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Foreword

This first edition of the ASEAN Marine Water Quality: Management Guidelines and
Monitoring Manual was published in 2008 in recognition of the growing importance of
effectively managing the marine waters within the ASEAN region.

In 2002 the ASEAN Environment Ministers endorsed the ASEAN Marine Water
Quality Criteria (AMWQC). Seventeen parameters were unanimously agreed and
adopted as common ASEAN marine water quality criteria for the protection of the
coastal and marine environment and human health. These are to be used to guide
concerted national level action to protect the shared marine waters of ASEAN.

Between 2004 and 2008 AusAID, through the ASEAN Australia Development
Cooperation Program, funded two phases of a project titled Capacity Building for
Implementation of the ASEAN Marine Water Quality Criteria to support the transition
from policy to practice.

The project was designed and implemented as a partnership between the ASEAN
Working Group onCoastaland Marine Environment (AWGCME), the ASEAN Secretariat
and Australian Marine Science and Technology Ltd, an Australian consultancy, and
involved the active participation of each ASEAN Member State (AMS).

In the broad sense, the project was intended to contribute materially to the goal of
strengthening ASEAN capacity to address regional development challenges (in this
instance, marine water quality) enabling greater integration of activities within the
ASEAN region and enhanced participation in the global economy.

Phase 1 (2004-2005) was designed to initiate the implementation of the AMWQC
adopted by ASEAN in accordance with ASEAN’s Hanoi Plan of Action and the
Vientiane Action Programme, by developing strategies for harmonisation of national
monitoring frameworks and by building capacity in the design and implementation
of marine water quality monitoring programs. This included how the AMWQC were
defined and managed in each country, including identifying legal issues, regulatory
frameworks and management approaches.

In brief, Phase I was designed to initiate operationalisation of the parameters adopted
by ASEAN. Integral to this was the review and subsequent design and application of
standardised and comparable monitoring programs. This took into account financial
and human resource constraints with each ASEAN country.

While Phase I successfully built upon previous work to develop the AMWQC, the
need for an effective delivery mechanism was identified. Delivery depends on inter-
related /inter-dependent elements, such as the development of agreed policies and



management approaches (both within ASEAN and within each of the AMSs) and the
attainment of these policies and management approaches through the implementation
of agreed and complementary marine water quality monitoring programs.

The objective of Phase II (2007-2008) then, was to leverage and extend the success of
the Phase I in achieving progress towards implementation of the AMWQC. This phase
built upon the basic outcomes of the earlier work by developing agreed management
concepts, regulatory approaches, monitoring approaches and methodologies, and
reporting frameworks.

This publication is the culmination of the two phases of the project and is designed
to provide ASEAN Member States with (i) guidelines to assist in the management of
marine waters within the ASEAN region to the agreed parameters and (ii ) approaches
and methods for the development and implementation of marine water quality
monitoring programs, to ensure this is achieved.

Prof Dr Nguyen Chu Hoi
Chair
ASEAN Working Group on Coastal and Marine Environment
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Infroduction

1 Marine Water Quality: the ASEAN Context

Coastal and marine resources provide a wide range of essential ecological, economic
and social benefits worldwide. This is particularly apparent within the region
covered by the Association of Southeast Asian Nations (ASEAN). These marine
waters provide livelihoods directly and indirectly to millions of people, provide food,
serve as sinks for materials from land-based sources, maintain environmental cycles,
regulate climatic conditions, and maintain the complex ecological balance of the array
of marine and estuarine ecosystems that characterise the region. Any degradation of
the key biological or physical processes and ecosystem resources can lead to long term
deleterious and sometimes irreversible impacts on the socio-economic opportunities
and environmental and human health of the region.

ASEAN has a coastline of 173,000 km with a total area of 4.5 million km? and, as of
2006, the ASEAN region has a population of about 560 million, a combined gross
domestic product of around US$ 1,200 billion, and a total trade of about US$ 1,400
billion. As well it has 35% of the world’s mangrove forests, and about 30% of the
coral reefs. Therefore sustainably managing the coastal and marine resources as well
as maintaining the water quality on which they depend has been a high priority for
ASEAN over the last several decades.

Marine and estuarine water quality represents significant environmental issues
within countries across the ASEAN region. Recognising the commonalities of the
underpinning problems and solutions, and their management, member states have
been making concerted effort to develop a harmonised framework of approach within
ASEAN.

The Hanoi Plan of Action (1999-2004) (HPA) called for the development of a framework
to improve regional coordination for the integrated protection and management
of coastal zones, development of a regional action plan for the protection of the
marine environment from land-based and sea-based activities, and promote regional
coordination to protect Marine Heritage Parks and Reserves'.

! Para 6.12 identifies the need to - “Develop a Regional Action Plan for the Protection of the Marine
Environment from Land-based and Sea-based Activities by the year 2004”. This objective was reiterated
in the Vientiane Action Programme (VAP) in November 2004 (the Measure identified in 3.3.7.2
of Annex 3 is to - “Further expand and implement the ASEAN Marine Water Quality Criteria”.



The Vientiane Action Programme (2004-2010) (VAP), adopted and endorsed by
the ASEAN Leaders during the 10" ASEAN Summit in Vientiane, Lao PDR, in
2004, succeeded the Hanoi Plan of Action. One of the key strategic thrusts of the
ASEAN Socio-Cultural Community (one of the three pillars outlined in the VAP) is to
promote environmental sustainability through environmental and natural resource
management.

Assistance programs (notably with Australia, Canada and the USA) supported ASEAN
regional initiatives to address both marine and estuarine resources and water quality
issues and management. Regional actions have achieved the primary purposes with
a focus on mapping of marine resources, information and technological transfer and
marine scientificand management capacity building. Importantly, there has developed
astrong set of institutional and personal relationships from these collaborative actions,
at national, regional and international levels which are sustained.

In recent years, the ASEAN community has identified the growing need for the
development of a framework to: (i) improve regional coordination for the integrated
protection and management of coastal zones, (ii) guide development of a regional
action plan for the protection of the marine environment from land-based and sea-
based activities, and (iii) promote regional coordination to protect Marine Heritage
Parks and Reserves. Partnership arrangements are being pursued to progress these
needs, building on the enhanced human capacities and institutional linkages from
earlier actions within the region, and on institutional associations beyond ASEAN.

2 Past Progress in the Development of a
Harmonised Framework

The ASEAN Marine Water Quality Criteria (AMWQC) were developed by ASEAN
scientists during the period from 1992-1997, through a rigorous investigation of
how to determine ‘good’ marine water quality (sensu the European Union Water
Framework Directive), focusing on a range of known pollutants such as heavy metals
(e.g., lead, arsenic, zinc and cadmium), suspended solids, chemicals (e.g. nitrogen and
phosphorus) and bacteria?.

As part of the deliberations within ASEAN, an ASEAN/ UNEP study (2002) and the
ASEAN/ UNEP Workshop on Coastal and Marine Environment of Southeast Asia:
Status and Opportunities for Regional Cooperation, held in Bangkok, Thailand from
11-13 March 2002, reviewed the AMWQC. This resulted in a recommendation to the
ASEAN Committee on Science and Technology (COST) to accept the marine water
quality criteria proposed for 17 out of the total of 19 parameters studied. The 17

2These studies were conducted with the support of the ASEAN Canada Cooperative Programme
on Marine Science Phase II, funded by the Canadian International Development Agency.



proposed marine water quality criteria set scientifically derived limits under which
marine life was considered safe.

In2002 the ASEAN Environment Ministers endorsed the set of 17 ASEAN Marine Water
Quality Criteria at the 7™ Informal ASEAN Ministerial Meeting on the Environment
on 20 November 2002 in Vientiane, Lao PDr The 17 parameters unanimously agreed
and adopted as common marine water quality criteria for the protection of the coastal
and marine environment in ASEAN included:

* sixteen parameters for aquatic life protection (ammonia, cadmium, hexavalent
chromium, copper, lead, mercury, cyanide, total phenol, tributyltin, nitrate,
nitrite, phosphate, temperature, dissolved oxygen, oil and grease, and total
suspended solids); and

* one parameter for human health protection, (i.e., bacteria).

These 17 parameters are known as the AMWQC and set values to guide concerted
national level action to protect the shared marine waters of ASEAN.

Following formal adoption of the AMWQC, ASEAN has set about systematically
building the capacity for their effective implementation. In 2004 the ASEAN Working
Group on Coastal and Marine Environment (AWGCME), the ASEAN Secretariat
and an Australian consultancy, Australian Marine Science and Technology Limited
(AMSAT) proposed an ASEAN-wide project “Capacity Building for Implementation of
the ASEAN Marine Water Quality Criteria”. The project was funded by the Australian
Agency for International Development (AusAID) through the ASEAN Australia
Development Cooperation Program - Regional Partnership Scheme (AADCP RPS).
This Project, now identified as Phase I, began in 2004 and concluded in 2005. It was
designed to advance the implementation of the AMWQC in accordance with the
HPA and the VAP by developing strategies for harmonisation of national monitoring
frameworks and by building capacity in the design and implementation of marine
water quality monitoring programs. In brief, Phase I was designed to operationalise
the limits adopted by ASEAN.

Integral to this was the review and subsequent design and application of monitoring
programs with the objective of developing standardised or harmonised approaches
throughout ASEAN, taking into account financial and human resource constraints
within each AMS and providing guidance on sampling frequency and sampling
techniques.

Phase I contributed materially to the goal of strengthening ASEAN capacity to address
regional development challenges (such as marine water quality and in particular the
AMWQC) enabling greater integration of activities within the ASEAN Region and
enhanced participation in the global economy.



Specifically, it achieved the following:

* An analysis of national regional and international laws and regulations
applicable to marine water quality management and preparation of a
comprehensive report and recommendations on approaches to harmonising
the regulatory frameworks in ASEAN.

¢ Enhanced capacity in ASEAN to select and apply standard analytical techniques
to the monitoring of marine water quality.

* Enhanced understanding of the design and implementation of marine water
quality monitoring programs with an emphasis on the monitoring and
management objective rather than monitoring for its own sake.

* Enhanced understanding and direct experience in the conduct and benefits
of laboratory inter-calibration to improve the performance and reliability of
analyses conducted by national laboratories.

e Formation of a network of officials capable of further development of
harmonised marine water quality standards.

¢ Development of clear recommendations for inclusion of arsenic and zinc criteria
in the already agreed AMWQC.

While Phase I successfully built upon the earlier work to develop the AMWQC,
conducted under the ASEAN Canada program, an effective mechanism to deliver
these into mainstream ASEAN marine water quality management programmes was
not apparent. The AWGCME determined that effective delivery depended on inter-
related and inter-dependent elements, such as the development of agreed policies
and management approaches relating to the maritime estate (both within ASEAN and
within each AMS) and the attainment of these policies and management approaches
through the implementation of agreed marine water quality monitoring programs
that are complementary between each AMS.

3 Current Initiatives

Constraints to managing ASEAN marine water quality to AMWQC standards are
significant and include existing impacts on marine water quality attributable to
economic development, current and future levels of environmental degradation,
increasing population pressures, climate change implications and variation in
capacity (including technical infrastructure, financial support and human resource
competencies) among the member states. While there are opportunities for
harmonisation of marine water management and monitoring amongst member states,
there is a major constraint, in that harmonisation must be considered in the context of
respecting the sovereign right of each member state to implement mechanisms and
standards appropriate to its particular circumstances.



Following completion of Phase I of the Project Capacity Building for Implementation
of the ASEAN Marine Water Quality Criteria in 2005, the AWGCME and the ASEAN
Senior Officials on the Environment (ASOEN) reviewed the outcomes of Phase I
and determined that a second phase to the Project was necessary to fully realise the
investment in the earlier Phase by making advances in the following areas:

e convert knowledge of standardised testing methodologies into a regionally
acceptable manual of standard methodologies;

* convert communication/professional networks into vehicles for achieving
actual agreement on standardised methodologies; and

* apply concepts and management approaches in a realistic setting to build
acceptance of their relevance and practicality for general adoption.

This was supported by the ASEAN Secretariat and led to the consideration and
funding by AusAID under the AADCP RPS, for an extension of the Project to address
the opportunities identified. Phase II of the Project, titled Capacity Building for the
Implementation of the ASEAN Marine Water Quality Criteria: Phase I commenced in May
2007.

The goal of Phase II of the Project was to leverage and extend the success of the
Phase I in progressing implementation of the AMWQC by working to develop
agreed management concepts, regulatory approaches, monitoring approaches
and methodologies and reporting frameworks. The Project supports the ability
of the AWGCME and its specialist networks (regulatory and technical) to adopt
and implement agreed, documented and published approaches to managing and
monitoring marine waters in accordance with the AMWQC.

The key objective of Phase II of the Project was to develop two outputs, namely the
ASEAN Marine Water Quality: Management Guidelines and the ASEAN Marine Water
Quality: Monitoring Manual. The Management Guidelines will provide the basis on
which common or agreed policies/management approaches can be developed and
the Monitoring Manual will provide the methodologies (describing a series of agreed
procedures for each of the AMWQC standards) that can be applied to achieve these
policies.

These two documents have been published together in this single volume.

ASEAN Marine Water Quality: Management Guidelines

To meet sustainable development objectives, there needs to be an integrated policy-
setting, management and assessment approach to controlling impacts and monitoring
the status of marine resources and marine waters within the member countries of



ASEAN. The integrated environmental management and assessment approach must
address two main elements, viz.:

* marine and estuarine ecosystems and allied living resources, and
e marine and estuarine water quality.

The ASEAN Marine Water Quality: Management Guidelines have been developed to
provide guidance on a set of common approaches and methodologies that address
marine water quality issues within the ASEAN region. They provide a shared set of
broad objectives across the ASEAN region and they provide information from which
to derive flexible, alternative approaches that can be considered, as appropriate, by
each member state to meet the differing needs for various bodies of water and to fit
the differences in governance institutions and financial and human capacities that
exist. The Guidelines are not intended to be proscriptive.

The ASEAN Marine Water Quality: Management Guidelines also recognise that a dynamic
approach to environmental management and planning will be required to deal with
diversity in the status of aquatic systems, especially in coastal and estuarine settings,
both within each member state and across the ASEAN region. In all cases a set of
robust, integrated water quality management approaches should ensure sustained
environmental and socio-economic benefits.

ASEAN Marine Water Quality: Monitoring Manual

The ASEAN Marine Water Quality: Monitoring Manual has been developed as a guide,
documenting recommended methods for the implementation of marine water quality
monitoring programs. Methods for program design, sampling, data analysis and
interpretation and reporting and information dissemination have been selected on
the basis of their suitability for use in the ASEAN region.

The methods described focus on the 19 parameters (18 where nitrate and nitrite are
counted as one) included in the initial AMWQC report even though only 17 of these
were accepted by the ASEAN ministers in 2002 (noting that zinc and arsenic were
originally excluded as needing further studies). One other parameter — chlorophyll
— has been included in the methods as it is now realised that this is a critical indicator
of nutrient enrichment.

Where possible, alternative methods are described. This recognises that each member
state does not have access to the same analytical laboratory capacity. This Manual
does not list all methods suitable for the AMWQC but attempts to include those
believed most likely to be of use in the region.

Project design and data analysis are emphasized in the ASEAN Marine Water Quality:
Monitoring Manual. Worldwide, many existing monitoring programs have inadequate
design — i.e. they are either not set up to answer a clear question (objective) or, are
designed such that the data collected is not adequate to answer the key question.



Long-term environmental monitoring is essential to determine baselines, measure
change and assess overall ecosystem health. Effective monitoring programmes will
improve the management and protection of marine resources and, ultimately, will
better protect human health. The creation of an integrated monitoring network that
encompasses estuarine, coastal and offshore waters allows documentation of status
and change and informs management actions.

4 Future Directions and Priorities

Future directions for ASEAN in the management of the maritime estate within the
ASEAN region can be identified in a number of areas. ASEAN has recognized the
need for action on key subject areas (listed below) and all rely on sound management
policies and effective monitoring and response programmes. They are:

e coral reef, sea grass and mangroves;

¢ tanker sludge and ballast water;

¢ solid, liquid and hazardous waste management;

e coastal erosion;

e eco-tourism;

* coastal wetlands, including protected marine areas; and
* clean technology.

