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1

INTRODUCTION

1.1

PURPOSE AND SCOPE OF DOCUMENT
This document has been prepared in response to public submissions received
via the Western Australian (WA) Office of the Environmental Protection
Authority (OEPA) on 13 April 2010 (see Annex A) and additional comments
received from the OEPA on 22 June 2010 in relation to Burrup Nitrates Pty Ltd
(BNPL’s) Public Environmental Review (PER) document for the proposed
Technical Ammonium Nitrate Production Facility (TANPF).
This response is a supplement to the PER and provides BNPL’s detailed
responses to all public comments made during the PER public review period
from 8 February to 5 April 2010, along with a summary of the project and
approvals process.

1.1.1

Summary of the Proposal
BNPL propose to produce Technical Ammonium Nitrate (TAN), using the
TANPF, which when completed will produce (circa) 350,000 tonnes per
annum (TPA) of TAN to be sold to the local Pilbara and Western Australian
(WA) market.
The key objectives of the TANPF development are to:
• Safely supply TAN to the local market in the most cost effective and
efficient manner available with minimal environmental, social or cultural
impact;
• Have the capacity to safely produce up to 350,000 TPA of TAN;
• Manage all environmental, socio-economic, health, security and safety
issues in accordance with recognised industry standards, and in accordance
with WA and Commonwealth requirements; and
• Design and operate the TANPF to be an economically viable project,
providing a reliable source of TAN to the local mining and civil
construction industry.
The proposed site for the TANPF is a 79 Ha area of land within the Burrup
Industrial Estate (BIE), which is referred to as Site D. Site D is located adjacent
to the existing Burrup Fertilisers Pty Ltd (BFPL) Ammonia plant, which will
provide the main feedstock, ammonia, for the TANPF. The TANPF will
require about 35 Ha (which includes all permanent and temporary
construction lay-down areas) of the 79 Ha Site and will be accessed from
Village Road (see Figures 1.1 and 1.2).
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Figure 1.1
Location of TANPF
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Figure 1.2
Location of the Proposed TANPF,
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The TANPF will contain three major process units, each producing a separate
product in the manufacturing process:
• a Nitric Acid (NA) plant to convert ammonia and atmospheric air into NA;
• an Ammonium Nitrate (AN) Solution plant to convert ammonia and NA
into AN solution; and,
• a TAN plant to convert AN solution into TAN prills (final product).
In addition to these three plants, other facilities are required as part of the
project, and will include:
• Storage, Loading and Transport Facilities
• Liquid Ammonia pipeline between BFPL and BNPL plants;
• Bulk and Bagged TAN storage buildings;
• Bulk loading system, bagging unit, truck loading; and
• Ammonium nitrate and nitric acid storage.
• Other Facilities
• Sea Water Cooling Tower and Closed Loop Water Cooling System;
• Wastewater handling facility;
• Electrical Power distribution system;
• Instrument and plant air system;
• Administration, maintenance and warehouse unit; and
• Laydown areas and access roads.

1.2

LOCATION OF PROPOSED DEVELOPMENT
The TANPF development site (site D) is located in the Burrup Industrial Estate
(BIE) approximately 13 km northwest of Karratha and 1,300 km north of
Perth, on the Burrup Peninsula, Western Australia, within the Shire of
Roebourne (see Figures 1.1 and 1.2).
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2

PUBLIC SUBMISSIONS

2.1

SUBMISSION PROCESS
This supplement to the BNPL PER for the proposed TANPF presents BNPL’s
consideration and response to the submissions received during the Draft PER
public review period from 8 February – 5 April 2010.
The Draft PER and this supplement collectively make up the proposed Final
PER and is provided to the WA OEPA and the Commonwealth Department of
the Environment, Water, Heritage and the Arts (DEWHA) for their assessment
under the Part IV of the WA Environmental Protection Act 1986 (EP Act) and
Commonwealth Environment Protection and Biodiversity Conservation Act 1999
(EPBC Act) respectively.
As agreed between the OEPA, DEWHA and BNPL, in order to minimise the
duplication of environmental assessment the Commonwealth has a bilateral
agreement with the WA government that allows delegation to the OEPA the
responsibility for conducting environmental assessments under the EPBC Act.
The OEPA and BNPL will consult DEWHA accordingly during the response
to public submissions and this supplement to the PER.
Under the EPBC Act, DEWHA will also make recommendations on the
proposed TANPF to the Commonwealth Environment Minister who will
make a final decision on the environmental approval of the TANPF at the
Commonwealth level.
The PER and Supplement were prepared by BNPL as the proponent and
proposed operator of the proposed TANPF.

2.2

SUBMISSIONS RECEIVED
During the eight week public review period of the TANPF PER, the OEPA
received 123 submissions (including pro-forma responses).
Individual responses were received from the:
• Air Quality Management and Environmental Management Branches of the
Department of Environment and Conservation (DEC);
• Dampier Port Authority (DPA);
• DEWHA;
• Department of Indigenous Affairs (DIA);
• Department of State Development (DSD);
• Department of Health (DoH);
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• Department of Water (DoW)1;
• Friends of Australian Rock Art (FARA);
• International Federation of Rock Art Organisations (IFRAO);
• National Trust of Australia;
• Ngarluma Aboriginal Corporation (NAC);
• Royal Western Australian Historical Society;
• Water Corporation; and
• Woodside Energy Ltd.
A number of individual and several pro-forma submissions from the
community were also received and specimen copies of these submissions were
provided to BNPL as deemed necessary by the OEPA. The majority of these
submitters asked to remain confidential.
All of the above responses were received by BNPL on 13 April 2010.
BNPL were then required to appropriately analyse the responses and provide
a summary of the key issues raised to the OEPA for approval prior to
providing responses. This was submitted to the OEPA and approved on 12
May 2010.
In general, the submissions focussed on eight areas. They were:
• Location of the TANPF;
• Safety/risk/security of the operations;
• Impacts on Aboriginal and National heritage, including rock art;
• Air quality, in particular the impact of air emissions on rock art;
• Flora/Fauna impacts;
• Water/wastewater management;
• Tourism and associated light impacts and visual amenity; and
• Design of water storage ponds and the potential for flooding of the site.
BNPL have provided responses to all issues forwarded from the OEPA. See
Section 4 for BNPL’s detailed responses.

1

Note: The DoW did not provide any comments on environmental issues
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3

RESPONSE TO SUBMISSIONS
A full list of the submitters, their main topics of concern, a summary/extract
from the submission and BNPL’s responses (and a reference to additional
information/material in the PER) is provided in Table 3.1 below.
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Submitter Topic

Level of
Assessment

Location

1a

1b

Doc 124131

Item

That the plant be located on a more suitable site,
well clear of any other volatile installation inline
with International best practice.

That the project is designated Project Unlikely to be
Environmentally Acceptable (PUEA) or alternatively
be subjected to a Ministerial Enquiry

Extract from submission

Table 3.1 Public submissions and BNPL’s response

Applicable International Codes, Standards and Guidelines.
Applicable Yara standards and guidelines for this kind of facility.
Applicable BFPL standards.

•
•
•

This initial CQRA will be further developed into a detailed Quantitative Risk Assessment during the execution
of the project to ensure that the risks are minimised as far as practicable.

In addition to the above, BNPL have recently submitted a final Coarse Quantitative Risk Assessment (CQRA) to
the Department of Mines and Petroleum (DMP) who will assess the project to ensure that risks are minimised
and the facility will operate safely, in accordance with all relevant legislation, including the Major Hazard
Facility regulations.

TOPS does not replace the TANPF Project’s compliance with national and international codes and standards,
but are supplementary and provide specific know how and experience acquired by Yara from designing and
operating similar facilities for extended periods. Statutory regulations shall always be complied with. In the
case of a difference between statutory requirements and TOPS, the more stringent shall apply. Further details
are described in the PER in Section 5.5.3 (Safety and Security).

As well as environmental aspects, safety and security considerations have significantly influenced the design of
the TANPF. Yara has developed Technical and Operational Standards (TOPS) that will be implemented in the
design and engineering as well as for the operation and maintenance of the TANPF. Yara’s TOPS have been
developed following over 40 years of operational experience of TAN plants to provide safe and reliable design
and operation of equipment, individual process units and plants.

Australian regulatory requirements.

•

The TANPF will be developed in line with best practice as described in Section 5.5.1 of the PER (HES Design
Standards). The design of the TANPF Project adheres to sound engineering practice and is based on the most
recent standards and/or codes as summarised below:

The proposed location of the TANPF and the reasoning behind the location are detailed in the PER in Section
4.4.2 (Alternative Sites). In this section, BNPL's site selection process is detailed as well as the reasoning behind
the final decision to locate the TANPF at Site D within the Burrup Industrial Estate.

This topic was addressed and dismissed by the Appeals Convenor (Appeal 224-228 of 2008) on 15 April 2009.
The WA Minister for Environment is of the view that a Public Environmental Review (PER), with the maximum
eight weeks public review period, is an appropriate level for assessing the potential impacts of the proposed
Technical Ammonium Nitrate Production Facility (TANPF) and determining how the impacts can be managed.

BNPL Summary Response

Section 5.5.3

Section 5.5.1

Section 4.4.2

PER

Appeals
Convenor
Report

Appeals
Convenor
Report (2009)

Reference
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Rock Art

Emissions

Explosion

1c

1d

Submitter Topic

Item

TANPF will significantly add to acidic emissions
destroying Burrup Peninsula rock art.

Ammonium nitrate can occasionally be unstable.
The proposed TANPF will add significant quantities
of explosives which may impact on other volatile
operations on the Burrup Peninsula

Extract from submission

As a result of this conservative approach to the modelling of incremental and assessment of cumulative
emissions, the results presented in the PER are considerably higher than what is expected to occur both during
routine and upset operating conditions.

For assessment of cumulative emissions, to counter any potential limitations of the air emission model used, the
DEC Air Quality Branch requested BNPL to account for background emissions based on three-times the
historical (1998-2000, DEP, 2002) 1 hour pollutant concentrations of NO2, or 0.06 ppm (112.9 µg/m3). No hourly
monitoring data or other information was available for ammonia (NH3) as background data. The existing
adjacent BFPL site and Woodside Pluto LNG facility (located on the Burrup Peninsula) are likely to be the only
existing sources of NH3, though only in relatively low concentrations. Long-term monitoring (monthly
averaging) of NH3 undertaken by CSIRO in 2004-2005 indicates that concentrations of NH3 are low, as such the
existing background emissions of NH3 are expected to be low.

The air quality assessment undertaken and as explained in the PER, is a worst case screening assessment of
emissions from the proposed TANPF. Worst case meteorological conditions, as well as worst case routine and
upset (non-routine) emission rates, for all emission sources within the TANPF have been used in the
assessment. This conservative screening assessment approach was adopted in consultation with the DEC Air
Quality Branch to account for limitations of dispersion models in coastal regions.

Air quality assessment – conservative approach

Impacts on Rock Art/Aboriginal heritage from the proposed TANPF are presented in Section 8.7 (Air Quality
Assessment) as well as Annex N (full Air Quality Assessment report) of the PER.

The WA Minister for Environment has confirmed (see Appeals Convenor decision - Appeal 224- 228 of 2008)
that the OEPA no longer reports on risk as an environmental factor and, consequently it is appropriate that this
issue is dealt with through the DMP. The DMP were invited to make comments on the PER, but no comments
were forth coming, therefore, BNPL believe this issue is being appropriately addressed through the CQRA
process.

In addition to Yara's vast experience in the production, storage and management of TAN, BNPL have recently
finalised a CQRA which has been developed and has been submitted to the DMP who will assess the document
to ensure that risks are minimised and that all operations will operate safely in accordance with all relevant
legislation, including the Major Hazard Facility regulations.

In line with best practice operations, BNPL will store and maintain TAN onsite to avoid contamination as well
as storing TAN appropriately (eg. appropriate separation distances) to avoid sympathetic detonation. Details on
the safety and security operations at the TANPF are detailed in Section 5.5.3 (Safety and Security).

The characteristics of TAN are described in detail in Section 5.4 (Characteristics and Properties of the TANPF’s
Main Raw Materials and Product) of the PER. This section explains that TAN is stable and not an explosive.
Uncontaminated and unconfined TAN is very difficult to detonate. Neither flame, nor spark nor friction can
cause a detonation of uncontaminated and unconfined TAN. TAN itself does not burn. As an oxidiser, however,
it can support combustion and intensify a fire even in the absence of air, but only as long as fuel or combustible
matter is also present.

BNPL Summary Response

Annex N

Annex G

Section 9

Section 8.10.5

Section 8.7.6

Section 8.7.5

Section 8.7

PER

Section 5.5.3

Section 5.4

PER

Appeals
Convenor
Report

Reference
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Item

Submitter Topic

Extract from submission

Based on the studies undertaken by BNPL and the latest findings from the CSIRO and the Burrup Rock Art
Monitoring Management Committee (see Sections 8.7.5 and 8.7.6 of the PER for further details), as well as the
mitigation measures to be put in place to minimise any impacts from the proposed Project (see Sections 8.10.5, 9
and Annex G of the PER), the expected impact on rock art as a result of the proposed Project will be minor.

Given the built-in conservatism in the modelling assessment, and the conservative estimate of background
concentrations of NO2 on the Burrup Peninsula, the results presented in the PER and Annex B of this report are
considered to be significantly higher than those likely during both routine and upset operations of the TANPF.

As stated above, the DEC AQB requested that background levels for 1998-2000 were tripled for use in the air
quality model to assess cumulative impacts. At these conservative levels the background to be used in this
assessment (112.9 µg/m3, (1 hour averaged) for NO2), already exceeds the fumigation levels of the CSIRO
survey. In comparison, the actual recorded background levels of the Burrup Peninsula, according to the latest
CSIRO findings, are in the vicinity of 7.1 µg/m3 (monthly averaged) for NO2.

For the TANPF, the worst case ground level concentrations estimated for routine operations (excluding
background emissions) represents 79% of the NO2 fumigation level and 98% of NH3 fumigation levels.

The results of the CSIRO monitoring study indicate that no damage or change was caused to rocks subject to
extended periods of fumigation at 96 µg/m3 of NO2 and 28 µg/m3 of NH3. Tests conducted on rocks from the
Burrup Peninsula using accelerated weathering processes showed exposures even to extremely high levels of
air pollution – ten times higher than the maximum cumulative level predicted for the area – did not induce any
measurable changes in the mineralogy of engraved or non-engraved rock surfaces.

To assess the potential impacts on rock art in the Burrup Peninsula from industrial air pollution, BNPL has
compared the TANPF modelling results against the findings of a study carried out on the Burrup Peninsula by
the CSIRO Marine and Atmospheric Research between August 2004 and September 2005, and between
February 2007 and September 2008.

CSIRO research and cumulative impact assessment

The maximum hourly concentration of NH3 at a sensitive rock art receptor (such as at Deep Gorge) will be
approximately 6.9µg/m3 under routine operations and 18µg/m3 under upset conditions

The maximum hourly concentration of NO2 from the TANPF, at a modelled grid receptor, under routine
operation will be approximately 75.8µg/m3, while during upset conditions the maximum hourly concentration
will be approximately 276µg/m3. The maximum hourly concentration of NO2 at a sensitive rock art receptor
(such as at Deep Gorge) will be approximately 4.7 µg/m3 under routine operation and 32 µg/m3 under upset
conditions. For NH3, the maximum hourly concentration from the TANPF under routine operation will be
approximately 27.4µg/m3, while during upset conditions the maximum hourly concentration will be
approximately 43.1 µg/m3at a modelled grid receptor.

Modelled incremental ground level concentrations (GLCs) for NO2 and NH3 routine and upset conditions (not
including background emissions) for the TANPF are provided in Annex B of this report and show the GLC
contours over the area surrounding the proposed TANPF (approximately 3 km radius). Tables 8.32 and 8.33 of
the PER have been revised and are located in Annex B of this report. These tables provide a breakdown of the
NO2 and NH3 routine and upset condition values at sensitive receptor locations in the vicinity of the Site.

Ground level concentrations

BNPL Summary Response

Reference
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1f

Emissions

1e

Terrorism

Flora/Fauna

Submitter Topic

Item

Burrup Industries are already a prime target for
potential terrorists. Therefore, adding an explosives
factory is against national interests and should be
located a safe distance from population centres and
other volatile installations

TANPF acidic emissions will affect natural systems
eg. coral reefs, fisheries, soil acidity and will destroy
vegetation

Extract from submission

BNPL have recently completed a CQRA to ensure that all relevant health and safety measures are incorporated
into the TANPF to minimise the safety risk (eg. separation distances, storage etc.) of the TAN from accidental or
deliberate explosion.

BNPL do not consider the TANPF location to significantly impact on the terrorism threat to the Burrup
Peninsula, as the facility is located 13 km to the north west of Karratha and 6 km to the north east of Dampier.
Therefore the location of the TANPF is sufficiently distant from population centres. Section 5.2.4 of the PER
describes the other adjacent land uses.

With the security measures and training to be in place at the Site as described in Section 5.5.3 of the PER, BNPL
believe sufficient measures will be in place to minimise any potential terrorism threats on the TANPF and BNPL
activities (including transport). The responsibility for protection against terrorism measures within the Burrup
Peninsula and the greater WA lies within the remit of the Australian Army through the Regional Force
Surveillance Units (RFSUs) (specialised infantry units of the Australian Army Reserve responsible for patrolling
northern Australia) and the Australian Federal Police (AFP) and local state police.

Details of security and safety measures to be put in place by BNPL are described in Section 5.5.3 (Safety and
Security).

BNPL value staff and public safety as its top priority and recognise the potential security issues associated with
the proposed TANPF. BNPL will be undertaking all necessary measures to ensure security breaches are
avoided, this includes following Australian Government guidelines and internal Yara TOPS for safe storage of
TAN.

The characteristics of TAN are described in the PER Section 5.4, which explains that TAN is not an explosive in
itself, and the TANPF is not an explosives plant.

The potential impacts of acidic emissions on vegetation are considered in Section 8.7.9 (Air Emission Screening
Analysis Results). Based on worst case emissions modelling scenarios undertaken during BNPL's air quality
assessment (see Section 8.7 of the PER) acidic emissions will not be significantly increased on the Burrup
Peninsula as a result of the TANPF, hence it is not anticipated that these emissions will have a significant impact
on surrounding natural systems.

Details of the Air Quality assessment undertaken in the PER are located in Section 8.7 and Annex N. Detailed
discussion on impacts of emissions from the TANPF is also discussed in response 1d.

BNPL Summary Response

Section 5.2.4

Section 5.5.3

PER

Appeals
Convenor
Report

1d

Response

Section 8.7.9

PER

Reference
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Submitter Topic

Extract from submission

Emissions: Nitric
Acid

Emissions:
Flora/Fauna

AQMB accept that any nitric acid vapours will be
condensed in the closed loop system of the AN
solution plant, therefore no emissions of Nitric Acid
are expected, however, it is the responsibility of the
proponent to ensure that emission levels are
maintained at acceptable levels and air quality
impacts are low

It is recommended that in addition to monitoring air
quality and using NEPM as an interim standard,
local species population health be monitored to
investigate whether native species are being
impacted by air emissions and if NEPM is
sufficiently protective

3a

Risk

This may have negative impacts on Hearson Cove
and should be discussed (OEPA comment)

DSD is broadly supportive of the project. The
proponent currently has a CQRA in with the
Department of Mines and Petroleum Resources
Safety Branch. They have indicated that there may
be a slight adjustment of the site plan to elongate the
plant footprint to the east (but still within Site D),
though it is unlikely any movement to the south will
be required.

Department of State Development (DSD)

2b

2a

DEC - Air Quality Management Branch (AQMB)

Item

As detailed in Section 8.11 (Unplanned Events Assessment) of the PER, a final CQRA has recently been
submitted to DMP. Currently, the CQRA indicates that no change to the proposed footprint is required.
Modification to the TANPF layout within the 35ha footprint may be required prior to construction as a result of
ongoing risk assessment profiling. Any modification would be minor with no additional environmental impacts
or significance.

In addition to the above, equipment to monitor N2O, CH4 and NOx in the Nitric Acid plant tail gas will be
installed; and the tail gas will be measured continuously using a dedicated analyser. When the plant is ready
for start-up, all systems will be operational including the continuous online monitoring system.

The neutralizer will be operated slightly acidic to minimize nitrogen emission. In a combined cyclonic separator
and scrubber, vapours and liquid will be separated. The liquid AN will then be further neutralized by adding
ammonia to reach a preset pH. All vapours from the reactor loop will be scrubbed and condensed. The resulting
condensate will contain less than 30 ppm N (eg. 15 ppm N as AN and 15ppm N as NH3). Operating with the
selected pH will ensure that all emission limits will be met.

Please note, that a typo error exists in the PER (Section 5.5.2). It should read 15 ppm Nitrogen (N) as AN instead
of 15 ppm NA. So there is no nitric acid emissions, it is ammonium nitrate in the condensates.

As noted by the AQMB and described in Section 3.3.4, (Ammonium Nitrate – Solution Plant) no emissions of
nitric acid are expected.

Noting this however, BNPL recognise the increasing concern from regulators on air emissions impacts on flora
and fauna and are committed to liaising with industry on the Burrup to explore the opportunity for further
studies on the impact of emissions in the Burrup Peninsula.

The World Health Organisation's (WHO) Air Quality Guidelines for Europe (2002) include ecologically based
guidelines for preventing adverse effects on terrestrial vegetation. BNPL's air quality assessment has used these
WHO guidelines as the basis for considering the impact of NOx on surrounding plant species and vegetation
communities as a result of the TANPF. Given the low magnitude of hourly NOx (including NO2) emissions from
the TANPF during routine operations, and BNPL’s minor addition to the existing background levels (which are
well within current NEPM standards, see Tables 8.32 and 8.33 of PER), the worst case air emissions assessment
undertaken by BNPL concluded that WHO standards for impacts on vegetation will not be exceeded (see
response 1d for further details on BNPL’s air quality methodology).

No state or national standards are available for impact on flora and fauna from air emissions.

The potential impacts of air quality on vegetation are considered in Section 8.7.9 (Air Emission Screening
Analysis Results).

BNPL Summary Response

Section 8.11

PER

Section 5.5.2

Section 3.3.4

PER

1d

Response

WHO (2002)

Table 8.33

Table 8.32

Section 8.7.9

PER

Reference
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Submitter Topic

4a

Management
Plans

d)

Advice to the following agencies in the event of
activation of the ERMP
i.
Department of Health
ii.
Fire and Emergency Services Authority
iii.
WA Police
iv.
St John Ambulance
v.
RFDS

due consideration of the following:
i.
Limited health infrastructure in the region
ii.
Limited health specialist and general
personnel in the region
iii.
Distance
iv.
Communications redundancy
v.
Disaster equipment
vi.
Staff training
vii.
Business continuity, with particular
attention to reliance on resources that may
also be relied upon by other industries that
are active in the area
viii.
injured employees

inclusion of the following additional elements
in the ERMP:
i.
An aero-medical evacuation plan
ii.
Surge arrangements for mass casualty
incidents
iii.
Support for family members of injured
employees
iv.
Planning for extreme heat events

b)

c)

During the construction phase an appropriate plan will be developed by the construction contractor as required.

ERMP should plan for health impacts of
applicable
incidents
in
the
"Critical
Infrastructure Emergency Risk Management
and Assurance Handbook" (Emergency
Management Australia, 2nd Ed May 2004)

a)

BNPL Summary Response
BNPL agree to the inclusions in the ERMP, the full extent of which will be developed as required before
construction, commissioning and operation.

Extract from submission

In the proponent's future development of an ERMP
they should address the following:

Department of Health (DoH)

Item

Annex G

PER

Reference
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Nuisance and
disease carrying
pests (eg.
mosquitoes)

Water/
Wastewater
management

Water/
Wastewater
management

4b

4c

Submitter Topic

Item

Poorly designed water holding infrastructure and
wastewater treatment systems can give rise to very
significant number of mosquitoes. Wastewater
treatment systems will need to be appropriately
designed, located and managed to prevent mosquito
breeding.

Alterations to topography (eg. earthworks, pipeline
install etc.) that enhance retention of rainwater and
runoff should be avoided in order to minimise
opportunities for mosquitoes to breed.

DoH have concerns over the proponents intent to
truck sewage offsite from the permanent facility.
DoH does not consider the trucking of sewage offsite
a suitable permanent arrangement and given 30
month construction period, it may also be
inappropriate during long term construction

Extract from submission

Base line mosquito / midge survey.
On-going monitoring and education.
Use of traps, larvicides and adult knock-down products.
Pre-cyclone preparedness to reduce the potential for water traps.
Post-cyclone preparedness to monitor previously identified breeding locations and apply control agents as
necessary

•
•
•
•
•

The Mosquito and Other Nuisance Insects Management Plan will include:

As described in Section 9.3, a Mosquito and Other Nuisance Insects Management Plan will be included in a
Health and Safety Management Plan. This will be utilised in all phases of the project to ensure the health and
safety of the workforce and public are protected. This Management Plan, as well as the development of all
wastewater treatment systems/management at the TANPF, will be developed in coordination with the
Department of Health Mosquito-borne disease control branch and other relevant departments.

During construction, an average of 400 persons will be on site with a peak of 650 persons. During construction,
sanitary waste will be collected by an authorised agency using trucks and transported to an offsite treatment
plant. Sanitary waste storage, collection and disposal will be organised sufficiently for the number of personnel
onsite in accordance with all relevant legislative requirements, including those of the DoH.

Construction

The amount of sanitary waste is estimated to be a maximum 0.1 m3/person/day. When the TANPF is in normal
operation a total of 60 persons will be employed (including shift personnel). Based on 60 people a day at 0.1
m3/person/day, 0.25 m3/hr (also equivalent to: 6 m3/d or 2.2 ML/year) of sewage will be treated and sent as
sanitised clean liquid to a dedicated pond for evaporation (Note: For simplicity at this stage, it has been
assumed that the amount of clean liquid is of the same order of magnitude as the amount of sewage to be
treated).

All wastewater disposals from the TANPF will comply with the Health (Treatment of Sewage and Disposal of
Effluent and Liquid Waste) Regulations 1974. Management of wastewater is described in Annex G (Preliminary
Waste Management Plan) of the PER.

Sanitary sewage wastewater created onsite at the TANPF will be routed to and treated in a dedicated sewage
wastewater treatment station that shall comply with all relevant local statutory requirements. The sanitised
clean liquid phase of this shall be sent to a dedicated pond for evaporation (this will be a separate pond in
addition to the clean surface water pond and contaminated water pond). This pond will be located within the
previously described TANPF footprint.

Operations

Sanitary waste and BNPL's proposed disposal was described in Section 5.6.9 of the PER. This proposed process
has now been changed as follows:

BNPL Summary Response

Annex G

Section 9.3

PER

Annex G

Section 5.6.9

PER
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4e

Nuisance and
disease carrying
pests (eg.
mosquitoes)

4d

Nuisance and
disease carrying
pests (eg.
mosquitoes)

Design

Submitter Topic

Item
As per response 4c, a Mosquito and Other Nuisance Insects Management Plan will be included in a Health and
Safety Management Plan.

All drainage and stormwater ponds proposed for the
TANPF are to be designed to limit the potential for
mosquito breeding. The Chironomid midge and
mosquito risk assessment guide for constructed
water bodies (Midge Research Group, 2007) should
be referred to during design/planning to ensure onsite mosquito breeding is minimised.

source reduction (removal or modification of
mosquito breeding habitat). Environmental
approval may be required

appropriate location, design and maintenance of
project infrastructure that have the potential to
breed mosquitoes (eg. wastewater and
stormwater infrastructure)

provision of advice, seasonal warnings, insect
screens on accommodation and enclosed
workspaces, personal repellents, appropriate
clothing etc. to enable employees to reduce their
exposure to bites of mosquitoes and other
insects

•

•

•

Post-cyclone preparedness to monitor previously identified breeding locations and apply control agents as
necessary

Pre-cyclone preparedness to reduce the potential for water traps

•

•

control of adult biting insects (mosquitoes,
march flies, biting midges) using fogging
and/or residual surface sprays

Use of traps, larvicides and adult knock-down products

•

•

On-going monitoring and education

•

chemical control of larval mosquitoes in manmade breeding sites and in natural breeding
sites in close proximity to the workplace

•

Base line mosquito / midge survey

The Mosquito and Other Nuisance Insects Management Plan will include:

monitoring of larval mosquitoes in the
surrounding natural environment to inform the
location and timing of control measures

•
•

As per response 4c, a Mosquito and Other Nuisance Insects Management Plan will be included in a Health and
Safety Management Plan. This will be utilised in all phases of the project to ensure the health and safety of the
workforce and public are protected. This Management Plan will be developed in coordination with the
Department of Health Mosquito-borne disease control branch.

An integrated management program for mosquitoes
and other nuisance insects should be developed and
implemented. This should comprise (but not
necessarily be limited to) the following:

Drainage design cannot be finalised until the project is at the detailed design stage. Consultation on drainage
design will be undertaken with DEC.

BNPL Summary Response

Extract from submission

4c

Response

Annex G
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PER

4c

Response

Annex G
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Submitter Topic

5b

5a

Terrorism

Security and
Safety

Relocation

Extract from submission

24-7 monitoring of plant access, its employees,
contractors and visitors

24-7 ban on fly overs

Particular attention to the maintenance and
drivers of all diesel vehicles in the area

•

•

•

FARA recommends the following minimum security
precautions:

In PER Section 8.11 (Unplanned Events) there is no
mention whatsoever of security or terrorism
considerations, and the location of the plant near the
Village road leaves the plant susceptible to terrorism
attack.

FARA is concerned about the absence and lack of
effort to include details of comprehensive security
provisions, in particular with regards to terrorist
threats, occupational health and safety and other
disaster prevention.

For example - Colin Barnett has indicated that
preliminary planning in the late 1990s had already
designated a large and flat area of approx 4,000
hectares with the appropriate zoning and
infrastructure in place (Colin Barnett, 7 April 2007.
Address to the National Trust of Australia [WA]).

FARA strongly supports the relocation of the facility
to an alternative location that does not threaten the
archaeological or anthropological sites of the Burrup
Peninsula.

Friends of Australian Rock Art (FARA)

Item

•

•

•

BNPL have committed to this in the PER (Section 5.5.3)
BNPL do not have the authority to restrict air space movement over the TANPF. This is a matter for the
Commonwealth and State governments to consider.

-

All traffic coming in and out of the site will be monitored and managed to ensure diesel does not
contact any of the TAN product. Measures include bunding and drainage systems to prevent spills
entering plant or storage areas.

Particular attention to the maintenance and drivers of all diesel vehicles in the area:

-

24-7 ban on fly overs:

-

24-7 monitoring of plant access, its employees, contractors and visitors

Of the measures mentioned by FARA as minimum security requirements, BNPL respond as follows:

The TANPF has received approval from the DMP (on the basis of risk and safety), that “…BNPL has now
demonstrated that the off-site risk presented by the proposed facility should meet the EPA risk criteria. Further,
as BNPL proceeds with plant optimisation and final design, the DMP would expect the risk presented be
significantly lower than that presented in the CQRA.” (see Annex C of this report for the DMP approval letter).

With the security and safety measures discussed in response 1f of this spreadsheet (and in the PER) as well as
Village Road not being a main access road for the public (except for BFPL staff and small number of 4WD's and
tourists), there is no reason for BNPL to believe the location of the plant on Village Road makes the proposed
TANPF more susceptible to security/terrorism threats.

1f

Response

Annex G

Section 8.11

Section 5.5.4

PER
Section 5.5.3

Security and health and safety are addressed in Section 5.5.3 (Safety and Security) of the PER. Unplanned events
are discussed in Sections 5.5.4 and 8.11 (Unplanned Events Assessment). Mitigation, monitoring and
management measures are also outlined in the Preliminary Emergency Response Management Plan and Health
and Safety Management Plan provided in Annex G of the PER.

1b, 5i and 5l

As discussed in responses 5i and 5l, BNPL recognise the significance of National/Aboriginal heritage within the
vicinity of the TANPF. However, BNPL believe that the mitigation measures proposed in the PER are sufficient
to appropriately manage the issue of Aboriginal/National heritage to ensure minimal impacts occur.

See response 1f for additional response on security and terrorism.

Responses

Reference

The site selection process for the proposed TANPF is described in response 1b.
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Security and
Safety

5c

Health and
Safety

5e

BFPL/BHL
record

Explosion

5d

Terrorism

Submitter Topic

Item

BHL have a poor record of reporting and containing
ammonia leaks at the BFPL facility. Given BHL's
poor track record FARA believe that the procedures
outlined in Section 9.4.5 will not sufficiently
safeguard staff, visitors to the area and the
surrounding environment.

The storage of diesel and operation of diesel trucks
in and around the TANPF represents significant
risks to the plant and consequently the surrounding
industry, environment, heritage and human life.
FARA are concerned about the location of on-site
diesel generators due to the possibility of
contamination

FARA are concerned access to ammonium nitrate
may not be appropriately secure at the proposed
TANPF due to the operations of BHL at the BFPL
facility who FARA believe have lax security (eg.
identification not required upon entry).

Whom does the responsibility lie with regards to
maintaining preventative security measures against
terrorism attack? FARA are concerned about the
potential misuse of ammonium nitrate as an
explosive for terrorist activities.

Extract from submission

All safety procedures adopted by BNPL will be based upon Joint Venture partner Yara’s Technical Operational
Standards (TOPS) and the most stringent and current HSE regulations.

BFPL (that is, the entity jointly owned by Burrup Holdings Ltd (BHL) and Yara), the plant adjacent to the
proposed TANPF, has implemented stringent Health and Safety procedures complying with Australian
Standard regulations. The Health, Safety and Environment (HSE) procedures have been reviewed and
authenticated by third party consultants and authorities of WA Govt. BFPL’s commitment to safety has
achieved zero Lost Time Injuries (LTI) continuously for 2.5 years.

The TANPF has received approval from the DMP (on the basis of risk and safety), that “…BNPL has now
demonstrated that the off-site risk presented by the proposed facility should meet the EPA risk criteria. Further,
as BNPL proceeds with plant optimisation and final design, the DMP would expect the risk presented be
significantly lower than that presented in the CQRA.” (see Annex C of this report).

The operation of trucks using diesel and other fuels will be monitored, with any spills recorded and cleaned as
appropriate. All truck/car areas and roads within the facility will be appropriately drained and bunded, with
all contaminated surface water being retained in the contaminated pond and dealt with as discussed in the PER.
Any minor trucks spills, for example oil, grease and oil/grease contaminated matter, will be collected and
disposed of as special waste by a certified contractor.

Information on the storage and bunding of diesel generators is addressed in Section 5.6.5 of the PER. All diesel
storage will be appropriately bunded and located separately to the TAN and other oxidising substances on site.

BNPL will be complying will all necessary statutory requirements as a minimum as outlined in the PER.

Currently, large quantities of AN is transported throughout the state of Western Australia, especially from
Kwinana (near Perth) to the Pilbara region. TAN production in the Pilbara at the proposed TANPF will reduce
transportation distances by 70%. This is important both for security as well as for transportation safety
(reduction of road accidents).

Yara has also developed recommendations for storage of TAN at the customer’s site. BNPL will be strongly
encouraging all customers to adopt these recommendations to ensure security and safety of the public once the
product has left the BNPL premises. Globally, Yara often assist their customers by auditing their storages.

In regard to the potential misuse of TAN, BNPL’s joint venture partner, Yara, has been at the forefront in
adopting a product stewardship programme throughout all its operations. This system will be adopted at the
proposed TANPF. This requires BNPL to audit the selected transport companies, inspect the trucks, as well as
undertake additional security and safety checks. BNPL will track the product from production through to the
customer receiving it. Any deviation or security breach is immediately reported to the relevant authorities.

Section 9.4.5

PER

Section 5.6.5

PER

1f and 5b

Responses

Section 8.11

PER
Section 5.5.3

As discussed in 5b, BNPL will implement stringent internal security measures to track activities and entrance to
the site. Responsibility for regional security/terrorism measures lie with the Commonwealth and State
governments and agencies, including the Army and AFP.

Reference

Please see responses 1f and 5b for further discussion on security and terrorism.
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5h

Traffic

5g

Explosion

Transport Safety

Health and
Safety

Submitter Topic

5f

Item

In the event of an explosion, FARA are concerned
about the impact this may have on the adjacent BFPL
Ammonia plant, surrounding areas such as rock art
(eg. Deep Gorge), other industry and Hearson Cove,
as well as potential impact on human life

FARA is concerned that the increased traffic from
the addition of the TANPF and other developments
(eg. Woodside) represents a volatile scenario.

FARA seeks clarification on the impact on road
infrastructure as a result of BNPL's proposed
trucking of TAN.

FARA seeks clarification on safety for workers at the
BFPL ammonia plant (particularly relating to the
dealing of strikes surrounding security issues).

Extract from submission

Based on the latest modelling, and given the large separation distances between TANPF and sensitive receptors,
it is considered highly unlikely that accidental explosion will result in air overpressure that will affect Hearson
Cove or Deep Gorge.

With such appropriate security and safety measures in place (see Section 5.5.3 of the PER), including separation
distances to prevent sympathetic detonation in the result of an explosion, BNPL will ensure that the TANPF
complies with the requirements of the DMP for safety and risk.

The Coarse Quantitative Risk Assessment (CQRA) addresses potential impacts on human life, as well as the
impacts on sensitive receptors including Hearson Cove and Deep Gorge. The TANPF has gained approval from
the DMP (on the basis of risk and safety), based on the CQRA submitted that includes assessment of impacts of
an explosion on surrounding industry and recreational/tourism areas at Hearson Cove and Deep Gorge. The
DMP considers that “…BNPL has now demonstrated that the off-site risk presented by the proposed facility
should meet the EPA risk criteria. Further, as BNPL proceeds with plant optimisation and final design, the DMP
would expect the risk presented be significantly lower than that presented in the CQRA.” (see Annex C of this
report).

See response 1c.

Impacts on existing road systems during construction are therefore considered to be minor. Impacts on roads
during operations will be not significant (Section 8.10.3).

During construction, the TANPF Project will contribute approximately 100 additional traffic movements per
day. Section 8.10.4 states that during operation, approximately 50 extra truck movements per day, however it
has been possible to refine this number further in recent months and it is now considered that approximately 30
truck movements will be required per day during operation. Traffic along the roads will be managed during
construction and operation in such a manner as to avoid peak traffic conditions along Burrup Road, and TANPF
staff will be bussed in and out of Karratha to mitigate against cumulative impacts. A Traffic Management Plan
will be implemented during all phases of the project; a preliminary management plan is outlined in the PER
(Annex G).

As described in Section 5.6.9, site access for the TANPF Project will be via Village Road, an existing two lane
bitumen access road constructed to service the already operational BFPL ammonia plant.

See response 5e.

Joint venture partner, Yara, has a long history as a safe manufacturer of technical - as well as fertiliser grade ammonium nitrate. Yara have developed a range of TOPS, and utilised a product stewardship programme
developed by the European Fertilizer Manufacturers Association (EFMA) covering all aspects of manufacture,
storage and transport of ammonium nitrate. As a member of EFMA, Yara is committed to implementing the
Product Stewardship Programme for its European operations and has implemented it on a voluntary basis for
all its ammonium nitrate operations worldwide.

BNPL Summary Response

1c

Response

Section 5.5.3

Section 5.4

PER

Appeals
Convenor
Report

Annex G

Section 8.10.4

Section 8.10.3

Section 5.6.9

PER

5e

Response

Section 9.4.5

PER
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5l

5k

5j

Rock Art/
Heritage

5i

Rock Art

Location

Flooding

Location

Aboriginal
Heritage

Location

Location

Submitter Topic

Item

In addition to the above, with the impacts and associated mitigation measures detailed in the PER to be
implemented, BNPL to not believe the proposed TANPF would result in impacts on any potential World
Heritage values.

The Burrup Peninsula is not currently recognised as, or being considered for, World Heritage listing. The
responsibility for the submission of sites for consideration of World Heritage lies with the Commonwealth and
State governments, and as such BNPL have no control over future submissions for World Heritage. As it stands,
the proposed TANPF site has been zoned ‘Strategic Industrial’ under the Shire of Roebourne Town Planning
Scheme 2008, and therefore, based on the site selection process undertaken, is deemed by BNPL to be a suitable
site for industrial development.

FARA is not convinced that sufficient procedures are
in place to protect ancient Burrup rock art (PER
Section 8.10.3 and Table 8.38).

Consideration of further industrial development of
the Burrup Peninsula should be delayed until its
World Heritage value/nominations have been
completed or rejected.

As discussed in response 1d and 5i, BNPL recognise the significance of National/Aboriginal heritage within the
vicinity of the TANPF. However, BNPL believe that the mitigation measures proposed in the PER are sufficient
to appropriately manage the issue of Aboriginal/National heritage to ensure minimal impacts occur.

Protection to sensitive areas, such as bunding around storage areas, will provide additional protection against
flooding. Ballast on the embankments will provide protection against erosion during times of flood. As such,
potential flood risks are considered Minor. A Water Quality Management Plan and Erosion Control and
Stormwater Management Plan will be prepared.

As detailed in Section 8.3.3 of the PER, the minimum final Site level proposed for the TANPF is 5.5 m Australian
Height Datum (AHD). The 5.5 m AHD incorporates a predicted sea level rise of between 6.7 and 20.8cm by 2040
and is located above the 1:100 year flood.

BNPL will also be inviting representatives from the claimant group to be present during ground disturbing
works at the site to ensure all aboriginal heritage is appropriately managed. The DIA and DEWHA will also be
continuously consulted around matters of Aboriginal and National heritage.

BNPL are currently in the process of undertaking a Section 18 (s18) assessment of the site and is in direct
discussions with the DIA and relevant claimant groups. No site disturbance will take place prior to s18
approval at the site.

Section 8.7

1d, 5i

Response

Annex N

Annex G

Table 8.38

Section 8.10

PER

Section 8.3.3

PER

1d

Response

Annex N

Annex G

Section 9

Section 8.10

PER

Based on the studies undertaken by BNPL and the latest findings from the CSIRO and the Burrup Rock Art
Monitoring Management Committee (see Sections 8.7.5 and 8.7.6 of the PER for further details), as well as the
mitigation measures to be put in place to minimise any impacts from the proposed Project (see Sections 8.10.5, 9
and Annex G of the PER), the expected impact on rock art as a result of the proposed TANPF will be minor.

Reference

Please see response 1d for discussion on this issue.

BNPL Summary Response

FARA is concerned about the potential impact the
TANPF may have on World Heritage values for the
area

The land in question is unsuitable for industrial
development due to flood impacts associated with
cyclonic tidal surge and climate change

No site assessment as to the heritage values
involving a determination by the Minister of
Indigenous affairs has been referred or concluded

FARA oppose the location of the proposed TANPF
due to potential impacts on National Heritage listed
values of the surrounding area and aboriginal
heritage values of the area (eg. impacts of air borne
emissions on petroglyphs)

Extract from submission
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Visual Amenity

Lighting

Tourism

5m

5n

5o

Explosion/
transport

Terrorism

6d

Explosion

Location

National
Heritage

6c

6b

6a

Pro-forma A (Doc 125066)

Submitter Topic

Item

The threat of terrorism is not considered in the PER.

Diesel trucks will be used to transport TAN, as well
as diesel generators being used on site. Diesel mixed
with TAN is an explosion and presents danger to
human life and rock art.

An accident could have a ripple effect with the BFPL
ammonia tanks located immediately to the west and
would presents danger to human life and rock art

The risk of accidental or deliberate explosive
reaction is not considered in the PER.

The TANPF should not be built on the Burrup
Peninsula due to it's proximity to the surrounding
National heritage site

FARA are concerned about the location of the
TANPF disturbing or preventing tourism activities,
as well as community, cultural and recreational
interests

FARA are concerned about the potential light spill
impact on evening and night-time activities at
Hearson Cove

The proposed TANPF will further negatively impact
on the visual assets of the cultural and recreational
features of the Burrup and Hearson Cove

Extract from submission

Please see responses 1f, 5b and 5c for discussion on this issue.

Please see responses 1c, 5d and 5h for discussion on this issue.

Please see responses 1c and 5h for discussion on this issue.

Please see responses 1d and 5i for discussion on this issue.

Noise and light impacts have been assessed as minor or not significant to surrounding recreational and tourism
activities. Overall, the negative impact on recreation and tourism during construction and operation has been
assessed as minor following studies outlined in the PER.

In particular, no exclusion zones will be enforced which could limit access to Deep Gorge, and no access roads
to recreational areas will be impeded as a result of the TANPF. In addition, no access roads will be upgraded,
therefore reducing impacts from additional tourists to unprotected areas (such as Deep Gorge).

BNPL recognise areas in close proximity to the planned TANPF Project site (such as Hearson Cove and Deep
Gorge) have recreational and tourism value. At this stage, it is expected that existing access routes to tourism
locations such as Hearson Cove will not require access restrictions during construction or operations.

Potential impacts on tourism in the area, as well as mitigation measures to be put in place by BNPL to minimise
any impact is provided in Sections 8.4, 8.5, 8.6, 8.10 and 9.6 of the PER.

The impacts of light spill on Hearson's Cove, in particular views of the "Staircase to the Moon" have been
assessed in Section 8.5.6. The BFPL Ammonia plant already found in the area contributes to the night time
environment and has not reportedly impacted on this event. Views of the “Staircase to the Moon” from Hearson
Cove Beach involve looking to the east and therefore away from the TANPF. The addition of the TANPF to this
area, although noticeable, will not have a significant impact to the night lighting environment already found at
this location, including sensitive locations at Hearson Cove and Deep Gorge.

Section 8.4.7 of the PER has assessed the potential impacts of the TANPF on visual assets. Views towards the
proposed TANPF site already take in the existing industrial facility on the adjoining site. It is recognised that the
proposed TANPF will be a visually noticeable element to these views; however the overall visual impact
resulting from the addition of the proposed TANPF to these views will be low. Once at Hearson Cove,
dominant views are to the east towards the Indian Ocean and therefore away from the proposed TANPF site.

BNPL Summary Response

1f, 5b and 5c

Response

1c, 5d and 5h

Response

1c and 5h

Response

1d and 5i

Response

Section 9.6

Section 8.10

Section 8.6

Section 8.5

Section 8.4

PER

Section 8.5.8

Section 8.5.6

PER

Section 8.10.3

Section 8.4.7

PER
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Rock art

6g

Tourism

Visual amenity

6h

6i

Recreation

Pollution

Visual

Security

Flooding/Storm
surge

6e

6f

Submitter Topic

Item

The proposed development will be intrusive and it is
not possible to conceal the 67m prilling tower.

The location of the TANPF ignores the potential for
development of a long-term tourist industry

Section 8.4.7 of the PER has assessed the potential impacts of the TANPF on visual and recreational amenity.
There are few locations in Deep Gorge where there may be simultaneous views of both the rock art and the
proposed TANPF. The track through the bottom of the Gorge follows a creek with trees ranging from 1 - 3 m
high scattered along the valley floor. In most instances, these trees will screen most of the views toward the
proposed TANPF when within the gorge. In addition, people entering the Deep Gorge area are looking at the
rock art and that the plant will not dominate the landscape, with the large rock outcrops dominating the
landscape when in close proximity and within the gorge.

The proposed development is adjacent to an existing industrial facility that is similar in scale and character to
the proposed TANPF. The existing industrial facility is visible from locations within the surrounding
landscape, including the elevated areas of Hearson Cove. Because most views towards the proposed TANPF
already contain infrastructure that is of a similar character and scale, the addition of the proposed TANPF may
be noticeable, however the proposed TANPF will not cause a high level of visual change to these views.

As discussed in detail in response 5o the negative impact on recreation and tourism in the region during
construction and operation of the proposed TANPF has been assessed as minor following studies outlined in
the PER.

The proposed TANPF site has been zoned ‘Strategic Industrial’ under the Shire of Roebourne Town Planning
Scheme 2008, and therefore the immediate location of the TANPF is not subject to any proposed tourism
venture.

Based on the studies undertaken by BNPL and the latest findings from the CSIRO and the Burrup Rock Art
Monitoring Management Committee (see Sections 8.7.5 and 8.7.6 of the PER for further details), as well as the
mitigation measures to be put in place to minimise any impacts from the proposed TANPF (see Sections 8.10.5, 9
and Annex G of the PER), the expected impact on rock art as a result of the proposed TANPF will be minor.

Please see responses 1d and 5i for discussion on this issue.

Pollution

PER
Section 8.4.7

Visual Presence

Section 8.4.7

PER

5o

Response

1d and 5i

Response

Section 8.7.10

1f, 5b and 5c

The close proximity to rock art and the visual
presence and pollution will diminish the integrity of
the rock art and the recreational amenity of the area

Response

5k

Response

Section 8.3.3

PER

Reference

See responses 1f, 5b and 5c for discussion on this issue.

The minimum final Site level proposed for the TANPF is 5.5 m AHD and as such is located above the 1:100 year
flood. Please also see response to comment 5k for further details.

BNPL Summary Response

Is security sufficient? The risk of accident is
increased if there is inadequate security in place.

A risk to the site is the flood and sea level impacts
associated with cyclonic surge

Extract from submission
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Air Emissions

Safety/security

6l

Recreation/
tourism

6j

6k

Submitter Topic

Item

There needs to be strict regulation of safety
procedures and environmental pollution, as well as
independent external monitoring and reporting of
compliance.

Air pollution is already substantial on the Burrup
and any industrial expansion will increase the threat
to personal health and to the petroglyphs

Concerned about the amenity of Hearson Cove
beach as a result of light and noise pollution

Extract from submission

BNPL are also currently in the process of undertaking the Works Approval process, where monitoring and
reporting measures will be finalised and set for the construction and operation periods of the TANPF
development.

