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Preamble

Cockburn Sound is a sheltered marine embayment located to the south-west of the Perth
metropolitan region. Cockburn Sound is protected from the prevailing winds and seas by
Garden Island and 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 Cockburn Soundd s ¢ a t leakerthe patential
to impact on the quality of these attributes and therefore 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. In 2005 the Environmental Protection Authority (EPA) prepared the State
Environmental (Cockburn Sound) Policy 2005 (Government of Western Australia, 2005) to set
the common goals for management and provide a mechanism for implementing the
management plan. The SEP 2005 was subsequently endorsed by the State Government
with the understanding that it would be reviewed in seven years. Following a report into the
performance of the environmental management framework for Cockburn Sound in 2010 by
the WA Auditor General the EPA revised the SEP 2005 to strengthen the management
framework and reporting mechanisms and to update the supporting documents (Government of
Western Australia, 2015).

The focus of the Policy 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 in the SEP. A
comprehensive suite of environmental quality criteria are provided in this Revised EQC
Reference Document. 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& coastal waters in perpetuity (EPA, 2000). The EPA has established an environmental
qguality management framework for Cockburn Sound, which has been given effect through
the State Environmental (Cockburn Sound) Policy 2015 (Government of Western Australia,
2015). 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 marine
environment of Cockburn Sound.

Implementation of the management framework is through 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
guantitative 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
guality objectives achieved. If the EQC are 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.

All the EQC that support the SEP, and the decision schemes which explain how they should be
applied, are included in this reference document. They are based on known current and
historical contaminant inputs and are relevant to the potential issues/pressures in the Sound
(GHD, 2013). If other contaminants are considered to pose a potential threat to the
environmental values of the Sound in the future 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 (DoH, 2011)
and the Australia New Zealand Food Standards Code or their updates.
<http://www.foodstandards.gov.au/foodstandards/foodstandardscode.cfm>

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) using the implementation framework recommended for
WA through the State Water Quality Management Strategy Report 6 (Government of WA, 2004). In
particular, the EPA has adopted the concept of using water and sediment quality guidelines to
trigger a risk-based approach for determining the risk of an unacceptable environmental impact.
If the guidelines are exceeded then there is a significant risk that the contaminant may be
causing an environmental impact and further investigation is required to determine whether the
level of impact is acceptable. These additional investigations usually involve measuring the
bioavailability of contaminants and/or assessing biological or ecological indicators further along
the cause/effect pathway. This risk-based approach integrates the more traditional chemical
and physical indicators with biological indicators of environmental quality (multiple lines of
evidence). Sources of additional information used for the development of the human health
related EQC were the Australian Shellfish Quality Assurance Program (DoH, 2011), Australia
New Zealand Food Standards Code
<http://www.foodstandards.gov.au/foodstandards/foodstandardscode.cfm>

and advice from the WA Department of Health. Where necessary, expert scientific advice was
sought through technical workshops and working groups to provide guidance on the selection of
appropriate indicators and criteria. The current set of EQC is a refinement of the guidelines and
standards that have been applied to Cockburn Sound since the SEP 2005 was first released.

The Manual of Standard Operating Procedures for Environmental Monitoring Against the
Cockburn Sound Environmental Quality Criteria (EPA, 2005), which complements this
document, has been updated to reflect changes in the EQC. The manual specifies how samples
should be collected and analysed, and how the results should be assessed against the EQC.
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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 the waters of 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
these waters 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 was
developed in consultation with the community and stakeholders and is largely implemented
through the Cockburn Sound Management Council.

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 four social environmental values have been identified for
protection in Cockburn Sound (Figure 1 and Figure 2). To support the five environmental values,
eight measureable 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 want protected. For the first environmental quality
objective 6 Ma i nt eoheaosystem i nt e ghree teweld of ecological protection have been
recognised for areas within Cockburn Sound. The acceptance of different levels of ecological
protection is based on a recognition that other societal benefits also need to be considered (e.g.
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 different level of ecological protection are shown in
Schedule 2 of the SEP <http://www.epa.wa.gov.au/policies-guidance/state-environmental-
cockburn-sound-policy-2015>. The other environmental quality objectives are generally
expected to apply throughout Cockburn Sound.

For each environmental quality objective a set of environmental quality criteria (EQC) have
been established to provide the environmental quality benchmarks against which environmental
qguality 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 (e.g. seagrass).
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2.2 Selecting indicators of concern

The EQC presented in the tables cover a wide range of environmental indicators (including
concentrations of contaminants and health of biota) that can be used to assess environmental
guality. The environmental quality indicators selected for a routine monitoring program would be
determined on a case by case basis following consultation with the relevant stakeholders and
are likely to be a small subset of the full list of criteria in this document. 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
situ monitoring, an understanding of natural background contaminant concentrations, modelled
predictions, contaminant input inventories and the nature of the contaminant (e.g.
environmental fate, potential for biomagnification).

Indicators that exceed or are predicted to exceed the EQC 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
characterisation of effluent; and demonstrated risk of accidental discharges.

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

Environmental Quality Management Framework
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Figure 1. The environmental quality management framework for Cockburn Sound



Environmental Values EnvironmentaQuality Objectives and their descriptions

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

Fishing and\quaculture Maintenance of seafood safe for human consumption
Seafood is safe for human consumption when collected or grown.
Maintenance @fquaculture
Water is of a suitable quality for aquaculture purposes.

RecreatiomndAesthetics Maintenance of primary contact recreation values
Primary contact recreation (e.g. swimming) is safe to undertake.
Maintenance of secondary contact recreatiures
Secondary contact recreation (e.g. boating) is safe to undertake.
Maintenance of aesthetic values
The aesthetic values are protected.

Cultural and Spiritual Cultural and Spiritual values of the marine environment are pro
Indigenous cultural and spiritual values are not compromised.

Industrial water supply Maintenance of water qualityifatustrial use
Water is of suitable quality for industrial uses.

Figure 2: The Environmental Values and their corresponding Environmental Quality Objectives
for Cockburn Sound

2.3 What are Environmental Quality Criteria

The 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):

1. locally developed biological effects data;

2. ecological models;

3. reference sites; or

4. refining default trigger values for local environments.

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
guality 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 (i.e. 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). As discussed earlier, this is
a risk-based approach that relies on increasing levels of evidence of an impact before a
management response is triggered.

EQG are generally relatively simple and easy to measure indicators of environmental quality. If
met there is a low risk that the environmental quality objectives are not being achieved. If an
EQG is 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 and evidence- based
assessment against the EQS. This approach provides increased confidence to support decision
making and is based on evidence using one or more indicators further down the cause/effect
pathway. This multiple lines of evidence approach integrates more refined measures of the
surrogate indicators (e.g. bioavailable contaminant concentrations) with more direct measures
of the environmental quality objective (e.g. 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. 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.

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 that may
require some form of surveillance and possibly management intervention but where there
was insufficient information on toxicity to derive a reliable 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 (e.g. Water temperature is strongly seasonal, 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). To address this variability EQC for
some indicators have been derived for specific seasons. For example, in Cockburn Sound
the main period for nutrient-related monitoring is over summer when river flow is minimal and
nutrient concentrations are most stable, while guidelines for temperature have been provided
for each season. Nevertheless, most environmental quality indicators are relatively stable,
both seasonally and/or spatially, and for these indicators the EQC remain the same throughout
the year and the region.

Their application

Both numerical and narrative EQC for each environmental quality objective in the protected
area are incorporated into tables in Section 3 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.



ENVIRONMENTAL CONDITION
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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 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 to cease the investigation and
divert resources to implement an appropriate management response (e.g. 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 (EQQO) expected to apply at a site, one of
the first steps when applying the EQC for a particular contaminant is to determine which of the
associated criteria for the particular contaminant should become the target for management and
compared against the monitoring data. In general the lowest (i.e. most restrictive) EQG for a
particular contaminant would be selected for this purpose on the assumption that if this guideline
is met then the EQG for all other EQOs would also be met. If this EQG is exceeded then all other
relevant EQGs for this indicator would need to be assessed against the monitoring data. Where
EQGs are exceeded then investigations appropriate to the EQS for the relevant EQO would be
undertaken. The EQG for maintenance of ecosystem integrity are generally the lowest, however,
for some environmental quality objectives there are no EQG and only EQS have been provided
for specific contaminants. In these circumstances routine monitoring data should be compared
with the EQS. Where EQG or EQS exist for a range of media (e.g. 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& companion document, Manual of
Standard Operation Procedures for Environmental Monitoring Against the Cockburn Sound
Environmental Quality Criteria (EPA, 2014).
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The EQC developed for Cockburn Sound are comprehensive and quite detailed. Although
decision schemes and guidance notes have been provided to assist with implementation of the
EQC, it is not possible to predict all likely scenarios that may arise. A common sense approach
will therefore be required by all stakeholders when applying the EQC in circumstances where
little guidance is available, but always bearing in mind that the intent is to provide surety that the
environmental quality objective is achieved. For example, EQG should never be below natural
(un-impacted) background concentrations; and the chemistry and stability of rapidly degraded
contaminants (e.g. chlorine) should not be assumed to be conservative (remain unchanged)
when modelling the distribution and fate of these chemicals in a discharge. 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 i waste avoidance/minimisation strategies
should always be adopted and reinforced.

2.4 Comparing monitoring data against the EQC

The extent of the area from which environmental quality data are to be collected and compared
against the EQC will depend on the objective of the monitoring and reporting program and will
therefore need to be established on a case-by-case basis and clearly defined in the monitoring
program. For example, data evaluation to inform report cards on the general health of the whole of
Cockburn Sound might combine all sites within each broad zone (e.g. levels of ecological
protection) to compare against the EQC, whereas evaluation of monitoring data to inform
the management of environmental quality in areas of the Sound that might be impacted may
require data from individual sites, or a few pooled local sites, to be assessed against the EQC.
The EQC themselves have been drafted with this in mind and 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, but in most cases the EPA
recommends that monitoring data from individual sites should be assessed against the EQC to
identify areas requiring focussed management before the problem spreads into adjacent areas.

