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PREAMBLE

Cockburn Sound is a sheltered marine embayment located to the south-west of the
Perth metropolitan region. Its relatively calm waters have attracted a wide range of
commercial activities that must be managed to maintain the recreational and
ecological attributes that are highly valued by the community. Land-use activities in
the catchment to Cockburn Sound have the potential to impact on the quality of the
Sound and these also need to be managed appropriately.

State Cabinet, in recognition of the need for effective multiple use management,
established the Cockburn Sound Management Council (CSMC) to prepare an
Environmental Management Plan (EMP) for the Sound. The EPA agreed to prepare
an Environmental Protection Policy (EPP) to set the common goals for management
and provide the authority for implementing the plan.

The focus of the EPP is to declare, protect and maintain the Environmental Values of
Cockburn Sound, protecting them from the adverse effects of pollutants, waste
discharges and deposits. Environmental quality criteria have been specifically
developed for Cockburn Sound to tell whether or not the environmental quality meets
the objectives that have been set for it in the EPP. A comprehensive suite of
environmental quality criteria are provided in this Revised EQC Reference Document.
Environmental quality guidelines and environmental quality standards also appear in
Regulations under the EPP. The diagram on the opposite page gives an overview of
how the various documents that make up the management framework for Cockburn
Sound link together. :
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1 INTRODUCTION

Both Government and the community have shown a desire to maintain a high level of quality in
Perth’s coastal waters in perpetuity. The EPA is establishing an environmental quality management
framework for Cockburn Sound through the development of a Revised Draft Environmental
Protection (Cockburn Sound) Policy (EPA, 2002). The framework is underpinned by established
environmental values and clearly expressed and spatially defined environmental quality objectives to
guide decision-making and provide the common goals for management. The objectives have been
developed in consultation with the community and are intended to reflect the values held by the
community for the Cockburn Sound marine environment.

Implementation of the management framework will be through the Environmental Management Plan
(EMP) developed by the Cockburn Sound Management Council and requires a cooperative approach
that involves all stakeholders. Environmental quality criteria (EQC) play an important role in the
management framework by providing the quantitative benchmarks for measuring success in achieving
the environmental quality objectives. The goal of environmental management would therefore be to
ensure that direct and indirect sources of contaminants are managed such that the EQC are met and the
environmental quality objectives achieved. If exceeded, then the regulator, manager and discharger
must cooperatively develop and implement management strategies, with timelines, and interim
objectives if necessary, to restore environmental quality to the levels defined by the EQC.

The EQC are provided in this document and support the Environmental Protection (Cockburn Sound)
Policy and the EMP. They are based on known current and historical contaminant inputs and are
relevant to the potential issues/pressures in the Sound. Those EQC that are guidelines and standards
will be incorporated into regulations under the policy. All the EQC, and the decision schemes which
explain how the EQC should be applied, are included in this reference document. The decision
schemes are also included in the EPP. If in future other contaminants are considered to pose a
potential threat to the environmental values of the Sound then guidance should be sought from the
Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC &
ARMCANZ, 2000), the Western Australian Shellfish Quality Assurance Program (HDWA & FWA,
1999) and the Australian New Zealand Food Standards (ANZFA, 2000) to establish additional EQC.

Development of the EQC was predominantly based on the guidelines and approaches recommended in
the Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC &
ARMCANZ 2000). In particular, the EPA has adopted the concept of using water quality guidelines to
trigger a risk-based approach for determining the risk of a significant environmental impact. This risk-
based approach integrates the more traditional chemical and physical indicators with biological
indicators of environmental quality. Where necessary, expert scientific advice was sought through
technical workshops and working groups to provide guidance on the selection of appropriate
indicators and criteria.

Sources of additional information used for the development of the EQC were HDWA & FWA (1999),
ANZFA (2000) and advice from the Health Department of Western Australia.

A Manual of Standard Operation Procedures for Monitoring Environmental Quality in Cockburn
Sound has also been prepared to complement this document. The manual specifies how samples
should be collected and the results assessed against the EQC. This has been done to further reduce
uncertainty associated with environmental monitoring and decision-making. It also allows data
generated in accordance with the standard operating procedures to be temporally and spatially
integrated to assess the quality of Cockburn Sound.



2 THE ENVIRONMENTAL QUALITY MANAGEMENT FRAMEWORK
2.1 An overview

The objective of the environmental quality management framework for Cockburn Sound is to
maintain a level of environmental quality that will protect both the integrity and biodiversity of the
marine ecosystems as well as current and projected future societal uses of the Sound from the effects
of pollution, waste discharges and deposits. The management framework is based on, and consistent
with, the National Water Quality Management Strategy (NWQMS) and is underpinned by the
principles of the National Strategy for Ecologically Sustainable Development (ESD Steering
Committee, 1992). The management framework will be applied in consultation with the community
and stakeholders.

Consistent with the NWQMS (ANZECC & ARMCANZ, 2000}, a tiered approach has been adopted
for the environmental quality management framework (Figure 1). Following extensive consultation
one ecological and three social environmental values have been identified for protection in Perth’s
coas;al waters (EPA, 2000). Environmental values include ecosystem health condition' and beneficial
uses”. To support the four environmental values, seven environmental quality objectives have been
defined (Figure 2) that form the primary management objectives. They signal the environmental
quality needed to protect the Environmental values that the community wants protected. For the first
environmental quality objective ‘Maintenance of ecosystem integrity’ three levels of ecological
protection have been recognised for Cockburn Sound. The acceptance of different levels of ecological
protection is based on a recognition that other societal benefits also need to be considered (eg. use of
marine waters for receiving waste and economic benefits of industrial development) when managing
environmental quality and these may preclude a high level of quality being achieved in some areas.
The boundaries for each environmental quality objective, and the different levels of ecological
protection, are defined in the Revised Environmental Protection (Cockburn Sound) Policy 2002 (EPA,

2002).

For each environmental quality objective a set of environmental quality criteria (EQC) have been
established to provide the environmental quality benchmarks against which environmental quality and
the performance of environmental management can be measured. Unlike the environmental values and
environmental quality objectives, which are largely qualitative and described narratively, the criteria
are more quantitative and are usually described numerically. The key to successful environmental
management is to maintain environmental quality within the bounds described by the EQC, thereby
achieving the environmental quality objectives and ensuring the environmental values continue to be

supported.

An essential step in the environmental quality management framework is the implementation of
appropriate monitoring strategies to provide data for measuring environmental performance against
the EQC. Monitoring should primarily focus on those indicators or contaminants that are considered to
pose a potential threat to achieving the environmental quality objectives and will need to be conducted
at two levels. Firstly, the contaminant source should be monitored on an on-going basis to provide
information on contaminant inputs. Early warning of potential risks to environmental quality may then
be identified through environmental exposure modelling. This may involve sampling an effluent
stream, groundwater, stormwater drains or any other potential sources. Secondly, a program for
monitoring the quality of the ambient environment is required. Sampling would be required on a less
frequent basis than at the contaminant source, and environmental quality assessment is likely to rely
primarily on more integrative measures of exposure such as sediment and biota quality,
phytoplankton, and the health of key components of the ecosystem (eg. seagrass).

' Means a condition of the ecosystem which is relevant to the maintenance of ecological structure, function or process.
? Means use of the environment, which is conducive to public benefit, public amenity, public safety, public health or

aesthetic enjoyment.
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Figure 2. The Environmental Values and their corresponding Environmental Quality Objectives for
Perth’s coastal waters.

Maintenance of ecosystem integrity.
Ecosystem integrity is considered in terms of structure
(eg. the biodiversity, biomass and abundance of biota)
and function (eg. food chains and nutrient cycles). Three
levels of ecological protection shall apply to Cockburn
Sound (High, Moderate, and Low).

Fishing and Maintenance of seafood for human consumption.
Aquaculture Seafood is safe for human consumption when collected or
grown in Cockburn Sound.

Maintenance of aquaculture.

Water is of a suitable quality for aquaculture purposes.
Recreation and Maintenance of primary contact recreation values
Aesthetics Primary contact recreation (eg. swimming) is safe to
undertake in Cockburn Sound.

Maintenance of secondary contact recreation values
Secondary contact recreation (eg. boating) is safe to
undertake in Cockburn Sound.

Maintenance of aesthetic values

The aesthetic values of Cockburn Sound is protected.
Industrial water supply | Maintenance of industrial water supply values
Water in Cockburn Sound is of a suitable quality for
industrial water supply purposes. '

Ecosystem Health

2.2 The EQC and their application

2.2.1 Environmental quality criteria

The Australian and New Zealand Guidelines for Fresh and Marine Waters (ANZECC & ARMCANZ,
2000) have recognised the inherent variability that exists within broad ecosystem types and that
specific guidelines for a contaminant may need to be tailored to local environmental conditions when
protecting ecosystem integrity. They have therefore recommended an approach where EQC are
derived using one of four possible approaches (listed in order of preference):

o locally developed biological effects data;

e  ecological models;

. reference sites; or

J refining default trigger values for local environments using a risk-based approach.

The framework adopted for applying EQC to Cockburn Sound has been developed to be consistent
with the recommended approaches in ANZECC & ARMCANZ (2000).



Two main types of EQC have been developed to remain consistent with ANZECC & ARMCANZ
(2000).

Environmental quality guidelines (EQG) are threshold numerical values or narrative statements
which if met indicate there is a high degree of certainty that the associated environmental quality
objective has been achieved. If the guideline is not met then there is uncertainty as to whether the
associated environmental quality objective has been achieved and a more detailed assessment against
an environmental quality standard is triggered. This assessment is risk-based and investigative in
nature. EQG are generally equivalent to the water quality guidelines described in ANZECC &
ARMCANZ (2000).

Environmental quality standards (EQS) are threshold numerical values or narrative statements that
indicate a level beyond which there is a significant risk that the associated environmental quality
objective has not been achieved and a management response is triggered. The response would
normally focus on identifying the cause (or source) of the exceedance and then reducing loads of the
contaminant of concern (ie. source control) and may also require in situ remedial work to be
undertaken. EQS are generally equivalent to the water quality objectives described in ANZECC &
ARMCANZ (2000).

EQG are generally relatively simple and easy to measure indicators of environmental quality. If
exceeded there is an increased risk that the associated environmental quality objective may not be met
and this signals the need for a more comprehensive assessment against the EQS. This involves a risk-
based approach that considers multiple lines of evidence and integrates more refined measures of the
surrogate indicators (eg. bioavailable contaminant concentrations) with more direct measures of the
environmental quality objective (eg. toxicity testing, in situ biological effects or reduced growth of
aquaculture stock). The conceptual framework for applying environmental quality guidelines and
standards is illustrated in Figure 3.

Two additional types of EQC provided in this document only relate to the maintenance of ecosystem
integrity. Low reliability values (LRV) have been provided for chemicals where there was insufficient
information on toxicity to derive an environmental quality guideline. Initial Management Triggers
(IMT) assist in assessing the urgency of implementing a management response in areas where water
quality has been significantly contaminated. Neither LRVs or IMTs are recommended benchmarks for
assessing environmental performance, but they do provide information that can assist environmental
quality management decisions in Cockburn Sound.

Like all natural systems, the marine environment is subject to a high degree of natural variability and
some indicators of environmental quality will vary significantly from season to season and/or between
sites (eg. turbidity and light attenuation coefficient are generally greater inshore than offshore, or
inshore nutrient concentrations may increase significantly over winter as a result of river flow). Much
of this variability has been minimised by deriving EQC for specific seasons. For example, in
Cockburn Sound the main period for nutrient related monitoring is over summer when river flow is
minimal. Nevertheless, for most indicators seasonal and/or spatial variability is minimal and the
criteria would apply throughout the year.

2.2.2 Applying the EQC

Both numerical and narrative EQC for each environmental quality objective in Cockburn Sound are
incorporated into tables in Section 3.8 below. They need to be considered within the context of the
associated decision schemes and guidance notes provided with the tables. The EQC, decision schemes
and guidance notes form a complete package and should not be used in isolation of each other.
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Figure 3. Conceptual diagram showing the relationship between the two types of EQC on the left hand
side with the associated environmental condition on the right hand side. The diagram shows that the
intensity of management response triggered by exceeding an EQC depends on which type of EQC has
been exceeded which in turn reflects the level of risk of whether or not there is an environmental
problem.



The decision schemes have been developed to guide users through each step in the risk-based
approach for implementing the guidelines and standards. It should be noted that all the steps of the
decision scheme may not always need to be completed. In general each successive step of the decision
scheme is more difficult to undertake and a cost/benefit analysis may need to be undertaken before
proceeding. If the cost of proceeding to the next step outweighs the cost of implementing a
management response, stakeholders could agree that the EQS has been exceeded and implement an
appropriate management response (eg. contaminant load reduction) to ensure the relevant
environmental quality objective is achieved. Simplified pictorial representations of each decision
scheme have been included to help illustrate the sequence of the steps involved.