With regard to environmental pollution (eg. air emissions, wastewater etc.) management measures for these
emissions are discussed in Sections 8.7 (air Quality Assessment), 8.9 (Waste Assessment), 9.6 (Mitigation and
Management Actions), Annex G (Preliminary Management Plans) and Annex N (Air Quality Assessment Report)
of the PER.

Section 8.7

The TANPF has received approval from the DMP (on the basis of risk and safety), that “…BNPL has now
demonstrated that the off-site risk presented by the proposed facility should meet the EPA risk criteria. Further,
as BNPL proceeds with plant optimisation and final design, the DMP would expect the risk presented be
significantly lower than that presented in the CQRA.” (see Annex C of this report for the DMP approval letter).

1c, 1f, 5b, 5c,
5e and 5h

Responses

Annex N

Annex G

Section 9.6

Section 8.9

PER

1d, 5i and 6g

Responses

Annex N

Section 8.7.10

Section 8.7

Section 8.4.7

PER

In regard to safety procedures, please see responses 1c, 1f, 5b, 5c, 5e and 5h for discussion on this issue.

The maximum ground level concentration recorded at a sensitive receptor (discussed in Section 8.7 of the PER)
under these worst case meteorological and process conditions was 60% of the NEPM criterion for NO2. The
NEPM criterion is designed to ensure protection of human health. As the concentrations predicted (which are
inclusive of a conservative background estimate from other industries) are well below the NEPM criterion, as
well as their being no permanent human population on the Burrup Peninsula, it is not considered that there is a
threat to personal health as a result of the TANPF.

The air quality assessment undertaken in this PER (see Section 8.7 (Air Quality Assessment) and Annex N (full
Air Quality Assessment report) of the PER) is a worst case screening assessment. This assessment estimates that
emissions resulting from routine operations of the plant will be below the NEPM criterion.

Please see responses 1d, 5i and 6g for discussion on the issue of air quality assessment and impacts on rock art
(petroglyphs).

Hearson's Cove is considered as a sensitive receptor in the PER (Section 8.6.4). Noise records and modelling
indicate that existing background levels at Hearson Cove would not be exceeded.

Noise

Section 8.6.4

PER
Section 8.5.6

The proposed development is adjacent to an existing industrial facility that is similar in scale and character to
the proposed TANPF (Section 8.5.6). The existing facility also contains lighting which is visible at night. The
existing infrastructure is also visible from many areas within the surrounding landscape, including the elevated
areas of Hearson Cove.

Reference

Light
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Submitter Topic

Wastewater
Discharge

Traffic

7c

Flooding/
Inundation

7b

7a

Dampier Port Authority

Item

The DPA request more detailed information on the
potential impacts and cumulative impacts of the
proposed TANPF to traffic volume and flow with
particular regard to the periodicity of traffic along
Burrup Road

The DPA recommends that the proponent consults
with the Burrup Users Group (BUG) to ensure the
relevant local industry and government stakeholders
are aware of the intended use and any potential
individual or cumulative impacts to water quality in
King Bay.

The DPA request further information that
demonstrates the proposed development will not
increase the risk of flooding and inundation at
Burrup Road, as well as considering any potential
cumulative impacts of surface hydrology from the
TANPF and the proposed Dampier Nitrogen project
nearby

The construction of the TANPF will increase the
proportion of impervious surfaces and significantly
alter natural drainage across Site D. These changes
could impact on Burrup Rd due to flooding or have
flow on effects on upstream/downstream areas.

Extract from submission

Impacts on existing road systems during construction will therefore be minor. Impacts on roads and road users
during operations will be not significant (Section 8.10.3).

Traffic along the roads will be managed during construction and operation in such a manner as to avoid peak
traffic conditions along Burrup Road, and TANPF staff during construction and operation will be bussed in and
out of Karratha to mitigate against cumulative impacts. Facility traffic on common user roads during times of
heavy use (such as during ‘rush hour’ on the Causeway) will be reduced by staggering start/finish of TANPF
shift times. Product transport vehicles will operate under stringent safety procedures, taking into account
number of driving hours to prevent driver fatigue, the risk of accidents and any risk of spills. Slow moving
heavy machinery and vehicles will be transported to site outside of road network peak periods.

As described in PER Section 5.6.9, site access for the TANPF Project will be via Village Road, an existing two
lane bitumen access road constructed to service the already operational BFPL ammonia plant. During
construction, the TANPF Project will contribute approximately 100 traffic movements per day and during
operation, approximately 30 truck movements per day (Section 8.10.4) (Note: Based on latest estimates, truck
movements during operations have been reduced from 50 as stated in the PER, to 30). A Traffic Management
Plan will be developed in consultation with local agencies and will be implemented during all phases of the
project. A preliminary Management Plan is outlined in Annex G of the PER.

BNPL is already a member of the Burrup Use Group through BFPL, and would be pleased to continue to
participate in the group. (Section 8.12.7 of PER).

Section 8.3.3

Due to site access restrictions, BNPL have been unable to undertake hydrological and hydrogeological surveys
of the site thus far. Studies will be completed prior to construction and relevant management measures will be
put in place to minimise impacts to natural drainage.

Annex G

Section 8.10.4

Section 8.10.3

Section 5.6.9

PER

Section 8.12.7

PER

6e

Response

Annex H

PER

Reference

See response to comment 6e.
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Submitter Topic

Extract from submission

Acid Sulfate
Soils (ASS)

Design

8c

8d

Flooding

Marine flora and
fauna

Marine flora and
fauna

8b

8a

DEC request that the design of bunding and other
mitigation measures be developed in consultation
with DEC prior to construction to ensure they are
adequate to prevent contaminants leaching into the
environment.

Proponent confirms that potential areas of
contamination will be raised to at least 5.5m AHD
and appropriately located to withstand 1 in 100 year
storm events.

DEC recommend that the proponent commits to
confirm the presence of ASS and prepare and
implement an ASS management plan (if ASS will be
disturbed as a result of the project)

BNPL state that mangrove communities at King Bay,
Cowrie Cove and Nickol Bay are all currently being
monitored and have been reported as healthy
systems. No information is provided to support this
statement and there is need for verification that this
comment is correct

DEC also suggests working with adjacent
proponents (eg. Rio, Mermaid Marine etc.) to seek
baseline monitoring information.

DEC recommend that the proponent undertakes
monitoring of the mangroves at King Bay to confirm
that the mitigation measures are effective and that
the proposal does not contribute to cumulative
impacts on the King Bay mangroves

There is the potential for impacts from mobilisation
of ASS from construction activities and discharges
from the project on the King Bay salt flats and
mangroves.

DEC Environmental Management Branch

Item

BNPL agree to consult with the DEC on the design of the bunding and other mitigation measures prior to
construction, to ensure compliance with relevant statutory requirements.

5k and 6e

Responses

Section 8.3.3

BNPL will comply with all relevant statutory requirements with regards to drainage design and bunding
design.
BNPL will provide full capacity bunding around ammonium nitrate, nitric acid and prilling plants.

PER

Section 8.3.3

PER

See Section 8.3.3 of the PER and responses 5k and 6e.

BNPL have committed to this in the PER in Section 8.3.3. If required, an ASS management plan will be prepared
in accordance with DEC guidelines.

AECOM
(2008)

5k, 6e, 7a, 8b
and 8d

This statement in Section 7.10.2 is based on the findings of a Mangrove Condition and Rehabilitation Monitoring
Report prepared by AECOM (2008). The condition monitoring assessment demonstrated healthy, robust
mangroves growing adjacent to Mermaid Marine operations at King Bay.

Responses

Monitoring is already conducted at King Bay, (see response to comment 8b) and BNPL believe this is sufficient
to monitor mangrove health in the area.

Annex G

Section 8.9

Section 5.6.6

PER

AECOM
(2008)

Reference

BNPL are committed to including mitigation measures to prevent contaminants leaking into the environment
(see PER Sections 5.6.6, 8.9 and Annex G - Water Quality Management Plan) and believe these measures are
sufficient to prevent adverse impacts. BNPL is currently undertaking a Works Approvals process in conjunction
with DEC which will address monitoring measures required. Please also refer to responses to 5k, 6e, 7a and 8d.

The depth of ASS and likelihood that the proposal would disturb ASS material will be determined during
upcoming site investigations. Should ASS material exist and construction activities require disturbance of this,
an ASS management plan will be developed in consultation with DEC. Construction management methods
which would be included in such a plan are effective in managing ASS during construction and the mobilisation
and discharge of ASS to King Bay salt flats is highly unlikely.

Due to site access restrictions, BNPL have been unable to undertake hydrological and hydrogeological surveys
of the site thus far.
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Terrestrial Flora
and Fauna

Terrestrial Flora
and Fauna

8g

Visual Amenity

8e

8f

Submitter Topic

Item

DEC recommend that the proponent consults further
with the DEC and the WA Museum in relation to the
impact of the project on habitat suitable for Rhagada
sp.12 and, if necessary, carry out further surveys to
clarify the risk to the conservation of this species.

DEC suggested that full management plans (not
preliminary management plans) would be needed to
facilitate effective review of the Final PER

DEC recommends consideration of possibly
relocating the prilling tower to a less prominent
position in the landscape, as well as any other
potential mitigation measures

DEC recommends that the proponent considers
aspects of plant layout/design and/or other
measures to mitigate impacts on visual amenity at
Hearson Cove and Deep Gorge.

Extract from submission

A high standard of housekeeping will be maintained at all times

•

It is unlikely that the significance of any genetic variations between Rhagada populations on the Burrup
Peninsula will be resolved until the completion of the study currently being undertaken by Biota and UWA
(Roy Teale pers comm). While there is some uncertainty regarding the status of Rhagada sp. none of the
remaining four land snail species that may potentially occur within the site are considered to be rare or
endangered nor are they considered to have a distributional range limited to the area. Habitat for Rhagada sp.12
may occur within the Site, based on the findings of Biota’s survey at Site E to the north (Woodside, 2006). It is
known that this species occurs elsewhere on the Burrup Peninsula and does not have a distributional range
limited to Site E to the north of the proposed TANPF site (Site D).

These past surveys provide a sound understanding of the local presence of land snail species, however it is
acknowledged that there is some uncertainty surrounding the taxonomic status of Rhagada sp. Past taxonomic
analysis of Rhagada specimens collected from the Burrup, including collections from Site E to the north of the
site were inconclusive.

As stated in Section 7.9.4 of the PER, land snail surveys have been completed at Sites A, B and E (as part of the
Pluto LNG Development) and on the adjacent BFPL site.

BNPL is open to considering and including mitigation and management measures considered by the DEC as
mandatory for management of the environmental impacts.

The management plans included in the PER are at a detailed level capturing commitments made in the PER and
including best practice management measures (Annex G of the PER). Additional detail for the management
plans is difficult to include until detailed design is well underway. It is unlikely substantial additions will be
made.

Further to this, given the existing environmental conditions of the Burrup Peninsula, it is unlikely to be able to
support naturally occurring tall vegetation or vegetation which would offer natural screening. This is supported
by the lack of this type of screening vegetation found occurring on the Burrup Peninsula. For these reasons, it is
considered that there are no onsite or offsite mitigation measures which could be applied to mitigate the visual
impacts associated with the TANPF beyond those already detailed in the management measures and plans in
the PER (Annex G).

Where possible, buildings will be painted to blend into the surrounding terrain wherever practicable.

•

Section 8.4.9 describes the visual mitigation measures which are likely to be effective for the TANPF. These are:

The proposed TANPF is located within a low lying flat landscape or valley that runs roughly east-west. Because
of the low relief of the site, there are no locations that could be considered as less prominent than what is
currently proposed. The elevated rocky outcrops/stony rises that lie to the north and south of the site assist to
limit long range views to the proposed TANPF site from areas to the north and south, as well as oblique views.
For these reasons, the site is already visually sheltered from many long range views. It must be recognised that
views to the proposed TANPF site currently take in the existing industrial facility on the adjoining site.
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Woodside,
2006, Pluto
LNG
Development
: Draft

Roy Teale
(2010) Biota
and UWA,
pers comm.

Section 7.9.4

PER

Annex G

PER

Annex G

Section 8.4.9

Section 8.4.7

PER

Reference

ENVIRONMENTAL RESOURCES MANAGEMENT AUSTRALIA

0086269/FINAL/26 AUGUST 2010

26

Submitter Topic

Dewatering

Dewatering

9d

9e

Dewatering

Area of
disturbance and
location (project
design)

9c

9f

Area of
disturbance and
location (project
design)

Area of
disturbance and
location (project
design)

9b

9a

DEWHA

Item

What is defined as ‘significant’ in terms of the
potential amount of dewatering water that may be
generated? (See 8.9.5, p.144 of the PER).

Are the ‘temporary settlement ponds’ referred to for
dewatering water the same as the contaminated
water ponds, or is this something else? (See 8.9.5,
p.144 of the PER).

Can you provide more information on how much
dewatering is likely to be required on site? How
much of the project site is likely to be affected,
specifically how much of the supra-tidal flats and
associated migratory bird habitat? (See ES4.3, Box
ES.1, p.VIII; 8.9.3, p.142 of the PER)

There is a reference to ‘likely location of the
permanent TANPF area’ (see Section 8.3.2
Description and Evaluation of Potential Impacts of
the PER). Is there some chance that the final
footprint could change, i.e. be located elsewhere
within the site? What is the likelihood of this
occurring?

Where is the proposed discharge pipeline, which
connects to the Water Corporation, located? Does
this pipeline already exist or is this an extra
disturbance area? It does not seem to appear on the
maps for location and layout of the site (See ES4.1,
p.VI; Figure ES1 and ES2; also 5.1, p.20 of the PER).

Can you confirm that the 35ha disturbance area
includes the pipeline between the project site and the
ammonia facility, and all laydown areas for the
project?

Extract from submission

The construction of a temporary settlement pond, if required to manage water produced during construction,
will be discussed with DEC.

The extent, if any, of dewatering required on the site is currently not known, and will be determined following a
hydrogeological survey of the site.

As described in Section 8.9.5 of the PER, should significant volumes of water be generated as a result of
dewatering during the construction phase, discharge will be directed to temporary settlement ponds prior to off
the Site discharge. These will only be temporary ponds, used if necessary during construction, whereas the
contaminated surface water pond will be used during operations to manage the various liquid waste streams.

However, if any dewatering is required a Dewatering Management Plan will be prepared in full compliance
with all relevant regulations prior to the works being undertaken.

Potential impacts of dewatering are discussed in Section 8.3.3 of the PER. Given the likely lack of groundwater
connectivity across the broader region and the isolated and temporary nature of dewatering, should shallow
groundwater exist beneath the Site the potential impact associated with dewatering (should it be required) is
expected to be Not Significant.

The extent, if any, of dewatering required on the site is currently not known, and will be determined following a
hydrogeological survey of the site.

The TANPF will be located within the proposed 35 Ha footprint as described in the PER (see Figure ES.2 in the
PER). Pending the appointment of a contractor for the construction of the TANPF and finalisation of relevant
risk factors through a Quantitative Risk Assessment (QRA), the final configuration of the plant may be subject
to modification to that outlined in Figure ES.2 in the PER. However, the footprint of the TANPF will not change.

The TANPF will link in to the MUBRL through a pipeline that will connect into the BFPL site and then to the
MUBRL. This connection pipeline will cross between Site D to the BFPL site. The pipeline will take up a
minimal footprint and will exist entirely within the proposed 35 Ha disturbance footprint of the TANPF and
within the current BFPL site. The pipelines that will cross between BNPL and BFPL are outlined in Figure 1.2 of
this report.

The Multi User Brine Return Line (MUBRL) already exists and is in operation for discharges from the BFPL
plant immediately adjacent to the proposed TANPF. The pipeline runs from the desalination plant at the BFPL
site to the discharge point in King Bay. Annex D (Figure D.1) of this report shows the location of the MUBRL
from the BFPL plant through to King Bay.

The 35Ha does include the proposed piperacks.
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Explosion

Explosion

9i

Blasting

9g

9h

Submitter Topic

Item

Can you confirm the separation distance of the
bagged prill stacks in storage on-site as 1m for small
bags of bulk product and not less than 7m for
pyramidal stacked bags? (See Sections 5.5.3 and
8.11.3 of the PER). Can you also confirm the size of
‘small bags’ of bulk product? Please note that the
information concerning these distances is difficult to
understand in the document and further clarity, e.g.
a table that states the bag sizes, stack configurations
and distances, may assist

Can you confirm that the actual distance between
the proposed TANPF and the currently operating
ammonia plant is 600m? (See Table 5.5 of the PER).
Can you confirm this as a safe distance, as per
Section 8.11.4 of the PER, in the event of an ammonia
release or a detonation?

Can you provide more information as to the likely
amount of blasting, including duration and time of
year, blast size charges and noise levels? The
concern is any likely impacts upon National
Heritage rock art sites from vibrations, and upon
migratory birds if occurring when these species may
be on-site (See ES4.3, Box ES.1, p.VII; 5.7.1, p.37 of the
PER).

Extract from submission

Details of separation distances and how big bags will be stacked is provided in the PER (Section 5.5.3 and Figure
5.3). All relevant data is stated in the PER. BNPL do not believe further details are necessary for the
environmental approval process, with details of risk and safety being addressed in full through the CQRA with
the DMP.

No small bags of bulk product will be stored on site. Only big bags (bags of 750 kg to 1250 kg depending on
customer requirements) and bulk storage will be undertaken.

BNPL can confirm that the separation distances for storage of bulk TAN piles (1m) and bagged TAN piles (7 9m), as outlined in Section 5.5.3 of the PER.

TAN produced by the proposed TANPF will be stored in bulk piles and in big bags (bags of 750 kg to 1250 kg)
in different locations on site. Based on current findings, TNO have found that an accidental detonation of a bulk
pile or stack of big bags of TAN in the storage facilities at the proposed TANPF will neither initiate an explosion
in any adjacent bulk piles or stack of big bags of TAN, nor critically damage the ammonia tanks at the adjacent
BFPL Ammonia Plant. See also 9i.

BNPL have undertaken preliminary studies as part of the CQRA process currently being finalised with the DMP
to determine the risk and effect of an accidental explosion at the proposed TANPF. To study the effects of
detonation of storages for TAN, BNPL have used the Dutch institute TNO. TNO is highly regarded
internationally and competent authorities worldwide often reference their work.

The distance between the edges of the proposed TANPF and the BFPL Ammonia plant is ~150m. The distance
between the ammonia tanks at BFPL (the main factor to consider in any safety criteria) and the TANPF is
~600m.

Impacts from blasting on migratory birds would be temporary in nature, though no severe impacts (eg.
mortality, forcing birds from the area) are expected, and birds are likely to settle once the noise has abated (if
blasting is required).

As described in Section 8.6.2, vibration from blasting can be limited to less than 10 mm/sec. The blasting would
be minor and infrequent in nature, and would not cause any significant noise or vibration impacts outside the
Site.

If blasting is required, BNPL will prepare a Blasting Management Plan in compliance with the Environmental
Protection (Noise) Regulations 1997, AS 2187.2-2006 and the Explosives and Dangerous Goods Act 1961 (WA)
including the Explosives and Dangerous Goods (Dangerous Goods Handling and Storage) Regulations 1992
and Explosives and Dangerous Goods (Explosives) Regulations 1963.

As described in Section 5.7.1 the presence of the BFPL facility in close proximity to the proposed plant means
that the use of explosives will be avoided or limited to the absolute minimum, and if used blasting will be
carried out in a very controlled manner. Controlled blasting is normally performed with a number of low
intensity charges, which are initiated in a sequence. To further minimise impacts, where required the area will
be covered by blasting mats.

Blasting requirements cannot be determined until a geotechnical survey has been completed at the Site, but any
blasting requirements will be low impact and minimised to as low as reasonable practicable.
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9l

Rock Art

National
Heritage

Rock Art

Has there been any consultation with the Burrup
Rock Art Management Committee and/or other
appropriate authority, on the subject of the rock art
sites within the National Heritage boundary, to
date?

Given the potential for cumulative impacts from air
emissions on rock art in the National Heritage area,
BNPL may wish to seriously consider a funding
arrangement with the Burrup Rock Art Management
Committee to fund a particular and/or ongoing
monitoring studies on the effects of emissions,
perhaps targeting rock art sites closest to the
proposed TANPF, for a period of time, e.g. two
years. Including the specifics of such a proposal in
the Air Quality and Dust Management Plan as a
mitigation measure would be welcomed by DEWHA
(See Table ES4 of the PER).

9k

National
Heritage

Decommissioning Decommissioning will bring the site ‘back to a level
of industrial zoned area’ (See Sections ES4.6 and 5.7.7
of the PER). What does this mean? Does this refer to
the original state of the site prior to any
construction?

9j

Extract from submission

Submitter Topic

Item

BNPL, in an informal context, discussed Rock art sites with the Burrup Rock Art Management Committee
member (Associate Prof. Frank Murray) in 2009. BNPL have also been indirect consultation with a member of
the Won-Goo-tt–oo group (who is an observer on the Burrup Rock art Management Committee).

BNPL has undertaken consultation with a number of stakeholders groups (See Table 3.1 PER) regarding the
proposed TANPF. Further consultation is currently on going with traditional owner groups regarding the
access to the site for intrusive work. A Section 18 application for intrusive work has been lodged.

Management measure PAHMP-8 of the Preliminary Aboriginal Heritage Management Plan (Annex G - PER)
highlights that BNPL will provide support to the Burrup Rock Art Management Committee as required.

During decommissioning and rehabilitation, all health, safety and environment issues will be addressed and the
appropriate government departments consulted on the proposed approach.

With the proposed site zoned strategic industrial, and part of a larger industrial estate, it is likely that at the
time of decommissioning, the land will be re-used for industrial purposes. Upon completion of
decommissioning activities, it is anticipated that the site will undergo a contaminated sites assessment and,
where required, rehabilitated to a standard appropriate to an industrial zoned area (as required by the relevant
statutory requirement of the time).

It is anticipated that the decommissioning of the TANPF will include the complete removal of all above ground
facilities, with reuse and recycling options to be employed where feasible.

Specific decommissioning requirements will be formulated and discussed with the relevant state and federal
regulatory authorities closer to the time of decommissioning. Decommissioning will include the preparation of
a Decommissioning Environmental Management Plan (DEMP) to be developed prior to decommissioning in
line with the decommissioning standards of the day.

The TANPF has received approval from the DMP (on the basis of risk and safety), that “…BNPL has now
demonstrated that the off-site risk presented by the proposed facility should meet the EPA risk criteria. Further,
as BNPL proceeds with plant optimisation and final design, the DMP would expect the risk presented be
significantly lower than that presented in the CQRA.” (see Annex C of this report for the DMP approval letter).
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Fauna
(Migratory
Birds)

Fauna
(Migratory
Birds)

Fauna
(Migratory
Birds)

9p

9q

Rock Art

National
Heritage

9o

9n

National
Heritage

9m

Rock Art

Submitter Topic

Item

What are the ‘agreed limits’ or the process by which
limits may be agreed for possible contaminates in
the clean water surface pond? (See Section 8.9.5,
PER).

Please provide more specifics on the measures that
will be used to deter birds from accessing the
contaminated water ponds (see Section 5.6.6, PER).

Can you please provide more specifics on the
storage of NaOH (Sodium hydroxide) and HNO3
(Nitric acid) near the contaminated water ponds (see
Section 5.6.5, PER), as this is near an area that may be
accessed by birds. How will this material be
protected from access by wildlife, or seepage into
surface or groundwater?

Please note that the studies to date on rock art and
possible effects from air emissions have been on the
rock itself and not a pigment that may have been
used to paint rock art (see Sections 8.7.7 and 8.7.9 of
the PER). Are there any relevant studies on rock art
pigment? Is there any likelihood that air emissions
could impact upon such pigment? Is the rock art
painted or etched (in the latter case, pigment is not
an issue)? Please note that these questions refer to
the rock art at sites closest to the proposed TANPF
location.

The nearest rock art sites are located 400m north west of the north western corner of Site D. These sites can be
seen in Figure 7.20 of the PER.

Table 5.5 of the PER states that the nearest rock art
site within the National Heritage boundary is 400m
from the proposed TANPF site. Can you confirm
where this site is located? The location does not
appear on Figure 5.1 of the PER. Can you also
confirm if this site is located at Deep Gorge or
elsewhere? (See Section 5.2.4, PER).

No changes to the proposed clean surface water pond design will occur as a result of this change, as it was the
inflow of purified process condensate that triggered the need for discharging from the clean surface water pond
to begin with.

BNPL have decided not to discharge any water from the clean surface water pond to the Water Corporation
MUBRL. Water will be left in the pond to evaporate in the same process used for the contaminated water pond.
As a result of this change, purified process condensate that before was to be sent to the clean surface pond
before being discharged to the MUBRL, will now be sent directly to the MUBRL.

Appropriate management measures will be put in place to deter birds, in particular, EPBC Act migratory listed
birds, from entering into the contaminated water pond. These measures are likely to include netting and/or
other structures to prevent birds from interacting with the pond water, or other applicable measures. BNPL is
willing to consult with relevant state authorities (such as the DEC) to finalise bird deterrent measures for the
pond following detailed design phase, and prior to construction.

Potential impacts on birds having access to the onsite contaminated surface pond may include chemical toxicity
as well as physical dangers, such as drowning.

These chemicals will be used for neutralisation of acidic and alkali wastes. Approximately 200L each per year of
NaOH and HNO3 will be used and these will be stored in a storage area near the contaminated surface water
ponds.

NaOH will be stored as solids in bags, in compliance with all relevant statutory requirements. Nitric Acid will
come from the process tank, which will be bunded and stored in compliance with all relevant statutory
requirements.

All rock art on the Burrup Peninsula is etched or rubbed petroglyphs. As such, studies regarding the effects of
air emissions on rock art pigments are not required, and the studies undertaken by the CSIRO and the Burrup
Rock Art Management Committee are considered by BNPL to be valid for the rock art in the vicinity of the
proposed TANPF.

Based on the data in the National Heritage database, as well as confirmation from consultants and heritage
consultants, Kellie Hill Consulting (KHC), no rock paintings have been recorded on the Burrup Peninsula.

The nearest sites are not located at Deep Gorge, with Deep Gorge located ~1,300m to the immediate south of the
propose TANPF footprint as defined in Table 5.5 and Figure 5.1 of the PER
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Management
Plans

Management
Plans

9s

9t

Management
Plans

Fauna
(Migratory
Mammals)

9r

9u

Submitter Topic

Item

The Preliminary Air Quality and Dust Management
Plan needs to include all acronyms used therein, so it
may be read as a stand-alone document. For
example, there need to be definitions for NEPM,
CH4, NH3, etc. See Table 5 of the PER, in particular.

In the Preliminary Aboriginal Heritage Management
Plan, performance indicators should also refer to
National Heritage. For example, ‘maintain the
condition of integrity of known Aboriginal Heritage
and National Heritage sites within and adjacent to
the TANPF site…’ (see p.4 of the PER). The
monitoring program may also require conformance
with any Commonwealth Ministerial conditions.

Please confirm that there is no environmental
management plan for National Heritage and that
mitigation management measures to protect
National Heritage will appear in the Aboriginal
Heritage Management Plan, the Air Quality and
Dust Management Plan, and the Traffic
Management Plan? (See Annex G, PER)

The report refers to Water Corporation water quality
criteria and Ministerial Conditions, and that water
sent offsite by BNPL must meet these criteria and
conditions (see Section 8.9.3, PER). Can you please
provide these criteria and conditions so that it is
possible to see the standards that water must meet
prior to being sent offsite? This includes the
standards that must be met by water discharged
from King Bay.

Extract from submission

NH3 – ammonia

CH4 – methane

N2O – nitrous oxide

The Preliminary Air Quality and Dust Management Plan will be amended and finalised during the works
approval process and prior to construction. The finalised version will include the following acronyms:

All relevant Commonwealth Ministerial Conditions will be incorporated into the final Management Plan.

The Preliminary Aboriginal Heritage Management Plan will be amended and finalised following the works
approvals process and prior to construction. The finalised version will be amended to include reference to
national heritage in addition to Aboriginal heritage.

No specific management plan will be developed for National Heritage, but this will be taken into account
throughout the Construction Environmental Management Plan and Operational Environmental Management
Plan. In particular, national heritage issues are addressed in the Aboriginal Heritage Management Plan, Air
Quality and Dust Management Plan, Traffic Management Plan and Noise Management Plan.

The Water Corporation have indicated they will not accept wastewater that will result in a violation of the
ANZECC guideline trigger values for the protection of 99% of species at the edge of the outfall mixing zone
(ANZECC guideline criteria is provided in Annex F). Following detailed design, and prior to construction,
BNPL will discuss and finalise water quality conditions for the TANPF with the Water Corporation and the
Western Australian (WA) Department of Environment and Conservation (DEC). Those discussions will
consider the existing Water Corporation Part IV ministerial conditions (Ministerial Statement No.594 – based on
Ministerial Statement No.567), which also refer to the ANZECC guideline trigger levels, and the results that can
be achieved given progress in detailed design.

A complete list of effluents (including expected contaminants) to be discharged to both the Water Corporation
and evaporation ponds is provided in Annex E.

The only discharge to Water Corporation will be blow-down from the sea water cooling tower and purified
process condensates from the AN solution plant which will be discharged to King Bay via the Water
Corporation’s MUBRL. The total annual discharge to the Water Corporation will be approximately 3,100 ML/y
of which sea water blow-down will constitute approximately 97%, with the remaining 3% to be purified process
condensate. There will be no discharge of water from any of the TANPF ponds to the Water Corporation, with
all water in these ponds to be evaporated.

Mitigation measures will be in place to protect fauna from the pond as described in 9p. Disposal of pond salts
will be in accordance with all statutory requirements and refined with DEC through the works approval
process.
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Management
Plans

Management
Plans

Management
Plans

9x

9y

9z

Management
Plans

Management
Plans

9w

9aa

Management
Plans

Submitter Topic

9v

Item

The Preliminary Terrestrial Vegetation and Flora
Management Plan will require more specific
information on the nature and timing of visual
monitoring of vegetation disturbance (see Section 9
of the PER). The flow chart should also be clearly
labelled as Vegetation Management Contingency, as
well as Flora (see p.7 of management plan).

There appears to be an error in the Preliminary
Terrestrial Fauna Management Plan, under
Reporting – ‘Reporting will identify opportunities
for continuous improvement in flora [should say
fauna] management on the site’.

In the Preliminary Erosion Control and Stormwater
Management Plan, please provide more information
on acceptance criteria for hydrocarbons, as there
needs to be an appropriate benchmark for testing
purposes.
Reporting
should
also
identify
opportunities for continuous improvement in
vegetation management on-site.

The Preliminary Waste Management Plan will
require more specific information on the nature and
timing of monitoring, to ensure mitigation
requirements are met.

The Preliminary Traffic Management Plan will
require more specific information on the nature and
timing of monitoring to ensure mitigation
requirements are met.

For
the
Preliminary
Emergency
Response
Management Plan, please note that any postemergency monitoring in relation to an emergency
which impacts upon a matter of national
environmental significance (NES) will require
consultation with DEWHA. Reporting on such an
incident would also need to be made available to
DEWHA.

Is the use of N2O here an error? Should this say
NO2? Please also provide more detail on the
monitoring interval for stack sampling in Table 5

Extract from submission

The Preliminary Terrestrial Vegetation and Flora Management Plan will be finalised prior to construction. The
finalised version will include further details of the vegetation disturbance monitoring. The final version will
also be amended to label the flow chart 'Terrestrial Vegetation and Flora Management Contingency'.

The Preliminary Terrestrial Fauna Management Plan will be amended and finalised following the works
approvals process and prior to construction. The finalised version will be amended to state ‘Reporting will
identify opportunities for continuous improvement in fauna management on the site’.

The Preliminary Terrestrial Vegetation and Flora Management Plan will be amended and finalised prior to
construction. The finalised version will include a statement regarding reporting to identify opportunities for
continuous improvement in vegetation and flora management.

The water quality criteria and conditions for discharge of wastewater to the Water Corporation facility will be
agreed with Water Corporation, including for hydrocarbons.

The Waste Management Plan will be finalised prior to construction and will include reference to monitoring to
ensure mitigation measures are met.

The Traffic Management Plan will be finalised prior to construction and will include reference to monitoring to
ensure mitigation measures are met.

The Preliminary Emergency Response Management Plan will include reference to informing DEWHA of any
impacts to matters of NES.

Equipment will be installed to monitor N2O in the nitric acid tail gas, and will be measured continuously using
a dedicated analyser.

The use of N2O is not an error. Emissions of N2O (a greenhouse gas), refer Section 8.8 of the PER, will be
measured for compliance with the National Greenhouse and Energy Reporting Act 2007 (NGER) regulations.

NEPM – National Environmental Protection Measure.
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Management
Plans

9ab

10c

10b

10a

Heritage Act

Compliance with

Rock art

Aboriginal
Heritage

Heritage Act

Compliance with

Extract from submission

Please confirm if there will be a separate
rehabilitation plan, or if rehabilitation measures will
be included in a final Terrestrial Vegetation and
Flora Management Plan (see note on p.7 of
Terrestrial Vegetation and Flora Management Plan).

Text within the PER (as opposed to the Preliminary
Aboriginal Heritage Management Plan) does not
clearly demonstrate intent to comply with the
Aboriginal Heritage Act 1972 (AHA). For example,
the PER states that none of the registered engraving
sites are located inside Site D (p78 of the PER).
However, it is not only engravings that are protected
under the AHA. Other types of sites such as artefact
scatters and middens are also protected and should
not be disturbed without approval from the Minister
for Indigenous Affairs.

The statement that none of the registered engraving
sites are located inside Site D is incorrect. Sites 11722
and 19473, which are registered engraving sites are
within Site D, as well as Site 19212L. This sentence
should be deleted from the PER.

BNPL has also not applied for a s18 approval to
disturb the land.

Some heritage surveys have been conducted (p49,
PER), however, the reports have not been received
by the DIA. The PER suggests consultations with
Traditional Owners have included heritage surveys
by Kellie Hill Consulting Pty Ltd (KHC) from
December 2008 and ongoing. DIA has not received
reports from those surveys. PER therefore needs to
contain a statement that BNPL will provide those
reports to DIA.

Department of Indigenous Affairs (DIA)

Submitter Topic

Item

BNPL does intend to comply with the Aboriginal Heritage Act 1972 (AHA) and will seek s18 approval to disturb
any sites which it cannot avoid during construction of the plant.

Based on consultation with heritage specialist KHC, there are three artefact scatters located within the proposed
plant area. One of these can be avoided and S18 approval is being sought in relation to the other sites. There
are no engraving sites within Site D.

BNPL will provide these reports to DIA as part of the s18 application.

Consultation with DIA has commenced with an s18 application being lodged on 21 May 2010.

Where appropriate, measures associated with decommissioning will be included in the final Terrestrial
Vegetation and Flora Management Plan, as stated in Annex G of the PER.

All health, safety and environment issues will be addressed in the DEMP and the appropriate government
departments consulted on the proposed approach around the time of decommissioning.

Annex G

9j

Response

PER

BNPL's will prepare a stand alone Decommissioning Environmental Management Plan (DEMP) to be developed
prior to decommissioning in line with the decommissioning standards of the day and in consultation with the
relevant state and federal regulatory authorities. This will address manners of rehabilitation of the site in
compliance with relevant guidelines at the time of decommissioning.

Reference

Please see 9j for details on decommissioning.
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10h

Compliance with

10g

Aboriginal
Heritage

Visual Impact

Heritage Act

Aboriginal
Heritage

Heritage Act

Compliance with

10f

10e

Compliance with

10d

Heritage Act

Submitter Topic

Item

Section 8.4.7 of the PER should recommend that
additional visual amenity mitigation measures take
place, and specifically that there will be investigation
of planting of vegetation around Site D to mitigate
visual impact, in particular on Deep Gorge

Table 8.38 of the PER should include under the
mitigations measures for Indigenous heritage:
statements that heritage surveys have been
conducted and are continuing to take place with
Traditional Owners and that either BNPL will
provide reports to DIA so that a s18 is not required,
or an s18 will be undertaken

Figure 7.20 of the PER is confusing. It does not
include rock engraving site 19212L. It is not
appropriate to have a map that only shows
engraving sites, this should be removed or altered

It appears that the currently planned footprint of the
plant could affect Sites DIA19226 and DIA19212.
Information included also suggested the plant
footprint is on top of Site DIA23383, which is a
closed area. Further clarification is needed.

BNPL has yet to engage in discussions with the DIA
regarding undertaking the approval process.

Extract from submission

The area to the south of the plant is classified as hyper-saline and therefore is unlikely to support deep-rooted
vegetation. This is supported by the lack of this type of vegetation found occurring on the Burrup Peninsula.
Further details are given in the response to comment 8e.

Section 8.4.9 of the PER describes the visual mitigation measures which are likely to be effective for the TANPF.
It is considered unlikely that the Burrup Peninsula is able to support naturally occurring tall vegetation or
vegetation which would offer natural screening.

Heritage surveys have been conducted and a s18 approval is being sought for those sites that will be impacted.

An updated map, including the actual offsite location of DIA site 19212 is provided in Annex D (Figure D.2) of
this report.

DIA site 19212 was not included on the map (Figure 7.20) due to the incorrect mapping of this site by the DIA as
described in detail in response 10e, as no rock art exists within the proposed TANPF site, nor will any be
disturbed as a result of the proposal.

The map provided in the PER (Figure 7.20) was prepared at the request of the Commonwealth Department of
the Environment, Water, Heritage and the Arts (DEWHA) to provide details of rock art within the National
Heritage area. Figure 7.19 of the PER provides all heritage sites within or overlapping the proposed TANPF site.

As described in detail in response 10b, a s18 approval is currently being sought in relation to two artefact
scatters within the TANPF footprint.

The northern most portion of artefact scatter DIA 19226 will be impacted by the plant area. DIA 23383 is outside
the Site D area and will not be impacted.

The actual position of DIA19212 falls outside the planned plant area and will not be disturbed by the proposed
Project. An updated map, including the actual offsite location of DIA site 19212 is provided in Annex D (Figure
D.2) of this report. The updated location does not contain a buffer around this site location, as the DIA is
responsible for instating buffers and the DIA is yet to make a decision to alter the DIA register with the revised
location. Further consultation with DIA is currently being undertaken to confirm the correct location of this site
and that it will not be impacted.

DIA19212 (a rock art site made up of two small engravings and a standing stone) has been identified as being
incorrectly mapped by the DIA register by a March 2010 heritage survey (a copy of this heritage report was
lodged to DIA on 23 April 2010).

BNPL commenced discussions with DIA to ensure it complies with the AHA in May 2009. Meetings between
Kellie Hill Consulting (KHC) and Megan McCorry from the DIA were held in May and June 2009. More
recently in March 2010 KHC has been in contact with Jeremy Elliot of the DIA. A meeting to discuss the s18
application was undertaken on 13 May 2010. KHC has been providing fortnightly email updates to DIA in
relation to the progress of consultation meetings, surveys and other s18 matters.
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10k

Indigenous
Housing

Traffic

Rock Art

10i

10j

Submitter Topic

Item

The studies include colour contrast, spectral
mineralogy, ambient air quality and rock
microbiology monitoring

Recommendation that the Burrup User Group
(BUG) develop a coordinated rock art/air
quality monitoring program

That Traditional owners are consulted about
whether rock art monitoring should be
continued

•

•

•

The Burrup and Maitland Industrial Estates
Agreement (BIMIEA) requires proponents to
develop an indigenous employment strategy. DIA
suggest that part of this strategy could be to provide
housing for employees taken on by the company.

In addition to bussing in and out personnel and
conducting cultural awareness training, DIA suggest
that there be Codes of Conduct for all BNPL
employees and contractors to instruct that severe
disciplinary measures will be imposed upon anyone
found interfering with Aboriginal heritage sites and
would be liable under AHA and EPBC Act

a statement that BNPL will contribute
financially to continued rock art and air quality
emissions studies by the Burrup Rock Art
Monitoring
Management
Committee,
particularly at sites 5 and 7

•

Section 8.7.11 of the PER should include mitigation
measures that include the reinstatement of the
Burrup Rock Art Monitoring for dust levels,
particularly for sites 5 and 7 (measuring sites either
side of Site D). This would involve:

Given that dust levels have been elevated in the past
and will be elevated more by the TANPF,
particularly during construction, DIA believes this
requires further investigation.

Extract from submission

BNPL will co-develop an indigenous employment strategy with key indigenous stakeholders on the Burrup in
line with the current BIMIEA guideline for indigenous employment.

BNPL will have in place strict procedures for management of site personnel and management of heritage sites,
both behavioural (through induction and training) and through physical barriers (fencing off significant areas).
BNPL understand the requirements under the AHA and EPBC Acts, and will include this in training and
induction.

• It is the responsibility of the Burrup Rock Art Monitoring Management Committee to liaise with
stakeholders.

• BNPL will consider becoming a member of the Burrup User Group (BUG). BNPL believes that the BUG is
aware of the CSIRO monitoring program and the members of BUG will make a decision on whether they
would support a coordinated rock art/air quality monitoring program in the future.

• The studies to be conducted will be decided-on by the decision-makers for this monitoring program.

• BNPL have provided financial support of the CSIRO monitoring program in the past, and will consider
supporting the program into the future.

In addition adding combustible materials could increase safety and security risks (eg. fire risk). The Proponent
would prefer not to add uncontrolled risk to the site by adding combustible materials.
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Indigenous
Housing

10l

The DIA recommends including a statement that
BNPL will consult with the Murujuga Aboriginal
Corporation, Traditional Owner groups and DIA to
determine whether they can provide any assistance
in regard to housing as part of the Indigenous
employment strategy provided for by the BMIEA

Extract from submission

BNPL is to engage (as consultants) up to 4
Ngarluma people, as nominated by NAC board
from time to time, to operate as Environmental
Monitors attending environmental surveys,
inspections and audits during all phases of work

•

The nominated NAC monitors must be included
by the proponent in the planning, consultation
and proponents decision making process
associated with all environmental surveys,
audits, inspections and preparation of
environmental reports to government agencies

CHEMP is implemented in partnership with
NAC during construction, operation and closure

•

•

NAC to prepare CHEMP and then settled in
consultation with BNPL

•

Consultation

Heritage

Monitoring

All management plans, including the CHMP, will be developed in line with statutory Government guidelines.

BNPL would include the NAC in its consultations to develop a Cultural Heritage Management Plan (CHMP)
but as other indigenous groups with traditional links to the area are not part of the NAC allowing the NAC to
develop the CHMP would deprive these groups of any involvement.

NAC recommend that a Cultural Heritage and
Environmental Management Plan (CHEMP) is
developed (within the proponents proposed
environmental management system set out in the
PER) which should include:

11b

Management
Plans

Consultation

11a

This statement is not correct. Attempts to consult with the NAC commenced in July 2009 and have continued to
date. A timeline showing these attempts can be provided if required. BNPL has successfully engaged with two
other groups who have traditional links to the area and has attempted to engage with NAC on a similar basis.
BNPL remains open to consulting with the NAC and would be prepared to work with them to develop a
Cultural Heritage Management Plan (CHMP) for the project.

BNPL will determine the most appropriate manner to meet its obligations under the BIMIEA agreement and
whether there are opportunities for the employment of the indigenous personnel in this process.

BNPL have had extensive consultation with LandCorp and other parties regarding the timely availability of
land for the construction of staff housing in Karratha.

BNPL Summary Response

Given the heritage significance of all Ngarluma
Country, BNPL has to demonstrate that it has
properly considered how to minimise any adverse
impact by the proposal on heritage values. Given
BNPL's failure to consult to date with NAC about
the Project, it cannot demonstrate that any
Aboriginal heritage matters have been considered or
addressed. NAC notes that it is one of the
stakeholders listed in the proponents PER document
as being consulted. NAC has not been consulted.

Ngarluma Aboriginal Corporation (NAC)

Submitter Topic

Item
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Consultation

Heritage

Monitoring

Management
Plans

Submitter Topic

Explosion

Management
plans

12a

12b

National Trust

11c

Item

The proponent is to meet 6 monthly with the
NAC board to review the construction,
operation and closure of the project.

BNPL must construct, operate and close the
project carrying out recommendations of NAC
that are affordable to BNPL, consistent with
environmental best practice and not in direct
contravention with regulatory conditions.

BNPL must resource the costs of compliance
with, and operation and implementation of
these conditions (above) including the costs for
NAC and its heritage, environmental, legal and
other advisors and consultants.

Prior to commencement BNPL is to have an
agreement with NAC that incorporates the
above 10 conditions

•

•

•

•

A single holistic management regime, uniting the
cultural and environmental strategies of the listed
place and the surrounding industrial land is
required. This would require an independent
committee to oversee the implementation and
evaluation of the management plan.

There is the potential for accidental or deliberate
explosive reaction that could directly impact the
National Heritage listed place

NAC recommend that the Heritage and
environmental management plans include the
creation and ongoing operation of a joint
environmental management board comprising
BNPL, NAC environmental and heritage consultants
and NAC and Ngarluma people representatives

All reports and management plans are to be
provided to NAC to review and approve prior
to finalisation between BNPL and NAC

•

Extract from submission

External monitoring and compliance reporting will be agreed with DEC during the works approvals process.

Although the PER includes a number of separate preliminary management plans, these will be refined prior to
construction and operation of the TANPF and will (where appropriate) be incorporated into the development of
a comprehensive Construction Environmental Management Plan (CEMP), Operational Environmental
Management Plan (OEMP) and Decommissioning Environmental Management Plan (DEMP).

Please see responses 1c, 1f, 5b, 5c, 5d and 5h for discussion on this issue.

BNPL will develop all management plans in accordance with statutory guidelines, and where relevant, through
direct consultation with statutory bodies.
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Submitter Topic

Extract from submission

Rock Art

Traffic

Aboriginal
Heritage

14b

14a

Documentation

Risk

Woodside Energy Ltd

13b

13a

BNPL incorrectly identifies the location of the Pluto
LNG Project in Figure 5.1

Woodside request a copy of the risk assessment be
provided for the purpose of providing further
comment to the OEPA once the risk assessment is
complete

RWAHS request more information from BNPL on
the nature and extent of the 'moderate' impacts
associated with traffic from the project

RWAHS want to ensure that BNPL complies with
the AHA

Royal Western Australian Historical Society (RWAHS)

Item

Impact on rock art as a result of air emissions.

•

Facility traffic on common-user roads during times of heavy use (such as during ‘rush hour’ on the
Causeway) will be reduced by staggering start/finish of TANPF shift times.
Product transport vehicles will operate under stringent safety procedures, taking into account number of
driving hours to prevent driver fatigue, the risk of accidents and any risk of spills.
All workforce for both construction and operation will be bussed to and from the Site to avoid significant
traffic impacts.

•
•
•

Noted. Due to this area of the Burrup Peninsula being well outside any potential zone of influence, this minor
location change does not impact on the findings of the PER.

The WA Minister for Environment has confirmed (see Appeals Convenor decision - Appeal 224-228 of 2008)
that the OEPA no longer reports on risk as an environmental factor and, consequently it is appropriate that this
issue is dealt with through the DMP. BNPL believe this issue is being appropriately addressed through the
CQRA process.

A CQRA has been developed and eventually a detailed Quantitative Risk Assessment will also be developed in
conjunction with DMP. DMP will approve the CQRA for the TANPF in accordance with the relevant legislation.

Section 8.10.4 of the PER describes the potential impact of traffic on rock art as 'moderate'. The management
measures described above will ensure the magnitude of potential impacts to rock art through traffic volumes
and the increase of people in the area is considered small. As discussed in Section 8.7 (air quality), although the
CSIRO indicates that the risk to rock art from air emissions is low, given the heritage value, the sensitivity is
factored as high. As such, using the matrix shown in Figure 6.3 of the PER, the significance of potential impacts
is considered Moderate.

A Traffic Management Plan will be developed in consultation with local authorities (eg. Main Roads).

•

This is recognised as a risk and the following mitigation measures will be in place:

Increased risk of vandalism or graffiti or

•

The impact assessment identified that disturbance of Aboriginal Heritage may occur as a result of increased
human traffic, such as:

BNPL are committed to full compliance with the AHA. See responses 5j and 10a to 10g.
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Submitter Topic

15g

15f

15e

15d

15c

15b

15a

Tourism

Location

Air Emissions

Location

National
Heritage

Location

World Heritage

Location

Rock Art

National
Heritage

World Heritage

Location

Rock Art

Extract from submission

The TANPF should be relocated away from the
Dampier Archipelago (including the Burrup
Peninsula) due to tourist and recreational areas will
be affected by loss of amenity

The TANPF should be relocated away from the
Dampier Archipelago (including the Burrup
Peninsula) due to elevated and cumulative airborne
emissions impacting on the petroglyphs

The TANPF should be relocated away from the
Dampier Archipelago (including the Burrup
Peninsula) due to National Heritage values of the
surrounding area

The TANPF should be relocated away from the
Dampier Archipelago (including the Burrup
Peninsula) due to World Heritage values attributed
to the area

The proximity to the National Heritage listed area
has the potential to destroy some of the most
significant rock art on the Burrup Peninsula

It is inappropriate and irresponsible to consider any
further industrial development on the Burrup
Peninsula until World Heritage has been accepted or
rejected. The TANPF should be rejected at any
location on the Burrup Peninsula, or indeed the
Dampier Archipelago National Heritage area.

There are insufficient procedures in place to protect
the ancient Burrup Rock art from what is deemed
'moderate
negative
impact'.
Any
further
development will affect the integrity of the rock art
and the recreational amenity of the area

Pro-Forma B and Doc125092

Item

Please see responses 5m, 5o, 6g, 6h and 6j for discussion on this issue.

Please see responses 1d, 2b and 5i for discussion on this issue.