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 it had and a response
should have been triggered. Balancing these two errors (Type | 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 this reason, if a single sample is being used to compare against a
relevant EQC and an exceedance is identified, then it is recommended that the exceedance is
confirmed through analysis of back-up samples or additional samples collected immediately
from the same site(s).

For most environmental quality indicators, the approach adopted for comparing monitoring data
with the EQG and determining when a significant and unacceptable change has occurred, is
consistent with ANZECC & ARMCANZ (2000) and relatively straightforward:

1 For most toxicants and bacteriological indicators the approach is to compare the 95%
percentile of the monitoring data with the EQC; and

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

Again, a common sense approach is required when locating 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 causing the
discharge plume to extend beyond the low protection zone boundary, albeit for a very short
period of time. If only one site is to be located on the low ecological protection zone boundary
then consideration should be given to sampling on a number of occasions and each time
locating the sampling site where modelling predicts the discharge plume will intersect with the
zone boundary under the prevailing meteorological conditions (i.e. focus on worst case).

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

The NWQMS Guidelines for Fresh and Marine Water Quality (ANZECC & ARMCANZ, 2000)
should be referenced for a more detailed discussion on comparing monitoring data with EQC.

2.5 Deriving EQC for new indicators

There may be situations that call for monitoring of a new indicator in Cockburn Sound, and for
which EQC have not been determined. Under these circumstances the first step is to check
whether a guideline trigger value has been derived for that contaminant in the Australian and
New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC & ARMCANZ, 2000).
However, if the indicator is a physical or chemical stressor in water (e.g. TSS, pH, salinity,
nutrients, etc), the default trigger values provided in ANZECC & ARMCANZ (2000) for the
protection of ecosystem health should only be used if there are no data available to derive an
EQG using biological effects or reference site data (see below).

The preferred approach for deriving an EQC is to use biological/ecological effects data either
from the testing of local biota and using local waters (ecosystem health) or from the scientific
literature (ANZECC & ARMCANZ, 2000). In most cases this information will not be immediately
available and will require significant investigations and research to be undertaken. Alternatively,
an EQC can be derived using data collected from an un-impacted local reference site. In this
case there will need to be a sufficient temporal spread of data available to determine whether
seasonal changes in the indicator require guidelines to be derived seasonally and a sufficient
number of data to derive a guideline with statistical confidence. The objective of this approach is
to maintain the quality of the target waters within a range that is defined by a reference
condition that is considered to be of a suitable quality. Although the approach was developed to
protect the environmental value of ecosystem health (ANZECC & ARMCANZ, 2000), there is a
high probability that any EQG derived using this approach will also protect the more social
environmental values because humans tend to be less sensitive to changes in environmental
guality than most marine fauna and flora.

Consistent with ANZECC & ARMCANZ (2000), for a high level of ecological protection a new
EQG for a water quality indicator would be derived from the 20" percentile and/or 80"
percentile of the natural background levels for that indicator, or for a moderate level of
ecological protection, the 5" and/or 95" percentiles. If the median for the defined area is within
the range specified by these percentiles, then it is reasonable to assume there is a low risk that
the EQO dnaintenance of ecosystem integrity6is not being achieved. A new EQG for a sediment
contaminant in high and moderate ecological protection areas is derived by multiplying the
median natural background concentration of the contaminant in the reference sediments by a
factor of 2.
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Where there are no available EQC for anthropogenic organic chemicals t hat ataum 6t
naturally, the recommended EQG is any detection of the chemical using the lowest LOR
available from a NATA-accredited laboratory or a research laboratory using acceptable QA/QC
methods.

2.6 Updating the EQC

This version of the Environmental Quality Criteria Reference Document for Cockburn Sound
updates the original document released in January 2005. The EQC and decision frameworks in
this document will be amended by the EPA from time to time following a process of public
consultation and made publicly available. The amendments will be necessary to:

1 incorporate improvements in our understanding of the environmental processes
and ecological pathways in Cockburn Sound; and
9 incorporate any relevant updates of national guidelines and standards.

Several of the nutrient related EQC require updating annually to incorporate the latest monitoring
results from the reference site (see section 3.1.2). The EQG for chlorophyll a, light attenuation
and phytoplankton biomass, and the EQS for seagrass meadow shoot density (P. sinuosa), and
phytoplankton biomass will be recalculated each year and made available on the Cockburn
Sound Management Council® website as soon as practicable following completion of the
monitoring period (http://www.der.wa.gov.au/about-us/cockburn-sound-management-council).

3 The EQC for each environmental quality objective

An outline of the main sources of information used to develop the EQC for each environmental
guality objective, and the rationale underpinning them, are provided in Sections 3.1 to 3.8. The
tables containing the actual EQC (and their associated decision schemes) are also provided
in the relevant sections.

The environmental quality criteria for Cockburn Sound that support the SEP are contained in
Tables 1 to 8 of this section. Figure 4 summarises where the EQC for each environmental
guality objective or environmental value are found. Included with the tables are the decision
schemes that guide how the EQC are used to assess and manage environmental quality
and protect the environmental values. 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 6Guidance notesbé6.
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Figure 4. An overview of the tables of EQC

EQC

EV | EQC | Group | Subgroup Variable Notes
EQG EQS
HEPA MEPA LEPA HEPA MEPA LEPA
Ecosystem Health
Maintenance of Ecosystem Integrity
Physical and Chemical Stressors

Nutrients Nutrient
enrichment:
Chlorophyll a Table 1a A Table la A n/a
Light attenuation Table 1a A Table 1a A n/a
coefficient
Seagrass shoot n/a Table la A | Table 1a A
density
Leaf and leaf Table 1a A | Table 1a A
cluster
Lower depth limit n/a Table la A | Table 1a A n/a
Algal growth TBD TBD n/a TBD TBD n/a
potential
Phytoplankton TablelaC | TablelaC n/a TablelaC | Table 1laC n/a
biomass

Other Dissolved oxygen Table 1aD Table 1aD n/a Table 1aD | Table 1a D n/a
concentration
Water temperature Table la E Table 1la E n/a Table laE | Table laE n/a
Salinity Table la F Table la F n/a Table laF | Table laF n/a
pH Table 1a G Table 1a G n/a Table 1a G | Table 1a G n/a
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EQC

EV | EQC | Group | Subgroup Variable Notes
EQG EQS
HEPA MEPA LEPA HEPA MEPA LEPA

Toxicants (water)
Metals & metalloids  Various Table 2a Table 2a Table 2a Table 2a Table 2a n/a
Non-metallic Various Table 2a Table 2a Table 2a Table 2a n/a
inorganics
Organics Various Table 2a Table 2a Table 2a Table 2a Table 2a n/a § -
Organochlorine Various Table 2a Table 2a Table 2a Table 2a Table 2a n/a 3 Z
pesticides =73
Organophosphorus  Various Table 2a Table 2a Table 2a Table 2a Table 2a n/a w 7‘@
pesticides G
Herbicides & Various n/a n/a n/a n/a n/a n/a : E
fungicides a8
Surfactants Various n/a n/a n/a n/a n/a n/a g g
Oils and petroleum  Various n/a n/a n/a n/a n/a n/a o
hydrocarbons =3
Diesel Various n/a n/a n/a n/a n/a n/a % %
Oil spill dispersants  Corexit 9527 Table 2a Table 2a n/a Table 2a Table 2a n/a g g

Toxicants (sediment) g ‘>5
Metals & metalloids  Various Table 3 Table 3 Table 3 Table 3 Table 3 n/a ‘2‘5 g
Organometallics TBT Table 3 Table 3 Table 3 Table 3 Table 3 n/a T §
Organics Various Table 3 Table 3 Table 3 Table 3 Table 3 n/a E %

Fishing and Aquaculture
Seafood Safe for Human Consumption

Biological contaminants  Various Table 4 Table 4

Chemicals Various Table 4 Table 4

Metals Various Table 4 Table 4

Organic chemicals Various Table 4 Table 4
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EQC
EV | EQC | Group | Subgrou Variable Notes
Q p group EQG EQS
Maintenance of Aquaculture Production
Physico-chemical Dissolved oxygen Table 5 Table 5
stressors
pH Table 5 Table 5
Toxicants
Non-metallic Various Table 5 Table 5
inorganic
chemicals
Metals and Various Table 5 Table 5
metalloids
Organic Various Table 5 Table 5
chemicals
Pesticides Various Table 5 Table 5
Recreation and Aesthetics
Maintenance of Primary Contact Recreation Values
Biological Faecal pathogens Table 6 Table 6
Toxic algae Table 6 Table 6
Physical pH n/a Table 6
Water quality Table 6 n/a
Radiological Gross alpha and n/a Table 6
beta activity
Toxic chemicals
Inorganic Various Table 6 Table 6
chemicals
Organic Various Table 6 Table 6
chemicals
Pesticides Various Table 6 Table 6
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EQC

EV | EQC | Group | Subgroup Variable Notes
EQG EQS
Maintenance of Secondary Contact Recreation Values
Biological Faecal pathogens Table 7 Table 7
Toxic algae Table 7 Table 7
Physical and pH n/a Table 7
chemical
Toxic chemicals Table 7 n/a
Maintenance of Aesthetic Quality
Visual indicators Various Table 8 Table 8
Fish tainting Various Table 8 Table 8
substances
Cultural and Spritual
Cultural and Spiritual Values of the Marine n/a n/a
Environment are protected
Industrial Water Supply
Maintenance of Water Quality for Industrial Use
Biological Various Table 9 Table 9
Physical and Various Table 9 Table 9
chemical
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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 SEP describes three levels of ecological protection and where they apply spatially in the
protected area so that overall ecological integrity can be maintained. This enables land use
activities to be accommodated without unduly compromising the high level of environmental
guality 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 necessarily 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
(e.g. 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 (e.g. 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
(e.g. 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.