Given the range of environmental quality objectives established for the site, one of the first steps when
applying the EQC for a particular contaminant is to determine which of the criteria should be
compared against the monitoring data. In general the lowest EQG for a particular contaminant would
be selected for this purpose and then investigations appropriate to the relevant EQS would be
undertaken if the guideline was exceeded. However, for some environmental quality objectives there
are no EQG and only EQS have been provided for specific contaminants and routine monitoring data
should be compared with these. It is also possible that for a particular contaminant the guideline for a
second environmental quality objective is exceeded, in which case the second associated EQS needs
investigation. Where EQG or EQS exist for a range of media (eg. concentrations in water vs.
concentrations in organisms or sediment) monitoring programs may need to measure contaminants in
each media type. Guidance on designing environmental quality monitoring programs, the collection
and storage of samples from each media type and interpretation of results against EQG and EQS is
provided in the EPA’s companion document, Manual of Standard Operating Procedures for
Monitoring Environmental Quality in Cockburn Sound.

The EQC that have been developed for Cockburn Sound are comprehensive and quite detailed.
Although decision schemes and guidance notes have been provided for applying the EQC, it is not
possible to predict all likely scenarios that may arise. A commonsense approach to applying the EQC
will therefore be required by all stakeholders for those circumstances where little guidance has been
provided, but always bearing in mind the intent of providing surety that the environmental quality
objective is achieved. For example, EQG should never be below natural (unimpacted) background
concentrations; and the chemistry and fate of rapidly degraded contaminants (eg. chlorine) should not
be assumed to be conservative when considering the results of contaminant distribution modelling.
Also, if there is a high degree of certainty that an EQO has been achieved even though an EQG is
exceeded, consideration could be given to modifying the EQG to avoid unnecessarily triggering
further investigations against the EQS.

An important point to remember regarding the environmental quality management framework is that
the EQC define the limits of acceptable change to environmental quality. They do not represent
pollution levels that trigger enforcement action if exceeded. Nor do they infer it is acceptable to load
up the ecosystem to these levels — waste avoidance/minimisation strategies should always be adopted
and reinforced.

2.2.3 Comparing monitoring data against the EQC

The extent of the area from which environmental quality data is to be collected and compared against
the EQC will need to be established on a case-by-case basis and clearly defined in the monitoring
program. The EQC themselves have been drafted so that they can be applied to a broad area
incorporating a number of sampling sites, or to an individual sampling site. Hence environmental
quality can be assessed at a range of spatial scales.

Whether or not monitoring is focussed on a particular region or season, there will still be a certain
amount of variability in any monitoring data which can create a degree of uncertainty about whether



or not the EQC has been exceeded. It is important to ensure that monitoring programs are designed to
provide the appropriate level of temporal and spatial coverage to adequately characterise the area in
question and minimise this uncertainty. Insufficient coverage can artificially bias the results leading to
an apparent exceedance of a guideline or standard when in fact it was met. Similarly, a poorly
designed monitoring program can result in data that indicate a guideline or standard has not been
exceeded, when in fact a significant exceedance has occurred and a response should have been
triggered. Balancing these two errors (Type I and Type Il error) is an important part of monitoring
program design and sufficient effort must be allocated to ensuring enough samples are taken for
comparison with the EQC, and that these samples are representative of the site.

For comparing monitoring data with the EQG, and determining when a significant and unacceptable
change has occurred, a relatively simple approach has been adopted that is consistent with the
approaches in ANZECC/ARMCANZ (2000).

For most toxicants and bacteriological indicators the approach is to compare the 95" percentile of the
monitoring data with the EQC.

For nutrients and physical stressors (eg. dissolved oxygen, light attenuation coefficient, temperature,
salinity and pH) the approach for high ecological protection areas is to compare the median of the test-
site data with the 20™ and/or 80® percentiles (depending upon the stressor under consideration) of an
equivalent reference distribution, or with the default guideline trigger values provided in this
document.

Again a common sense approach is required when selecting monitoring sites for comparison with the
EQC. For example, if a number of sites were to be located around the boundary of a low ecological
protection zone to determine whether the moderate ecological protection EQC were being met, then
sampling would need to be undertaken on a number of occasions over a minimum of a month to
capture temporal variability. If only one sampling run were conducted it could conceivably occur at a
time when unusual meteorological conditions prevailed. These conditions could cause the discharge
plume to extend beyond the low protection zone boundary, albeit for a very short period of time.

For biological indicators, reference sites will be required for comparison with potential impact sites,
and hence a threshold of acceptable change must be established (eg. the 20" and/or 80™ percentiles of
the measured distribution of the indicator at the reference site for high ecological protection areas).

The revised NWQMS Guidelines for Fresh and Marine Water Quality should be referenced for a more
detailed discussion on comparing monitoring data with EQC.

2.2.4 Selecting indicators of concern

The EQC presented in the tables cover a wide range of environmental quality indicators (including
contaminants) that can be used to assess environmental quality. The environmental quality indicators
selected for routine monitoring would be determined following consultation with the relevant
stakeholders on a case by case basis and are likely to be a small subset of the full list of criteria. The
selection of indicators would be based on an assessment of the potential threats to environmental
quality (past, current and future) and knowledge of the cause-effect pathways. Information that might
be used to determine potential threats to environmental quality include: results of in sifu monitoring,
modelled predictions, contaminant input inventories and the nature of the contaminant (eg.
environmental fate, potential for biomagnification).

Indicators that exceed, or are predicted to exceed, the EQGs continuously or intermittently would be
prioritised for monitoring. Other factors to be considered when selecting indicators to be monitored
include: whether there is an observed or predicted trend toward a guideline; whether there is some
uncertainty associated with ambient concentrations or impacts; indicators that are at levels
approaching the guidelines; an expected increase in contaminant inputs; poor resolution of effluent;



demonstrated risk of accidental discharges; characterisation of background concentrations prior to an
anticipated future threat.

The selected environmental quality indicators that are measured through the monitoring program are
compared against the appropriate EQC.

2.3 Updating the EQC

As national guidelines and standards are updated and our understanding of the environmental
processes and ecological pathways in Cockburn Sound improves, it will be necessary to update the
EQC in this document and in the regulation to the Revised Draft Environmental Protection (Cockburn
Sound) Policy 2002 (EPA, 2002). The mechanism for revising the EQC is a public process undertaken
by the EPA and is described in Schedule 6 of the Revised Draft Policy (EPA, 2002). The EQC will be
revised at least once in the first two years following their initial release and then as required.

The nutrient related EQC are exceptions and will be updated annually to incorporate each year’s
monitoring results from the reference site (see section 3.1.2).

3 THE ENVIRONMENTAL QUALITY CRITERIA

An outline of the main sources of information used to develop the EQC for each environmental quality
objective, and the rationale underpinning them has been provided in Sections 3.1 to 3.7. The tables
containing the actual EQC (and their associated decision schemes) have been incorporated into
Section 3.8. It should be noted that the pictorial decision schemes provide a summary of the narrative
decision schemes and hence may not contain all the steps. Additional information required for
interpreting the EQC is provided in the footnotes to the tables and under the heading ‘Guidance notes’.

EQC for the maintenance of ecosystem integrity have been further subdivided into EQG and EQS for
nutrients and physical stressors, EQG and EQS for toxicants in water, initial management triggers for
toxicants in water, low reliability guidelines for toxicants in water and EQG and EQS for toxicants in
sediment. '

3.1 Maintenance of ecosystem integrity

EQC for the maintenance of ecosystem integrity only include those contaminants thought to have been
discharged to Cockburn Sound through groundwater, surface waters or licensed effluent disposal, and
for which guidelines were available through ANZECC & ARMCANZ (2000). ANZECC &
ARMCANZ (2000) should be referenced if EQC are required for contaminants other than those listed
in the tables in this document.

3.1.1 Levels of protection

The Revised Draft Environmental Protection (Cockburn Sound) Policy (EPA, 2002) describes three
levels of ecological protection and where they apply spatially in Cockburn Sound so that overall
ecological integrity can be maintained. This enables landuse activities to be accommodated without
unduly compromising the high level of environmental quality that currently exists over the majority of
the Sound. The levels of ecological protection represent the minimum acceptable level of
environmental quality to be achieved through management of the Sound. They do not describe the
current, or preferred, environmental condition of the Sound. EQC have been developed for each level
of protection with the aim of achieving the following broad objectives:

High protection: To allow small changes in the quality of water, sediment or biota (eg. small
changes in contaminant concentrations with no resultant detectable changes
beyond natural variation* in the diversity of species and biological
communities, ecosystem processes and abundance/biomass of marine life).



Moderate protection: To allow moderate changes in the quality of water, sediment and biota (eg.
moderate changes in contaminant concentrations that cause small changes
beyond natural variation in ecosystem processes and abundance/biomass of
marine life, but no detectable changes from the natural diversity of species and
biological communities).

Low protection: To allow for large changes in the quality of water, sediment and biota (eg.
large changes in contaminant concentrations causing large changes beyond
natural variation in the natural diversity of species and biological
communities, rates of ecosystem processes and abundance/biomass of marine
life, but which do not result in bioaccumulation/biomagnification in near-by
high ecological protection areas).

¥ Detectable change beyond natural variation nominally defined by the median of a test site
parameter being outside the 20" and 80" percentiles of the measured distribution of that
parameter from a suitable reference site.

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC/ARMCANZ 2000) recognises and provides guidelines for three levels of ecological
protection: undisturbed; slightly to moderately disturbed; and highly disturbed.

Although areas along the west side of Cockburn Sound are likely to be in ‘slightly disturbed’
condition or better, the environmental quality of the majority of the Sound is considered to be in a
‘slightly to moderately disturbed’ condition and has been assigned a high level of ecological
protection to be achieved. The EQG for this level of protection have been developed in accordance
with the recommendations of ANZECC & ARMCANZ (2000) as follows:

o The recommended combination of 95% and 99% species protection guideline trigger levels for
toxicants in water;

e  The ISQG-low guideline trigger levels for toxicants in sediments;

. 80™ percentile of the data distribution for a suitable relatively unmodified reference site for the
physical and chemical stressors or the default guideline trigger value provided.

The area along the eastern side of Cockburn Sound adjacent to the industrial area, and also Careening
Bay on Garden Island, is considered to be ‘highly disturbed’ and has been designated a moderate level
of ecological protection. This area includes several existing and proposed harbours and marinas which
should be assessed individually. Environmental quality data from the harbours and marinas should not
be used to assess performance in the overall moderate ecological protection area. EQG for moderate
ecological protection areas have been developed in accordance with the ANZECC & ARMCANZ

(2000) recommendations as follows:
e Application of the default 90% species protection guideline trigger levels for toxicants in water;
e The ISQG-low guideline trigger levels for toxicants in sediments;

e The 95™ percentile of the data distribution for a suitable relatively unmodified reference site for
the physical and chemical stressors.

For the few small areas located around outfalls that have been designated a low level of ecological
protection, EQG have only been proposed for those toxicants identified as having the potential to
adversely bioaccumulate or biomagnify. These EQG are the default 80% species protection guideline
trigger values from ANZECC & ARMCANZ (2000). The total area occupied by low ecological
protection areas is 1% or less of the protected area in Cockburn Sound.
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3.1.2 Derivation of nutrient related EQC

The reference sites selected for deriving environmental quality guidelines for the physical and
chemical stressors may vary according to the parameter being measured. The intent is for the reference
to be as similar as possible to the water body being managed in terms of physical setting,
hydrodynamics and biology, but as far as possible it should be unaffected by anthropogenic
influences.

The nutrient related EQC [chlorophyll a, light attenuation coefficient (LAC), phytoplankton biomass
and seagrass shoot density] were derived while giving consideration to achieving the following three
important objectives:

e Protection of the remaining seagrass meadows in Cockburn Sound;

e  Ensure a level of water quality that would enable seagrass meadows to re-establish along the
eastern side of Cockburn Sound, including the Jervoise Shelf, to depths of up to 10 metres; and

e  Minimise the occurrence and extent of phytoplankton blooms in Cockburn Sound.

Phytoplankton biomass, and hence chlorophyll a concentration and water clarity, in Cockburn Sound
is primarily affected by nutrient availability and water residence time. A primary determinant of
seagrass survival in Cockburn Sound is whether the plants are receiving sufficient light at the leaf
epidermis for net growth over a full year. Decreases in water clarity (measured as LAC) and shading
by excessive epiphytic growth are the two main influences on seagrass light availability. For example,
LAC is thought to have increased to approximately 0.13 m’' in the early 1970’s when the seagrass
meadows were lost from the majority of the eastern margin of Cockburn Sound (DEP 1996).

The EQC for chlorophyll a, LAC and phytoplankton biomass were derived using data collected from
one reference site in the central basin of Warnbro Sound (site 4) during ‘typical’ summer conditions at
intervals between 1987 and 2002. Water quality in Warnbro Sound is high and is independent of
Cockburn Sound water quality. The decision to use only one reference site in Warnbro Sound
minimises the additional sampling effort required to collect the reference data and was made following
an analysis of data from all Warnbro sites showing that site 4 data was representative of all sites. It
was recognised that the quality of the water in the northwest corner of Cockburn Sound may
predominantly be similar to Warnbro Sound, however, data from this area were not used to develop
the chlorophyll @ and light attenuation criteria. There was considered to be a high likelihood that
parcels of water from the eastern margin, high in chlorophyll a, would be detected (albeit
infrequently) on the western side, thus biasing the higher percentiles of the reference data set from
which the EQG are derived.