Please see responses 1d, 5i, 5l, 6g, 9k, 9m and 9n for discussion on this issue.

Please see responses 5l and 15b for discussion on this issue.

Please see responses 1d, 5i, 5l, 6g, 9k, 9m and 9n for discussion on this issue.

As discussed in detail in response 5l the Burrup Peninsula is not currently recognised as, or being considered
for, World Heritage listing.

The site BNPL currently propose to utilise is zoned ‘Strategic Industrial’ under the Shire of Roebourne Town
Planning Scheme 2008.

Please also see responses 1d, 5i, 5l and 6g for discussion on this issue.

BNPL believe that with the location of the TANPF, use of Best Available Technology (BAT) and the
management and mitigation measures outlined in the PER (see Sections 8.7, 8.10, 9.6, Annex G and Annex N)
sufficiently mitigate impacts on the surrounding rock art/Aboriginal heritage sites and local recreational sites
(eg Hearson Cove and Deep Gorge).
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Location

15i

Flora

Flora

15l

15m

Flora

Flooding

Location

15k

15j

Location

15h

Aboriginal
Heritage

Submitter Topic

Item

There is no evidence that the samphire associations
(mapped by Astron at the adjacent BFPL site) occur
elsewhere locally or within the region

The level 1 flora survey has not adequately mapped
the vegetation associations at the site and the
Trudgen (2002) mapping on which the vegetation
mapping is based, does not include the samphire
associations. Astron (2001) identified 24 vegetation
associations on the adjacent BFPL site. The broad
level of vegetation descriptions provided in the PER
are not adequate for the purpose of conducting a
conservation assessment.

The vegetation in the Level 1 Flora and vegetation
survey for the PER is not adequately mapped and
flora has not been adequately searched for.

The TANPF should be relocated away from the
Dampier Archipelago (including the Burrup
Peninsula) due to flooding impacts associated with
cyclonic tidal surge and sea level rise

The TANPF should be relocated away from the
Dampier Archipelago (including the Burrup
Peninsula) due to no site assessment of heritage
values involving a determination by the DIA

The TANPF should be relocated away from the
Dampier Archipelago (including the Burrup
Peninsula) due to the land zoning of the area no
longer being applicable, being in conflict with
current and future heritage values

Extract from submission

See response to comment 15n.

Similarly in relation to the number of vegetation communities mapped, it is considered that the Trudgen
mapping provides an adequate basis to conduct an assessment.

Consistent with a Level 1 flora assessment, and taking into consideration the extent of current information
relevant to the site, the vegetation survey was not intended to be a complete flora census of the site but was
designed to ensure that an adequate assessment of the conservation significance of the sites vegetation could be
conducted. It is believed that the PER has provided sufficient information to achieve this.

Section 7.9.5

15n

Responses

15n and 15o

Responses

Annex I

PER

The flora survey was completed by an appropriately experienced botanist and it was considered that mapping
of the Dampier Peninsula completed by Trudgen (2002) provides an accurate representation of the major
vegetation units present on the site. Further, it is considered that this mapping provides an accurate basis on
which to complete an impact assessment. Based on the Trudgen (2002) vegetation descriptions and the
mapping completed by Astron (2001) the samphire vegetation types described in the submission have been
assessed as occurring within the vegetation type Sm ( saline inlet and supra-tidal flats). The PER considers the
impact of the proposal on this vegetation type as it is considered to represent a regionally significant vegetation
type (Section 7.9.5). It was concluded that while approximately 7.6 ha, or 8% of this community's current known
distribution would be disturbed, 56% of this community would continue to persist with the proposed Burrup
Conservation Reserve.

5k and 6e

Response

5j

Response

1b, 5i, 5k,
15b, 15c, 15d
and 15e

Responses

Reference

Response to comment 15n and 15o:

A level 1 flora and fauna survey is considered sufficient given the volume of existing information regarding the
flora and fauna species and habitats within areas surrounding the Site. In addition preliminary site analysis
determined that the Site was unlikely to support significant flora or fauna habitats that would warrant further
investigation. Following completion of the PER, it is evident that the assessment has adequately considered the
conservation significance of flora and vegetation known to, or considered to potentially occur within the site.

Please see responses 5k and 6e for discussion on this issue.

Please see response 5j for discussion on this issue.

Please see responses 1b, 5i, 5k, 15b, 15c, 15d and 15e for discussion on this issue.

BNPL Summary Response
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Flora

Flora

Air Emissions

Amenity

15p

15q

15r

15s

Recreation

Flora

Flora

15n

15o

Submitter Topic

Item

In conjunction with the already operational BFPL
site, a new industrial plant in closer proximity to the
beach will further degrade the beach for its users

The TAN PER lists emissions but there is no
indication of the cumulative emissions of the TANPF
and surrounding projects and proposed projects

The flora and vegetation survey conducted over the
TANPF site for the PER is not adequate and should
not be accepted by OEPA or DEC

Astron and Morgan both identified the priority 1 sp
Stackhousia clementii as being present on the adjacent
BFPL site, yet the PER does not mention this species
at all.

Other Chenopod taxa which are likely to occur
within the site have not been included in the flora
list.

Tecticornia sp. has been renamed and some are still
being described, the flora list provided in the PER
lists a single Tecticornia sp. however 3 different
Tecticornia sp. have been identified on the adjacent
BFPL site and is not considered appropriate to
lump these 3 species, and possibly a 4th new species
into the description of Tecticornia sp.

Extract from submission

Section 8.10

5m, 6g, 6i
and 6j

Responses

Section 8.4

In terms of visual amenity, impact on users of Hearson Cove beach have been assessed as not significant to
moderate, with views looking west towards the TANPF from Hearson Cove beach mostly filtered by the
existing dune system of Hearson Cove. The majority of the viewers will be oriented towards the Hearson Cove
Beach and Nickol Bay, away from the TANPF. Where the TANPF will be visible from Hearson Cove beach, the
existing BFPL Ammonia plant will also be visible and it is considered that the TANPF will not have an
additional adverse impact on recreational amenity.

PER

Section 8.7.12

Section 8.7.8

PER

Annex I

PER

Section 8.3.2

Section 7.9.2

PER

Annex I

PER

15m

Responses

Annex I

Section 7.9.5

PER

Reference

Visual and recreational amenity is discussed in further detail in responses 5m, 6g, 6i and 6j.

Impacts on visual and recreational amenity is discussed and addressed in Sections 8.4 and 8.10 of the PER.

Predicted hourly pollutant concentrations (both incremental and cumulative) at sensitive receptors, under
routine and non-routine operations, have indicated that the TANPF will meet the ambient air quality criteria for
NO2 and NH3 (Section 8.7.12).

Section 8.7.8 of the PER discusses the nature of the cumulative emission assessment undertaken as part of the
worst case screening dispersion modelling assessment. This included an assumption of a 300% increase in
existing concentrations from those monitored in 1999. The AQMB considered this assumption appropriate and
in-keeping with the conservative nature of the screening assessment that was undertaken.

The flora survey was conducted by an appropriately experienced botanist. Based on the extent of available flora
and vegetation information for the Burrup Peninsula a level 1 survey is considered to be appropriate to support
the impact assessment. The level 1 survey report and PER provides an adequate assessment of the conservation
significance of the site and provides a sound basis for conducting an impact assessment.

Stackhousia Clementii was considered within the PER (Section 7.9.2) and was deemed unlikely to occur within the
site (Section 8.3.2, Table 8.3 of the PER). In review of available documentation to support the PER, ERM did not
find records of the species previously being recorded on the Burrup Peninsula.

The level 1 flora survey was not intended to be a complete flora census. The Trudgen mapping of the site
describes the key flora species present within each vegetation community, including various Chenopod taxa.

The level 1 flora survey was not intended to be a complete flora census. The identification of Tecticornia sp.
within the site is adequate to provide a broad understanding of the presence of this genus within the site. For
further details, please see response to comment 15m.
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Submitter Topic

Documentation

Wastewater

16c

Documentation

16b

16a

Water Corporation

Item

that have provided appropriate toxicity and
environmental fate data for all components of
the effluent to the satisfaction of the
DEP/OEPA; and

which only utilise DEP/OEPA approved
process additives (eg antiscalants, corrosion
inhibitors etc).

2)

3)

•

indicate whether BNPL has undertaken toxicity
and environmental fate tests for the wastewater
streams it proposes to discharge through the
Water Corporation’s MUBRL;

Based on the above, can the proponent:

Furthermore, the Water Corporation will not accept
wastewater streams that will result in violation of
the ANZECC guideline trigger values for the
protection of 99% of species at the edge of the outfall
mixing zone.

for which licence and/or Ministerial
Conditions have been issued (Part IV or V of
the EP Act);

1)

Commitment 6 of Ministerial Statement No. 594
states that brine and wastewater effluent will only be
accepted from industrial process plants:

Section 5.6.6 of the PER states that Annex F contains
Water Corporation Ministerial Conditions. Annex F
contains the proposed drainage design and does not
include a copy of the Ministerial Statement.

The PER makes reference to Water Corporation’s
Ministerial and licence conditions. Please note that
the Burrup Desalination Plant does not require
approval under Part V of the Environmental
Protection Act 1986 for operation and is therefore
not subject to licence conditions.

Extract from submission

Further information on BNPL’s wastewater discharge is discussed in 9r.

BNPL is confident that the wastewater to be discharged to the MUBRL is non-contaminated and the discussions
referred to above (with the Water Corporation and the DEC) will establish appropriate and achievable trigger
levels. A complete list of effluents (including expected contaminants) to be discharged to both the Water
Corporation and evaporation ponds is provided in Annex E.

Toxicity and environmental fate data for all components of the effluent have not been undertaken and do not
form part of the scope of this PER. The seawater will be treated to avoid growth of algae in piping and process
equipment (refer Annex E in this Response to Submission report).

The Water Corporation have indicated they will not accept wastewater that will result in a violation of the
ANZECC guideline trigger values for the protection of 99% of species at the edge of the outfall mixing zone
(ANZECC guideline criteria is provided in Annex F). Following detailed design, and prior to construction,
BNPL will discuss and finalise water quality conditions for the TANPF with the Water Corporation and the
Western Australian (WA) Department of Environment and Conservation (DEC). Those discussions will
consider the existing Water Corporation Part IV ministerial conditions (Ministerial Statement No.594 – based on
Ministerial Statement No.567), which also refer to the ANZECC guideline trigger levels, and the results that can
be achieved given progress in detailed design.

The only discharge to Water Corporation will be blow-down from the sea water cooling tower and purified
process condensates from the AN solution plant which will be discharged to King Bay via the Water
Corporation’s MUBRL. There will be no discharge of water from any of the TANPF ponds to the Water
Corporation.

Please also see response 9r.

BNPL would like to correct an error in Section 5.6.6 and Annex F of the PER which contains only the proposed
drainage design. The Water Corporation's Part IV ministerial conditions (Ministerial Statement No.594 – based
on Ministerial Statement No.567) for discharge of water to King Bay can be found in Annex F of this report.

BNPL note this correction.

BNPL Summary Response

9r

Responses

9r

Responses

Annex F

Section 5.6.6

PER

Reference
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Wastewater

Wastewater

16e

Submitter Topic

16d

Item

demonstrate that BNPL can meet waste
avoidance and minimisation principles with
respect to minimising toxicants and nutrient
loads at source.

•

BNPL will include commissioning activities and relevant disposal options and management measures in the
OEMP. Monitoring regimes for wastewater streams will be agreed with the DEC as part of the Works Approval
process and discussions with the Water Corporation. Further details around wastewater discharge and
potential contaminants are provided in responses 9r and 16c.
A contingency plan will be produced to address a reduction in load if agreed criteria for BNPL are not met.
However, if BNPL are within their limits and Water Corporation for any reason has a problem with their limits,
BNPL believe that the party causing the problem should be requested to reduce their load.

commissioning activities;

the monitoring regime of wastewater streams;

disposal options of wastewater streams; and

•

•

•

the Preliminary Waste Management Plan
indicates that a wastewater monitoring
programme will be developed and implemented
following final detailed design and that water
from the clean surface water pond and seawater
blow down will be tested, treated and confirmed
as meeting Water Corporation and OEPA
acceptance criteria before its release off-site to
Water Corporation

•

BNPL confirms that a wastewater monitoring programme will be developed and implemented prior to
construction and that seawater blow down and purified process condensate will meet Water Corporation and
OEPA acceptance criteria prior to release to Water Corporation (as per Reference Number PWMP-19 (reference
relates to operations), Annex G of the PER). No water from the clean or contamination evaporation ponds will
be sent to the Water Corporation, with all water in these ponds to be evaporated.

BNPL confirms that all wastewater streams will be monitored, including the clean surface and contaminated
surface water ponds, as per reference number PWQMP-2 in Annex G of the PER.

BNPL would like to correct a typographic error in Section 2.2.1. The Works Approval is currently being sought
under category 31, being a chemical manufacturing premises (other than premises within Category 32) on
which more than 100 tonnes per year of chemical products are manufactured by a chemical process.

BNPL Summary Response

The Water Corporation recommends that a
condition be imposed on the Works Approval for a
Commissioning Plan to be submitted to the DEC,
prior to commissioning, that details:

the Preliminary Water Management Plan
indicates that the proponent will monitor all
wastewater streams in accordance with agreed
parameters to be determined and finalised
following detailed design and through the
Works Approval process.
This includes
monitoring of the clean surface and
contaminated surface ponds; and

•

In addition, the PER states that:

The PER (Section 2.2.1) states that the Technical
Ammonium Nitrate Production Facility (TANPF)
Project is a prescribed premise and a Works
Approval will be applied for under category 52 of
the Environmental Protection Regulations, that
relates to electric power generation.

provide detail on the composition of the waste
discharges and likely toxicants within the
seawater blow down water; and

•

Extract from submission

9r and 16c

Responses

Annex G

Section 2.2.1

PER

Reference
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Wastewater

Wastewater

Security/ Safety

16g

16h

Submitter Topic

16f

Item

a contingency plan for wastewater stream
disposal. The contingency plan should also
address a reduction in load, if marine
monitoring data (water, sediment and biota)
show unacceptable impacts, or that agreed
criteria are not met.

Can the proponent provide details of management
measures that will be put in place to ensure public
safety from plant operations and safety to
surrounding sites

Prior to BNPL discharging waste streams into the
Water Corporations’ MUBRL; BNPL will be required
to establish a Burrup Peninsula Industrial Water
Service Agreement with the Water Corporation. As
part of this agreement issues that will be addressed
include shutdown for maintenance and the
installation of online continuous monitoring by
BNPL

Has the proponent given consideration to reuse/recycling of water on site to reduce the amount
of clean surface water being discharged through the
MUBRL?

•

Extract from submission

Please see responses 1c, 1f, 5b, 5c, 5d and 5h for discussion on this issue.

BNPL understand the requirement to engage with the Water Corporation and to enter into a Service
Agreement. BNPL understand discussions will include those related to monitoring and MUBRL maintenance
shutdown. The type of monitoring system used by BNPL will be a result of the discussions with Water
Corporation.

Sea water will be supplied by the Water Corporation and shall be used solely as make up water for the sea
water closed loop cooling towers. Desalinated water will be provided from BFPL and will be used for fire
fighting and utility stations and for the closed loop fresh water cooling system. The cooling requirements of the
process elements within the TANPF will be partially provided by a closed loop fresh water cooling system.
However, clean surface water, ie. rainwater, will not be recycled but directed to the clean surface water pond for
evaporation.

The TANPF already has inherent recycling opportunities included in the design.

BNPL Summary Response

1c, 1f, 5b, 5c,
5d and 5h

Responses

Reference

4
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5

GLOSSARY
Term

Definition

%

Percent

°
°C
AHD
AN
ANFO
Barg
BAT
BFPL
BIMIEA
BNPL
CALM
CEMP
CH4
CO2
CQRA
CSIRO
DEC
DEWHA

Degrees
Degrees Celsius
Australian Height Datum
Ammonium Nitrate
Ammonium Nitrate plus Fuel Oil
Gauge pressure in Bars
Best Available Techniques
Burrup Fertilisers Pty. Ltd.
Burrup and Maitland Industrial Estates Agreement
Burrup Nitrates Pty. Ltd.
Conservation and Land Management
Construction Environmental Management Plan
Methane
Carbon dioxide
Coarse Quantitative Risk Assessment
Commonwealth Scientific and Industrial Research Organisation
Department of Environment and Conservation (WA)
Department of Environment, Water, Heritage and the Arts (Formerly
Department of Environment and Water (DEW)) (Commonwealth)
Department of Indigenous Affairs (Commonwealth)
Department of Mines and Petroleum (WA) , formerly Department of Industry
and Resources
Department of State Development (WA), formerly Department of Industry and
Resources
Environmental Protection Act 1986 (WA)
Environmental Protection Authority
Environment Protection and Biodiversity Conservation Act 1999 (Cwlth)
Hectares
Health, environment and safety
Kilogram (s)
Kilolitre
Kilometre(s)
Metre(s)
Metre(s) squared
Cubic metre(s)
Cubic metre(s) per hour
Murujuga Aboriginal Corporation
Metric tonnes
Metric tonnes per hour
Metric tonnes per day
Nitrous Oxide
Nitric Acid
National Greenhouse and Energy Reporting Act 2007 (Commonwealth)
Ammonia
Ammonium
Number
Oxides of Nitrogen
Operational Environmental Management Plan
WA Office of the Environmental Protection Authority
Preliminary Documentation
Public Environmental Review
Parts per million
Quantitative Risk Assessment

DIA
DMP
DSD
EP Act
EPA
EPBC Act
Ha
HES
kg
kL
km
m
m2
m3
m3/h
MAC
MT
MT/h
MTPD
N2O
NA
NGER Act
NH3
NH4
No.
NOx
OEMP
OEPA
PD
PER
ppm
QRA
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Term
ROKAMBA
SIA
TAN
TANPF
TDS
TECs
TPA
TPS
WA
WC Act
wt%

Definition
Republic of Korea-Australia Migratory Bird Agreement
Social Impact Assessment
Technical Ammonium Nitrate
Technical Ammonium Nitrate Production Facility
Total Dissolved Solids
Threatened Ecological Communities
Tonnes Per Annum
Town Planning Scheme
Western Australia
Wildlife Conservation Act 1950 (WA)
Weight Percent
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Annex A

OEPA Summary of Public
Submissions

Annex B

Air Quality - Modelled
Incremental Ground Level
Concentrations
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Figure 1
Normal Operations:
Nitrogen Dioxide - 1 hour average;
Incremental concentrations (µg/m3);
Criterion 246 µg/m3
Environmental Resources Management Australia Pty Ltd
6th Floor, 172 St Georges Tce, Perth, WA, 6000
Telephone +61 9 321 5200
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Figure 2
Normal Operations:
Ammonia - 1 hour average;
Incremental concentrations (µg/m3);
Criterion 330 µg/m3
Environmental Resources Management Australia Pty Ltd
6th Floor, 172 St Georges Tce, Perth, WA, 6000
Telephone +61 9 321 5200
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Figure 3
Upset Operations:
Nitrogen Dioxide - 1 hour average;
Incremental concentrations (µg/m3);
Criterion 246 µg/m3
Environmental Resources Management Australia Pty Ltd
6th Floor, 172 St Georges Tce, Perth, WA, 6000
Telephone +61 9 321 5200
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Figure 4
Upset Operations:
Ammonia - 1 hour average;
Incremental concentrations (µg/m3);
Criterion 330 µg/m3
Environmental Resources Management Australia Pty Ltd
6th Floor, 172 St Georges Tce, Perth, WA, 6000
Telephone +61 9 321 5200

REVISED TABLES FROM PER – TABLES 8.32 & TABLE 8.33
Table 8.32

Maximum Predicted Ground Level Concentrations (GLCs) at Modelled Sensitive
Receptors – Routine Operations
Background
Cumulative
Incremental
Concentration Concentration Concentration
(µg/m3)
(µg/m3)
(µg/m3)

Criterion
(µg/m3)

% of Criterion

246
246

46.9%
47.0%

NO2 – 1 hour – Gradual Plume Rise Option
1. Searipple Road, Karratha
2. Balmoral Road, Nickol

2.5
2.6

112.9
112.9

115.4
115.5

3. Dampier

3.2

112.9

116.1

246

47.2%

4. Hearson Cove
5. Deep Gorge

4.1
3.3

112.9
112.9

117.0
116.3

246
246

47.6%
47.3%

1. Searipple Road, Karratha

2.5

112.9

115.4

246

46.9%

2. Balmoral Road, Nickol
3. Dampier

2.6
3.0

112.9
112.9

115.5
115.9

246
246

47.0%
47.1%

NO2 – 1 hour – Partial Plume Penetration Option

4. Hearson Cove

5.1

112.9

118.0

246

48.0%

5. Deep Gorge

4.7

112.9

117.6

246

47.8%

0.81
0.90

NA
NA

NA
NA

330
330

0.24%
0.27%

NH3 – 1 hour – Gradual Plume Rise Option
1. Searipple Road, Karratha
2. Balmoral Road, Nickol
3. Dampier

1.1

NA

NA

330

0.33%

4. Hearson Cove
5. Deep Gorge

3.7
3.0

NA
NA

NA
NA

330
330

1.1%
0.92%

1. Searipple Road, Karratha

1.7

NA

NA

330

0.50%

2. Balmoral Road, Nickol
3. Dampier

1.9
2.5

NA
NA

NA
NA

330
330

0.56%
0.76%

NH3 – 1 hour – Partial Plume Penetration Option

4. Hearson Cove

7.7

NA

NA

330

2.3%

5. Deep Gorge

6.9

NA

NA

330

2.08%

1. Increment: Concentration resulting from site activities at modelled sensitive receptor

Table 8.33

Maximum Predicted GLCs at Modelled Sensitive Receptors – Upset Operations
Background
Cumulative
Incremental
Concentration Concentration Concentration
(µg/m3)
(µg/m3)
(µg/m3)

Criterion
(µg/m3)

% of Criterion

128
129

246
246

52%
53%

NO2 – 1 hour – Gradual Plume Rise Option
1. Searipple Road, Karratha
2. Balmoral Road, Nickol

15
16

112.9
112.9

3. Dampier

20

112.9

133

246

54%

4. Hearson Cove

29

112.9

142

246

58%

5. Deep Gorge

22

112.9

135

246

55%

1. Searipple Road, Karratha
2. Balmoral Road, Nickol

14
16

112.9
112.9

127
128

246
246

51.7%
52.2%

3. Dampier
4. Hearson Cove

17
34

112.9
112.9

130
147

246
246

52.8%
59.7%

5. Deep Gorge

32

112.9

145

246

58.8%

1. Searipple Road, Karratha
2. Balmoral Road, Nickol

2.2
2.4

NA
NA

NA
NA

330
330

0.65%
0.73%

3. Dampier

2.9

NA

NA

330

0.89%

4. Hearson Cove

9.9

NA

NA

330

2.9%

5. Deep Gorge

8.1

NA

NA

330

2.5%

1. Searipple Road, Karratha
2. Balmoral Road, Nickol

4.4
5.0

NA
NA

NA
NA

330
330

1.3%
1.5%

3. Dampier
4. Hearson Cove

6.7
21

NA
NA

NA
NA

330
330

2.0%
6.2%

5. Deep Gorge

18

NA

NA

330

5.5%

NO2 – 1 hour – Partial Plume Penetration Option

NH3 – 1 hour – Gradual Plume Rise Option

NH3 – 1 hour – Partial Plume Penetration Option

1.

Increment: Concentration resulting from site activities at modelled sensitive receptor

Annex C
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TANPF Effluent List

TANPF EFFLUENT LIST

12

Purified process condensate

1,700
NA
NA

Air condensate from fresh air conditioning in TANPF

Rainwater from roofs

Rainwater from parking area

Total (ML/year)

m3/hr

Clean Water Evaporation Pond

Total (ML/year)

350

m3/hr

Blow down from Cooling Water System (1)

Water discharge to MURBL (Water Corporation)

ANNEX E:
kg/year

3,370,000

6,450,000

14,700,000

kg/year

104,000,000

3,000,000,000

24.6

3.4

6.5

14.7

ML/Year

may be required

Additional biocide injection (max 4,200 kg/year)
depending on the sea water quality
scale inhibitor injection (max 6,250 kg/year)
dosage 1.2 ppm

•
•

None

None

None

expected normal

No treatment with chemicals
required. All water to be evaporated.

15 ppm nitrogen (N) from ammonia (NH3) and 15 ppm N from
ammonium nitrate (AN) (NH4NO3)

The majority of the injected chemicals will be consumed in controlling
marine growth and corrosion. Furthermore, all the figures given are based
on assumption made during the concept study. Chemical injection will be
on an as needs basis and adjusted for local conditions as part of the
operation of the TANPF (i.e. if the marine growth is low, less
sodiumhypochloride / biocides will need to be injected and visa versa).
The figures mentioned above are likely maximums. BNPL will minimise
chemical use in the sea water cooling tower where possible, as long as it
does not effect the operation of the system. (1)

BNPL propose to operate a Cooling Water Treatment Program (CWTP) for
the Seawater Cooling System. The proposed CWTP will prevent scale
formation on the surfaces and control biological growth of the cooling
system. Due to seasonal change of environment, different microorganisms
can occur that require a specific product for biological fouling control. For
these, there are several products which are applicable. (1)

(1)

(1)

Oxidant biocide (Sodiumhypochloride) injection ( ~30,000 kg/year as
0.1‐0.2% NaOCl) to give 0.1‐0.2 ppm free residual oxidant in the
return water line (1)

•

Contaminants expected in discharge to the Water Corporation

Contaminants

3,104

104

3,000

ML/Year

NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

Boiler blowdown

Rain and flushing water from AN solution and prilling plant
areas

Flushing water from prilling air scrubber

Flushing water from AN solution prill treatment

Rain and flushing water from AN solution truck loading
area

Rain and flushing water from Nitric Acid (NA) plant area

Rain water from NA storage area

Leakages / rainwater cooling water conditioning

Flushing water from AN storage area

Rain and flushing water from truck Loading area

745,000

347,000

347,000

397,000

1,240,000

149,000

297,000

198,000

1,488,000

4,023,000

504,000

kg/year

9.75

0.75

0.35

0.35

0.40

1.24

0.15

0.30

0.19

1.49

4.02

0.51

ML/Year

Traces of AN

Traces of AN

None unless leakages / accidental spills

Traces of Nitric Acid

None unless leakages spills

Traces of AN

Traces of AN

Traces of AN

Traces of AN

100kg/year of Trisodium phosphate
for pH adjustment of boiler feed water.
Concentration of 10ppm

None

Contaminants

All water to be evapourated.

For neutralisation of acidic
wastes a total consumption of
200L/year of NaOH is foreseen.
For neutralisation of alkali
wastes a total consumption of
200 L/year of HNO3 is
foreseen.

All water to be evaporated.

to technology selection of each contractor) as well as following detail engineering. Despite this however, the above information is the best information available at this time.

NOTE: All figures provided are based on the concept study prepared by a contractor and based on their technology. Changes are likely to occur as a result of contractor selection (due

Total (ML/year)

NA

m3/h

Air condensate / rainwater from instrument / plant air
compressor

Contaminated Water Evaporation Pond (2)

Only in case of highly polluted water, particularly in the presence of ammonia, Nalco Actibrom 3434 or similar biocide precursor will be added by reacting with chlorine
before its injection to convert partially the chlorine to bromine. Based on present sea water analysis BNPL do not expect that this product will be required. More than
95% of this product consists of inorganic substances for which biodegradation value is not applicable. Bioaccumulation of this product is not expected (see Annex B for
Safety Data Sheet).

o

o

In addition to chlorine, or in case oxidant biocide may not be added in sufficient concentrations, feeding of non‐oxidant biocide such as Nalco 77531 may be considered
to prevent the attachment of mussels and barnacles. The organic portion of this preparation is expected to be readily biodegradable. Bioaccumulation of this product is
not expected (see Annex B for Safety Data Sheet).

To prevent the attachment of invertebrates to the surface of intake and exchangers, oxidant biocide will be added continuously or for a minimum of 20 days per month.
The dosage of the biocide must satisfy the sea water demand of 0.3 ‐ 0.5 ppm residual to be effective in the entire intake up to the supply pumps. Any biocide added by
the Water Corporation may be subtracted.

Macrofouling

o

Microfouling
o To control the microfouling growth in the cooling tower oxidant biocide is added to get 0.1 ‐ 0.2 ppm of free residual oxidant in the return water line. The optimal
amount to be added will be adjusted during operation.

The above feed rates of biocides and application periods are based on Nalco's long‐term experience with similar plants.

maintain the minimum concentration of biocides to appropriately control microfouling and macrofouling.

adjustments of biocides will be required according to type and amount of biological fouling species are present. This process will avoid over injection of biocides, and allow BNPL to

BNPL will minimise the application of biocides where possible. This will include undertaking regular checks of the biological growth of the system, which will direct what specific

required to meet the need to control biological fouling.

(BFPL ‐ BNPL’s joint venture partner who operate an Ammonia plant immediately to the west of the proposed TANPF) experience, only oxidant biocide (chlorine) is likely to be

The above products are unlike to be all used at the same time, and will be injected as required to control microfouling and macrofouling. Based on current Burrup Fertilisers Pty Ltd

•

•

The products to be used to prevent biological growth within the Cooling Water System will include the following:

Alternatively, sodiumhypochloride may be purchased as a ready made product.

macrofouling (invertebrates). Oxidant biocide (chlorine) will be produced on site by electro chlorination of sea water, the produced solution will contain 1000‐2000 ppm of bleach.

Addition of oxidant biocides (e.g. chlorine and bromine) will be required to control various possible biological growths. This will include control of microfouling (algae etc.) and

Biocide: Biological fouling control

(1) Cooling Water Treatment Program for the Seawater Cooling System

1.2 ppm based on continuous blow‐down

0.30 liters per hour for 350 m³/h blow‐down

Recommended dosage:

Feeding rate:

environment.

may occur, and these waste streams will be directed to the contaminated water pond to ensure that any accidental spill can be treated in a proper manner without impact on the

The water collected in the contaminated pond will contain traces of NH3/AN etc as it is generated by rainwater and flushing. In addition, accidental spills that cannot be predicted

(2) Contaminated Water Pond

No acid feeding is required up to a concentration ratio of 1.5 since scale control can be achieved with scale inhibitor only.

1.34 (salt ratio)

Forecasted concentration ratio:

Nalco 1393T (phosphonic acid/hydroxyethylidenediphosphonic acid)

expected.

water flow. In addition, the inhibitor slows down the crystal growth. The organic portion of the preparation is expected to be inherently biodegradable, with bioaccumulation not

inhibitor works as a crystal modifier, which disrupts the orderly growth of the scale crystals, deforms the crystal structure and makes them physically weak and transportable by the

undiluted into the cooling water basin as required. The scale inhibitor will be injected close to the suction side of the cooling water pump for rapid mixing and dispersion. The

At this stage, scale inhibitor Nalco 1393T (see Annex B for Safety Data Sheet), a phosphonic acid/hydroxyethylidenediphosphonic acid product, will be added continuously and

There is not expected to be a problem with calcium sulphate scaling.

Seawater will be concentrated by evaporation in the cooling tower. This will have a severe scaling tendency for calcium carbonate that will require the feeding of a scale inhibitor.

Scale Control

Annex F

Water Corporation
Ministerial Conditions and
ANZECC Guidelines

3 Aquatic ecosystems
3.1 Issues for all indicator types

a See Section
3.1.3

This chapter specifies biological, water and sediment quality guidelines for
protecting the range of aquatic ecosystems, from freshwater to marine. As already
noted the guidelines are not sufficient in themselves to protect ecosystem integrity;
they must be used in the context of local environmental conditions and other
important environmental factors, for example, habitat, flow and recruitment. For
the protection of rare aquatic communities and/or species, guidelines for the
highest level of protection should be applied.a
The chapter is divided into five sections: Section 3.1 is introductory and covers
information common to all indicator types; Section 3.2 contains guidelines for the
biological assessment of ecosystem condition; Section 3.3, guidelines for physicochemical stressors; Section 3.4, guidelines for toxicants in water; and Section 3.5,
guidelines for toxicants in sediments.
The scientific rationale behind the guidelines, and other useful background
information for applying the guidelines, are provided in Volume 2 of the
Guidelines. Guidelines for the design and implementation of monitoring and
assessment programs involving the types of water quality indicators discussed in
this chapter, are contained in Chapter 7.

3.1.1 Philosophy and steps to applying the guidelines
Many benefits of aquatic ecosystems can only be maintained if the ecosystems are
protected from degradation. Aquatic ecosystems comprise the animals, plants and
micro-organisms that live in water, and the physical and chemical environment and
climatic regime with which they interact. It is predominantly the physical
components (e.g. light, temperature, mixing, flow, habitat) and chemical
components (e.g. organic and inorganic carbon, oxygen, nutrients) of an ecosystem
that determine what lives and breeds in it, and therefore the structure of the food
web. Biological interactions (e.g. grazing and predation) can also play a part in
structuring many aquatic ecosystems.
Humans have caused profound changes in Australian and New Zealand aquatic
ecosystems, particularly in the 200 years since European settlement of these
countries (ANZECC 1992) and the need to protect and even reverse degradation of
important aquatic ecosystems is now recognised. Commercial and recreational
harvests of fish and shellfish can only be obtained from waters where ecosystems
provide the food and habitat to support the growth and reproduction of the
harvestable species. Aquatic ecosystems are worthy of protection for their intrinsic
value. Effective conservation of endangered species can only be achieved by
conserving the ecosystems that support them (ANZECC 1992).
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Box 3.1.1 Human activities affecting aquatic ecosystems
A wide range of human activities can cause variations in abiotic factors, which can lead to
biological changes more dramatic than those which occur naturally. The effects of human
activities include pollution from industrial, urban, agricultural and mining sources; regulation
of rivers through the construction of dams and weirs; salinisation; siltation and sedimentation
from land clearance, forestry and road building; clearance of stream bank vegetation; overexploitation of fisheries resources; introduction of alien plant and animal species; removal
and destruction of habitat; polluted discharges from industrial, urban, agricultural and mining
activities; over-exploitation of the biological resources of freshwater and marine systems;
recreation (e.g. lead shot in wetlands, hydrocarbons from boats and jet skis); cold water
from reservoirs and hot water from power plants; ship ballast water containing exotic
species; intentional introduction of non-native species for recreation or commercial
production; and eutrophication (nutrient enrichment that may stimulate the growth and
dominance of toxic cyanobacteria in freshwaters and estuaries, and toxic dinoflagellates in
marine waters).

The greatest threat to the maintenance of ecological integrity is habitat destruction
(Biodiversity Working Party 1991). The previous ANZECC (1992) guidelines
foreshadowed the need for a broader, more holistic approach to aquatic ecosystem
management, to consider all changes, not just those affecting water quality. Such
changes could include serious pollution of sediments, reduction in stream flow by
river regulation, removal of habitat (de-snagging, draining wetlands) or significant
changes in catchment land use, any of which could cause significant ecosystem
deterioration (ANZECC 1992). The guidelines for water quality management
documented here are therefore a necessary but only partially sufficient tool for
aquatic ecosystem management or rehabilitation.
The objective adopted in this document for the protection of aquatic ecosystems is:
to maintain and enhance the ‘ecological integrity’ of freshwater and marine
ecosystems, including biological diversity, relative abundance and ecological
processes.

Ecological integrity, as a measure of the ‘health’ or ‘condition’ of an ecosystem,
has been defined by Schofield and Davies (1996) as:
the ability of the aquatic ecosystem to support and maintain key ecological processes
and a community of organisms with a species composition, diversity and functional
organisation as comparable as possible to that of natural habitats within a region.

Depending on whether the ecosystem is non-degraded or has a history of
degradation the management focus can vary from simple maintenance of present
water quality to improvement in water quality so that the condition of the
ecosystem is more natural and ecological integrity is enhanced.
For the assessment of ecosystem integrity, these Guidelines focus on the structural
components of aquatic communities (biodiversity) and key ecological processes
(e.g. community metabolism) as defined in Section 3.2.1.1.
a See Section
3.1.6
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With or without biological assessment,a chemical and physical water quality
indicators continue to be important surrogates for assessing and/or protecting
ecosystem integrity. This document therefore provides guidelines for chemical and
physical water quality indicators as well as biological indicators.
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Box 3.1.2 Protecting biodiversity
Biological diversity is defined as the variety of life forms, including the various plants,
animals and micro-organisms, the genes they contain and the ecosystems of which they are
a part (Biodiversity Unit 1994, DEST State of the Environment Advisory Council 1996).
Broadly, biodiversity is considered at three levels: genetic diversity, species diversity and
ecosystem diversity.
Great difficulty arises in establishing a level of protection for biodiversity so that its
maintenance is guaranteed. The Biodiversity Working Party (1991) suggested:
Ideally, it should be that level that guarantees the future evolutionary potential of
species and ecosystems. All development is likely to cause some loss of the genetic
component of biodiversity, to reduce overall populations of some species, and to
interfere to a greater or lesser extent with the ecosystem processes. Protecting
biodiversity means ensuring that these factors do not threaten the integrity of
ecosystems or the conservation of species.

a See also box
3.1.3

Figure 3.1.1 shows a framework for applying the guidelines to the protection of
aquatic ecosystems.a The three parts are described below. Each of the first two
steps is common to the application of all the indicator types (biological, physicochemical, chemical and sediment).

Box 3.1.3 How to apply the guidelines
The following steps should be followed when applying the guidelines for the protection of
aquatic ecosystems; steps 1–3 are the first parts of the broad framework presented in
figure 3.1.1.
1.

Define the primary management aims (Section 3.1.1.1)

2.

Determine appropriate guideline trigger values for selected indicators (Section 3.1.1.2).
After determining a balance of indicator types, each of the remaining steps is common
to the application of physical and chemical stressors and toxicants in water and
sediment. For the biological indicators, the principles of the steps ‘Select relevant
indicators’ and ‘Select specific indicators …’ should be applied to the general framework
for biological indicators (figure 3.2.1). At this stage, initial sampling can commence,
ideally in support of a pilot program.

3.

Assess test site data and, where possible, refine trigger values to guidelines using
(i) the general framework for biological indicators (figure 3.2.1), and (ii) the decision
frameworks for other indicators. Frameworks for (ii) are described in Section 3.1.1.3
(‘Risk-based application of the guidelines’). Decision frameworks to apply to specific
indicators, and detailed guidance on applying these, may be found in the Guidelines
figures and sections as follows:
(a) physical and chemical stressors — figure 3.3.1, Section 3.3
(b) toxicants — figure 3.4.2, Section 3.4
(c) sediments — figure 3.5.1, Section 3.5.

4.

Define water quality objectives (figure 2.1.1, Section 2.1.5)

5.

Establish a monitoring and assessment program (figures 2.1.1 & 7.1, Chapter 7).
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Determining appropriate guideline trigger values
Define Primary Management Aims
• Define the water body (scientific information, monitoring
data, classify ecosystem type (section 3.1.2))

• Determine environmental values to be protected
• Determine level of protection (section 3.1.3)
• Identify environmental concerns
e.g. —
—
—
—

toxic effects
nuisance aquatic plant growth
maintenance of dissolved oxygen
effects due to changes in salinity

• Determine major natural and anthropogenic factors affecting
the ecosystem
• Determine ‘management goals’
— often defined in biological terms (section 2.1.3)

Determine appropriate Guideline Trigger Values for
selected indicators
• Determine a balance of indicator types (based upon level of
protection and local constraints, section 7.2.1)

• Select indicators relevant to concerns and goals
• Determine appropriate guideline trigger values (low risk
concentrations of contaminants/stressors; may depend on level of
protection)

• Determine specific indicators to be applied

Apply the Trigger Values using (risk-based) Decision Trees
or Guideline ‘packages’
• Water quality monitoring data
• Site specific environmental information
• Effects of ecosystem-specific modifying factors.
(see fig 3.2.1 —
fig 3.3.1 —
fig 3.4.2 —
fig 3.5.1 —

biological assessment
physical and chemical stressors
toxicants
sediments)

Figure 3.1.1 Flow chart of the steps involved in applying the guidelines
for protection of aquatic ecosystems

3.1.1.1 Primary management aims

Define the water body, from scientific information and monitoring data. Good
management can only be based on detailed information about the ecosystem being
protected. Information can be collected by site-specific studies. The previous
Guidelines (ANZECC 1992) also recommended that site-specific studies be
undertaken in many cases.
a See Sections
3.1.2
and 3.3

page 3.1–4

Define the water body by ecosystem classification. Using appropriate scientific
information the ecosystem can be classified into its corresponding type (up to six
types are recognised for the guidelines for physical and chemical stressors;a see
figure 3.1.3). The new Guidelines recognise the diverse range of ecosystem types
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in Australia and New Zealand, and the need to consider the particular attributes of
each ecosystem to achieve effective management.
a See Section
2.1.3

Determine the environmental values. These have been described in Chapter 2.a

b Section 3.1.3

Determine the level of protection required. What condition should the ecosystem
be in, and what level of change would be regarded as acceptable? Three levels of
ecosystem condition are proposed as a basis for applying the guidelines.b

c Section 3.4
and 3.5
d Section 3.3

Identify environmental concerns. What are the main concerns or problems? For
most chemical contaminants the issue is generally toxicity,c but eight other
problems or issues can result from physical and chemical stressors.d
Determine the natural and human-induced factors affecting the ecosystem. It is
important to identify and collate information about the most important natural
processes and human activities that could influence the system being evaluated.
These processes and activities need to be taken into account when conceptual
models are being formulated to improve understanding of the system. They will
also guide subsequent management strategies developed to improve water quality
and designs for water quality monitoring programs.

e Section 2.1.4
and 3.2
f Section 3.3.2

Determine management goals. Next, define the management goals or targets, in
terms of measurable indicators of the condition (or state) of the ecosystem.
Indicators are usually biological parameters, but may also be physical and chemical
parameterse such as toxicant concentrations (in water column and in sediments)
and concentrations or loads of physical and chemical stressors. f

3.1.1.2 Determine appropriate guideline trigger values for selected indicators

The next exercise is predominately a desk-top study, using existing reference data
and other biological, physical and chemical information about the system. Some
preliminary analyses may be required to characterise the nature and dispersion
behaviour of contaminants. Four steps are involved:

g Section 7.2.1

1. Determine a balance of indicator types. The extent of the water quality
assessment program and the level of detail it must achieve will depend partly
upon the level of protection assigned to the water resource and the local
information constraints. More detailed investigation (and therefore additional
monitoring and assessment effort) would be expected for sites assigned high
levels of protection and for sites where serious constraints are identified, such
as lack of pre-disturbance data.g
2. Select relevant indicators. Determine indicators which will be relevant to the
environmental concerns and management goals. An indicator is a parameter4
that can be used as a measure of the quality of water.
3. Determine appropriate guideline trigger values. Determine guideline trigger
values for all indicators, taking into account level of protection. For physical
and chemical stressors and toxicants in water and sediment, the preferred
approach to deriving trigger values follows the order: use of biological effects
data, then local reference data (mainly physical and chemical stressors), and
finally (least preferred) the tables of default values provided in the Guidelines
(see figure 3.1.2). (While the default values are the least preferred method of

4 Readers who also read the Monitoring Guidelines (ANZECC & ARMCANZ 2000) should note
that there the term ‘indicator’ is only used to refer to parameters that, either severally or singly,
can indicate ecosystem condition.
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deriving trigger values, it is conceded that these will be most commonly sought
and applied until users have acquired local information.)
4. Select specific indicators for inclusion in the monitoring and assessment
program. The choice of indicators will be based upon the level of protection
assigned to the water body, local information constraints, resource constraints,
availability of expertise and an initial hazard assessment. The hazard
assessment is based upon a comparison of estimated (first-pass) ambient
concentrations of indicators against the guideline trigger values determined
from the previous step.

Preferred hierarchy for
deriving trigger values

Local or site-specific information
Local biological effects data

Most preferred

(e.g. ecotoxicity tests, including multiple
species toxicity tests, mesocosms)

Local reference data
(mainly physical and chemical stressors; for
toxicants and sediments, applies only for the
case where background data exceed default
values from the box immediately below)

Default approach
Regional reference data
(Physical and chemical
stressors only — see Tables
3.3.2 to 3.3.11)

Generic effects-based
guidelines
(Toxicants — Table 3.4.1
Sediments — Table 3.5.1)

Least preferred

YES, if potential guidelines exceedance is to be
assessed or if the trigger value can be refined a

Decision trees
• Guideline packages for physical and chemical stressors (section 3.3.3)
• Applying guideline trigger values to sites for toxicants (section 3.4.3)
• Applying the sediment quality guidelines for sediments (section 3.5.5)
a Local biological effects data and data from local reference site(s) that closely match test site generally not
required in the decision trees — see Section 3.1.5

Figure 3.1.2 Procedures for deriving and refining trigger values, and assessing test sites,
for physical and chemical stressors and toxicants in water and sediment. Dark grey shading
indicates most likely point of entry for users requiring trigger values.

3.1.1.3 Risk-based application of the guidelines

This is the final part of the framework for applying the guidelines. In summary, for
each issue (such as toxicity, algal blooms, deoxygenation) or type of water quality
indicator (physical/chemical stressor, toxicant and sediment) the Guidelines
provide detailed decision frameworks in the form of decision trees or guideline
‘packages’ for applying the guideline trigger (low risk) values, rather than

page 3.1–6
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simplistic threshold numbers for single indicators. If data from a test site exceed
the trigger value, the decision trees are used to determine if the test values are
inappropriately (unnecessarily) ‘triggering’ potential risk and hence management
response. For this, ecosystem-specific modifying factors are introduced to assess
test data. The decision trees also enable the guideline trigger values to be adjusted
and refined. Further introduction to the use of decision trees in this assessment of
test site data and refinement of trigger values is provided in section 3.1.5.
While it is not mandatory to use decision frameworks, they are recommended so
that the resulting guidelines are relevant to the site. The guideline trigger values are
based on bioavailable concentrations, and hence are relatively conservative when
compared with total concentrations in the field, so the use of the decision
frameworks will increase guideline concentrations in most cases.
For biological indicators a general framework is applied, instead of a decision-tree
framework.

3.1.2 Features and classification of aquatic ecosystems in Australia and New
Zealand
3.1.2.1 Ecosystem features that may affect water quality assessment and ecosystem
protection

There is a diverse range of ecosystem types in Australia and New Zealand,
including tropical, temperate, arid, alpine and lowland. Within ecosystem types,
waterbodies may be static, flowing or ephemeral, deep or shallow, and fresh,
brackish or saline.
Variations in physical and chemical water quality variables can occur naturally
through droughts and floods, climatic conditions and erosion events, and can have
important consequences for the biota. Variations in climate, and, consequent
variations in rainfall, runoff and river flow, are particularly marked in Australia
(Finlayson & McMahon 1988, Harris & Baxter 1996, Harris 1996), and are
strongly linked to climate variability through mechanisms such as the El Niño–
Southern Oscillation or ENSO (Simpson et al. 1993).
Elsewhere in the Guidelines, a comprehensive account of the features of Australian
a See Appendix 2 and New Zealand ecosystems is provided, together with some of the consequences
(Vol. 2)
of these features that should be taken into account when considering water quality
assessment and ecosystem protection.a Table 3.1.1 summarises these issues.
3.1.2.2 Classifying the ecosystem

b See outline
in Section 3.1.5

The wide range of geographic, climatic, physical and biological factors that can
influence a particular aquatic ecosystem makes it essential that ecosystem
management incorporates site-specific information together with more general
scientific information relating to ecosystem changes. This is the basis of the new
approach to the management of aquatic ecosystems,b involving the use of decision
frameworks to tailor water quality guidelines to local conditions. A first step in
tailoring guidelines to local conditions is to choose an appropriate category of
ecosystem; hence the need to classify the ecosystem being monitored.
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Table 3.1.1 Some features of Australian and New Zealand ecosystems that have possible
consequences for water quality assessment and ecosystem protection.
Ecosystem feature

Possible consequence

High degree of endemism
amongst the biota of many
Australian and New Zealand
ecosystems (fresh and marine)

Possible risks to natural heritage and conservation values

Naturally low nutrient status of
many of Australia’s fresh and
marine systems

•

Ecosystems are adapted to low nutrient status; (natural)
lack of algal grazers for example may mean algal
growth/blooms proceed unchecked

•

Greater accuracy and precision may be required for water
sampling programs where early detection of trends in
nutrient concentrations is important

Fresh water systems of Australia
often dominated by sodium and
chloride

Greater ‘softness’ of these systems places biota at risk from
classes of contaminants for which water hardness and acidbuffering capacity may ameliorate toxicity

Water temperatures in Australian
aquatic ecosystems are often
higher and more varied than
those in northern hemisphere
ecosystems

More often, toxicity of chemicals increases with increasing
temperature — an important consideration given that most
toxicity data used in the Guidelines are derived from northern
hemisphere studies.

