations? What areas will be used for
vegetable growing or children's play activities?

‘What earthworks will be undertaken during site development?

Site History

Is the site history valid and sufficiently comprehensive?
Does the site history demonstrate or imply the presence of potentially contaminating
activities? Have the potentially contaminating activities ceased?

Data Collection

Have appropriate analytes been selected? Are there significant omissions?

What were the objectives of sampling? e.g. to exclude contamination? to quantify
contamination?

What was the rationale for the sampling plan? e.g. to investigate high risk areas according
to site history (judgmental sampling)? stratified random sampling?

Were an adequate number of samples taken at adequate depths?

Exposure Assessment

Has the potentially exposed population been defined?

Will any segments of the population have increased exposures (toddlers for soil ingestion)
or increased sensitivities to exposure (e.g. young children to the neurobehavioural effects
of lead)?

What are the significant exposure pathways (e.g. windborne dust, garden soil) and
exposure routes (e.g. soil ingestion)?

What are the magnitudes of the exposure pathways?

What are the background exposures to the substance (e.g. from food and water)?

Is groundwater contamination a current or potential exposure routc?

Is environmental bloaccumulatlon or biomagnification of health importance?

What are the nature and extent of uncertainties of exposure assessment? .e.g. are there
segments of the population that may have extreme exposures?

Toxicological Assessment of Substances Detected

How complete is the toxicological database? Does it apply to animal and/or human
studies? Does it apply to acute or chronic exposures? To which exposure routes does it
apply (e.g. ingestion, inhalation, dermal coatact)? Do the data apply to the same
compound, at similar concentrations, in the same vehicle (e.g. lead absorbed o soil at
0.1% rather than lead acetate dissolved in water at 1% concentration)?

What are the toxicokinetics of the substance i.e. absorption, distribution, bietransformation
and excretion behaviours?

What is the nature of toxic effects? Target organ? Reversible/Irreversible effects?
Carcinogenicity? (IARC/USEPA Assessments?) Reproductive effects? Teratogenicity?
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Dose-response curve: what proportion of a population will be affected at specific doses?

What are the nature and extent of uncertainties assotiated with data collection? Sufficient
data? Adequate certainty? Applicability to exposed population for contaminated site?

Risk Characterisation

Is a quantitative (numerical) or qualitative (relative) risk assessment feasible for risk
characterisation? A -qualitative exposure assessment should be considered even if
quantitative risk characterisation is not feasible.

If a quantitative risk characterisation is attempted what are the sources of the quantitative
toxicity assessment? What are the assumptions and safety factors used in the toxicity
assessment? Is the toxicity assessment a “best estimate’ or “worst case’ estimate? (Ideally
both “best' and “worst' case estimates should be used.)

What are the background exposures (e.g. form food and water)? How do these compare
to the potential exposures from soil? How closely do background exposures and exposures
from soil approach Provisional Tolerable Weckly Intakes/Acceptable Daily
Intakes/"tolerable risks™?

What is the nature and extent of uncertainty of risk characterisation e.g. are there
segments of the population with extreme exposures not covered by the nsk
characterisation? .

Risk Management
What forms of remediation are feasible?

To what extent will each type of remediation ameliorate risk?
Are health risks associated with the remediation e.g. dust generation?
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