The chlorophyll a and light attenuation data were collected between December and March (the non
river-flow period) at irregular intervals between 1977/78 and 2001/2. The 1991/92 summer
chlorophyll a data set was omitted from the analysis on the basis that it represented *atypical’
conditions. Phytoplankton studies conducted between 1991 and 1994 found that a winter bloom of a
very distinctive phytoplankton called a silicoflagellate persisted into the summer of 1991/92 resulting
in very high chlorophyll a concentrations. This pattern was not found in Cockburn Sound and was not
repeated again in Warnbro Sound, with phytoplankton species composition and chiorophyll a levels
returning to normal in the two subsequent summer periods. Investigations concluded that the high
chlorophyll a levels in Warnbro Sound during the summer of 1991/92 were ‘atypical’ (DEP, 1996).
Inclusion of these ‘atypically high’ values significantly raised the higher order percentiles providing
an irrational bias to any criteria derived from them (DEP, in prep).

The resulting EQG for chlorophyll @ and LAC are at levels that approximate the current water quality
in the high protection area of Cockburn Sound, but suggest further reductions in chlorophyll a should
be a focus for management in the moderate protection area. The LAC levels in both areas approximate

I



the EQG and if these can be improved slightly then the re-establishment of seagrass along the eastern
margin of Cockburn Sound would no longer be limited by water clarity.

The Warnbro Sound reference site will be monitored weekly for chlorophyll a and LAC over each
summer season (December to March inclusive) The EQC for chlorophyll @, LAC and phytoplankton
biomass will then be updated each year to incorporate the results of the previous summer’s monitoring
data. The following mechanism will also be implemented each year to guard against the EQC being
triggered because of regional scale effects rather than pressures within Cockburn Sound (eg. unusually
favourable meteorological conditions for phytoplankton growth), and also ensuring that the re-
calculated EQC is not biased by unusual regional scale effects. The mechanism involves three steps
undertaken on the reference site data prior to its incorporation into the updated EQC:

a) compare the median of the reference site data from the year being assessed against the 80™
percentile and the 20% percentile of the historical reference site data (note these values are 0.9 and

0.4 (ug chla/L) respectively).

b) If the median is less than the 80 percentile, and greater than the 20" percentile, the new data are
included with the reference data set, new median, 80™ and 95% percentiles are computed and the
EQG and EQS for high and moderate ecological protection areas are updated. The Cockburn
Sound monitoring data for that year are then compared against the updated EQG.

c) Ifthe medlan of the current year reference site data is greater than the 80™ percentile, or lower than
the 20™ percentile of the historical data set, it is accepted that the reference site has shifted outside
its ‘normal’ bounds and these data are not used to recompute a new set of percentile-based EQG.
In addition, the comparison of the test site (ie Cockburn Sound) data against the reference is not
conducted for that year as this finding is taken to indicate there is a significant risk that the water
quality is responding to non-local forcings.

In tables 1a and 1b provision has been made for the incorporation of EQG for algal growth potential.
This indicator will relate to the growth of non-phytoplankton species and is intended.to provide early
warning of the potential for excessive epiphytic or unattached macro-algal growth reducing light
availability to seagrass meadows. Chlorophyll a measurements from periphyton collector plates have
been successfully trialled in northern Perth metropolitan waters, but in Cockburn Sound the collectors
are significantly affected by competing encrusting fauna and consequently chlorophyll a
measurements are relatively low. Proximity to sources of algal propagules can also be a significant
determinant of the availability of propagules for settlement on the collector plates, and hence
chlorophyll a measurements. Opportunities for investigating the feasibility of alternative indicators of
algal growth potential will therefore be sought, and if a suitable indicator is identified it will be
incorporated into tables la and 1b.

The nutrient-related EQS for seagrass have been developed for Posidonia seagrass meadows and are
based on reference data collected from randomly located quadrats at sites distant from known nutrient
sources on the western and northern sides of Cockburn Sound. The location of reference sites for
seagrass shoot density within Cockburn Sound was considered acceptable because the indicator tends
to be affected by long-term chronic stress and tends not to respond significantly to short-term
fluctuations in the stressors that affect them. Nutrient effects at the western and north-western ends of
Cockburn Sound over summer are minor and intermittent with only occasional elevations in
phytoplankton caused by currents translocating algal biomass from the eastern side of the Sound. In

. the future, the intention is to replace the default shoot density criteria with criteria derived from
permanent fixed relocatable quadrats located at each of the reference sites.
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The reference sites used to derive the default shoot density criteria in Table 1b were located at depths
of 2 metres and 7.5 metres, consequently the default EQC values provided in Table 1b are not suitable
for use at significantly different depths. To assess seagrass health at depths other than 2.0 - 2.5 and 7.0
- 8.0 metres additional reference sites will need to be established at the appropriate depth and
monitored as part of a monitoring and assessment program. Permanent quadrats should be set up at
both reference and potential impact sites and non-destructive sampling techniques used to measure
shoot density. It is also preferable that the reference and test sites have the same seagrass species.

3.1.3 Decision schemes for applying the EQC

The methods described through the decision schemes for applying the EQC (see section 2.2.2) have
been developed from the risk-based and integrated assessment approaches recommended in
ANZECC/ARMCANZ (2000) for assessing environmental quality. They begin with simple chemical
measures for comparison against the EQG, and which if exceeded lead to ever more sophisticated
monitoring and analytical steps for assessment against the EQS. Initially bioavailability of the
contaminant (eg. toxicants) would be considered and then actual impacts on the biota or ecological
processes. This may involve laboratory-based ecotoxicological investigations that measure biological
responses to changes in environmental quality using appropriate organisms (preferably local species)
and/or in situ measurement of selected indicators of ecological integrity. As discussed in section 2.2.2,
it is not necessary to go through each step of a decision scheme sequentially before determining
whether a management response is required, stakeholders can agree to by-pass the remaining steps of
the scheme at any stage and implement an appropriate management response.

The use of toxicological investigations (including direct toxicity assessment) is a relatively new tool in
Western Australia that is still developing. Toxicological services are offered by a number of
laboratories within the State and interstate, although protocols for sediment toxicity assessment are not
as well developed in Australia as are protocols for assessing the toxicity of waters. In Western
Australia there are relatively few test protocols developed using local organisms, but work is currently
underway to expand the number of local protocols available. Across Australia, however, test protocols
have been developed for a range of species and these could be used in the interim.

3.1.4 Initial management triggers

Undertaking investigations to assess environmental quality against the EQS can take a considerable
amount of time, potentially delaying management action in situations where it may be urgently
required (eg. heavy contamination from unlicensed inputs or accidental spills of toxic substances). For
toxicants in water a set of Initial Management Triggers (IMT) have been provided in Table 2b that can
be used to assist in assessing the urgency of implementing a management response upon discovery of
a significant contamination event (ie. is there time to investigate against the EQS or is contamination
at a level where quick action is required). They can also be used to set a cap to increasing degradation
of the water resource while investigations against the EQS are on-going.

The IMT are used to assess the level of contamination by comparing the estimated bioavailable
concentration of a contaminant with the value provided. If the IMT is exceeded then management
action should be considered to reduce the level of contamination to below the IMT while
investigations against the EQS continue.

The IMT values have been arbitrarily drawn from the 90% species protection. (high protection) and
80% species protection (moderate protection) guideline values provided by ANZECC & ARMCANZ
(2000). The majority of the values are at levels that do not protect key test species in the laboratory
from chronic toxic effects, and in some cases acute toxicity, and so are unlikely to protect organisms
in the field from chronic toxicity.
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3.1.5 Low reliability values

For a number of toxicants there were insufficient toxicological data to develop reliable guideline
trigger levels and so low reliability values (LR Vs) were derived and provided in ANZECC &
ARMCANZ (2000). The intent was to give guidance in the absence of any higher reliability guidelines
being available. Low reliability values were derived by applying larger application (safety) factors to
the toxicological data to account for the greater uncertainty associated with the limited database. The
values may therefore be conservative for some chemicals and may not closely reflect concentrations
above which toxic effects could occur. Low reliability values for a number of toxicants have been
provided in Table 2¢. Some of these substances have a high community profile in Cockburn Sound
(eg. arsenic), while others are discharged at relatively high concentrations (eg. aluminium). Water
quality guidelines from a number of overseas countries have also been provided for the substances
listed in Table 2c, where available. These have been provided simply as additional information to be
used in conjunction with the LRV to assist regulators and managers to make informed decisions on
acceptable levels of water quality in Cockburn Sound, bearing in mind that the overseas guidelines are
generally applied as standards.

ANZECC & ARMCANZ (2000) cautions that LRVs should not be used as default guideline trigger
values, but further states that ‘it is reasonable to use them in the risk-based decision scheme to
determine if conditions at the site increase or decrease potential risk’. In other words, it is reasonable
to assume that if ambient concentrations fall below the LRV then there is a low risk of ecological
impact. However, if concentrations are above an LRV it does not necessarily mean an impact is likely.
Low reliability values therefore are not EQG, and do not establish recommended benchmarks for the
management of Cockburn Sound water quality (eg. through the licensing process). However, if
ambient concentration meets an LRV then there is a high probability that the ecosystem has not been
affected. Although exceedance of LRVs does not trigger mandatory assessments against
environmental quality standards, it does signal to stakeholders that the possibility of ecological impact
needs consideration if further increases beyond the low reliability values are likely. In these situations
strategies should be developed in consultation with key stakeholders to ensure unacceptable impacts
are avoided. These strategies may include:

J undertaking literature searches or toxicological tests (eg. direct toxicity assessment of effluents
or ambient waters) to gather more data of sufficient quality to further assess the likely risk of

exposure to the chemical;
J intensified monitoring to observe trends in the toxicant concentration; and

e in situ monitoring of relevant biological or ecological indicators.

Low reliability values can also be upgraded into EQG by undertaking the additional ecotoxicological
tests necessary to complement the existing data and meet the minimum data requirements
recommended by ANZECC & ARMCANZ (2000) for moderate or high reliability guideline trigger
values (data from a minimum of 5 species from 4 taxonomic groups).

3.2 Maintenance of seafood for human consumption

The two primary reference documents for development of the environmental quality guidelines and
standards for this objective are the Western Australian Shellfish Quality Assurance Program (HDWA
& FWA, 1999) and the Australian and New Zealand Food Standards Code (ANZFA, 2000).

These EQC set a level of environmental quality that will ensure there is a low risk of any affect on the
health of human consumers of seafood. They can therefore be applied to environments where both
commercial and amateur harvesting of wild seafood species occurs, or to areas where aquaculture
activities are undertaken. They do not protect the fish populations or aquaculture species themselves.
To protect the wild seafood populations from the affects of environmental contamination the
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environmental quality guidelines and standards for maintaining ecosystem integrity (Section 3.1) are
recommended. These should protect the harvested species as well as the foodwebs, habitats and other
environmental processes that support them. Application of the guidelines and standards in Section 3.3
should maintain the health and productivity of aquaculture species.

The environmental quality guidelines are relatively easily measured indicators of a potential threat to
human health and are therefore intended to be used as triggers that initiate a program of monitoring
and assessment against the relevant environmental quality standards. The guidelines for copper,
selenium and zinc are based on the 90 percentile of contaminant levels that would typically be
expected in the flesh of food species. These are the Generally Expected Levels (GELs) provided by
ANZFA for guidance in the document Generally Expected Levels (GELs) for Metal Contaminants:
Additional guidelines to maximum levels in Standard 1.4.1 — Contaminants and Natural Toxicants
(ANZFA, 2001).

The standards are intended to confidently predict whether there is a significant risk to the health of
human consumers and are therefore based on contaminant levels in the flesh of the seafood species
and have been taken from the Food Standards Code.

The EQC are provided in Table 4. Included with the table are guidance notes clarifying particular
aspects of EQC application and the decision scheme detailing how the EQC should be applied.

3.3 Maintenance of aquaculture

The EQC for the maintenance of aquaculture have been developed from ANZECC/ARMCANZ
(2000). The environmental quality guidelines have been taken directly from this document while the
environmental quality standards are adapted from the suggested risk-based approach that is triggered
if the guidelines are exceeded. ANZECC/ARMCANZ (2000) aquaculture guidelines for nitrate and
phosphate have not been included because they relate to the stimulation of algal blooms within the
aquaculture environment. Instead this issue is managed by applying the nutrient related ecological
EQC from tables 1a and 1b to the whole of Cockburn Sound. The ecological EQC from tables 1a and
1b are also used to manage salinity and water clarity to near natural levels in Cockburn Sound,
eliminating the need to address these issues through aquaculture EQC.

Reference to ANZECC/ARMCANZ (2000) will be necessary when comparing water quality with
guidelines for specific species groups (step 6 of the decision scheme). In ANZECC/ARMCANZ
(2000) aquaculture species have been divided into a number of related groups and, if available,
guidelines are provided for each group individually. The species groups are: freshwater fish, marine
fish, brackish water fish, freshwater crustaceans, marine crustaceans, edible bivalves, pearl oysters and
gastropod molluscs.