Each of these priority areas requires the effective implementation of the AMWQC
throughout ASEAN through responsible policy/management agencies and
monitoring agencies using agreed monitoring methodologies and reporting systems.

In the future there will be the need for consideration and possible inclusion of
more criteria (than the 17 already identified and agreed by the ASOEN and ASEAN
Environment Ministers) including, for example, persistent organic pesticides , pH,
hydrocarbons and endocrine disruptors. Also of particular relevance and growing
significance is the environmental (and concomitant economic and social) implications
attributable to climate change and increasing pollution. There will also be the need to
consider the emerging paradigms of science relevant to environmental management
such as carbon sequestration.

Another possible area for future attention is increasing cooperation between ASEAN
nations in areas such as joint technical training, joint monitoring programs (such as,
for example, similar programs to the joint monitoring of Straits of Johor by Malaysia
and Singapore and monitoring conducted by the Mekong River Commission). This
area includes the formalisation of routine inter-laboratory comparisons.



It is the hope of the sponsors editors and contributors that this volume will assist in
the improvement of marine water quality in ASEAN and deliver lasting benefits to
the people of the region.
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Part 1
Management Guidelines

1 Introduction

Coastal and estuarine waters are increasingly impacted by pollutants and materials
discharged from land-based activities. While this is a global problem, it is a visible
and significant issue within the ASEAN region reflecting population expansion and
increasing socio-economic development. Increased pollution of marine waters from
oceanic and atmospheric transfer of materials is a lesser but significant element.
The drivers of changes and impacts reflect, in particular, increasing shipping and
transportation activities, as well as intensified urbanisation, industrialisation and
agricultural (including mariculture) activities within and outside the ASEAN
region. The resultant degradation of water quality impacts on the function and
viability of marine ecosystems reduces the aesthetic quality of the environment and
has ramifications for human health such that socio-economic opportunities and
community well-being are diminished.

ASEAN has a long commitment to the development of regional action and enhanced
capacity that will ensure the protection and sustainable use of coastal and marine
resources throughout the region. This collective purpose results from recognition of
both the geographical continuity of oceanic waters and the tropical marine ecosystems
across the region and also a history of trade, cooperation and mutual dependency
among member states. Over several decades, ASEAN has continued to build
environmental assessment and management capacities within its member states, to
initiate joint actions and to build governance frameworks seeking to remediate impacts
on coastal marine resources. ASEAN concerns and initiatives have been broadened
by engagement with international programs, more recently through establishment of
the Partnerships in Environmental Management for the Seas of East Asia (PEMSEA)
by the Global Environment Facility (GEF)/ United Nations Development Programme
(UNDP)/ International Maritime Organisation (IMO) aiming to ensure the sustainable
development of shared waters and coastal and marine resources in East Asian seas.
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Management Guidelines

The ASEAN Socio-Cultural Community Plan of Action has a broad goal for ASEAN,
viz.:

‘Nurturing human, cultural and natural resources for sustained development in a
harmonious and people-centred ASEAN”.

To contribute towards meeting these sustainable development objectives, there is need
for an integrated policy-setting, management and assessment approach for controlling
the impacts and for monitoring the resultant changes and the status of the marine
resources and marine waters within the member states of ASEAN. The integrated
environmental management and assessment must address two main elements, i.e.:

(a) marine and estuarine ecosystems and allied living resources, and
(b) marine and estuarine water quality.

It is now clearly recognised that effective environmental management and assessment
of marine resources requires a holistic, ecosystem approach, wherein the status of
biological resources and that of associated water quality need be evaluated as a
whole. For example, the finding of low dissolved inorganic nitrogen and phosphorus
in the water column of a system does not necessarily imply a lack of pollution
sources but rather that there may be a high uptake rate (and potentially enhanced
levels) of phytoplankton or epiphytes on seagrasses within the system. In this case,
appropriate spatial and temporal monitoring design should identify and clarify any
nutrient pollution problems and provide insight into potential sources of pollutants
that require management action.

Related to this holistic approach of environmental assessment and management has
been the shift in management approaches from a focus on trying to manage individual
physical and chemical water parameters to one that addresses issues of Beneficial
Uses or Environmental Values relating to a designated marine/estuarine area. These
terms are explained in Section 7.3.

ASEAN has made significant progress in capacity-building and in harmonising the
approach towards evaluation of marine and estuarine ecosystems assessment across
the region, supported in particular by the cooperative development of a Survey Manual
for Marine Tropical Resources (English et al. 1994). This manual addresses approaches,
methodologies and assessment of marine ecosystems in the ASEAN region and has
been developed, promulgated and implemented across the region (and elsewhere).
It provides a common methodological approach for the evaluation of tropical marine
and estuarine ecosystems within the region.

Within ASEAN member states (AMS’s) there is a range of water quality monitoring
programs recently summarised in the Report from Phase I of this project (see AMSAT
2005). The Phase I project identified that different standards and methodologies were
being applied by AMS’s to marine water quality assessment and management. The
need for a harmonised approach to marine water quality across the ASEAN region
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provided the primary motivation for the current Phase Il project, including its principal
outputs — management guidelines and monitoring manual. These guidelines (this
document, Part 2-ASEAN Marine Water Quality: Management Guidelines), and the
associated monitoring manual (Part 3-ASEAN Marine Water Quality Monitoring
Manual) provide steps towards a set of common approaches and methodologies
that address marine water quality issues within the ASEAN region. These build
on and extend earlier cooperative development actions in the ASEAN region that
yielded, inter alia, a set of 16 key physical and chemical parameters and one human
health parameter (bacteria) as ASEAN Marine Water Quality Criteria (AMWQC) (see
ASEAN-Canadian Cooperative Programme on Marine Science, Phase Il; McPherson
et al. 1999). The AMWQC, slightly modified, were adopted in 2002 by the ASEAN
Environment Ministers (Table 1). These ambient water quality criteria provide a
contributing benchmark for evaluation of marine and estuarine environmental and
human health by managers and policy-makers across the region.

This suite of ambient marine water quality criteria forms a framework for the
development of environmental management decisions and judgments from which
to develop relevant guidelines, objectives and standards applicable to specific water
bodies and water quality in geospatially bounded areas (see Table 2). This latter
process is within the prerogative of individual ASEAN member states and represents
a vital action in the evolution of a harmonised and an integrated environmental
management approach to marine resource management.

It must be recognised that the AMWQC have been scientifically derived as ambient
marine water quality criteria. However, while the criteria represent the best current
scientific information, there remains scientific uncertainty in the knowledge base and
understanding of the interactions and the effects of pollutants within ecosystems.
For example, data on the effects of the various parameters on biological systems and
individual species are not comprehensive, and how pollutants behave (e.g., their
transformation, storage and release) in marine and estuarine systems often remains
uncertain. Thus, these ambient marine water quality criteria should not be regarded
as enforceable limits for water quality pollutants — they are criteria and not standards
(Table 2). In this they reflect aggregated scientific information about pollutant values
(or limiting concentrations) below which it could be expected that in the most sensitive
marine environments a particular organism, an ecosystem or a use of the water could
occur with a reasonable degree of safety i.e., there should be no biological (or human
health) change in the system in response to the specified pollutant if it is present at
levels below the prescribed concentration or value.
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Table 1. ASEAN Marine Water Quality Criteria (from ASEAN website (http://

aseansec.org).

Note: Metrics for two parameters (Arsenic and Zinc) have been subsequently developed by the
ASEAN Working Group on Coastal and Marine Environment and, while generally agreed at

the technical level, have yet to be formally adopted.

For Aquatic Life Protection

Parameter Criteria Values Note

Ammonia (NH_-N) 70 yg L

Cadmium 10 ug L™

Chromium (VI) 50 pg L Criteria value proposed by CPMS-
Il'is 48 pug L'. The meeting
recommended adoption of 50 pg
L, following the existing national
standards of member states.

Copper 8 ug L As the proposed value 2.9 ug L is
too stringent, the Meeting agreed
to use rounded-up value of 7.7 ug
L, the product of the lowest LOEC
from a chronic study 77 pg L™ for
reproduction for Mysidopsis bahia
and a safety factor of 0.1.

Temperature Increase not more than

2Ce° above the maximum
ambient temperature.

Cyanide 7 pg L

Dissolved oxygen 4 mgL"

Lead 8.5 yug L

Mercury 0.16 ug L™

Nitrate (NO,-N) 60 pg L™ A single criteria value should
be derived for nitrate and nitrite
combined in future.

Nitrite (NO,-N) 55 pg L

Oil and grease 0.14 mg/L Other related parameters, e.g.,
PAH, should be included in future
monitoring.

Total phenol 0.12mg L™

Phosphate (PO,*-P)

15 ug L (coastal)
45 g L' (estuarine)

Tributyltin

10 ng L™

Total suspended
solids

Permissible 10% maximum
increase over seasonal
average concentration.
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For Human Health Protection

Parameter Criteria Values Note
Bacteria 100 faecal coliform 100 Coastal water quality for recreational
mL- activities.
35 enterococci 100 mL"

Importantly, these criteria are independent of environmental settings for the diversity
of natural or human-influenced marine waters and are also independent of any notion
of Beneficial Uses or Environmental Values. While it is possible that some locations
in the ASEAN region may exhibit water quality characteristics that reflect this suite
of ambient criteria (for example, some open ocean coral reef environments), these
criteria are not water standards metrics for management. Indeed, to make such an
operational application would not only be inappropriate but would exhibit ignorance
of the importance of environmental settings and socio-economic contexts which are
vital planks in water quality management approaches.

Table 2 Terminologies used to explain marine water quality (from AMSAT
2005).
Marine Water The scientific information relating to pollutants and the
Quality Criteria risk or magnitude of the effects caused by such exposure,

upon which decisions or judgments may be made on
whether a particular quality of water will support a particular
environmental value (beneficial use) of the water. The criteria
are derived and normally expressed in the form of limiting
concentrations that, when not exceeded, will protect an
organism, an ecosystem, or a prescribed water use or quality
with an adequate degree of safety.

Marine Water The numerical concentrations or narrative statements
Quality Guidelines recommended to support and maintain designated uses

of the marine environment. These will generally discuss
socio-economic information in principle.

Marine Water Numerical concentrations or narrative statements that have
Quality Objectives been established to support and protect the designated

uses of the marine environment at a specific site. These

will take consideration of relevant socio-economic data for

a specific geospatial area.

Marine Water Marine environmental quality objectives that are

Quality Standards recognised in enforceable environmental control laws of
a level of government. These are auditable performance
benchmarks.
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This ASEAN-Australia project (Capacity Building for the Implementation of
the ASEAN Marine Water Quality Criteria — Phase I: AMSAT 2005) provides the
necessary complementary documentation and support information to assist in the
development of fully integrated environmental management and assessment of the
marine resources and waters in ASEAN.

2 Use of the Guidelines

The ASEAN Marine Water Quality Management Guidelines developed here should
provide a shared set of broad objectives across the ASEAN region while allowing
flexibility for member states to plan and manage their different circumstances at
local and regional levels. The Guidelines provide information from which to derive
flexible and alternative approaches that can be considered, as appropriate, by ASEAN
member states to meet the different needs for various water bodies and to fit the
differences in governance institutions, and financial and human capacities that exist
within the ASEAN region.

The Guidelines also recognise that a dynamic approach to environmental management
and planning will be required to meet the diversity in status that exists for aquatic
systems, especially in coastal and estuarine settings, both within each member state
and across the ASEAN region. The marine and estuarine water quality in some
systems is highly degraded by pollutants and other outputs from human activities
and requires major policy and management decisions regarding the potential for
remediation and associated investment. In other marine and estuarine aquatic
systems, human impacts are less marked and relatively simple, but in all cases a set
of robust, integrated water quality management approaches should ensure sustained
environmental and socio-economic benefits.

3  Guiding Principles

The guiding principles, encapsulated in these Guidelines, for the management of
ASEAN marine water quality are:

® to achieve sustainable management of the ASEAN marine and estuarine
ecosystems;

® to recognise the high variability and complexity inherent in natural water
resources and take this into account when evaluating water quality or
developing risk-based management strategies;

* to employ an integrated (coordinated and cooperative) approach to water
quality management;
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* to ensure wherever possible community involvement (including local and
indigenous groups and the private sector) in water resource management,
including the establishment of Beneficial Uses/ Environmental Values and
development of management plans;

* to have AMS’s’ endorsement of the water quality policy objectives and
management arrangements (within an appropriate legal framework); and

e to utilise collaborative and complementary approaches for monitoring marine
water quality and in responses to adverse marine water quality events,
including choosing appropriate indicators for the issues under consideration.

4 Resource assessment and issues

The marine and coastal environment is an important economic, social and cultural
asset in the ASEAN region, providing a wide range of resources that underpins a
diversity of socio-economic development and opportunities within member states.
It is also of significant biological value representing a range of biodiverse tropical
marine ecosystems and landscapes. The marine ecosystems that sustain these
resources and Beneficial Uses are subject to existing and potential deleterious impacts,
especially from land-based sources. Human interruptions to the hydrological cycle
together with discharge of wastes from industrial, agricultural/maricultural and
urban activities and infrastructure reflect outcomes from increased population and
economic activities. Transport by water and, to a lesser extent, air is the primary
mechanism for transfer of pollutants and other materials into the marine and coastal
systems. Active management of water quality in river basins and coastal waters can
obviate or reduce deleterious effects and yield enhanced opportunities for sustainable
socio-economic advantage.

Generally, marine and coastal resource management approaches need to address the
sources of impacting materials, considering land-based, atmospheric and oceanic
pathways of pollutant materials and the allied human activities that constitute the
drivers and pressures from which the materials originate. These include:

* Adjacent land-based sources which usually represent the primary inputs of
deleterious materials to marine and coastal systems; these are usually more
readily amenable to management actions (Crossland et al. 2005). Generally, the
successful management of coastal resources and their waters is dependent on
the effective management of associated river basins or catchments (Salomons
et al. 1999; von Bodungen and Turner 2001).

e Impacts from atmospheric transport, which may be derived from local, national
andoftenregional transboundary transferof predominantly land-based materials
in particulate and aerosol states with deposition often related to precipitation
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events (Steffen et al. 2004). Materials include dust, smoke, industrial effluents
and nutrients (nitrogen/nitrates and phosphorus/phosphates) from urban,
industrial and rural land-use activities. The phenomenon of transboundary
transfer of pollutants (e.g., Asian dust cloud) usually requires management
at the multi-national level involving international and national governance,
management and assessment for resolution. An example of this approach
is the 1974 Helsinki Convention signed under the Helsinki Commission, or
HELCOM, that addresses the protection of the Baltic Sea from all sources of
pollution.

® QOceanic sources and transfer of deleterious materials in ASEAN seas represent a
transboundary context thatrequires consideration in the development of marine
and coastal resource management (PEMSEA 2006). For example, shipping and
transportation contributes o0il, contaminants, waste and debris, introduction of
non-indigenous marine species and health pathogens in ballast waters. While
these issues are the focus of international conventions and accords, especially
in the IMO, they usually require additional regional and national initiatives
for management, e.g., national oil-spill management plans and conditions for
operation of oil and gas industries.

The issue of climate change is an emerging challenge for the management of water
quality and wider marine and coastal resources. Potential changes in climate patterns
and in the regional hydrological cycle (with probable changes in temperature regimes
and rainfall patterns across time and space) can be expected to modify the existing
distribution and flows of water within river basins and their discharge to coastal
seas. Projections for shifts in land use, especially in rural lands, can be expected to
yield modifications in the timing and intensity of pollutants carried in runoff and
groundwater and thus the water quality of surface and submarine groundwater
discharges to coastal seas. The broader issue of marine and coastal vulnerability
(coastal geomorphology, integrity of ecosystems and ecosystem services, coastal
infrastructure) in addition to water quality will need to be factored into related marine
and coastal management approaches.