The majority of Cockburn Sound is expected to be maintained in 6 s | i dgihst tl wcordigod 6ér
better. In recognition of this a high level of ecological protection has been assigned to these
areas. The EQG for this level of protection have been developed with reference to the results of
a background water quality survey undertaken by the DoE (DoE 2005) and in accordance with
the recommendations of ANZECC & ARMCANZ (2000) as follows:

1 The recommended 99% species protection guideline trigger levels for toxicants in water
will apply;

The 1SQG-low guideline trigger levels for toxicants in sediments;

The 80™ percentile and/or 20™ 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.

T
)l
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Within the drotected areab two broad areas are considered to be 6 mo d e r ta thighlyy
di st ur bedo eastan sida gf Cockbern Sound adjacent to the industrial area; and
Careening Bay on Garden Island. These areas have been designated a moderate level of
ecological protection and should be assessed separately. The moderate level of ecological
protection area along the eastern side of Cockburn Sound also includes several existing
and proposed harbours and marinas which should be assessed individually. Environmental
guality data from the harbours and marinas should not be used to assess performance in
the overall moderate ecological protection area. A lower level of ecological protection may also
be considered for any additional marinas or harbours approved and constructed within the
protected area. EQG for moderate ecological protection areas have been developed in
accordance with the ANZECC & ARMCANZ (2000) recommendations as follows:

1 Application of the default 90% species protection guideline trigger levels for toxicants in
water;

The 1SQG-low guideline trigger levels for toxicants in sediments;

The 95" percentile and/or 5th percentile of the data distribution for a suitable relatively
unmodified reference site for the physical and chemical stressors.

T
T

While the methodology for developing EQC for all moderate ecological protection areas should
be consistent, it may be appropriate to monitor a subset of indicators for some marinas and
harbours depending on potential threats to environmental quality and the benthic habitats
present (e.g. monitoring and assessment of light attenuation coefficient and chlorophyll a in a
marina may be unnecessary if seagrass is not present). For the few small areas located
around outfalls in Cockburn Sound 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 these
low ecological protection areas is 1% or less of the protected area in Cockburn Sound.

3.1.2 Derivation of EQC

Cockburn Sound is managed for a mix of industrial, defence, commercial and recreational
purposes, all of which have the potential to impact on the marine environment. Achieving
the environmental quality objective 6 ma i nt eafl aaosystem i nt e dargely gepends
on ensuring that environmental quality is maintained within acceptable levels. The level of
environmental quality considered acceptable varies according to the level of ecological
protection assigned to the area.

ANZECC & ARMCANZ suggest a range of approaches for deriving EQG depending on the
information available for the area or the contaminant. The preferred approach is to derive EQG
from local biological/ecological effects data or from the scientific literature. Examples include
the guideline trigger values from ANZECC & ARMCANZ (2000) for toxicants in water which
are based on ecotoxicological data or the sediment quality guidelines which are based on
ecological effects data. Where insufficient biological or ecological effects data exist then the
next preferred method is to determine an acceptable level of change from a reference condition
based on a percentile of the reference data distribution (Section 3.1.1). The reference sites
selected for deriving these EQC may vary according to the parameter being measured. The
intent is for the reference site to be as similar as possible to the water body being managed in
terms of physical setting, hydrodynamics and biology, but importantly it should be unaffected by
anthropogenic influences. Where there is insufficient information or resources available to derive
a site specific EQG for a physical or chemical stressor, then the default regional trigger values
provided in Section 3.3 of ANZECC & ARMCANZ (2000) could be used as an interim step until
more reliable EQG can be derived.

Further discussion is provided below for those physical and chemical stressors where EQC are
derived from local reference site data.
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Nutrient-related EQC

The first three groups of EQC (Table 1a A-C) deal with the issue of nutrient enrichment and
were derived while giving consideration to achieving the following three important objectives:

1 Protection of the remaining seagrass meadows in Cockburn Sound;

1 Maintaining 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

1 Minimising 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 1970s 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 are derived using data collected
from one reference site in the central basin of Warnbro Sound (site 4) during 6 t y psuronzet
conditions over a rolling 6 year period. Warnbro Sound in the Shoalwater Islands Marine Park
was selected as the most appropriate reference area for Cockburn Sound because water quality
is high and is practically independent of water quality in Cockburn Sound. The decision to use
only one reference site in Warnbro Sound was made following an analysis of data from all
Warnbro sites showing that data from site 4 were representative of all Warnbro Sound sites
combined. Furthermore it minimises the additional sampling effort required to collect the
reference data. It was recognised that the quality of the water in the northwest corner of
Cockburn Sound may be similar to Warnbro Sound, however, data from this area were not used
to develop the chlorophyll a 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 are collected between December and March (the
non river-flow period) and have been collected at irregular intervals between 1977 and 2002
and then every year after that. It should be noted that the 1991/92 summer chlorophyll a data
set was found to represent atypical conditions and as such was omitted from any analyses of
this dataset. 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 chlorophyll 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
of1991/ 92 wer(REPALE).y pi cal 6

The resulting EQG for chlorophyll a 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 on the eastern side of the
Sound. The LAC levels in both high and moderate ecological protection areas approximate the
EQG and if these levels can be maintained 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 a, LAC and
phytoplankton biomass are based on 6 r ol | i n g 6 ang eor vallebe tre-chl@ilated and
updated each year using the monitoring results collected during the current year and the five
previous summers so that the EQC are calculated from a database of approximately 100
values and remain contemporary. The following mechanism will also be implemented each year
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to guard against the EQC being triggered because of regional scale effects rather than
pressures within Cockburn Sound (e.g. 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 full historical reference site data set.

b) If the median is between the 20" percentile and the 80" percentile, the new data are
incorporated into the historical reference data set, new median, 80" and 95™ percentiles
are computed from the last six years of the data 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) If the median 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 6 n o r lmeandsd In this case the new data are not incorporated
into the historical reference data set or used to recompute a new set of rolling percentile-
based EQG. In addition, the comparison of the test site (i.e. Cockburn Sound) data
against the reference is not conducted for that year as this finding suggests that the
water quality may be responding to non-local forcings. Alternatively, the finding may
suggest that Warnbro Sound is responding to increased nutrient inputs from surrounding
land uses and its suitability as a reference site should be investigated. In the first
instance a trend analysis of the chlorophyll a and LAC data in Warnbro Sound should be
undertaken to determine whether there is a statistically significant increasing trend.
Other suitable reference sites will need to be investigated if the trend continues over
consecutive years. Furthermore, managers of the Shoalwater Islands Marine Park would
be alerted and may need to take management intervention to ensure the objectives of
the park are maintained.

In tables 1a and 1lb 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 1a and 1b.

In addition to the nutrient-related EQG described above, three EQS were developed specifically to
identify changes in seagrass health, i.e.:

1 Seagrass shoot density (Posidonia species);
1 Seagrass lower depth limit (Posidonia species); and
1 Leaf and leaf cluster characteristics (Amphibolis griffithii).

Posidonia sinuosa

The EQS for seagrass shoot density using reference site data have been developed for
Posidonia seagrass meadows generally, although the default numerical EQS referred to in Table
1b are specifically provided for use with Posidonia sinuosa shoot density data. The
numerical EQS for P. sinuosa are derived using data collected from permanent fixed relocatable
guadrats placed in P. sinuosa beds at Mersey Point, Warnbro Sound. Shoot density is measured
at this reference site in January each year and the data added to the historical reference data
set. EQS are then re-calculated from the last 100 data points for each monitored depth at the
reference site (i.e. rolling four year percentiles) and then updated on the Cockburn
Management Council website <http://www.der.wa.gov.au/about-us/cockburn-sound-
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management-council>. Shoot density percentiles for the first four years of monitoring have been
provided in Table 1b and represent historical baseline 5" percentile (high protection) and 1
percentile (moderate protection) values for seagrass shoot density at the Warnbro Sound
reference sites and are termed 6 A b s oMinimunad riteria. To guard against the possibility of a
declining trend in seagrass shoot density at the Warnbro Sound reference site significantly
influencing the numerical EQS over time, the narrative EQS now requires shoot density at
Cockburn Sound seagrass sites to meet both the reference site rolling four-year percentiles and
the absolute minimum criteria.

Environmental quality in Warnbro Sound has historically been relatively high and is independent of
the environmental quality of Cockburn Sound, however, the Auditor General& report on the
Environmental Management of Cockburn Sound (OAG, 2010) expressed concern that seagrass
shoot density at the Warnbro Sound reference site may be trending down and that the site may no
longer be a suitable reference. In response to this concern the CSMC commissioned a thorough
review of the Cockburn Sound seagrass monitoring program, including the on-going suitability of
the reference site in Warnbro Sound. The review confirmed the suitability of the reference site,
but recommended the above approach to ensure any future decline in shoot density at the
reference site does not allow an on-going decline in seagrass meadows to occur in Cockburn
Sound without being detected. It was also recommended that consideration be given to
establishing one or more additional reference sites to strengthen the approach and guard
against the derived EQC from being potentially influenced by degrading seagrass health in
Warnbro Sound. The Cockburn Sound Management Council and Department of Environment
Regulation (DER) are currently investigating the feasibility of using sites established in the
Shoalwater Bay Marine Park and Jurien Bay Marine Park as additional reference sites. As
the database for any new reference sites expands over subsequent years it will be possible to
assess any trends at the Warnbro Sound reference site at a regional level. If shoot density at
the Warnbro Sound reference site is found to be trending down compared to the other regional
reference sites then consideration will need to be given to replacing the Warnbro Sound
reference site.

The reference site seagrass shoot density data used to derive the default shoot density criteria in
Table 1b are collected at depths of 2, 2.6, 3.2, 5.3 and 7.4 metres, consequently the annually
updated rolling EQS and the absolute minimum EQS provided in Table 1b are not suitable for
use at significantly different depths. To assess seagrass health at depths outside this range,
additional reference sites would need to be established at an 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 important that both reference and test sites have the same
seagrass species.