The EQC are provided in Table 5 and have been developed to maintain the health and productivity of
aquaculture species. Included with the table are guidance notes clarifying particular aspects of EQC
application and the decision scheme detailing how the EQC should be applied. Although the EQG
apply throughout the area designated to this environmental quality objective the main focus for
management if an EQG is exceeded will be to ensure that the EQS are met at the boundary of
aquaculture leases in Cockburn Sound.

To protect the health of human consumers of seafood grown in Cockburn Sound, the EQC in Section
3.2 should be applied.

3.4 Maintenance of primary contact recreation

Primary contact recreation includes all recreational activities where the participant comes into frequent
direct contact with the water, either as part of the activity or accidentally (eg. swimming, water skiing,
wind surfing or diving). The EQC included under this section are intended to protect people
undertaking these activities from ill effects caused by poor water quality.
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The EQC for primary contact recreation have been drawn primarily from ANZECC/ARMCANZ
(2000), but with modification based on advice from the Health Department of Western Australia.

The environmental quality guidelines and standards for faecal pathogens, and the standards for
radionuclides and toxic chemicals, were derived in consultation with the Health Department of
Western Australia. The approaches used for deriving the EQC are outlined below.

The criteria for faecal pathogens are based on the outcomes of the World Health Organisation Expert
Consultation at Farnham, UK, convened in April 2001 to revise Volume 1, Chapter 4 of the draft
WHO Guidelines for Safe Recreational-water Environments (WHO, 1998). The report of the Farnham
Consultation, Bathing Water Quality and Human Health: Faecal Pollution (WHO, 2001) is available
on the WHO website. The approach taken in deriving these criteria is expected to be consistent with
the approach that is anticipated to be taken by the National Health and Medical Research Council
when updating the Australian Guidelines for Recreational Use of Water (NHMRC 1990).

For radionuclides the preferred approach of the Health Department was for it to be advised of any
monitoring that is to be undertaken and that all results should be referred to the Radiological Council
for advice. Currently there are no internationally accepted standards for radionuclides in water used
for recreational purposes.

The environmental quality guideline values for toxic chemicals were derived by multiplying the
Australian Drinking Water Guidelines (NHMRC & ARMCANZ, 1996) by a factor of 20. This is
based on an assumption that swimmers in marine waters will not consume more than 0.1 litres of
water in a day during a normal swimming session compared to the assumed consumption of 2 litres
per day used for the development of drinking water guidelines.

3.5 Maintenance of secondary contact recreation

Secondary contact recreation includes recreational activities in which the participant comes into direct
contact with the water infrequently, either as part of the activity or accidentally (eg. boating, canoeing
or fishing). The EQC included under this section are intended to protect people undertaking these
types of activities from ill effects caused by poor water quality.

The EQC for secondary contact recreation have been drawn primarily from ANZECC/ARMCANZ
(2000), although the criteria for faecal pathogens have been based on advice from the Health
Department of Western Australia. For faecal pathogens the guidelines and standards have been set at
an order of magnitude higher than the equivalent criteria for primary contact recreation.

3.6 Maintenance of aesthetic values

Cockburn Sound is the most intensively used marine embayment in Western Australia and is highly
valued by the community for its ecological, recreational and aesthetic attributes. EQC for this
objective have been developed to protect the aesthetic values of the Sound. The criteria focus mainly
on maintaining the visual amenity of its waters and ensuring that fish harvested for human
consumption (by recreational or commercial activities) are not tainted.

The environmental quality guidelines have mainly been taken from ANZECC/ARMCANZ (2000)
with some modification based on the outcomes of a workshop on aesthetic values held by the
Cockburn Sound Management Council (Cleary, 2001).

The guidelines for fish tainting substances are based on levels of contaminants that may make water or
edible marine life unpalatable (but not toxic) to people. In ANZECC/ARMCANZ (2000) they are
found in the section on Aquaculture and human consumption of aquatic foods (under Primary
Industries) and remain unrevised since their initial release in 1992. To develop the guidelines for fish
tainting substances in Cockburn Sound the guidelines contained in ANZECC/ARMCANZ (2000)
were reviewed by comparison against the latest USEPA criteria for organoleptic effects (USEPA,
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1999). The levels for 2,4-dichlorophenol, 2,5-dichlorophenol, 2,6-dichlorophenol, 3-methyl-4-
chlorophenol and phenol have been revised accordingly. The EQS is based on actual tainting of fish
flesh.

The EQS for the visual indicators is based on direct measures of the communities perceptions of the
aesthetic values of Cockburn Sound, for example the results of a community survey undertaken to
determine whether the objective of maintaining aesthetic values has been met. The survey should
focus as much as possible on perceived changes in the parameters listed under the EQGs.

3.7 Maintenance of industrial water supply

Industrial water supply has a high economic benefit to the community and is recognised as an
important environmental value that must be given adequate consideration in the planning and
management of Cockburn Sound. ANZECC & ARMCANZ (2000) did not provide any specific
guidance for industrial water supply because water quality requirements vary considerably between
(and within) industries, and because management of the water resource tends to be driven by other
coincidental environmental values that require better quality water. Therefore no guidelines have been
developed for industrial water supply in Cockburn Sound.

3.8 Tables of EQC and the Decision Schemes for their application

The environmental quality criteria for Cockburn Sound that support the Revised Draft Environmental
Protection (Cockburn Sound) Policy are contained in Tables 1 to 8 of this section. Figure 4
summarises where the EQC for each environmental quality objective or environmental value are
found. Included with the tables are the decision schemes and guidance notes to guide how the EQC are
applied.

Figure 4. An overview of the tables of EQC.

Environmental Environmental Environmental quality criteria Page
value .| quality objective No.
Ecosystem health | Ecosystem integrity Physical/chemical indicators
Table la narrative EQG & EQS 18
Table 1b numerical values 24

Toxicants in water/sediment pore waters

Table 2a EQG & EQS 32
Table 2b IMT 35
Table 2c LRV 36
Toxicants in sediment
Table 3 44
Fishing and Seafood safe for eating | Table 4 52
aquaculture
Aquaculture production | Table 5 58
Recreation and Primary contact Table 6 64
aesthetics Secondary contact Table 7 77
Aesthetic values Table 8 ’ 82
Industrial water Industrial water supply | (no environmental quality criteria) -
supply ‘
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Guidance notes

The EQG for chlorophyll a and LAC have been derived from a reference site located in the central
basin of Warnbro Sound (site 4) using the recommended approaches of ANZECC & ARMCANZ
(2000).

The EQG for chlorophyll a and LAC and EQS for phytoplankton biomass will be recalculated
annually as the current seasons water quality data for the Warnbro Sound reference site gets added
to the historical database. The new values will become the EQG for the following season.

The mechanism described in section 3.1.2 should be used to guard against triggering of the EQC
caused by regional scale effects (ie those effects forced from outside of Cockburn Sound).

There is no EQS directly corresponding to the EQG for the chlorophyll a, LAC and algal growth
potential. Investigation against the seagrass EQS is triggered if these EQG are exceeded.

The EQG for temperature and salinity and EQS for seagrass health have been derived from
reference sites in Cockburn Sound according to the recommended approach in ANZECC &
ARMCANZ (2000) (ie. 20" and/or 80" percentiles of reference distribution for high ecological
protection and 5™ and/or 95™ percentiles for moderate ecological protection). Professional
judgment has also been used to develop some of the measures for the seagrass EQS.

The EQG for dissolved oxygen and pH have been derived from the default guideline trigger values
provided in ANZECC & ARMCANZ (2000), although the dissolved oxygen EQG for moderate
ecological protection is partly based on professional judgment

When assessing environmental quality in the moderate ecological protection area the performance
of harbours and marinas should be assessed individually and not as part of the overall moderate
protection area.
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Narrative decision scheme for applying the EQC for physical and chemical
stressors

1. Conduct routine monitoring program covering the area to be assessed
using Standard Operating Procedures. Monitoring program should be
designed to allow assessment of environmental quality against EQG (A
to G) - go to step 2.

2. Determine whether nutrient-related EQG (A, F or G) has been exceeded

[N].cooinins - go to step 3.

[Y](EQG A orF). - go to step 7 unless
back-up samples or immediate re-sampling does not
confirm exceedance of the EQG.

[Y](EQG G)....... - go to step 14 unless
back-up samples or immediate re-sampling does not
confirm exceedance of the EQG.

3. Determine whether dissolved oxygen-related EQG (B) has been
exceeded
INT .o - gotostep 4.
Y] oo, - go to step 10 unless
immediate re-measurement does not
confirm exceedance of the EQG.

4. Determine whether temperature-related EQG (C) has been exceeded
[N oo - goto step 5.
[Y].ooiiiiinns - go to step 11 unless

immediate re-measurement does not
confirm exceedance of the EQG.

5. Determine whether salinity-related EQG (D) has been exceeded
INT coeriiiiieeens - go to step 6.
|4 I - go to step 12 unless
immediate re-measurement does not
confirm exceedance of the EQG.

6. Determine whether EQG (E) for pH has been exceeded
1\ I - go to step 1.
Y] oo, - go to step 13 unless
immediate re-measurement does not
confirm exceedance of the EQG.

The EQG is exceeded triggering more intensive investigation. Ambient
quality is now monitored and assessed against the Environmental
Quality Standard

7. Expand monitoring program as appropriate and implement to allow

assessment of environmental quality against EQG (A or F) and EQS (G
and H) - go to step 8.
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8. Determine whether EQS (G or H) has been exceeded
[IN] oo, - gotostep 1.
| € P - goto step 9.

9. Determine whether EQG (A or F) was exceeded in the current year
I - go to step 1, and

investigate possible non nutrient-
related causes of exceedence of EQS

(Y] oo, - EQS triggered go to step 15.
10. Determine whether EQS (B) has been exceeded

[N] oo - go to step 1.

[Y] oo, - EQS triggered go to step 15.
11. Determine whether EQS (C) has been exceeded

[N] oo - go to step 1.

[Y] .o - EQS triggered go to step 15.
12. Determine whether EQS (D) has been exceeded

[N] coveiiiin, - goto step 1.

[YT oo, - EQS triggered go to step 15.
13. Determine whether EQS (E) has been exceeded

[13\] - goto step 1.

|4 - EQS triggered go to step 15.
14. Determine whether EQS (G) has been exceeded

[N] oo - gotostep 1.

Y] oo, - EQS triggered go to step 15.

The EQS is exceeded triggering a management response.

15. Initiate management response to reduce contaminant loads and restore
environmental quality to comply with the objectives within specified

timeframes.
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Pictorial decision scheme for applying the EQC for physical and chemical

stressors :
Develop and implement environmental
quality monitoring program
Nutrients Other indicators
h 4 A4 v
Test against EQG A and F Test against EQG G Test against EQG B, C.
(Chla. LAC and algal growth) (Phytoplankton biomass) Dand E
not met | met met | not met i met | not met
Biological measures Low risk Biological measures Low risk Biological measure
Test against EQS H (continue routine Test against EQS G (contmpe rputme Test against EQS B,
monitoring) - monitoring) C,DandE
met not met met | not met not met | met
s isk
Low risk . Low risk L.ow YISK
(continue routine |  Testagainst (continue routine (continue routine
monitoring) EQGAorD monitoring) monitoring)
met 10t met

v

Low risk*
(continue routine monitoring)

v

v

EQS triggered, management response required.

»

* And investigate non nutrient-related causes of exceedances.
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Table 2b. Initial Management Triggers for High Protection and Moderate Protection areas

Chemical High protection Moderate
protection
(ng/l) (pg/L)
Initial Management Trigger (IMT) The 95 %ile of estimated bioavailable contaminant

concentration in test samples from the area of
concern (either from one sampling run or all
samples over an agreed period of time, or from a
single site over an agreed period of time) should
not exceed the trigger values below.

METALS and METALLOIDS .

Cadmium B 14¢ 364
Chromium III 49 91
Chromium VI , 20°¢ ' 85°¢
Cobalt 14 150°¢
Copper 3¢ . 84
Lead 6.6€ 12¢
Mercury (inorganic) ® 0.7¢ 14€
Nickel 2004 560*
Silver 1.8 2.6€
Tributyltin (as pg/L Sn) 0.02°¢ 0.05¢
Vanadium . 160 280
Zinc 23¢ 43¢
NON-METALLIC INORGANICS

Ammonia >E 1200 1700 .
Cyanide 7 14
ORGANICS

Benzene , 900°¢ 1300°¢
Naphthalene 90°¢ 120°€
Pentachlorophenol® 33 554
Phenol 520 720
1,2,4-trichlorobenzene® 140 240
ORGANOCHLORINE PESTICIDES h
Endosulfan® 0.02 0.05
Endrin® _ 0.01 0.02
ORGANOPHOSPHORUS PESTICIDES

Chlorpyrifos ® 10.044 0.3
Temephos ® 0.4 3.6
OIL SPILL DISPERSANTS '
Corexit 9527 2200 4400
OTHER CHEMICALS # #
# Refer to NWQMS Report No.4 (ANZECC & ARMCANZ 2000). For chemicals not listed in this table

guideline trigger values from ANZECC & ARMCANZ (2000) should be applied as follows: 90% guideline
trigger values for high ecological protection interim management triggers; and 80% values for moderate
ecological protection interim management triggers.