These issues require the development of policy and management plans to ensure
sustainable development of marine and coastal resources — a process that is
gaining momentum within the AMS’s. These issues are not unique to the ASEAN
region. Globally, there is a developing accord in approaches to marine and coastal
management, including that:

* Aholistic ecosystem approach should be adopted (Salomons et al. 1999);

* The continuum of a river basin or catchment and its adjacent coastal sea
represents the coastal management unit (Crossland et al. 2005);

* Riverbasinorcatchmentsizes (small catchments <10 000 km? or large catchments
>10 000 km?) may represent different sets of physical and biogeochemical
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dynamics that need to be differentially recognised in management approaches
(Smith et al 2005);

* Much of the deposition, sequestration and transformation of pollutants
occurs within a relatively small distance of the shoreline and in estuaries
(water residence time is a factor in biogeochemical transformations that affect
assimilation capacity) (Smith et al. 2005); and

* Water quality is a vital component of overall coastal management and needs to
be integrated into overall environmental management plans and processes.
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Environmental management approaches for marine and coastal environments and
water need to give consideration to the special geographical and climatic settings of
the ASEAN region, including:

e Tropical systems and waters. Most examples of coastal management
approaches (and underpinning scientific understanding) relate to temperate
systems and waters; there are few models of tropical management systems that
are analogous with the ASEAN settings.

* Monsoonal climate regimes. Monsoonal rainfall and its effect on the patterns
of river system discharges to coastal seas (and/or continental shelves) need
to be considered in the development of management approaches and have
ramifications for monitoring and assessment designs. For example, residence
times of water in estuaries will change markedly between monsoon and drier
seasons, influencing the capacity of estuarine and coastal systems for sustaining
chemical transformation processes and modifying the seasonal composition of
water discharged to coastal seas.

e Sediment discharge. Sediments discharged from the continental landmass of
the ASEAN region represent a high proportion of the global sediment load to
the ocean. Sediment discharge is a common characteristic of many river systems
in the tropics, representing both natural transport and flows exacerbated by
human activities in river catchments (Figure 1). The potential for relatively
high natural or “background” sediment discharges from mainland river
systems in the region should be recognised in the development of management
strategies.

e Status of coastal and estuarine waters. The long history of human pressures in
the ASEAN coastal zone allied with extensive socio-economic development and
relatively high human population has resulted in a number of degraded coastal
systems. Management of marine and coastal systems needs to encapsulate a
wide range of conditions from relatively pristine to degraded environments
and water conditions. Costs for remediation of systems, where possible, can be
expected to be far greater than those for the maintenance of existing condition
of systems and their water conditions.
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Figure 1. = Representation of tropical coastal systems and human pressures (from

Crossland et al. 2005).

5 Policy objective and values

The broad coastal environmental policy objective is founded in the four strategic
thrusts supporting the goals of the ASEAN Socio-cultural Community Vientiane
Actions Programme (2004):

1. building a community of caring societies;

2. managing the social impact of economic integration;
3. promoting environmental stability; and

4. promoting an ASEAN identity.

A specific measure aimed at promoting environmental stability and sustainable natural
resource management that meets the current and future needs is to “promote the
sustainable use of ASEAN's coastal and marine environment through the implementation of
the ASEAN criteria for marine waters, and marine heritage and protected areas.”
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This is essentially a Sustainable Development approach to marine waters and their
companion environmental resources, in essence seeking to manage coastal zone
resources and to maintain or improve coastal and estuarine water quality. As a
consequence, a number of principles that underpin management approaches for
marine water quality could be included within the management and planning actions
by member states of ASEAN.

The management principles include:

strategic and integrative planning that encompasses environmental, economic
and social elements across short-term and long-term scales;

application of the precautionary principle where there is a presumed threat of
significant environmental damage and lack of scientific certainty;

promotion of economic developments that have opportunity to enhance
environmental protection;

adaptive and flexible policies and instruments for the management of industries
and their discharges rather than a solely regulatory approach;

awareness of the potential for global level environmental (see Beneficial Uses/
Environmental Values) impacts from policy decisions; and

involvement of stakeholders (e.g., industry, community) in the planning and
decision-making processes.

These principles and the AMWQC could be expected to underpin the evolution of a
common approach in management processes for marine and estuarine water quality
within the ASEAN member states. The management processes should incorporate:

national consistency in methods for setting environmental goals and
standards;

clear and transparent administrative processes;

explicit assignment of responsibilities for the various phases of administration
and operation of the management actions;

accountability for progress towards desired water quality and wider
environmental goals based on monitoring and open reporting;

matching of administrative and management structures to geospatially defined
physical and socio-economic constraints (usually units for management are
based on the geospatial boundaries of a river basin catchment/sub-catchments
and adjoining coastal sea);

administrative mechanisms that are responsive to change and development
in both the natural milieu and socio-economic opportunities (including
technological options); and

23
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* involvement of relevant stakeholders in defining environmental and water
quality goals, development of plans and implementation of strategies,
regulatory and management actions.

Incorporation of these processes will lead to a consistent approach in the development
and evolution of national strategies for marine and estuarine water quality management
in member states across the ASEAN region, while also providing for flexibility to
encompass different political and legislative frameworks, and socio-economic and
environmental settings.

6 A Framework for Water Quality
Management

Globally, a variety of environmental management approaches for marine and
estuarine resources and water quality has been adopted and is being implemented,
nationally and across regions (e.g., the European Union Water Directive: European
Union 2000). Over the last few decades, these approaches have evolved towards a
relatively common management framework of essential elements, in keeping with
the increased understanding of the requirements to utilise an effective integrated
coastal management approach.

6.1 Integrated Coastal Management

The application of an integrated coastal management (ICM) approach can ensure
that sustainable environmental, social and economic advantages are obtained from
regional marine and coastal resources. The maintenance or improvement of water
quality is a fundamental element for management in such an approach. ICM provides
a sound and dynamic context and set of process elements that constitute adaptive
management to meet changes in the natural settings and the evolving demands of
socio-economic development. An important attribute of ICM is that management
actions are taken to achieve management goals and that these actions are monitored
and assessed through time to evaluate the success or otherwise of the management
policies and operational decisions (see cycle 1, Figure 2). As a consequence, the
management actions and goals can be re-focused and modified in a transparent way,
based on sound and practical information. This allows for continuous and improved
effort to meet the stakeholder-informed management objectives for the area, as
represented by the second (and any subsequent) cycle in Figure 2.

An important attribute of ICM is that it allows staged approaches to the management
of marine and coastal resources and water quality, e.g., through the setting of initial
management goals aimed at remediation of an ecosystem or water body and then the
setting of subsequent and increasingly focussed goals and management actions for
sustaining the quality of the ecosystem or water body. Similarly, an ICM management
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approach can underpin a progressive and staged economic investment in ecosystem
remediation or sustainable development.

ICM Policy Cycle
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0 Issue identification and assessment
0 Program preparation

Formal adoption and funding
0 Implementation

Evaluation

Figure2.  The steps in the integrated coastal management process and cycles
(from GESAMP 1996, as adapted in Olsen et al. 1999).

6.2 Planning and sequence of approach

The development of a management approach and plan for marine and coastal waters
can be readily achieved by application of ICM encapsulating the framework for
marine and water quality earlier developed within ASEAN. A generic model for
the management and planning of coastal and marine resources and water quality is
shown in Figure 3.

The key elements encompass the development of site-related resource and water
quality management goals reflective of environmental values, the setting of relevant
water standards where required, implementation of appropriate environmental
monitoring and assessment, and management responses and modified actions relating
the field status to the management goals.
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Identify the Geospatial Region
. Obtain information about resources & socio-
economic assets

* Identify & engage stakeholders
e  Assess resources & issues

v

Establish Beneficial Uses & Levels of

Protection
. Identify extractive & non-extractive uses Determine Marine Water Qu aIity
. Determine discharges and sources degrading Lo
water quality o C”te”_a
o Identify water quality problems affecting Scientific limits for pr(_)t(_ectlon of ecosystems
beneficial uses & beneficial uses
Formulate Marine Water Quality
Determine Management Goals | \ 4 | Standards
e  Establish marine resources and water quality Specific water quality to be achieved
objectives for management actions relevant to site and socio-economic values

v

Management Approach, Options & Actions
. Identify options and mechanisms
. Identify priority areas and time targets
e  Assess potential ecological, economic & social
effects of management actions

v

Develop Management Strategy & Plan

. Formulate options to meet management goals
and targets

. Evaluate effectiveness, costs and other impacts
of alternative strategies

. Develop water quality management plans for
priority areas linked to land/water plans

v v

Implement Management Strategy

Initiate Monitoring & Assessment
< Program

Initiate Management Response

e Assess management area status against goals
and water quality objectives

*  Review efficiency of pollutant controls and
discharge standards

e Amend management actions appropriately

Figure 3.  Model for management and planning of coastal and marine resources

and water quality.
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7  Management of Marine Water Quality

7.1 Processes

Achievement of the broad environmental policy objective for marine waters and
resources adopted by ASEAN requires:

the implementation of management approaches that incorporate the generic
management principles and processes (outlined above) and

recognition that water quality management is not separate from but is a vital part of
the broader marine and coastal management imperative.

Generally, it can be justifiably argued that water quality monitoring and / or assessment
in the absence of associated environmental management goals and strategies is a poor
investment of time and resources i.e., water quality actions should be part of and
inform a broader marine and coastal management approach.

In 2004, a workshop forum of the ASEAN Working Group on the Coastal
and Marine Environment (AWGCME) and international experts in Kuala
Lumpur, Malaysia identified a management framework for applying
marine water quality criteria and developing water quality standards
(Figure 4).

27
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Define
PRIMARY MARINE MANAGEMENT AIMS

(Including environmental values , management goals and levels of protection )

Determine
MARINE WATER CRITERIA

(Scientific limits of specific parameters for protection of ecosystems and beneficial uses )

Formulate
MARINE WATER QUALITY STANDARDS

(Specific water quality to be achieved; taking account of site specific and socioeconomic conditions )

Establish
MONITORING AND ASSESSMENT PROGRAMME

(Reference to water quality standards and objective set )

Initiate
MANAGEMENT RESPONSE

(Attaining water quality standards ; review efficiency of pollution control and effluent discharge standards )

Figure4. A management framework for marine and estuarine water quality in
ASEAN as an element of marine environmental management (from
Tong 2004).

This framework outlines a process for determining water quality standards and
broadly relates water quality monitoring and assessment to the wider management
approach (top and bottom box). However, while achieving its original purpose, the
framework provides only a limited consideration of the key processes for integrating
the socio-economic settings (Beneficial Uses) with water quality criteria and
establishing the broader management goals and objectives that are fundamental to
overall environmental management. These elements are considered below.
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Management goals and water quality objectives are crucial elements of regional and
site-specific coastal management plans. An integrated environmental management
approach that includes specific marine water quality objectives reflective of the
Beneficial Uses should provide an effective, flexible and adaptive framework for
application by AMS’s.

7.2  ASEAN Marine Water Quality Criteria

The ambient water quality criteria contained in the AMWQC (Table 1) are a regional
benchmark from which to develop water quality management strategies and plans
within the ASEAN region. The AMWQC, in conjunction with socio-economic or
Beneficial Use considerations, provide a common reference point for derivation of
water quality guidelines and objectives for integrated coastal management approaches
in ASEAN member states. The AMWQC contain two different sets of metrics for
protection of aquatic life and protection of human health, effectively foreshadowing
the development of different classes of water type in management application.
Indeed, most ASEAN member states in formulating water quality guidelines and
standards are embracing this approach of identifying specify Beneficial Uses with a
set of metrics for water quality parameters and concentrations i.e., Class Designators,
defining different water types related to a management purpose for a defined area.

The set of AMWQC were developed in the mid-1990s and are based on the scientific
knowledge available at that time. Further work within ASEAN can be expected to
modify and expand this initial set of criteria as relevant scientific information and
marine systems understanding continues to advance and lead towards diminution of
our existing uncertainty about marine environment-toxicological relationships, and
to meet the additional needs of the region. In particular, the understanding of the role
of sediments as sinks and sources of pollutants is evolving such that the assessment of
pollutants in marine sediments rather than in the water column may in future provide
a more effective monitoring and assessment approach, especially for monitoring and
evaluation of trace metal and organic contaminants. In addition, there is considerable
global scientific effort being invested into the derivation of robust indicators of
environmental change, especially in relation to pollutants and associated materials.
Usually the targeted indicators comprise a naturally occurring biological entity or a
readily measured biogeochemical process that integrates pollutant effects or other
drivers of change in systems, in the way that chlorophyll concentration is used as an
indicator of eutrophication.

7.3 Beneficial Uses (or Environmental Values)

Beneficial Uses (also referred to as Environmental Values) are particular uses or
values of the environment that are conducive to public benefit, welfare, safety or
health and which require protection from the effects of pollution, waste discharges
and deposits (see ANZECC 1994). Environmental planners and managers tend to
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refer to Beneficial Uses to describe a water body based on its intended use or function;
scientific literature tends to refer to Environmental Values reflective of the parameters
and criteria for the water body to perform a particular function or use. From an
operational management viewpoint, the terms Beneficial Uses and Environmental
Values are representative of two different approaches to the same issue within the
context of ESD (e.g., wise management of a specified water body), but lead to a set of
common outcomes (e.g., prescribed environmental criteria or standards required if the
water body is to perform or maintain a particular use in an ecologically sustainable
manner). Sustainable development and environmental and human well-being in
coastal regions depend on the maintenance of a high standard of Beneficial Uses.

Beneficial Uses relevant to marine and estuarine waters include:
* marine and estuarine ecosystems;
e recreational and aesthetic values;
e human health;
e agricultural water*;
e industrial water*; and
¢ drinking water*.
[* usually relate to freshwater]

Agricultural, industrial and drinking water are Beneficial Uses that are usually
associated with fresh water quality objectives; however, they may also be important
Beneficial Uses in some coastal and estuarine settings.

The determination of Beneficial Uses for a specified area or water body constitutes a
fundamental step in the management process and represents the uses that stakeholders
(including the wider community) want to preserve. As part of the development of
management goals, the identified Beneficial Uses are matched to scientifically-based
marine water quality criteria to provide water quality objectives for management
purposes, thus converting environmentally-related Beneficial Uses into quantitative
water quality objectives that will support and protect the coastal and marine resources
and environment of the defined management area.

Clearly, the management of marine water quality within ASEAN waters should be
supported by the determination and recognition by ASEAN member states of anumber
of types or classes of water bodies and ecosystems within their jurisdiction ranging
from the relatively pristine to relatively degraded. The Beneficial Uses ascribed
to each water body and the human uses (current and potential) should provide a
tapestry of water zones reflecting classes of water and ecosystem types (i.e., Class
Designators: AMSAT 2005), each addressed by geospatial site-related management
plans and approaches.
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The objectives of management for each water body or managed area thus would be
expected to reflect (but not exclusively):

* the requirement for sustaining the broad “health” of marine waters in the
ASEAN region;

* the need for protecting and maintaining a diversity of marine and estuarine
ecosystems (e.g., pelagic waters, coral reefs, mangroves and seagrass
communities) that are within the national waters of ASEAN member states;
and

¢ the necessity for continued sustainable socio-economic development that
provides national and regional advantage from the Beneficial Uses (e.g., ports,
fisheries, tourism) in marine and estuarine waters of AMS’s.

The determination of Beneficial Uses for a locality or region would usually involve
broad stakeholder consultation and often negotiations, and would particularly
involve local community stakeholders to ensure ownership and acceptance of both
the environmental attributes and the management goals.

7.4 Management Goals

Management goals for a coastal area describe what is to be protected and the level of
protection. They need to be developed in a way that they can become key objectives
for achievement through management plans and other regulatory tools and they
should be related to environmental parameters that can be measured. Management
goals need to reflect the specific problems and threats, the desired levels of protection
for marine ecosystems and the attributes of the resources that are to be protected
(the Beneficial Uses). Management goals often encompass a dynamic approach,
recognising that a series of progressive targets across time may be required and that
these would be addressed through implementation of strategies aimed to sequentially
attain higher environmental quality targets and metrics for water quality.