Many of Australia’s fresh water
systems have only
periodic/episodic flow or water
availability

•

Dilution of contaminants is reduced at low/recessional flow
or water levels

•

After dry periods, oxidative processes can produce
degradation products such as acidity that may mobilise
deposited contaminants with ‘first flush’ flows (e.g.
oxidation of sulfide deposits)

•

Classifications based on trophic status, and developed for
deep lakes of Northern Hemisphere, unlikely to be
applicable to shallow Australian standing waters

Over recent years, there has been considerable activity in classifying ecosystems or
parts of them, and this experience has been used to develop the general scheme for
these Guidelines. This is a hierarchical classification, with different levels of detail
applying to different categories of indicator. For future versions of the Guidelines it
is envisaged that this classification will be developed further as knowledge
increases, with specific guidelines and protocols being developed for each
combination of indicator and ecosystem type. The annex of Appendix 2, Volume 2,
describes some of the research in ecosystem classification, with some commentary
on recent applications of more detailed schemes in Victoria and New Zealand that
may be useful in future revisions of these Guidelines.
The ecosystem classification is given in figure 3.1.3. Note that each of the broad
categories of indicators has a different level of detail in terms of the ecosystem
classification. Thus for sediments, the guidelines make no distinction between
freshwater and marine systems, whereas for chemical and physical stressors there
are six categories of ecosystem. This approach has been adopted because different
levels of detail are available or applicable to each category of indicator:
information about sediment indicators is at a relatively early stage of development
whereas chemical and physical stressors have a much longer history of use in water
quality monitoring.
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Sediments
(section
3.5)

All aquatic ecosystems

Toxicants
(section
3.4)

Biological
indicators
(section
3.2)

Physical
& chemical
stressors
(section
3.3)

Marine

Freshwater

Marine

Estuarine

Standing waters

Coastal &
marine

Lakes &
reservoirs

Wetlands

Flowing waters

Upland
rivers &
streams

Lowland
rivers &
streams

Figure 3.1.3 Classification of ecosystem type for each of the broad categories of indicators
(in grey boxes at left of the diagram)

The classification is necessarily coarse. There is no subdivision of estuaries, for
example, into those dominated by rivers or by marine influences, or those
permanently open to the sea, or temporarily or permanently closed (cf. Hodgkin
1994). Nor is there sufficient information to characterise the water quality
requirements of ephemeral rivers or saltwater lakes. Similarly, it should be possible
to subdivide these categories on the basis of climate (e.g. tropical vs. temperate),
but there is insufficient information available at present about the aquatic ecology
of tropical and temperate ecosystems in Australia and New Zealand to make such
subdivision meaningful.
Subsequent revisions of the Guidelines should further refine the broad ecosystem
classification scheme recommended here. Ideally, within an overall framework of
guiding principles and approaches, there should be a separate set of guidelines for
each ecosystem type — this should be the long-term aim of the Guidelines.

3.1.3 Assigning a level of protection
To define a level of protection this section describes a hierarchy of ecosystem
conditions, and recommends threshold levels of change that are acceptable for each.
The Guidelines also provide data or advice to assist relevant jurisdictions to make
their own informed decisions on alternative levels of protection where desired.
3.1.3.1 Ecosystem condition and levels of protection

The previous Guidelines (ANZECC 1992), in describing the concept of levels of
protection, recognised two categories of aquatic ecosystem condition: (i) pristine or
outstanding ecosystems for which maintenance of the existing water quality was
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deemed appropriate; and (ii) all remaining ecosystems to which the guidelines
would be applied to manage water quality. In this document the concept is
extended to acknowledge three categories of ecosystem condition, with a level of
protection ascribed to each.
Three ecosystem conditions are recognised.
1. High conservation/ecological value systems — effectively unmodified or other
highly-valued ecosystems, typically (but not always) occurring in national
parks, conservation reserves or in remote and/or inaccessible locations. While
there are no aquatic ecosystems in Australia and New Zealand that are entirely
without some human influence, the ecological integrity of high
conservation/ecological value systems is regarded as intact.
2. Slightly to moderately disturbed systems — ecosystems in which aquatic
biological diversity may have been adversely affected to a relatively small but
measurable degree by human activity. The biological communities remain in a
healthy condition and ecosystem integrity is largely retained. Typically,
freshwater systems would have slightly to moderately cleared catchments
and/or reasonably intact riparian vegetation; marine systems would have
largely intact habitats and associated biological communities. Slightly–
moderately disturbed systems could include rural streams receiving runoff
from land disturbed to varying degrees by grazing or pastoralism, or marine
ecosystems lying immediately adjacent to metropolitan areas.
3. Highly disturbed systems. These are measurably degraded ecosystems of lower
ecological value. Examples of highly disturbed systems would be some
shipping ports and sections of harbours serving coastal cities, urban streams
receiving road and stormwater runoff, or rural streams receiving runoff from
intensive horticulture.
The third ecosystem condition recognises that degraded aquatic ecosystems still
retain, or after rehabilitation may have, ecological or conservation values, but for
practical reasons it may not be feasible to return them to a slightly–moderately
disturbed condition.

a See box 2.3
& Section 3.1.7
b Section 3.1.4

A level of protection is a level of quality desired by stakeholders and implied by the
selected management goals and water quality objectives for the water resource. The
water quality objectives may have been derived from default guideline values
recommended for the particular ecosystem condition, or they may represent an
acceptable level of change from a defined reference condition; it can be formalised as
a critical effect size.a Where appropriate, the reference condition is defined from as
many reference sites as practicable using pre-impact data where appropriate.b The
reference condition could correspond to one of the three recognised condition levels
described above, depending upon the desired level of protection.

c Footnote 2
on page 2-9

Key stakeholders in a region would normally be expected to decide upon an
appropriate level of protection through determination of the management goals and
based on the community’s long-term desires for the ecosystem. The philosophy
behind selecting a level of protection should be (1) maintain the existing ecosystem
condition, or (2) enhance a modified ecosystem by targeting the most appropriate
condition level. (Thus the recommended level of protection for ‘condition 1
ecosystems’ (above) would be no changec beyond any natural variability.) This is
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a See Section
2.1.3

the starting point from which local jurisdictions might negotiate or select a level of
protection for a given ecosystem: in doing so, they might need to draw upon more
than the general scientific advicea provided in these Guidelines. A number of other
factors, such as those of a socio-economic nature, might need to be included in the
decision making process.

3.1.3.2 A framework for assigning a level of protection

When stakeholders are deciding upon an appropriate level of protection for
ecosystems, it is suggested that they consider the following framework based on
the three ecosystem conditions recognised above.
Some waters (e.g. many of those in national parks or reserves) are highly valued for
their unmodified state and outstanding natural values (condition 1 ecosystems).5 In
many countries and in some Australian states these waters are afforded a high degree
of protection by ensuring that there is no reduction in the existing water quality,
irrespective of the water quality guidelines (ANZECC 1992).

b Sections
3.2.1.1, 3.1.7
and 7.2.3.3

c Section
3.1.3.3

The present Guidelines recommend that for condition 1 ecosystems the values of
the indicators of biological diversity should not change markedly. To meet this
goal, the decision criteria for detecting a change should be ecologically
conservative and based on sound ecological principles.b Moreover, a precautionary
approach is recommended — management action should be considered for any
apparent trend away from a baseline, or once an agreed threshold has been reached.
Any decision to relax the physical and chemical guidelines for condition 1
ecosystems should only be made if it is known that such a degradation in water
quality will not compromise the objective of maintaining biological diversity in the
system. Therefore, considerable biological assessment data would be required for
the system in question, including biological effects and an ongoing monitoring
program based on sufficient baseline data. The nature of contaminants expected in
the receiving waters might also affect decisions on this issue.c Where there are few
biological assessment data available for the system, the management objective
should be to ensure no change in the concentrations of the physical and chemical
water quality variables beyond natural variation.
Where data for a reference/control site have only been collected for a limited
period and the reference condition cannot be clearly characterised, the power of
detection should be increased by using more indicators, and/or more
reference/control sites and/or more monitoring sites placed along any probable
disturbance gradients.
For slightly to moderately disturbed ecosystems (‘condition 2 ecosystems’), some
relaxation of the stringent management approach used for condition 1 ecosystems
may be appropriate. An increased level of change might be acceptable, or there
might be reduced inferential strength for detecting any change in biological
diversity. Nevertheless, as for condition 1 ecosystems, maintenance of biological
diversity relative to a suitable reference condition should be a key management
goal. The Guidelines provide specific guidelines for biological indicators for each

5 While waters in many remote and inaccessible locations may retain an unmodified condition, the
level of protection assigned to these systems is a jurisdictional decision made in consultation with
stakeholders. It does not automatically follow that these waters default to ‘condition 1
ecosystems’.
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a See Section
3.2.4

b Sections
3.1.8
& 3.2 to 3.5

of the three ecosystem conditions.a For the other types of water quality indicator,
the default guidelines in Sections 3.3–3.5 provide a suitable level of protection for
condition 2 ecosystems.
The situation for highly disturbed ecosystems (‘condition 3 ecosystems’) can be
more flexible. The general objective might be to retain a functional, albeit
modified, ecosystem that would support the management goals assigned to it. In
most cases the ecological values of highly disturbed ecosystems can be maintained
by the direct application of the guidelines contained in this chapter. However, there
could be situations where these guidelines would be too stringent and a lower level
of protection would be sought. Some guidance to assist managers in these
situations is provided in the discussion of each indicator type.b
Table 3.1.2 summarises a general framework for considering levels of protection
across each of the indicator types for each of the ecosystem conditions.
The three levels of protection described above form just one practical but arbitrary
approach to viewing the continuum of disturbance across ecosystems. Inevitably,
stakeholders in different jurisdictions, catchments or regions will make different
judgements about ecosystem conditions. For example, an ecosystem that is
regarded as highly disturbed in one area could be regarded as only slightly to
moderately disturbed in a more populated region. This makes it imperative, as
emphasised in these Guidelines, that the setting of levels of protection is carried out
in an open and transparent way, involving all key stakeholders, so that a fair and
reasonable outcome is achieved.
Note that even though a system is assigned a certain level of protection, it does not
have to remain ‘locked’ at that level in perpetuity. The environmental values and
management goals (including level of protection) for a particular system should
normally be reviewed after a defined period of time, and stakeholders may agree to
assign it a different level of protection at that time. However, the concept of
continual improvement should be promoted always, to ensure that future options
for a water resource are maximised and that highly disturbed systems are not
regarded as ‘pollution havens’.

3.1.3.3 Alternative levels of protection

Local jurisdictions may negotiate alternative site-specific levels of protection after
considering factors such as:
• whether a policy of ‘no release’ (total containment) of contaminants applies;
• the nature of contaminants that might reach aquatic ecosystems. (Greater
consideration might be given to those ecosystems receiving contaminants or
effluents of potentially high toxicity and which are persistent in the environment,
e.g. metals. Alternatively, differing levels of protection could apply according to
the anticipated capacity of an ecosystem to readily recover from impact if
contamination is to be of short duration.)
• perceived conservation/ecological values of the system additional to those
recognised in the simple classification of ecosystem condition described in
Sections 3.1.2 and 3.1.3.1.
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1 For

• Selection of reference condition
within this category based on
community desires. Negotiated
statistical decision criteria for
detecting departure from
reference condition may be more
lenient than the previous two
condition categories.

• Precautionary approach may be
required for assessment of postbaseline data through trend
analysis or feedback triggers.

• Where reference condition is
poorly characterised, actions to
increase the inferential strength
of the monitoring program
suggested.

• Negotiated statistical decision
criteria for detecting departure
from reference condition.
Maintenance of biodiversity still a
key management goal.

Where local reference site data not yet gathered, apply default,
regional low-risk trigger values from sec 3.3.2.5; or use
biological effects data from the literature to derive guidelines.

• Local or regional reference site data used to derive guideline
values using suggested approach in sec 3.3.2.3. Selection of
reference condition within this category based on community
desires. Negotiated statistical decision criteria may be more
lenient than the previous two condition categories.

• Precautionary approach may be required for assessment of
post-baseline data through trend analysis or feedback triggers.
• Relaxation of the trigger values
where appropriate, taking into
account both upper and lower
guideline values.
• Precautionary approach may be
required for assessment of
post-baseline data through
trend analysis or feedback
triggers.

• Apply the same guidelines as for ‘slightly–
moderately’ disturbed systems. However, the
lower protection levels provided in the
Guidelines may be accepted by stakeholders.
• DTA could be used as an alternative approach
for deriving site-specific guidelines.

• In the case of effluent discharges DTA may be
required.

Where local reference site data not yet gathered, apply default,
regional low-risk trigger values from sec 3.3.2.5.

• Precautionary approach taken
for assessment of post-baseline
data through trend analysis or
feedback triggers.
If local biological effects data unavailable, apply
default, low-risk trigger values from sec 3.4.2.4.
• Precautionary approach may be required for
assessment of post-baseline data through trend
analysis or feedback triggers.

• The sediment quality guidelines
provided in sec 3.5 apply.

• Precautionary approach taken
for assessment of post-baseline
data through trend analysis or
feedback triggers.

• Always preferable to use data on local biological
effects (including DTA) to derive guidelines.

• Precautionary approach taken for assessment of
post-baseline data through trend analysis or
feedback triggers.

• In the case of effluent discharges, direct toxicity
assessment (DTA) should also be required.

Any relaxation of these objectives should only
occur where comprehensive biological effects
and monitoring data clearly show that
biodiversity would not be altered.

Where local biological or chemical data have not
yet been gathered, apply the default values
provided in sec 3.4.2.4.

If local biological effects data unavailable, local or regional
reference site data used to derive guideline values using
suggested approach in sec 3.3.2.3. Alternatives to the default
decision criteria for detecting departure from reference condition
may be negotiated by stakeholders but should be ecologically
conservative and not compromise biodiversity.

• Always preferable to use data on local biological effects to
derive guidelines.

• Precautionary approach taken for assessment of post-baseline
data through trend analysis or feedback triggers.

• Where reference condition is poorly characterised, actions to
increase the power of detecting a change recommended.

globally-distributed chemicals such as DDT residues, it may be necessary to apply background concentrations, as for naturally-occurring toxicants.

3 Highly
disturbed
systems

2 Slightly to
moderately
disturbed
systems

• Precautionary approach
recommended for assessment of
post-baseline data through trend
analysis or feedback triggers.

• Where reference condition is
poorly characterised, actions to
increase the power of detecting a
change recommended.

Any relaxation of this objective
should only occur where
comprehensive biological
effects and monitoring data
clearly show that biodiversity
would not be altered.

• No change from background
variability characterised by the
reference condition.

• For toxicants generated by human activities,
detection at any concentration could be grounds
for investigating their source and for
management intervention1; for naturallyoccurring toxicants, background concentrations
should not be exceeded.

• No change beyond natural variability recommended, using
ecologically conservative decision criteria for detecting change.

• No change in biodiversity beyond
natural variability. Recommend
ecologically conservative
decision criteria for level of
detection.

1 High
conservation/
ecological value
Any relaxation of this objective should only occur where
comprehensive biological effects and monitoring data clearly
show that biodiversity would not be altered.

Sediments

Toxicants

Physical & chemical stressors

Biological indicators

Level of protection

condition

Ecosystem

Table 3.1.2 Recommended levels of protection defined for each indicator type
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3.1.4 Defining a reference condition

a See Section
3.1.1.2

b See also
Sections
3.4.3.2,
7.4.4.2, 7.4.4.4

For some water quality indicators, users will need to define a reference condition
that provides both a target for management actions to aim for and a meaningful
comparison for use in a monitoring or assessment program. The reference
condition is particularly appropriate to condition 2 or condition 3 ecosystems, and
is a key component of the framework provided in figure 3.1.1a for applying the
guidelines. For biological indicators, and for physical and chemical stressors where
no biological or ecological effects data are available, the preferred approach to
deriving guideline trigger values is from local reference data; for toxicants in water
or sediment this reference condition, sometimes called background data, may in
some situations supplant the default guideline values.b The next sections
summarise the sources of information that can be used for defining a reference
condition, and clarify the terminology of ‘controls’ and what constitutes a ‘site’,
respectively. Chapter 7 describes the design of monitoring programs, but also see
the Monitoring Guidelines (ANZECC & ARMCANZ 2000).

3.1.4.1 Sources of information

The reference condition for sites that may or may not be disturbed at present can be
defined in terms of these sources of information: historical data collected from the
site being assessed; spatial data collected from sites or areas nearby that are
uninfluenced (or not as influenced) by the disturbance being assessed; or data
derived from other sources.
1. Historical data collected from the site being assessed will usually represent
measurements made before a disturbance or before management actions. For
example, measurements of salinity collected from a river before the initiation
of an irrigation scheme may be used to set the reference condition for salinity
that stakeholders would hope to achieve in a rehabilitation program. For cases
where rehabilitation of degraded systems can only be achieved over long timescales, such benchmarks may be progressively stepped by way of a series of
targets intermediate between the existing and pre-disturbance condition.

c Section 3.1.8

2. Spatial data can be collected from reference sites or areas nearby that are
relatively uninfluenced by the disturbance being assessed. The sites include,
but are not restricted to, control sites which are identical in all respects to the
site being assessed (sometimes called the test site) except for the disturbance
(the distinction between control and reference sites is explained more fully
below). For example, the impact of an ocean outfall on marine benthos may be
judged relative to the values of the selected indicators in one or more reference
sites that are in the same vicinity but lack any influence of an outfall. For
modified ecosystems, ‘best-available’ reference sites may provide the only
choice for the reference condition.c
3. Data can be derived from other sources if there are neither suitable historical data
nor comparable reference sites. The reference condition may be identifiable from
the published literature, from models, from expert opinion, from detailed
consultations with stakeholders, or from some combination of all of these. For
example, when setting the reference condition for nutrient concentrations in a
series of wetlands, information on desirable and attainable concentrations may
come from published studies from similar regions overseas, from nutrient models
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with appropriate local adaptations, from scientific advice about what levels of
nutrients result in undesirable end-points (e.g. blooms of toxic cyanobacteria) and
from input from community groups and landholders about their expectations of
what the wetlands should become. The necessary negotiations need considerable
technical and social skill. The reference condition should not be defined in terms
of ecological targets that are impossible to attain. Conversely, the reference
condition should represent a substantial achievement in environmental protection
that is agreeable to the majority of stakeholders.

a See Section
3.1.8

Obviously, the best reference conditions are set by locally appropriate data. If the
disturbance to be assessed has not yet occurred, then pre-disturbance data provide a
valuable basis from which to define the reference condition. If the disturbance has
already occurred then data from reference sites and other appropriate sources can
be used to define the reference condition.a These issues are treated in more depth
in the Monitoring Guidelines (ANZECC & ARMCANZ 2000).
In summary, the reference condition must be chosen using information about the
physical and biological characteristics of both catchment and aquatic environment
to ensure the sites are relevant and represent suitable target conditions. Some of the
important factors that should be considered are these:

b Section
7.2.3.1 & the
Monitoring
Guidelines

• data collected prior to the disturbance need to be of sufficient quality and
timespan to provide valid comparisons with post-disturbance data;b
• where possible, pre-disturbance data should be collected from appropriate
control or reference sites as well as from the site(s) subjected to the disturbance;
• the definition of a reference condition must be consistent with the level of
protection proposed for the ecosystem in question — unimpacted, or slightly
modified or relatively degraded (where the community does not wish to
rehabilitate a degraded ecosystem to such a high level);
• sites should be from the same biogeographic and climatic region;
• reference site catchments should have similar geology, soil types and
topography;
• reference sites should contain a range of habitats similar to those at the test
sites;
• reference and test sites should not be so close to each other that changes in the
test site due to the disturbance also result in changes in the reference sites, nor,
conversely, should changes in the reference sites mask changes that might be
occurring in the test site.

3.1.4.2 Clarification of the terms ‘control’ and ‘reference’

In the context of monitoring and assessing water quality, a disturbance (or
‘treatment’) is an event or occurrence which may or may not result in an effect on a
water body, and the ‘control’ refers to a set of observations taken from conditions
identical to the disturbed conditions except for the disturbance.
Controls may be defined in terms of space (‘spatial controls’) or time (‘temporal
controls’) or both. For example, if stakeholders had to assess the effect of
urbanisation on a wetland, they might be able to find similar wetlands nearby with
no urban development in their catchments, to act as spatial controls. If development
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a See Section
7.2

had not commenced, the stakeholders could collect data from the wetland at this
stage to use as a temporal control, and the inferences that they could make about
the effects of urbanisation on the wetland would be strongest if they collected data
from the spatial controls before and after urbanisation as well.a
In environmental science, as in classical field experiments, ‘controls’ are unlikely
to be completely identical to ‘treatments’. If there is important systematic variation
between ‘controls’ and ‘treatments’, this can be incorporated into the sampling
program and statistical analysis via regression-related techniques. Analysis of
covariance is one classical technique for handling such differences. Some statistical
textbooks refer to these procedures as methods of statistical control (which should
not be confused with statistical process control or control charting).
Sometimes controls are impossible to find, but there are still sites or sets of temporal
observations that represent a desirable set of conditions that the disturbed site(s) could
ultimately match, if rehabilitated. Thus the term reference condition or reference site
denotes something more general than the ‘control’. In the wetland example above,
there may be no wetlands on similar soil types that are completely free of
urbanisation, and even those with little urbanisation may differ in the dominant landuse in their catchments. In this instance, stakeholders would need to negotiate over
which wetlands would provide the most appropriate reference conditions.
The use of reference sites to establish targets on a broader regional scale is
becoming increasingly popular. For example, this method is the basis of the
national rapid biological assessment procedure adopted for the AUSRIVAS
program (Schofield & Davies 1996). In this case, reference sites are usually
selected in ecosystems that are similar to and in the vicinity of a test ecosystem but
unimpacted or little changed.

3.1.4.3 What constitutes ‘a site’

For the purposes of these Guidelines, a site refers to a location which is being
monitored or assessed, and constitutes the smallest spatial unit that will be used in
judging whether an impact has occurred. Thus a site may vary in size from a few
square metres, as in the case of a stretch of an upland stream, to a few square
kilometres, as in the case of a large seagrass bed. In the case of the upland stream,
stakeholders may be interested in monitoring the water quality of the site and
comparing it with, for example, several other reference sites on other streams nearby.
For the large seagrass bed, selected indicators might be measured in that bed and
compared with measures from similar seagrass beds elsewhere on the coast.

b See Ch 7
and the
Monitoring
Guidelines
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Only rarely will sites be homogeneous internally. Concentrations of chemicals may
vary across a stream, and there may be differences in the sediments and species
composition across a seagrass bed. There are a number of strategies for dealing
with such within-site variation.b For large sites, this may involve sampling at more
than one spatial scale within the site. For example, in the seagrass bed, several
sampling locations of, say, 100 m2 may be selected, within which smaller ‘sublocations’ (e.g. 1 m2 quadrats) may be selected. Care needs to be taken not to
confuse these within-site spatial units with the site itself. Note that in the literature
there is little consistency in the use of terms such as ‘site’, ‘location’, ‘area’, etc.,
so readers should not assume that the term ‘site’ in other publications automatically
equates with the term ‘site’ as it is used in these Guidelines and in the Monitoring
Guidelines (ANZECC & ARMCANZ 2000).
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3.1.5 Decision frameworks for assessing test site data and deriving sitespecific water quality guidelines
The effect of a particular stressor or toxicant on biological diversity or ecological
integrity depends upon three major factors:
• the nature of the ecosystem, its biological communities and processes;
• the type of stressor;
• the influence of environmental factors which may modify the effect of the
stressor.

a See Section
2.1.4
b As indicated
in figures 3.3.1,
3.4.1, 3.5.1

Aquatic ecosystems are variable and complex and difficult to manage. The previous
Guidelines recognised the need to address this variability and the influence of
environmental factors on stressors. This section introduces the concept of managers
using risk-based decision frameworks to assess test site data and to tailor guidelines
to suit regional, local or site-specific conditions. It provides a consistent framework
that can be used in New Zealand and the states and territories of Australia for
applying the guidelines in a meaningful way to the various types of aquatic
ecosystems in these regions. The approach addresses the issues of variability and
complexity, more realistically and effectively protecting biodiversity or ecological
integrity. As emphasised above, the approach does not constitute or require a full risk
assessment,a but simply assists in providing a site-specific estimate of whether a
stressor represents a low, possible or high risk to the aquatic ecosystem of interest.b
As already discussed, for non-biological indicators, these Guidelines recommend
guideline trigger values, which represent bioavailable concentrations or
unacceptable levels of contamination6 and are equivalent to the old single number
guidelines. If exceeded, these values trigger the incorporation of additional
information or further investigation to determine whether or not a real risk to the
ecosystem exists and, where possible, to adjust the trigger values into regional,
local or site-specific guidelines. The decision frameworks in Sections 3.3–3.5
demonstrate how this can be done.

c Sections 7.2
and 3.1.7

Through the decision frameworks the ambient (existing) concentration of a
contaminant is compared with the guideline trigger value. The initial measurement
may be a relatively simple and therefore low-cost measurement (e.g. total
concentration). If the trigger value is not exceeded, the risk of an impact is low and no
further action is required. However, if the trigger value is exceeded there is some risk
of an impact occurring and successive, more complex steps should be taken to
account for environmental factors that modify the bioavailability, biological uptake or
toxicity of the stressor; this would also entail considering more complex monitoring
designs and negotiating effect sizes explicitly with stakeholders.c The final guideline
for that parameter should therefore reflect the real hazard to the particular ecosystem.
At each step in the process, a decision must be made on whether the adjusted trigger
value should be modified further or accepted. In general, the further one travels down
the series of steps the more resource-intensive the steps become; the user should
consider costs vs. benefits for each step. At any stage the decision tree process can be

6 Formally, the guideline trigger values are held to be a default, conservative statement of the
critical effect size as explained in section 3.1.7.
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terminated and the most recently modified trigger value applied as the guideline for
the particular situation. Because the default trigger values for toxicants at least are
conservative, a precautionary approach should be applied, using these values where
there is no background information on a particular system to which the guidelines are
to be applied, and no program for its acquisition. Alternatively the preferred option
might be to conduct toxicological studies or direct toxicity assessment relevant to the
site and use these data to derive a site-specific guideline.
Where a trigger value is refined using data gathered from a test site on a single or
limited sampling occasion(s), this does not automatically mean that this new value
applies henceforth in further test site/trigger value comparisons. More extensive
information is required before a guideline trigger value can be revised. For this, it
is important to distinguish two levels of refinement of guideline trigger values:

a See Sections
3.4.3, 3.5.5

1. The first level applies to some indicators where guideline trigger values can be
adjusted and refined upfront, relatively simply, with fore-knowledge of the
range of values of some key physical and chemical parameters that occur in a
waterbody. This is particularly relevant to some toxicants. For example, the
toxicity and bioavailability of some metals (e.g. copper, zinc and cadmium) are
strongly influenced by water quality conditions such as hardness, dissolved
organic matter and pH, and recent literature has increased the understanding of
the toxicity of different metal species. The current state of knowledge limits
upfront revision of the trigger values for these metals to a hardness correction,
using the simple algorithms in table 3.4.3. There is also some scope for
modifying the trigger values for a few non-metallic inorganic and organic
toxicants, based on associated water quality parameters (e.g. pH, for the
ammonia trigger value). a
2. For most indicators and issues, however, trigger values are refined only after
continuous and extensive monitoring shows that test site data exceedances are
consistently assessed as posing no risk to the ecosystem, using the decision
trees. Trigger values can also be refined if longer term monitoring shows that
test site data are consistently below the trigger values or, for situations such as
naturally mineral-rich waters where the natural background total concentrations
of some metals exceed the new trigger values. For each of these cases, the
methods described in section 7.4.4.2/1 can be used to refine the guideline
trigger values for all (non-biological) indicator types.
It is not mandatory to use the decision frameworks, but they are important if
meaningful and appropriate guidelines are to be applied. Moreover, simple
adjustments and corrections such as those described in 1 above make this a costeffective exercise where data on key water quality parameters are available.
Generally, local biological effects data and data from local reference site(s) that
closely match the test site7 are not required in the decision trees. If test site data
exceed trigger values that have been derived from these local data, this would

7 This latter situation might be relevant to point-source disturbances in streams, where reference
sites are located upstream of test sites; the reference and test sites would be similar in all
appearances and there would be no confounding factors, apart from the disturbance and stressor in
question, occurring between the sites. Local reference sites even in an adjacent stream/tributary
might not necessarily closely match test sites.
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normally trigger management action because these locally-derived trigger values
already have ecosystem-specific modifying factors built into them. For the same
reason, these locally-derived trigger values do not require refinement themselves
through the decision trees, though if there was opportunity to derive guideline
values based upon sound local biological effects data, these should replace those
based upon local reference data.
These decision frameworks have not been developed for all specific indicators and
issues but are presented mainly to assist water managers explore some of the ways
in which the guidelines can be used in site-specific situations. Water managers and
regulators are encouraged to develop their own decision trees to address any
additional issues that may be encountered. General guidance on designing
monitoring and assessment programs is given in Chapter 7, with additional
background in the Monitoring Guidelines (ANZECC & ARMCANZ 2000).

3.1.6 Using management goals to integrate water quality assessment
In general, there is not enough scientific knowledge at present to allow anyone to make
confident predictions about the way in which a particular concentration of toxicant or
nutrient will affect species, habitats or ecosystems. It is therefore important to measure
the characteristics of the biological components of the ecosystem as well as the
physical and chemical water quality characteristics, to be able to confidently assess
whether an important change has occurred or is likely to occur.

a See Section
2.2.3

b Section 2.1.3

c Sections
3.1.7, 7.1.2 and
7.2.3.3

Although there is a considerable body of toxicological knowledge that is very
important for use in specific circumstances, the overall effects of mixtures of
toxicants on a wide variety of species or habitats are not fully understood.
Environments are typically dynamic, as well as being subjected to natural stresses
like storms and floods, and little is known about the highly complex internal forces
that operate within them. Relatively accurate predictive models can be developed
for specific ecosystems,a but this generally entails sophisticated, resource-intensive
programs which may not be feasible. Use of unproven or overly simplistic causal
models to justify avoiding using biological indicators is dangerous.
The process of setting management goals,b as outlined earlier, is useful for
conceptualising the issues surrounding integration in aquatic ecosystem
management. The goals should be defined in a quantitative manner, need to be
comprehensively related to all valued attributes of the ecosystem, and, typically,
should be biologically based. In this sense, the biological variables themselves are
the management end-points, and chemical variables such as concentrations of
toxicants are the proximal causes in the cause–effect relationship. Management is
then directed to these management goals (such as maintaining a certain level of
species diversity). All management and assessment activities are integrated by an
explicit relationship to the management goals, in this case the maintenance and
improvement of species diversity. Hence biological diversity, or some other valued
aspect of the ecosystems, becomes the target for management and assessment, and all
activities are defined and implemented in terms of management of those ecosystem
attributes (Ward & Jacoby 1992).
Overall, the aim of a monitoring program should be to answer a discrete set of
questions (hypotheses)c which focus on whether the management goals are being
achieved. Conceptual models of the important biological and physical interactions
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within the ecosystem will assist in choosing those indicators that could be potentially
useful for the monitoring or assessment program. This is important because monitoring
programs must be cost effective and in most circumstances it is not feasible to design
and implement a program that intensively monitors all aspects of water quality.
Another important aspect of integrated water quality assessment is the development
of communication networks across whole catchments to address broad-scale issues.
This is essential at two levels: first, because of the interdependent nature of the
environmental values themselves — the water quality of one value can potentially
a See Section
affect others;a second, for protection of the whole aquatic ecosystem — while
2.1.3
water quality objectives might be met in riverine ecosystems upstream, the
cumulative effects of discharges and contaminant build up in depositional areas
b Section 7.4.4.3
downstream (e.g. wetlands, estuaries) must also be considered when setting water
for related
discussion
quality criteria. This applies to a number of environmental values.b

3.1.7 Decision criteria and trigger values
Indicators used in these Guidelines are likely to respond continuously to the intensity
of a disturbance; an example is given in figure 3.1.4. At some point along this
continuum, the ecosystem will be deemed to have been adversely affected and the
value of the indicator at this point will be used as the criterion to make the decision
that ‘the ecosystem has been impacted’.

Value of indicator

Value of indicator
at which
ecological
damage has
occurred

‘Threshold value’
of indicator which,
if exceeded,
should signal
management
action

Strength of disturbance
Figure 3.1.4 Graphical depiction of the relationship between indicator response and
strength of disturbance, and threshold for management intervention

In most situations, we will need to make a decision before the ecosystem becomes
adversely affected so that management actions can be implemented in time to
prevent the ecosystem becoming damaged. In other words, we will need to select a
‘threshold value’ of the indicator that is smaller than that which indicates that the
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ecosystem has been impaired. How much smaller this value needs to be depends on
the nature of the impact, the level of our understanding of the relationship between
changes in the indicator and ecological impact, and the lead-time necessary to
implement management actions.
For example, if the impact is likely to be irreversible or persistent then the
threshold value will need to be set at a very small value of the indicator so that
irreversible harm is avoided. Also, if there is only a very rudimentary
understanding of how a particular contaminant might affect an ecosystem then the
threshold value will need to be relatively small in case the ecosystem is more
sensitive to the contaminant than expected. Similarly, if there is a long lag between
detection that the threshold has been exceeded and implementation of some action
or decision, the threshold value will need to be set at a very small value.
Thus, the first task is to choose the threshold value for a given indicator. This is not
a trivial exercise, and requires all stakeholders to agree on these values before the
program of monitoring or assessment commences.

a See Section
7.4.4

For the non-biological indicators in Sections 3.3–3.5, the guideline trigger values
represent the best currently-available estimates of what are thought to be
ecologically low-risk levels of these indicators for chronic (sustained) exposures.a
For these indicators, the guideline trigger values provide the starting point for
negotiations about the threshold value and criterion for a management decision (i.e.
water quality objectives). Users should also be aware that short-term intermittent
(or pulse) exposures to very high contaminant or stressor values may also need to
be managed in certain situations. Negotiating the equivalent of a guideline trigger
value for the biological indicators in Section 3.2 is more complex, because the use
of these indicators has a shorter history in Australia and New Zealand and because
these indicators nearly always need to be used in a comparative fashion (e.g.
comparing values from the site(s) of interest with those in an appropriate reference
condition). This may also be true for the non-biological indicators in situations
where a reference condition is being used to establish the water quality objectives.
Thus, for all types of indicators, there will be situations in which simple guideline
trigger values of the chosen indicator will be inadequate as a threshold value or
criterion on which to activate management decisions and actions. In these
situations, stakeholders need to negotiate an effect size, which describes how much
deviation from the reference condition is tolerable before management has to
intervene. To understand what an effect size is, stakeholders need to appreciate the
following points:
1. the values of all indicators vary naturally, and
2. not all of this variation is ecologically important.
This means that some of the changes that can potentially be detected in an indicator
may be ecologically trivial; such small changes should not initiate management
action. The situation where we conclude that an important change has happened
when, in fact it has not, is technically referred to as a Type I error.
Conversely, many indicators are very variable naturally and intensive sampling
may be essential to detect ecologically important changes in the indicator. If the
sampling intensity is too small and the important change is missed, then a Type II
error is committed.
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a See also box
2.3; these issues
are expanded in
Section 7.2.3

In the context of cooperative best management, stakeholders need to balance these
two types of ‘error’ and negotiate these issues before the monitoring or assessment
program commences.a

3.1.8 Guidelines for highly disturbed ecosystems
Apparently common problems in assessing water quality for highly disturbed
ecosystems of Australia and New Zealand include:
1. the difficulty in deciding upon suitable water quality guidelines and objectives
(and in particular, a level of acceptable ecological change);
2. the lack of suitable reference sites or data;
3. the lack of advice and guidelines for highly disturbed ecosystems in urban
regions.
These Guidelines offer the following advice and information on these issues.
3.1.8.1 Determining water quality guidelines and objectives

b Sections
3.2.5 & 7.2.3.3

c See also
Sections 3.1.4
and 3.1.8.2

As discussed in Sections 1.2 and 2.2, the philosophy espoused in the Guidelines is
one of ‘continual improvement’ for places where water or sediment quality is poorer
than the agreed water quality objectives. For highly-disturbed ecosystems, the water
quality objectives can be seen as progressive and intermediate targets for long-term
ecosystem recovery. The Guidelines offer specific advice on assessing the success of
remediation programs.b
The Guidelines recommend that guideline trigger values for slightly–moderately
disturbed systems also be applied to highly disturbed ecosystems wherever possible.
If that is not possible, local jurisdictions and relevant stakeholders must negotiate
alternative values. For this situation, the Guidelines provide less conservative trigger
values for toxicants: the less conservative values suit two lower levels of ecosystem
protection (table 3.4.1). The Guidelines also offer the following advice, relevant to
all indicators (biological, physical and chemical, toxicants, sediments) when test
data are being compared with data from reference sites:c
1. Where reference sites of high quality are available, lower levels of protection
may be negotiated for the site under consideration, through selection of more
relaxed statistical decision criteria. This would not necessarily, and should not,
result in a water of lesser quality than that already prevailing.
2. Where no high quality reference sites are available, modified water bodies of
the best environmental quality in the region serve as reference targets (or
intermediate targets for ecosystem recovery). Where these data indicate that
certain toxicants occur naturally at levels exceeding the guideline trigger value,
the Guidelines make provision for the background level, if clearly established,
to become the site-specific guideline level.

d Sections 3.4
and 3.5
e Section
3.5.5.2
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Where a reference condition is used to define water or sediment (pore water)
quality targets, the bioavailable fraction must be determined and compared for
those toxicants that exceed the guideline trigger values.d For sediment
particulates, the dilute-acid-extractable (1M HCl) fraction is used as a
surrogate for bioavailability.e
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Negotiating the ‘acceptable’ level of change for disturbed ecosystems, and hence
the level of protection of species, is a constant challenge faced by local
jurisdictions and relevant stakeholders (including the community).
a See section
8.5.1 in Vol. 2
and Section
7.2.3.3

As is recognised in the Guidelines, more research is needed to develop methods to
describe degrees of acceptable ecological change relative to reference conditions.a
The Guidelines give general advice for determining the size of ecological change
that would be considered important. It can be useful to examine data from existing
impacts elsewhere, especially if it is possible to compare impacts across a gradient
from mild to extreme. These can be used as yard-sticks to decide upon the degree
of ecological change or impact.
As a first step towards improvement in water quality, the Guidelines recommend
that local jurisdictions assess a range of options for determining site-specific
guideline values for highly disturbed ecosystems. One approach is to select
different levels of acceptable change (e.g. protection of 90% of species with 50%
confidence). Another is to assess the disturbed ecosystem against the best-available
reference water body in the region, as a benchmark for water quality.

b Section 3.4.3

Different site-specific guideline values developed using various methods can be
examined and weighted according to pre-determined criteria of quality and
relevance to the ecosystem. This should be done in a manner consistent with risk
assessment principles,b to arrive at an appropriate figure.

3.1.8.2 Lack of suitable reference sites or data

Often, water bodies over large continuous tracts of Australia and New Zealand are
highly disturbed and none of the adjacent water bodies is necessarily of better
quality than the water body(ies) of interest, insofar as serving as useful reference
sites. Nevertheless, even if water bodies of only slightly better quality can be
found, these provide useful reference data, particularly if these data serve as an
intermediate target for ecosystem recovery.

c Sections 3.2,
7.2.1 and 7.3.3

Where the issue is biological assessment of water quality in highly-disturbed inland
streams and rivers, rapid assessment using macroinvertebrate communities offers,
potentially and in practice, a most useful approach.c Recent findings from the
Australian Commonwealth-funded National River Health Program from which this
rapid assessment approach has been developed, indicate that macroinvertebrate
communities are very similar at the family level across vast tracts of inland
Australia. This means that relatively intact ecosystems in remote and less
developed parts of inland Australia (e.g. channel country of south-western
Queensland) may potentially provide useful reference data for highly disturbed
ecosystems in, say, north-western NSW, if family-level information about
macroinvertebrates serves as a suitable indicator of river health at this spatial scale.

3.1.8.3 Guidelines for highly disturbed ecosystems in urban regions

Most of the populace of Australia and New Zealand lives in large cities where
most, but not all, natural aquatic ecosystems are highly disturbed. Approaches from
Section 3.1.8.1 above, ‘Determining water quality guidelines and objectives’, are
applicable to the development of guidelines for highly disturbed ecosystems in
urban regions. Indeed, a great deal of work has been conducted in urban waterways
across Australia and New Zealand and on a variety of chemical and biological
monitoring and assessment programs — see box 3.1.4. Utilities in many of the
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smaller, and therefore less well-resourced, urban centres will be able to benefit
from these larger urban programs by applying the same principles of investigation
to their own situations.

Box 3.1.4 Examples of water quality assessment programs conducted
in major urban regions of Australia
These are some of the existing monitoring and research programs in streams, estuaries and
coastal systems in major urban centres.
For urban streams and wetlands:
•
Sydney streams are monitored and studied through the Environmental Indicators
program of Sydney Water Corporation, and by NSW DLWC;
•
Melbourne streams are monitored and studied by Melbourne Water, VIC EPA and the
CRC for Freshwater Ecology;
•
a predictive model of the AUSRIVAS type for monitoring and assessing health of
streams in the Hobart region has been completed by the University of Tasmania
(Zoology Dept);
•
wetlands of the Swan Coastal Plain.
For coastal marine areas and estuaries:
•
water quality monitoring and assessment are included amongst the research programs
of the Centre for Research on Ecological Impacts of Coastal Cities (Sydney University);
•
Port Phillip Bay Environmental Study;
•
Moreton Bay;
•
programs in and around Perth, such as the Perth Coastal Water Study, South
Metropolitan Coastal Water Studies, Perth Coastal Waters Management and
Consultative Process.
General:
•
Thirteen studies on streams and estuaries were commissioned under the Urban subprogram of the National River Health Program, covering physical, chemical and
ecological aspects. Reports arising from the sub-program may be found at the
LWRRDC website (http://www.lwrrdc.gov.au).
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3.2 Biological assessment
3.2.1 Introduction and outline
a See Sections
3.2.1.3 to 3.2.2.2
b Sections 3.2.3
to 3.2.4

In broad terms, this section provides advice about the selection of biological
indicators to apply to various water quality problems,a and the analytical procedures
that should be used to monitor and assess change in these indicators.b The material in
this section is accompanied by little in the way of rationale or justification; those are
provided in other chapters of the guidelines. Generic issues of designing a program
for monitoring or assessment are given in Sections 7.1 and 7.2, with much
background material provided in the Australian Guidelines for Water Quality
Monitoring and Reporting (the Monitoring Guidelines, ANZECC & ARMCANZ
2000) (especially Chapters 3, 4 & 6). For substantiation of the recommended
approaches and additional guidance, an expanded discussion about the selection of
biological indicators is provided in Section 8.1 (Vol. 2), while a detailed account of
specific issues for biological monitoring and assessment is provided in Section 7.3. It
is important that the material presented in the current Section (3.2) is not read in
isolation of these other detailed accounts.

3.2.1.1 Philosophy and approach behind bioindicators of water quality

The following sections discuss the concepts and monitoring frameworks necessary
to assess aquatic biological communities. A key concept is that of ecological
integrity (health), defined in Section 3.1.1.
Biological assessment (bioassessment) can measure the desired management goals
for an ecosystem (e.g. maintenance of a certain diversity of fish species or certain
level of nuisance algae) as might be described in the management goals.
Bioassessment provides information on biological or ecological outcomes; these may
result from changes in water quality but may also result from changes in the physical
habitat (e.g. increased fine sediment deposition, or changes in hydrology) or from
changes in biological interactions (e.g. the introduction of exotic species or diseases).
Thus, bioassessment should be seen as a vital part of assessing changes in aquatic
ecosystems, and as a tool in assessing achievement of environmental values and
attainment of the associated water quality objectives. At the same time, the
resulting biological message provides an insight into a complex system which:

c Section 3.1.4

•

integrates multiple natural and human changes in physico-chemical conditions;

•

integrates disturbances over time;

•

absorbs human effects into complex interacting biological communities and
processes;

•

can give a signal from more than one component (e.g. multiple species or
community similarities or ecological processes).

The guidelines for biological assessment are intended to detect important departures
from a relatively natural, unpolluted or undisturbed state — the reference condition.c
An important departure is deemed to be one in which the ecosystem shows
substantial effects, including:
•

changes to species richness, community composition and/or structure;

•

changes in abundance and distribution of species of high conservation value or
species important to the integrity of ecosystems;
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•

physical, chemical or biological changes to ecosystem processes.

Important in this context does not mean mere statistical significance, which is only
a tool in the context of a specific monitoring design. Rather it means a change or
departure deemed practically significant, in relation to previously agreed
performance criteria, for failing to achieve a water quality objective.
The results of bioassessment may require interpretation using additional supporting
information on water quality and physical conditions at site, catchment or regional
scales. Bioassessment provides a window onto the condition of the ecosystem
being managed.
Bioassessment and biological indicators have come into use because the traditional
physical and chemical guidelines are too simple to be meaningful for biological
communities or processes. Strong variation in ecosystem processes and biological
community composition in time and space is characteristic of many surface water
environments, particularly in Australia.
Biological systems are very variable. It is important to understand that because of
this variability, sampling designs have a limited capacity to detect and quantify
change relative to an undisturbed or reference state. Any given sample size or
number of sample units taken during a monitoring or assessment program has
quantifiable constraints on its capacity to detect a change of a given magnitude.
There is a strong relationship between the power (in statistical terms) of a
monitoring program design, the magnitude of the effect that is detectable and the
sample sizes involved.

a See Sections
3.1.7 & 7.2.3.3

There is also a trade-off between a capacity to detect change, and the sample size,
and the chance of not detecting that change (or of detecting a change that has not
occurred). This trade-off is often negotiated on the basis of financial resources for
monitoring programs, since to increase sample sizes or numbers of sample units is
the most common way of increasing the power to detect a change.a
It is vital to recognise the need for high quality, comprehensive designs in
bioassessment and biological monitoring. Protocols are being developed for
bioassessment, with improved designs and rigour in site selection, sampling
approaches and analysis. Several examples of this are given in the following sections
on biological assessment.

3.2.1.2 A framework for biological assessment of water quality

Successful employment of a biological monitoring and assessment program for the
protection of aquatic ecosystems involves a series of steps:
b Section
3.1.1.1

1. define the primary management aims, including the level of protection desired
by the community and other stakeholders; define the management goals for
achieving protection of the ecosystem, and the environmental concerns;b

c Sections
7.2.1 & 3.2.1.3

2. together with a balance of indicators, identify the biological assessment
objectives for protection of the water resource;c

d Sections
3.2.2 and 3.2.3

3. select appropriate indicators and protocols to apply to the assessment
objectives;d

e Section 3.2.3
and Ch.7
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4. select the appropriate experimental design to apply to the indicator;e
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a See Sections
3.1.7, 7.2.3.3
and 3.2.4

5. determine key decision criteria, i.e. acceptable level of change and statistical
sensitivity with which to detect such change;a

b Section 3.2.4.2

6. assess results from monitoring programs,b with feedback to management.
This framework of steps is also shown in figure 3.2.1.

Define primary management aims
(see figure 3.1.1)

Applying the guidelines for biological assessment
Assessment objective
(section 3.2.1.3)
determined concurrently with a ‘balance of indicator types’ (from section 7.2.1)
e.g. How can we quickly
determine the extent of
the problem or potential
problem?

e.g. How can we pre-empt or
prevent irreversible
damage, irretrievable
habitat loss etc?

Broad-scale assessment

Early detection

e.g. How can we assess
ecological importance of the
impact or potential impact?

Biodiversity or
ecosystem-level response

Select indicator and protocol
(sections 3.2.2 & 3.2.3)

Select appropriate design &
analysis
(section 3.2.3)

Determine management
decision criteria
(section 3.2.4.1)

Interpret results, assess whether
WQOs1 are being achieved
(section 3.2.4.2)

Decision criteria met

Decision criteria exceeded
(initiate remedial actions)

1

= Water Quality Objectives (section 2.1.5)

Figure 3.2.1 Decision tree for biological assessment of water quality
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3.2.1.3 Biological assessment objectives for ecosystem protection

Having determined the level of protection required for an ecosystem, the
management goals for achieving that protection, and the environmental concerns
(fig 3.1.1), managers should identify assessment objectives for protection of the
water resource. The objectives will help managers select the most appropriate
biological indicators and protocols. Three broad assessment objectives are
described as follows:
1. Broad-scale assessment of ecosystem health (at catchment, regional or larger scales)

Resources will never be adequate to provide detailed, quantitative8 biological
monitoring and assessment of water quality over wide geographical areas of
Australia and New Zealand. Therefore, tools for rapid biological assessment
(RBA) are being developed that, while not providing detailed quantitative
information, are cost-effective and quick enough to generate adequate first-pass
data over large areas. The data may be adequate for management purposes or
they may help managers to decide what type of further information may be
required and from where.
Broad-scale assessment can be useful for the following applications:
•

rapid, cost-effective and adequate first-pass determination of the extent of a
problem or potential problem, e.g. as applied to broad-scale land-use issues,
diffuse-source effluent discharges or information for State of Environment
Reporting;

•

screening of sites to identify locations needing more detailed investigation;

•

remediation programs being conducted over broad geographical areas
(catchment, regional or larger scales).

The most developed RBA method is AUSRIVAS, a method using macroinvertebrate
communities in rivers and stream. Rapid bioassesment protocols are also being
developed for riverine benthic algae (diatoms) and fish, as well as for
macroinvertebrate communities in wetlands and estuarine sediments.
2. Early detection of short- or longer-term changes

Prediction and early detection of possible effects are useful to any water quality
management program so that substantial and ecologically important disturbances
can be avoided. Early information enhances the options for management. For
example, where an effect is observed from a controlled discharge, it may be
possible to adjust the rate of release or of subsequent releases.
Predictive information and early detection in the field can result if specific and
sensitive programs are set up, incorporating study of sublethal responses of
organisms. If sampling sites for any indicator can be located in mixing zones
effectively creating spatial disturbance gradients, they will enhance early detection
and predictive capabilities.9

8 The adjective ‘quantitative’ from here on, in Section 3.2, refers to an indicator measurement program
that permits rigorous and fair tests of the potential disturbances under consideration; typically,
conventional statistical tools would be employed to attach formal probability statements to the
observations — see Section 3.2.3.
9 The purpose of sampling in mixing zones in this case is solely for enhancing inference about
disturbances in receiving waters, not for determining compliance in this zone.
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Also, RBA programs operating over broad geographical regions may, through their
extensive coverage, pin-point potential ‘hot-spots’ that would otherwise be missed.
However, these programs do not incorporate very sensitive protocols.
Early detection can be important for:
•

sites of special interest (e.g. sites of high conservation value, major
developments and/or point-sources of particular potential concern) where the
cost of failing to detect a disturbance in a timely manner may be too high;

•

timely identification of water quality issues and problems that may exist over a
broad geographical region in response to a specific pressure;

•

any situation where a management objective has been strongly linked to the
Precautionary Principle tenet of the National Strategy for Ecologically
Sustainable Development (ESD Steering Committee 1992).