An EQS for the lower depth limit of P. sinuosa meadows investigates whether there has been a
statistically significant retreat of the leading edge of a seagrass meadow into shallower depths
compared to a baseline position at each of three locations in Cockburn Sound. A reference site
has also been established and monitored in Warnbro Sound. Lower depth limit measurements
from 2000 to 2002 (three years) have been used to establish the baseline position at each of
these four sites.

Amphibolis griffithii

The EQC for the indicators 6 | exehsion r a t neirbber of 6 | e apereclsster6and number of
6cl uoeresrt £ moé bhea Weveloped based on a draft standard operating procedure
developed by researchers at Edith Cowan University for determining the health of Amphibolis
griffithii subject to light stress. The draft procedure was developed from work undertaken for the
SRFME Collaborative Research Project (McMahon and Lavery, 2008). The three selected
indicators of light stress in A. griffithii meadows were from a set of 13 sub-lethal indicators of
light stress developed by McMahon and Lavery (2008) and Lavery et al. (2009) after taking into
account applicability for a monitoring program (e.g. ease and cost of measurement and
analysis). The broader suite of stress indicators were developed through applied research
undertaken in a monospecific A. griffithii meadow at 5 m depth over two years (2005i 07) in

22


http://www.der.wa.gov.au/about-us/cockburn-sound-management-council

Jurien Bay. The selected indicators are based on the latest understanding of the pressure-
response pathway for light stress in this species, with leaf extension rate and number of leaves
per cluster expected to respond first followed by number of clusters per stem. The sampling
methodology for A griffithii is destructive rather than the in situ approach used for P. sinuosa
meadows, and consideration should therefore be given to the potential for sampling impacts on
meadows that are relatively sparse.

Of the three selected indicators, only two ( 6 | e pev @dusterd6 adhadl u pdr e t & 1nadvg
been included in Table 1b for assessment of Amphibolis seagrass beds in Cockburn Sound
under the SEP. The values provided in Table 1b for these two indicators are derived from the
Jurien Bay data and are to function as default EQC, unless more appropriate site specific EQC
are established from data collected at a suitable reference site(s). The default EQC that apply to
areas assigned a high level of ecological protection are based on the 20™ percentiles for each
indicator as calculated from the Jurien Bay data, while those that apply to areas with a
moderate level of ecological protection are based on the 5" percentiles. For the indicator6 | e av e s
per clusteréthe relevant values for the EQC correspond to those published in McMahon and
Lavery 2008 (Figure 12.3). The values for the indicator 6 ¢ | u per ®tr eswede re-calculated to
suit the different monitoring approach developed for Cockburn Sound where individual
A. griffithii stems are harvested rather than all stems in a quadrat (Kathryn McMahon, pers. com.).

Leaf extension rate is considered to be the most sensitive indicator of light stress, but because it
responds in relatively short time periods it was not considered to be a suitable indicator for
the assessment of A. griffithii health over 12 month periods as undertaken for the SEP.
Nevertheless, the indicator could provide an additional line of evidence for light stress and the
EQG may be useful for monitoring shorter term impacts associated with construction pressures
from new developments. Trigger values for leaf extension rate are therefore provided in the
table below for use as appropriate. These values have been derived from the 20" (HEPA) and 5"
(MEPA) percentiles leaf extension rates measured at Jurien Bay and would be triggered if leaf
extension rate fell below the values provided.

A. griffithii High Protection trigger Moderate protection trigger

Leaf extension rate (mm cluster! < 0.67 <04

EQC for other physical and chemical stressors

Changes in dissolved oxygen concentration, water temperature, salinity and pH can have a
deleterious impact on biota if the parameters extend beyond their normal range for the
site. The numerical EQG and EQS for dissolved oxygen concentration (Table 1la D) and pH
(Table 1a G) are based on the information and recommendations in ANZECC & ARMCANZ
(2000) for marine biota. The temporal component of the EQC for dissolved oxygen is based on
professional judgement and is intended to ensure that any reductions in DO below the
recommended concentrations do not extend for long periods.

Water temperature (Table 1a E) and salinity (Table 1a F) are naturally highly variable between
and within ecosystems and also seasonally, so it is not appropriate to apply default guideline
trigger levels developed for use across broad regions. It is therefore recommended that
EQG for these parameters are developed in accordance with the percentile based approach
from ANZECC & ARMCANZ (2000) for developing locally relevant guidelines based on local
reference site data (refer Section 3.1.1). If required, default trigger values are provided in the
Guidance Notes for interim use until a reference condition has been defined.

EQC for toxicants

The EQG for toxicants in marine waters and sediment pore waters (Table 2a) and for toxicants in
sediments (Table 3) have been developed from the guideline trigger levels provided in ANZECC
& ARMCANZ (2000). For contaminants in water the 95" percentile of the contaminant
concentration at an impact site is compared with the relevant EQG (Table 2a) to determine
whether there is a risk that the EQO may not be met, requiring a more detailed assessment
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against the EQS. For contaminant concentrations in marine sediments it is the median
concentration at an impact site that is compared with the EQG. However, if the sediment
concentration at any individual sampling site exceeds the re-sampling trigger then further
investigation should be undertaken to determine the extent and severity of contamination.
Environmental quality standards for water and sediment quality are also provided in Tables 2a
and 3 respectively. The EQS are adapted from the risk-based approaches recommended in
ANZECC & ARMCANZ (2000) when guideline trigger values are exceeded.

For a number of toxicants there were insufficient toxicological data to develop reliable guideline
trigger levels and so low reliability values (LRVs) 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 necessarily reflect concentrations above which toxic effects could occur. Low reliability
values for a humber of toxicants have been provided in Table 2c. Some of these substances
have a high community profile in Cockburn Sound (e.g. arsenic), while others are discharged at
relatively high concentrations (e.g. 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 LRVs 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 ¢ iistreasonable to use them in the risk-based decision
scheme to determine if conditions at the site increase or decrease potential r i slk 6ther
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 a 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 water quality (e.g. through the
licensing process) in Cockburn Sound. 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, particularly 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:

9 undertaking literature searches or toxicological tests (e.g. 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,

1 intensified monitoring to observe trends in the toxicant concentration; and

9 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 (i.e. data from a minimum of five species from four taxonomic groups).

Undertaking investigations to assess environmental quality against an EQS can take a
considerable amount of time, potentially delaying management action in situations where
contaminants are at levels requiring an urgent response. A set of Initial Management Triggers
(IMT) for toxicants in water have therefore been provided (Table 2b) to assist in assessing
the urgency of implementing a management response upon discovery of a significant
contamination event (e.g. heavy contamination from unlicensed inputs or accidental spills of
toxic substances). IMTs can also be used to set a limit to on-going degradation of the water
resource while investigations against an EQS are underway.

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 &
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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.

The 95" percentile of the estimated bioavailable concentration of a contaminant at an impact
site is compared with the relevant IMT provided in Table 2b. 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.

3.1.3 Decision schemes for applying the EQC

The methods described through the decision schemes for applying the EQC (see section
2.3) 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. The initial step triggered by exceedance of an EQG for a toxicant is to investigate
bioavailability of the contaminant. If concentrations still present a significant risk (i.e. EQG are
still exceeded by the bioavailable concentration), then actual impacts on biota or ecological
processes are considered. 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 2.3, 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 developing
science in Western Australia, and Australia generally. Toxicological services are offered by a
number of laboratories within Western Australia and interstate, although protocols for sediment
toxicity assessment are not as well developed in Australia as are protocols for assessing the
toxicity of waters. Test protocols have been developed for a range of species across Australia,
including Western Australia, but preference should be given to protocols that have been
developed for organisms local to the impact area. If there are no toxicity testing protocols
available for local species then the feasibility of developing new locally relevant protocols
should be considered.
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Table 1a:
stressors

Definitions:
Ambient Value

Defined Area

Non river-flow period

or

Roman numerals

Narrative environmental quality criteria for protecting the marine ecosystem from the effects of physical and chemical

is the median value of sample data for a defined area

is the area to be characterised for environmental quality against pre-determined environmental quality objectives and levels of
ecological protection. A defined area can be as large as an entire zone for which a level of ecological protection is determined or
a subset of a zone. For example, if an EQG for a relativel
number of sites, then consideration should ber@dwv@nfdro sud
against the EQC, especially if the sites where the EQG is exceeded are clustered together.

is the period December to March inclusive and when river and estuarine flows are weak.

means either one of the two alternative EQC can be used for assessing environmental quality. The choice will generally depend
on the availability of quality reference site data.

are used for indicators for which multiple EQC are specified and each one should be considered individually. If any one of the
multiple EQC are exceeded then the guideline or standard for that indicator has not been met.

Nutrients

A Nutrient Enrichment

Environmental Quality Guideline

Environmental Quality Standard

High protection

‘ Moderate protection

High protection

‘ Moderate protection

Chlorophyll a and Light Attenuation

Seagrass (Posidonia sinuosa)

Ambient value of the defined
area during the non river-flow
period is not to exceed the
criterion for that indicator as
updated annually at
<http://www.der.wa.gov.au/about-

Ambient value of the defined
area during the non river-flow
period is not to exceed the
criterion for that indicator as
updated annually at
<http://www.der.wa.gov.au/about-

us/cockburn-sound-management-

us/cockburn-sound-management-

council>

council>

EQG A is not to be exceeded in a
second consecutive year

unless

Median P. sinuosa meadow shoot
density measured at a site in the
defined area during January and in
any one of the two consecutive
years is:

EQG A is not to be exceeded in
a second consecutive year

unless

Median P. sinuosa meadow
shoot density measured at a site
in the defined area during
January and in any one of the
two consecutive years is:
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igreater than t he
mi n i mupdrcertild) as
specified in Table 1b

and either

i greater than the 20™ percentile
of P. sinuosa meadow shoot
density at an appropriate reference
site

or

i greater than the rolling 20t
percentile of the Warnbro Sound
reference site updated annually on
<http://www.der.wa.gov.au/about-
us/cockburn-sound-management-
council>.

igreater than t
mi n i muw'mpdrcertilé) as
specified in Table 1b

and either

i greater than the 5" percentile
of P. sinuosa meadow shoot
density at an appropriate
reference site

or

i greater than the rolling 5%
percentile of the Warnbro Sound
reference site updated annually
on
<http://www.der.wa.gov.au/about-
us/cockburn-sound-management-
council>.