Value may not protect key test species from acute and chronic toxicity (see ANZECC & ARMCANZ 2000).
Chemical for which possible bioaccumulation and biomagnification effects- should be considered (log;o Kow
values >4 and <7).

Value may not protect key test species from chronic toxicity (see ANZECC & ARMCANZ 2000).

Total ammonia as [NH,-N] at pH 8.

See section 8.3.7 for a detailed discussion on how different environmental factors will affect tox1c1ty of the
chemical.

Cyanide as un-ionised HCN measured as [CN].

o mga "Wy
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Table 2¢. Low Reliability Values*

(low reliability values should not be used as environmental quality guidelines - see section 3.1.5)

Chemical High  Moderate  Low Summary of available overseas
protection protection protection guidelines”
(ng/L) (ng/L)  (ng/l) (ug/l) Comments
METALS and METALLOIDS
Aluminium 0.5 .
Arsenic IIT 23 12 (total) South Africa
12.5 (total) Canada
Arsenic V 4.5 25 (tot. dissolved) Netherlands
: 36 (tot. dissolved) USA
Manganese 80
Molybdenum 23 1290 (tot. dissolved) Netherlands
Selenium IV B 3 1 (total) Canada
- 53 (tot. dissolved) Netherlands
Selenium VI® 3 71% (tot. dissolved) USA
NON-METALLIC
INORGANICS
Chlorine (total residual) 3 2 British Columbia, Alaska.
7.5 USA :
Hydrogen sulfide ©* 1 2 British Columbia, Quebec,
USA
ORGANICS
Toluene 110 230 92 New York State
215 Canada
730 Netherlands
Ethylbenzene 5 4.5 New York State
25 Canada
370 Netherlands
o-xylene® 350
m-xylene® 75
p-xylene® 200
Total xylene 19 (total) New York State
: 380 (total) Netherlands
Cumene 20 40
Anthracene B 0.01 L5 7 0.08 Netherlands
Phenanthrene B 0.6 4 8 0.3 Netherlands
Fluoranthene B 1 1.7 2 0.3 Netherlands
Benzo(a)pyrene ® 0.1 04 0.7 0.2 Netherlands
Capacitor 218 0.002
Aroclor 1016 0.009
Aroclor 1221 1.0
Aroclor 1232 03
Aroclor 1242 0.3
Aroclor 1248 0.03
Aroclor 1254 0.01
4.4’-dichlorobiphenyl 0.1
2,3,4 -trichlorobiphenyl 0.07
2,2’4,5,5"-pentachloro-1,1’- 0.2
biphenyl
2,4,6,2’,4°.6’- 0.15
hexachlorobiphenyl
Total PCBs ; 0.03 USA
ORGANOCHLORINE
PESTICIDES
Aldrin ® 0.003 "1 0.001 Netherlands
Chlordane B 0.0001 ' 0.002 Netherlands
0.004 USA
DDE® 0.0005 0.0004 Netherlands
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DDT?®

0.0004 0.0009 Netherlands
0.001 USA
Dieldrin® 0.01 ‘ 0.0019 USA
: : 0.039 Netherlands
Heptachlor 0.0004 0.0005 Netherlands
0.0036 USA
ORGANOPHOSPHORUS
PESTICIDES
Fenitrothion 0.001 : 0.009 Netherlands
Malathion . 0.05 ; 0.013 Netherlands
0.1 USA
HERBICIDES AND
FUNGICIDES
2,4-D 280 10 Netherlands
24,5-T 36 9 Netherlands
Metsulfuron 8 )
Anmitrole 22
Atrazine 13 2.9 Netherlands
Simizine 32 ’ 0.14 Netherlands
Glyphosate 370
SURFACTANTS
Linear alkylbenzene sulfonates 0.1
(LAS)
Alcohol ethoxylated sulfate 650
(AES)
Alchohol ethoxylated - 140
surfactants (AE)
OILS & PETROLEUM
HYDROCARBONS
Diesel 3
OIL SPILL DISPERSANTS
BP1100X 25
Corexit 7664 16
Corexit 8667 1200
Corexit 9550 14 400

C
D

E

The USEPA suggests that the status of the fish community should be monitored if selenium concentration
exceeds 5.0 ug/L because the guideline does not take into account uptake via the food chain.

Refer to the NWQMS Report No.4 (ANZECC & ARMCANZ 2000). See section 8.3.7 for a detailed
discussion on how different environmental factors will affect toxicity of the chemical.

Low reliability values based on low reliability trigger value calculated from limited data (from chapter 8 of
ANZECC & ARMCANZ 2000). In most cases low reliability guidelines are only provided for high ecological
protection areas because of the relatively conservative assumptions in the calculation. Action is not mandatory
if they are exceeded, but regulators and management agencies should be advised and consideration given to
developing strategies that will ensure environmental impacts are avoided.

Chemical for which possible bioaccumulation and biomagnification effects should be considered (logo Kow
values >4 and <7).

Sulfide as un-ionised H,S, measured as [S] (see ANZECC & ARMCANZ 2000).

The overseas guidelines provided in this table have been derived to protect marine ecosystems from the
chronic effects of contaminants, and not for triggering further investigations to determine if chronic effects are
occurring. :

Toxicity of the xylene isomers can be assumed to be addltlve

Guidance notes

Environmental quality guidelines

The majority of Cockburn Sound waters are considered to be at the ‘slightly disturbed’ end of the slight to
moderate disturbance spectrum, The ANZECC & ARMCANZ (2000) recommended combination of 99% and 95%
guideline trigger values for ‘slightly to moderately disturbed’ systems have been selected as the environmental
quality guidelines for the high ecological protection area in Cockburn Sound. For moderate ecological protection
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areas the 90% values have been selected and for the low ecological protection areas the 80% values are
recommended only for those substances that are identified in the tables as potential biomagnifiers or
bioaccumulators.

If a new environmental quality guideline is established by determining the 80™ percentile of natural background
concentration then it should be compared against the median of the test samples rather than the 95® percentile.

A minimum of 5 samples are required for comparison with the environmental quality guideline, and where less
than 20 samples have been taken, the maximum sample concentration should be less than the guideline.

For metal and inorganic toxicants it is preferable, but not necessary, that samples are filtered (ie. 0.45um teflon or
glass fibre filter) in the first instance for comparison with the guidelines. If an unfiltered sample exceeds the
guideline then additional samples should be collected and filtered for comparisons against the guideline and initial
management standard. For organic toxicants it is not usually necessary to filter the samples before comparing
against the environmental quality guidelines or initial management triggers. '

For contaminants that are at very low concentrations in effluent streams, mass balance calculations can be used to
estimate contaminant concentrations as an alternative to actual measurement.

For the toxicity of mixtures formula™ a TTM should only be calculated if the mixture is simple (ie. up to 5 toxic
components) and their toxicity is additive. The use of DTA is recommended for toxicant mixtures of greater than 5
components or of uncertain mixture effects.

The analytical practical quantitation limit is defined by NATA (Tech Note 13) as ‘The lowest concentration of an
analyte that can be determined with acceptable precision (repeatability) and accuracy under the stated conditions of
the test’. It equates to the reporting limit quoted by most analytical laboratories.

When considering the analytical procedures to be used for sample analysis, consideration must be given to the
analytical practical quantitation limit required to compare against the EQG.

For those few guidelines that are below the best available practical quantitation limit, it will often be possible to
control effluent concentrations of these chemicals to ensure that calculated levels in receiving waters do not exceed
the guideline. Where DTA is to be undertaken, existing information (eg. ecotoxicological and/or discharge data)
should first be assessed to determine whether adverse effects can be expected.

Environmental quality standards

Bioavailable concentrations of contaminants should be derived using the approaches outlined in section 3.4.3 of
ANZECC & ARMCANZ (2000).

Fresh samples should be used for determining bioavailable contaminant concentrations. Sample preservation can
have a significant effect on chemical speciation/bioavailability.

If the environmental quality guideline for a chemical that adversely bioaccumulates or biomagnifies in organisms
(see footnote B) is exceeded in a high, moderate or low ecological protection area then tissue concentrations of that
chemical should be measured in benthic or sessile suspension or deposit feeders from the high ecological protection
area (or from the closest high ecological protection area if the exceedance was in a moderate or low protection
area). Tissue concentrations should also be measured at a suitable reference site with similar characteristics and the
8o percentile of the concentrations calculated. The median tissue concentration from the high ecological protection
area test site should not exceed the 80™ percentile of the reference site concentrations. (Tissue concentrations in
edible seafood should also be compared with the EQC for maintenance of seafood for human consumption.)

DTA (direct toxicity assessment) is discussed in detail in sections 3.4.3.2/12, 8.3.5.19 and 8.3.6 of (ANZECC &
ARMCANZ 2000). DTA considers ‘whole of effluent toxicity’ and can be used on receiving/ambient waters or on
effluent diluted with the receiving water. It can be used to determine a safe level of effluent dilution. ANZECC &
ARMCANTZ (2000) recommend that ideally chronic effects on a minimum of 5 species relevant to the site of
concern, and from 4 different trophic levels, should be determined. If deriving a safe level of effluent dilution then
the statistical extrapolation method can be applied to derive the required leve! of dilution. However, if only the
minimum of 3 species from 3 taxonomic groups are tested then the safe level of dilution is derived by applying a
safety factor of x10 to the result of the most sensitive species. The number of species actually tested will need to be
tailored according to available test protocols and through discussion between key stakeholders.

Direct measurement of biological or ecological indicators is likely to require comparison with reference sites so
that natural variability is taken into account. A minimum of two in situ biological/ecological indicators relevant to
the contaminant of concern should be monitored. :

Investigative procedures such as Toxicity Identification Evaluation (TIE) and Contaminant Body Residue (CBR)
may be required to establish whether the observed biological effects are caused by specific contaminants or specific
sources of contaminants. -

Initial Managemént Trigger

Bioavailable concentrations of contaminants should be derived using the approaches outlined in section 3.4.3 of

ANZECC & ARMCANZ (2000) and compared against the IMT.
Fresh samples should be used for determining bioavailable contaminant concentrations. Sample preservation can

have a significant effect on chemical speciation/bioavailability.
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Low reliability values

- ANZECC/ARMCANZ (2000) cautions that LRVs should not be used as defauit guideline trigger values. However,
it is reasonable to assume that if ambient concentrations fall below the LRV then there is a low risk of ecological
impact. If an LRV is exceeded the resulting action may be to search for, or test for, more toxicological data of
sufficient quality to further assess the likely risk of exposure to the chemical.

- LRVs can be upgraded into guidelines by undertaking additional toxicological studies, that complement the studies
already incorporated in the ANZECC & ARMCANZ (2000) database, to meet the minimum data requirements for
deriving moderate or high reliability guidelines (ie. 5 species from 4 taxonomic groups).

- The methodology used to derive the LRVs is described in section 8.3.4.4 of ANZECC & ARMCANZ (2000).

- Overseas guidelines have been included in the table to provided additional information for consideration when
assessing the potential ecological consequences of any of these contaminants.
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Narrative decision scheme for applying the EQC for marine waters and sediment
pore waters

Options are provided in the decision tree for skipping steps once an EQG has been
triggered (eg. go straight to testing against biological measures, or implement agreed
management strategies to reduce contaminant inputs, without undertaking all of the
prior steps). This will largely be based on a simple cost/benefit analysis undertaken
for each step, and would require the agreement of all key stakeholders.

1. Determine whether an EQG exists for the contaminants of concern:
[N]....ooentae - go to step 2.
[(Y]....ooooonos - go to step 4.

2. Is it appropriate to establish an EQG by determining the go™ percentile for a high
ecological protection area, or 95™ percentile for a moderate ecological protection
area, of natural background concentration?

IN]....oooeiis - go to step 3.
[Y].oorneoonno - g0 to step 4.

3. Is it appropriate in the interim to assess water quality against the low reliability
values (LRVs) provided in table 2c of the EQC Reference Document?
[N]...oooeennni - go to step 14 if significant threat posed by
contaminant, otherwise undertake literature search
and derive a suitable LRV.
[Y]..ooooooni - go to step 18.

4. Undertake routine monitoring program covering the area to be assessed and the
contaminants of concern using the standard operating procedures and go to step 5.

5. Was the laboratory practical quantitation limit (PQL) for any of the contaminants
above the EQG value?
[N]..oooernn - go to step 6.
(Y] - if detection of the contaminant is confirmed in a
backup sample go to step 10, otherwise assume
the contaminant has not been detected and go to

step 4.
6. Determine whether EQG (A) has been met:
[N]...ooenenn -gotostep 7.
D4 P - go to step 9.

~7. 1If the exceedance was for the last sampling occasion has it been confirmed by
analysing the back-up samples or samples collected immediately from the same
sites?
[N]...oooeennn - go to step 9.
[Y]..ooooiinns - if high or moderate ecological protection area
go to step 8, or to step 10 if EQG derived
according to step 2;
- go to step 16 if the EQG was for a
- low ecological protection area.
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For naturally occurring chemicals determine whether the 80™ percentile for a high
ecological protection area, or 95™ percentile for a moderate ecological protection
area, of natural background contaminant concentration exceeds the EQG:
[N]..ooorentnee - go to step 10.
[Y]eeiioninn, - establish the 80" or 95" percentile of background
concentration as the new EQG then go to step 6.