The setting of management goals for a defined area requires consideration of the
array of marine and coastal resources and water characteristics, biodiversity and
biological processes, the socio-economic status and potential for the area, the desires
of stakeholders and national resource and water quality policies. Determination of
water quality issues and objectives are part of the overall process of determining
management goals. This approach presumes the need for water quality monitoring as
a vital part of assessing the performance and effectiveness of the overall management
strategy and actions in the attainment of the management goals (which may including
goals of amelioration or diminution of pollution as opposed to goals of maintenance
of existing environmental and water quality status).
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Generally, management goals for marine and coastal areas will reflect issues and
the actions needed to be taken to address pressures on water quality from the
associated river catchments, atmospheric and oceanic inputs of materials including
pollutants (natural and human-influenced) and the extraction of water and resources.
Transboundary issues will need to be recognised and considered in the development
of both management goals and water quality objectives, in particular those associated
with materials transport and fluxes within atmospheric and oceanic domains. Here,
the movement of people (for example, tourist movements and tourism activities) may
also be at issue.

7.5 Water Quality Objectives and Standards

The establishment of water quality objectives is a key part of any integrated coastal
management approach that is developed and implemented to ensure judicious
use of the marine resources and water quality of a coastal management area. The
determination of marine and coastal water quality objectives usually involves a two-
step process:

e Establishment of a set of Beneficial Uses for the area.

e Establishment of scientifically well-founded water quality criteria (desirable
range and maximum concentration levels) corresponding to each Beneficial Use.

The Beneficial Uses for an area require identification of the natural catchments, marine
and coastal resources, social interests, actual and potential economic opportunities
and administrative areas. Stakeholder discussions would be expected to assist
planners and technical specialists in identifying resources issues and identifying
present environmental and future values that may be needed and achievable. Initial
nomination of Beneficial Uses from such a consultative process will need to be
reviewed in the context of scientific and economic assessments for the management
area, thus yielding a final list of Beneficial Uses.

The water quality criteria describe the water characteristics that need to be
maintained to sustain specified uses or to protect specific Beneficial Uses. These are
usually set conservatively (at low levels of pollution) to ensure long-term protection
of the Beneficial Uses and are expressed as a desirable range and a maximum level
of concentrations. In some cases, a value judgment is required as to the acceptable
risk to human health or ecosystem impairment. Where several Beneficial Uses are
set for a defined water body or ecosystem assemblage, the most limiting or stringent
guidelines would need to be met in determining the local area water quality objectives.
The AMWQC provide a benchmark for this action.

The resultant water quality objectives reflect specific water quality decisions and
targets for a defined area. The outcome of this process contributes to both the broader
management goals and specifically defines the water quality objectives that need be
met by the management plans and actions for the area.
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The process can be informed by the development of guidelines that relate to Class
Designators for specific ecosystems and water-body types (see below). The water
quality objectives form a foundation for the development of water quality standards, if
required, to control effluent emissions from industry and public sector infrastructure,
such as sewage treatment plants.

Water quality standards represent an enforceable target of pollutant concentration that
an activity is permitted to discharge into receiving waters, from permitted discharges
or accidental spills. Standards will provide metrics for regulated limits of pollutant
discharges vital to ensuring enforcement, compliance and pollution control. Thus,
water quality standards can provide a performance benchmark that is auditable. In
turn water quality standards provide a target for measuring success of immediate
management actions and by providing an assessment of compliance options put in
place in the management plans for a defined water body or coastal area.

Water quality standards are usually required as a management action to ensure that
the water quality management objectives will be met in local receiving waters in the
presence of socio-economic developments that can contribute pollutants. Through
such management actions, including setting of industry-specific and facility-specific
emission standards, management objectives can be proceeded towards or achieved
in order to maintain or remediate water and broader environmental quality of
the local area. The determination of water quality standards for emission control
or industry-specific discharges will be site- related, will require knowledge of the
existing local water quality, and usually will acknowledge dilution potential and the
assimilative capacity of the receiving waters (and allied ecosystems) in ascribing a
mixing zone for discharged waters and for receiving waters. A key element in the
setting of standards will be the application of risk assessment methods to gauging
the probability of adverse effects on the Beneficial Use (e.g., environmental or human
health) that may potentially or actually result from the convenience of discharging
pollutants to the receiving waters. This type of risk assessment is generally referred
to as ecological risk assessment (ERA), which has a systematic and increasingly
quantitative methodological foundation, and is itself increasingly integrated into
environmental impact assessment (EIA) protocols. Consideration of the pollutant
loadings are generally considered as total mass loadings (concentration of pollutant x
volume), although standards are then usually derived as concentrations (e.g., upper
levels and concentration limits for compliance, or a weighted average over, say, 24h
or 48h).

Knowledge of conceptual models of the pollutants and their relationship with the
receiving waters environment and usually dynamic models appropriate to the local
conditions will be involved in the determination of water quality standards by
environmentalmanagersinconsultationwiththerelevantindustrialsectorstakeholders.
Sector-specific effluent quality guidelines and standards (e.g., for municipal water
treatment facilities, steel manufacturing, pulp and paper production, oil and gas
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refining, abattoirs, livestock rearing, mariculture operations) may be developed to
regulate waste and pollutant levels consistent with best available technology that is
economically achievable (BATEA), as exemplified by ANZECC. Such an approach
can offer useful planning tools for both industries and environmental managers and
which can be fine-tuned locally to meet the site condition as a setting for economic
development and the maintenance (or improvement) of water quality. In some cases,
it could be expected that concentration metrics of a specific Class Designator (where
applied) may be sufficient and thus obviate the need for additional determination of
local, site-specific water standards.

Overall, the management goals for an area remain as the primary target for the
integrative and adaptive management actions. In this context, ambient water quality
values (e.g., the AMWQC) often represent the ultimate desirable endpoints for marine
and coastal management actions. The management reality of the concentrations
of pollutants and physical parameters in waters of interest requires application of
an iterative process, such as the ICM cycle - management goals and action plans
(including setting site specific water quality standards), monitoring the effectiveness
of the management actions and adjustment of the management actions and, often, the
metrics of the water quality standards being enforced. In this way, water quality and
widerenvironmental characteristics canbe managed forimprovementand remediation
directed to an ultimate goal expressed by the ambient water quality values. This type
of management action requires time for achievement of goals and invariably incurs
a cost. Hence, management actions should be allied with cost-benefit analyses and
usually require medium to long-term commitments by governance institutions for
achievement of the goals.

7.6  Class Designators

There is considerable variability in coastal and marine settings and marine water
quality within AMS’s and across the ASEAN region. Thus, the national use of a single-
value marine water quality standard for all settings and water types is unlikely to
meet the demands for judicious use and conservation of marine and coastal resources,
and also to meet the needs for sustainable development.

The ASEAN Working Group on Coastal and Marine Environment, in association with
the earlier ASEAN-Canadian project, developed the ASEAN Marine Water Quality
Criteria for 17 water quality parameters (see Table 1, above), following a transparent
procedure founded on scientific knowledge (McPherson et al. 1999). These Criteria
provide a single maximum concentration value, based on the premise of long-term no-
effect concentration, which if not exceeded should provide for protect to all forms of
aquatic life and aspects of aquatic life cycles. The addition of the bacterial water quality
parameter provides a metric consistent with no adverse human health outcomes in
marine waters. In essence these Criteria represent the basis for development of two
water quality suites that are generic Class Designators, and offer an idealised yardstick
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by which to gauge broadly the variation in water quality across the ASEAN region —
water quality variation both due to natural conditions and settings and resulting from
human impacts.

As a water quality management tool the Criteria are of limited use, especially at
the level of site or management unit. There is a need to consider the development
of different water classes to address diverse settings if water quality management
is to achieve both conservation and specific socio-economic development goals
appropriate to coastal management actions. A single set of water quality metrics for
management application does not allow for the different ecosystem water quality
requirements nor does it offer an environmentally sound basis for sustainable
economic development. The “aquatic life” parameters of the Criteria could be broadly
viewed as an optimal set of water quality metrics that might characterise a relatively
pristine coral reef environment. Clearly, seagrasses and mangrove systems that are
relatively unperturbed could be expected to be sustained in conditions that have
more relaxed values for nutrient and sediment loads in the water column; examples
of such conditions and sustained systems are common across the ASEAN region.
The adoption of the single metric suite of water quality values represented in the
single “aquatic life” parameters could severely curtail socioeconomic development
opportunity by not reflecting the environmental reality of sustainable and well-
managed development within the majority of estuarine and coastal systems.

These issues have been appreciated by AMS’s and effort continues to be directed to
the evolution of marine water quality criteria and standards.

A system of Class Designators that specify limit metrics for pollutant levels and
biophysical conditions for specific ecosystems and water-body types provides a
useful basis for integrated water quality management. Within ASEAN, Malaysia
has been using such a system for managing freshwaters for several decades, and
beyond the ASEAN region there are examples of application of Class Designator
systems to management of marine and coastal waters, e.g., in the European Union
and in Australasia. These Class Designator systems can be transparently related
to Beneficial Uses for estuarine and marine areas. The application of a graduated
series of guidelines encompassing a series of Class Designators supports an adaptive
management approach to water quality and coastal systems, as represented in the
management model (Figure 3, above). The development of Class Designators for
application at local and sub-national levels should be derived at national levels.

ASEAN member states are at different development stages in their capacities and
application of coastal management approaches, including the derivation of marine
water quality management regimes. Thailand and the Philippines have adopted a
water quality designator approach and developed a set of Class Designators that
provide for management of marine water quality across conservation and sectoral
socioeconomic development activities (Table 3). To a lesser extent, Indonesia and Viet
Nam have proceeded along similar lines. Other AMS’s have water quality monitoring
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programs, some of which are directed towards specific management targets, for
example, Singapore harbour monitoring. The status of water quality monitoring
regimes across ASEAN is summarised in the Phase I report to this project (AMSAT
2005); Table 3 briefly updates the earlier assessment.

Table 3. Marine water quality Class Designators for Beneficial Uses currently
applied in some ASEAN Member States.

Country

Class Designator Categories

Brunei Darussalam

Applies a partial sector-based approach e.g., discharge standards
associated with Pollution Control Guidelines for Industrial
Development

Cambodia Coastal waters

Indonesia Marine tourism activities
Harbour waters
Marine biota goals for other waters

Malaysia A Class Designator approach to marine waters is in progress and
scheduled for introduction in 2008. An effective water classes
approach to freshwater management has been in place for several
decades.

Myanmar Early stage of water quality development

Philippines SA (commercial shellfish tourism and marine park zones, coral reef
parks)
SB (Recreational Water Class | e.g., swimming; Fisheries Water
Class | e.g., spawning areas)
SC (Recreational Water Il e.g., boating; Fisheries Water Class I
e.g., commercial and sustenance fishing; Mangrove & wetland
sanctuaries)
SD (Industrial Water Supply Class Il e.g. cooling.

Singapore Singapore’s approach to water quality issues is sector-based rather
than from a Class Designator perspective, e.g., the Maritime and
Port Authority of Singapore is responsible for shipping-related water
quality, the Agri-Veterinary Authority of Singapore for aquaculture-
related water quality, the National Environment Agency for land-
based discharge and recreation-related water quality, and the
National Parks Board for marine biodiversity-related water quality

Thailand Class | (Natural Resource Preservation)
Class Il (Coral Reef Conservation)
Class lll (Aquaculture)
Class IV (Recreation)
Class V (Industry or Ports)
Class VI (Residential Districts)

Viet Nam Bathing and Recreation Areas

Aquatic Cultivation Areas
Other areas
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In the development of a Class Designator approach within AMS’s, the suite of
targeted physico-chemical parameters has usually encapsulated most, if not all, the
parameters that are included in the set of AMWQC (Textboxes 1-3). In addition, some
states have a more extended suite of targeted parameters underpinning their marine
water management enterprise.
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Box 1. Thailand: Marine Water Quality Class Designators and Beneficial Uses.
AMWQC | | | I [ i \ v \ v \ Vi
Parameter (Mg L" unless otherwise stated)

Temperature <2°C increase | <1°C No change <1°C <2°C <2°C <2°C
over maximum | increase increase increase increase increase
ambient

Dissolved oxygen 4mglL’ 4mglL’ 6mgL’ 4mgL’ 4mglL’ 4mglL’ 4mg L’

Total suspended | £10% increase

solids over seasonal
average

Oil & grease 0.14 mg L’ Not unpleasant

Mercury 0.16 0.1 0.1 0.1 0.1 0.1 0.1

Cadmium 10.0 5.0 5.0 5.0 5.0 5.0 5.0

Chromium (VI) 50 50 50 50 50 50 50

Copper 8 8 8 8 8 8 8

Arsenic (lll)** 120 - - - - - -

Lead 8.5 8.5 8.5 8.5 8.5 8.5 8.5

Zinc** 50 50 50 50 50 50 50

Cyanide 7.0 7.0 7.0 7.0 7.0 7.0 7.0

Ammonia — N 70 70 70 100 70 70 70

Nitrite — N 55 - - - - - -

Nitrate — N 60 20 20 60 60 60 60

Phosphate 15 (coastal) 15 15 45 15 45 45
45 (estuarine)

Phenols 120 30 30 30 30 30 30

Tributyltin (TBT) 10ngL” 0.010 (TBT) 0.010 0.010 (TBT) | 0.010 (TBT) | 0.010 (TBT) | 0.010 (TBT)

(TBT)

Bacteria 100 coliform 1000 total 1000 total 1000 total 1000 total 1000 total 1000 total
100 mL™" coliform coliform coliform coliform coliform coliform
35 enterococci 100 mL”" 100 mL”" 100 mL™" 100 mL™" 100 mL™" 100 mL™"
100 mL”

Beneficial Uses (or | Protection of | Natural Coral Reef | Aqua- Recreation | Industry or | Residential

Environmental Values) | Aquatic Life Resources Conserva- | culture Ports Districts

Preserva- tion
tion
** Not formally adopted as AMWQC
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Box 2. Philippines: Marine water quality Class Designators and Beneficial Uses.

The Philippines classifies its water bodies according to their Beneficial Uses. Four different types of water usage with
their corresponding numerical values have been identified to maintain minimum conditions necessary to assure the

suitability of water for its designated use and classification.

Water classifications are arranged in the order of protection required with class SA having generally the most
stringent water quality for marine/coastal waters and class SD waters have the least stringent water quality for

marine/coastal waters.