EQG A is not to be exceeded in
any year

unless

Ambient values for P. sinuosa
meadow shoot density in the same
year is:

i greater than the 5" percentile of
P. sinuosa meadow shoot density
at an appropriate reference site

or

EQG A is not to be exceeded in
any year

unless

Ambient values for P. sinuosa
meadow shoot density in the
same year is:

I greater than the 1%t percentile
of P. sinuosa meadow shoot
density at an appropriate
reference site

or
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T greater than the rolling 5t
percentile of the Warnbro Sound
reference site updated annually on
<http://www.der.wa.gov.au/about-
us/cockburn-sound-management-
council>.

EQG A is not to be exceeded in
any year

unless

The lower depth limit of seagrass
meadows does not show a
statistically significant retreat
relative to the baseline depth as
specified in Table 1b.

i greater than the rolling 15t
percentile of the Warnbro Sound
reference site updated annually
on
<http://www.der.wa.gov.au/about-
us/cockburn-sound-management-
council>.

EQG A is not to be exceeded in
any year

unless

The lower depth limit of
seagrass meadows does not
show a statistically significant
retreat relative to the baseline
depth as specified in Table 1b.

Seagrass (Amphi

bolis griffithii)

EQG A is not to be exceeded in a
second consecutive year

unless

Median number of leaves per
cluster and clusters per stem
measured at a site in the defined
area during January and in any
one of the two consecutive years
is:

i greater than the 20t percentile
of the respective indicator at an
appropriate reference site

EQG A is not to be exceeded in
a second consecutive year

unless

Median number of clusters per
stem measured at a site in the
defined area during January and
in any one of the two
consecutive years is:

i greater than the 5" percentile
of the number of clusters per
stem at an appropriate
reference site
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or, if no local reference site
available,

i greater than the value for the
respective indicator as specified in
Table 1b

or, if no local reference site
available,

i greater than the value for
clusters per stem specified in
Table 1b

Algal growth potential

Environmental Quality Guideline

Environmental Quality Standard

High protection

Moderate protection

High protection

Moderate protection

To be developed

To be developed

To be developed

To be developed

Phytoplankton biomass

Environmental Quality Guideline

Environmental Quality Standard

High protection

Moderate protection

High protection

Moderate protection

i Ambient value for
phytoplankton bio- mass
measured as chlorophyll a
does not exceed the criterion
for that indicator, as updated
annually at
<http://www.der.wa.gov.au/about-

Ambient value for
phytoplankton bio- mass
measured as chlorophyll a does
not exceed the criterion for that
indicator, as updated annually
at
<http://www.der.wa.gov.au/about-

us/cockburn-sound-management-

us/cockburn-sound-management-

council> on any occasion during
the non river-flow period.

council>, on more than one
occasion during the non river-
flow period.

Ambient value for phytoplankton
biomass measured as chlorophyll
a does not exceed the criterion for
that indicator, as updated annually
at <http://www.der.wa.gov.au/about-
us/cockburn-sound-management-
council, on more than one occasion
during the non river-flow period
and in two consecutive years.

Ambient value for phytoplankton
biomass measured as
chlorophyll a does not exceed
the criterion for that indicator, as
updated annually at
http://www.der.wa.gov.au/about-
us/cockburn-sound-management-
council, on more than three
occasions during the non river-
flow period and in two
consecutive years.
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ii  Phytoplankton bio- mass
measured as chlorophyll a at
any site does not exceed the
criterion for that indicator, as
updated annually at
<http://www.der.wa.gov.au/about-

Phytoplankton bio- mass
measured as chlorophyll a at
any site does not exceed the
criterion for that indicator, as
updated annually at
<http://www.der.wa.gov.au/about-

us/cockburn-sound-management-

us/cockburn-sound-management-

council>, on 25% or more
occasions during the non river-
flow period.

councilcockburn-sound-

management-council>, on 50% or

more occasions during the non
river-flow period.

Phytoplankton biomass measured
as chlorophyll a at any site does
not exceed the criterion for that
indicator, as updated annually at
<http://www.der.wa.gov.au/about-
us/cockburn-sound-management-

council>,on 25% or more occasions

during the non river-flow period
and in two consecutive years.

Phytoplankton biomass
measured as chlorophyll a at
any site does not exceed the
criterion for that indicator, as
updated annually at
<http://www.der.wa.gov.au/about-
us/cockburn-sound-management-
councilus/cockburn-sound-
management-council>, on 50% or
more occasions during the non
river-flow period and in two
consecutive years.

Other physical and chemical stressors

D Dissolved oxygen concentration

Environmental Quality Guideline

Environmental Quality Standard

High protection

Moderate protection

High protection

Moderate protection

The median dissolved oxygen
concentration in bottom waters
at a site, calculated over a
period of no more than one
week, is greater than the
criterion for that indicator as
specified in Table 1b.

The median dissolved oxygen
concentration in bottom waters
at a site, calculated over a
period of no more than one
week, is greater than the
criterion for that indicator as
specified in Table 1b.

The median dissolved oxygen
concentration in bottom waters at
a site, calculated over a period of
no more than one week, is greater
than the criterion for that indicator
as specified in Table 1b.

The median dissolved oxygen
concentration in bottom waters
at a site, calculated over a
period of no more than one
week, is greater than the
criterion for that indicator as
specified in Table 1b.
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No significant change beyond
natural variation in any ecological
or biological indicators that are
affected by poorly oxygenated
water unless that change can be
demonstrably linked to a factor
other than oxygen concentration.

No persistent (
and significant change beyond
natural variation in any
ecological or biological
indicators that are affected by
poorly oxygenated water unless
that change can be
demonstrably linked to a factor
other than oxygen
concentration.

No deaths of marine organisms
resulting from deoxygenation.

No deaths of marine organisms
resulting from deoxygenation.

Water temperature

Environmental Quality Guideline

Environmental Quality Standard

High protection

Moderate protection

High protection

Moderate protection

Median temperature at an
individual site over any season,
measured according to SOP,
not to exceed the 80"
percentile of the natural
temperature range measured at
a suitable reference site for the
same season.A

Median temperature at an
individual site over any season,
measured according to SOP,
not to exceed the 95t
percentile of the natural
temperature range measured at
a suitable reference site for the
same season.A

No significant change beyond
natural variation in any ecological
or biological indicators that are
affected by water temperature
unless that change can be
demonstrably linked to a factor
other than water temperature.

No persistent (
and significant change beyond
natural variation in any
ecological or biological
indicators that are affected by
water temperature unless that
change can be demonstrably
linked to a factor other than
water temperature.

No deaths of marine organisms
resulting from anthropogenically-
sourced thermal stress.

No deaths of marine organisms
resulting from
anthropogenically- sourced
thermal stress.
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F Salinity

Environmental Quality Guideline

Environmental Quality Standard

High protection

Moderate protection

High protection

Moderate protection

Median salinity at an individual
site over any period, measured
according to SOP, not to
deviate beyond the 20t and
80t percentiles of the natural
salinity range measured at a
suitable reference site for the
same period.A

Median salinity at an individual
site over any period, measured
according to SOP, not to
deviate beyond the 5t and 95
percentiles of the natural
salinity range measured at a
suitable reference site for the
same period.A

No significant change beyond
natural variation in any ecological
or biological indicators that are
affected by changing salinity
unless that change can be
demonstrably linked to a factor
other than salinity stress.

N o
and significant change beyond
natural variation in any
ecological or biological
indicators that are affected by
changing salinity unless that
change can be demonstrably
linked to a factor other than
salinity stress.

persistent (

No deaths of marine organisms
resulting from anthropogenically-
sourced salinity stress.

No deaths of marine organisms
resulting from
anthropogenically-sourced
salinity stress.

Environmental Quality Guideline

Environmental Quality Standard

High protection

Moderate protection

High protection

Moderate protection

Median pH at an individual site
over any period, measured
according to SOP, not to
deviate beyond:

i the 20 and 80t percentile of
the natural pH range measured
at a suitable reference site for
the same period

or

Median pH at an individual site
over any period, measured
according to SOP, not to
deviate beyond:

T the 5t and 95" percentile of
the natural pH range measured
at a suitable reference site for
the same period

or

No significant change beyond
natural variation in any ecological
or biological indicators that are
affected by changes in pH unless
that change can be demonstrably
linked to a factor other than altered
pH.

No persistent
and significant change beyond
natural variation in any
ecological or biological
indicators that are affected by
changes in pH unless that
change can be demonstrably
linked to a factor other than
altered pH.

(
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i the median pH at a suitable I the median pH at a suitable ii  No deaths of marine organisms No deaths of marine organisms
reference site by more than the | reference site by more than the resulting from anthropogenic- resulting from anthropogenic-
range specified in Table 1b for | range specified in Table 1b for sourced changes in pH. sourced changes in pH.

that indicator. that indicator.

A d e ftriggerl values are provided in the guidance notes for interim use when undertaking tasks such as modelling prior to reference site data being
available.