For the primary contaminants determine whether EQG (B) has been met:
[\ - go to step 13.
[ ¢ T - no toxicity problem, go to step 4.

The EQG is exceeded triggering more intensive investigation. Ambient quality is
now monitored and assessed against the Environmental Quality Standard

10.

11.

12.

13.

14.

15.

Give regard to whether the level of contamination requires an urgent response by
determining whether the initial management trigger (IMT) from table 2b of the
EQC Reference Document has been met while investigations against the EQS are
on-going:

[\ N - consider management action to reduce the level

of contamination below the IMT; and
-gotostep 11.
| € T - goto step 11.

Has the contaminant of concern been identified in Table 2 of the EQC Reference
Document as having the potential to adversely bioaccumulate or biomagnify?
[NI...oooreniann - go to step 12 (steps 14 or 15 also an option), or
step 14 if PQL>EQG.
[Y]..oooieiiiiies - go to step 12 (steps 14 or 15 also optional), or
step 14 if PQL>EQG; and
- g0 to step 16.

Resolve bioavailable concentrations of relevant contaminants and determine

whether EQS (A) has been met:
[N]..ooovieniinns - go to step 14 (steps 15 or 17 also an option).
[(Y].ooeiiiiains - go to step 13.

For the primary contaminants determine whether EQS (B) has been met:
[N].oovreneenn - go to step 14 (steps 15 or 17 also an option).
(Yoo - environmental quality acceptable, go to step 4.

Undertake direct toxicity assessment (DTA) using relevant species and determine
whether EQS (C) and (D) have been met:

[N].coovriiiinies - go to step 15 or step 17.

Y] - environmental quality acceptable, go to step 4.

Undertake detailed field investigation to determine whether EQS (E) and (F) have
been met for high ecological protection areas, and EQS (E), (F) and (G) have been
met for moderate ecological protection areas:

[N]..ooiienne - EQS triggered. Go to step 17.

[(Y]..oooooiines - environmental quality acceptable, go to step 4.
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16. Determine whether EQS (G) in high ecological protection areas has been met:
[N]..oorinnne - EQS triggered. Go to step 17.
Yoo - chemical not bioaccumulating, go to step 4.

17. Implement management action to reduce contaminant inputs to the ambient
environment and achieve the environmental quality objective within an agreed
timeframe. Prior to implementing management action procedures such as TIE and
CBR might be required to confirm the specific cause of toxicity or the source of
contaminants. In extreme circumstances environmental remediation may be
considered appropriate.

18. Include contaminant in routine monitoring program. If the LRV is not exceeded
then environmental quality is acceptable and no management action is required. If
the LRV is exceeded, consult with relevant regulators to ensure unacceptable
impacts are avoided (this may include undertaking a literature search on effects of
the contaminant, undertaking direct toxicity assessment or upgrading the LRV into
an EQQG).
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Pictorial decision scheme for applying the EQC for toxicants for marine waters
and sediment pore waters

Develop and implement environmental
quality monitoring program

. Practi o e ..
Chemical assessment ractical Ouanltltatlon Limit > EQG

¢ no ] ves +
| Testagainst EQG A Was contaminant detected?
not met_| met '
+ no i yes
Toxicant mixtures l
Test against EQG B
Low risk
Is natural background mel (eontinue routine
concentration > EQG? monitoring)
notimet
.| Establish new ‘V s no
EQG value
¢ v
ES Bioavailable toxicant
Bioavailable measures met mixtures
) - > Test against EQS B
Test against EQS A > Q
. . met not met
Biological agsessment nog met [ I
Bioaccumulation/ Low risk X
biomagnification (continue routine Direct Toxicity
Test against EQS G monitoring) Assessment
» % | Testagainst EQSC & D
1ot met met met | not met
%
Direct biological/ecological measures
Test against EQS E & F (high protection)
Low risk Test against E, F. & G (moderate protection
(continue routine T not met
monitoring) « el

EQS triggered, implement management action

* An alternative option to further assessment against the EQS is to go directly to the implementation of management action.
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Guidance notes

Environmental quality guidelines

The ISQG-low from ANZECC and ARMCANZ (2000) is the EQG value and the ISQG-high is the
EQG re-sampling trigger.

For metals, the guidelines are based on total metal concentration (strong acid digestion).
Ultimately, as more local data becomes available, it is envisaged that guidelines will be based on
more bioavailable measurements such as acid soluble analyses.

Where individual samples exceed the environmental quality guideline re-sampling trigger,
additional sampling of that potentially contaminated site will generally be required and the median
compared to the environmental quality guideline. This may not be necessary where the original
sampling program had adequate spatial coverage to be confident that the area that exceeds the re-
sampling trigger has been defined.

The sampling area may be defined by a boundary, an area of potential contamination or some other
defining parameter.

Environmental quality standards

The environmental quality guidelines for metals are based on biological effects data that were
compared to total concentrations of metals, a large fraction of which is generally mineralised and
non-bioavailable. Adjustments have therefore been made to the acceptance criteria for bioavailable
concentration of metals to ensure that potentially adverse concentrations are detected.

Pore water comparisons should not be undertaken against ‘low reliability values’.

If the environmental quality guideline for a chemical that adversely bioaccumulates or
biomagnifies in organisms (see footnote B) is exceeded in a high, moderate or low ecological
protection area then tissue concentrations of that chemical should be measured in benthic or sessile
suspension or deposit feeders from the high ecological protection area (or from the closest high
ecological protection area if the exceedance was in a moderate or low ecological protection area).
Tissue concentrations should also be measured at a suitable reference site with similar
characteristics and the 80" percentile of the concentrations calculated. The median tissue
concentration from the high ecological protection area test site should not exceed the 8™
percentile of the reference site concentrations. (Tissue concentrations in edible seafood should also
be compared with the EQC for maintenance of seafood for human consumption.)

When undertaking sediment bioassays, bioavailable contaminant concentrations should be
measured. ANZECC & ARMCANZ (2000) recommend that sediment bioassays should include a
minimum of 4 studies on at least 2 locally relevant invertebrate species, both sediment ingesting
and water only species, and should use relevant end-points such as mortality, growth and fecundity.
The number and type of tests actually carried out will need to be tailored according to those
currently available and/or relevant, through discussion between key stakeholders.

Direct measurement of biological or ecological indicators is likely to require comparison with
reference sites so that natural variability is taken into account. A minimum of two in situ
biological/ecological indicators relevant to the contaminant of concern should be monitored.
Investigative procedures such as Toxicity Identification Evaluation (TIE) and Contaminant Body
Residue (CBR) may be required to establish whether the observed biological effects are caused by
specific contaminants or specific sources of contaminants.
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Narrative decision scheme for applying the EQC for toxicants in sediments

Options are provided in the decision tree for skipping steps once an EQG has been
triggered (eg. go straight to testing against biological measures, or implement agreed
management strategies to reduce contaminant inputs, without undertaking all of the
prior steps). This will largely be based on a simple cost/benefit analysis undertaken
for each step, and would require the agreement of all key stakeholders.

1. Determine whether an EQG value exists for the contaminants of concern:
[N].............. - gotostep2.
[ 4 - go to step 3.

2. TIs it appropriate to establish an EQG value based on natural background
concentration?
[N].coooiiniis - go to step 13.
[ ¢ PRSP - establish the 90" percentile of background
concentration as the EQG value then go to step 3.

3. Undertake routine monitoring program covering the area to be assessed using the
standard operating procedures and go to step 4.

4. Determine whether EQG (A) has been met:
1] P - go to step 5.
[Y].ooooonne - go to step 8.

5. If the exceedance was for the last sampling occasion has it been confirmed by
analysing the back-up samples or samples collected immediately from the same
sites?

[N]....ooeenn - go to step 8.
D I - go to step 6.

6. Was the exceeded EQG established for a low ecological protection area?
[N]............ - go to step 7 (optional); or
- go to step 8 to define any ‘hot spots’; and
- to step 10 to assess the entire sampled area
against the EQS.
[Y] - go to step 15.

7. For naturally occurring chemicals determine whether the natural background
contaminant concentration exceeds the EQG value (unlikely in most cases, note
that test site and reference site must have comparable grain sizes):

[N]..ooveninennns - go to step 8 to define any ‘hot spots’; and
- to step 10 to assess the entire sampled area

against the EQS.

(Y] - establish the 90%ile of background
concentration as the new EQG value then go to
step 4.

8. Assess whether EQS (B) has been met:
[\ P - go to step 9.
[Y]..ooooiini - no toxicity problem, go to step 3.
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9. Determine whether the extent of potential contamination needs to be characterised
further (in most cases this will be necessary):
[N]..ooreiinn - no toxicity problem, go to step 3.
| € P - determine area of potential contamination, if
sufficient data for its assessment go to step 4; or
- determine area of potential contamination, design
sampling program for this area and go to step 3.

The EQG is exceeded triggering more intensive investigation. Ambient quality is
now monitored and assessed against the Environmental Quality Standard

10. Has the contaminant of concern been identified in Table 3 of the EQC Reference
Document as having the potential to adversely bioaccumulate or biomagnify:

IN]..oeerinns - go to step 11 (steps 12, 13 or 14 also an option).
(Y]ooorioiinis - go to step 11 (step 12, 13 or 14 also optional);
and

- go to step 15.

11. Resolve bioavailable concentrations (as far as possible) for relevant contaminants
and determine whether EQS (A) and (B) have been met:
INJ..ooeneian, - go to step 12 (steps 13, 14 or 16 also an option).
[Y]............... -environmental quality acceptable, go to step 3.

12. Sample and analyse sediment porewaters for those contaminants of concern that
have an EQG for water (Table 2a or EQC Reference document) and determine
whether EQS (C) has been met:

[N]....ooeninii - go to step 13 (steps 14 or 16 also an option).
[Y].ooooiiinianne - environmental quality acceptable, go to step 3.

13. Undertake sediment toxicity testing using relevant species and determine whether
EQS (D) has been met:
INJ..ooovennnin - go to step 14 or step 16.
[(Y]ooooiiini - environmental quality acceptable, go to step 3.

14. Undertake detailed field investigation to determine whether EQS (E) and (F) have
been met for high ecological protection areas, or EQS (E), (F) and (G) have been
- met for moderate ecological protection areas:
[N]..cooenennn - EQS triggered. Go to step 16.
4 PR - environmental quality acceptable, go to step 3.

15. Determine whether EQS (G) for high ecological protection has been met:
[N]..ooeriens - EQS triggered. Go to step 16.
[Y].coooiiinnnnn - chemical not bioaccumulating, go to step 3.

16. Implement management action to reduce contaminant inputs to the ambient
environment and achieve the environmental quality objective within an agreed
timeframe. Prior to implementing management action procedures such as TIE and
CBR might be required to confirm the specific cause of toxicity or the source of
contaminants. In extreme circumstances environmental remediation may be
considered appropriate.
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Pictorial decision scheme for applying the EQC for toxicants in sediments

Develop and implement environmental
quality monitoring program

: P  Testagainst EQGA (¢
Chemical assessment £
‘ met | notmet
Test against EQG re-sampling trigger Was the exceedance in a low
value protection area?
met not met ] Yes I no
* ¢ | SN RO
‘ !
]
Low risk Does the area of potential } Is natural background
(continue routine|  contamination need to be ’ concentration > EQG value?
monitoring) characterised? }
|
ves | no no yes
¢ Bichccumulators #
v onl
Determine area of potential LP“’ risk . Eggélsv};;; eew
contamination (continue routine Bioaccumulation/
& collect data for assessment monitoring) biomagnification
not met met Test against EQS G Bioavailable measures
for high protection Test against EQS A & B
Low risk _notmet | met
(continue routine ‘ t
monitoring) % ;
Porewater concentrations * )
Test against EQS C Low risk
(continue routine
I pot met [ met > monitoring)
- - i
Biological assessment 4
%
Toxicity assessment
Test against EQS D
+ not met ; met
X
Direct biological/ecological assessment
Test against EQS E & F (high protection)
Test against E. F, & G (moderate protection) Low risk
{(continue routine
not met met > o
monitoring)
\ 4

EQS triggered, implement management action

* An alternative option to further assessment against the EQS is to go directly to the implementation of management action.