3. Assessment of biodiversity

Often it is not sufficient simply to have detected change in an early detection
indicator because the information cannot easily be linked (if at all) to adverse
effects at population, community and ecosystem levels. To determine effects upon
the ecosystem as a whole and as important end-points in themselves, measures of
biodiversity, including ecosystem processes and the conservation status of sites,
should be key responses sought-after in monitoring programs.
Biodiversity and conservation status are best measured using species-level data
gathered from quantitative studies. Information gathered at higher levels of
taxonomic resolution will serve these needs if the data are correlated with
biodiversity or conservation status at species level (e.g. Wright et al. 1998). Even in
the best-resourced studies, it is inevitable that biodiversity assessment will usually be
limited to the measurement of ecosystem surrogates — communities/assemblages of
organisms, or habitat or keystone-species indicators where these have been closely
linked to ecosystem-level effects. Information on the ecological importance of effects
will best be met in programs that have regional coverage and encompass a full
disturbance gradient.
Whether the assessment objective is biodiversity, conservation status or ecosystemlevel responses for assessing ecological importance of disturbance (as measured by
community structure or ecosystem process attributes), this indicator is hereafter
termed biodiversity indicator.
The biodiversity assessment objective may be important for the following
applications:
•

for sites of special interest where indicators are needed to measure biodiversity,
conservation status, and/or ecosystem-level effects for assessing ecological
importance of disturbance. Information gathered for such indicators is highly
complementary to that gathered for early detection indicators.

•

through RBA programs, as a first-pass measure of biodiversity, conservation
status and/or ecosystem-level effects for assessing ecological importance of
disturbance, at sites and over a broader geographical region.

•

in any situation where a management objective has been strongly linked to the
Ecologically Sustainable Development tenet of the ‘Maintenance of
biodiversity and ecological systems’ (National Strategy for Ecologically
Sustainable Development, ESD Steering Committee 1992).
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3.2.2 Matching indicators to problems
3.2.2.1 Broad classes of indicators and desired attributes

Desired or essential attributes of the broad indicator types (or methods) required to
meet the assessment objectives are listed in table 3.2.1. Each of the three
assessment objectives is discussed fully in Section 8.1.1 (Volume 2), but the main
points are summarised below.
1. Broad-scale assessment of ecosystem ‘health’

The indicator types relevant to a broad-scale assessment objective have these
attributes:
i.

the measured response adequately reflects the ecological condition or integrity
of a site, catchment or region (i.e. ecosystem surrogate);

ii. where community or assemblage data are gathered, these and associated
environmental data can be analysed using multivariate procedures;
iii. approaches to sampling and data analysis are highly standardised;
iv. responses are measured rapidly, cheaply and with rapid turnaround of results;
v. results are readily understood by non-specialists;
vi. responses have some diagnostic value.
A range of studies of populations and communities could provide information about
the ecological condition or integrity of a site, catchment or region, but only rapid
biological assessment (RBA) methods would enable such information to be gathered
over wide geographical areas in a standardised fashion and at relatively low cost.
Resh and Jackson (1993), Lenat and Barbour (1994) and Resh et al. (1995) elaborate
upon features of RBA approaches as applied to stream macroinvertebrate
communities. Comment upon some RBA methods currently being applied to
freshwater fish communities is provided in Section 8.1.2.1 of Volume 2.
2. Early detection of short- or longer-term changes

To have a predictive or early detection capability, an indicator should ideally have
a response that is:
i.

sensitive to the type of stressor;

ii. correlated with environmental effects (i.e. linked to higher-levels of biological
organisation);
iii. time- and cost-effective to measure;
iv. highly constant over time and space, which confers high power to detect small
changes;
v. regionally and socially relevant;
vi. broadly applicable.
These attributes are important because assessments of actual or potential
disturbances will only be as effective as the indicators chosen to assess them
(Cairns et al. 1993). However, the attributes are idealised characteristics only, and
in many cases some will conflict or will not be achievable. Therefore the more
important and achievable attributes must be decided upon, and appropriate
indicators must be chosen accordingly.
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Sites of special interest (high
conservation value, major developments
or point-sources of particular potential
concern)

2. Early detection of short- or longerterm changes

3. Biodiversity or ecosystem-level
response

Water quality on a catchment or regional
basis (e.g. SoE reporting, catchment
management indicators)

1. Broad-scale assessment of
ecosystem ‘health’ (catchment, regional
or larger scale)

Water quality at sites and on a regional
basis

Sites of special interest

Water quality on a regional basis in
response to specific pressure

Applications

Assessment objective

Sensitivity to the type of contaminant expected
(and hence diagnostic value)
Respond and measure rapidly (e.g. sublethal)
Demonstrate a high degree of constancy in time
and space (i.e. high signal:noise ratio) (field)
As for ‘Broad scale assessment’ above
Direct measures of diversity (using species-level
identification for quantitative studies), with
regional comparison
Direct measures of ecosystem function
(e.g.community metabolism)
Use of surrogate measures for ecosystem
biodiversity where relationship between
surrogate and biodiversity has been shown
(usually community/multivariate)
Have a diagnostic value

•
•
•
•
•

•
•

•

Laboratory: Direct toxicity assessment
Field: Instream/riverside assays, biomarkers,
bioaccumulation; spatial disturbance gradients in
relevant quantitative biological indicators

Rapid bioassessment
Detailed quantitative, preferably regionallycomparative, investigations of communities
possibly with species-level taxonomic
resolution
Direct and preferably comparative
measurement of the ecosystem process of
concern

Direct and preferably comparative
measurement of the ecosystem process of
concern
Rapid bioassessment (for biodiversity/
conservation status where this has been
shown to correlate well with biodiversity)

•

•

•

•

As for ‘Assessment of biodiversity’ above

Have a diagnostic value

•

•

Measure rapidly and cheaply, rapid turnaround of
results

•

Rapid bioassessment (e.g. AUSRIVAS)

Comparative measures of biological community
composition, e.g. multivariate

Essential or desired attributes of the indicator to
be employed
•

Recommended indicators

Table 3.2.1 Biological assessment objectives for different management situations and the recommended methods and indicators

Chapter 3 — Aquatic ecosystems

As mentioned earlier, methods of prediction and early detection fall into two
categories: 1) sub-lethal organism responses (e.g. growth, reproduction), and 2)
rapid biological assessment (RBA, e.g. AUSRIVAS). The potential of these
methods to meet the objective of early detection is discussed below.
Sub-lethal organism responses

Sub-lethal organism responses can generally be found to meet, in the same
measured response, important attributes (i), (iii), (iv) and (v) above. However, there
will inevitably be conflict and difficulty in meeting all six attributes. For example,
an indicator with good diagnostic value for a particular stressor may not be
particularly applicable to a broad range of stressors. Socially-relevant sub-lethal
organism responses are also often difficult to find. A more significant limitation,
however, is that in very few situations have indicators of exposure to a pollutant
been correlated to environmental effects.
Rapid biological assessment (RBA)

Rapid biological assessment (or RBA) methods are applied and measured in a way
that makes them poorly suited to a role of early detection. In particular, they are not
designed to detect subtle disturbances so may not have desirable attributes (i) and
(iv) above. Nevertheless, unlike other early detection methods, RBA procedures
can be carried out at relatively low cost at a large number of sites or over large
geographical areas, and will generally have greater ecological, regional and social
relevance, i.e. features (ii), (iii), (v) and (vi) above. Indeed, RBA methods such as
AUSRIVAS, in which site data are compared with regionally-relevant reference
conditions, via a predictive model, and reported using a standard index, are
particularly relevant. In their broad coverage they may also be able to locate
problems and stressors that would otherwise pass unnoticed.
Sub-lethal organism responses and RBA methods combine different predictive and
early detection needs, and in comprehensive monitoring programs may play highly
complementary roles. Nevertheless, in a balanced program that measures both early
detection and biodiversity indicators, attributes (i), (iii) and (iv) above are regarded
as the most important guides to the selection of types of indicator.
3. Biodiversity assessment

The biodiversity assessment objective is similar to the broad-scale assessment
objective (1) above because both provide information about the ecological
condition or integrity of a site. Two important features distinguish the two
objectives in practical monitoring programs: the provision of relatively detailed
quantitative and accurate assessments of biodiversity indicators — but at limited
spatial scales, for reasons of high cost; and the provision of less accurate first-pass
assessments of broad-scale indicators — but at greater spatial scales.
Biological indicators used for broad-scale assessment can also be used for
biodiversity assessment. Tradeoffs in costs, the level of accuracy and detail of
information required will ultimately determine which approach is used.
Desired or essential attributes of biodiversity indicator types include features (i) and
(vi) from broad-scale assessment above, as well as either (i) direct measures of
diversity (using species-level identification) and/or (ii) surrogate measures for
biodiversity where a relationship between surrogate and biodiversity has been
shown; and (iii) direct measures of ecosystem function (e.g. community metabolism).
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3.2.2 Matching indicators to problems

Box 3.2.1 A cautionary note on the use of the AUSRIVAS RBA
approach for site-specific assessments
AUSRIVAS, the RBA method using stream macroinvertebrate communities, is at an
intermediate stage of development. It may be limited in its ability to detect minor water
quality disturbances on biota. This restriction is caused by:
•
•
•

the low level of taxonomic resolution (family level) used in existing state/territory-level
(large-scale) models;
the use of presence–absence data only;
the need to factor temporal variability into AUSRIVAS assessments using reference
sites as controls.

In general, stronger inference and greater sensitivity to disturbance become more important
requirements as the spatial scale of a study narrows. Therefore, for specific assessments
conducted at small scales (within a catchment), AUSRIVAS should be conducted using a
sampling design that offers sufficient scope (viz site selection, spatial and temporal
replication) to meet the study requirements. For more reliable assessments at small scales it
may be necessary to combine the data gathered for two seasons (e.g. autumn and spring)
and to enter the data into the ‘combined-seasons’ models developed by many state
agencies. However, some of the RBA’s ‘rapid assessment’ aspect would be lost.
These issues are expanded upon in Chapters 7 and 8.
This bioassessment approach is in a phase of ongoing development and refinement. One
characteristic of that phase is the need to increase the spatial spread and density of
reference sites in various regions in Australia. At present, site numbers and densities may
not be sufficient to allow reliable bioassessment in some regions. (It should be noted that
existing support software for AUSRIVAS models screens out any data collected from sites
outside the geographic region for which the model was derived.)
While the sensitivity of AUSRIVAS for site-specific assessments is being improved,
Guidelines’ users should seek updates on developments in this area to determine whether
the method meets the bioassessment requirements for their particular situation and region.
Such updates, including details of the geographic spread of reference sites, may be
obtained from the AUSRIVAS homepage, http://ausrivas.canberra.edu.au/ausrivas.

One would expect quantitative biodiversity indicators to be restricted in application
to a relatively small region, e.g. a river of interest and sites from rivers in
catchments immediately adjacent. This would be less a limitation for broad-scale
RBA indicators. In monitoring programs, RBA indicators would not normally be
expected to provide direct measures of diversity. Further guidance on whether
RBA or quantitative ‘biodiversity’ indicators (or both) are appropriate for a
particular situation is provided in Section 8.1.1.3 of Volume 2.
3.2.2.2 Matching specific indicators to the problem

These Guidelines discuss several stressors, such as metals, suspended solids and/or
sedimentation, salinity, herbicides and nutrients, any environmental effects of
which can be identified, quantified and assessed by particular biological indicators.
Viable protocols (i.e. proven or near-proven) using diatoms and algae,
macrophytes, macroinvertebrates and fish populations and/or communities,
together with community metabolism, have been developed for use in streams and
rivers, wetlands and lakes, and estuarine and marine ecosystems to monitor and
assess changes associated with these stressors. The stressors (or water quality issues)
and biological indicators recommended to apply to the monitoring and assessment of

Version — October 2000

page 3.2–9

Chapter 3 — Aquatic ecosystems

water quality are listed in table 3.2.2. Background to the development of the
biological indicators, including rationale and justification, is provided in Section
8.1 of the Guidelines.

a e.g. Method
2A, Appendix 3,
Vol 2

Development of protocols for the early detection of sediment toxicity using field
assessment procedures is at an early stage in Australia and elsewhere. Until suitable
indicators are identified and protocols for these are developed, a laboratory
assessment approach is recommended (method 2A, table 3.2.2).a For this, a
potentially contaminated sediment from the field is brought back to the laboratory
and standard sediment toxicity tests are conducted to determine its toxicity. A
suitable uncontaminated sediment, collected from an adjacent control site or from the
same site prior to disturbance, is tested as a reference.

3.2.3 Recommended experimental design and analysis procedures for
generic protocols
b See Sections
7.2.2 and 7.2.3

c Sections
7.2.2 and 7.2.3

It is essential that protocols permit rigorous and fair tests of the potential disturbances
under consideration. The best protocols are those that have sufficient baseline data
collected before as well as after a potential disturbance.b There are two advantages of
such protocols. Firstly, the logical basis for inferring whether or not a disturbance has
occurred is stronger because the natural variation inherent in the indicator(s) is
incorporated into the inference; secondly, a properly-designed testing program
permits use of conventional statistical tools to attach formal probability statements to
the observations.c Where such data do not exist or cannot be collected, alternative
analytical procedures can be adopted. These two broad groups of procedures are
outlined here and described in more detail in Section 7.2 (Table 7.2.1D).
Protocols which rely on conventional statistical procedures (Appendix 3, Volume 2)
have two essential features. First, they require that baseline data be collected prior to
the supposed disturbance because seasonal and inter-annual variability in the
indicators need to be accounted for. Second, pre- and post-disturbance data need to
be collected from both the disturbed area and from comparable undisturbed areas.
These control areas provide a benchmark against which changes in the indicator in
the disturbed areas can be judged. With few exceptions, the more control areas that
can be incorporated into the design of the experiment or assessment, the stronger and
fairer will be the test of the effect of the disturbance. The conventional statistical
procedures that are used to analyse these designs belong to the family of general
linear models, which includes univariate and multivariate analysis of variance,
analysis of covariance and regression.
Not all situations permit the implementation of inferentially strong designs.
Appropriate control areas may be limited in number or not available at all. In this
case, statistical methods can be applied to data collected within appropriate designs,
but the strength of the inferences that can be drawn is much weaker and there is a
correspondingly higher risk of either missing a disturbance or erroneously
concluding that a disturbance has occurred. Accordingly these designs should not be
implemented merely as a cost-saving measure; they should only be chosen if
appropriate control areas cannot be found.
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3.2.3 Recommended experimental design and analysis procedures for generic protocols

Table 3.2.2 Water quality issues and recommended biological indicators for different ecosystem types: S = streams
and rivers, W = wetlands, L = lakes and M = estuarine/marine. Letters or indicator in italics denote that while the
indicator is not presently available, it could be developed relatively quickly with additional resourcing.
Code

Issue

Suitable biological indicator or assessment
approach

Protocol1

Ecosystem
type

1A, B

General inorganic (including
metals) and organic contaminants:
Early detection of short- or longerterm changes from substances in
solution/water column

1A Instream/riverside assays measuring sublethal
‘whole-body’ responses of invertebrate and/or fish
species;
1B Biomarkers (chemical/biochemical changes in
an organism)
Direct toxicity assessment

1A(i), (ii)

S

1B(i), (ii)

S, W, L, M

sec 8.3.6
(Vol 2)

S, W, L, M

General inorganic (including
metals) and organic contaminants:
Early detection of short- or longerterm changes from substances
deposited (sediments)

2A ‘Whole-sediment’ laboratory toxicity
assessment (where sediment tests are available)
2B Bioaccumulation/biomarkers (for organisms
that feed through ingestion of sediment); other
sublethal incl. behavioural responses where
protocols developed

2A, sec
8.3.6
2B(i), (ii)

S, W, L, M

General inorganic (including
metals) and organic contaminants:
Changes to biodiversity and/or
ecosystem processes

Structure of macroinvertebrate and/or fish
populations2, 3/communities3 using rapid, broadscale (RBA4) or quantitative (Q) methods
Stream community metabolism

3A(i)–(v)

S, W

3B

S

Suspended solids in the water
column

Structure of macroinvertebrate and/or fish
populations2/communities using RBA4 or Q
methods
Seagrass depth distribution

3A(i)–(v)

S

6

M

2A, B

3

4

S, W, L, M

5

Sedimentation of river bed

As for 4 as well as stream community metabolism

3A(i)–(v),
3B

S

6

Effects of organotins

Imposex in marine gastropods

9

M

7

Salinity:
Changes to biodiversity

Structure of macroinvertebrate and/or fish
populations2, 3/ communities3 (RBA4 or Q
methods); remote sensing (changes to vegetation
structure);

3A(i)–(v),
5

W, S?

8

Herbicide inputs:
Changes to biodiversity

Structure of phytoplankton or benthic algal
communities; remote sensing (changes to
vegetation structure).

4(i), (ii), 5

W, S

9

Nutrient inputs:
Early detection of short- or longerterm changes from substances
deposited or in solution/water
column

Structure and/or biomass of benthic algal or
phytoplankton communities
Stream community metabolism

4(i)–(iii)

S, W

3B

S

10

Nutrient inputs:
Changes to biodiversity and/or
ecosystem processes

Structure and or biomass of phytoplankton,
benthic algal and/or macroinvertebrate
populations2/communities (Q or RBA4)
Stream community metabolism

3A(i)–(v),
4(i), (ii)

S, W

3B

S

11

Nutrient inputs

11a Seagrass depth distribution
11b Frequency of algal blooms
11c Density of capitellids
11d In-water light climate
11e Filter feeder densities
11f Sediment nutrient status
11g Coral reef trophic status

6
7
8

M
M
M

12

General effluents (non-specific)
and effects of hypoxia

Structure of macroinvertebrate communities
(Q or RBA4)

3A(i), (ii)

S, W

13

Broad-scale assessment of
ecosystem ‘health’ (non-specific
degradation)

13A Composition of macroinvertebrate
communities using RBA methods
13B Habitat distributions
13C Assemblage distributions

3A(i), (ii)

S, W
M
M

1. The codes listed in this column refer to protocols that are listed by title in Section 8.1.3 of Volume 2. Summary descriptions of these protocols,
with references to important source documents, are provided in Appendix 3, Volume 2. 2. Populations could serve as biodiversity surrogates if a
‘keystone’ role could be established for a species. 3. For pesticides, study of non-target organisms. 4. Cautionary notes on use of RBA methods
for site-specific assessments are provided in various sections of these Guidelines.
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With some indicators, such as certain highly specific chemical and biochemical
markers, it is possible to use designs that need only limited controls in time or space
or no controls at all. However, there must be conclusive evidence that such indicators
are unequivocally related to the disturbance before such designs are adopted.

a & b See
Sections 7.2.2
& 7.2.3
c Section
3.2.4.2/4
& 7.2.2

d Section
7.2.3.2

For some situations, a disturbance may have occurred and there are no predisturbance data. Alternatively, a development may proceed with insufficient, if
any, baseline data. In these circumstances, the rigour of any inferences about the
disturbance is severely curtailed; the sometimes novel analytical procedures that
have been applied to such data do not compensate for the lack of pre-disturbance
data.a Where multiple control areas are available, they can be used to describe how
atypical the potentially disturbed areas appear.b These procedures require the user
to assume that the indicator responded similarly in control and disturbance areas
before the disturbance. Where multiple control areas are not available, questions
are often framed around the extent of the disturbance. As discussed below,c under
these circumstances it is best that data be collected from a comparatively larger
number of disturbance sites than would otherwise be gathered (e.g. along a mixing
zone gradient), so that stronger inferences may be drawn about disturbance by way
of disturbance gradients. Such additional data may also enhance predictive
capabilities of monitoring programs.
For all these procedures it is necessary to collect and collate exploratory data. The
aim is to define the spatial and temporal extent of sampling and to identify and
choose sampling locations within the control and disturbance areas.d Such
exercises can include use of simulation or other predictive tools to model currents or
sediment movements, and/or be new or pre-existing data on the flora or fauna. It is
difficult to prescribe protocols for exploratory collections because the amount of preexisting data or auxiliary models will vary from case to case. In novel or unfamiliar
situations such exploratory collections are even more desirable and could lead to
substantial savings in time and costs.
Table 3.2.3 summarises the designs that apply to the protocols listed in table 3.2.2.
The BACI class of design uses conventional statistical procedures while designs
using alternative analytical procedures must be applied if inference is based on
temporal change only or spatial pattern alone.
Preferred designs using conventional statistical procedures involve both predisturbance baseline data and multiple control areas (MBACI and ‘Beyond-BACI’
designs of table 3.2.3). Where pre-disturbance baseline data are available or can be
collected, but only a single control site can be found, BACIP designs are appropriate.
Designs where the length of pre-disturbance baseline and/or the number of control
areas are reduced (e.g. BACI) have less inferential rigour because more assumptions
need to be made about the similarity of the behaviour of the indicator in control and
disturbance areas prior to the onset of the potential disturbance.

e Sections 7.2,
7.3 and the
Monitoring
Guidelines Ch.6
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It is important to consider using any descriptive and exploratory analytical tools that
would enhance interpretation of the analytical procedures employed. These might
include graphs and plots accompanying univariate and multivariate approaches, clear
tabulations of relevant descriptive statistics in univariate analyses (e.g. means and
confidence intervals), and ordination and classification of data in multivariate
studies.e Some of the specific requirements of biological indicators that need to be
considered while designing the monitoring program are detailed in Section 7.3.
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Table 3.2.3 Experimental design and analysis procedures to apply to generic protocols. The letters used to
identify the broad categories of design are those used in figure 7.2.1. Explanations of the possible designs and
references are supplied in Section 7.2.3. Letters and numerals in the protocol column correspond to those used
in Table 3.2.2 and Section 8.1.3 (Volume 2).
Broad category of
design (from
Section 7.2.2)

Possible designs

A. Inference based
on the BACI
(Before, After,
Control, Impact)
family of designs

MBACI

All protocols wherever possible

Modifications (e.g. MBACIP, inclusion of covariates)

Any protocol if applicable

‘Beyond BACI’ designs

Any protocol if applicable.

BACIP (single control site)

1A, 1B

Modifications to BACIP

1A, 1B

Simple BACI

1B

Intervention analysis

1B, 2B, 3B, 4, 6, 7, 8. Possibly 3A(ii) but
may prove very expensive; behaviour of
3A(i) in face of temporal variations
unknown and not recommended for this
protocol

Trend analysis

1B, 2B, 3B, 4, 6, 7, 8. Possibly 3A(ii) but
may prove very expensive; behaviour of
3A(i) in face of temporal variations
unknown and not recommended for this
protocol

A posteriori sampling

Possibly 1B, 2B, but only if chemical or
toxicant is unequivocally related to the
effluent

Conventional statistical designs (e.g. ANOVA,
ANCOVA)

Any protocol based on univariate indicator
e.g. 1B, 2B, 3B, 4(i)A, 4(ii), 4(iii)A, 6, 8, 9.

Analysis of ‘disturbance gradients’

Any protocol if applicable; may be too
cumbersome for 1A

Predictive models based on spatial controls only

3A(i), 3A(ii)

B. Inference based
on temporal
change alone

D. Inference based
on spatial pattern
alone

Protocol (from Section 8.1.3, Vol 2)

(Described in table 7.2.1)

3.2.4 Guidelines for determining an unacceptable level of change
3.2.4.1 Inferences, assessment of change, setting decision criteria

a See sections
2.2.1.2, 3.1.7,
7.2.3.3

A priori decisions made between stakeholders (e.g. developer and regulator) about
effect size and the probability of making a Type I error (α) and Type II error (β)
(generally only ‘effect size’ needs to be decided upon for RBA) are an essential
aspect of the guidelines philosophy.a These decision criteria should be preestablished in the following four scenarios: for flexible decision-making; for
compliance assessment; when there are multiple lines of evidence; and when data
are to be assessed against predictive models.

1. Flexible decisions in the spirit of cooperative best practice

Flexible decisions are important where adherence to a precautionary approach has
been agreed or stipulated by a regulatory authority or dictated by legislation.
Adequate baseline data should be collected according to the design criteria discussed
above, given any unavoidable constraints. Integral to design considerations is the
principle that monitoring should provide a strong basis for management response
(through decisions and/or action) to any early indications of adverse disturbances.
The decisions about the criteria and about responsive action by management should
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be made a priori, especially where a superficially positive response might result from
the early stages of an abnormal, and therefore undesired, change in environmental
conditions; e.g. increased taxonomic richness accompanying a slight increase in
eutrophication. Management intervention will depend on the management
objective(s) for the receiving waters, but two approaches are possible.
i.

Management could make ‘super-precautionary’ responses, dictated by any
statistically significant trend from baseline of a magnitude agreed a priori to
be important. The probability criteria for statistical significance would be
determined under the flexible decision regime proposed by Mapstone (1995,
1996), with the result that α and β would be variable and determined from
time to time on the basis of the available data and the critical effect size
agreed a priori. The emphasis is on setting values for critical effect sizes that
would be expected to trigger an early management response to a potential
disturbance. It is assumed that it is more important to react quickly to
potential problems, even though the response would be to something which
had not yet become a major ecological threat. Such a position would be
appropriate for activities in particularly sensitive or valuable areas. The
precision with which one could specify the location of the baseline reference
point would depend on the amount of sampling during the baseline period.
Increasing the precision with which the reference point is specified, which
would presumably also mean increasing the precision of sampling after the
start of a development, would reduce the risk of responding to an erroneous
trigger caused by early indications of a shift from baseline conditions. Thus,
it becomes to everyone’s advantage to seek thorough monitoring.

ii. Management response could be triggered by ongoing feedback or a continuously
monitored variable exceeding some threshold value. Control charting techniques
such as those used in quality assurance/quality control programs might be
employed here. The trigger value for a particular variable might represent a level
at which that variable is known to have important biological consequences, or
might simply be a statistical parameter used to indicate that an observed event
would be considered an outlier under normal circumstances and therefore is
worthy of further investigation. As in (i) above, it is important that all parties have
agreed a priori to intervene when that trigger occurs.
2. Compliance, legal framework: data gathered under strict and rigorous hypothesis-testing
framework

In this case, the criteria to which sampling programs are designed are set
independently of the particular activity being monitored. Such criteria would not
normally be subject to negotiations between regulators and proponents or other
interested parties. These external criteria are the reference points that, if exceeded,
will trigger action. In these cases, negotiations between regulators, interest groups,
and proponents focus on the degree of risk involved in either failing to confidently
recognise that the standard has been violated (β) or that apparent violations will be
flagged in error (α). As in (i) from Section 3.2.4.1/1 above, the thoroughness of
sampling design will directly influence the likelihood of erroneous decisions.
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3. Data gathered from multiple lines of evidence, where statistical power for each indicator may be
poor (lack of adequate temporal baseline)

a See Section
7.2.1.2

For situations where there is a paucity of baseline information and/or adequate
spatial controls, it is recommended that users adopt a ‘weight-of-evidence’
approach (Suter 1996) to inference. The process is based on risk assessment
principles and draws on epidemiological precepts in interpreting test results; the
concept in various forms has been described by Hodson (1990), Stewart-Oaten
(1993) and Suter (1996), amongst others, with examples. There is an onus on those
conducting monitoring programs under these situations to enhance the set of
monitoring techniques used: it should include chemical monitoring, spatial
gradients for a number of biological monitoring protocols,a and toxicological and
other experimental data in which concordance is sought between field results and
controlled experimental findings. In this way, lack of baseline information may be
at least partially compensated for, so that conclusions can be confidently drawn
and, importantly, agreed upon by all parties.

4. Data assessed against bands of AUSRIVAS predictive models

Two complementary indices summarise the outputs from the analysis of
AUSRIVAS data:
i.

O/E Family — the ratio of the number of families of macroinvertebrates at a site
to the number of families expected (predicted) at that site. (The expected number
of families is actually the sum of the probabilities of each taxon occurring at the
site as calculated from the model.)

ii. O/E SIGNAL which is the ratio of the observed SIGNAL10 value for a site to the
expected SIGNAL value. SIGNAL assigns a grade to each family based on its
sensitivity to pollution. The sum of the grades is divided by the number of
families involved to give an average grade for the site. A grade of 10 represents
high sensitivity to pollution, while a grade of 1 represents high tolerance of
pollution.
The values of both indices can range from a minimum of 0 (indicating that none of
the families expected at a site were actually found at that site) to a theoretical
maximum of 1.0, indicating a perfect match between the families expected and those
that were found. In practice, the maximum can exceed 1.0 indicating that more
families were found at that site than were predicted by the model. This can indicate
an unusually diverse site, but could also indicate mild enrichment by organic
pollution where the added nutrients have allowed families not normally found in that
site to establish. Conversely, an undisturbed, high-quality site may score an index
value less than 1.0 because of chance exclusions of families during sampling.
For reporting, the value of each index is divided into categories or bands. The width
of the bands is based on the distribution of index values for the reference sites in a
particular model. The width of the reference band, labelled ‘A’ in table 3.2.4, is
centred on the value 1.0 and includes the central 80% of the reference sites. Any site
with index within the 10% and 90% bounds around 1.0 is allocated to band A and is
described as being of ‘reference condition’. A site with an index value exceeding the
upper bound of these values (i.e. the index value is greater than the 90th percentile of
10 SIGNAL is a biotic index, Stream Invertebrate Grade Number — Average Level; see Section
8.1.2.1 and Chessman (1995).
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the reference sites) is judged to be richer than the reference condition, and is
allocated to ‘band X’. A site whose index value falls below the lower bound (i.e. the
index value is smaller than the 10th percentile of the reference sites) is judged to
have fewer families and/or a lower SIGNAL score than expected and is allocated to
one of the lower bands according to its value. The widths of bands B and C are the
same as the width of band A, the reference band. The band D may be narrower than
these, depending on variability in the index values of the reference sites in the model.
In most cases, sites falling in band D on either index are severely depleted in terms of
the number of families expected.
In many cases the values of the indices will allocate a site to the same band. In
situations where the two indices differ in band allocation, the site will be allocated
to lower of the two bands if the index value is below reference condition, or to the
above reference band if one of the indices places the site in band X.
These factors should be taken into consideration by stakeholders and management
who are setting situation-specific guidelines.
Table 3.2.4 Division of AUSRIVAS O/E indices into bands or categories for reporting. The
names of the bands refer to the relationship of the index value to the reference condition
(band A). For each index, the verbal interpretation of the band is stated first, followed by
likely causes (dot-points).
Band
label

Band name

Comments
O/E Families

X

Richer than
reference

More families found than
expected.

Greater SIGNAL value than
expected.

•

Potential biodiversity ‘hotspot’

•

Potential biodiversity ‘hotspot’

•

Mild organic enrichment

•

Differential loss of pollutiontolerant taxa (potential
disturbance unrelated to
water quality)

A

Reference

Index value within range of
central 80% of reference sites

Index value within range of central
80% of reference sites

B

Below reference

Fewer families than expected

Lower SIGNAL value than
expected

•

C

D

Well below
reference

Impoverished

Potential disturbance either
to water quality or habitat
quality or both resulting in a
loss of families

•

Differential loss of pollutionsensitive families

•

Potential disturbance to water
quality

Many fewer families than
expected

Much lower SIGNAL value than
expected

•

•

Most expected families that
are sensitive to pollution have
been lost

•

Substantial disturbance to
water quality

Loss of families due to
substantial disturbance to
water and/or habitat quality

Few of the expected families
remain
•
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O/E SIGNAL

Severe disturbance

Very low SIGNAL value
•

Only hardy, pollution-tolerant
families remain
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It should be noted that the calculation of indices and allocation to a band for a
stream site are automatically performed as part of the AUSRIVAS procedure by
the AUSRIVAS software package. This software, downloaded over the internet
(website address: http://ausrivas.canberra.edu.au/ausrivas) performs all calculations
required for performing an RBA AUSRIVAS bioassessment of a site’s
macroinvertebrate community. Further documentation is provided via the
AUSRIVAS homepage, as well as additional aids in diagnosing the disturbance at
a site, depending upon the band in which it falls.
3.2.4.2 Situation-dependent guidelines

a See section
3.1.3.3
b Section 7.2.1

The following subsections provide guidelines for protection of each of the three
ecosystem conditions listed in Section 3.1, i.e. condition 1 ecosystems, of high
conservation/ecological value; condition 2, slightly to moderately disturbed systems;
and condition 3, highly disturbed systems. For condition 1 and condition 2
ecosystems, management involves tracking the intrinsic attributes of the ecosystems
(the key structural and functional components) to ensure they do not deviate outside
natural variability as determined from baseline knowledge or accruing knowledge.
For any of the ecosystem conditions, local jurisdictions could negotiate site-specific
guidelines alternative to those recommended below after considering site-specific
factors.a (Elsewhere, the Guidelines recommend the type and number of indicators
that should be incorporated in an environmental monitoring and assessment
program, depending upon the situation.b)

1. Sites of high conservation value (condition 1 ecosystems)

For most applications using bioindicators in Australia, there is insufficient
information about ecosystems upon which to make informed judgments about an
acceptable level of change. All stakeholders (e.g. developer and regulator) are
strongly encouraged to adopt the following strategy towards determining
appropriate guidelines for indicator responses: first, for collecting baseline data;
then, detecting and assessing environmental impacts.
Baseline data collection
c App. 3, Vol. 2
for protocols

d Section
3.2.4.2/4

Using an appropriate statistical design for the indicator response as prescribed in the
protocols,c parties should ensure an ‘adequate’ baseline is gathered for the indicators
measured. This may be achieved by setting ‘conservative’ α, β and effect size, where
the effect size is determined on the basis of statistical or other criteria. In the absence
of clear information from which to set decision criteria, it is recommended default
targets for ecologically conservative decisions be set at α = 0.1, β = 0.2 (power of
0.8) and effect size = 10% of, or 1 SD about, the baseline mean, whichever is
smaller. Whether these defaults are applied or not, the importance of sound and
numerous baseline data cannot be over-emphasised. It is strongly recommended that
baseline data be gathered from at least 3−5 control or reference locations (for
biodiversity indicators at least) over a period of at least three years (all indicators)
wherever possible. (See case study presented in Appendix 4, Vol 2, and Section 7.2
for rationale, justification and further discussion.) Guidelines are provided below for
those situations in which it is not possible to meet these baseline requirements.d
The default guidelines for α, β, and effect size, from above, should not be simply
accepted as a new convention (or dogma), but should be seen as the starting point for
considering (and negotiating) what is appropriate or reasonable for each case. The
setting of effect size should be an active and explicit decision, usually made on a
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a See App. 4,
Vol. 2

case-by-case basis. Mapstone (1995, 1996), for example, provides additional case
studies describing the setting of statistical decision criteria. For some situations an
effect size as small as 10% is achievable and deemed necessary.a For many others of
the variables typically encountered in environmental work, it will be very difficult to
detect changes of 10% or less about some mean, and perhaps impossible. In some
cases, changes of 10% might be inconsequential, even in terms of an early warning
system. Seeking to enforce monitoring to arbitrary decision criteria under such
circumstances could result in a strong backlash against the principle of setting
decision criteria a priori. However, relaxation of precautionary values should always
be a clearly argued and thoroughly justified step. If insufficient information exists to
justify such changes but nominated monitoring variables cannot be sampled
rigorously enough to satisfy default criteria, then other candidate variables should be
investigated as the mainstays for inferential decisions.
It is not always sensible to set an effect size of 10% (or some other value) of the
time-averaged baseline mean. In some cases it may be necessary to stipulate an
effect size that reflects the dynamics of the control sites and how they are related to
the disturbance site during baseline monitoring. For example, say the measurement
variable has a seasonal periodicity but the future disturbance site and control sites
show different responses to seasonality. Then it would be necessary to model that
knowledge into the effect size. At its simplest, this might mean having different
effect sizes for tests in summer and winter.
The baseline data referred to above are for use in determining if change has
occurred. Much of the information used for environmental impact assessments
(EIAs) is required for ecosystem characterisation and impact prediction and whilst
not ‘baseline’ in the statistically rigorous sense described above, should be
adequate as pilot data to design monitoring programs used for impact detection.
Once an environmental impact statement (EIS) is accepted and a development
proposal is approved, either development should be delayed, or there should be a
guarantee that no disturbance to aquatic ecosystems would occur, until adequate
baseline are gathered. (Humphrey et al. (1999) are critical of aspects of the EIA
process in Australia at least, in that too often developments proceed without
adequate baseline data gathered to detect and assess potential disturbances.)
Detecting and assessing disturbances

b Section
3.2.4.1

The guidelines for detecting and assessing environmental impacts or disturbances
are determined from a priori decisions made between all parties.b In the case of
flexible decision-making in the spirit of cooperative best practice, intervention can
be either (i) ‘super-precautionary’, sought once any apparent trend away from a
baseline appears, or (ii) sought once a feedback ‘trigger’ or threshold has been
reached. In the first of these two situations, management action may or may not be
required when a ‘positive’ response is detected. The proponent/discharger may also
wish to corroborate the results for an indicator with water chemistry data and data
obtained for other biological indicators.
Alternatively, data may be being gathered for compliance assessment within a
legal framework, under strict and rigorous hypothesis-testing. Here, using the
default settings from (i) above, unless all parties have determined other values a
priori, an unacceptable disturbance has occurred if P < 0.1 in the statistical test
applied to the data.
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It is strongly recommended that parties adopt a precautionary approach and
respond wisely and in a timely manner to data gathered for ‘early detection’
indicators.
2. Slightly to moderately disturbed systems (condition 2 ecosystems)
a See Section
3.2.4.2/1

Treat condition 2 ecosystems like condition 1 ecosystemsa acknowledging that
there may be negotiated deviations from default values prescribed for condition 1
ecosystems. Nevertheless, any decisions on effect size should be based on sound
ecological principles of sustainability rather than arbitrary relaxation of the default
values described above, or because of resource constraints.

3. Highly disturbed systems (condition 3 ecosystems)

The philosophy of the Guidelines for these systems is that at worst, water quality is
maintained. Ideally, the longer-term aim is towards improved water quality.
b Section
7.2.1.1/3

Normally, early detection indicators of sublethal toxicity would not be measured at
these sites.b For these sites, any decisions on effect size can be arbitrary relaxations
of the default values described above, although they should still be based on sound
ecological principles of sustainability. Guidelines from 3.2.4.2/5 below should be
applied for cases in which a rapid, broad-scale biodiversity indicator has been
selected. Where rapid assessment methods are applied to small-scale problems
(within a catchment), assessment of results must take into account the general
inability of the methods to detect all but large water quality problems. Approaches
recommended to enhance the general sensitivity of the methods are discussed in
box 3.2.1 and in Section 7.3.3.

4. Sites where an insufficient baseline sampling period is available to meet key default guideline
decision criteria

c Section
3.2.4.1

To compensate for an inability to gather sufficient baseline data, the Guidelines
recommend that additional monitoring be carried out, including a greater number
of indicators and/or sites for ‘early detection’ and biodiversity measurement (i.e.
the ‘multiple lines of evidence’ conceptc). Of course, resource constraints will limit
the number of additional indicators and sites that can be monitored, but these
resource constraints must be satisfactorily balanced with the need for unambiguous
and meaningful results.
For a development that is in the planning stage, if there are inadequate baseline
data against which to assess disturbance, it is recommended that data from all
monitoring programs be submitted to an independent expert (or panel of experts)
on a regular basis for assessment of acceptability. The same ethos of precaution
and ecological sustainability, as applied to guidelines in other situations listed here,
would influence the decisions made by the experts.
For existing developments for which adequate baseline data were never gathered, the
project approval phase probably pre-dated the more stringent discharge licensing
conditions that have subsequently been imposed by regulators. Apply the same
procedures as for (i) from above.

d Section 3.2.5

For a posteriori monitoring of accidental discharges, continue monitoring until
target indicator goals have been reached, as determined by an independent expert
(or panel of experts). d
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5. Broad-scale assessment of ecosystem health

Broad-scale assessments of ecosystem health are used to assess water quality for
planning purposes, to set goals for remediation and rehabilitation programs, and to
monitor and assess broad-scale disturbances such as diffuse pollution.
If a site is found to be below reference condition on the AUSRIVAS banding scheme
(band B or lower), then it can be concluded that fewer invertebrate taxa have been
found than would be expected on the basis of the particular AUSRIVAS model. A
goal of subsequent management should be to improve the water and habitat quality
so as to move the site indices closer to reference conditions or into band A.

a See Section
3.2.4.1/4

If a site is found to be above reference condition on the AUSRIVAS banding
scheme (band X), then further investigations are needed. The site may be naturally
more diverse than surrounding reference sites, and therefore warrants special
management to conserve that diversity. Alternatively, a naturally nutrient-poor site
has received organic or nutrient enrichment with successful establishment of
families of macroinvertebrates that would ordinarily not inhabit this site.a

3.2.5 Assessing the success of remedial actions

b Section
3.2.2.2

c Sections
7.2.1.2 and 7.2

d Section 3.2.4

e Section 3.1.3
f Sections
7.2.2 and 7.2.3
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For aquatic ecosystems long degraded by human disturbances in Australia and
New Zealand, biological monitoring will be required to assess the success of
remedial works put in place to improve water quality and ecological condition. The
goals for remediation might be either restoration or rehabilitation. Restoration
refers to attempts to restore an ecosystem to its configuration prior to the
disturbance or disturbance. Rehabilitation refers to attempts to improve the
ecological status of some attributes of a disturbed ecosystem. The expected
management target would be improvement in the ecological condition or integrity
of a site (or sites) and specific biodiversity indicators could be selected for the
water quality problem identified.b
Invariably in these situations, there are no pre-disturbance data available to define a
target ecological condition, and because of this the scope for applying formal
statistical methods of inference is reduced.c The ecological target should then be
assumed to resemble that of appropriate control locations, where these are
available. The assumption being made in this process is that the indicator
responded similarly in the control and disturbance areas before the disturbance.
Simple hypotheses may be generated for these cases that test for likely indications
of improvement. In all likelihood, there are too few data and too many
uncertainties for formal statistical decision criteriad to be applied. Rather,
monitoring is continued until target indicator goals have been reached. Expert
panels can decide upon the goals and, if necessary, decide whether compliance has
been achieved. In determining goals for rehabilitation or restoration, stakeholders
and their consultants need to take into consideration the desired target ecosystem
condition e as well as experience elsewhere in achieving biological recovery for the
types of contaminants involved. f
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3.3 Physical and chemical stressors
3.3.1 Introduction
A number of naturally-occurring physical and chemical stressors can cause serious
degradation of aquatic ecosystems when ambient values are too high and/or too
low. In this section, the following physical and chemical stressors are considered:
nutrients, biodegradable organic matter, dissolved oxygen, turbidity, suspended
particulate matter (SPM), temperature, salinity, pH and changes in flow regime.
Other chemical stressors, such as ammonia, cyanide, heavy metals, biocides and
other toxic organic compounds, are covered in Sections 3.4 and 3.5.
Recommendations relating to the development of guidelines for the stressors not
covered in these Guidelines (e.g. introduced species and habitat modifications) are
contained in Section 8.5.2 of Volume 2.

a Section 3.1.3

b Section
3.1.3.2

The purpose of the guidelines provided in this section is to assist those involved in
managing water resources to ensure that condition 2 (slightly to moderately
disturbed) and condition 3 (highly disturbed) aquatic ecosystems are adequately
protected. For ecosystems requiring the highest level of protection (condition 1), the
objective of water quality management is to ensure that there is no detectable change
(beyond natural variability) in the levels of the physical and chemical stressors.a For
such highly-valued ecosystems, the statistical decision criteria for detecting any
change should be ecologically conservative and based on sound ecological
principles. This position should only be relaxed where there is considerable
biological assessment data showing that such changes will not affect biological
diversity in the system.b
Figure 3.3.1 is a flow chart of the steps involved in the detailed application of the
guidelines for the physical and chemical stressors using risk-based ‘guideline
packages’.
The steps consist of selecting key stressors, then guideline trigger values, and then,
where appropriate, a protocol for considering the effect of ecosystem-specific
modifiers in reducing the biological effects of individual stressors. The steps are
discussed in detail in this section.
The new approach for physical and chemical stressors recommended here differs
from that in the 1992 ANZECC Water Quality Guidelines (ANZECC 1992) in a
number of ways, the most significant being that:
•

the guidelines are as specific as possible to each ecosystem. While not all of
the required information is available yet, a start has been made by increasing
the number of ecosystem types from two in the 1992 ANZECC Guidelines to
six in these Guidelines.c

•

the focus here is on providing issue-based information, aimed at protecting
aquatic ecosystems from eight issues or problems caused by physical and
chemical stressors.d

•

available biological effects data have been used to determine low-risk guideline
trigger values for toxic stressors for each ecosystem-type where sufficient data
exist — i.e. a risk-based approach. For non-toxic stressors, low-risk guideline
trigger values for key performance indicators have been determined by
comparison with suitable reference ecosystems.e

c Section 3.1.2

d Section
3.3.2.2

e Section
3.3.2.1

Version — October 2000

page 3.3–1

Chapter 3 — Aquatic ecosystems

•

for each issue, the Guidelines give guideline packages (which are also riskbased) rather than simplistic threshold numbers for single indicators. These
packages consist of key performance indicators, guideline trigger values and,
where appropriate, a protocol for considering the effect of ecosystem-specific
modifiers in reducing the biological effects. The packages help managers
estimate whether low, possible or high risk exists at their sites as well as
providing them with a means of refining guideline trigger values. The steps
involved in applying the guideline packages are summarised in figure 3.3.1.

•

guidelines for each issue are generally specified as concentrations, although it is
recommended that load-based guidelines be developed for nutrients,
biodegradable organic matter and suspended particulate matter.

The remainder of this section is divided into two parts: Section 3.3.2 outlines the
philosophy adopted in developing guidelines for physical and chemical stressors,
while Section 3.3.3 covers the detailed guideline packages for each of the eight
issues considered.

Define primary management aims (fig 3.1.1)

Determine appropriate guideline trigger values
for selected indicators (fig 3.1.1)

Test against guideline values
Compare key performance indicators with guideline ‘trigger’
values for specific ecosystem type

Low riskb

Decision framework for
applying the trigger valuesa

Potential riskc
Further site-specific investigations:
• Consider effects of ecosystem-specific modifying factors
• Comparison with reference condition
• Biological effects data (e.g. direct toxicity assessment)

Low riskb

High risk
(initiate remedial actions)

a Local biological effects data and some types of reference data (section 3.1.5) generally not required in the decision trees
b Possible refinement of trigger value after regular monitoring (section 3.1.5)
c Further investigations are not mandatory; users may opt to proceed to management/remedial action

Figure 3.3.1 Decision tree framework (‘guideline packages’) for assessing
the physico-chemical stressors in ambient waters
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3.3.2 Philosophy used in developing guidelines for physical and chemical
stressors
3.3.2.1 Types of physical and chemical stressors

Physical and chemical stressors can be classified broadly into two types (fig 3.3.2)
depending on whether they have direct or indirect effects on the ecosystem.
Direct effects

Two types of physical and chemical stressors that directly affect aquatic ecosystems
can be distinguished: those that are directly toxic to biota, and those that, while not
directly toxic, can result in adverse changes to the ecosystem (e.g. to its biological
diversity or its usefulness to humans). Excessive amounts of direct-effect stressors
cause problems, but some of the elements and compounds covered here are essential
at low concentrations for the effective functioning of the biota — nutrients such as
phosphorus and nitrogen, and heavy metals such as copper and zinc, for example.

Types of physical and chemical
stressors

Direct effect

Stressors directly
toxic to biota
e.g.
• heavy metals
• ammonia
• salinity
• pH
• DO
• temperature

Stressors that are
not toxic but can
directly affect
ecosystems & biota
e.g.
• nutrients
• turbidity
• flow
• alien species

Indirect effect

Stressors (or factors) that
can modify effects of other
stressors
e.g.
• pH — release metals
• DOC, SPM — complex metals and
reduce toxicity
• temperature — increase physiological
rates
• DO — change redox conditions and
release P

Figure 3.3.2 Types of physical and chemical stressors

a Section 3.4

The trigger values of toxic stressors are generally determined from laboratory
ecotoxicity tests conducted on a range of sensitive aquatic plant and animal
species.a However, salinity, pH and temperature are three toxic direct-effect
stressors that are naturally very variable among and within ecosystem types and
seasonally, and natural biological communities are adapted to the site-specific
conditions. This suggests that trigger values for these three stressors may need to be
based on site-specific biological effects data.
Examples of non-toxic direct-effect stressors include:
•
•

nutrients, that can result in excessive algal growth and cyanobacterial blooms;
suspended particulate matter, that can reduce light penetration into a waterbody
and result in reduced primary production, possible deleterious effects on
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•
•

phytoplankton, macrophytes and seagrasses, or smother benthic organisms and
their habitats;
organic matter decay processes, that can significantly reduce the dissolved
oxygen concentration and cause death of aquatic organisms, particularly fish;
water flow, which can significantly affect the amount and type of habitats
present in a river or stream.