Table 1b:  Numerical environmental quality criteria for protecting the marine ecosystem from the effects of physical and chemical
stressors

(relevant Footnotes and Guidance notes should also be read)

Nutrients

A Nutrient Enrichment

Environmental Quality Guideline Environmental Quality Standard
Indicator High protection ‘ Moderate protection” High protection Moderate protection”
Al Chlorophyll a (ug L) For the updated annual value go to:

<http://www.der.wa.gov.au/about-us/cockburn-sound-
management-council> or contact CSMC on:
(08) 6467 5000

A2  Light Attenuation For the updated annual value go to:
Coefficient (m'1) <http://www.der.wa.gov.au/about-us/cockburn-sound-
management-council> or contact CSMC on:
(08) 6467 5000

P. sinuosa

A3  Current reference site
seagrass shoot density
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1.5i 2.0 m depth
2.071 3.0 m depth

For the updated annual rolling percentile values

3.01 4.0 m depth
5.01 6.0 m depth
6.0i 7.0 m depth

fortheestablisheddepthisgoto
<http://www.der.wa.gov.au/about-us/cockburn-sound-
management-council> or contact CSMC on:
(08) 6467 5000

Other depths*
A4 Absolute minimum
seagrass shoot density
(5™ percentile) (1stpercentile)
1.5i 2.0 m depth 666 412
2.0i 3.0 m depth 500 275
3.01 4.0 m depth 171 100
5.01 6.0 m depth 419 324
6.0i 7.0 m depth 59 25
A5 Lower depth limit
Baseline
Mean depth (m) 95% confidence
interval
Garden Island North 9.8 +0.2
Garden Island South 7.6 +0.35
Woodman Point 8.4 +0.51
Warnbro Sound 8.7 +0.82
A.griffithii
A6 Number of leaves per 5
cluster -
A7 Number of clusters per 3 L
stem
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B Algal growth potential

Indicator

Environmental Quality Guideline

Environmental Quality Standard

High protection ‘ Moderate protection®

High protection Moderate protection®

Algal growth potential

See guidance notes

C Phytoplankton biomass

Environmental Quality Guideline

Environmental Quality Standard

management-council> or contact CSMC on:
(08) 6467 5000

Indicator High protection ‘ Moderate protection” High protection ‘ Moderate protection”
For the updated annual value go to: For the updated annual value go to:
a1 <http://www.der.wa.gov.au/about-us/cockburn-sound- | <http://www.der.wa.gov.au/about-us/cockburn-sound-
Chlorophylla ( €)g

management-council> or contact CSMC on:
(08) 6467 5000

Other physical and chemical stressors

D Dissolved oxygen concentration

Indicator

Environmental Quality Guideline

Environmental Quality Standard

High protection Moderate protection®

High protection Moderate protection”

Dissolved oxygen

90% saturation 80% saturation

60% saturation 60% saturation

E Water temperature

Indicator

Environmental Quality Guideline

Environmental Quality Standard

High protection ‘ Moderate protection”

High protection Moderate protection®

Water temperature

See guidance notes

F Salinity
Environmental Quality Guideline Environmental Quality Standard
Indicator High protection ‘ Moderate protection® High protection Moderate protection®
Salinity See guidance notes
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G pH

Indicator

Environmental Quality Guideline

Environmental Quality Standard

High protection

Moderate protection”

High protection Moderate protection”

pH

+0.2

+0.2
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Footnotes:

*

Where site depths other than 1.514 m or 5i 7 m are monitored, the criteria should be
based, in order of preference, on values derived from suitable reference sites established
at the appropriate depth, the default P. sinuosa shoot densities provided in Table 1b above
for the next shallowest depth or modelling scenarios. Shoot density measurements should
be from permanent relocatable quadrats over seagrass meadows of the same species
as at the potential impact site, and each additional year®& data combined with previous
year® monitoring data to recalculate and update the criteria as described in Section
3.1.2. Reference sites need to be established in areas that are relatively unaffected by
anthropogenic influences and with sufficient quadrats to account for natural variability.

When assessing environmental quality in moderate ecological protection areas the
performance of harbours and marinas should be assessed individually and not as part of
the overall moderate protection area. Similarly, Careening Bay should also be assessed
separately from the eastern side of Cockburn Sound.

Guidance notes

Az

Az

As

As

Ae

A

Measured spectrophotometrically. Sites should be sampled weekly. Refer to SOP for detailed
sampling and analytical requirements. The EQG have been derived from reference sites
located in Warnbro Sound using the recommended approaches of ANZECC & ARMCANZ
(2000). As described in Section 3.1.2, the numerical criteria will be updated each year to
incorporate the latest reference site data and these will replace the respective criteria from
the previous year. Updated numerical criteria will be published annually on the CSMC
website <http://www.der.wa.gov.au/about-us/cockburn-sound-management-council>.

Light measurements should only be made within the period from two hours after sunrise to
two hours before sunset. Preferably measured using data loggers according to SOP;
expressed on logio basis. The EQG have been derived from reference sites located in
Warnbro Sound using the recommended approaches of ANZECC & ARMCANZ (2000).
The numerical criteria will be updated each year to incorporate the latest reference site
data and these will replace the respective criteria from the previous year. Updated
numerical criteria  will be published annually on the CSMC website
(http://www.der.wa.gov.au/about-us/cockburn-sound-management-council).

Measured non-destructively, permanent fixed re-locatable sampling points preferred. The
numerical criteria for seagrass shoot density apply to the seagrass species Posidonia
sinuosa. The reference site approach may be used on any meadow forming species of the
genus Posidonia. The EQS are derived from reference sites located in Warnbro Sound
using the recommended approaches outlined in Section 3.1.2 and consistent with
ANZECC & ARMCANZ (2000). The EQS for P. sinuosa shoot density are updated and
published annually on the CSMC website (http://www.der.wa.gov.au/about-us/cockburn-
sound-management-council). The numerical criteria in Table 1b represent the absolute
minimum shoot density for each depth range.

Absolute minima seagrass shoot densities represent a baseline condition at the Warnbro
Sound reference sites during the first four years of monitoring prior to 2005.

The number of leaves per cluster specified in Table 1b are derived from the 20" percentile
(HEPA) calculated from data collected in A. griffithii meadows at Jurien Bay and may be
used as default EQS until more appropriate site-specific EQS can be derived from local
reference site data.

The number of clusters per stem specified in Table 1b are derived from the 20" (HEPA)
and 5" (MEPA) percentiles calculated from data collected in A. griffithii meadows at Jurien
Bay and may be used as default EQS until more appropriate site-specific EQS can be
derived from local reference site data.

An indicator for growth potential for non-phytoplankton algae is to be developed and
incorporated in the EQC Reference Document as soon as practicable.
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Numerical criteria are calculated for the non river-flow period and are three times median
chlorophyll a concentration of reference site for high ecological protection areas; and
three times 80™ percentile of reference site for moderate ecological protection areas. Note
that there are two components to this EQG and EQS: site scale assessment; and broader
regional scale assessment. Samples to be measured spectrophotometrically. Data should
be omitted if Oscillatoria erythraea is abundant (ie >10% composition) or visible as
surface slicks. The numerical criteria will be updated each year to incorporate the latest
reference site data and these will replace the respective criteria from the previous year.
Updated numerical criteria will be published annually on the CSMC website
(http://www.der.wa.gov.au/about-us/cockburn-sound-management-council).

Dissolved oxygen measured in daylight hours. 6 Bot Wwa tnemesan® waters within
50 cm from the sediment surface. Significant is defined by key stakeholders; persistent
is O 4weeks. The numerical criteria for the EQG and EQS for dissolved oxygen 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.

This indicator has been developed for use at the local scale (e.g. around an outfall) rather
than broader scales. Temperature is measured either at 50 centimetres below the water
surface or 50 centimetres above the sediment surface, depending on plume density, and
the seasonal median is compared with the EQG (or the default trigger values discussed
below). Measurements are taken at both the potential impact site and a suitable reference
site. The preferred approach for measuring temperature is to use semi-permanently
located data loggers according to the SOP. To assess the significance of changes in
temperature for tasks undertaken prior to the availability of suitable reference site data (e.g.
early modelling projects) a set of default trigger values are provided for interim use. These
are not EQG, but are calculated using t h e vahies which have been derived from
reference sites in Cockburn Sound according to the recommended approach in ANZECC
& ARMCANZ (2000) (i.e. 80" percentiles of reference distribution for high ecological
protection and 95" percentiles for moderate ecological protection). The default trigger
value is the seasonal median of suitable reference site data plus the o Tprovided in the
table below.

High protection Moderate protection
PT(°C) PT(CC)
Summer +1.5 +1.9
Autumn +2.6 +4.0
Winter +1.6 +3.6
Spring +2.7 +3.7

This indicator has been developed for use at the local scale (e.g. around an outfall) rather
than broader scales. Salinity is measured either at 50 centimetres below the water surface
or 50 centimetres above the sediment surface, depending on plume density, and the median
is compared with the EQG (or the default trigger values discussed below). Measurements
are taken at both the potential impact site and a suitable reference site. Salinity is referred
to without units since it is defined as a ratio of conductivities according to the Practical
Salinity Scale. Cockburn Sound has a typical salinity range of 34i 36. In the past, units
of ppt have been ascribed to these salinity measurements. To assess the significance
of changes in salinity for tasks undertaken prior to the availability of suitable reference
site data (e.g. early modelling projects) a set of default trigger values are provided for
interim use. These are not EQG, but are calculated using the ¢p Svalues which have been
derived from reference sites in Cockburn Sound according to the recommended approach
in ANZECC & ARMCANZ (2000) (i.e. 20" and/or 80™ percentiles of reference distribution
for high ecological protection and 5" and/or 95" percentiles for moderate ecological
protection). The default trigger value is the median of suitable reference site data + the p S
provided in the table below.
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High protection Moderate protection
Salinity ( mS) +1.3 +14

G This indicator has been developed for use at the local scale (e.g. around an outfall) rather
than broader scales. pH is measured at 50 centimetres below the water surface and 50
centimetres above the sediment surface and the median for each depth compared with
EQG in table 1b. Measurements are taken at both the potential impact site and a suitable
reference site. The EQG for pH have been derived from the default guideline trigger values
provided in ANZECC & ARMCANZ (2000).

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 the relevant EQG (A to G).

- goto steps 21 6, whichever is relevant.

2. Determine whether nutrient-related EQG (A, B and C) have been exceeded.

[N]Jé é é é é é - go to step 3.

[Y](EQG AorB). -gotostep 7 unless back-up samples or immediate
re-sampling does not confirm exceedance of the EQG.

[ Y] ( EQG €gotoétep 9 unless back-up samples or immediate re-
sampling does not confirm exceedance of the EQG.
3. Determine whether dissolved oxygen-related EQG (D) has been exceeded.
[ N] ¢é é é é é égotostepd.
[ Y] ¢é éé é é égotostep 10 unless immediate re-measurement does
not confirm exceedance of the EQG.