The scheme has been successfully implemented and serves as the basis for enforcement of the Department of
Environment Administrative Order no.35 series of 1990, otherwise known as the Revised Effluent Regulations of

1990.
AMWQC SA SB SC SD
Parameter
Temperature <2C° increase <3C°rise <3C°rise <3C°rise <3C°rise

over maximum
ambient

Dissolved oxygen 4mglL’ 70% saturation | 70% saturation | 70% saturation 50% saturation
Total suspended solids <10% increase | 30% increase 30% increase 30% increase 60% increase
over seasonal 30 mg L? 30 mg L 30mg L’
average
Oil & grease 0.14 mg L’ 1000 2000 3000 (pet.ether) 5000 (pet.ether)
(pet.ether) (pet.ether)
Mercury 0.16 2.0 2.0 2.0
Cadmium 10.0 10.0 10.0 10.0
Chromium (VI) 50 50 100 100
Copper 8.0 20.0 50
Arsenic (Il1)** 120 50 50 50
Lead 8.5 50 50 50
Zinc** 50
Cyanide 7.0 50 50 50
Ammonia - N 70
Nitrite — N 55
Nitrate — N 60
Phosphate 15 (coastal)
45 (estuarine)
Phenols 120 ND 10
Tributyltin (TBT) 10ngL”
Bacteria 100 Faecal ND 200 faecal
coliform 100 mL colliform1s
35 enterococci 100mL*
100 mL"
Beneficial Uses (or | Protection of Commercial Recreational — | Recreational Il Industrial water
Environmental Values) Aquatic Life Shellfish, Class | (e.g., (e.g., boating) supply — Class
(ambient water Tourism, swimming) Eisheries Il Il (e.g., cooling)
quality criteria) Marine Park Fisheries — (commercial/su
Zones, Coral Class | stenance
Reef Parks (spawning fishing)
areas) Mangrove &
wetland
sanctuary

** Not formally adopted as AMWQC

ND= not detectable
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Box 3. Indonesia: Marine water quality Class Designators and Beneficial Uses. &
[
Indonesia marine water quality standards are promulgated in the Decree of the State Minister of the Environment T—)
Number 51 of 2004 on Marine Water Quality Standard, revising the previous standard on the Ministerial Decree o]
Population and Environment No. 2, 1988: Guidelines for Environmental Quality Standards for Water, Wastewater, 'S5
Air and Seawater. o
)
Article 7 is articulated in this regulation to address the absence/lacking of beneficial uses designation of coastal qC)
areas in some areas in Indonesia. Those coastal waters falling outside of Harbour Waters and Marine Tourism E
shall refer to the Marine Biota Quality Standard. o
[=To]
<
AMWQC 11 | 12 13 P
Parameter (ug L unless otherwise stated) o]
Temperature <2C°increase Natural condition | <2C°increase Natural E
over maximum of environment over maximum Coral: 28-30
ambient ambient Mangrove: 28-32
Seagrass: 28-30
Dissolved oxygen 4mgL’ - >5mgL’ >5mg L’
Total Suspended Solids | < 10% increase 80mgL”’ 20mg L’ Coral: 20 mg L™
over seasonal Mangrove: 80
average mg L—1
Seagrass: 20 mg
L-1
Oil and Grease 0.14mgL" 5mgL’ 1mgL”’ 1mgL”’
Mercury 0.16 3.0 2.0 1.0
Cadmium 10.0 10.0 2.0 1.0
Chromium (V1) 50 - 2.0 5.0
Copper 8.0 50.0 50.0 8.0
Arsenic (Il)** 120 - 25.0 12.0
Lead 8.5 50.0 5.0 8.0
Zinc** 50 100 95 50
Cyanide 7.0 5.0
Ammonia-N 70 300 Nil 300
Nitrite — N 55 -
Nitrate — N 60 - 8 8
Phosphate 15 (coastal) - 15 15
45 (estuarine)
Phenols 120 2.0 Nil 2.0
Tributyltin (TBT) 10ngL” 0.010 0.010
Bacteria 100 faecal Coliform 1000 E.coli 200 MPN Coliform 1000
colliforms 100 MPN 100mI" 100m!” MPN 100m!™
mL" Coliform 1000
35 enterococci MPN 100ml™
100 mL”
Beneficial Uses (or Protection of Harbour Waters Marine Marine Biota
environmental values) Aquatic Life Tourism
(ambient water Activities
quality criteria)
** Not formally adopted as AMWQC
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The development and use of Class Designators for management of marine water
quality is clearly linked with the determination of Beneficial Uses for estuarine and
coastal waters as part of the broader ICM process, as outlined above. Indeed, this
relationship is apparent in the management practices for marine water quality by the
Philippines, Thailand, Indonesia and Viet Nam; practices that have been in place and
evolving for up to a decade or longer. There remains a diversity of terminology and
water groupings associated with the Class Descriptors and associated Beneficial Uses
across the ASEAN region.

The ASEAN Regional Expert Review Workshop, which was held 19-21 November 2007
in Bangkok, Thailand reviewed the current application of Class Designators by AMS’s
and discussed the allied Beneficial Uses imperatives for management presently being
applied. The meeting agreed that Beneficial Uses could be readily described by nine
marine water groups for each of which it would be possible to develop an appropriate
suite of metrics that sets limits to pollutant levels and /or physical changes (Table 4).

Table 4. Suggested Beneficial Use Class Designators for use in ASEAN.

1. Marine biota and habitats

1.1 Marine parks/reserves

1.2 Coral reefs — coastal/offshore

1.3 Seagrasses

1.4 Mangroves - sediment high/low habitats
Tourism/recreation

Sustainable fishing (spawning grounds, benthic)
Coastal community resource-based livelihood
Aquaculture/mariculture

Residential districts (urban waters)

Harbours/ports/shipping

® N o g M~ 0D

Industrial (waters)

Further development of these initiatives in the development of water quality Class
Designators and a their clear linkage to Beneficial Uses would contribute strongly
towards attainment of a harmonised yet flexible approach to both marine and coastal

environmental management and reporting and sustainable development across the
ASEAN region.
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7.7  Monitoring and Assessment

Monitoring and assessment are key actions in the ICM cycle and are pivotal to
effective implementation of adaptive environmental management approaches; it is
the structured monitoring results that inform managers as to the effectiveness (or
otherwise) of the management strategy and accompanying actions. Water quality
monitoring is an important issue, and one that requires serious consideration,
planning and design to be effective for rigorous data and information provision and
to be cost-effective.

Monitoring is the systematic collection of physical, chemical and biological data; water
quality monitoring measures physical and chemical parameters of interest, and often
includes related biological parameters—for example, phytoplankton and chlorophyll
a concentrations, bacteriological moieties (e.g., E. coli concentrations). Sediment
sampling is becoming increasingly included in water quality monitoring protocols,
especially where heavy metals and organic contaminants are the chemical species of
interest. Our evolving scientific understanding of heavy metals and organic toxicants
is confirming both that there is a strong affinity with marine sediments and that the
sediment milieu is an important locus for chemical transformations and speciation.
Indeed, there is increasing evidence suggesting that monitoring of toxicants (e.g., trace
or heavy metals, organic toxicants) may be more effectively achieved from sampling
the sediment rather than the water column.

A fundamental tenet for any monitoring program is that it must have a clear purpose
and be addressing an issue that relates to management questions such that the
outcomes from the monitoring measurements will assist with management decision-
making and usually actions. Implementing a monitoring program without such
purpose can be considered a waste of resources and time; there are multiple examples
of such wasted effort in global literature and agency reports around the world.

Generally, monitoring programs will be designed to provide environmental data to
meet one or more of the following purposes:

* provision of baseline physical, chemical and biological data that describe
existing water quality conditions;

* measurement of selected physical and chemical water quality data (and
sometimesbiological data) thatcan be used to determine trends in environmental
changes or environmental health of a system;

* measurement of physical and chemical water quality parameters to ensure
compliance with licensed or permitted limits for water quality discharges from
a facility to receiving waters of a system; and

¢ determination of physical, chemical and usually biological data required for
impact assessment, usually in relation to validating water quality objectives
that form part of an overall management strategy and plan.
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Approaches and methodologies for the design of monitoring programs are considered
in detail in the following part of this document (ASEAN Marine Water Quality
Monitoring Manual), along with commentary and examples of various models and
assessment tools, including risk assessment.

8 Regulatory and Allied Management
Frameworks

A key component of water quality management approaches is the identification
of opportunities where economic instruments can be applied to ensure a realistic
valuation of water resources as an asset — conservation, use or improvement has a
cost. The pricing of water resources should reflect the full social cost (financial and
environmental) of using the resource as well as capital, operations and maintenance
costs. Effective management of water quality depends on an enforcement program that
encompasses recognition of contributions by point source discharges, diffuse sources
and “natural” background conditions (see ANZECC 2000). Prescriptive regulation is
one option for management and achievement of water quality goals. Education and
the application of economic instruments such as the adoption of market incentives and
sanctions offer opportunities for win-win achievement of water quality goals. Hence,
in many cases a successful enforcement strategy for water quality management could
be expected to involve a package of regulatory and market-based measures to capture
the advantages of each approach.

8.1 Regulatory Management Approaches

The regulation of pollution discharges through licensing and permitted limitation
arrangements is effective for point sources, such as industrial discharges and
municipal sewage and waste treatment facilities. The setting of effluent standards
and licensing of public and private sector discharges to defined water bodies requires
an understanding of the ambient levels in receiving waters and effluent levels, usually
based on monitoring, modelling and risk assessments. Regulatory effluent standards
can be designed to make sure that the water quality goals and objectives for a system
are met, and monitoring programs can underpin the assessment of compliance or
decisions for application of penalties.

The determination of licensed discharge limits needs to be related to technological
performance capabilities of the industrial process or the operational capabilities of
the industrial facilities. Pollutant levels should be set consistent with levels that
can be achieved by modern technology and economic viability. This is sometime
referred to as BAT or BATEA — Best Available Technology Economically Achievable
— for industrial processes and public treatment facilities. It ensures that from the
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commencement of new installations there is the adoption of industrial technology that
has demonstrated achievement for the desired effluent pollutant levels within a viable
economic framework. Such technologies could be progressively phased-in by existing
discharge facilities as part of a program of on-going pollution discharge licences. This
approach introduces an economic element to the prescriptive regulation.

Diffuse sources of pollution are not amenable to the application of standard pollution
management techniques that involve regulation and market-based approaches.
Diffuse sources are difficult to address, because specific “cause-effect” relationships
are rarely obvious and the pollution sources usually extend over wide areas. Rural
industries and urban conurbations typify diffuse source settings. Changing land-use
practices can be approached through education; market-based solutions including
economic incentives and regulations can yield positive management outcomes. For
example, changes in tillage periods on agricultural lands to avoid major rainfall
periods, encouraging judicious application of fertilizer and herbicides/insecticides,
and better management of solid wastes can provide marked changes to diffuse-source
inputs from rural industries to aquatic systems. The utility of water detention/
infiltration basins, installation of artificial wetlands, solids interceptors in stormwater
flow infrastructure are some effective control measures being applied to diffuse
source management in urban areas. The cleanup of the nitrogen and phosphorus
levels and overall water quality of the Rhine River offers a salutary example of an
effective management approach towards control of diffuse sources (Behrendt et al.
2002; Salomons 2004).

Introducing mandatory waste minimisation policies on communities and industries
can make significant contribution to preventative approaches that reduce the amount
of pollution from both point and diffuse sources. Increasingly, waste minimisation
practices along with industry-based codes of conduct or best management practices
are being applied across the world to assist in limiting pollution from diffuse and
point sources and to reducing environmental degradation.

8.2  Alternative Instruments and Measures for Management

Globally, there is an array of economic instruments in place or being introduced to
supplement regulatory mechanisms for the management of water quality. In cases
where conventional regulatory approaches are of limited effect, such as controlling
diffuse pollution from agricultural industries, market-based instruments offer
approaches that are innovative and novel. Examples of these economic market-based
mechanisms for water quality management include:

e Discharge levies or pollution charges such that the pricing of the water resources
reflects the environmental impact of use and degradation of the water asset
value where water quality degradation results, and elevated license fees to
recover the costs of regulation and monitoring;
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e Effluent permits, which can be traded;

e Performance bonds, repayable when compliance with standards is achieved,
and offering incentives such as subsidies, low-cost loans and tax allowances
to encourage on-site BATEA technologies and waste-minimization actions that
reduce the load of pollutants discharged;

¢ Non-compliance fees, in which the levies charged for exceeding the permitted
discharge limits mirror the profits gained through non-compliance;

* Application of levies and higher rates of charge on users of water, sewage and
waste treatment services, and imposing special levies on stakeholders for the
remediation of impacted estuarine and river systems; and

* Measures to increase community awareness and acceptance of improved water
use practices.

There is evidence that regional or large-scale, multi-catchment planning approaches
for socio-economic development and improved catchment management (e.g., port
planning and large-scale developments with strategic planning bases) is leading to
improved land-use actions. These initiatives are reflected by diminished loads from
land-based pollution sources compared with the conventional “tyranny of small
decisions” that in the past has tended to characterise coastal development. Economies
of scale and active planning are leading to improved infrastructure and modern
technologies, enhanced and planned waste-minimisation facilities and improved
outcomes for coastal and estuarine waters.

8.3 International Conventions and Accords

International conventions, accords and regional programmes offer a valuable
management framework especially for addressing water quality of oceanic and
outer continental shelf waters (Table 5). For example, the International Maritime
Organisation (IMO) is an increasingly valuable forum and institution that is
diminishing the potential for pollutants from ship-borne sources through the
establishment of various international conventions and accords. This approach is
particularly useful when addressing transboundary issues such as those associated
with shipping and ocean transport. Regional and bilateral accords may also prove
valuable in addressing transboundary airshed pollution issues where particulate and
volatile materials enter coastal and marine waters. A similar context of international
accords may prove useful in the development of standards for water quality and the
enforcement of the standards in key socio-economic activities carried out in territorial
and Exclusive Economic Zone waters, for example the oil and gas industry.
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Table 5. Some international conventions, accords and regional programmes
relevant to marine water quality management in ASEAN.

ASEAN Agreement on Transboundary Haze Pollution, 2002

ASEAN Agreement on the Conservation of Nature and Natural
Resources, 1985

International Convention for the Prevention of Pollution from Ships,
1973, as modified by the Protocol of 1978 (MARPOL 73/78),
and amendments

International Convention on the Control of Harmful Anti-fouling
Systems on Ships, 2001

International Convention for the Control and Management of Ship’s
Ballast Water and Sediments, 2004

UN Convention on Biological Diversity, 1992
UN Convention on Climate Change

UN Convention on Wetlands of International Importance
(RAMSAR), 1971

UN Law of the Sea Convention, 1982

UNEP Global Programme of Action for the Protection of the Marine
Environment from Land-Based Activities, 1995

UNEP Regional Seas (East Asian Seas) Programme and Action
Plan, 1981

9 Management Auditing and Reporting

9.1 Effectiveness of Management Plans and Management
Settings

The outputs from water quality monitoring programs contribute important elements
to the application of the ICM cycle and to the effectiveness of adaptive environmental
management approaches. Management goals and the allied strategic plans for
management of a system will specify desired outcomes in relation to implementation
of strategic management actions. Water quality is usually a key element of this overall
management process. The effectiveness of the strategies put in place for management
of a system require evaluation; here, the metrics from the component water quality
monitoring actions will provide one dataset for determining the efficacy of the
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management action to control water quality of the system. These should indicate if
management targets have been met by the management strategy and actions and will
indicate the need for revised goals or modified actions that may be needed to meet
the overall management objectives. The timeframes for the management cycle may
be brief or extended.

The reporting of water quality monitoring outcomes will need to reflect the monitoring
design program and purpose for the targeted system and to meet the needs for clear
and explicit values including the description of uncertainties and variability in
sampling and analysis. Detailed consideration of the form and content, and examples
of reporting formats, are provided in the following part of this document ( ASEAN
Marine Water Quality: Monitoring Manual).

9.2 Aggregated Information

In addition to the direct measurement and evaluation of specific metrics resulting
from water quality monitoring to support specific site-related management plans,
agencies responsible for marine and estuarine system management are required to
report on their management performance and usually the status of the systems. This
requires the aggregation of information relating to the extent and degree of various
pressures of change (e.g., pollutant loads from point and diffuse sources to a system),
the status of the environmental and/or public health quality of the system (e.g., water
quality, environmental health of intrinsic ecosystems, human health impacts), and
time trends that will be reflective of the effectiveness of management measures. The
derived information will be a key part of management reporting about performance
to policy and other decision-makers and to the wider community of stakeholders
with interest in the quality and status of the relevant systems.

In this context, there are two avenues of interest for receipt of information assessed
and compiled from water quality and allied environmental/ public health monitoring
programs in the context of the management issues. First are the requirements within
each AMS and second are the requirements of ASEAN.

National reporting of marine and estuarine water quality and environmental status
of marine and estuarine systems will need to meet national legislative requirements
as well as policies of the environmental management institution. Such reporting
requirements will reflect existing national practices and will include specific types
of information, measurement metrics and compliance indices; a diversity of formats
and content that meet the relevant legal and policy institutions and technical needs of
individual ASEAN member states. However, there will undoubtedly remain a desire
and opportunity for national reporting of marine and estuarine water quality status
and trends that integrate specific technical information and that represents a digest
of management achievements relating to water quality status. In a similar context,
reporting marine and estuarine water quality status across the ASEAN region will
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add to the existing initiatives for State of the Environment reporting for the region
(e.g., Third ASEAN State of the Environment Report 2006, ASEAN 2006).