Indirect effects

Indirect stressors (or factors) are those that, while not directly affecting the biota,
can affect other stressors making them more or less toxic. For example, dissolved
oxygen can influence redox conditions and influence the uptake or release of
nutrients by sediments. Equally, pH, dissolved organic carbon (DOC) and
suspended particulate matter can have a major effect on the bioavailable
concentrations of most heavy metals.
a See Section
3.1.5

b Section 8.5.2
(Volume 2)

c Section 8.2.1

Through the risk-based decision trees,a managers will consider these indirect
stressors, with ecosystem-specific modifying factors, during the assessment of each
issue. Although many effects of these modifying factors are reasonably well known
from a theoretical viewpoint, there are few quantitative relationships (or models)
that allow them to be used to develop more ecosystem-specific guidelines (Schnoor
1996). Recommendations made in Section 8.5.2 (Volume 2) cover the type of
research and development needed to develop these relationships.b
For both types of physical and chemical stressors (eliciting direct or indirect effects
on the ecosystem) background information is provided in Section 8.2.1 by way of
Fact Sheets.c Key indicators provided in the Fact Sheets are nutrients, dissolved
oxygen, turbidity and suspended particulate matter, salinity, temperature, optical
properties, environmental flows and hydrodynamics.

3.3.2.2 Issues affecting aquatic ecosystems that are controlled by the physical and chemical
stressors

Many aquatic ecosystems experience a range of problems that affect biodiversity or
ecological health. These problems mostly result from human activities.
d See Sections
3.3.3, 8.2.3

This section focuses on the development of guideline ‘packages’ to address the
specific issuesd (summarised in table 3.3.1) likely to result from physical and
chemical stressors:
•
•
•
•
•
•
•
•
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nuisance growth of aquatic plants (eutrophication);
lack of dissolved oxygen (DO; asphyxiation of respiring organisms);
excess suspended particulate matter (SPM; smothering of benthic organisms,
inhibition of primary production);
unnatural change in salinity (change in biological diversity);
unnatural change in temperature (change in biological diversity);
unnatural change in pH (change in biological diversity);
poor optical properties of waterbodies (reduction in photosynthesis; change in
predator–prey relationships);
unnatural flow (inhibition of migration; associated temperature modification of
spawning; changes in estuarine productivity).
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Table 3.3.1 Summary of the condition indicators, performance indicators, and location of default trigger value
tables, for each issue

a

Issue

Condition
indicator/target

Performance
indicators

Preferred method
for obtaining
a
trigger values

Default trigger
value for each
ecosystem-type

Consider
ecosystemspecific
modifiers

1. Nuisance aquatic
plants

Species composition
Cell numbers
Chlorophyll a conc

TP conc
TN conc
Chl a conc

Reference data
Reference data
Reference data

Tables 3.3.2,
3.3.4, 3.3.6, 3.3.8,
3.3.10

Yes — Section
3.3.3.1

2. Lack of DO

Reduced DO conc
Species composition/
abundance

DO conc

Reference data

Tables 3.3.2,
3.3.4, 3.3.6, 3.3.8,
3.3.10

Yes — Section
3.3.3.2

3. Excess of SPM

Species composition/
abundance

SPM conc

Reference data

Tables 3.3.3,
3.3.5, 3.3.7, 3.3.9,
3.3.11

Yes — Section
8.2.3.2

4. Unnatural change
in salinity

Species composition/
abundance

EC (salinity)

Reference data

Tables 3.3.3,
3.3.5, 3.3.7, 3.3.9,
3.3.11

No

5. Unnatural change
in temperature

Species composition/
abundance

Temperature

Reference data

> 80%ile
< 20%ile

No

6. Unnatural change
in pH

Species composition/
abundance

pH

Reference data

Tables 3.3.2,
3.3.4, 3.3.6, 3.3.8,
3.3.10

No

7. Poor optical
properties

Species composition/
abundance

Turbidity
Light regime

Reference data
Reference data

Tables 3.3.3,
3.3.5, 3.3.7, 3.3.9,
3.3.11

No

8. Unnatural flow
regime

Species composition/
abundance
Habitat change
% wetted area

Flow regime

Where local biological and ecological effects data are unavailable.

3.3.2.3 Defining low-risk guideline trigger values

a See figure
3.3.1

b Section 3.1.5

The guideline trigger values are the concentrations (or loads) of the key
performance indicators, below which there is a low risk that adverse biological
effects will occur. The physical and chemical trigger values are not designed to be
used as ‘magic numbers’ or threshold values at which an environmental problem is
inferred if they are exceeded. Rather they are designed to be used in conjunction
with professional judgement, to provide an initial assessment of the state of a water
body regarding the issue in question. They are the values that trigger two possible
responses. The first response, to continue monitoring, occurs if the test site value is
less than the trigger value, showing that there is a ‘low risk’ that a problem exists.
The alternative response, management/remedial action or further site-specific
investigations, occurs if the trigger value is exceeded — i.e. a ‘potential risk’
exists.a The aim with further site-specific investigations is to determine whether or
not there is an actual problem. Where, after continuous monitoring, with or without
site-specific investigations, indicator values at sites are assessed as ‘low risk’ (no
potential impact), guideline trigger values may be refined.b The guidelines have
attempted as far as possible to make the trigger values specific for each of the
different ecosystem types.
Four sources of information are available for use when deriving low-risk trigger
values: biological and ecological effects data, reference system data, predictive
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a See box
3.3.1

modelling, or professional judgment.a The guidelines for physical and chemical
stressors promote and focus principally on the derivation of low-risk trigger values,
from biological and ecological effects data and through the use of reference data.

Ecosystem condition

b Sections
3.1.3.2, 3.1.7
& 7.2.3.3
c Section
3.2.4.2
d Section
7.4.4.1

As already mentioned, the Guidelines recognise three levels of ecosystem condition
(1) high conservation/ecological value (condition 1 ecosystems), (2) slightly or
moderately disturbed (condition 2 ecosystems), and (3) highly disturbed (condition 3
ecosystems), each with an associated level of protection (table 3.1.2). For condition 1
ecosystems, the Guidelines advise that there should be no change from ambient
conditions, unless it can be demonstrated that such change will not compromise the
maintenance of biological diversity in the system. Where comprehensive biological
effects data are unavailable, a monitoring program is required to show that values of
physical and chemical stressors are not changing, using statistically conservative
decision criteria as the basis for evaluation.b Values of the criteria as recommended
for biological indicators might be used as a starting point in negotiations;c further
discussion of statistical error rates relevant to detecting change in physical and
chemical stressors is provided in Section 7.4.4.1.d

Box 3.3.1. Sources of information for use when deriving low-risk
trigger values
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a)

biological and ecological effects data — obtained either from biological effects testing
using local biota and local waters (e.g. information derived by eriss for water release
standards in Kakadu National Park), or from the scientific literature (preferably for
Australia and New Zealand). This method is most appropriate for stressors directly toxic
to biota (e.g. salinity, pH, DO, ammonia), but can also be applied to naturally-occurring
stressors such as nutrients (e.g. nutrient addition bioassays). Ecological effects data are
obtained through site- or ecosystem-specific laboratory and field experiments (see text
below for deriving low-risk trigger values).

b)

reference system data — obtained either from the same (undisturbed) ecosystem (i.e.
from upstream of possible environmental impacts) or from a local but different system,
or from regional reference ecosystems (Section 3.1.4). This is particularly useful for
aquatic ecosystems where the management target is to maintain or restore the
ecosystem, and where there are sufficient resources to obtain the required information
on the reference ecosystem (see the text below for deriving low-risk trigger values).

c)

predictive modelling — particularly useful for certain physical and chemical stressors
whose disturbance occurs through transformations in the environment (e.g. nutrients,
biodegradable organic matter). In these cases, because of the other factors involved,
there does not appear to be a direct relationship between the ambient concentration of
the stressor (e.g. total P concentration) and the biological response (e.g. algal
biomass). However, there is often a plausible relationship between loading (or flux) and
biological response.

d)

professional judgement — may be used in cases where it will not be possible to obtain
appropriate data for a reference ecosystem because insufficient study has been
undertaken to provide an adequate data base. Such judgement should be supported by
appropriate scientific information (e.g. information from 1992 ANZECC guidelines or other
guideline documents, e.g. Hart 1974, Alabaster & Lloyd 1982, USEPA 1986, CCREM
1991), and the scientific literature.
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Low-risk trigger values can be developed for condition 2 and condition 3
ecosystems:
•

condition 2, slightly–moderately disturbed ecosystems, where the objective is to
maintain biological diversity, acknowledging that stakeholders may also decide
to allow some small change to biodiversity as well as improve or restore the
ecosystem to a substantially unmodified condition, depending upon the situation;

•

condition 3, highly disturbed ecosystems, where the management target will be
to maintain, and preferably, improve the ecosystem, although in many cases the
possibility of restoring the system to a substantially natural ecosystem may not
be realistic. Urban aquatic systems (rivers, streams, wetlands, estuaries) are a
case in point. For most of these, the hydrology in particular has been so markedly
changed that at best a somewhat modified ecosystem can be achieved.

As suggested for high conservation/ecological value sites above, users also need to
negotiate statistical decision criteria that can apply to any monitoring program for
condition 2 or condition 3 ecosystems designed to detect change in values of physical
and chemical stressors. Where maintenance of biological diversity is an important
management goal, these criteria need to be set conservatively, but can be relaxed if
some change to the system is acceptable.
The following sections outline the preferred hierarchy for deriving low-risk trigger
values for aquatic systems (see figure 3.1.2). Where the preferred approach cannot
be immediately implemented, a default or interim approach has been outlined.
3.3.2.4 Preferred approaches to deriving low-risk guideline trigger values
Using ecological effects data

a See Sections
3.2.3, 8.1 &
Monitoring
Guidelines
b Sections
3.3.2.7 & 7.2.3.3
c Section 8.5.2

For low-risk trigger values, measure the statistical distribution of water quality
indicators either at a specific site (preferred), or an appropriate reference system(s),
and also study the ecological and biological effects of physical and chemical
stressors.a Then define the trigger value as the level of key physical or chemical
stressors below which ecologically or biologically meaningful changes do not occur,
i.e. the acceptable level of change.b Depending on the level of protection of the water
body, the trigger value can be defined more or less conservatively after consultation
with stakeholders, and using professional advice.c

Using reference data

Where there is insufficient information on ecological effects to determine an
acceptable change from the reference condition, use an appropriate percentile of the
reference data distribution to derive the trigger value. The percentile represents a
measure that can be applied to data whether they be normally or non-normally
distributed.
For naturally-occurring stressors, use data from appropriate reference systems to
determine the low-risk trigger value for each key indicator. For these Guidelines,
data collected after two years of monthly sampling are regarded as sufficient to
indicate ecosystem variability and can be used to derive trigger values.
Ideally, in ecosystems not characterised by large seasonal or event-scale effects,
develop trigger values for each month, i.e. a total of 12 low-risk trigger values.
However, in some ecosystems, the relationships between physical and chemical
indicators and key biological responses can be influenced by strong seasonal or
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a See Sections
3.3.2.9 &
3.3.3.3

event-scale effects. In these systems, it will be necessary to monitor so as to detect
these seasonal influences or events. For ecosystems where seasonal or event-driven
processes dominate (e.g. tropical wetlands), it is possible to group the data and derive
a number of trigger values corresponding to the key seasonal periods. For example,
in wet–dry tropical systems two trigger values can be derived, one for the wet season
and another for the dry season. In these instances, collect, partition and compare
reference and test data according to specific flow regimes and/or seasons, particularly
where biological responses to a particular stressor can be identified to be more
pronounced in a particular season or flow regime.a
Where few data are available (i.e. few reference sites or sampling times) and
seasonal and event influences are poorly defined, derive a single trigger value from
available data as an interim measure.

b Section 7.4.4

c Section
7.4.4.1

Define trigger values for physical and chemical stressors for condition 2
ecosystems, in terms of the 80th and/or 20th percentile values obtained from an
appropriate reference system. This choice is arbitrary (though reasonably
conservative),b and professional advice should be sought wherever possible in
selecting an appropriate point on the distribution curve for a system. For stressors
that cause problems at high concentrations (e.g. nutrients, SPM, biochemical
oxygen demand (BOD), salinity), take the 80th percentile of the reference
distribution as the low-risk trigger value. For stressors that cause problems at low
levels (e.g. low temperature water releases from reservoirs, low dissolved oxygen
in waterbodies), use the 20th percentile of the reference distribution as a low-risk
trigger value. For stressors that cause problems at both high and low values (e.g.
temperature, salinity, pH), the desired range for the median concentration is
defined by the 20th percentile and 80th percentile of the reference distribution.c
For condition 3 waterbodies, derive trigger values from site-specific biological or
ecological effects data or, when an appropriate reference system(s) has been
identified and there are sufficient resources to collect the necessary information,
from local reference data. In this latter case, depending on management objectives,
define trigger values using a conservative percentile value (e.g. 80th percentile
value) to improve water quality (preferred approach), or a less conservative
percentile (e.g. 90th percentile) to maintain water quality. Use professional
judgement to determine the most appropriate cutoff percentile.
For either condition 2 or condition 3 ecosystems, where there are insufficient
information or resources to undertake the necessary site-specific studies, use the
default values provided that are derived from regional reference data (see following
section).

3.3.2.5 Default approach to deriving low-risk guideline trigger values

d Section
7.4.4.1

The default approach to deriving trigger values has used the statistical distribution
of reference data collected within five geographical regions across Australia and
New Zealand. Here, depending on the stressor, a measurable perturbation in
slightly to moderately disturbed ecosystems has been defined using the 80th and/or
20th percentile of the reference data.d
First, New Zealand and Australian state and territory representatives used
percentile distributions of available data and professional judgement to derive
trigger values for each ecosystem type in their regions. Trigger values were then
collated, discussed and agreed for south-east Australia (VIC, NSW, ACT, south-
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a See Section
8.2.2

east QLD, and TAS), south-west Australia (southern WA), tropical Australia
(northern WA, NT, northern QLD), south central Australia — low rainfall area
(SA) and New Zealand (tables 3.3.2 to 3.3.11). Summaries of the data used to
derive guideline trigger values for each Australian state and territory and for New
Zealand are provided in Volume 2.a
The default trigger values in the present guidelines were derived from ecosystem data
for unmodified or slightly-modified ecosystems supplied by state agenicies.
However, the choice of these reference systems was not based on any objective
biological criteria. This lack of specificity may have resulted in inclusion of reference
systems of varying quality, and further emphasises that the default trigger values
should only be used until site- or ecosystem-specific values can be generated.
Default trigger values for temperature are not provided here. Managers need to
define their own upper and lower low-risk trigger values, using the 80th and 20th
percentiles, respectively, of ecosystem temperature distribution.
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Tables 3.3.2–3.3.3 South-east Australia

The following tables outline default trigger values applicable to Victoria, New
South Wales, south-east Queensland, the Australian Capital Territory and
Tasmania. Where individual states or territories have developed their own regional
guideline trigger values, those values should be used in preference to the default
values provided below. (Upland streams are defined as those at >150 m altitude,
while alpine streams are those at altitudes >1500 m.)
Table 3.3.2 Default trigger values for physical and chemical stressors for south-east Australia for slightly
disturbed ecosystems. Trigger values are used to assess risk of adverse effects due to nutrients, biodegradable
organic matter and pH in various ecosystem types. Data derived from trigger values supplied by Australian
states and territories. Chl a = chlorophyll a, TP = total phosphorus, FRP = filterable reactive phosphate,
+
TN = total nitrogen, NOx = oxides of nitrogen, NH4 = ammonium, DO = dissolved oxygen.
Ecosystem type

Chl a
-1

TP

FRP
-1

TN
-1

-1

DO (% saturation)l

NH4+

NOx
-1

-1

pH

(µg L )

(µg P L )

(µg P L )

(µg N L )

(µg N L )

(µg N L )

Lower limit

Upper limit

Lower limit

Upper limit

Upland river

naa

20b

15g

250 c

15h

13i

90

110

6.5

7.5m

Lowland riverd

5

50

20

500

40o

20

85

110

6.5

8.0

Freshwater lakes &
Reservoirs

5e

10

5

350

10

10

90

110

6.5

8.0 m

Wetlands

no data no data no data no data no data no data no data

no data

no data

no data

Estuariesp

4f

30

5j

300

15

15

80

110

7.0

8.5

Marinep

1n

25n

10

120

5k

15 k

90

110

8.0

8.4

na = not applicable;
a = monitoring of periphyton and not phytoplankton biomass is recommended in upland rivers — values for periphyton biomass
(mg Chl a m-2) to be developed;
b = values are 30 µgL-1 for Qld rivers, 10 µgL-1 for Vic. alpine streams and 13 µgL-1 for Tas. rivers;
c = values are 100 µgL-1 for Vic. alpine streams and 480 µgL-1 for Tas. rivers;
d = values are 3 µgL-1 for Chl a, 25 µgL-1 for TP and 350 µgL-1 for TN for NSW & Vic. east flowing coastal rivers;
e = values are 3 µgL-1 for Tas. lakes;
f = value is 5 µgL-1 for Qld estuaries;
g = value is 5 µgL-1 for Vic. alpine streams and Tas. rivers;
h = value is 190 µgL-1 for Tas. rivers;
i = value is 10 µgL-1 for Qld. rivers;
j = value is 15 µgL-1 for Qld. estuaries;
k = values of 25 µgL-1 for NOx and 20 µgL-1 for NH4+ for NSW are elevated due to frequent upwelling events;
l = dissolved oxygen values were derived from daytime measurements. Dissolved oxygen concentrations may vary diurnally and
with depth. Monitoring programs should assess this potential variability (see Section 3.3.3.2);
m = values for NSW upland rivers are 6.5–8.0, for NSW lowland rivers 6.5–8.5, for humic rich Tas. lakes and rivers 4.0-6.5;
n = values are 20 µgL-1 for TP for offshore waters and 1.5 µgL-1 for Chl a for Qld inshore waters;
o = value is 60 µgL-1 for Qld rivers;
p = no data available for Tasmanian estuarine and marine waters. A precautionary approach should be adopted when applying
default trigger values to these systems.
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Table 3.3.3 Ranges of default trigger values for conductivity (EC, salinity), turbidity and suspended particulate
matter (SPM) indicative of slightly disturbed ecosystems in south-east Australia. Ranges for turbidity and SPM
are similar and only turbidity is reported here. Values reflect high site-specific and regional variability.
Explanatory notes provide detail on specific variability issues for ecosystem type.
Ecosystem
type

Salinity (µ
µScm–1)

Explanatory notes

Conductivity in upland streams will vary depending upon catchment geology.
Upland rivers

30–350

Low values are found in Vic. alpine regions (30 µScm-1) and eastern highlands
(55 µScm-1), and high values (350 µScm-1) in NSW rivers. Tasmanian rivers are
mid-range (90 µScm-1).
Lowland rivers may have higher conductivity during low flow periods and if the
system receives saline groundwater inputs. Low values are found in eastern

Lowland rivers

125–2200

highlands of Vic. (125 µScm-1) and higher values in western lowlands and
northern plains of Vic (2200 µScm-1). NSW coastal rivers are typically in the
range 200–300 µScm-1.
Conductivity in lakes and reservoirs is generally low, but will vary depending

Lakes &
reservoirs

20–30

upon catchment geology. Values provided are typical of Tasmanian lakes and
reservoirs.

Turbidity (NTU)

Upland rivers

2–25

Most good condition upland streams have low turbidity. High values may be
observed during high flow events.
Turbidity in lowland rivers can be extremely variable. Values at the low end of the
range would be found in rivers flowing through well vegetated catchments and at

Lowland rivers

6–50

low flows. Values at the high end of the range would be found in rivers draining
slightly disturbed catchments and in many rivers at high flows.
Most deep lakes and reservoirs have low turbidity. However, shallow lakes and

Lakes &
reservoirs

reservoirs may have higher natural turbidity due to wind-induced resuspension of
1–20

sediments. Lakes and reservoirs in catchments with highly dispersible soils will
have high turbidity.
Low turbidity values are normally found in offshore waters. Higher values may
be found in estuaries or inshore coastal waters due to wind-induced

Estuarine &
marine

0.5–10

resuspension or to the input of turbid water from the catchment. Turbidity is not a
very useful indicator in estuarine and marine waters.

A move towards the

measurement of light attenuation in preference to turbidity is recommended.
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Tables 3.3.4–3.3.5 Tropical Australia

The following tables outline default trigger values applicable to northern
Queensland, the Northern Territory and north-west Western Australia. Where
states or territories have developed regional guideline trigger values those values
should be used in preference to the default values provided below. (Upland streams
are defined as those at >150 m altitude.)

Table 3.3.4 Default trigger values for physical and chemical stressors for tropical Australia for slightly disturbed
ecosystems. Trigger values are used to assess risk of adverse effects due to nutrients, biodegradable organic
matter and pH in various ecosystem types. Data derived from trigger values supplied by Australian states and
territories, for the Northern Territory and regions north of Carnarvon in the west and Rockhampton in the east.
Chl a = chlorophyll a, TP = total phosphorus, FRP = filterable reactive phosphate, TN = total nitrogen,
+
NOx = oxides of nitrogen, NH4 = ammonium, DO = dissolved oxygen.
Ecosystem type

Chl a

TP

-1

FRP
-1

-1

TN

NOx
-1

-1

NH4+
-1

DO (% saturation) f

pH

(µg L )

(µg P L )

(µg P L )

(µg N L )

(µg N L )

(µg N L )

Lower limit

Upper limit

Lower limit

Upper limit

Upland rivere

naa

10

5

150

30

6

90

120

6.0

7.5

Lowland rivere

5

10

4

200– 300h

10b

10

85

120

6.0

8.0

Freshwater lakes &
reservoirs

3

10

5

350c

10b

10

90

120

6.0

8.0

Wetlands

10

10–50g

5–25g

350–1200g

10

10

90b

120 b

6.0

8.0

Estuariese

2

20

5

250

30

15

80

120

7.0

8.5

0.7–1.4d

15

5

100

2–8 d

1–10 d

90

no data

8.0

8.4

100

d

90

no data

8.2

8.2

Marine

Inshore
Offshore

0.5–0.9

d

10

2–5

d

1–4

1–6

d

na = not applicable
a = monitoring of periphyton and not phytoplankton biomass is recommended in upland rivers — values for periphyton
biomass (mg Chl a m-2) to be developed;
b = Northern Territory values are 5µgL-1 for NOx, and <80 (lower limit) and >110% saturation (upper limit) for DO;
c = this value represents turbid lakes only. Clear lakes have much lower values;
d = the lower values are typical of clear coral dominated waters (e.g. Great Barrier Reef), while higher values typical of turbid
macrotidal systems (eg. North-west Shelf of WA);
e = no data available for tropical WA estuaries or rivers. A precautionary approach should be adopted when applying default
trigger values to these systems;
f = dissolved oxygen values were derived from daytime measurements. Dissolved oxygen concentrations may vary diurnally
and with depth. Monitoring programs should assess this potential variability (see Section 3.3.3.2);
g = higher values are indicative of tropical WA river pools;
h = lower values from rivers draining rainforest catchments.
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Table 3.3.5 Ranges of default trigger values for conductivity (EC, salinity), turbidity and suspended particulate
matter (SPM) indicative of slightly disturbed ecosystems in tropical Australia. Ranges for turbidity and SPM are
similar and only turbidity is reported here. Values reflect high site-specific and regional variability. Explanatory
notes provide detail on specific variability issues for groupings of ecosystem type.
Ecosystem
type

Salinity (µ
µScm-1)

Explanatory notes

Conductivity in upland streams will vary depending upon catchment geology.
Values at the lower end of the range are typical of ephemeral flowing NT rivers.
Upland &
lowland rivers

20–250

Catchment type may influence values for Qld lowland rivers (e.g. 150 µScm-1 for
rivers draining rainforest catchments, 250 µScm-1 for savanna catchments). The
first flush of water following early seasonal rains may result in temporarily high
values.
Values at the lower end of the range are found in permanent billabongs in the NT.

Lakes,
reservoirs &
wetlands

Higher conductivity values will occur during summer when water levels are reduced
90–900

due to evaporation. WA wetlands can have values higher than 900 µScm-1. Turbid
freshwater lakes in Qld have reported conductivities of approx. 170 µScm-1.

Turbidity (NTU)

Low values for base flow conditions in NT rivers. QLD turbidity and SPM values
Upland &
lowland rivers

2–15

highly variable and dependent on degree of catchment modification and
seasonal rainfall runoff.
Most deep lakes and reservoirs have low turbidity. However, shallow lakes and
reservoirs may have higher turbidity naturally due to wind-induced resuspension

Lakes,
reservoirs &
wetlands

of sediments. Lakes and reservoirs in catchments with highly dispersible soils
2–200

will have high turbidity. Wetlands vary greatly in turbidity depending upon the
general condition of the catchment or river system draining into the wetland,
recent flow events and the water level in the wetland.
Low values indicative of offshore coral dominated waters. Higher values
representative of estuarine waters. Turbidity is not a very useful indicator in

Estuarine
& marine

estuarine and marine waters. A move towards the measurement of light
1–20

attenuation in preference to turbidity is recommended. Typical light attenuation
coefficients (log10) in waters off north-west WA range from 0.17 for inshore
waters to 0.07 for offshore waters.
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Tables 3.3.6–3.3.7 South-west Australia

The following tables outline default trigger values applicable to southern Western
Australia. Where regional guideline trigger values have been developed, those
values should be used in preference to the default values provided below. The WA
EPA is currently developing site-specific environmental quality criteria for Perth’s
coastal waters. (Upland streams are defined as those at >150 m altitude.)
Table 3.3.6 Default trigger values for physical and chemical stressors for south-west Australia for slightly
disturbed ecosystems. Trigger values are used to assess risk of adverse effects due to nutrients, biodegradable
organic matter and pH in various ecosystem types. Data derived from trigger values supplied by Western
Australia. Chl a = chlorophyll a, TP = total phosphorus, FRP = filterable reactive phosphate, TN = total nitrogen,
+
NOx = oxides of nitrogen, NH4 = ammonium, DO = dissolved oxygen.
Ecosystem type

Chl a
-1

TP

FRP
-1

-1

TN

NH4+

NOx
-1

-1

DO (% saturation) i

pH

-1

(µg L )

(µg P L )

(µg P L )

(µg N L )

(µg N L )

(µg N L )

Lower limit

Upper limit

Lower limit

Upper limit

Upland riverf

naa

20

10

450

200

60

90

na

6.5

8.0

Lowland riverf

3–5

65

40

1200

150

80

80

120

6.5

8.0

Freshwater lakes &
reservoirs

3–5

10

5

350

10

10

90

no data

6.5

8.0

Wetlandsd

30

60

30

1500

100

40

90

120

7.0e

8.5e

Estuaries

3

30

5

750

45

40

90

110

7.5

8.5

0.7

20 b

5b

230

5

5

90

na

8.0

8.4

b

5

230

5

5

90

na

8.2

8.2

Marineg,h Inshorec
Offshore

0.3

b

20

na = not applicable
a = monitoring of periphyton and not phytoplankton biomass is recommended in upland rivers — values for periphyton
biomass (mg Chl a m-2) to be developed;
b = summer (low rainfall) values, values higher in winter for Chl a (1.0 µgL-1), TP (40 µg P L-1), FRP (10 µg P L-1);
c = inshore waters defined as coastal lagoons (excluding estuaries) and embayments and waters less than 20 metres depth;
d = elevated nutrient concentrations in highly coloured wetlands (gilven >52 g440m-1) do not appear to stimulate algal growth;
e = in highly coloured wetlands (gilven >52 g440m-1) pH typically ranges 4.5–6.5;
f = all values derived during base river flow conditions not storm events;
g = nutrient concentrations alone are poor indicators of marine trophic status;
h = these trigger values are generic and therefore do not necessarily apply in all circumstances e.g. for some unprotected
coastlines, such as Albany and Geographe Bay, it may be more appropriate to use offshore values for inshore waters;
i = dissolved oxygen values were derived from daytime measurements. Dissolved oxygen concentrations may vary diurnally
and with depth. Monitoring programs should assess this potential variability (see Section 3.3.3.2).
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Table 3.3.7 Range of default trigger values for conductivity (EC, salinity), turbidity and suspended particulate
matter (SPM) indicative of slightly disturbed ecosystems in south-west Australia. Ranges for turbidity and SPM
are similar and only turbidity is reported here. Values reflect high site-specific and regional variability.
Explanatory notes provide detail on specific variability issues for ecosystem types.
Ecosystem
type

Explanatory notes

Salinity
(µ
µScm-1)

Conductivity in upland streams will vary depending upon catchment geology.
Upland &
lowland rivers

Values at the lower end of the range are typically found in upland rivers, with higher
120–300

values found in lowland rivers. Lower conductivity values are often observed
following seasonal rainfall.
Values at the lower end of the range are observed during seasonal rainfall events.

Lakes,
reservoirs &
wetlands

Values even higher than 1500 µScm-1 are often found in saltwater lakes and
300–1500

marshes. Wetlands typically have conductivity values in the range 500−1500

µScm-1 over winter. Higher values (>3000 µScm-1) are often measured in wetlands
in summer due to evaporative water loss.

Turbidity
(NTU)

Upland &
lowland rivers

Turbidity and SPM are highly variable and dependent on seasonal rainfall runoff.
10–20

These values representative of base river flow in lowland rivers.

Most deep lakes and reservoirs have low turbidity. However, shallow lakes and
reservoirs may have higher turbidity naturally due to wind-induced resuspension of
Lakes,
reservoirs &
wetlands

sediments. Lakes and reservoirs in catchments with highly dispersible soils will
10–100

have high turbidity. Wetlands vary greatly in turbidity depending upon the general
condition of the catchment or river system draining into the wetland and to the
water level in the wetland.
Turbidity is not a very useful indicator in estuarine and marine waters. A more
appropriate measure for WA coastal waters is light attenuation coefficient. Light
attenuation coefficients (log10) of 0.05–0.08 m-1 are indicative of unmodified

Estuarine &
marine

offshore waters and 0.09–0.13 m-1 for unmodified inshore waters, depending on
1–2

exposure. Light attenuation coefficients (log10) for unmodified estuaries typically
range 0.3–1.0 m-1, although more elevated values can be associated with
increased particulate loading or humic rich waters following seasonal rainfall
events.
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Tables 3.3.8–3.3.9 South central Australia — low rainfall area

The following tables outline default trigger values applicable to South Australia.
Where regional guideline trigger values have been developed those values should
be used in preference to the default values provided below. (Upland streams are
defined as those at >150 m altitude.)
Table 3.3.8 Default trigger values for physical and chemical stressors for south central Australia — low rainfall
areas — for slightly disturbed ecosystems. Trigger values are used to assess risk of adverse effects due to
nutrients, biodegradable organic matter and pH in various ecosystem types. Data derived from trigger values
supplied by South Australia. Chl a = chlorophyll a, TP = total phosphorus, FRP = filterable reactive phosphate,
+
TN = total nitrogen, NOx = oxides of nitrogen, NH4 = ammonium, DO = dissolved oxygen.
Chl a

TP

FRP

TN

NOx

NH4+

(µg L-1)

(µg P L-1)

(µg P L-1)

(µg N L-1)

(µg N L-1)

(µg N L-1)

Lower limit

Upper limit

Lower limit

Upper limit

Upland river

no data no data no data no data no data no data

no data

no data

no data

no data

Lowland river

no data

100

40

1000

100

100

90

no data

6.5

9.0

Freshwater lakes
& reservoirs

no data

25

10

1000

100

25

90

no data

6.5

9.0

Wetlands

no data no data no data no data no data no data

no data

no data

no data

no data

Ecosystem type

DO (% saturation)

pH

Estuaries

5

100

10

1000

100

50

90

no data

6.5

9.0

Marine

1

100

10

1000

50

50

no data

no data

8.0

8.5

Table 3.3.9 Ranges of default trigger values for conductivity (EC, salinity), turbidity and suspended particulate
matter (SPM) indicative of slightly disturbed ecosystems in south central Australia — low rainfall areas. Ranges
for turbidity and SPM are similar and only turbidity is reported here. Values reflect high site-specific and regional
variability. Explanatory notes provide detail on specific variability issues for groupings of ecosystem type.
Ecosystem
types

Salinity
(µ
µScm-1)

Lowland rivers

100–5000

Lakes,
reservoirs &
wetlands

300–1000

Explanatory notes

Salinity can be highly variable depending on flow.
Wetlands can have substantially higher salinity due to saline groundwater intrusion
and evaporation.

Turbidity (NTU)

Upland &
lowland rivers

1–50

Lakes &
reservoirs/
wetlands

1–100

Estuarine &
marine

0.5–10

page 3.3–16

Turbidity and SPM are highly variable and dependent on seasonal rainfall runoff.

Shallow lakes and reservoirs may have higher turbidity naturally due to windinduced resuspension of sediments. Lakes and reservoirs in catchments with highly
dispersible soils will have high turbidity.
Higher values are representative of estuarine waters.
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Tables 3.3.10–3.3.11 New Zealand

The following tables outline default trigger values applicable to New Zealand.
Where regional guideline trigger values have been developed, those values should
be used in preference to the default values provided below. (Upland streams are
defined as those at >150 m altitude.)
For streams and rivers, New Zealand is developing a five-category ecosystem
health categorisation system (A–E, with A being desirable and E undesirable). The
draft National Agenda for Sustainable Water Management (NZ Ministry for the
Environment 1999) proposes as a long-term goal that all streams are in C grade or
better. For lakes, New Zealand has developed a fine scale lakes trophic assessment
system, that enables water managers to objectively score the trophic condition of
the lake. This assessment system combines a number of physical and chemical
parameters. These parameters vary considerably across New Zealand, depending,
for example, on whether a lake drains a volcanic catchment, in which case nitrate is
a critical parameter, or whether the lake drains a hard rock catchment, in which
case phosphorus is a critical parameter. Because of this variability, and because
New Zealand has developed this trophic assessment system, it is not appropriate to
propose trigger values for individual parameters from lakes.
Further work is needed to develop a categorisation system for New Zealand estuarine
and marine ecosystems. Consideration should be given to the use of interim trigger
values for south-east Australian estuarine and marine ecosystems (tables 3.3.2–3.3.3)
until New Zealand estuarine and marine trigger values are developed.
Table 3.3.10 Default trigger values for physical and chemical stressors in New Zealand for
slightly disturbed ecosystems. Trigger values are used to assess risk of adverse effects due
to nutrients, biodegradable organic matter and pH in various ecosystem types. Chl a =
chlorophyll a, TP = total phosphorus, FRP = filterable reactive phosphate,d TN = total
+
nitrogen, NOx = oxides of nitrogen, NH4 = ammoniacal nitrogen, DO = dissolved oxygen.
Ecosystem
type

Chl a

TP

FRP

TN

(µg L-1)

(µg P L-1)

Upland river

naa

26b

9b

295b

167b

Lowland river

no data

33c

10c

614c

444c

NOx

NH4+

e

e

DO
(% saturation)

pH

Lower
limit

Upper
limit

Lower
limit

Upper
limit

10b

99

103

7.3

8.0

21c

98

105

7.2

7.8

(µg P L-1) (µg N L-1) (µg N L-1) (µg N L-1)

na = not applicable
a = monitoring of periphyton and not phytoplankton biomass is recommended in upland rivers — values
for periphyton biomass (mg Chl a m-2) to be developed. New Zealand is currently making routine
observations of periphyton cover.
b = values for glacial and lake-fed sites in upland rivers are lower;
c = values are lower for Haast River which receives waters from alpine regions;
d = commonly referred to as dissolved reactive phosphorus in New Zealand;
e = DO and pH percentiles may not be very useful as trigger values because of diurnal and seasonal
variation — values listed are for daytime sampling.
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Table 3.3.11 Default trigger values for water clarity (lower limit) and turbidity (upper limit)
indicative of unmodified or slightly disturbed ecosystems in New Zealand
Upland riversa b

Ecosystem types

-1 c d

Clarity (m )
0.6

Lowland rivers

Turbidity (NTU)
4.1

cd

Clarity (m-1)

Turbidity (NTU)

0.8

5.6

a = Light availability is generally less of an issue in NZ rivers and streams than is visual clarity because, in
contrast to many of Australia's rivers, most NZ rivers are comparatively clear and/or shallow. Davies-Colley
et al. (1992) recommend that visual clarity, light penetration and water colour are important optical
properties of an ecosystem which need to be protected (see Volume 2). Neither turbidity nor visual clarity
provide a useful estimate of light penetration — light penetration should be considered separately to
turbidity or visual clarity. Clarity relates to the transmission of light through water and is measured by the
visual range of a black disk (see NZ Ministry for the Environment (1994)) or a Secchi disk.
b = Recent work has shown that at least some NZ indigenous fish are sensitive to low levels of turbidity;
however, it may also be desirable to protect the naturally high turbidities of alpine glacial lakes to prevent
possible ecological impacts, such as change in predator–prey relationships.
c = Note that turbidity and visual water clarity are closely and inversely related, and the 80th percentile for
turbidity is consistent with the 20th percentile for visibility and vice versa.
d = Clarity and turbidity values for glacial sites in upland rivers are lower and higher, respectively.

page 3.3–18

Version — October 2000

3.3.2 Philosophy used in developing guidelines for physical and chemical stressors

3.3.2.6 Comparison with the low-risk guideline trigger value

Where trigger values have been developed from reference data, it is advisable to
compare the median of replicate samples from a test site with the low-risk trigger
value. Statistically, the median represents the most robust descriptor of the test site
data, while the reference percentile value represents the degree of excursion that
the test median is permitted before triggering some action.
Two issues will influence the outcome of the comparison: the amount of data used
to calculate the trigger value (minimum two years of monthly sampling); and the
number of replicates used to calculate the median from the test site (minimum of a
single sample). A fuller discussion of these issues, with guidance on statistical
ramifications of changes in sample size, are provided in Section 7.4.4.1.
Control charting

a See Sections
3.3.3 & 8.2.3

It is best to continually compare the trigger values against the results gathered
during ongoing monitoring of the physical and chemical indicators, using control
charts. Control charting displays the data trends and gives early warning that the
test site may be trending towards a high-risk situation. Further discussion on the
applications of control charts may be found in Section 7.4.4.1 and in the
Monitoring Guidelines (ANZECC & ARMCANZ 2000). Excursion of the test site
value beyond the trigger value requires that further action be undertaken. This may
include, simply, an examination of data for errors, comparisons with previous
excursions, or the use of simple decision trees such as those outlined in the riskbased guideline packages.a Site specific investigations may also be required to
decide if there is an issue or problem to be addressed.

3.3.2.7 Measuring acceptable ecological change

Measurement of ‘acceptable’ ecological change is difficult (Keough & Mapstone
1995, Mapstone 1995). In very few situations is there enough scientific knowledge
to indicate if a certain minimum change from the prevailing or target condition will
cause an adverse ecological effect. To define this level of change (a) water quality
indicator distributions must be correlated with grades or levels of ecosystem health
or integrity indicators/indices, and (b) substantiating potential cause and effect
relationships must be identified through these correlations, using laboratory and
field-based biological and ecological effects research.
A number of recent studies are trying to link physical and chemical stressors with
ecological effects and thereby define meaningful criteria for monitoring ecosystem
health:
•

As mentioned above, New Zealand is developing a five-category ecosystem health
classification for freshwater shingle streams draining hard rock catchments. These
categories are derived by comparison with a reference condition, and are based on
a number of desirable biological features such as trout spawning, presence of
sensitive native fish and no growth of benthic filamentous green algae. Fifty
streams have been graded, and the distribution of water quality stressors within
each grade will be used to define trigger values for physical and chemical
indicators (E Pyle, NZ Ministry for the Environment, pers. comm.).

•

Four large-scale studies in Australia have aimed to determine the cause and
effect relationships between coastal ecosystem health and physical and
chemical stressors (Port Phillip Bay Study, Moreton Bay and Brisbane River
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a See Section
8.5.2

Wastewater Management Study, and two Perth studies — the Perth Coastal
Water Study and the South Metropolitan Coastal Water Studies). These
multidisciplinary studies have led to an understanding of the influence of key
stressors on ecosystem structure (e.g. suspended sediment concentration effects
on seagrass distribution) and function (e.g. nitrogen loading effects on
denitrification). The design and implementation of further such studies will aid
in defining acceptable levels of ecological change.a

3.3.2.8 Load-based guidelines

Traditionally, water quality guidelines have been expressed in terms of the
concentration of the stressor that should not be exceeded if problems are to be
avoided (ANZECC 1992). Such concentration-based guidelines are based primarily
on the prevention of toxic effects. In other situations, guidelines are better expressed
in terms of the flux or loading (i.e. mass per unit time), rather than concentration.

b Section
3.3.3.1 & case
studies 1 & 2 in
section 3.3.3

c Section 3.3.3.2
& case study 4
in Section 8.2.3
(Vol. 2)

d Case study 5
(Vol. 2)

e Section 8.5.2
of Volume 2

While algal growth rate (or productivity) is related to the concentration of key
nutrients in the water column, the biomass is more controlled by the total mass of
these nutrients available to the growing algae (Wetzel 1975).11 In many cases, the
water column nutrient concentration is not a good indicator of algal biomass. For
example, the net water column nutrient concentration could be quite small in an
ecosystem with a high algal biomass but with rapid nutrient cycling. Load-based
guidelines for nutrients are covered in more detail below.b
The dissolved oxygen concentration in a waterbody depends on the balance between
the flux of bioavailable organic carbon and the rate at which heterotrophic bacteria
use up oxygen in decomposing this material, and the daily inputs of oxygen by
diffusion from the atmosphere (increased by mixing) and via photosynthesis by
macrophytes and phytoplankton (Stumm & Morgan 1996). Load-based guidelines
for bioavailable organic matter are covered below.c
Load-based guidelines are applicable also for assessing the effects of sedimentation
of suspended particulate matter in smothering benthic organisms. Both the rate of
sedimentation and the critical depth of the deposited material are load-based.d
A number of case studies are presented to show the types of approaches
(particularly those involving predictive modelling) that can be used to determine
the sustainable load of particular materials for a particular ecosystem. We
recommend that work in developing similar types of case studies be increased. A
number of key research areas are identified in Section 8.5.2 of Volume 2.e

3.3.2.9 Tropical ecosystems

Although the guideline packages address issues that can apply to all biogeographic
regions, the case studies in Sections 3.3.3 and 8.2.3 use examples from temperate
regions. There is a need for tropical, risk-based guideline packages to be developed
for Australian aquatic ecosystems which are characterised by elevated seasonal
temperatures and significant seasonal variability in rainfall and stream-flow patterns
(Finlayson & McMahon 1988). Algal blooms may be an issue in some tropical
marine and freshwater ecosystems. Extensive macrophyte assemblages can have
direct (e.g. smothering) and indirect (e.g. on dissolved oxygen, nutrients and light
11 Note: this assumes that growth is not limited by light and that losses of algae by zooplankton

grazing, sedimentation and ‘washout’ from the system are small.
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availability) effects on tropical wetlands, and risk-based guideline packages are
needed to address the influences of key stressors on such systems.
Monitoring should be arranged so that it targets episodic events. For instance,
seasonally-variable stream flows can cease for large parts of the year. In some
streams and reservoirs, slow flowing or pooled water leads to thermal stratification,
which together with autochthonous organic loading, results in naturally low and
variable dissolved oxygen concentrations (MacKinnon & Herbert 1996, Townsend
1999). Seasonal rainfall events often produce ‘first-flush’ loads of stressors that can
cause rapid changes in stressor concentrations (Hart et al. 1987, Townsend et al.
1992) that may not be captured with routine monitoring programs.

a See Section
3.3.2.4

There are few data for tropical water bodies; site- or ecosystem-specific reference
data need to be collected for tropical ecosystems. The approach recommended in
these Guidelinesa — studies of site-specific biological or ecological effects to
develop local trigger values — is also especially appropriate in ecosystems that
demonstrate such a high degree of variability in physical and chemical stressors (e.g.
wet and wet–dry tropics).

3.3.3 Guideline packages for applying the guideline trigger values to sites
3.3.3.1 Risk-based guideline packages

Ideally, a guideline package, consisting of low-risk trigger values and a protocol for
including effects of environmental modifiers, should be developed for each
ecosystem issue and each ecosystem type. At this stage, only a limited number of
packages can be recommended. Guideline packages are shown and discussed here
for two issues:
•

nuisance growth of aquatic plants, and

•

lack of dissolved oxygen.

Further guideline packages are provided in Section 8.2.3 for:
•

excess suspended particulate matter (SPM),

•

unnatural change in salinity,

•

unnatural change in temperature,

•

unnatural change in pH,

•

poor optical properties,

•

unnatural flow.

Each guideline package consists of two components (figure 3.3.1):
• a set of low-risk trigger values — A set of key stressors such as total phosphorus
concentration has been identified for each issue. These are used for an initial
decision about the risk of an adverse biological effect occurring. The low-risk
trigger values for these key stressors need to be established as outlined in box
3.3.1. These trigger values are concentration-based, but protocols for the
development of load-based guidelines are provided where these are more
relevant.
• a protocol for further investigating the risk where the trigger value is exceeded —
In these potential risk situations, ecosystem-specific modifying factors that may
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alter the biological effect of the key stressor need to be considered before the final
risk can be assessed. The suggested protocol involves a decision tree or predictive
modelling approach where increasingly detailed investigations are undertaken
(figure 3.3.1). For example, where testing of the key stressor against the appropriate
trigger values suggests a potential risk of excessive cyanobacterial growth in a
particular lowland river, the steps involved in further investigating this situation
could be:
i.

a See Case
Study 3 in
Section 8.2.3,
Vol. 2
b Section 8.5.2
in Vol. 2

make a simple assessment of the possible effect of key ecosystem-specific
modifiers on the biological effect of the stressor. A simple decision tree
model for this type of assessment is provided in Case Study 1.

ii. if this simple assessment still suggests a potential risk of adverse biological
effects, then undertake more sophisticated site-specific investigations and
associated modelling. For example, a load-based model of the system to
predict the relationship between nutrient loads, key ecosystem variables and
aquatic plant growth,a or a more comprehensive ecosystem-based model of
the system (see Case Study 4, Harris et al. 1996) could be devised.
In many cases there is insufficient information to allow quantification of the
relationships between the key stressor and environmental factors controlling
bioavailability.b It is essential that these relationships be clarified in the
immediate future.
As discussed in Section 3.1.5, generally, local biological effects data and data from
local reference site(s) that closely match the test site are not required in the
decision trees.

3.3.3.2 Issue: Nuisance growth of aquatic plants
Background

High concentrations of nutrients, particularly phosphorus and nitrogen, and
sometimes silica, can result in excessive growth of aquatic plants such as
phytoplankton, cyanobacteria, macrophytes, seagrasses, and filamentous and
attached algae, in a range of ecosystems, fresh and marine (AEC 1987, CSIRO &
Melbourne Water 1996, WADEP 1996, DWR-NSW 1992, WAEPA 1988, Harris et
al. 1996, Johnstone 1994, Jones 1992, McComb & Davis 1993, McDougall & Ho
1991, MDBC 1994, NZ Ministry for the Environment 1992).
The excessive growth can lead to a number of problems including:
• toxic effects, particularly due to cyanobacteria in fresh and brackish waters, and
dinoflagellates in marine waters;
• reduction in dissolved oxygen concentrations when the plants die and are
decomposed;
• reduction in recreational amenity (phytoplankton blooms and macrophytes in
wetlands and lakes, seagrasses in estuaries and coastal lagoons);
• blocking of waterways and standing waterbodies by macrophytes;
• change in biodiversity.
Excessive growth of aquatic plants occurs when there are high concentrations and
loads of nutrients. Other factors play a part in limiting the growth of nuisance
species, particularly toxic cyanobacteria. The factors include hydraulic retention
time, mixing conditions, light, temperature, suspended solids, grazing pressure and
type of substrate.
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Key indicators

Condition indicators

chlorophyll a
composition

(Chl a),

Key stressors

total phosphorus
concentrations

Ecosystem modifiers

depend upon the ecosystem type, but will include
hydraulic retention time (flows and volume of
waterbody), mixing regimes, light regime, turbidity,
temperature, suspended solids (nutrient sorption),
grazing rates, and type of substrate.

Performance indicators

median (or mean) concentrations of Chl a, TP and TN
measured under low flow conditions for rivers and
streams and during the growth periods for other
ecosystems.12

(TP)

cell
and

numbers,
total

species

nitrogen

(TN)

Note that nutrients may also be remobilised and released from sediments. Sediment
nutrient releases are influenced by the composition of the sediments (particularly
a See
their bioavailable organic matter, Fe, S, N, P, etc.), temperature, mixing regime of
recommendations
the water body and oxygen transfer rates. At present we cannot recommend
in Section 8.5,
Vol. 2
quantitative relationships to estimate these releases. However, such relationships
should become available in the next few years, and it is essential that these be
incorporated into the guidelines as soon as possible.a
Low-risk trigger values
b Section
3.3.2.3

The method used to determine the low-risk trigger values will depend upon the
desired level of protection.b
Slightly to moderately disturbed ecosystems (condition 2 ecosystems)

Depending upon the importance and present condition of the ecosystem, two
approaches may be taken to derive the most appropriate trigger values for
condition 2 ecosystems.
a) For important ecosystems, where an appropriate local reference system(s) is
available, and there are sufficient resources to collect the necessary information
for the reference system, the low-risk trigger concentrations for the three key
performance indicators (TP, TN and Chl a) should be determined as the 80th
percentile of the reference system(s) distribution. Where possible, the trigger
value should be obtained for that part of the seasonal or flow period when the
probability of aquatic plant growth is most likely.
b) The default regional trigger values contained in tables 3.3.2, 3.3.4, 3.3.6, 3.3.8
and 3.3.10 should be used for those situations where either an appropriate
reference system is not available, or the scale of the operation makes it difficult
to justify the allocation of resources to collect the necessary information on a
reference system.
Highly disturbed ecosystems (condition 3 ecosystems)

a) For important waterbodies, and those in very poor condition, it is best to make
appropriate site-specific scientific studies, and to use the information, with
professional judgement and other relevant information, to derive trigger values.