4. Determine whether temperature-related EQG (E) has been exceeded.
[ N] ¢é éé é é égotostepb.
[ Y] ééééé eégotostep 1l unlessimmediate re-measurement does
not confirm exceedance of the EQG.
5. Determine whether salinity-related EQG (F) has been exceeded.
[ N] ¢€éééé é egotostepb.
[ Y] € éééé egotostep 12 unlessimmediate re-measurement does
not confirm exceedance of the EQG.
6. Determine whether EQG (G) for pH has been exceeded.
[ N] éééé é eéegotostep 1.
[ Y] € ééé é egotostep 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
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7. Expand monitoring program as appropriate and implement to allow assessment of
environmental quality against EQG (A and/or B) and EQS (A and/or B).

- go to step 8.

8. Determine whether EQS (A or B) has been exceeded
[ N] ¢€éééééegotostep 1.
[ Y] ¢€ééééé eEQStriggered gotostep 14.

10. Determine whether EQS (D) has been exceeded.

11. Determine whether EQS (E) has been exceeded.

12. Determine whether EQS (F) has been exceeded.

13. Determine whether EQS (G) has been exceeded.

[ Y] ¢éééééeEQStriggered go to step 14.
The EQS is exceeded triggering a management response.
14. Initiate management response to seek to identify the source of contamination and reduce

contaminant loads and restore environmental quality to comply with the objectives within
specified timeframes.
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Simplified pictorial decision scheme for applying the EQC for physical and chemical
stressors

Develop and implement environmental quality
monitoring program

Nutrients = Other indicators
4 v ) 4
Test against EQG A and B Test against EQG C Test against EQG D,
(Chl a, LAC and algal growth) (Phytoplankton biomass) E,Fand G
not met | met met | not met met l not met
Biological measures :::%:’ti::z:; Biological measures Low risk Biological measures
Test against EQS A and/or routine Test against EQS A and/or (continue routine | Test against EQS D,
B, whichever is required o B, whichever is required monitoring) E,Fand G
monitoring)
met not met met not met not met met
Low risk Low risk Low risk
(continue routine (continue routine (continue routine
monitoring) monitoring) monitoring)
\ 4 A \ 4

EQS triggered, management response required
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Table 2a:
sediment pore waters

(relevant footnotes and Guidance notes should also be read)

Environmental quality criteria for protecting the marine ecosystem from the effects of toxicants in marine waters

Environmental Quality Guidelines*

Environmental Quality Standard*

quality guideline value.

mixtures formula®.

A. The 95% percentile of the sample concentrations from a single site
or a defined area (either from one sampling run or all samples over
an agreed period of time) should not exceed the environmental

B. Where there are mixtures of toxicants, TTM at a single site or for a
defined area (either from one sampling run or all samples over an
agreed period of time) should not exceed 1 using the total toxicity of

High protection
Narrative

Moderate protection
Narrative

Chemical High Moderate Low protection
protection protection (ng/L)
(ug/L) (Hg/L)
Metals and metalloids
Cadmium® 0.7 14¢ 364
Chromium 11l 7.7 49

Bioavailable measures

A. The 95 percentile of the

bioavailable contaminant
concentration in the test samples
should not exceed the
environmental quality guideline
value;

and

B. TTM should not exceed 1 for

chemical mixtures using median
bioavailable contaminant
concentrations from a single site or
a defined area (either from one
sampling run or all samples over an
agreed period of time) and relevant
environmental quality guidelines in
the total toxicity of mixtures
formula®.

Indirect biological measures

. Using direct toxicity assessment

(DTA) procedures on ambient
waters there should not be a
statistically significant effect (P <
0.05) on lethal acute or sublethal

Bioavailable measures

A. The 95% percentile of the

bioavailable contaminant
concentration in the test samples
should not exceed the
environmental quality guideline
value;

and

B. TTM should not exceed 1 for

chemical mixtures using median
bioavailable contaminant
concentrations from a single site or
a defined area (either from one
sampling run or all samples over an
agreed period of time) and relevant
environmental quality guidelines in
the total toxicity of mixtures
formula®.

Indirect biological measures

C. Using direct toxicity assessment

(DTA) procedures on ambient
waters there should not be a
statistically significant effect (P <
0.05) on lethal acute endpoints, or of
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Chromium VI 0.14 20¢ chronic endpoints for any species, greater than 50% on sublethal
Cobalt 1 14 compared to the reference/control chronic endpoints, for any species,
water. compared to the reference/control
Copper 0.3 3¢ water.
Lead 2:2 6.6° D. Using direct toxicity assessment D. Using direct toxicity assessment
Mercury 0.1 0.7¢ 1.4¢ (DTA) procedures on an effluent (DTA) procedures on an effluent
(inorganic)® discharge: discharge:
Nickel 7 2007 the dilution of effluent at the the dilution of effluent at the
Silver 0.8 1.8 boundary of a high protection zone boundary of a moderate protection
. should be protective of at least 99% zone should be protective of at least
Vanadium 50 160 of species calculated using the 90% of species calculated using the
Zinc 7€ 23¢ statistical distribution methodology statistical distribution methodology
Oraanometallics on the results of DTA using on the results of DTA using
g sublethal chronic endpoints on 5 sublethal chronic endpoints on 5
Tributyltin (as 0.0004¢ 0.02¢ species (Minimum 4 taxonomic species (minimum 4 taxonomic
(ug/L) Sn) groups); groups);
Non-metallic inorganics or (_)r ) )
if only 3 species (from 3 taxonomic if only 3 species (from 3 taxonomic
AmmoniaPE 500 1200 groups) are tested, the dilution of groups) are tested, the dilution of
CyanideF 2 7 effluent (as % effluent) at the effluent (as % effluent) at the
boundary of a high protection zone boundary of a moderate protection
Organics should be greater than that zone should be greater than that
represented by the lowest chronic represented by the lowest chronic
Benzene 500° 900° ECuo (i.e. the EC1o for the most ECuo (i.e. the ECyo for the most
Naphthalene 50C 90¢ sensitive species) divided by a sensitive species) divided by a
Pentachlorophenol® 11 33 55A safety factor of 10. safety factor of 2.
Organochlorine pesticides Direct biological/ecological
Endosulfan® 0.005 002 0.05~ measures Direct biological/ecological
. E. No significant" change in an measures
Endrin® 0.004 0.01 0.02 biological or ecologigal indicz;/tor E. The median of the distribution of
Organophosphorus pesticides beyond natural variation that can be measurements for any biological or
, demonstrably linked to a ecological indicator should be within
Chlorpyrifos® 0.0005 0.044 0.34 contaminant. the 10t and 90™ percentile of the
TemephosB 0.0004 0.4 3.64 natural range measured at suitable
F. Where TBT concentrations exceed reference sites.
Other chemicals # # #

the guideline the incidence of
imposex in Thais orbita should be

F. Where TBT concentrations exceed

the guideline the incidence of
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05%. imposex in Thais orbita should be

G. The median tissue concentration of 010%.
chemicals that can adversely G. No loss of species or types of
bioaccumulate or biomagnify ecosystem processes.

should not exceed the 80th
percentile of tissue concentrations
from a suitable reference site.

m o O © >»

T

EQG and EQS may be applied to a single siteortoa 6 d e f a meAdd e f a m esllfe area to be assessed and can be equivalent to an
entire high level of ecological protection zone, but care should be taken to ensure that the area is not so large that the analysis becomes
meaningless. For example, if an EQG is consistently exceeded in a small portion of a large defined area then consideration should be given
to subdividing the areaupi nt o s mal | er fobadsedsmentaghinsathecE®G. 6

Refer to Low reliability values in Table 2c and the NWQMS Report No.4 (ANZECC & ARMCANZ 2000). For chemicals not listed in
tables 2a or 2c, guideline trigger values from ANZECC & ARMCANZ (2000) should be applied as follows: the recommended 99%
species protection trigger values for high ecological protection EQG; 90% trigger values for moderate ecological protection EQG; and 80%
trigger values for low ecological protection EQG. Low ecological protection EQGs are only applied for chemicals identified as potential
bioaccumulators or bioconcentrators.

Trigger 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 (logio Kow values > 4 and < 7).
Value may not protect key test species from chronic toxicity (see ANZECC & ARMCANZ 2000).

Total ammonia as [NHs -N] at pH 8.

See section 8.3.7 of ANZECC & ARMCANZ (2000) for a detailed discussion on how different environmental factors will affect toxicity
of the chemical.

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

TTM (total toxicity of the mixture) = &(Ci / EQGi) where Ci is the concentration of the 6 i dmpgonent in the mixture and EQGi is the guideline
for that component. If TTM exceeds 1, the mixture has exceeded the water quality guideline. ANZECC & ARMCANZ (2000) only recommends
use of this formula on mixtures with up to 5 contaminants of concern until further scientific study confirms its relevance to more complex
mixtures. The TTM should be analysed for each sampling occasion and compared against the EQG, and then the median TTM of all
sampling occasions compared against the guideline. The effect of different contaminants on biota can be synergistic, antagonistic as well as
additive depending on a number of factors, including the species being tested. The use of DTA is recommended for toxicant mixtures of
greater than 5 components or of uncertain mixture effects. Where the effect of the different contaminants on each other is unknown, and
DTA is not a viable alternative, the assumption that all contaminants have additive toxicity is acceptable.
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H Significant means at the level of detection determined by the effects size and statistical decision criteria agreed by the relevant
stakeholders on a case-by-case basis. This provides flexibility for stakeholders to account for the wide range in natural variability between
different biological indicators and to determine a level of detection that is ecologically meaningful.
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Table2b: Initial Management Triggers for High Protection and Moderate Protection areas

Chemical

]Hi gh protectio/Moder at e

prote

Initial Management Trigger (IMT) The 95t percentile of estimated bioavailable contaminant
concentration in test samples from a single site or a defined area
(either from one sampling run or all samples over an agreed period of

time) should not exceed the trigger values below.