The implementation of a Class Designators framework offers a useful approach that
can help integrate and summarise national data and be readily input into a regional
reporting system about water pollutants in the form of compliance and status. The
AMWQC already adopted by ASEAN - protection of aquatic life and human health
— provide an initial structure against which individual ASEAN member states and
ASEAN can aggregate information. The types of information could be aggregated
through construction of indices for, say, percentage compliance or number of times
values have been exceeded, percentage of marine and water systems under active
management, identification of hotspots.

Further division of the “protection of marine life” category within the management
and reporting structures of individual ASEAN member states (for example, as
currently developed by the Philippines and Thailand, Table 3), could be expected to
provide a more detailed but still aggregated picture of water quality and marine and
estuarine environmental status across the region. This would require harmonisation
across ASEAN member states of a sub-set of water quality Class Designators that
addresses ecosystem conservation objectives and relevant economic sector activities.
Such an initiative would confer advantage to ASEAN environmental considerations
and provide a common framework for exchange of ideas and mutual support in water
quality management between ASEAN member states.

Globally, a number of effective approaches have been taken to aggregate water quality
and environmental data in order to construct and communicate meaningful and
effective status and trend information that can assist decision-makers and the wider
community of stakeholders. For example, the global score-card system promoted by
the World Resources Institute (WRI) (Appendix 1) and applied within the Millennium
Ecosystem Assessment (MEA) (Appendix 2), and the regional assessment as an annual
report card used by the Healthy Waterways Partnership in South-eastern Queensland
coastal and estuarine systems in Australia (Healthy Waterways) (Appendix 3.a).
Healthy Waterways has issued annual reports on the status and trends in water quality
and system health for Moreton Bay, adjacent to Brisbane city, and for estuarine systems
extending about 100km north and south of Moreton Bay. The report cards are derived
from a water quality and other environmental monitoring programs and represent an
aggregation of data and information (Appendix 3.b.) that is used by local government
and other stakeholders in the planning and implementation of remediation and other
management actions. Members of local communities are major stakeholders in the
process and it is an effective communication tool for getting status/change reporting
to multiple stakeholders e.g., politicians, community, industry, science.
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Acronyms
AMSs ASEAN Member States
AMSAT Australian Marine Science and Technology Ltd
AMWQC ASEAN Marine Water Quality Criteria
ANZECC Australian and New Zealand Environment and Conservation Council
ASEAN Association of Southeast Asian Nations
AWGCME ASEAN Working Group on Coastal and Marine Environment
BATEA Best Available Technology that is Economically Achievable
EEZ Exclusive Economic Zone
EIA Environmental Impact Assessment
ERA Ecological Risk Assessment
ESD Ecologically Sustainable Development
GEF Global Environment Facility
HELCOM Helsinki Commission (for the Baltic Sea region)
ICM Integrated Coastal Management
IMO International Maritime Organisation
MEA Millennium Ecosystem Assessment
PEMSEA Partnerships in Environmental Management for the Seas of East Asia
UNDP United Nations Development Programme
WRI World Resources Institute
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Glossary

Ambient Water Values. The concentrations of chemicals or physical changes in water
properties that will not cause adverse impacts to the health of biological organisms
including humans (see US EPA website, www.epa.gov)

Beneficial Uses/Environmental Values. The particular uses or values of the
environment thatare conducive to publicbenefit, welfare, safety or healthand which
require protection from the effects of pollution, waste discharges and deposits (see
ANZECC 1994). Operationally, the terms Beneficial Uses and Environmental Values
tend to be used interchangeably.

Class Designator. A set concentration and biophysical change limitation metrics
for water quality parameters which define different water types relating to a
management purpose for a defined area. Class Designators are usually allied with
specific Beneficial Uses.

Coastal and estuarine waters. The domain encompassing estuarine and adjacent
marine coastal waters. Used descriptively, rather than with finite geo-spatial
determinants, to differentiate from oceanic, atmospheric or terrestrial domains.
The coastal extent is usually to the limits of land influence on marine waters (see
coastal zone definitions, Crossland et al. 2005).

Ecosystem Approach. Usually the integrated management of human activities ine
Water Quality Guidelines. The numerical concentrations or narrative statements
recommended to support and maintain designated uses of the marine environment.
These will generally discuss socio-economic information in principle.

Marine Water Quality Objectives. Numerical concentrations or narrative statements
that have been established to support and protect the designated uses of the
marine environment at a specific site. These will take consideration of relevant
socio-economic data for a specific geospatial area.

Marine Water Quality Standards. Marine environmental quality objectives that are
recognised in enforceable environmental control laws of a level of government.
These are auditable performance benchmarks.
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Appendix 1

Example of a scorecard system applied to global ecosystems status and trends (WRI
2000).
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Appendix 2

Example of a scorecard system applied to the status and trends of environmental
goods and services in coastal systems (MEA 2006).
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Appendix 3a

Healthy Waterways Annual Report Card 2006 for northern estuaries and marine
waters of Southeast Queensland, Australia. (from Healthy Waterways Partnership.)

October 2006

s

Northem Catchments

Sub-regional Summary

The Northern sub-region comprises the catchments of the Noosa, Maroochy and Mooloolah Rivers —an area of 1,679km? (7% of the South East Queensland
region). There are three local governments (Caloundra, Maroochy and Noosa Shires) within the sub-region with a significant portion of Caloundra City Council
falling within the Moreton Bay sub-region. Several catchment, landcare and bushcare community-based groups are active within the region.

As the efforts of Caloundra City Council contribute to both Northern and Moreton Bay sub-regions, its management responses have been apportioned
betwen the sub-regions for reporting purposes. This summary reports only on the management responses affecting the Northern catchments. Freshwa-
ter and estuarine Report Card results are included for the Pumicestone catchment for easy reference.

Printed on recycled paper.

Waterway name

Freshwater Results Estuarine Results oo me

Noosa Catchment MAP REF 1 Noosa River MAP REF 1

Streams generally remain in good condition

Results for both the physical-chemical and ecosystem process
indicators remain strong

Results for the aquatic macroinvertebrate indicator were very
similar to those in the past, but scores for fish were substantially
lower in both seasons

Elevated inorganic nutrients in middle and upper reaches compared
to 2005

Intact channel and natural habitats throughout

Some nutrient processing

- @
[N e

@ Maroochy Catchment MAP REF 2 @ Maroochy River MAP REF 2
1§ Streams are generally in fair condition, with results this year very 1§ Increase in nutrient levels, especially total phosphorus in the middle
similar to those for 2003-04 and upper reaches
§ Available results for nutrient cycling were poor § Turbidity in middle to upper reaches remains low
§ Physical-chemical, ecosystem processes and fish indicators have § Modified river banks with urbanisation in the lower reaches and
consistently been very good limited riparian habitat in the middle and upper reaches

Mooloolah River MAP REF 3

Streams are generally in good condition

Results for all indicators, apart from nutrient cycling, continue to
return consistently high scores

In the long-term, results for autumn have tended to be better than
those for spring

Consistently good to excellent water quality
Low nutrient and turbidity levels throughout
Highly modified channel and river banks

e Mooloolah Catchment MAP REF 3
]
a3
N Some nutrient processing

o @

Pumicestone Passage MAP REF 4

Streams are generally in fair condition

Resullts for nutrient cycling in spring 2005 were well below those
recorded in the past three years

Ecosystem processes and physical-chemical indicators continue to
score highly

Fair water quality throughout

Increase in water clarity in southern reaches

Decrease in phytoplankton abundance in southern reaches
compared to 2005

Intact natural habitats throughout

e Pumicestone Catchment MAP REF 4
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Management Responses

Northern Catchments

Managing Point Source Pollution

There are seven council-owned wastewater treatment plants
(WWTPs) operating within the Northern sub-region. During

the 2001-06 South East Queensland Regional Water Quality
Management Strategy (SEQRWQMS) reporting period, upgrades
to four of the WWTPs were planned, designed or commenced,
representing a significant financial commitment in wastewater
infrastructure by councils and the State Government. For
example between 2001 and 2006 the State Government has
contributed over $17 million in subsidies to northern local
governments for wastewater treatment plant upgrades, new
plants, and reuse initiatives.

Maroochy Shire Council undertook significant upgrading to the
largest of the northern subregion's WWTPs. The $34.3 million
Maroochydore WWTP upgrade is due for completion in late 2006
and will cater for future growth in the area, while reducing the
amount of nutrients released to the Maroochy River. Upgrading of
the Coolum WWTP also commenced in 2005.

The Caloundra City Council upgrade to the Kawana WWTP (the
second largest of the northern WWTPs) was completed during
2006. The $22.5 million upgrade boosted the capacity of the
Kawana plant to treat all wastewater from Caloundra, allowing
decommissioning of the Caloundra WWTP Work on sewering
the Glass House Mountains township was also completed in
2006. Once complete, all wastewater from the town will be
treated at the Landsborough WWTP which is in the process of
being upgraded.

In Noosa Shire, a review of long term wastewater treatment
options was commenced in 2004. The findings from the review
have been guiding Noosa Shire Council in deciding the best
approach to future wastewater management.

Northern sub-region councils (in collaboration with Caboolture,
Kilcoy and Pine Rivers Shire Councils) also developed an
information kit to assist residents in non-sewered areas manage
their own on-site sewage facilities (e.g. septic tanks).

Planning and Protection

Noosa Council employed a Sediment and Erosion Control

Officer and commenced the new Noosa Plan in 2006. This plan
establishes provisions for protection of riparian areas and requires
both the implementation of water sensitive urban design as well
as improved sediment and erosion control on building sites. In
2005 Noosa Shire Council and the State Government developed
The Noosa River Plan which facilitates a more coordinated
approach to the planning, development and management of the
Noosa River system.

Caloundra City Council, through its Waterways Operations Team,
continued programs of water quality monitoring and litter removal
as part of the on-going management of the City’s waterways.

Al local government planning schemes within the Northern
sub-region implemented provisions for improving stormwater
management, riparian areas, and protection of waterways.

Moreton Bay Waterways and
Catchments Partnership

GPO Box 1434, Brisbane QLD 4001
Tel: 07 3403 4206 Fax: 07 3403 6879
Web: www healthywaterways.org
For further information contact

\
HEALTHY. 2

WATERWAYS B

Because we'ré all inthe same boat

Managing Diffuse Source Pollution

During 2001-06 councils and community-based catchment
groups continued to reduce the impacts of diffuse sources of
pollution from both urban and rural areas of the Northern sub-
region. Expenditure on this work since 2001 exceeded $9 million.
Maroochy Shire Council's Maroochy River Recovery Plan is a
strong example of this work.

Riparian work in Northern sub-region 2001-06*

Number of trees and shrubs 280,224
Length of streambank improved (km) 273
Number of volunteers actively involved 5,345

Funding for riparian work $3,055,000

Funding for stormwater management in
Northern sub-region 2001-06*

Structural stormwater management $3,451,000
Non-structural stormwater management $3,540,000
Stormwater monitoring $279,000
* Based on incomplete information and is therefore likely to underestimate the
full extent of work completed. Riparian work includes a range of activities such

as revegetation, weed and erosion control, fencing and on-going maintenance.
Stormwater management includes installation and maintenance of stormwater
treatment infrastructure (structural) and non-structural stormwater management
initiatives including planning and regulatory controls, education and awareness
raising, street sweeping, etc.

Maroochy River Recovery Project

The Maroochy River Recovery initiative commenced in July
2004 as a package of 15 individual but complimentary pilot and
demonstration projects with an indicative funding level of

$3.6 million over three years.

In the nature of a ‘pilot’, the purpose was to begin the process
to reverse an apparent decline in the health of Maroochy
waterways by targeting waterways contamination from point
source sewage effluent, rural runoff and urban runoff. The 15
projects mirror the following actions endorsed by Council :

§ appropriately vegetated riparian corridors;

sediment and erosion control;

an appropriate water sensitive urban design program;

full program of domestic wastewater treatment monitoring
and rectification by landowners;

litter management;

increased focus on sewer infiltration and inflow; and
education.

[T

e

In 2005-06 Council allocated the following funding to riparian

rehabilitation alone to address diffuse catchment loads:

3 $230 000 via the Waterways Community Grants;

_J§ $400 000 for Large Scale Rehabilitation involving landholders
within the Upper Paynter Creek subcatchment; and

_J§ $400 000 for Large Scale Rehabilitation involving landholders
within the North Maroochy subcatchment.

To date, these projects have involved

_J 62 properties

_§ 100,000 native trees planted

20 kilometres of protective fencing installed

3 15 specially engineered low level crossings constructed; and
_§ 600 Camphor Laurels treated.

Design and Layout © Moreton Bay Waterways and
Leonie Witten and Kate Moore Catchments Partnership 2006. This
Acknowledgements: EHMP Technical publication may be used for research,
Group and MBWCP Scientific individual study and educational purposes.
Expert Panel Properly acknowledged quotations may
Banner photos: Queensland be made but queries regarding the
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Appendix 3b

Healthy Waterways: calculation of report card. (from Healthy Waterways

From a total of 248 estuarine and marine sites, maps
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The Biological Health
Rating (BHR) assesses

are produced for each indicator which show the median those indicators
values for each site from the reporting vyear. measured by the EHMP
without established

Compliance scores are then calculated for each
indicator as the proportion of the reporting zone that
complies with the Water Quality Objectives, 0
representing non-compliance and 1 representing total
compliance.

An Ecosystem Health Index (EHI) for the reporting
zone is calculated by averaging the compliance scores
for each indicator.

objectives. The BHR
ranges between 0 and 1
for each zone, with 1
representing an
unmodified and healthy
ecosystem and 0
representing a highly
modified and unhealthy
ecosystem.

A single EHI value and a
single BHR value are

N calculated ~ for  each

iy waterway by averaging

'F- . the indicator ratings.

ESTUARIAE _t""' - These two values are

#IVLR combined together with
= expert opinion to provide
- a single value used to

SEQRWQMS (2001) water quality objectives for key indicators monitored by the
Estuarine/Marine EHMP

Perfommance Perommanies By Estuary

Indicator PMeasune Ohjective: Dbjeative

CHa Anraal medan
™ Arrusl msden <0.23mal <0.45mal
™ Anrsl rmsdian M <0 DML
oo Anrul reden My B0 100%

| Secchi gise depth Annual median =1.7m A
Tunbiidiy Anral median NA <20NTL
Lyngina Anteal rmanamun <% Do BA
5™ inacroaigss)  Aeparting mons max. <ii A

56

assign a Report Card
Grade.




Part 2

Monitoring Manual

editors:

JE Brodie, SL Tong, M] Devlin and JI Marshall Crossland

contributing authors (in order of ASEAN country names):

Hj Muhammad Majdi bin Pehin Dato Hj Abdul Aziz, Sri Unon Purwati,
Norazma Binti Zainuddin, Malaysia, U Aung Aye, Vilma T. Cabading,
Renato T. Cruz, Marcelino N. Rivera, Jr, Indrani C Rajaram,
Wimolporn Wainipee, Pham Thuy Nga and Tran Thi Le Anh.