12 In the future, it is recommended that sustainable nutrient loading rates be estimated for each major

ecosystem type (see Section 8.5.2, Volume 2, for research and development recommendations).
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Where local but higher-quality reference data are used, a less stringent cutoff
than the 80th percentile value may be used. The 80th percentile values, however,
should be used as a target for site improvement.
b) For highly disturbed waterbodies, where there is a lack of either information or
resources to undertake the necessary site-specific studies, it is best to use the
default, regional trigger values using professional judgement to derive a less
stringent value if this is agreed upon by stakeholders.
Use of the guideline package

Figure 3.3.1 shows the recommended approach for determining the risk of nuisance
aquatic plant growth occurring in a particular ecosystem. There are three steps.
• Test the three performance indicators (Chl a, TP, TN concentrations) for the
particular ecosystem against the appropriate low-risk trigger value for that
ecosystem type. Compare the trigger values with the median concentration for
each performance indicator measured under low flow or high growth conditions.

a Section 3.1.5

b Case Studies
1 & 2 in Section
3.3.3; Case
Study 3 in
Section 8.2.3 in
Vol. 2

• If test values are less than trigger values, there is low risk of adverse biological
effects and no further action is required, except for regular monitoring of the key
performance and condition indicators. If after regular monitoring a ‘low risk’
outcome is consistently obtained, there is scope to refine the guideline trigger
value. If test values are higher than the trigger values, there is an increased risk
that adverse biological effects will occur, and either management/remedial action
or further ecosystem-specific investigation is required.a
• For some types of ecosystem, further investigation may be needed, to determine
the influence of ecosystem-specific factors on the key stressors. Case studies 1,
2 and 3b illustrate how these factors might be used to modify the effect of high
nutrient concentrations so that problems due to aquatic plants may not arise
even though nutrient concentrations suggest otherwise. Relatively few
quantitative relationships between these factors have been identified for
Australian systems. More work needs to be undertaken on these relationships.

Sustainable nutrient loads

Although nutrient concentrations are responsible (together with other factors) for
stimulating algal growth, it is the total load of the key nutrients in the ecosystem
that controls the final biomass of aquatic plants. The balance between the nutrients
(e.g. the N:P ratio) can also influence the composition of the algal community.
Transformation processes that occur in a waterbody release additional nutrients
(e.g. from sediments, and suspended particles). It is difficult to account for these
without a detailed knowledge of the system, and in many cases a predictive model
(Lawrence 1997 a,b).

c See also
Case Study 4 in
Section 8.2.3,
Vol. 2
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In Australia and New Zealand a number of advances now have helped define the
‘sustainable nutrient loading’ for particular waterbodies. For example, sustainable
total phosphorus loads for the River Murray have been determined using a
simplified Vollenweider model;c Harris et al. (1996) estimated the sustainable
nutrient loads to Port Phillip Bay with particular emphasis on nitrogen; and
sustainable nutrient loading rates have been recommended for several Western
Australian estuaries and the coastal waters near Perth (Masini et al. 1992, 1994,
WAWA 1995, WADEP 1996).
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Most of the models used to estimate sustainable loads rely on empirical
relationships between phosphorus or nitrogen loads and chlorophyll a
concentration. For example, Cary et al. (1995) found a significant linear
relationship between the known externally-derived summer inorganic nitrogen
loads to Cockburn Sound, WA, and the mean chlorophyll a concentration over a 13
year period. This relationship was used to define a total external nitrogen loading
of 2030 kgN/d needed to sustain a target chlorophyll a concentration of 0.8 µg/L
(WADEP 1996). Similarly, ‘sustainable’ total phosphorus loads in various sections
of the River Murray system have been defined by relating the annual TP load to the
water residence time in a particular reservoir or weir pool to estimate the TP
concentration during the summer growth period. Then using published (or
empirically derived) TP vs Chl a relationships, the chlorophyll a concentration that
would result from a particular TP load has been predicted. Using this information,
it has been possible to define a TP load for that waterbody that will sustain a
particular target chlorophyll a concentration.
3.3.3.3 Issue: Lack of dissolved oxygen
Background

Low dissolved oxygen (DO) concentration has an adverse effect on many aquatic
organisms (e.g. fish, invertebrates and microorganisms) which depend upon
oxygen dissolved in the water for efficient functioning. It can also cause reducing
conditions in sediments, so the sediments release previously-bound nutrients and
toxicants to the water column where they may add to existing problems.
The concentration of DO is highly dependent on temperature, salinity, biological
activity (microbial, primary production) and rate of transfer from the atmosphere.
Under natural conditions, DO will change, sometimes considerably, over a daily
(or diurnal) period, and highly productive systems (e.g. tropical wetlands, dune
lakes and estuaries) can become severely depleted in DO, particularly when these
systems are stratified.
Of greater concern is the significant decrease in DO that can occur when organic
matter is added (e.g. from sewage effluent or dead plant material). The depletion of
DO depends on the load of biodegradable organic material and microbial activity,
and re-aeration mechanisms operating. A number of predictive computer models
now exist for estimating the DO depletion in a particular ecosystem type, and so it
should be possible to estimate sustainable loads of biodegradable organic matter
for most situations.
The 1992 ANZECC Guidelines recommended that dissolved oxygen should not
normally be permitted to fall below 6 mgL–1 or 80−90% saturation, determined
over at least one diurnal cycle. These guidelines were based almost exclusively on
overseas data, since there were very few data on the oxygen tolerance of Australian
or New Zealand aquatic organisms. The Australian data are restricted to freshwater
fish, and suggest that DO concentrations below 5 mgL–1 are stressful to many
species (Koehn & O’Connor 1990).
Key indicators

Condition indicators:

variation in DO concentration; species composition

Key stressor indicator:

loading of biodegradable organic matter
(BOM, kg m–2 d–1)
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Modifiers:

depend upon the ecosystem type, and include mixing
condition (atmospheric O2 transfer), photosynthetic O2
production, rate of microbial decomposition, flow,
temperature, pre-loading DO, mass of other O2
consuming materials (e.g. nitrate)

Performance indicators:

median (or mean) DO concentration13 measured
under low flow conditions for rivers and streams and
during low flow and high temperature periods for
other ecosystems.

Low-risk trigger values
a See Section
3.3.2.3

The method used to determine the low-risk trigger values will depend upon the
desired level of protection.a
Slightly to moderately disturbed ecosystems (condition 2 ecosystems)

Depending upon the significance and present condition of the ecosystem, two
approaches may be taken to derive the most appropriate trigger values for
condition 2 ecosystems.
a) For important ecosystems, where an appropriate reference system(s) is available,
and there are sufficient resources to collect the necessary information for the
reference system, the low-risk trigger concentrations for DO should be determined
as the 20th percentile of the reference system(s) distribution. Where possible the
trigger value should be obtained for low flow conditions for rivers and streams and
during low flow and high temperature periods for other ecosystems, when DO
concentrations are likely to be at their lowest.
b) The default trigger values contained in tables 3.3.2, 3.3.4, 3.3.6, 3.3.8 and 3.3.10
should be used where either an appropriate reference system is not available, or
the scale of the operation makes it difficult to justify the allocation of resources
to collect the necessary information on a reference system.
Highly disturbed ecosystems (condition 3 ecosystems)

a) For important waterbodies, and those in very poor condition, it is best to make
appropriate site-specific scientific studies, and to use the information, with
professional judgement and other relevant information, to derive trigger values.
Where local but higher-quality reference data are used, a less stringent cutoff
than the 20th percentile value may be used. The 20th percentile values, however,
should be used as a target for site improvement.
b) For highly disturbed waterbodies, where there is a lack of either information or
resources to undertake the necessary site-specific studies, it is best to use the
default, regional trigger values using professional judgement to derive a less
stringent value if this is agreed upon by stakeholders.
b See
recommendations
in Section 8.5.2,
Volume 2

Sustainable loading rates for biodegradable organic matter should be estimated for
each major ecosystem type, and used to develop load-based trigger values.b

13 The median DO concentration for the period should be calculated using the lowest diurnal DO

concentrations.
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Use of the guideline package

Figure 3.3.1 shows the recommended approach for determining the risk of
dissolved oxygen depletion occurring in a particular ecosystem. The approach
involves three steps.
• Test the performance indicator (DO concentration) for the particular ecosystem
against the appropriate low-risk trigger value for that ecosystem type. Compare
the trigger values with the median (or mean) DO concentration measured under
low flow conditions for rivers and streams and during low flow and high
temperature periods for other ecosystems.

a See Section
3.1.5

b See also
Case Study 2
below

• If the test values are greater than the trigger values, there is low risk of adverse
biological effects occurring and no further action is required, except for regular
monitoring of the key performance indicators and condition indicators. If after
regular monitoring a ‘low risk’ outcome is consistently obtained, there is scope to
refine the guideline trigger value.a If test values are lower than trigger values,
there is an increased risk that adverse biological effects will occur, and further
ecosystem-specific investigation is required.
• Investigations to determine the influence of ecosystem-specific factors on the
key stressors will depend upon the ecosystem type. A possible approach to
calculate the sustainable load of biodegradable organic matter to waterbodies is
provided by Lawrence (1997 a,b).b

Version — October 2000

page 3.3–27

Chapter 3 — Aquatic ecosystems

Case Study 1. Assessing the risk of cyanobacterial blooms in a lowland river
We present here an example of the use of a rather simple but effective decision tree, for assessing the risk
of algal blooms arising from nutrients released to a lowland river in irrigation return drains. The protocol
was initially developed as part of an environmental audit protocol developed for Goulburn-Murray Water
(Hart et al. 1997; SKM 1997). More complex (and significantly more expensive) models have been
developed for Port Phillip Bay (Harris et al. 1996), Hawkesbury-Nepean river (Sydney Water 1995) and the
coastal waters off Perth (WAWA 1995, WADEP 1996).
The conceptual model for this case study (see figure below) assumes that algal growth in lowland rivers is
controlled by three major factors:
•

the concentrations of the nutrients P and N;

•

the light climate (turbidity is used as a surrogate for light intensity because of a lack of data);

•

the flow conditions in the river that are required for algal growth to occur.
Test nutrient
conditions

Low
risk

No

Is
TP > 15 µg/L
or TN > 150 µg/L?

Low –
medium
risk

Yes

Test light
conditions
(turbidity)

No

Yes
Is turbidity
> 30 NTU?

Medium –
low risk

No

Test flow
conditions

Are there one
or more ‘growth
events’ of > 6 days
duration?

Yes

High risk
Undertake detailed
study of system

The ‘guideline package’ in this case includes values for the nutrient concentrations (TP, TN) as the key
stressors, and values for turbidity and flow as the modifiers. The numbers provided in the decision boxes
for TP, TN and turbidity should be taken as indicative only because they will depend upon the particular
ecosystem being considered.
The decision box for flow was based on the requirement that there be a sufficient period of low flow to
–1
allow algal numbers to increase to an alert level of 5000 cells mL . A period of 6−10 days was estimated,
–1
based on an algal doubling time of 2 days and an initial algal concentration of 10−100 cells mL . A ‘growth
event’ was then defined as a period consisting of at least 6 consecutive days when the flow was less than
th
the 25 percentile flow obtained from the long term flow record for the system.
–1

For the system in the figure, a high risk situation is indicated if the TP concentration is >15 µgL , the
turbidity less than 30 NTU, and there is more than one ‘growth event’ of >6 days duration per year. In this
case, further investigation and appropriate management actions would be warranted.
Further refinement of this simple model could include:
•

determining a more quantitative relationship between turbidity and the light climate for algal growth;

•

validation of the assumption that the <25 percentile flows are the most appropriate low flow
conditions to use. The present simple protocol does not take into consideration stratification that is
now known to have a significant influence on cyanobacterial growth in lowland rivers (Webster et al.
1996);

•

introduction of measures of the ‘bioavailable’ fractions of the nutrients rather than TP and TN
(Hart et al. 1998);

•

including the possibility that sediment release of nutrients (particularly phosphorus) may occur under
low flow conditions;

•

incorporation of the various decision ‘rules’ into a user-friendly computer program for ease of use by
managers.

th
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Case Study 2. Establishing sustainable organic matter loads for standing
waterbodies
Australian research has shown that most rivers transport most water, suspended particulate matter,
nutrients and organic matter during a small number of high flow events (Cosser 1989, Harris & Baxter
1996). In standing waterbodies, these event-driven loads can be augmented by point source discharges,
decay of ‘in-lake’ algae, and releases from the sediments. High flow events are often followed by long
periods of low flow conditions, when rapid decomposition of sedimented organic material by benthic
bacteria can occur (Harris & Baxter 1996).
In many ecosystems, this sequence of events is quite normal and actually defines the ecosystem type.
However, problems arise when an excess supply of organic material leads to de-oxygenation of the water
column and to remobilisation of sediment-bound nutrients (and possibly toxic heavy metals) in bioavailable
forms.
These processes may be accelerated if there is reduced transfer of oxygen from the atmosphere to the
water column resulting from thermal stratification during the low flow and calm wind conditions typical of
summer (Webster et al. 1996). This potential release of sediment-bound nutrients to the water column is of
concern because by far the largest amount of phosphorus is stored in the sediments.
Thus, controls on the loading of organic matter to waterbodies is crucial in the effective management of the
biological health and other uses of these waterbodies and, in particular, in controlling both dissolved
oxygen concentrations and the remobilisation of nutrients from anaerobic sediments.
In terms of the approach proposed in these Guidelines, a possible method for establishing sustainable
loads of organic matter to reservoirs, lakes and weir pools (and estuaries) is shown below (see also
Lawrence 1997 a,b).

Select key biological indicator and management targets
• Chlorophyll a conc

µgL-1 for 9 in 10 years
<10µ

• Dissolved oxygen concentration >60% saturation for 9 in 10 years

Identify key stressor and key performance indicator
• Key stressor

Organic matter (BOD)

• Key performance indicator

BOD loading (kg.m-2.yr-1)

Determine trigger value for key stressor
• Develop models relating BOD loading to water column DO
concentration and sediment nutrient release for range of
waterbodies and sediment types
• Validate model relationships using local reference and impacted
sites for which data are available
• Use models to determine trigger values (sustainable loads) for key
waterbodies throughout the catchment
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3.4 Water quality guidelines for toxicants
3.4.1 Introduction

a See Section
3.1.3

This section provides guidance on the application of water quality guideline trigger
values for toxicants. Toxicants is a term used for chemical contaminants that have
the potential to exert toxic effects at concentrations that might be encountered in
the environment. The risk-based decision scheme (Section 3.4.3) would be most
commonly applied in ecosystems that could be classified as slightly to moderately
disturbed (condition 2 ecosystemsa). The decision scheme, which is optional,
guides water managers on how to alter the trigger values for specific sites to
account for local environmental conditions.
The current NWQMS approach recommends moving away from relying solely on
chemical guideline values for managing water quality, to the use of integrated
approaches, comprising:
• chemical-specific guidelines coupled with water quality monitoring;
• direct toxicity assessment; and
• biological monitoring.
This approach will help to ensure that the water management focus keeps in view
the goal of protecting the environment, and does not shift to merely meeting the
numbers.
If more details are required, users may consult Volume 2 Section 8.3.2 on the type
of data used to derive guidelines, Section 8.3.3 on the general approaches and
methods used, Section 8.3.4 on the derivation procedure and requirements for data,
and Section 8.3.5 on application of the decision scheme. Section 8.3.6 provides
more information on direct toxicity assessment (i.e. whole effluent and ambient
water toxicity testing) and Section 8.3.7 outlines the data used to derive each
trigger value and summarises relevant scientific and technical information
currently available.

3.4.2 How guidelines are developed for toxicants
Numerical guidelines are an essential tool for the management of receiving waters
where discharge of toxicants to the environment cannot reasonably be avoided. The
guidelines aim to protect ambient waters from sustained exposures to toxicants,
i.e. from chronic toxicity. The derived trigger values are chemical-specific estimates
to help managers achieve this aim.
Most users of these guidelines will use the trigger values (table 3.4.1) either
directly or as part of the risk-based decision scheme outlined in Section 3.4.3, and
in most cases will not need to know how the figures were derived. However, a brief
summary is provided here.
3.4.2.1 Toxicity data for deriving guideline trigger values

The preferred data for deriving trigger values come from multiple-species toxicity
tests, i.e. field or model ecosystem (mesocosm) tests that represent the complex
interactions of species in the field. However, many of these tests are difficult to
interpret and there were few such data available that met screening requirements.

Version — October 2000

page 3.4–1

Chapter 3 — Aquatic ecosystems

a See Section
3.4.2.3

Most of the trigger values have been derived using data from single-species
toxicity tests on a range of test species, because these formed the bulk of the
concentration–response information. High reliability trigger valuesa were
calculated from chronic ‘no observable effect concentration’ (NOEC) data.
However the majority of trigger values were moderate reliability trigger values,
derived from short-term acute toxicity data (from tests ≤96 h duration) by applying
acute-to-chronic conversion factors.

3.4.2.2 Extrapolating from laboratory data to protect aquatic ecosystems

b Described in
Section 8.3.3.3
in Vol. 2

Most reliable trigger values (table 3.4.1) were derived using a statistical
distribution approach, modified from Aldenberg and Slob (1993). This approachb
has been adopted in The Netherlands and is recommended by the OECD (1992,
1995). The approach is based on calculations of a probability distribution of
aquatic toxicity end-points. It attempts to protect a pre-determined percentage of
species, usually 95%, but enables quantitative alteration of protection levels. The
95 percent protection level is most commonly applied in these Guidelines to
ecosystems that could be classified as slightly to moderately disturbed.
The traditional approach for extrapolating from single-species toxicity data to
protect ecosystems has been to apply arbitrary assessment factors to the lowest
toxicity value for a particular chemical (ANZECC 1992). There are deficiencies in
this approach (Warne 1998), and it has been used in the current Guidelines only
when there was an inadequate data set for the statistical distribution approach. The
smallest assessment factors (where they were used) were applied to a
comprehensive set of available chronic toxicity data, rather than acute data, when
there was a high degree of confidence that the values reflected the field situation.
The use of the statistically-based 95% protection provides a more defensible basis
for decisions than use of assessment factors.
For chemicals such as mercury, polychlorinated biphenyls (PCBs) and
organochlorine pesticides, the main issue of concern is not their direct short-term
toxic effect but the indirect risks associated with their longer-term concentration in
organisms and the potential for secondary poisoning. Dietary accumulation can be
an important route of uptake for some chemicals, and it will need to be addressed
in future revisions of the Guidelines. There is currently no formal and specific
international guidance for incorporating bioaccumulation into water quality
guidelines. For those chemicals that have the potential to bioaccumulate, the
decision scheme provides for site-specific re-assessment of this issue if suitable
data become available. Field investigations of residue levels in appropriate
organisms may provide additional evidence for whether or not bioaccumulation is
an issue at the site under study. In the absence of such local data, a higher level of
protection is recommended (e.g. 99% protection for slightly–moderately disturbed
systems instead of 95%). Chemicals that have the potential to bioaccumulate are
indicated in table 3.4.1 (footnote ‘B’).

3.4.2.3 Procedures for deriving trigger values for toxicants

Three grades of guideline trigger values are derived: high, moderate or low
reliability trigger values. The grade depends on the data available and hence the
confidence or reliability of the final figures (Warne 1998). Only high and moderate
reliability trigger values are reported in table 3.4.1.

page 3.4–2

Version — October 2000

3.4.2 How guidelines are developed for toxicants

•

High reliability guideline trigger values were derived from multiple-species
data or chronic NOEC data, using the risk-based statistical distribution method.

•

Moderate reliability guideline trigger values, which reflect a lower confidence
in extrapolation methods, were derived from acute toxicity data. Again, where
possible, the statistical distribution method was used with the acute toxicity
data. It was then necessary to convert the figure from that calculation to a
chronic protection figure by application of either calculated or default acute-tochronic ratios.

•

Low reliability guideline trigger values were derived, in the absence of a data
set of sufficient quantity, using larger assessment factors to account for greater
uncertainty. These are considered as interim or indicative working levels subject
to more test data becoming available. Low reliability figures should not be used
as default guidelines, although it is reasonable to use them in the risk-based
decision scheme to determine if conditions at the site increase or decrease the
potential risk. It is important to recognise the interim nature of the low reliability
figures and the inherent uncertainties in their derivation and to obtain more data
where appropriate. Hence they are only reported in Section 8.3.7.

It has not been possible to derive trigger values for every chemical. Section 8.3.4.5 of
Volume 2 provides some preliminary guidance for deriving preliminary working
levels for such chemicals, according to international guidance (OECD 1992, 1995).
3.4.2.4 Altering the level of protection for different ecosystem conditions

The trigger values derived using the statistical distribution method were calculated at
four different protection levels, 99%, 95%, 90% and 80% (table 3.4.1). Here,
protection level signifies the percentage of species expected to be protected. The
decision to apply a certain protection level to a specific ecosystem is the prerogative
of each particular state jurisdiction or catchment manager, in consultation with the
community and stakeholders. State jurisdictions or catchment managers can choose
to apply different levels of protection to different ecosystem conditions if there is
confidence that the disturbance is due to an overall physico-chemical disturbance and
not just structural alteration.
One way of viewing the continuum of disturbance is to apply the three ‘categories
of ecosystem condition’ for aquatic ecosystems, described in Section 3.1.3. The
recommended procedure for applying the different levels of protection to the
continuum of ecosystem conditions is summarised for toxicants in table 3.4.2. In
most cases, the 95% protection level trigger values (table 3.4.1) should apply to
ecosystems that could be classified as slightly–moderately disturbed, although a
higher protection level could be applied to slightly disturbed ecosystems where the
management goal is no change in biodiversity. For a few chemicals, higher levels
of protection are recommended as default levels for those ecosystems, and the
recommended trigger values for typical slightly–moderately disturbed ecosystems
are in the shaded boxes in table 3.4.1.
The highest protection level (99%) has been chosen as the default value for
ecosystems with high conservation value, pending collection of local chemical and
biological monitoring data. The 99% protection levels can also be used as default
values for slightly–moderately disturbed systems where local data are lacking on
bioaccumulation effects or where it is considered that the 95% protection level fails
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to protect key test species. This usually only occurs where trigger values have been
calculated from chronic data but fail to protect against acute toxicity or vice versa.
Those chemicals are shown in table 3.4.1. An example of this is endosulfan, with
which key Australian species show acute toxicity at or near the 95% protection
trigger value.
For ecosystems that can be classified as highly disturbed, the 95% protection
trigger values can still apply. However, depending on the state of the ecosystem,
the management goals and the approval of the appropriate state or regional
authority in consultation with the community, it can be appropriate to apply a less
stringent guideline trigger value, say protection of 90% of species, or perhaps even
80%. These values are provided as intermediate targets for water quality
improvement. If the trigger values have been calculated using assessment factors,
there is no reliable way to predict what changes in ecosystem protection are
provided by an arbitrary reduction in the factor.
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Table 3.4.1 Trigger values for toxicants at alternative levels of protection. Values in grey shading are the trigger
values applying to typical slightly–moderately disturbed systems; see table 3.4.2 and Section 3.4.2.4 for guidance on
applying these levels to different ecosystem conditions.
Chemical

Trigger values for marine water
(µ
µgL-1)

Trigger values for freshwater
(µ
µgL-1)
Level of protection (% species)

Level of protection (% species)

99%

95%

80%

99%

95%

90%

80%
ID

90%

METALS & METALLOIDS
Aluminium

pH >6.5

27

55

80

150

ID

ID

ID

Aluminium

pH <6.5

ID

ID

ID

ID

ID

ID

ID

ID

Antimony

ID

ID

ID

ID

ID

ID

ID

ID

Arsenic (As III)

1

24

94 C

360 C

ID

ID

ID

ID

Arsenic (AsV)

0.8

13

42

140 C

ID

ID

ID

ID

Beryllium

ID

ID

ID

ID

ID

ID

ID

ID

Bismuth

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

0.7 B

5.5 B, C

14 B, C

36 B, A

Boron
Cadmium

H

Chromium (Cr III)

H

90

370

0.06

0.2

ID
C

ID
C

680

1300

C

0.8 C

0.4

ID

ID

ID

ID

7.7

27.4

48.6

90.6

Chromium (CrVI)

0.01

1.0 C

6A

40 A

0.14

4.4

20 C

85 C

Cobalt

ID

ID

ID

ID

0.005

1

14

150 C

Copper

1.0

1.4

1.8

Gallium

ID

ID

ID

Iron

ID

ID

ID

Lanthanum

ID

ID

1.0
1200

Lead

H

H

Manganese
Mercury (inorganic)

B

0.06

C

8A

1.3

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

3.4

5.6

9.4 C

2.2

4.4

6.6 C

12 C

1900C

2500C

3600C

ID

ID

ID

ID

5.4 A

0.1

0.4 C

0.7 C

1.4 C
ID

0.6

1.9

3

C

0.3

C

2.5

C

Mercury (methyl)

ID

ID

ID

ID

ID

ID

ID

Molybdenum

ID

ID

ID

ID

ID

ID

ID

ID

Nickel

H

8

11

13

17 C

7

70 C

200 A

560A

Selenium (Total)

B

5

11

18

34

ID

ID

ID

ID

Selenium (SeIV)

B

ID

ID

ID

ID

ID

ID

ID

ID

0.02

0.05

0.1

0.2 C

0.8

1.4

1.8

2.6 C

Thallium

ID

ID

ID

ID

ID

ID

ID

ID

Tin (inorganic, SnIV)

ID

ID

ID

ID

ID

ID

ID

ID

Tributyltin (as µg/L Sn)

ID

ID

ID

ID

0.0004

0.006 C

0.02 C

0.05 C

Silver

Uranium

ID

ID

ID

ID

ID

ID

ID

ID

Vanadium

ID

ID

ID

ID

50

100

160

280

H

2.4

8.0 C

15 C

31 C

7

15 C

23 C

43 C

D

320

900 C

1430 C

2300 A

500

910

1200

1700

13 A

ID

ID

ID

ID

Zinc
NON-METALLIC INORGANICS
Ammonia
Chlorine

E

Cyanide
Nitrate
Hydrogen sulfide

6

A

0.4

3

F

4

7

11

18

2

4

7

14

J

17

700

3400 C

17000 A

ID

ID

ID

ID

G

0.5

1.0

1.5

2.6

ID

ID

ID

ID

Ethanol

400

1400

2400 C

4000 C

ID

ID

ID

ID

Ethylene glycol

ID

ID

ID

ID

ID

ID

ID

ID

Isopropyl alcohol

ID

ID

ID

ID

ID

ID

ID

ID

Dichloromethane

ID

ID

ID

ID

ID

ID

ID

ID

Chloroform

ID

ID

ID

ID

ID

ID

ID

ID

Carbon tetrachloride

ID

ID

ID

ID

ID

ID

ID

ID

1,2-dichloroethane

ID

ID

ID

ID

ID

ID

ID

ID

1,1,1-trichloroethane

ID

ID

ID

ID

ID

ID

ID

ID

ORGANIC ALCOHOLS

CHLORINATED ALKANES
Chloromethanes

Chloroethanes
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Chemical

Trigger values for marine water
(µ
µgL-1)

Trigger values for freshwater
(µ
µgL-1)
Level of protection (% species)

Level of protection (% species)

99%

99%

95%

90%

80%

95%

90%

80%
C

18000 C

1,1,2-trichloroethane

5400

6500

7300

8400

140

1900

5800

1,1,2,2-tetrachloroethane

ID

ID

ID

ID

ID

ID

ID

Pentachloroethane

ID

ID

ID

ID

ID

ID

ID

ID

290

360

420

500

ID

ID

ID

ID

1,1-dichloropropane

ID

ID

ID

ID

ID

ID

ID

ID

1,2-dichloropropane

ID

ID

ID

ID

ID

ID

ID

ID

1,3-dichloropropane

ID

ID

ID

ID

ID

ID

ID

ID

Hexachloroethane

B

ID

Chloropropanes

CHLORINATED ALKENES
Chloroethylene

ID

ID

ID

ID

ID

ID

ID

ID

1,1-dichloroethylene

ID

ID

ID

ID

ID

ID

ID

ID

1,1,2-trichloroethylene

ID

ID

ID

ID

ID

ID

ID

ID

1,1,2,2-tetrachloroethylene

ID

ID

ID

ID

ID

ID

ID

ID

3-chloropropene

ID

ID

ID

ID

ID

ID

ID

ID

1,3-dichloropropene

ID

ID

ID

ID

ID

ID

ID

ID

Aniline

8

250 A

1100 A

4800 A

ID

ID

ID

ID

2,4-dichloroaniline

0.6

7

20

60 C

ID

ID

ID

ID

2,5-dichloroaniline

ID

ID

ID

ID

ID

ID

ID

ID

3,4-dichloroaniline

1.3

3

6C

13 C

85

150

190

260

3,5-dichloroaniline

ID

ID

ID

ID

ID

ID

ID

ID

ANILINES

Benzidine

ID

ID

ID

ID

ID

ID

ID

ID

Dichlorobenzidine

ID

ID

ID

ID

ID

ID

ID

ID

Benzene

600

950

1300

2000

500 C

700 C

900 C

1300 C

Toluene

ID

ID

ID

ID

ID

ID

ID

ID

Ethylbenzene

ID

ID

ID

ID

ID

ID

ID

ID

470

ID

AROMATIC HYDROCARBONS

o-xylene

200

350

m-xylene

ID

ID

640

ID

ID

ID

ID

ID

ID

ID

p-xylene

140

200

ID

250

340

ID

ID

ID

ID

m+p-xylene

ID

Cumene

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

2.5

16

37

85

50 C

70 C

90 C

120 C

ID

Polycyclic Aromatic Hydrocarbons
Naphthalene
Anthracene

B

ID

ID

ID

ID

ID

ID

ID

ID

Phenanthrene

B

ID

ID

ID

ID

ID

ID

ID

ID

Fluoranthene

B

ID

ID

ID

ID

ID

ID

ID

ID

Benzo(a)pyrene

B

ID

ID

ID

ID

ID

ID

ID

ID

Nitrobenzenes
Nitrobenzene

230

550

820

1300

ID

ID

ID

ID

1,2-dinitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1,3-dinitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1,4-dinitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1,3,5-trinitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1-methoxy-2-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1-methoxy-4-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1-chloro-2-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1-chloro-3-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1-chloro-4-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1-chloro-2,4-dinitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1,2-dichloro-3-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1,3-dichloro-5-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1,4-dichloro-2-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

2,4-dichloro-2-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID
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Chemical

Trigger values for marine water
(µ
µgL-1)

Trigger values for freshwater
(µ
µgL-1)
Level of protection (% species)

Level of protection (% species)

99%

99%

95%

90%

80%

95%

90%

80%

1,2,4,5-tetrachloro-3-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1,5-dichloro-2,4-dinitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1,3,5-trichloro-2,4-dinitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1-fluoro-4-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

2-nitrotoluene

ID

ID

ID

ID

ID

ID

ID

ID

3-nitrotoluene

ID

ID

ID

ID

ID

ID

ID

ID

4-nitrotoluene

ID

ID

ID

ID

ID

ID

ID

ID

2,3-dinitrotoluene

ID

ID

ID

ID

ID

ID

ID

ID

2,4-dinitrotoluene

16

65 C

130 C

250 C

ID

ID

ID

ID

Nitrotoluenes

2,4,6-trinitrotoluene

100

140

160

210

ID

ID

ID

ID

1,2-dimethyl-3-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

1,2-dimethyl-4-nitrobenzene

ID

ID

ID

ID

ID

ID

ID

ID

4-chloro-3-nitrotoluene

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

Chlorobenzenes and Chloronaphthalenes
Monochlorobenzene

ID

ID

ID

ID

ID

ID

1,2-dichlorobenzene

120

160

200

270

ID

ID

ID

ID

1,3-dichlorobenzene

160

260

350

520 C

ID

ID

ID

ID
ID

1,4-dichlorobenzene

40

60

75

100

ID

ID

ID

1,2,3-trichlorobenzene

B

3

10

16

30 C

ID

ID

ID

ID

1,2,4-trichlorobenzene

B

85

170C

220C

300C

20

80

140

240

1,3,5-trichlorobenzene

B

ID

ID

ID

ID

ID

ID

ID

ID

1,2,3,4-tetrachlorobenzene

B

ID

ID

ID

ID

ID

ID

ID

ID

1,2,3,5-tetrachlorobenzene

B

ID

ID

ID

ID

ID

ID

ID

ID

1,2,4,5-tetrachlorobenzene

B

ID

ID

ID

ID

ID

ID

ID

ID

Pentachlorobenzene

B

ID

ID

ID

ID

ID

ID

ID

ID

Hexachlorobenzene

B

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

ID

1-chloronaphthalene

Polychlorinated Biphenyls (PCBs) & Dioxins
Capacitor 21

B

ID

ID

ID

ID

ID

ID

ID

ID

Aroclor 1016

B

ID

ID

ID

ID

ID

ID

ID

ID

Aroclor 1221

B

ID

ID

ID

ID

ID

ID

ID

ID

Aroclor 1232

B

ID

ID

ID

ID

ID

ID

ID

ID

Aroclor 1242

B

0.3

0.6

1.0

1.7

ID

ID

ID

ID

Aroclor 1248

B

ID

ID

ID

ID

ID

ID

ID

ID

Aroclor 1254

B

0.01

0.03

0.07

0.2

ID

ID

ID

ID

Aroclor 1260

B

ID

ID

ID

ID

ID

ID

ID

ID

Aroclor 1262

B

ID

ID

ID

ID

ID

ID

ID

ID

Aroclor 1268

B

ID

ID

ID

ID

ID

ID

ID

ID

2,3,4’-trichlorobiphenyl

B

ID

ID

ID

ID

ID

ID

ID

ID

4,4’-dichlorobiphenyl

B

ID

ID

ID

ID

ID

ID

ID

ID

2,2’,4,5,5’-pentachloro-1,1’-biphenylB

ID

ID

ID

ID

ID

ID

ID

ID

2,4,6,2’,4’,6’-hexachlorobiphenyl

B

ID

ID

ID

ID

ID

ID

ID

ID

Total PCBs

B

ID

ID

ID

ID

ID

ID

ID

ID

2,3,7,8-TCDD

B

ID

ID

ID

ID

ID

ID

ID

ID

Phenol

85

320

600

1200 C

270

400

520

720

2,4-dimethylphenol

ID

ID

ID

ID

ID

ID

ID

ID

PHENOLS and XYLENOLS

Nonylphenol

ID

ID

ID

ID

ID

ID

ID

ID

2-chlorophenol

T

340 C

490 C

630 C

870 C

ID

ID

ID

ID

3-chlorophenol

T

ID

ID

ID

ID

ID

ID

ID

ID

4-chlorophenol

T

160

220

280 C

360 C

ID

ID

ID

ID

2,3-dichlorophenol

T

ID

ID

ID

ID

ID

ID

ID

ID

2,4-dichlorophenol

T

120

160 C

200 C

270 C

ID

ID

ID

ID
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Chemical

Trigger values for marine water
(µ
µgL-1)

Trigger values for freshwater
(µ
µgL-1)
Level of protection (% species)

Level of protection (% species)

99%

95%

90%

80%

99%

95%

90%

80%

2,5-dichlorophenol

T

ID

ID

ID

ID

ID

ID

ID

ID

2,6-dichlorophenol

T

ID

ID

ID

ID

ID

ID

ID

ID

3,4-dichlorophenol

T

ID

ID

ID

ID

ID

ID

ID

ID

3,5-dichlorophenol

T

ID

ID

ID

ID

ID

ID

ID

ID

2,3,4-trichlorophenol

T

ID

ID

ID

ID

ID

ID

ID

ID

2,3,5-trichlorophenol

T

ID

ID

ID

ID

ID

ID

ID

ID

2,3,6-trichlorophenol

T

ID

ID

ID

ID

ID

ID

ID

ID

2,4,5-trichlorophenol

T,B

ID

ID

ID

ID

ID

ID

ID

ID

2,4,6-trichlorophenol

T,B

3

20

40

95

ID

ID

ID

ID

2,3,4,5-tetrachlorophenol

T,B

ID

ID

ID

ID

ID

ID

ID

ID

2,3,4,6- tetrachlorophenol

T,B

10

20

25

30

ID

ID

ID

ID

2,3,5,6- tetrachlorophenol

T,B

ID

ID

ID

ID

ID

ID

ID

ID

Pentachlorophenol

T,B

3.6

10

17

27 A

11

22

33

55 A

2-nitrophenol

ID

ID

ID

ID

ID

ID

ID

ID

3-nitrophenol

ID

ID

ID

ID

ID

ID

ID

ID

4-nitrophenol

ID

ID

ID

ID

ID

ID

ID

ID

2,4-dinitrophenol

13

45

80

140

ID

ID

ID

ID

2,4,6-trinitrophenol

ID

ID

ID

ID

ID

ID

ID

ID

Carbon disulfide

ID

ID

ID

ID

ID

ID

ID

ID

Isopropyl disulfide

ID

ID

ID

ID

ID

ID

ID

ID

n-propyl sulfide

ID

ID

ID

ID

ID

ID

ID

ID

Propyl disulfide

ID

ID

ID

ID

ID

ID

ID

ID

Tert-butyl sulfide

ID

ID

ID

ID

ID

ID

ID

ID

Phenyl disulfide

ID

ID

ID

ID

ID

ID

ID

ID

Nitrophenols

ORGANIC SULFUR COMPOUNDS

Bis(dimethylthiocarbamyl)sulfide

ID

ID

ID

ID

ID

ID

ID

ID

Bis(diethylthiocarbamyl)disulfide

ID

ID

ID

ID

ID

ID

ID

ID

2-methoxy-4H-1,3,2benzodioxaphosphorium-2-sulfide

ID

ID

ID

ID

ID

ID

ID

ID

Potassium amyl xanthate

ID

ID

ID

ID

ID

ID

ID

ID

Potassium ethyl xanthate

ID

ID

ID

ID

ID

ID

ID

ID

Potassium hexyl xanthate

ID

ID

ID

ID

ID

ID

ID

ID

Potassium isopropyl xanthate

ID

ID

ID

ID

ID

ID

ID

ID
ID

Xanthates

Sodium ethyl xanthate

ID

ID

ID

ID

ID

ID

ID

Sodium isobutyl xanthate

ID

ID

ID

ID

ID

ID

ID

ID

Sodium isopropyl xanthate

ID

ID

ID

ID

ID

ID

ID

ID

Sodium sec-butyl xanthate

ID

ID

ID

ID

ID

ID

ID

ID

3000

3700

4300

5100

ID

ID

ID

ID
ID

PHTHALATES
Dimethylphthalate
Diethylphthalate

900

1000

1100

1300

ID

ID

ID

Dibutylphthalate

B

9.9

26

40.2

64.6

ID

ID

ID

ID

Di(2-ethylhexyl)phthalate

B

ID

ID

ID

ID

ID

ID

ID

ID

MISCELLANEOUS INDUSTRIAL CHEMICALS
Acetonitrile

ID

ID

ID

ID

ID

ID

ID

ID

Acrylonitrile

ID

ID

ID

ID

ID

ID

ID

ID

Poly(acrylonitrile-co-butadiene-costyrene)

200

530

800 C

1200 C

200

250

280

340

Dimethylformamide

ID

ID

ID

ID

ID

ID

ID

ID

1,2-diphenylhydrazine

ID

ID

ID

ID

ID

ID

ID

ID

Diphenylnitrosamine

ID

ID

ID

ID

ID

ID

ID

ID

Hexachlorobutadiene

ID

ID

ID

ID

ID

ID

ID

ID

Hexachlorocyclopentadiene

ID

ID

ID

ID

ID

ID

ID

ID
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3.4.2 How guidelines are developed for toxicants

Chemical

Trigger values for marine water
(µ
µgL-1)

Trigger values for freshwater
(µ
µgL-1)

Isophorone

Level of protection (% species)

Level of protection (% species)

99%

95%

90%

80%

99%

95%

90%

80%

ID

ID

ID

ID

ID

ID

ID

ID

ORGANOCHLORINE PESTICIDES
Aldrin

B

ID

ID

ID

ID

ID

ID

ID

ID

Chlordane

B

0.03

0.08

0.14

0.27 C

ID

ID

ID

ID

DDE

B

ID

ID

ID

ID

ID

ID

ID

ID

DDT

B

0.006

0.01

0.02

0.04

ID

ID

ID

ID

Dicofol

B

ID

ID

ID

ID

ID

ID

ID

ID

Dieldrin

B

ID

ID

ID

ID

ID

ID

ID

ID

Endosulfan

B

0.03

0.2 A

0.6 A

1.8 A

0.005

0.01

0.02

0.05 A

Endosulfan alpha

B

ID

ID

ID

ID

ID

ID

ID

ID

Endosulfan beta

B

ID

ID

ID

ID

ID

ID

ID

ID

Endrin

B

0.01

0.02

0.04 C

0.06 A

0.004

0.008

0.01

0.02

Heptachlor

B

0.01

0.09

0.25

0.7 A

ID

ID

ID

ID

0.07

0.2

0.4

1.0 A

ID

ID

ID

ID

Lindane
Methoxychlor

B

ID

ID

ID

ID

ID

ID

ID

ID

Mirex

B

ID

ID

ID

ID

ID

ID

ID

ID

Toxaphene

B

0.1

0.2

0.3

0.5

ID

ID

ID

ID

0.01

0.02

0.05

0.11 A

ID

ID

ID

ID

1.2 A

0.0005

0.009

0.04A

0.3 A

ORGANOPHOSPHORUS PESTICIDES
Azinphos methyl
Chlorpyrifos

B

0.00004

0.01

0.11

A

Demeton

ID

ID

ID

ID

ID

ID

ID

ID

Demeton-S-methyl

ID

ID

ID

ID

ID

ID

ID

ID

Diazinon

0.00003

0.01

0.2 A

2A

ID

ID

ID

ID

Dimethoate

0.1

0.15

0.2

0.3

ID

ID

ID

ID

Fenitrothion

0.1

0.2

0.3

0.4

ID

ID

ID

ID

Malathion

0.002

0.05

0.2

1.1 A

ID

ID

ID

ID

Parathion

0.0007

0.004 C

0.01 C

0.04 A

ID

ID

ID

ID

Profenofos

B

ID

ID

ID

ID

ID

ID

ID

ID

Temephos

B

ID

ID

ID

ID

0.0004

0.05

0.4

3.6 A

Carbofuran

0.06

1.2 A

4A

15 A

ID

ID

ID

ID

Methomyl

0.5

3.5

9.5

23

ID

ID

ID

ID

S-methoprene

ID

ID

ID

ID

ID

ID

ID

ID

CARBAMATE & OTHER PESTICIDES

PYRETHROIDS
Deltamethrin

ID

ID

ID

ID

ID

ID

ID

ID

Esfenvalerate

ID

0.001*

ID

ID

ID

ID

ID

ID

Diquat

0.01

1.4

10

80 A

ID

ID

ID

ID

Paraquat

ID

ID

ID

ID

ID

ID

ID

ID

MCPA

ID

ID

ID

ID

ID

ID

ID

ID

2,4-D

140

280

450

830

ID

ID

ID

ID

2,4,5-T

3

36

100

290 A

ID

ID

ID

ID

Bensulfuron

ID

ID

ID

ID

ID

ID

ID

ID

Metsulfuron

ID

ID

ID

ID

ID

ID

ID

ID

Molinate

0.1

3.4

14

57

ID

ID

ID

ID

Thiobencarb

1

2.8

4.6

8C

ID

ID

ID

ID

Thiram

0.01

0.2

0.8 C

3A

ID

ID

ID

ID

HERBICIDES & FUNGICIDES
Bypyridilium herbicides

Phenoxyacetic acid herbicides

Sulfonylurea herbicides

Thiocarbamate herbicides

Triazine herbicides
Amitrole

ID

ID

ID

ID

ID

ID

ID

ID

Atrazine

0.7

13

45 C

150 C

ID

ID

ID

ID
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Chemical

Trigger values for marine water
(µ
µgL-1)

Trigger values for freshwater
(µ
µgL-1)
Level of protection (% species)

Level of protection (% species)

99%

95%

90%

80%

99%

95%

90%

80%

Hexazinone

ID

ID

ID

ID

ID

ID

ID

ID

Simazine

0.2

3.2

11

35

ID

ID

ID

ID

Diuron

ID

ID

ID

ID

ID

ID

ID

ID

Tebuthiuron

0.02

2.2

20

160 C

ID

ID

ID

ID

Urea herbicides

Miscellaneous herbicides
Acrolein

ID

ID

ID

ID

ID

ID

ID

ID

Bromacil

ID

ID

ID

ID

ID

ID

ID

ID

Glyphosate

370

1200

2000

3600 A

ID

ID

ID

ID

Imazethapyr

ID

ID

ID

ID

ID

ID

ID

ID

Ioxynil

ID

ID

ID

ID

ID

ID

ID

ID

Metolachlor

ID

ID

ID

ID

ID

ID

ID

ID

Sethoxydim

ID

ID

ID

ID

ID

ID

ID

ID

2.6

4.4

6

9A

ID

ID

ID

ID

65

280

520 C

1000 C

ID

ID

ID

ID

C

1100 C

ID

ID

ID

ID

Trifluralin

B

GENERIC GROUPS OF CHEMICALS
Surfactants
Linear alkylbenzene sulfonates (LAS)
Alcohol ethoxyolated sulfate (AES)

340

650

850

Alcohol ethoxylated surfactants (AE)

50

140

220

360 C

ID

ID

ID

ID

Oils & Petroleum Hydrocarbons

ID

ID

ID

ID

ID

ID

ID

ID

Oil Spill Dispersants
BP 1100X

ID

ID

ID

ID

ID

ID

ID

ID

Corexit 7664

ID

ID

ID

ID

ID

ID

ID

ID

Corexit 8667

ID

ID

ID

ID

ID

ID

ID

Corexit 9527

ID

ID

ID

ID

230

1100

2200

4400 A

Corexit 9550

ID

ID

ID

ID

ID

ID

ID

ID

Notes: Where the final water quality guideline to be applied to a site is below current analytical practical quantitation limits, see Section 3.4.3.3 for
guidance.
Most trigger values listed here for metals and metalloids are High reliability figures, derived from field or chronic NOEC data (see 3.4.2.3 for reference to
Volume 2). The exceptions are Moderate reliability for freshwater aluminium (pH >6.5), manganese and marine chromium (III).
Most trigger values listed here for non-metallic inorganics and organic chemicals are Moderate reliability figures, derived from acute LC50 data (see
3.4.2.3 for reference to Volume 2). The exceptions are High reliability for freshwater ammonia, 3,4-DCA, endosulfan, chlorpyrifos, esfenvalerate,
tebuthiuron, three surfactants and marine for 1,1,2-TCE and chlorpyrifos.
* = High reliability figure for esfenvalerate derived from mesocosm NOEC data (no alternative protection levels available).
A = Figure may not protect key test species from acute toxicity (and chronic) — check Section 8.3.7 for spread of data and its significance. ‘A’ indicates
that trigger value > acute toxicity figure; note that trigger value should be <1/3 of acute figure (Section 8.3.4.4).
B = Chemicals for which possible bioaccumulation and secondary poisoning effects should be considered (see Sections 8.3.3.4 and 8.3.5.7).
C = Figure may not protect key test species from chronic toxicity (this refers to experimental chronic figures or geometric mean for species) — check
Section 8.3.7 for spread of data and its significance. Where grey shading and ‘C’ coincide, refer to text in Section 8.3.7.
D = Ammonia as TOTAL ammonia as [NH3-N] at pH 8. For changes in trigger value with pH refer to Section 8.3.7.2.
E = Chlorine as total chlorine, as [Cl]; see Section 8.3.7.2.
F = Cyanide as un-ionised HCN, measured as [CN]; see Section 8.3.7.2.
G = Sulfide as un-ionised H2S, measured as [S]; see Section 8.3.7.2.
H = Chemicals for which algorithms have been provided in table 3.4.3 to account for the effects of hardness. The values have been calculated using a
hardness of 30 mg/L CaCO3. These should be adjusted to the site-specific hardness (see Section 3.4.3).
J = Figures protect against toxicity and do not relate to eutrophication issues. Refer to Section 3.3 if eutrophication is the issue of concern.
ID = Insufficient data to derive a reliable trigger value. Users advised to check if a low reliability value or an ECL is given in Section 8.3.7.
T = Tainting or flavour impairment of fish flesh may possibly occur at concentrations below the trigger value. See Sections 4.4.5.3/3 and 8.3.7.
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3.4.3 Applying guideline trigger values to sites

Table 3.4.2 General framework for applying levels of protection for toxicants to different
ecosystem conditions
Ecosystem
condition
1 High
conservation/
ecological
value

Level of protection
• For anthropogenic toxicants, detection at any concentration could be grounds
for source investigation and management intervention; for natural toxicants
background concentrations should not be exceeded.a
Where local biological or chemical data have not yet been gathered, apply the
99% protection levels (table 3.4.1) as default values.
Any relaxation of these objectives should only occur where comprehensive
biological effects and monitoring data clearly show that biodiversity would not
be altered.
• In the case of effluent discharges, Direct Toxicity Assessment (DTA) should
also be required on the effluent.
• Precautionary approach taken to assessment of post-baseline data through
trend analysis or feedback triggers.

2 Slightly to
moderately
disturbed
ecosystems

• Always preferable to use local biological effects data (including DTA) to derive
guidelines.
If local biological effects data unavailable, apply 95% protection levels (table
3.4.1) as default, low-risk trigger values.b 99% values are recommended for
certain chemicals as noted in table 3.4.1.c
• Precautionary approach may be required for assessment of post-baseline data
through trend analysis or feedback triggers.
• In the case of effluent discharges DTA may be required.