Metals and metalloids

Cadmium® 14¢ 364
Chromium IlI 49 91
Chromium VI 20¢ 85¢
Cobalt 14 150¢
Copper 3C gA
Lead 6.6¢ 12¢
Mercury (inorganic)8 0.7¢ 1.4¢
Nickel 2007 5604
Silver 1.8 2.6¢
Tributyltin (as pg/L Sn) 0.02¢ 0.05¢
Vanadium 160 280
Zinc 23¢ 43¢
Non-metallic inorganics

AmmoniaP E 1200 1700
CyanideF 7 14
Organics

Benzene 900¢ 1 300¢
Naphthalene 90¢ 120¢
Pentachlorophenol® 33 554
Phenol 520 720
1,2,4-trichlorobenzeneB 140 240
Organochlorine pesticides

Endosulfan® 0.02 0.05
Endrin® 0.01 0.02
Organophosphorus pesticides

Chlorpyrifos® 0.044 0.3
TemephosB 0.4 3.6
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.

A Value may not protect key test species from acute and chronic toxicity (see ANZECC &

ARMCANZ 2000).

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

46




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

D Total ammonia as [NHs-N] at pH 8.

E See section 8.3.7 of ANZECC & ARMCANZ (2000) for a detailed discussion on how
different environmental factors will affect toxicity of the chemical.

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

Table 2c: Low Reliability Values”

(low reliability values should not be used as environmental quality guidelines i see section
3.1.2)

Chemical High Moderate Low Summary of available
Protection | protection | protection overseas guidelinesP
(Ho/L) (ng/L) (Ho/L)

(ug/L) | Comments

Metals and metalloids

Aluminium 0.5
Arsenic Il 2.3 12 (total) South Africa
Arsenic V 4.5 12.5 | (total) Canada

36 (total dissolved) USA
Manganese 80
Molybdenum 23
Selenium V& 3 71* (total dissolved) USA
Selenium VIB 3

Non-metallic inorganics

Chlorine (total residual) 3 2 British Columbia
7.5 USA
Hydrogen sulphide®# 1 2 USA
Organics
Toluene 110 230 215 Canada
Ethylbenzene 5 25 Canada
Nonylphenol 1 0.3 EU
0.7 Canada
1.7 USA
o-xylene® 350
m-xylenek 75
p-xylenek 200
Total xylene
Cumene 20 40
Anthracene® 0.01 15 7 0.1 EU
Phenanthrene® 0.6 4 8
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Chemical High Moderate Low Summary of available
Protection | protection | protection overseas guidelines®
(Hg/L) (Hg/L) (Hg/L)
(ug/L) | Comments
Fluoranthene® 1 1.7 2 0.1 EU
Benzo(a)pyrene® 0.1 0.4 0.7 0.05 | EU
Capacitor 218 0.002
Aroclor 1016 0.009
Aroclor 1221 1.0
Aroclor 1232 0.3
Aroclor 1242 0.3
Aroclor 1248 0.03
Aroclor 1254 0.01
4 , -didhlorobiphenyl 0.1
2 , 3-trichlérobiphenyl
2, 2 0 4pentachbro- 0.2
1, -highenyl
2,4,6,-26, 406, 0.15 0.03 USA
hexachlorobiphenyl
Total PCBs 0.0001 | British Columbia
Organochlorine pesticides
Aldrin® 0.003
Chlordane® 0.0001 0.004 | USA
DDE® 0.0005
DDT® 0.0004 0.001 | USA
Dieldrin® 0.01 0.0019 | USA
Heptachlor® 0.0004 0.0036 | USA
Organophosphorus pesticides
Fenitrothion 0.001
Malathion 0.05 0.1 USA
Herbicides and fungicides
2,4-D 280
2,45-T 36
Metsulfuron 8
Amitrole 22
Atrazine 13 0.6 EU
Simazine 3.2 1 EU
Diuron 1.8
Glyphosate 370
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Chemical High Moderate Low Summary of available
Protection | protection | protection overseas guidelinesP
(Hg/L) (Hg/L) (Hg/L)
(ug/L) | Comments

Surfactants
Linear alkylbenzene 0.1
sulfonates (LAS)
Alcohol ethoxylated 650
sulphate (AES)
Alcohol ethoxylated 140
surfactants (AE)
Oils and petroleum hydrocarbons
Diesel 3
Total petroleum 7
hydrocarbons

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

Refer to the NWQMS Report No.4 (ANZECC & ARMCANZ 2000), 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 should be given to
developing strategies that will ensure environmental impacts are avoided.

Chemical for which possible bioaccumulation and biomagnification effects should be
considered (logio 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 additive.

Guidance notes

Environmental quality guidelines

The marine waters off the Perth metropolitan region, including Cockburn Sound, have
been found to be of a very high quality with background contaminant concentrations
well below the ANZECC & ARMCANZ (2000) guideline trigger values for 99% species
protection (DoE, 2005). The 99% guideline trigger values have therefore been selected as
the environmental quality guidelines for the high ecological protection area in Cockburn
Sound. For moderate ecological protection 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.

49



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 as described in Table 2a.

Ideally 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 (i . e.las9fibre Slterjnn theefifst irstanceofar comparison with the
guidelines. If an unfiltered sample exceeds the guideline then step 1 of the EQS requires
additional samples to be collected and filtered for comparison 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 (i.e. up to 5 dominant toxicants) and their toxicity is additive. The use of DTA is
recommended for toxicant mixtures where greater than 5 toxicants may be dominant or
where there are uncertain mixture effects.

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. The analytical practical quantitation limit is defined by NATA (Tech Note 13)as 6 T h e

lowest concentration of an analyte that can be determined with acceptable precision
(repeatability) and accuracy under the stated ¢
reporting quoted by most analytical laboratories.

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 (e.g. 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 80" 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 safe 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 6 wh ofieffluentt ox iand t y 0
can be used on receiving/ambient waters or on effluent diluted with the receiving water. It
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can be used to determine a safe level of effluent dilution. ANZECC & ARMCANZ (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 (BurliOZ) can be applied to derive
the required level 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 for a high level of protection. The number of species
actually tested will need to be tailored according to available test protocols and through
discussion between key stakeholders.

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.

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.

Initial Management 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.

Low reliability values

ANZECC & ARMCANZ (2000) cautions that LRVs should not be used as default 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 (i.e. 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
(e.g. 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] .. ééé . i gotostep?2.
[ Y] éééé. 1 gotostepd.
2. Is it appropriate to establish an EQG by determining the 80" percentile for a high ecological

protection area, or 95" percentile for a moderate ecological protection area, of natural
background concentration?

[ N] éééé. . 1 gotostep3.

[ Y] 666

[}

T goto 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] é é é é. . 1 goto step 14 if significant threat posed by contaminant,
otherwise undertake literature search and derive a
suitable LRV.

[ Y] éééé. . igotosteplo.

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] éééé. . i gotostepb6.
[ Y] é ééé. . iifdetection 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] é é éé. . i ifhighormoderate ecological protection area go to step
7, or if EQG derived according to steps 2 or 7 go to step
9;

T if EQG for TBT was exceeded go to step 15;

T go to step 16 if the EQG was for a low ecological
protection area.

[ Y] éééé. . i gotostep8.
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7. 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] éééé. . 1 gotostep?9.
[ Y] éééé. . i establishthe 80" or 95" percentile of background
concentration as the new EQG then go to step 6.
8. For the primary contaminants determine whether EQG (B) has been met:
[ N] éééé. . i gotostep12.
[ Y] éééé. . i notoxicity 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.

9. 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] éééeé. . i consider management action to reduce the level of
contamination below the IMT; and

T goto step 10.
[ Y] éééé. . 1 gotostep 10.

10. Has the contaminant of concern been identified in Table 2 of the EQC Reference Document
as having the potential to adversely bioaccumulate or biomagnify?

[N] éééé. . 1 gotostep 1l (steps 13 or 14 also an option), or step 13
if PQL > EQG.
[ Y] éééé. . 1 gotostep 1l (steps 13 or 14 also optional), or step 13 if

PQL > EQG; and
T go to step 16.

11. Resolve bioavailable concentrations of relevant contaminants and determine whether EQS
(A) has been met:

,,,,

[ N] é éééé 1 gotostep 13 (steps 14 or 17 also an option).
[ Y] éééé. . 1 gotostepl2.
12. For the primary contaminants determine whether EQS (B) has been met:

[ N] ééééé 1 gotostep 13 (steps 14 or 17 also an option).

[Y] é éé. é. .1 environmental quality acceptable, go to step 4.

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

[ N] éééé. . 1 gotostep 14 orstep 17.

[ Y] éé¢éé. . i1 environmental quality acceptable, modify EQG
accordingly and go to step 4.
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14.

15.

16.

17.

18.

19.

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

[ N] éééé. . i EQStriggered. Goto step 17.

[ Y] éééé. . 1 environmental quality acceptable, modify EQG
accordingly and go to step 4.

If a guideline for TBT has been exceeded then undertake detailed field investigation to
determine whether EQS (F) has been met:

[ N] éééé. . 1 EQStriggered. Gotostep 17

[ Y] éééé. . i1 environmental quality acceptable, go to step 4.

If a guideline for TBT has been exceeded then undertake detailed field investigation to
determine whether EQS (F) has been met:

[ N] éééé. . 1 EQStriggered. Goto step 17.

[ Y] éééé. . 1 environmental quality acceptable, go to step 4.

Determine whether EQS (G) for high protection has been met in adjacent high ecological
protection areas:

[ N] éééé. . i1 EQStriggered. Goto step 17.

[ Y] éééé. . i1 chemical not bioaccumulating, go to step 4.

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. If EQC for the
maintenance of safe seafood have been listed in Table 4 for the problem contaminant(s)
then consideration should be given to monitoring the contaminant in seafood to assess risk
to human health.

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 EQG).

54



Simplified pictorial decision scheme for applying the EQC for toxicants for
marine waters and sediment pore waters
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