57



JE Brodie, Australian Centre for Tropical Freshwater Research (Catchment to Reef
Group), James Cook University, Townsville, Queensland;

M]J Devlin, Australian Centre for Tropical Freshwater Research (Catchment to Reef
Group), James Cook University, Townsville, Queensland;

SL Tong, Aquarius Systems (Malaysia) Sdn Bhd, 6B, Jalan Astaka L U8/L, Bukit
Jelutong, 40150 Shah Alam, Selangor, Malaysia;

Dr Hj Muhammad Majdi bin Pehin Dato Hj Abdul Aziz, Environmental Officer,
Environment, Parks and Recreation Department, Ministry for Development, Brunei
Darussalam;

Ms Sri Unon Purwati, Biology Laboratory Co-ordinator, Environmental Monitoring
Division, Ministry of Environment, Indonesia;

Mrs Norazma Binti Zainuddin, Principal Assistant Director, Water and Marine
Division, Department of Environment, Malaysia;

U Aung Aye Latt Demonstrator, Department of Marine Science, Mawlamyine
University, Ministry of Education, Myanmar;

Ms Vilma T. Cabading, Science Research Specialist, Environmental Management
Bureau, Department of Environment and Natural Resources, Philippines;

Mr Renato T. Cruz, Officer in Charge, Environmental Quality Division,
Environmental Management Bureau, Department of Environment and Natural
Resources, Philippines;

Mr Marcelino N. Rivera, Jr, Engineer, Water Quality Management Section,
Environmental Management Bureau, Department of Environment and Natural
Resources, Philippines;

Mrs Indrani C Rajaram, Chief Scientific Officer, Pollution Control Department,
National Environment Agency, Singapore;

Mrs Wimolporn Wainipee, Environmental Officer, Marine Environment Division,
Pollution Control Department, Water Quality Management Bureau, Thailand;

Mrs Pham Thuy Nga, Technical Officer, Centre for Environmental Monitoring Data
and Information, Viet Nam Environmental Protection Agency, Ministry of Natural
Resources and Environment, Viet Nam;

Mrs Tran Thi Le Anh, Deputy Director, Integrated Coastal Zone, Marine and River
Basin Management Division, Viet Nam Environmental Protection Agency, Ministry
of Natural Resources and Environment, Viet Nam.

58



TABLE OF CONTENTS

1. The Purpose of this Manual.. 69
1.1 Background ........ccccociiiiiiiiicc e 69
1.1.1 EmMerging iSSues ... 70
1.2 Types of Monitoring Programs ............ccccoeeoceeiniiceieinicccceccce e 71
121 INtrodUCHON ...ccoviiiiiiiiiiiii 71
122 Background/baseline monitoring ..........cccccovvvviviiininiiiniiien, 72
1.2.3  Issue-based MONItOTING........ccoviiiriiiiiriiiiiir e 74
124  Identifying contaminant SOUICES ..........cccovvririniiirinininininiiinseecene 74
12,5  Monitoring transport and processing of contaminants in catchments 76
12,6 Trend MONItOLING ....cooviviiiiiiicic 77
12.7  Management effectiveness monitoring...........cccocevvvviiviiiniiininiinnnnnn. 78
1.2.8  Status report MONItOTINg........cocoviiiiiiiiiiiiiiiiicc 80
1.29  Research moONitoring..........cccoeviiiiiiiiniiiiiiiiiiccecs 80
1.2.10 Reactive water quality mONitoring ..o 80
1.3 The Steps Required to Design and Implement a Monitoring Program 82

2. Setting Monitoring Program Objectives 83
2.1 Define the ISSUe..........cooiiiiiiiiii e 83
22 Define Information Requirements.............cccccccceciiiiiiiiiiiciicene, 84
2.3 Compile Available Information ............ccoooiii 84
2.4 Develop System Understanding and Build a Conceptual Model.......... 85
2.5 Set ODJECHIVES. ....cvvieiiiiicicie e 87
2.6 SUMIMATY c.viiiiicc s 87

3. Study Design Issues 87
3.1 INtrodUCHON ... 87
3.2 LOCAtION ...ttt 88
321  Definition of sSampling area........c.ccccceeueuveruririrriririeieeeeeeeeeeeeeeeees 88
3.3 Selection of Field Sampling Sites...........cccccocciuiiiiiiiiiiiiiciccccne 89
3.4 Data Variability ..o 91

59



3.5 Spatial and Temporal Variability ..........cccooooiiiiii, 93

3.6 Precision and Accuracy Required............cccccccoiiiiiiiiciiiniccciceene. 94
Field Sampling Program 95
4.1 Sampling Methods and Equipment ...........cccoooiiiiiiiiiie, 95
411 INtrodUCtioN ......cccceviiiiiiiiiiiciiiccc 95
412  Common sampling Protocols..........cocreiiiiiiiiiiiiiiieicece e 95
41.3  Sample container reqUITEMENts ...........cccocoviiriiiiirininiciie e 96
414 SaMPIE LYPES...oiiiiiiiiiii e 97
415  Sampling at depth.......cccccooiiiiiiiiii 98
4151 Equipment for sampling at depth ..o 98
4.1.5.2 Typical procedure for depth sampling ..........ccccoevvivniiiiiininnnnn, 100
41.6  Samples for physical and chemical analyses ...........cccceevvivrnininininccnce. 101
4.2 INULTIENES 1.t 103
421 INtrodUCHON ...t 103
422  Sampling Strategy .......cccocoeeioiiiieiiiiicc 104
423  Collection, treatment and storage............ccouevrieiiininiicieiicisicecees 105
4231 Quality control procedures during sampling ..........cccceceevevvnienirirecnce. 108
424  Blanks and standards for nutrient samples ............ccccceiiiiiiiiinnes 108
43 Trace Metals ......ccccoiiiiiiiiiii s 109
431  INtroduCtioN.......ccooviiiiiiiiiiiiciiccc e 109
432  Sampling Strategy .......cccccoeeiiiiiieiiiic 110
433  Sampling teChNIQUES .......ccccoovviiiiiiiii e 110
434  SAMPLNEG €ITOTS ...ocviiiiiiiiciccictcce e 111
435  Quality CONIOL ...ooomiiiiiii 111
4.3.6  Filtration techniques.............ooooiiiiiii 112
4.3.6.1 Without on-site filtration ..o 113
4.3.6.2 With on-site filtration ........cccccoovieieiiiii 113
43.7  Storage, preservation and treatment...........c.cooooiiiiiiii 114
43.8  Typical sampling procedures ..........ccccoouoiirieieiiiicicieieiccce e 115
4.4 Chlorophyll a and Phaeophytin ..., 116

60



441  INtroduction ..o 116
442 SAMPLNG .o 117
443  Sample pre-treatment ... 118
444 FIETINg ...ccoooviiiiiiiiiiiiciiiiicccc 118
445  Sample STOrage ......cccooeeueieiiicicieiccee s 119
446  Quality CONIOL ...ovviiiiii 119
4.5 Suspended SOLdS........cccciiiiiiiiiii 119
451  INtrodUCHON .....ccoviviiciiicc s 119
452  Sample COlleCtion ........cccouviiiiiiiiiiiiiiiiicicicc e 120
4.6 Bacteria ......cooviieieicc s 120
4.6.1  INtroduction.......cccovviiiiiiiiiiiiiicccc e 120
462  Method ...coiiiiiiiiiiic s 120
4.6.2.1 Sample collection — planning and preparation...........cccccceueueieiriicnennes 120
4.6.2.2 Sampling surface waters...........cccocevvviiiiiiiiiiiiiiiiias 121
4.6.2.3 Sub-surface SAMPLNG .........cooriiiiiiiiiie e 122
4.7 Physical and chemical parameters...........c.ccccoovueireiiieiiieinieice, 123
471 SAlNItY .o 123
4711 INtroduction .......cccoviiiiiiiiiiiiiiiiiiiccicce e 123
4.7.1.2  Sample cOlleCtion ..........coueviiuiiiiiicieicc s 124
472 Clarity, turbidity and light in marine waters.............cccccooooiiii. 125
4721 Turbidity ..o 125
4722  Secchi depth......ccccoiiiiiiiiiiiii e 126
4.7.2.3 Light Attenuation..........ccccooiiiiiiiiiiiiiiiiic e 126
473  TempPerature........ccccocoeieieieiiieieieieeieie e 127
474  Dissolved OXYZeN.....ccooiiiiiiiiiiiicieie s 127
475 PHu s 127
Laboratory Analysis Methodologies 127
5.1 INtrodUCHON. ... 127
51.1  Methods Strategy ... 127
512  Method-defined parameters............cccooeiiiiiiiiiiiiiiccces 128

61



52
521
5211
5212
5213
522
523
524
525
5.3
5.3.1
53.1.1
53.1.2
5.3.1.3
5314
5.3.1.5
532
5321
5322
5323
5324
533
5.3.3.1

5332

5.3.3.3
5334

5.3.3.5
5.3.3.6
5.3.3.7

INULFIENES ..t 130
INErOAUCHON. ...ttt 130
INTEOZOI ... 130
PhOSPROTUS. ...ttt 131
STLCA vttt 132
Synopsis of the technique..........cccvviviiiiiviiiiiiiiie, 132
EqQUipment ........cooviiiiii 133
MEthOd ..ot 133
Quality assurance/quality control for nutrients............cccoocevvevirirenecnce. 134
Trace MEtalS.....coveuivieiriiiiiiee s 134
INtrOAUCHON. ...ttt 135
Data quality 0bjectives........cccooviiiiiiiiiiiiiiiiccc e, 135
Contamination and low level Work.........ccccoveiinieiinnncciinnccennes 135
INtETETEICES ...ttt 138
Safety considerations .........c..ccceeveveiciiiciciciiicc 139
Sample acceptance and storage criteria ..........c.cooeeveveenirirenencninincrinenenn. 139
Method Selection ..........ceveirieirieinieiiereee e 139
Determining, defining and verifying detection limits..........cc..cccc.cc...... 140
Filtration and pre-treatment ...........coeeevevvvrneeninininnee e 141
Sample preparation for dissolved trace metals..........c.cccovvrinininiininn. 142
Pre-treatment for total trace metals ..........cccoociiiiiiiiiii 144
Methods for trace metal analysis for marine water samples................. 144
On-line chelation matrix removal and pre-concentration and

ICP-MS (Cd, Cu, Pb, Zn, Cr(II1)) ...eeeeirrereiiirieieeinenieiceinrereceneereneenenen 145
Off-line chelation matrix removal and pre-concentration and

GFAAS (Cd, Cu, Pb, Zn, Cr(II1))...ccererereeririrerereririrereneereeseses e 147
Mercury by cold vapour atomic fluorescence spectrometry (CVAFS) 147
Arsenic by hydride generation atomic absorption spectrometry .............
(HGAAS) ettt 148
Hexavalent chromium by ion chromatography ..........cccccceeevnnnnence. 148
Hexavalent chromium by solvent extraction-GFAAS.............cccccc..... 149
Tributyltin by solvent extraction-GFAAS ..., 149

62



5338
534
5.3.5
5.3.5.1
5352
5353
5354
5355
5.3.6
53.7
5.3.8
5.3.8.1
5.3.8.2
5.3.8.3
5.3.8.4
5.3.8.5
5.3.8.6
5.3.8.7
5.39
5.3.10
5.3.10.1
5.3.11
54
541
542
54.3
544
545
5.5
551
552

Organotin compounds by GC-PFPD..........ccccooiiiiiiiic 150

Analytical quality control.........cccoooveiiiiiiiiiii 150
Instrument quality CONIOl.......ccccoeuiiiiiiiiiiiiiiiiiiiccccccs 151
Calibration ... 151
Initial calibration verification (ICV).....ccceceverirerireeeeereeeeeeeee 151
Initial calibration blank (ICB) .......ccceoveieiieieieieieieeeeeeeeee e 152
Continuing calibration verification (CCV) .......cccccoovvniiiiiiniiiiins 152
Continuing calibration blank (CCB)........cccccoeveviiiiiiiiiiicciccns 152
ICP interference check sample (ICS).......ccccoeueieiiiniiiiccccccceee 152
GFAA analytical Spike ..o 152
Method quality cONtrol.........coooiiiiiii 153
Method blank (IMB) .....co.eiiiiriieiieeieeiee e 153
Laboratory Duplicate (LD)........cccccciuriiiriiiiiiciiiiiiiiccccccceeceeeenas 153
Matrix Spike (IMS)......ccooeiiiiiiiiiiiiiiiiicicc 154
Matrix spike duplicate (MSD) ........cccccevvviiiiiiniiiiiiccccccccs 155
Spiked method blank (SB).......cccccoeuiiiiiiiniiiiiiiiicccccceceecceeas 155
Laboratory control sample (LCS) ..o 155
Control HMIES ... 156
Corrective actionS........cciiviiiiiiiiiiiii 156
Establishing and objectively assessing laboratory performance.......... 156
Applications of reference materials ............ccooeueiiiiiiiiiiiiii 156
Participation in inter-comparison or laboratory performance tests.....158
CRIOTOPRYIL ... 158
INtrodUCHON. ... 158
Synopsis of techNique ..........ccooveiieiiiic e 159
EQUIPMENt ....cooviiiic e 159
MELNOQ ... 159
Quality cONtrol......ccouoiiiiici 161
Suspended SOLAS .........cocviiiiiiiiiii e 161
INErOdUCHON. ... 161
SYNOPSIS ..ttt 161

63



553  EqQUIPMeNt ..ot 162
554 MethOd ..ottt 162
5.6 BaCteria...c.veviieiiicecc s 163
5.6.1  INErOAUCHON. ...ttt e 163
5.6.2  Determination of total coliforms in seawater by membane filtration .163
5.62.1 INErOAUCHON. ...c.ervieiiiieiciecee ettt 163
5.6.2.2  SYNOPSIS .ecuiuiiiiiiiiiiii s 164
5.6.2.3 MethOd....cuioiiiiiiiieiciccc ettt 164
5.6.3  Determination of faecal coliforms in seawater by

membrane filtration .........coeceeerreccirnecirccec e 166
5.6.3.1 INErOAUCHON. ...c.erviiiiiitiiiteteee ettt 166
5.6.3.2  SYNOPSIS ..cvvviieciieiiiicieiecct s 166
5.6.3.3 MethOd ..o 166
5.7 Oil and Grease and Phenols...........ccccoveueerinnecinnecinnerecneieeeeneenen 167
571  Oil and Grease........ccooeuirieuirieinieinieirietsteteeee ettt 167
5711 INErOAUCHON. c..cuirtiiiiiiciiteteee ettt 167
5.8.1.2 Standard methods ........cccoceveiriiriiniiiiniencc e 168
5.8.1.3 Recommended Method ........cccoeueueeinnieieinniecinnieiccinrecerenecceenenne 168
5.8.2  PRENOL....cuciiiciciiiiicciccteecte ettt 169
5.82.1 INErOAUCHON. ...cuiitiiriiiiteieteteee ettt 169
5.8.2.2  MethOdS ...cuouiuiiiiiiii ettt 169
59 Cyanide ..o 170
591 INErOAUCHON. c..ecvieiriieiciiiietcictrtetcctsree ettt 170
592 MethOd ..ottt 170
5.10 SAINILY .o 171
5.10.1  INErOAUCHON. c..cueiviiiiiicieeteecec ettt 171
510.2  EqQUIPMENt....cooiiiiiiiiiii s 171
5.10.3  ProCeAUTIE.....coveveviiririeieiiinieiciitrietetcetstete ettt ettt ne e 171
Data analysis and interpretation 172
6.1 INEPOAUCHON. ...ttt 172