3 Highly
disturbed
ecosystems

• Apply the same guidelines as for slightly–moderately disturbed systems.
However, the lower protection levels provided in the Guidelines may be
accepted by stakeholders.
• DTA could be used as an alternative approach for deriving site-specific
guidelines.

a See Section
8.3.7
b See toxicant
databases on
the CD-Rom

a

This means that indicator values at background and test sites should be statistically indistinguishable. It is
acknowledged that it may not be strictly possible to meet this criterion in every situation.

b

For slightly disturbed ecosystems where the management goal is no change in biodiversity, users may prefer to
apply a higher protection level.

c

99% values recommended for chemicals that bioaccumulate or for which 95% provides inadequate protection for
key test species. Jurisdictions may choose 99% values for some ecosystems that are more towards the slightly
disturbed end of the continuum.

Modified values for this lowest level of protection should not approach levels that
may cause acute toxicity. Footnotes in table 3.4.1 indicate where the figures at any
protection level may cause acute or chronic toxicity but it is better to view the
chemical descriptionsa to gain the full context. The data distribution curvesb
illustrate the spread of the data (either acute or chronic) used to derive each trigger
value. As indicated above, the emphasis should be on improvement of the highly
disturbed ecosystem, not just maintenance of a degraded condition.

3.4.3 Applying guideline trigger values to sites

c See last
paragraph of
Section 2.1.4

The guideline trigger values (table 3.4.1) were mostly derived primarily according to
risk assessment principles, using data from laboratory tests in clean water. They
represent the best current estimates of the concentrations of chemicals that should
have no significant adverse effects on the aquatic ecosystem. They focus on direct
toxic effects of individual chemicals, but it is intended that they be applied at specific
sites, where possible, using the decision tree. This does not imply that application of
the guidelines requires a full (quantitative) risk assessment.c
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These trigger values should not be considered as blanket guidelines for national
water quality, because ecosystem types vary so widely throughout Australia and
New Zealand. Such variations, even on a smaller scale, can have marked effects on
the bioavailability, transport and degradation of chemicals, and on their toxicity.
The trigger values may not apply to every aquatic ecosystem in Australia or New
Zealand and in some instances adequate protection of the environment may require
less or in some cases more stringent values.
3.4.3.1 Underlying philosophy for applying the guidelines

The general approach to use of the decision scheme is outlined in Section 3.1.5. If a
trigger value listed in table 3.4.1 is exceeded at a site, further action results. The
action can be:
i.

Incorporation of additional information or further site-specific investigation to
determine whether or not the chemical is posing a real risk to the environment.
The investigation may determine the fraction of the chemical in the water that
organisms can take up (the bioavailable fraction) to use for comparing with the
trigger value. The investigation and/or regular monitoring may also result in
refinement of the guideline figure to suit regional or local water quality
parameters and other conditions. Such refinement would occur where
exceedance of the trigger value was shown to have no adverse effects upon the
ecosystem; alternatively

ii.

Accept the trigger value without change as a guideline applying to that site and
initiate management action or remediation.

The appropriate state or regional authority can often provide guidance and
direction for implementing the decision scheme. Even if no other steps of the
scheme are undertaken, it is important at least to adjust the trigger values for the six
hardness-related metals (tables 3.4.3 and 3.4.4) to account for the local water
hardness (step 9 of the scheme below). The trigger values for these metals have
been derived at low water hardness, corresponding to high toxicity. In some cases,
either the potential for environmental harm or the economic importance of the
chemical may be sufficiently significant to warrant more intensive work to define a
concentration that would adequately protect the environment.
Although the calculated site-specific guideline figure represents a concentration of
toxicant that will not degrade the environmental value at the site, it should not be
inferred that the environment could be contaminated up to this level (ANZECC 1992).

a See Section
3.5

Where the site-specific guideline for a toxicant is exceeded, management action
will normally result. However, this should be addressed under the processes of the
individual states/territories or regions. It is important that toxicant guidelines are
not interpreted in isolation from other ecosystem factors such as habitat, flow etc,
as well as chemical fate. If the chemical is likely to be deposited in sediment, then
consult the sediment guidelines.a
In practice, not all site-specific data on a particular chemical are equivalent in
extent, detail or method. If a manager were to apply the strict requirements used in
deriving the original guideline trigger value, much valuable local information
would be lost. Differing site-specific trigger values developed using various
methods can be examined and weighted according to pre-determined criteria of
quality and relevance to the ecosystem. This should be done in a commonsense

page 3.4–12

Version — October 2000

3.4.3 Applying guideline trigger values to sites

a See Section
8.3.5.1

manner consistent with commonly applied principles of risk assessment to arrive at
an appropriate figure (e.g. Menzie et al. 1996). The result can provide water
managers with a way of integrating varying information on a particular site; if it is
provided during assessments by the proponent, it can assist in maintaining
consistent professional judgement. Inclusion of these multiple lines of evidence
strengthens the overall result.a

3.4.3.2 Decision tree for applying the guideline trigger values

b Section
8.3.5.1

c Section 3.1.3

d Section 8.3.6

e Section 3.2

The decision scheme outlined below gives step by step guidance on how to assess
test site data and tailor the guideline trigger values according to site-specific
environmental conditions. A simplified diagrammatic version of the decision tree is
shown in figure 3.4.1.b The decision scheme is not mandatory and at any time a
water manager can default to the original trigger value or use only those steps that
are relevant to the situation and chemical at hand. The scheme is designed to
determine if the conditions at a specific site reduce (or occasionally, increase) the
risk to the environment of the study chemical.
The process of deriving water quality guidelines for a specific site begins with
determination of the management aims, including a decision on the appropriate
level of protection.c The next step is to assess the factors at the site that modify
toxicity and bioavailability of the chemical. The measured or calculated
bioavailable fraction can then be compared with the trigger value, or in some cases
a site-specific guideline can be developed on the basis of known relationships
between some physical or chemical parameters and the original trigger value.
Examples of the latter include corrections for the effects of hardness for metals, the
effects of pH for ammonia, or the effects of temperature for other chemicals. In the
absence of quantitative data for such relationships, it may be possible to
qualitatively estimate the likely trends in toxicity of a chemical, and hence risk, at a
particular site. This is where professional judgement may be necessary,
strengthened by examining multiple lines of evidence.
Ultimately, it is biological measurement that will provide confirmation of the sitespecific guideline, so the decision scheme directs users to the option of direct
toxicity assessment (DTA) if the guideline is exceeded or if there is low confidence
in desktop assessments.d When no default trigger value is provided, where the
trigger value is not applicable to a specific site, or if the chemical is one of a
complex mixture, DTA is also useful. Further, DTA may provide the required link
between chemical levels and biological effects or establish concentrations that are
unlikely to cause adverse environmental effects. Field biological assessments can
be undertaken also.e
The stepwise procedure for applying the decision scheme is outlined below. The
cross-references to Volume 2 provide background information on each step. Sitespecific trigger values can be derived at each step and compared with the
concentration of chemical measured at the site. Note that at any stage the
stakeholders may wish to accept the lowest original or partially modified trigger
value and institute management actions to reduce contamination or pollution, if that
value is exceeded. However, if a trigger value is accepted without completing the
decision tree, the value may not be the most appropriate for the site.
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Define primary management aims

(figure 3.1.1)

Determine appropriate guideline trigger
values for selected indicators (figure 3.1.1)
Decision tree framework for
applying guideline trigger values
for toxicantsa
Test against guideline values
Compare contaminant concentration (total) with relevant
guideline ‘trigger’ value

Above
(Potential riskb)

Below

Low risk

Consider site-specific factors that may
modify the guideline trigger value,
calculate a site specific guideline
e.g.
• background
• analytical limits
• locally important species
• chemical/water quality modifiers
• mixture interactions

Test against guideline values
Compare contaminant concentration with new
guideline value

Below

Above
Potential riskb

Low risk

Perform biological effects
assessment (e.g. DTA)
Non toxic
Low risk

Toxic
High risk
(initiate remedial actions)

a Local biological effects data not required in the decision trees (see section 3.1.5)
b Further investigations are not mandatory; users may opt to proceed to management/remedial action.

Figure 3.4.1 Simplified decision tree for assessing toxicants in ambient waters

Application of the decision tree

a See Section
8.3.5.2
b Section
3.4.2.4

1. On advice of the water management authority, select the appropriate target
ecosystem condition (Section 3.1.3) for the particular site or region under
study.a This may determine which trigger value is used.b Alternative levels of
protection are also given in table 3.4.1. The concept of three ecosystem
conditions in Section 3.1.3 is for management guidance only. Users need to
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view these as examples that represent a continuum of ecosystem conditions.
Table 3.4.2 summarises the approaches and default trigger values
recommended for each ecosystem condition. For highly disturbed (condition 3)
ecosystems, it may be appropriate to negotiate a lower level of protection for
toxicants in some instances and hence to use a less stringent trigger value for
ensuing calculations. Initial decisions are also made about whether the sample
is freshwater or saline because different trigger values may apply, and whether
the chemical is a metal, which may affect which of the following steps apply.
a See Section
3.4.3.3; see
also Section
8.3.5.3 and the
Monitoring
Guidelines

2. Collect and analyse water samples. Design, implement and organise the
logistics of sampling protocols, filter samples and mathematically process
data.a
Judgement on whether a chemical concentration exceeds a guideline value
should not rely on results of analysis of a single sample, except possibly if the
concentration is high enough to potentially cause acute toxicity. It is better to
collect a number of samples and to compare the median value with the
guideline value.
Should the samples be filtered in the field? Samples do not normally need to be
filtered unless the user is studying metals and considers that field filtration is
cost-effective. Often, users will find it easier and most economical to compare
total unfiltered concentrations initially. Comparison of total concentrations will,
at best, overestimate the fraction that is bioavailable. The major toxic effect of
metals comes from the dissolved fraction, so it is valid to filter samples (e.g. to
0.45 µm) and compare the filtered concentration against the trigger value. If
other measurements of metal bioavailability are being pursued (e.g. step 10),
filtration will be necessary but chemical preservation is not advised.
There are few bioavailability measurements for organic chemicals and expert
advice should be sought on the appropriateness of this step for organic
chemicals.

b See the
Monitoring
Guidelines

The present guidelines do not prescribe specific methods for chemical analyses.b
Users must satisfy themselves that analysis methods are appropriate and
sufficiently accurate, that the laboratories are suitably accredited and that quality
control procedures have been adhered to.
If users intend to follow this decision scheme, it will also be necessary to analyse
for the water quality parameters that may affect the chemical toxicity and hence
the site-specific trigger value. Measures of pH, organic carbon and hardness (e.g.
for metals) will also assist some steps.

c Section
8.3.5.4

3. Consider the analytical practical quantitation limit (PQL)14 using the best
available technology.c If the PQL is above the trigger value (i.e. PQL >TV)
there are three options, on advice of the appropriate state regulator:
i)

accept that any validated detection implies that guidelines have been
exceeded; or

14 The practical quantitation limit (PQL) is the lowest level achievable among laboratories within
specified limits during routine laboratory operations. The PQL represents a practical and routinely
achievable detection level with a relatively good certainty that any reported value is reliable
(Clesceri et al. 1998). The PQL is often around 5 times the method detection limit.
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a See Section
8.3.6.3

ii)

examine the decision scheme to see if site-specific factors reduce the
environmental risk; or

iii)

proceed directly to direct toxicity assessment (DTA) where one of the
following two approaches can be adopted:
•

site-specific toxicity testing of the toxicant in question, using local
species under local conditions, to derive a site-specific trigger
value (step 7). Note that some judgement is required (ideally,
based on existing information) about whether adverse effects can
be expected at concentrations below the PQL, in which case this
option is not appropriate.

•

DTA of the ambient water (step 12) to ascertain whether adverse
effects are being observed at the present concentration of toxicant.
If effects are observed, management action is initiated. This can
include the use of toxicity identification and evaluation (TIE)
techniques, which assist in identifying the unmeasured toxicant
source (Burkhard & Ankley 1989, Manning et al. 1993).a
Water regulators may also recommend DTA if the chemical cannot
be measured and the issue is of high significance.

b See Sections
7.4.4.2, 8.3.5.5;
table 8.3.2

c Section
7.4.4.2

d Section
8.3.5.6

e Section 8.3.7
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4. Consider the natural background concentration (or range) of the toxicant at the
site.b This applies mostly for metals and some non-metallic inorganics. The
only organic chemicals to which this will commonly apply will be some
phenols or globally distributed contaminants such as DDT. Table 8.3.2
(Volume 2) provides some general literature guidance on commonly
encountered background levels. If background concentrations cannot be
measured at the site, measurement at an equivalent high-quality reference site
that is deemed to closely match the geology, natural water quality etc of the
site(s) of interest is suggested.
If the background concentration has been clearly established and it exceeds the
trigger value (it is preferable to compare filtered background concentrations for
metals), the 80th percentile of the background concentration can be accepted as
the site-specific trigger value for ensuing steps.c In addition, users may apply
DTA to background or reference waters (Step 12) using locally adapted
species, to confirm that there is no toxicity. In the unlikely event that adverse
effects are observed, management action must be initiated, and again this can
include the use of TIE to begin to identify the compound(s) causing toxicity.
5. Examine if transient exposure is relevant and if it can be incorporated into the
decision scheme.d At present, there is little international guidance on how to
incorporate brief exposures into guidelines, and it may not yet be possible to do
this. A number of chemicals can cause delayed toxic effects after brief exposures,
so it has been considered unwise to develop a second set of guideline numbers
based on acute toxicity to account for brief exposures. Concentrations at which
acute toxicity is likely to occure may not necessarily bear any resemblance to the
concentrations that should protect against transient exposure. New information
about transient exposure, published in the peer-reviewed literature, may assist
users to take transient exposure into account for some chemicals.
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a See Section
8.3.5.7

b Section
8.3.3.4

c Section
8.3.3.4
d Section
8.3.3.4

e Section
8.3.5.8

f Section
8.3.4.2

g Section
8.3.5.15

h Section 8.3.5.9
i Sections
8.3.5.10 to
8.3.5.17 for detail
on respective
parameters

6. Determine if the chemical bioaccumulates in organisms and if it is likely to
cause secondary poisoning (i.e. biomagnify).a For some chemicals (e.g.
mercury and PCBs), this is the main issue of concern, rather than direct effects
of toxicants.b Chemicals that have the potential to bioaccumulate and cause
harm are identified by ‘B’ in table 3.4.1. Some metals, such as copper, can
accumulate in shellfish without causing harm.
The decision scheme provides the opportunity to examine whether the identified
chemicals may actually be bioaccumulating at the study site. This can be
validated by relating tissue residues in local organisms to chemical levels in
water. If data are available, it may be possible to refine the trigger value to
account for these phenomena.c Alternatively the Canadian approach (CCME
1997) can give guidance on what levels of chemicals in food may accumulate in
water-associated wildlife.d Appendix 3, Method 1B(i) of Volume 2 may also
provide some guidance here. If there are no local data for such chemicals to
enable these approaches to be used, users are advised to apply the 99%
protection level trigger values for ecosystems that could be classified as slightly
to moderately disturbed. However, this derivation is precautionary, and is not
directly related to bioconcentration effects.
7. Consider whether there are locally important species or genera, either
ecologically or economically, which were not adequately evaluated in
calculating the original default trigger value. It will be necessary to examine
the original data set used to calculate the trigger value, available on the
enclosed CD-Rom (under the title, The ANZECC & ARMCANZ Water Quality
Guideline Database for Toxicants), insert any new and appropriate data and
recalculate the trigger value by the same method as used originally.e If
considering this step, seek expert advice. In most situations it is reasonable to
accept the original suite of test species as an adequate surrogate for untested
species in the environment but there may be specific instances where it is
worthwhile to consider particular species. In some cases it may be valid to
check whether the original trigger value has been calculated using species that
are locally inappropriate and if these data can be substituted by new data from
more appropriate species which have an equivalent role in the ecosystem. Data
should only be deleted in exceptional circumstances. It is important in all cases
to maintain the integrity of the trigger values by adhering to the requirements
for data quality and quantity. It is also important to ensure that a
comprehensive overseas data set is not substituted by a native data set that
does not cover the necessary breadth of taxa.f
8. Consider whether chemical or water quality parameters at the site may
increase or decrease the toxicity of the chemical and hence potentially alter the
site-specific trigger value. This applies for organic or non-metallic inorganic
chemicals, as the hardness calculations for metalsg also cover all these
parameters except temperature and dissolved oxygen.
These parameters may include differences in the proprietary formulation of the
chemicalh and variations in water quality parametersi such as suspended
matter, dissolved organic matter, salinity, pH, temperature, hardness and
dissolved oxygen. Specific guidance on which parameters are known to affect
toxicity of each chemical is given in Section 8.3.7. In some cases, there are
simple numerical factors or algorithms linking the water quality parameter and
the toxicity of the chemical. If so, this can be applied to the original data or to
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the trigger value to derive a site-specific guideline that accounts for these
parameters, as below (using temperature as an example). Thus:
•

Check back to the original data and apply factors to convert all the data to a
single (say) temperature that better represents the site. Re-calculate the sitespecific guideline according to the method used to derive the original trigger
value; or

•

if all the original data have been calculated at a standard (say)
temperature, apply the factor directly to the trigger value.

Remember that when the parameter increases toxicity, the factor is <1 and
when it decreases toxicity, the factor is >1. Tables for temperature and/or pH
conversions are available in Volume 2 for ammonia, cyanide and sulfide. If
there is not, a simple quantitative relationship, seek expert advice. For
instance, the equilibrium between many organic chemicals and suspended
matter is poorly understood and requires well-designed studies, e.g. DTA
(Step 12) under appropriate conditions. It may be possible to make a
qualitative estimate of whether the parameters increase or decrease the risk.
9.
a See Section
8.3.5.15

For metals or metalloids in fresh waters (up to 2500 mgL-1 salinity), consider the
effect of hardness, pH and alkalinity on toxicity and derive a hardness-modified
trigger value (HMTV)a using the appropriate algorithm from table 3.4.3. Table
3.4.4 indicates how the trigger values vary with different ranges of hardness but
extra care is needed for waters with hardness below 25 mgL-1 CaCO3. If samples
have been filtered, for comparison with the HMTV, this will also take into
account suspended organic matter. The hardness algorithms (table 3.4.3) also
account for pH. The recommended decision scheme for metals is illustrated in
figure 3.4.2 but steps beyond the initial hardness adjustment are optional.
If the total metal concentration in the unfiltered sample exceeds the HMTV,
then users may choose one or more of four steps:
(i) compare metal concentration with the HMTV after filtering the original unacidified sample through a 0.45 µm membrane filter. An alternative is to
proceed directly to measuring filtered concentrations instead of totals initially.
(ii) proceed to more complex estimates of metal bioavailability (step 10)
relating to the study site;
(iii) accept that the guideline has been exceeded and institute management
action;
(iv) proceed to DTA (step 12).

b Section
8.3.5.16

10. Examine the concentration of the metal or metalloid to determine the
concentration of the bioavailable species, i.e. the concentration that is most
likely to exert a biological effect. This uses speciation modelling or chemical
techniques for metal speciation analysisb to account for the effects of factors
such as dissolved organic matter, pH and redox potential on the bioavailable
fraction of the metal. Seek professional advice for this step.
If the bioavailable metal concentration exceeds the HMTV or the trigger value
(if a hardness algorithm is not available), consider these two options, with
guidance from the regulatory authority:
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•

use direct toxicity assessment (DTA) to confirm the results or develop a
new site-specific guideline; or

•

develop management options to reduce contamination.

Version — October 2000

3.4.3 Applying guideline trigger values to sites

Test against guideline value
Compare metal total concentration (acid soluble) with relevant
guideline ‘trigger’ value

Above
(Potential risk)a

Below

Low risk

Correct guideline for hardness
Applies to freshwaters only

Test against new guideline value
Above
(Potential risk)a

Below

Low risk

Test dissolved metal concentration
against new guideline value
(filtration through a 0.45 µm or smaller membrane)

Above
(Potential risk)a

Below

Low risk

Consider metal speciation

Speciation
modelling

Chemical
measurement

Test ‘bioavailable’ metal concentration
against new guideline value
Above

Below

High riska

Low risk

Biological effects
assessment (eg DTA)
Non toxic
Low risk

Toxic

High risk
(initiate remedial actions)

aFurther investigations are not mandatory; users may opt to proceed to management/remedial action

Figure 3.4.2 Decision tree for metal speciation guidelines
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11.

Consider the effect of mixtures and chemical interactions on overall toxicity.a If
the chemical occurs as a component of a simple mixture, and the mixture
interactions are simple and predictable (i.e. usually two–three components and
additive toxicity) the mixture toxicity can be modelled using the mixtures
equation in Section 8.3.5.18.

12.

If there is any degree of complexity in the mixture interactions, proceed to direct
toxicity assessment (DTA) on the ambient waters at the site.b Use an
appropriate battery of test species and chronic end-points to ascertain whether
toxicity is being observed. If adverse effects are observed, initiate management
action and use TIE to assist in identifying the compound(s) that are causing
toxicity. Use DTA also to assess toxicity of ambient waters when background
levels are high (step 3), when guideline values are lower than analytical PQLs
(step 4), or to quantify the effects of water quality parameters or proprietary
formulations on the chemical toxicity (step 8).

a See Section
8.3.5.18

b Section
8.3.5.19

Where a chemical is to be used in an environment of particular sociopolitical or ecological importance, it is better to undertake toxicity testing
with that chemical on species relevant to that environment (i.e. step 7). It is
best to do this before the chemical is introduced. Such data can be used to
develop new guideline values relevant to that region; for example, to collect
a suite of tropical data for a development affecting tropical freshwaters.

c Section 8.3.4.2
d Section 8.3.4.4

e Section 8.3.6

When using DTA to examine toxicity of a chemical to locally important
species (step 7) or for pre-release effluents (see table 3.4.2), determine
chronic effects at a range of concentrations of the chemical or effluent. For
dilution, use the local reference dilution waters. Determine NOEC values for
the chemical or effluent and use them for calculating site-specific guidelines.
The method used for these calculations will depend on the number of data
points, but use the statistical distribution method if the data requirements
have been met (at least five species from four different taxonomic groups).c
Otherwise it is best to divide the lowest chronic NOEC by 10. Follow the
general methods for calculation of trigger values.d
The DTA can comprise in situ field and/or laboratory ecotoxicity tests
(Chapman 1995), preferably chronic or sub-chronic tests on appropriate
species using local dilution waters, satisfying all sampling, test and analysis
conditions.e
To aid interpretation of results, analyse the chemicals concurrently with
biological assessment, unless there is a biological marker of toxicity.

f Section 3.2
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For already existing discharges and for chemicals that have a high potential
to disturb the environment, it will be necessary to measure and assess the
biological health of potentially disturbed sites.f
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Table 3.4.3 General form of the hardness-dependent algorithms describing guideline values
for selected metals in freshwaters
Metal

Hardness-dependent algorithm

Cadmium

HMTV = TV (H/30)0.89

Chromium(III)

HMTV = TV (H/30)0.82

Copper

HMTV = TV(H/30)0.85

Lead

HMTV = TV(H/30)1.27

Nickel

HMTV = TV(H/30)0.85

Zinc

HMTV = TV(H/30)0.85

HMTV, hardness-modified trigger value (µg/L); TV, trigger value (µg/L) at a hardness of 30 mg/L as
CaCO3; H, measured hardness (mg/L as CaCO3) of a fresh surface water (≤2.5‰). From Markich et
al (in press).

Table 3.4.4 Approximate factors to apply to soft water trigger values for selected metals in
a
freshwaters of varying water hardness
Hardness categoryb
(mg/L as CaCO3)

a

Water hardnessc
(mg/L as CaCO3)

Cd

Cr(III)

Cu

Pb

Ni

Zn

Soft (0–59)

30

TV

TV

TV

TV

TV

TV

Moderate (60–119)

90

X 2.7

X 2.5

X 2.5

X 4.0

X 2.5

X 2.5

Hard (120–179)

150

X 4.2

X 3.7

X 3.9

X 7.6

X 3.9

X 3.9

Very hard (180–240)

210

X 5.7

X 4.9

X 5.2

X 11.8

X 5.2

X 5.2

Extremely hard (400)

400

X 10.0

X 8.4

X 9.0

X 26.7

X 9.0

X 9.0

Trigger values from table 3.4.1;

b

Range of water hardness (mg/L as CaCO3) for each category as defined by CCREM (1987);

c

Mid-range value of each water hardness category. For example, a copper trigger value of 1.4 µg/L (from table
3.4.1) with 95% protection level chosen (e.g. slightly–moderately disturbed system) is applied to a site with very
hard water (e.g. 210 mg/L as CaCO3) by multiplying the trigger value by 5.2 to give a site-specific trigger value of
7.3 µg/L. If the hardness is away from the mid-range, it may be preferable to use the algorithm.

3.4.3.3 Comparing monitoring data with trigger values

Wherever there is concern about toxicants in a waterbody, data must be gathered to see
if there are accompanying adverse ecological effects. This process has many steps, and
it is beyond the scope of these Guidelines to address all of them in detail. Those which
are not elaborated in Chapter 7 of this volume are discussed in detail in the Monitoring
Guidelines (ANZECC & ARMCANZ 2000). The purpose of this section is to direct
readers to the appropriate places to learn more about the necessary procedures for a
chemical monitoring program.
•

The design of sampling protocols. The Monitoring Guidelines (Chapter 3)
advises on: study type, temporal and spatial considerations, site selection and
identification, sampling precision, timing and frequency, and considerations for
selecting indicators (measurement parameters).

•

The implementation of sampling protocols. Chapter 4 of the Monitoring Guidelines
discusses procedural issues in sample acquisition. Specifically it addresses ways
for ensuring that samples are sufficiently numerous, well-documented and
representative, and with appropriate analytical integrity, to enable strong inferences
to be made about water quality. It also offers advice on logistical issues and OH&S
considerations. Specific topics include: the mechanics of sampling; maintenance of
sample integrity; field QA and QC; and OH&S requirements.
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a See Section
7.4.4.2
b Section 3.1.7
(statistical
decision criteria);
section 7.4.4.2
(default trigger
values); Section
7.4.4.2 (detecting
change in toxicant
concentrations in
the field); See also
the Monitoring
Guidelines
Chapter 6.

•

The elucidation of the ‘biologically-relevant’ (usually bioavailable) fraction.
Chapter 7 of these Guidelines provides some information on this topic.
Chapter 4 of the Monitoring Guidelines makes recommendations about sample
filtration, but mainly from the perspective of sample preservation. Section
7.4.2 of the present Guidelines discusses filtration with an emphasis on
speciation considerations. That section also describes other steps in calculating
the relevant indicator concentration, such as thermodynamic modelling, while
section 8.3.5 describes the application of algorithms designed to account for
the modifying effect of indicators such as water hardness.

•

The mathematical (including statistical) processing of raw or speciationadjusted data. Chapter 6 of the Monitoring Guidelines offers a detailed and
very useful primer on data management and interpretation, including summary
statistics, methods of inference, multivariate analysis, power analysis,
regression techniques, trend analysis, and non-parametric statistics. It also
contains useful discussions on water quality modelling, outlier detection and
the treatment of data below the analytical detection limit.

•

The comparison of test data with background data and default trigger values.
Whether or not a study area has adequate water quality is decided by comparing
monitoring data with a guideline recommendation.a This assessment of whether
the guideline has been exceeded is embodied in the concept of an ‘attainment
benchmark’. The default trigger value can be structured as a comparison between
reference (or background) and test-site data or as a comparison with a single
default trigger value. Statistical decision criteria can be used to compare test data
with background data or default trigger values.b In general, the greater the
amount of reference data (if applicable) and test data gathered, the smaller will
be the error rates associated with detecting change in toxicant concentrations in
the field. Wherever maintenance of biological diversity is a key management
goal — e.g. sites of high conservation value (condition 1) or slightly disturbed
systems (condition 2), statistical decision criteria should be set as conservatively
as possible. Values of the criteria as recommended for biological indicators
might be used as a starting point in negotiations.c

c Section 3.2.4.2
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3.5 Sediment quality guidelines
3.5.1 Introduction
The Australian Water Quality Guidelines for Fresh and Marine Waters (ANZECC
1992) provided a framework for managing receiving water quality. Those
Guidelines recognised that total load and fate of contaminants, particularly to
enclosed systems, should also be considered. Sediments are important, both as a
source and as a sink of dissolved contaminants, as has been recognised for some
time. As well as influencing surface water quality, sediments represent a source of
bioavailable contaminants to benthic biota and hence potentially to the aquatic food
chain. Therefore it is desirable to define situations in which contaminants
associated with sediments represent a likely threat to ecosystem health. While
costly remediation or restoration might not represent a management option,
sediment guidelines can usefully serve to identify uncontaminated sites that are
worthy of protection. Sediment quality guidelines are being actively considered by
regulatory agencies worldwide.

a See Section
3.1.3

b Section
3.1.3.2

This section reviews the current state of knowledge on environmental effects of
contaminants in sediments, and the approaches being used to formulate sediment
quality guidelines. On the basis of these, it outlines a procedure for the
development of appropriate sediment quality guidelines for Australia and New
Zealand. The guidelines would apply to slightly to moderately disturbed
(condition 2) and highly disturbed (condition 3) aquatic ecosystems.a
Consideration of sediment quality follows the decision-tree approach being
adopted in these Guidelines, with a focus on identifying the issues and the
protection necessary to manage them.
For aquatic ecosystems considered to be of high conservation/ecological value
(condition 1) a precautionary approach is recommended. In these ecosystems,
chemicals originating from human activities should be undetectable, and naturally
occurring toxicants (e.g. metals) should not exceed background sediment
concentrations.b This approach should only be relaxed when there are considerable
biological assessment data showing that such a change in sediment quality would
not disturb the biological diversity of the ecosystem.

3.5.2 Underlying philosophy of sediment guidelines
It is important to understand why sediment guidelines are being developed and how
and where they might be applied. The establishment of guidelines will serve three
principal purposes:
•

to identify sediments where contaminant concentrations are likely to result in
adverse effects on sediment ecological health;

•

to facilitate decisions about the potential remobilisation of contaminants into
the water column and/or into aquatic food chains;

•

to identify and enable protection of uncontaminated sediments.

Many urban and harbour sediments fall into the first category, usually being
contaminated by heavy metals and hydrophobic organic compounds resulting from
both diffuse and point-source inputs. They are not easily remediated. At present,
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ex situ treatment or dredging and disposal are the most cost-effective options. If a
site is known to have highly contaminated sediments with potential for biological
uptake, it may be possible to control the collection of benthic organisms for human
consumption. For the most part, because of the enormous costs involved, there is
unlikely to be large-scale sediment remediation, unless it is driven by human health
risk assessments. Contaminated sediments can be remediated naturally when fresh
sediments, able to support viable biological populations, settle on top of them. This
can occur through water column inputs and can be managed through controls on
inputs via water quality guidelines. Management conflicts can arise when natural
sediment accumulation restricts navigation.
It is possible to adopt measures to protect unmodified areas from further
contamination by managing inputs. This is where the application of sediment
quality guidelines will be of greatest value. Just as for water quality guidelines, the
application of sediment guidelines will involve a decision-tree approach. It is
important to reiterate that the guidelines should not be used on a pass or fail basis.
The guideline numbers are trigger values that, if exceeded, prompt further action as
defined by the decision tree. The first-level screening compares the trigger value
with the measured value for the total contaminant concentration in the sediment. If
the trigger value is exceeded, then this triggers either management/remedial action
or further investigation to consider the fraction of the contaminant that is
bioavailable or can be transformed and mobilised in a bioavailable form.
In the case of metals, the dilute-acid-soluble metal concentration is likely to be a
more meaningful measure than the total value. The derivation of future trigger
values might ultimately be based on this measurement. Non-available forms will
include mineralised contaminants that require strong acid dissolution. For metals
that form insoluble sulfides, the role of amorphous iron sulfide (FeS), measured as
so-called acid volatile sulfides (AVS), can be an important factor in reducing metal
bioavailability. This exchangeable sulfide is able to bind released metals in nonbioavailable forms. Changes in redox potential and pH also affect the availability
of metals and other contaminants, and should be considered.
a See Section
8.4.3.2

It is important to consider both sediment pore waters and the sediment particles as
sources of contaminants. The importance of these sources varies for various classes
of sediment dwelling organisms, as discussed elsewhere.a

3.5.3 Approach and methodology used in trigger value derivation
The many approaches adopted internationally to derive sediment quality guidelines
are more fully described in Section 8.4 (Volume 2). By far the most widely used
method is an effects database for contaminated and uncontaminated sites, based on or
derived from field data, laboratory toxicity testing and predictions based on
equilibrium partitioning of contaminants between sediment and pore water. There are
few reliable data on sediment toxicity for either Australian or New Zealand samples
from which independent sediment quality guidelines might be derived, and without a
financial impetus there is little likelihood that further data will be forthcoming in the
immediate future. Because of this, and as has been done in many other countries, the
option selected for the sediment quality guidelines is to use the best available
overseas data and refine these on the basis of our knowledge of existing baseline
concentrations, as well as by using local effects data as they become available.
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3.5.4 Recommended guideline values

The recommended guideline values are tabulated as interim sediment quality
guideline (ISQG) values (table 3.5.1), and the low and high values correspond to
the effects range-low and -median used in the NOAA listing (Long et al. 1995).

3.5.4 Recommended guideline values
3.5.4.1 Metals, metalloids, organometallic and organic compounds

a See Section
8.4.3

The recommended guideline values for a range of metals, metalloids,
organometallic and organic sediment contaminants are listed in table 3.5.1.a Values
are expressed as concentrations on a dry weight basis. This does not imply that
samples should be dried before analysis, resulting in potential losses of some
analytes, but that results should be corrected for moisture content. For organic
compounds, values are normalised to 1% organic carbon, rather than being
expressed as mg/kg organic carbon as is sometimes done. If the sediment organic
carbon content is markedly higher than 1%, the guideline value should be relaxed
(i.e. made less stringent), because additional carbon binding sites reduce the
contaminant bioavailability.
The issue of uncertainties is often overlooked and is worth re-emphasising. The
database underpinning the guidelines (Long et al. 1995) was originally designed to
rank sediments. The values represent a statistical probability of effects (10% or 50%)
when tested against only one or two species, principally amphipods. This is not
analogous to the Aldenberg and Slob (1993) approach to water quality guidelines
that are protective of 95% of the species, based on tests on a large range of aquatic
species of varying sensitivities. Note that some tests use sea urchin fertilisation,
while for organic compounds the tests apply Microtox® luminescent bacteria to
solvent extracts of sediments. The ecological relevance of these is questionable.
There are added uncertainties about how well the effects of multiple toxicants have
been dealt with. The data do not consider antagonism or synergism between
chemicals, and, as originally derived, they are based only on disturbances to
biological receptors and do not relate to human health disturbances.

3.5.4.2 Ammonia, sulfide, nutrients and other sediment contaminants

No specific guideline values are provided in any of the overseas databases for
ammonia or nutrients such as phosphate and nitrate, yet it is important to identify
when these represent a threat to benthic communities.

b Section 8.4

The major disturbance of ammonia will be seen in pore waters, and it is best that
these be sampled and the measured ammonia concentrations compared against
water quality guidelines.b
The biological effects of sulfide in sediments are poorly understood. The decision
tree acknowledges the role of sulfide in reducing metal toxicity, but sulfide can affect
animal behaviour which in turn can alter the toxicity of both sulfide and also other
sediment contaminants (Wang & Chapman 1999). Both sulfide and ammonia can
potentially be released in any sediment studies. This may require the refining of
appropriate TIE protocols for use with sediments.
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Table 3.5.1 Recommended sediment quality guidelinesa
Contaminant

ISQG-Low
(Trigger value)

ISQG-High

2
1.5
80
65
50
0.15
21
1
200

25
10
370
270
220
1
52
3.7
410

20

70

5

70

16
44
85
19
160
240
552
261
430
63
384
600
665
1700
4000
1.6
2.2
2
0.5
0.02
0.02
0.32
23

500
640
1100
540
2100
1500
3160
1600
1600
260
2800
5100
2600
9600
45000
46
27
20
6
8
8
1
–

METALS (mg/kg dry wt)
Antimony
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Silver
Zinc
METALLOIDS (mg/kg dry wt)
Arsenic
ORGANOMETALLICS
Tributyltin (µg Sn/kg dry wt.)
ORGANICS (µ
µg/kg dry wt)

b

Acenaphthene
Acenaphthalene
Anthracene
Fluorene
Naphthalene
Phenanthrene
Low Molecular Weight PAHs c
Benzo(a)anthracene
Benzo(a)pyrene
Dibenzo(a,h)anthracene
Chrysene
Fluoranthene
Pyrene
High Molecular Weight PAHs c
Total PAHs
Total DDT
p.p’-DDE
o,p’- + p,p’-DDD
Chlordane
Dieldrin
Endrin
Lindane
Total PCBs
a
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Primarily adapted from Long et al. (1995);

b

Normalised to 1% organic carbon;

c

Low molecular weight PAHs are the sum of concentrations of acenaphthene,
acenaphthalene, anthracene, fluorene, 2-methylnaphthalene, naphthalene and phenanthrene;
high molecular weight PAHs are the sum of concentrations of benzo(a)anthracene,
benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, fluoranthene and pyrene.
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For nutrients, the need to define sediment guidelines is debatable. In this case, the
disturbance that we are seeking to protect against is algal or macrophyte blooms,
whereas the proposed guidelines address biological disturbances, based in part on
equilibrium partitioning to sediment pore waters and ultimately the water column.
It should theoretically be possible to derive a guideline value based on the
undesirable release of nutrients to the water column and their subsequent
undesirable ecosystem disturbances. This would require some measure or
prediction of pore water nitrogen and phosphorus and a judgement as to what
concentration of bioavailable nutrient constitutes a threat, logically based on water
quality guidelines.
There are methods that purport to measure bioavailable phosphorus, for example
bioassays or the use of iron strips, but there are factors such as redox potential that
will be important in defining this. Indeed, control of bioavailable carbon inputs is
more important than the concentration of phosphorus itself. The application of
water quality guidelines to pore waters is possible, although prior use of the
nutrients by benthic organisms may have already reduced the pore water
concentrations. It is generally thought that development of nutrient guidelines is
too difficult at this stage, and must await further research developments.
3.5.4.3 Absence of guidelines

In some instances, no guidelines will be specified for a contaminant of interest.
This generally reflects an absence of an adequate data set for that contaminant. An
interim approach is required to provide some guidance as well as to ensure
environmental protection in situations where guidelines would apply. The approach
suggested is to derive a value on the basis of natural background (reference)
concentration multiplied by an appropriate factor. A factor of two is recommended,
although in some highly disturbed ecosystems a slightly larger factor may be more
appropriate, but no larger than three. An alternative approach is to apply the water
quality guideline values to sediment pore waters.

3.5.5 Applying the sediment quality guidelines
a See App. 8,
Volume 2

A protocol is provided to summarise key aspects of collection and laboratory
analysis of sediment samples a while the Monitoring Guidelines provide full
details.

3.5.5.1 Sediment sampling

The use of appropriate sampling techniques is a prerequisite for chemical or
toxicity testing of sediments or sediment pore waters. The depth of sampling will
be dictated by the issue being investigated, and this in turn will determine whether
corers or grab sampling is preferable. Full details on sampling methodology are
provided in the Monitoring Guidelines.
3.5.5.2 Applications of chemical testing

It is important to recognise the limitations applicable to the guideline values in
table 3.5.1 as discussed above. They nevertheless form a good basis for sediment
quality assessment, if applied using a decision tree approach as illustrated in
figure 3.5.1.
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Define primary management aims

(figure 3.1.1)

Determine appropriate guideline trigger
values for selected indicators (figure 3.1.1)
Decision tree framework
for applying the sediment
quality guidelinesa

Sediment contaminant characterisation
Measure total then dilute acid-soluble metals, organics plus
TOC, grain size.

Test against guideline values
Compare contaminant/stressor concentration with lower and upper guideline values

Above upper valueb

Below lower value
Between upper and
lower valuesb
Low risk
(no action)

Check background
concentrations
Below

Aboveb

Examine factors controlling
bioavailability (optional)

Low risk
(no action)

eg. AVS
pore water concentrations
sediment speciation
organic carbon

Test against guideline value
Compare bioavailable concentration with lower guideline value

Below

Aboveb

Acute toxicity testing

Low risk
(no action)

Not toxicb

Chronic toxicity testing

Toxic

Highly contaminated
(initiate remedial actions)

Not toxic

Toxic

Low risk

Moderately contaminated

(no action)

(initiate remedial actions)

a Local biological effects data not required in the decision trees (see section 3.1.5)
b
Further investigations are not mandatory; users may opt to proceed to management/remedial action

Figure 3.5.1 Decision tree for the assessment of contaminated sediments
a Section 3.1.5
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The general approach to use of the decision scheme is outlined in Section 3.1.5.a If
the lower sediment quality guideline, the trigger value, for a particular contaminant
is not exceeded, it is unlikely that it will result in any biological disturbance for
organisms inhabiting that sediment. If the trigger value is exceeded, either
management (including remedial) action is taken, or additional site-specific studies
are conducted to determine whether this exceedance poses a risk to the ecosystem.
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Should a ‘low risk’ outcome result after continuous monitoring, there is scope to
refine the guideline trigger value. Note that in the consideration of guideline values
for metals, total metals concentrations are used, however, acid-soluble metals, are
more representative of a bioavailable fraction and it is envisaged that ultimately
trigger value compliance will be based on this measurement, as discussed later.
Comparison with background concentrations

The next step in the decision tree involves a comparison with background
concentrations. Exceedance of a trigger value is acceptable if it is at or below the
normal background concentration for a site. The selection of background or
reference no-effects sites should, where possible, use sediments of comparable
grain sizes. Similarly, the analysis of sediment cores must ensure that fluctuations
in contaminant concentrations with depth are not the result of grain size changes, or
in the case of organics, to changes in the organic carbon content.
For metals, a reliable determination of ‘natural’ levels of contaminants is best done
on the basis of trace element ratios determined for a range of uncontaminated sites.
Usually the contaminant element is referred to naturally occurring elements such as
lithium, iron or aluminium (e.g. Loring & Rantala 1992).
The theoretical background concentration of most synthetic organic compounds is
zero, but from a practical viewpoint, ubiquitous contamination has occurred far
from point sources. Reference sites removed from such sources are appropriate for
determining background concentrations.
Consideration of factors controlling bioavailability

a See Section
4.3.5 of the
Monitoring
Guidelines

b See
discussion in
Section 8.4,
Vol. 2

If both the lower guideline trigger value and the background or reference site
concentrations are exceeded, the next level evaluation will be to consider whether
there are any factors which might lower the potential bioavailability of
contaminants. The methods of sampling of sediments and sediment pore waters
will be critical if meaningful data (especially for metals) are to be obtained, to
ensure that the natural chemical conditions, especially redox conditions, salinity
and pH, are not altered. If such changes are allowed to occur, erroneous analytical
data on contaminant bioavailability may be obtained.a
For metals, the speciation considerations might be:b
a) Sediment speciation — dilute-acid-extractable metals concentrations below
lower guideline value. It is recommended that this should involve treatment of
the sample with 1 M hydrochloric acid for 1 hour (Allen 1993).
Since a considerable fraction of the total metal concentration in sediments may
be present in detrital mineralised phases that are not bioavailable, a better
estimate of the bioavailable fraction is desirable. Although the capacity of
chemical extractions to selectively remove only this fraction is limited, a diluteacid-extraction will not remove the mineralised fractions and will therefore
provide more appropriate metal concentration data for use in new effects
databases. During extraction of carbonate- or sulfide-containing sediments,
allowance must be made for acid consumed by reaction with these phases.
Note that, except for spiked sediment toxicity tests where ionic metal additions
are made, the field data used to derive the guidelines are likely to be based on
total concentrations. Therefore a judgement against these measurements using
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speciation cannot be fully justified. Rather, such considerations should be
applied in new guideline values developed from an NWQMS database.
b) Acid volatile sulfides, AVS: Σi [SEM] < [AVS]

a See Section
8.4.3.2, Vol. 2

If the concentration of acid volatile sulfide (AVS), released by dilute acid
treatment of the moist sediment, exceeds the sum of the heavy metal
concentrations released by the same treatment (referred to as simultaneously
extracted metals (SEM)), then this excess sulfide is able to bind heavy metals in
insoluble and non-bioavailable forms, and therefore the metals will not cause
toxicity.a This applies particularly to lead, zinc and cadmium. Its application to
copper, nickel and possibly cobalt is suspect.
Recent reports urge caution in the application of the AVS binding model,
particularly because of concern for its relevance in longer-term and community
level effects (IMO 1997). Other limitations are discussed in Section 8.4. A
description of the methods for measuring AVS and SEM may be found in
Allen et al. (1992).
c) Pore water: Σi [Mi,d]/[WQGi,d ] <1, where [Mi,d] is the total dissolved pore
water concentration for each metal and [WQGi,d ] is the water quality guideline
value for each metal.
Assuming that pore water represents the major exposure route to sediment
toxicants, then if pore water concentrations for any metal are below the water
quality guideline concentration, there is unlikely to be an adverse biological
disturbance. The correct methods should be used for sampling pore waters, to
avoid losses or changes in redox status. Note that there is the possibility of
seasonal variations in pore water contaminant concentrations as well as in AVS.
For organic compounds, the use of guidelines normalised to total organic carbon
(TOC) is a first stage. The effects of natural sediment and water chemistry on the
equilibrium partitioning of the particular organic compounds are moderating
factors requiring consideration. This may mean separate measurements of the
partitioning into natural waters of appropriate salinity or the measurement of pore
water concentrations. Analytical detection with the small volumes generally
encountered creates problems, so this is often a difficult area. Such
considerations as rates of degradation, either chemical, physical or biological,
can be important for hydrophilic and for some hydrophobic organics.
If on the basis of any of the above considerations the trigger value is still
exceeded, and further investigation is sought rather than management/remedial
action, toxicity tests will be required. The tests will further characterise the
nature of sediment as either moderately or highly contaminated. Alternatively,
toxicity testing might be employed in lieu of more detailed chemical
investigations when the trigger value is exceeded.
The guidelines discussed above have been derived on the basis of the toxicity of
contaminants in sediments and associated pore waters, to benthic biota. An
additional factor that needs to be taken into consideration, especially for riverine
sediments, is mobility. Dynamic zones can be created in rivers during periods of
high flow that lead to erosion and sediment mobilisation. Finer, contaminant-rich
particles will be the most mobile, although larger particles will also be moved in
storm flows. Two considerations arise under these conditions.
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First there is the concern for enhanced contaminant release, either resulting from
the disturbance of surface sediments and pore waters, or as a consequence of
chemical transformations, such as oxidation of previously anoxic sediments. The
former is not important, since pore water concentrations will be diluted. The
possibility of oxidative release especially of metals is more a concern. In this case
the kinetics of oxidation of metal sulfides is important. Elutriate tests with
overlying saline or freshwaters can be used to demonstrate a worst case release
scenario.
Secondly there is the possibility that the deposition process will lead to particle
sorting, and if this were to result in a greater concentration of clay/silt particles at a
particular site, there is a real possibility that in some cases the guideline
concentrations for the whole sediment could now be exceeded because of removal
of the diluent effect of coarser particles. If sorting is believed to be a possibility, it
would be appropriate to assess the sediment on the basis of analyses on the <63 µm
size fraction only.
In the absence of sediment guideline values for a particular contaminant, the first
recourse is to the water quality guideline values. Sampling and analysis of
sediment pore water can be undertaken, and water quality values can be employed
to judge its acceptability. Care must be taken that the chemistry of the pore waters
is not altered during the sampling process. This means squeezing, or centrifuging
the sediment under nitrogen to minimise oxidation. Often it is very difficult to
obtain sufficient sample to undertake a pore water analysis, especially for organic
contaminants. In these cases, toxicity testing of the sediment or pore water is the
only option.
In relation to water quality, different levels of protection have been considered
for particular ecosystem conditions (namely high conservation value, slightly to
moderately disturbed and highly disturbed). It is not appropriate at this stage to
provide guidelines for different levels of protection for sediments, until more data
are available. The provision of low and high guideline values, in combination
with the decision-tree approach, should nevertheless provide useful guidance
about the potential ecological effects of sediment contaminants that can guide
management actions, as indicated in table 3.1.2.
Application of toxicity testing

a See Section
8.4; also
Method 2A
(App. 3, Vol. 2),
table 3.2.2

The decision-tree allows for toxicity testing as the ultimate means of assessing
sediment quality. Although this is shown at the bottom of the tree, mainly on the
basis of its greater cost compared to chemical analyses, it may be applied at any
stage. Appropriate methods may include examining the water extractable
contaminants (elutriate testing), pore water testing, or whole sediment bioassays.
Whole sediment testing with infaunal species has the greatest ecological relevance.
Marine and freshwater testing with amphipods have been most widely used,
although tests using midge larvae, insects and worms have been reported.a
As with chemical testing, is important that the sample used for toxicity testing has
the same chemistry as it did in the field situation. Oxidation of sediments during
manipulations may significantly alter metal bioavailability.
Normally toxicity testing will be used to demonstrate the absence of toxicity when
the guideline for a particular contaminant is exceeded. If toxicity is observed, its
origins cannot necessarily be attributed to the contaminant of interest, because of
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the possibility of other contaminants either contributing to the observed toxicity or
being the primary cause. Under these conditions, it will be necessary to apply TIE
procedures (USEPA 1991) which successively separate classes of contaminants
and identify any toxicity that they may have caused. Despite a large number of
applications of the TIE approach, it is most often ammonia or common pesticides
that have been found to be the source of toxicity.
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