50



51



(49

PBw 7 dsd
8Bw 7o dsd
By/Bw 70 (dSQ) uostod gsyy1ays onsoyrelq
S37bo urxonxeg 8w g0 (dSd) uostod ysypiays sukjered

‘sordures Aue wp sprepuess ienb
[EIUSUIVOIIATD SU) PIS0XI JOU PINOYS POOJESS U UONBIUIOUOD UIXO), D

3/swsyueSio
000 0§ J0 3unoo a1e}d {2103 WAUITXEW € Wim 5/ 7700 7 NAIN
L P330%3 J0u p[noys o[dures yyj5j o pue ‘sojdures saneiussaidor
9AY JO INO INOY U1 (n Jom) YsaY JO 3/ 1709 T NdIN €T
JO iy B paddxa j0u pmoys uondwnsuod uewny 10§ pounsep ysty ‘g

‘poyrawx
UONRIHI SuvIqUISW oY1 SmIsn I 00 1/N1D) S8 Surpasoxa sojdures
91 JO %01 Ureys a10uW OU YILM “TW 001/114D 0L PIROX3 Jou plnoys
UOHENU3OLOD [BLIA}ORG ULIOFIIOD [2938) JUBIS[OJOWIOY) URIPIW 9], 'V

“1/511R9 00§ WNUDIIXIW " DU} ")
WNRUII0I0L]

/8192 0001 (p1ounund s158ydoui(y)
“1/51192 00S (vo1820u0u @ ‘ma0f ‘q ‘MY ()
siskydoug

(FSUBIDWD] Yy ‘WITUDADKIWUD] 'Y ‘Npafudiso

/51192 001 V WInUU Y wnoiupnsng Yy wnonuviisny P ‘osuspunf
Y DMONIOY0D Y DIJaU3ID Y ‘Djj2uUmOD YY)

WNUpURXI[y

-sapdwes Aue u1 sonjea autjopingd Airenb

[BITAWIUONAUS SUTMO[[O] ) P2AdX JOU PInoYs SeS|e 51X0) JO SUORRIUIIUOD)

‘pogew feonAreue ogm o[dujniu oy Sursn pamsesw TW 001/NAW £
Suipeadxa sopduwres oy JO 9,01 WeY) AIOW OU WIM “TWI OO [/NJIN ¥ PIooxd
JOU PNOYS UOHEIUIDUOD [BLISIOR] WLIOJOD [BI9E] JURIS[OJOUWLISYT URIPITI Y],

10

*POIRoW UOHRIY SURIqWAU oY) SuIsn pamseaw T (01/N4D 1Z
Burpasoxa sajpdwes oy JO 9,01 WeR IOW O PIM “TW 001 /14D P PodO¥
10U PINOYS UONBIRUIOUOD [BLIAIORG TLIOJIOD [209R) JURIDJOJOULIOY) URIPIUI S L,

R

v

SuIX0101q [e3}y

4sayj ysy m
SULIOJI{0D [205E] JURID[OIOULIY ],

I9Yem Uy
SULIOJT}OD [B0RE] JURIS[OIOUNISL ],

StuDUIUDIUOI V180]01g

(poress se syun)
(SOA) paepuess fjenb pejudtuuorAuy

(paiess se suun)
auippin3 fyenb pejuswiuosIAug

Jojed1puj

(peaJ 2q os[e pnoys sajou

JDUEPINy) pue $J0U00J a=ﬂ>0—®.~v ﬁﬁmuﬂsﬂmﬁﬁnu usuIny .10j 3jes poojess jo duBUIUIBW V) J0] BIIIJLID %ﬁm—ﬂ—‘-ﬂu [BywmuorIAuy p 4 19dV.L



€S

0t SOSNIOA wnnupe))
o1 PIoMBIS puR SOSN{jON
0C YSL] pue eaoeisni) (orre3iour) sruasry
(3y/8w) sp1opy
"9p0)) Spiepue)§ poo, pue[edz
MON pue Uel[ensny pasiaal oy Jo Ajeanoadsar
T Pue | s3[npayos Ul SHWI| INPISAT SHOSUBNXD
PUE SIWI] 3NpISS) WNWIXBW ) PI3OX9 J0U PIROYS
POOJBIs JO YSOL) 9y} Ul SUONENUIDUOD INPISAI OPIONSS
*%9PO)) SPIBpURIS POOL]
PUB[BSZ MIN PUE UB{[eNSNY PISIADI A} JO 9 asne|d
1'¥'1 pIepurl§ yiim 90UBPIOIOR UT (MO]q SanJeA
995) prepuess Ljifenb [eJUSIUONAUS o) PI2IXa JoU
PINOYS pOOJe3s JO YSfJ O} Ul UOIRNUIIUOD KMOID
"(mO013q sanjeA 23s) piepuels Ajijenb
[eJUSWUONAUS 2} PI3IX2 10U PINOYS POOJLas JO Ysyy "anfea sureping Alijenb [BJUSUWUONAUS o) PIasXa JoU
o ul (Amoxow 10§ 1d90X3) SUONENUIOUOD [BIWAY) “(] PINOYs po0Je3s JO Ysaf} oY) Ul UONBNUISUOD [BOTWAYD URIPIN D) S{ooMUAY)
*(uoppueidoifyd 2103
%05>) "SI 000 0§
SyBuw oz (pweaomop) (JSv) uostod ysioys orsouury {(uopueidorfyd (210 (vuassuvonapopnasd g ‘vunssuvolap "
&OWAV 1/S1°2 000 € .sﬂﬁxgwx\ d 3~3ﬁ.~%&:~ ‘d ‘sua8und d ‘Syvaisnp .nwv
BIYOIZIIUOPNIS]
Bxy/syun asnow (07 (dSN) uosiod ysypays orxolomopn /51199 000 1 I010WD{IW Y] ‘2¥1]-2424q Y ‘94249 "]
eLuaIRy|
3y7ba urxonxes Su o dsd 71/51132 000 1
WNIDUSIDI WNTUTPOUUAOTIRTTIPOIAD)
(parels se suun) (paress se situn)
(SOA) paepueys LHenb [ejudwuosAuy aurPpIng Ayfenb eyuswruoarAug Jo3ed1pu]




123

-anss1 [enusiod v 9 0) PAIIPISUOD I8 POOJEIS Ul SUOILIUAOU0D Sp1onsad

J1 Pa0UQI13Ja1 9 O} PIaU J[Im SANPAYDS ISAY L, "9[qe) SIY) Ul pajeadal usaq 9ARY YOIYMm JO auou ‘sapronsad Jo 1s1] 3uoj  10j sprepueis pooj opiaoxd g pue | sa[npayos #
*KIndiow JOJ spIepuels poo] ay) ysuiede synsar Suiredwoo pue Surjdures 10§ sj0o0101d saUIINO Q asnepd 47| plepuels *
100 pooy v apuIojYo (AUIA
S0 ystq siAuaydiq pereuniofyoKiod
00 POOJ IV opoIuo|A10Y
JponuUY)) (8y/8w1) S]021UYD NUDSL)
067 s193sK0
Sl ystg
oy 2IORISI)) mz,
0c Usty
o1 SOSN[OJA PUEB BAORISTLI)) wnuajas
([oA9} ueoW) GO YstJ IO pue SOSNJIOJA ‘BdoeISII)
(J9A9] ueaw) ()’ | J}reys pue sey ‘euny urjoniq
wspnog AS._EE.mEv:_oSV usyng Amoopy
0c SOSNIION
XY qsig pex]
o€ SOSRjOIA
0C ysty
0z BIORISTUD) Joddop)
(pa1.)s se sjun) (paress se syun)
(SOA) prepueys ienb fejudwuorAuy surapms Ayenb [ejuswiuoiAuy 107B01pU]

"panunu0) pIqEL



Guidance notes

Environmental quality guidelines

- Two methods for the measurement of thermotolerant faecal coliforms have been accepted by the
Australian Shellfish Quality Assurance Advisory Committee. The membrane filtration method is
not as widely available but has greater accuracy at lower cost.

- The guidelines for copper, selenium and zinc are the Generally Expected Levels (GELs) provided
by ANZFA and are based on the 90® percentile of contaminant levels that would typically be
expected in the flesh of food species (ANZFA, 2001).

- The measurement of chemical contaminants in seafood should be for hydrated foods only.

Environmental quality standards

- Where an environmental quality guideline has been exceeded it is strongly recommended that the

" monitoring results are referred to the Health Department for advice before undertaking further
assessment against the environmental quality standard. This is particularly important for
thermotolerant faecal coliforms because a comprehensive sanitary survey is triggered to classify
the site and determine appropriate management strategies to reduce human health risk to acceptable
levels (eg. depuration, prediction of high risk periods).

Narrative decision scheme for applying the EQC for seafood safe for human
consumption

1. Conduct routine monitoring program covering the area to be assessed and the
contaminants of concern using the standard operating procedures and go to step 2.

2. Determine whether EQG (A, B and/or C) have been met, and whether EQS (D, E
or F) have been met:
[IN].coooviins - g0 to step 3.
D 4 IR - seafood suitable for consumption, go to step 1.

3. Are any of the exceedances confirmed by analysing the back-up samples or
samples collected immediately from the same sites?
[N].ooooiin - seafood suitable for consumption, go to step I.
[(Y].oooiinn - go to step 4 if EQG A not met; and
- go to step 6 if EQG B not met; and
- go to step 7 if EQG C not met; and
- go to step 8 if EQS (D, E or F) not met.

The EQG is exceeded triggering more intensive investigation. Ambient quality is
now monitored and assessed against the Environmental Quality Standard

4. Determine whether EQS (A) has been met:

[N].ooveiiini - go to step 5 (or proceed directly to step 8).
[(Y]oooorini - go to step 7 for advice on conducting sanitary
survey; and
- gotostep 1.
5.  Determine whether EQS (B) has been met:
I\ - EQS triggered. Go to step 8.
[Y]ooooiii - go to step 7 for advice on further monitoring
of seafood and conducting sanitary survey; and
- go to step 1.
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Determine whether EQS (C) has been met:

[N].oovreeeenns - EQS triggered. Go to step 9.
[Y].oooonninas - EQS not triggered, go to step 7; and
- go to step 1.

Contact the Health Department of WA with the results and seek advice on any
additional monitoring or management requirements to ensure human health risks
are managed at an appropriate level.

Implement management action to reduce contaminant inputs, or if this is not
practically feasible, then reduce risk to public health through implementation of
appropriate management on advice of the Health Department of WA, If
appropriate, environmental remediation may be required.

Implement management action to reduce the risk to public health on advice of the
Health Department of WA. Determine the cause of the toxic algal bloom and, if
appropriate, reduce contaminant inputs.
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Pictorial decision scheme for applying the EQC for seafood safe for human

consumption
Develop and implement environmental
quality monitoring program
A4 h 4 v
Bacterial & algal Seafood Standards Seafood guidelines

concentrations in water

(chemicals in seafood)

(chemicals in seafood)

Test against EQG A & B Test against EQS D, E & F Test against EQG C
met not met not met met met not met
Low risk Low risk
(continue routine} monitoring)

(continue routine monitoring)

v

Contamination of seafood

Test against EQS A, B & C

met

not meft

!

Low risk

{continue routine monitoring and
contact HDWA for any additional
monitoring requirements)

Contact Health
Department

—¥

EQS triggered, management response required.
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Guidance notes

Environmental quality guidelines

If a new environmental quality guideline is established by determining the 80™ percentile of
natural background concentration then it should be compared against the median of the test
samples rather than the 95" percentile.

It is preferable, but not necessary, that samples for toxicant analyses are filtered (ie. 0.45um teflon
or glass fibre filter) in the first instance for comparison with the guidelines. If an unfiltered sample
exceeds the guideline then additional samples should be collected and filtered for comparison
against the guideline.

Environmental quality standards

I+

Guideline values are provided for specific species groups in section 9.4.2 of the
ANZECC/ARMCANZ Australian and New Zealand Guidelines for Fresh and Marine Water
Quality (2000).

Fresh samples should be used for determining bioavailable contaminant concentrations. Sample
preservation can have a significant effect on chemical speciation/bioavailability.

Toxicity testing or Direct Toxicity Testing® (DTA) may be considered for futher investigation 1f
single contaminants are of concern. Where mixtures of contaminants are an issue then DTA
procedures are more appropriate. End points for these tests should be relevant to production of the
cultured species.

There is potential for some aquaculture activities to reduce the quality of their production water if
management is inadequate. Investigation of the source of any reductions in water quality is
therefore essential.

Investigative procedures such as Toxicity Identification Evaluation (TIE) and Contaminant Body
Residue (CBR) may be required to establish whether the observed effects are caused by specific
contaminants or come from specific sources.

see NWQMS Report No 4 Australian and New Zealand Guidelines for Fresh and Marine Water
Quality (ANZECC/ARMCANZ 2000).

Narrative decision scheme for applying the EQC for aquaculture production

Options are provided in the decision tree for skipping steps once an EQG has been
triggered (eg. go straight to testing against biological measures, or implement agreed
management strategies to reduce contaminant inputs, without undertaking all of the
prior steps). This will largely be based on a simple cost/benefit analysis undertaken
for each step, and would require the agreement of all key stakeholders.

L.

Conduct routine monitoring program covering the area to be assessed and the
contaminants of concern using the standard operating procedures and go to step 2.

Determine whether EQG (A and/or B) have been met:

[N].oovirienneee - goto step 3
[Y]oorooennnn - suitable for aquaculture, go to step 1.

If the exceedance was for the last sampling occasion has analysis of back-up samples,
or samples collected immediately from the same sites, confirmed the exceedance?
[N].coveeniins - suitable for aquaculture, go to step 1.
(Yl - go to step 4 if the indicator is naturally occurring; and
- go to step 8 if the indicator is a xenobiotic chemical.
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4. Determine whether the 95™ percentile of natural background contaminant
concentration exceeds the EQG:

[N].cooenenn - go to step 6 if EQG A was not met; and
- go to step 8 if EQG B was not met.
[ ¢ - go to step 5.

5. Establish the 95" percentile of background concentration as the new EQG then
determine whether EQG (A and/or B) have been met:

[N]..oveeneine - go to step 6 if EQG A not met; and
- go to step 8 if EQG B not met.
Y]roiiiin - suitable for aquaculture, go to step 1.

The EQG is exceeded triggering more intensive investigation. Ambient quality is

now monitored and assessed against the Environmental Quality Standard

6. Determine whether EQS (A) has been met:

[N]..oooeeenrnnns - go to step 7 (step 11 is also optional).
[Y}ooooorooiion - EQS not triggered, go to step 1.

7. Determine whether EQS (B) has been met:
[N]....oooeeh - EQS triggered, go to step 11.
[Y]...ooooenn - EQS not triggered, go to step 1.

8. Determine whether EQS (C) has been met:
[IN]oooevenen, - go to step 9 (steps 10 or 11 also optional).
[ PO - EQS not triggered, go to step 1

9. Determine whether EQS (D) has been met:
I\ R - go to step 10 (step 11 also optional).
[ 4 T - EQS not triggered, go to step 1.

10. Determine whether EQS (E or F) have been met:
10 P - EQS triggered, go to step 11.
[Y]............... - EQS not triggered, go to step 1.

11. Implement management action to reduce contaminant inputs to the ambient
environment and achieve the environmental quality objective within an agreed

timeframe. Prior to implementing management action procedures such as TIE and

CBR might be required to confirm the specific cause of toxicity or the source of
contaminants. In extreme circumstances environmental remediation may be
considered appropriate.
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Pictorial decision scheme for applying the EQC for aquaculture production

Develop and implement environmental
quality monitoring program

Physico-chemical stressors Toxicant
New guideline General guxdehnes General guidelines < New guideline
derived > . denived
Test against EQG A Test against EQG B
not met met met not met

| Vi .

yes Is natural background Is natural background | yes

Lqw risk .
i . . . concentration > EQG
concentration > EQG {continue rojitirle monitoring) Q

nol .y

Species group guidelines

et
2

Species group guidelines
Test against EQS C

Test against EQS A

not met met

met | not met l
% Bioavailable concentration Low risk
Low risk Toxici ) (continue routine
(continue routine oxicity testing Test against EQS D monitoring)
monitoring) .
= Test against EQS B
not met met
met | notmet i l
i = - Low risk
Toxicity testing (continue routine
Low risk . monitoring)
(continue routine Test against EQSE or F
monitoring)
not met met
Low risk

(continue routine monitoring)

vy

EQS triggered, management response required.

* An alternative option to further assessment against the EQS is to go directly to the implementation of management action.
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Guidance notes
Environmental quality guidelines

Faecal pathogens

- The 95%ile bacterial content should be calculated from a minimum of 100 samples taken over a
maximum 5 year period.

Toxic algae

- The numerical environmental quality guideline for toxic algae was largely developed for inland waters
and should be used as an indicative guideline until sufficient marine data have been gathered for its
revision.

- Because of the uncertainty associated with the numerical guideline a watching brief should also be
maintained for human health impacts at algal concentrations below the guideline.

- The median of the total algal cell counts for the test site samples should be compared with the

" environmental quality guideline.

Radiology and Chemicals

- All radiological monitoring results should be referred to the Radiological Council for assessment.

- Environmental quality guidelines for chemicals are derived by multiplying the NH&MRC Drinking
Water Guidelines by a factor of 20 (assumes up to 100mL of marine water may be consumed while
swimming compared to the assumption of 2L consumed when deriving drinking water guidelines.

- For chemical indicators the 95%ile concentrations of the test site samples are compared with the
environmental quality guideline.

Environmental quality standards

Faecal pathogens

- Sanitary inspections should identify the sources of faecal contamination, the conditions or activities that
reduce microbiological water quality (eg. runoff) and determine an appropriate sanitary inspection
category.

- The 95%ile bacterial content for each site should be calculated from a minimum of 100 samples taken
over a maximum 5 year period.

Toxic algae

- To further assess the risk from potentially toxic species, sampling should be intensified with cell counts
performed on each species present. Sampling should be at regular intervals for at least one year to
identify whether toxic species are present at potentially harmful concentrations. Advice should be
sought from the Health Department of WA.

- Consideration should be given to refining the guideline value in light of the monitoring results.

Chemicals

- If chemical concentrations exceed the environmental quality guidelines then the monitoring results
should be referred to the Health Department of WA and their advice sought for further investigation.

Narrative decision scheme for applying the EQC for primary contact recreation

1. Conduct routine monitoring program covering the area to be assessed and the
contaminants of concern using the standard operating procedures and go to step 2.

2. Determine whether EQG (A, B, C and/or D) have been met, and whether EQS (C or

D) have been met:
[N].cooenenne - go to step 3 if EQG B or D or EQS C exceeded.
- go to step 4 if EQG A not met, and
- go to step 7 if EQG C not met, and
- go to step 8 if EQS D not met.
[YT..ooonnnn. - suitable for recreation, go to step 1.
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3. If the exceedance was for the last sampling occasion has it been confirmed (eg.
through the analysis of back-up samples or samples collected immediately from the
same sites)?

IN}oooeeeeenne - suitable for recreation, go to step 1.

|4 PP - go to step 6 if EQG B not met, and
- go to step 8 if EQG D not met, and
- go to step 9 if EQS C not met.

The EQG is exceeded triggering more intensive investigation. Ambient quality is
now monitored and assessed against the Environmental Quality Standard

4. Determine whether EQS (A) has been met:

[N]..ooovrennnnn. - go to step 5 and,
- go to step 9.
[(Y].ooeenenone - go to step S.

5. Undertake a sanitary inspection of the site in liaison with the Health Department of
WA to further assess the risk to recreational users. Develop predictive approaches to
give early warning of periods or events likely to result in poor microbiological water
quality and increase sampling frequency in these areas then:

- go back to step 1.

6. Contact the Health Department of WA and intensify monitoring of potentially toxic
algal species to assess human health risk and determine whether EQS (B) has been
met:

[N]..oovenninnn - go to step 9.
|4 P - No issue identified, go to step 1.

7. Swimmers should be urged to use caution when swimming in these waters. Signage
may be an option.

8. Contact the Health Department of WA with the results and seek advice on setting an
appropriate environmental quality standard that protects recreational users and on any
additional monitoring or management requirements to ensure human health risks are
managed at an appropriate level.

9. Reduce risk to public health through appropriate management on advice of the Health
Department of WA and implement management action to reduce contaminant inputs
where these have been shown to have caused the problem. If appropriate,
environmental remediation may be required.
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Guidance notes
Environmental quality guidelines

Faecal pathogens

- The 95%ile bacterial content should be calculated from a minimum of 100 samples taken over a
maximum 5 year period.

Toxic algae

- The numerical environmental quality guideline for toxic algae was largely developed for inland
waters and should be used as an indicative guideline until sufficient marine data have been
gathered for its revision.

- Because of the uncertainty associated with the numerical guideline a watching brief should also be
maintained for human heaith impacts at algal concentrations below the guideline.

Environmental quality standards

Faecal pathogens

- The 95%ile bacterial content should be calculated from a minimum of 100 samples taken over a
maximum S year period.

Narrative decision scheme for applying the EQC for secondary contact
recreation

1. Conduct routine monitoring program covering the area to be assessed and the
contaminants of concern using the standard operating procedures and go to step 2.

2. Determine whether EQG (A, B and/or C) have been met, and whether EQS (C)
has been met:
[N]..cooevininn - go to step 3 if EQG B or EQS C not met, and
- go to step 4 if EQG A not met, and
- go to step 7 if EQG C not met.
[Y]..coooononoe - suitable for secondary contact recreation, go to
step 1.

3. If the exceedance was for the last sampling occasion has it been confirmed (eg.
through the analysis of back-up samples or samples collected immediately from
the same sites)?

[N]...ooenenene - suitable for recreation, go to step 1.
|4 - go to step 6 if EQG B not met, and
- go to step 8 if EQS C not met.

The EQG is exceeded triggering more intensive investigation. Ambient quality is
now monitored and assessed against the Environmental Quality Standard

4. Determine whether EQS (A) has been met:

[N].ooereeenes - goto step 5, and
- go to step 8.
|G PR - go to step 5.
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Guidance notes
Environmental quality guidelines

Faecal pathogens

- The 95%ile bacterial content should be calculated from a minimum of 100 samples taken over a
maximum 5 year period.

Toxic algae
- The numerical environmental quality guideline for toxic algae was largely developed for inland

waters and should be used as an indicative guldelme until sufficient marine data have been
gathered for its revision.

- Because of the uncertainty associated with the numerical guideline a watching brief should also be
maintained for human health impacts at algal concentrations below the guideline.

Environmental quality standards

Faecal pathogens

- The 95%ile bacterial content should be calculated from a minimum of 100 samples taken over a
maximum 5 year period.- .

Narrative decision scheme for applying the EQC for secondary contact
recreation

1. Conduct routine monitoring program covering the area to be assessed and the
contaminants of concern using the standard operating procedures and go to step 2.

2. Determine whether EQG (A, B and/or C) have been met, and whether EQS (C)
has been met: ,
[N]..oovernnnnne - go to step 3 if EQG B or EQS C not met, and
- go to step 4 if EQG A not met, and
- go to step 7 if EQG C not met.
[Yl....oooonins - suitable for secondary contact recreation, go to
step 1.

3. If the exceedance was for the last sampling occasion has it been confirmed (eg.”
through the analysis of back-up samples or samples collected 1mmed1ate1y from
the same sites)?

B\ - suitable for recreation, go to step 1.
[Y]...oooooiinnn - go to step 6 if EQG B not met, and
- go to step 8 if EQS C not met.

The EQG is exceeded triggering more intensive investigation. Ambient quality is
now monitored and assessed against the Environmental Quality Standard

4. Determine whether EQS (A) has been met:

[NL......eeees . -8 to step S, and ’
- go to step 8. ‘
D ¢ P - go to step S.
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. Undertake a sanitary inspection of the site in liaison with the Health Department

of WA to further assess the risk to recreational users. Develop predictive

approaches to give early warning of periods or events likely to result in poor

microbiological water quality and increase sampling frequency in these areas then:
- go back to step 1.

. Determine whether EQS (B) has been met:
[N].oovriiiniies - go to step 8;
' PP - no issue identified, go to step 1.

Contact the Health Department of WA with the results and seek advice on setting
an appropriate environmental quality standard that protects recreational users and
on any additional monitoring or management requirements to ensure human health
risks are managed at an appropriate level.

. Reduce risk to public health through appropriate management on advice of the
Health Department of WA and implement management action to reduce
contaminant inputs where these have been shown to have caused the problem. If
appropriate, environmental remediation may be required.
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Guidance notes

Environmental quality guidelines

- Many of the guidelines for aesthetic quality are subjective and relate to the general appreciation
and enjoyment of Cockburn Sound by the community as a whole. Consequently, when using these
criteria to determine if aesthetic value is being maintained, consideration should be given to
whether the observed change is in a location, or of an intensity, likely to trigger community
concern and to whether the changes are transient, persistent or regular events.

Environmental quality standards

- Further investigation involves direct measures of aesthetic value to determine whether there has
been a perceived loss of value. For example, regular surveys (minimum 12 months apart) can be
used to show trends in community perception of aesthetic value over time.

- If a guideline for a fish tainting substance has been exceeded, then the source of the potential
contamination should be identified and edible fish sampled from around the source for taste testing.

Narrative decision scheme for applying the EQC for aesthetic quality

1. Conduct routine monitoring program covering the area to be assessed and
monitor public complaints. Go to steps 2 and 3.

2. Determine whether all of EQG (A to I) have been met:
[\ - go to step 5.
D4 P - aesthetic values not compromised, go to step 1.

3. Determine whether EQG (J) has been met:
[N]..coeennnnnn - go to step 4
[Y].eereennnn - aesthetic values not compromised, go to step 1.

4. If the exceedance was for the last sampling occasion has it been confirmed
through analysis of back-up samples or samples collected immediately from the

same sites?
[N]..ooveennns - aesthetic values not compromised, go to step 1.

[Y]..oooviiniins - go to step 6.
The EQG has been triggered and the EQS need to be addressed.

5. Determine whether EQS (A) has been met:
[N]....oveennnins - gotostep 7;
Y].....oevrnn, - aesthetic values not compromised, go to step 1.

6. Determine whether EQS (B) has been met:

[N]..cooriiii - go to step 7;
[Y].oooiiinni - aesthetic values not compromised, go to step 1.

7. Identify the causes for the loss of aesthetic value in Cockburn Sound and

implement management actions to prevent further reduction of, and if possible to
improve, the aesthetic value within an agreed timeframe.
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Pictorial decision scheme for applying the EQC for aesthetic quality

Develop and implement environmental

quality monitoring program

Visual Indicators Fish Tainting
v v
Test against EQG A to 1 Testagainst EQGJ
not met met met not met

l

Community perceptions
Test against EQS A

met not met

v

Low risk
{continue routine monitoring)

l 1

{continue 1

[Low risk
outine

l

l

monitoring)

Test against EQS B

not met met

v

Low risk
(continue routine monitoring)

\

EQS triggered, management response required.
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