64



6.2 Selection Of INAICALOTS ..o 172
6.3 Data analysis and interpretation..........c.coooveeiiiiiici 174
6.4 Quality cONtrol......ooueiiiiicii 174
6.41  Sampling BITOIS.......ccooioiiiiieiiiicieiecc 175
6.4.2  Precision and Bias.........ccccooiiiiiiiiiii 175
6.5 Methods for analysis of data.........c.cccoeevviiiiiiiiiiiics 176
6.5.1  INtroduction.........ccocvuiiiiiiiiiiiiiiii e 176
6.5.2  Data quality control and validation..........cccocceeeiviiiiiiniiiiicnns 176
6.5.3  Statistical Methods ........ccccooeviiiiiiiiiiii 177
6.5.4  Descriptive statiStiCs ........cocoviiiiiiiiiiii 178
6.5.5  Hypothesis teStiNg........ccccceuiuiiiiiiiiiiiiiiicccccccceccceeee 179
6.5.6  Comparison with water quality criteria..........c.ccccoooeiiiiiiiiiiinnnne. 181
6.5.7  Probability of misclassification.............ccccciiiiiiiiiiiiiiiicne, 181
6.5.7.1 Burden of Proof...........cccooiiiiiiiiiiii s 182
6.5.7.2 Confidence of Compliance..........ccccooviiuiiiiiiiiiiiiicccccces 182
6.5.7.3 Bayesian estimation ..........ccccoviiiiiiiiiiiiine 183
6.5.8  Assessing trends in water quality data ..o 185
6.5.9  Multivariate methods ..o 186
6.6 Interpretation of ASEAN marine water quality criteria............c.c......... 188
6.6.1  Bacteria.......ccooiiiiiiiiiicc e 188
6.6.2  Suspended SOLdS..........ccoouruiiiiiiiiiii 189
Reporting and Disseminating Information 189
7.1 INtroduction......ccoiiiiiiiiiiiiic e 189
7.2 Report Card ..o 190
7.3 State of the Environment monitoring and reporting...........c..ccccocevueee. 191
7.4 Policy and plan effectiveness reporting ............cccoceevevicniecniinenccnnnnnn 193
7.5 Resource consents, compliance and complaints reporting ................... 193
7.6 SUMMATY ..ottt 194
7.7 WHhO t0 INVOLVE.....coiiiiiiiiiiiic e 194
References 195

65



List of Figures

Figure 1-1 ~ Framework for a water quality monitoring  program
Each box is dealt with by individual chapters in this
TIVATTUAL .ottt et e et e et e e et e e et e e e snaeeeenaaas 82

Figure 2-1  Framework for setting monitoring program objectives. ............ccc.c...... 83

Figure 2-2  Conceptual model of the effects of sediment and nutrient loads on coral
reefs (from Fabricius 2007). (COTs = Crown of Thorns Starfish) .......... 86

Figure 3-1  Freshwater, estuarine and coastal areas............ccccoooevoieriiiicinne 89
Figure 3-2  Suggested sampling sites for different types of estuaries and coastal

WALETS. ottt 92
Figure 4-1  Sub-surface sampling with extension arm. .........c.ccccooeieninninnnnen, 122
Figure 4-2  Sampler for sterile sub-surface sampling (from UNEP 1983).............. 123
Figure 5-1 A framework for designing an analysis program..............ccccceceeverunee. 128
Figure 5-2  Example of dilution series for incubation of total and faecal coliforms in

SEAWALEL. vttt 165
Figure 6-1  Framework for data analysis and interpretation............ccccccocoevrirnnnen. 174
Figure 6-2  Features of a Box and Whisker plot........c.cccoooiiiiiiii, 178

Figure 6-3  Estimating confidence of compliance by comparing water body statistical
output with class boundaries. .........cccocovvvvvnnnninnie 183

Figure 6-4  Illustration of a Bayesian approach to confidence of compliance.

(WWW,UKWE.OTE). ..o 184
Figure 6-5  Example of assessment by ordination (from USEPA 1998)................... 188
Figure 7-1 A framework for designing a reporting system.............ccccccceeueueueuennne. 189
Figure 7-2 Steps involved.i92tate of the enviro
List of Tables
Table 4-1.  Sample containers and requirements for field sample collection. ........ 96
Table 4-2.  Description of sampling containers and suggested parameters to be
collected in each type of container. ..........c.ccocoeevviiiiiiiniiiins 99
Table 4-3.  Equipment required for the sampling of water in a marine environment
(assumes sampling from a boat). ........cccceoeviviriniinininninie 100
Table 4-4.  Water quality parameters, recommended sampling volume, preservative
required for storage, and maximum holding time in storage. ............ 101
Table 4-5.  Methods of storage for nutrients analysis. ..........cccceeveiviinnninninnncnn. 106

66



Table 4-6. Preservation methods for trace metals collected in the field................ 116

Table 5-1.  Examples of concentration range of trace metals in marine waters
(adapted from Hickey and Pyle 2000).........ccccoorvreeiririnininieinieiininns 136
Table 5-2.  Proposed analytical techniques for trace metals analysis in marine water
for ASEAN applications. .......ccccoeieviiiiiiiiniiiiciccces 146

List of Text Boxes

Text Box 1.  Description of long term monitoring of chlorophyll in the Great Barrier

RO ettt ettt 73

Text Box 2.  Description of the European Bathing Waters Directive.......................... 75

Text Box 3. Description of Mackay Whitsunday Healthy Waterways Program .....76

Text Box 4. Description of long term monitoring of chlorophyll in Chesapeake

Bay oo 77

Text Box 5.Description of Ecosystem Health Monitoring Program............cccccccoccue... 79

Text Box 6.Description of National Maritime Safety Authority Oil Spill Plan............ 81
Appendices

1. USEPA Method 200.10 Determination of Trace Metals in Marine Waters by On-Line

Chelation Preconcentration and Inductively Coupled Plasma - Mass Spectrometry

(EPAT997) i s 201

2. USEPA Method 200.13 Determination of Trace metals in Marine Waters by Off-Line

Chelation Preconcentration with Graphite Furnace Atomic Absorption (EPA 1997b)

....................................................................................................................... 217

3. USEPA Method 1631 (Rev. E) Mercury in Water by Oxidation, Purge and Trap, and

Cold Vapour Atomic Fluorescence Spectrometry (EPA 2002)........ccccooeueiivircuennne. 237

4. USEPA Method 1632 Chemical speciation of arsenic in water and tissue by hydride

generation quartz furnace atomic absorption spectrometry (EPA 2001).................. 283

5. USEPA Method 1636 Determination of Hexavalent Chromium by lon Chromatography

(EPA TO96D) ...t 319

6. Determination of Trace Concentrations of Hexavalent Chromium (Gardner and

COMDBET 2002)...cuvieeeirieiirieiirieiriet ettt ettt ettt sttt sttt et ettt besaene 355

7. Tributyltin Distribution in the Coastal Environment of Peninsular Malaysia (Tong et

AL 1996) ... 361

8. Determination of Organotin Compounds in Environmental Samples by Gas

Chromatography Pulse Flame Photometric Detection. ............ccovccvnicccininnanian. 371

9. QUASIMEME Laboratory Performance Studies Scheme (2007-2008)............. 379

67



68



Monitoring Manual

Part 2
Monitoring Manual

1 Background

ASEAN environment ministers adopted the ASEAN Marine Water Quality Criteria
(AMWQC) for 17 parameters in 2002. Part One of this Handbook outlines the history
behind the Criteria and steps towards their implementation under the ASEAN Marine
water Quality Project.

Part Three of the Handbook (which follows) consists of a Monitoring Manual wherein
recommended methods for the implementation of monitoring programs suitable for
the AMWQC are documented.

Methods for program design, sampling, analysis, data analysis and interpretation
and reporting and information dissemination have been selected on the basis of their
suitability to be used in the ASEAN region. The methods focus on the 19 parameters
included in the initial AMWQC report (Anderson et al 1999) (18 where nitrate and
nitrite are counted as one) even though only 17 of these were accepted by the ASEAN
ministers in 2002 (Zn and As were exclude as needing further studies). One other
parameter — chlorophyll — has also been included in the methods as it is now realised
that this is a critical indicator of nutrient enrichment.

Where possible, alternate but acceptable, methods are given covering different levels
of sophistication of instrumentation. This is in recognition that all states in ASEAN do
not have access to the same capacity of analytical instrumentation. This Manual does
not list all methods suitable for the AMWQC parameter list but attempts to include
those we believe are most likely to be of use in the region.

Equal emphasis in this manual is given to project design and data analysis as are given
to sampling and laboratory methods as it is commonly noted that many monitoring
programs throughout the world have inadequate design and are not set up to answer
a clear question (objective) or are designed such that the data collected is not adequate
to answer the required question.
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Monitoring Manual

The structure of this manual is based on the document ‘Australian Guidelines for
Water Quality Monitoring and Reporting” and section headings loosely follow those
laid out in the process flow charts of that document:

Setting monitoring program objectives;
Study design;

Field sampling program;

Laboratory analysis;

Data analysis and interpretation; and

Reporting and information dissemination.

This manual is designed to be used with a number of other publications from which
many of the techniques, methods and information were drawn in preparing the
manual. Some of those publications form an essential companion set for this manual.
They are:

1.

1.1.1

ANZECC 2000b. Australian Water Quality Guidelines for Fresh and Marine
Waters, Australian and New Zealand Environment and Conservation Council,
Canberra, ACT, Australia.

Grasshoff K, Kremling K and Ehrhardt M (eds) 1999. Methods of Seawater
Analysis. Wiley-VCH.

APHA 2006 Standard Methods for the Examination of Water and Wastewater.
American Public Health Association, 215t Edition, and online methods at www.
apha.org/publications/

. Johnstone R and Preston M 1993. Nutrient analysis in tropical marine

waters. Practical guidance and safety notes for the performance of dissolved

micronutrient analysis in seawater with particular reference to tropical waters.
IOC UNESCO Manuals and Guides No. 28, UNESCO, Paris.

UNEP 1983. Determination of faecal coliforms in sea-water by the membrane
filtration culture method. UNEP/WHO Reference Methods for Marine
Pollution Studies No. 3 Rev. 1. 1983 Revised 1995.

Queensland EPA 1994. Water quality sampling manual. http://www.epa.
qld.gov.au/publications/p00330aa.pdf/Water_quality_sampling_manual
for_use_in_testing_for_compliance_with_the_Environmental Protection_
Act_1994.pdf

Emerging issues

The original 17 parameters identified by ASEAN (McPherson et al. 1999) encompass
a suite of parameters targeted primarily on trace metals, nutrients and suspended
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sediment. Discussion at the ASEAN Regional Expert workshops (Viet Nam and
Bangkok) identified some potential parameters which may be beneficial to add to
future monitoring programs, e.g., chlorophyll 4, polyaromatic hydrocarbons (PAHs)
and some parameters that should be measured for background data, e.g., salinity,
turbidity. Techniques for monitoring these parameters have been included in this
manual.

New substances which may become pollutants are being introduced into human
use in specific locations all the time. These include a whole range of new synthetic
chemicals as well as changes in usage of older chemicals in new locations. In recent
years, a number of studies have demonstrated the presence of contaminants that
had not previously been measured in the environment (EPA USA). These include
many commonly-used compounds such as insecticides, pharmaceuticals, antibiotics,
hormones, fire retardants, detergents and other industrial chemicals that are produced
in high volumes and can be introduced to the environment during their production,
use or disposal. They have probably been present in the environment since they
entered commercial use, but the technologies for their detection have only recently
become widely available.

Types of Monitoring Programs

1.2.1 Introduction

Long-term environmental monitoring is essential to determine baselines, measure
change and assess overall ecosystem health. Enhanced monitoring can improve the
management and protection of marine resources and can also protect human health.
The creation of an integrated monitoring network that encompasses estuarine, coastal
and offshore waters allows documentation of status and change.

There are various reasons for monitoring water quality, some of which are listed
below. A monitoring program may have objectives which encompass several of these
objectives. The type of monitoring program that a country will eventually decide to
use will depend on the type of information required by scientists and management
within that country.

Consideration of the parameters needed to answer the monitoring question and
linked to the conceptual model is essential. For example, to detect whether fertiliser
residues of nitrogen are being discharged into a particular marine environment, it
may be important to measure nitrate and not just total nitrogen, as fertiliser is lost as
nitrate while total nitrogen contains nitrogen from many sources.

A properly designed sampling program will require an understanding of the
environment as well as the wide variety of physical, chemical and biological processes
influencing the distribution of the analyte(s) being monitored.
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1.2.2 Background/ baseline monitoring

Background or baseline monitoring is carried out to understand the spatial and
temporal range of water quality parameters important to aquatic ecosystem health
in water bodies, or to assess natural variability of water quality parameters in time
and space. This information can then be used in designing a monitoring program in
which the signal (the result being sought) can be separated from the noise (the natural
variability). Typically, long-term monitoring data is required to confidently identify
the spatial and temporal patterns in marine waters (see Text Box 1).

It is important to distinguish between detection and assessment. There is a major
difference in how two such monitoring studies would be planned. To detect an impact
(see Section 1.2.4) it is only necessary to demonstrate an unambiguous effect on one
component of the ecosystem. To assess the impact, or to detect long-term change, it is
important to monitor all components that are indicative of that change. The spatial
and temporal constraints on the monitoring will be defined by the intensity of the
influence and extent of the ecosystem being monitored. In baseline monitoring, it is
useful to monitor two systems, one in which there is evidence that change may have
occurred and one in which the extent of change is minimised (i.e., a reference site).
Monitoring information can then be analysed over time and over spatial scales. For
example, the Long term Chlorophyll Monitoring Program in the Great Barrier Reef
(Brodie et al. 2007) documents the regional cross-shelf patterns of phytoplankton
biomass, recorded as chlorophyll a4 concentration, in Great Barrier Reef (GBR)
waters. Decadal monitoring of monthly samples across and along GBR waters have
demonstrated significant differences in chlorophyll a across the shelf, with mean
inshore concentrations exceeding offshore concentrations and persistently higher
inshore concentrations adjacent to catchments with higher occurrences of agriculture
(De’ath et al. 2006). Further details on the design of the monitoring program can be
found in Text Box 1.
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Box 1. Long-term monitoring of chlorophyll in the Great Barrier Reef

Surface chlorophyll a concentrations in the Great Barrier Reef (GBR) lagoon have been
monitored monthly since 1992 at 86 stations in the GBR lagoon within five broad regional zones.
The stations are located on eight sites across the shelf from 13°S to 23°S. The monitoring
program was established to detect changes in nearshore water quality as a result of increasing
loads of nutrients being exported from the catchments adjoining the GBR. In most regions,
sampling is conducted monthly including both nearshore (<25 km from the coast) and offshore
(>25 km from coast) conditions. Sampling was conducted at approximately monthly intervals in
order to quantify seasonal changes in phytoplankton biomass. More frequent sampling was
constrained by operational costs.

The actual date for sampling within a calendar month was determined by the individual collecting
institution and depended on logistics such as prevailing weather conditions.

The duration and time-span of individual data sets vary between regions. At each sampling
station, weather and physico-chemical measurements (salinity, temperature, secchi depth, depth,
presence of Trichodesmium spp. and weather conditions) are also collected to aid interpretation
of the chlorophyll a results.

A schematic of the chlorophyll a sampling strategy for each cross-shelf region is presented below.
For more information, see www.gbrmpa.gov.au

Regional Cross-shelf Transect

I

Month 1

Month2 etc.

A 4

Sampling Station 1 Sampling Station 2 Sampling Station x...etc

Sample 1 Sample 2

Duplicate A Duplicate B
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1.2.3 Issue-based monitoring

Issue-based monitoring is carried out to identify particular water quality issues, such
as:

(a) Is a water body contaminated — that is, are there detectable contaminants in the
water body at concentrations above those that occur naturally?

(b)Is a water body polluted — that is, are there detectable contaminants at
concentrations known to cause adverse ecosystem effects or human health
effects?

(c) Does the water body meet water quality guidelines/criteria?
(D) Are there detectable adverse biological effects or human health effects?

Text Box 2 illustrates a compliance monitoring program set up to identify non-
compliancesinbathing watersin European waters. The quality of bathing watersrelates
directly to human health, so it is important to have a compliance-based monitoring
program which can identify problem areas quickly and instigate management actions
to avoid impacts on human health.

1.2.4 Identifying contaminant sources

Monitoring may be carried out to identify (and quantify) the sources of contaminants
from the land to waterways, in terms of land uses and activities. In these programs
the land area will be divided into different land uses, potential pollutant sources
(e.g., oil palm cultivation, metallurgical industry, urban area, sewage treatment plant)
determined and the water quality characteristics of each source identified through
monitoring sites downstream of each land use/source.

An example of a monitoring program set up to identify contaminant sources in land
use is the Healthy Waterways program running in the Mackay-Whitsunday region
adjacent to Southern Great Barrier Reef waters (Rohde et al. 2006). The project was
designed to quantify pollutants generated by the major land uses in rainfall runoff
events in the Mackay-Whitsunday region and to quantify pollutants discharging to
the inshore areas of the GBR lagoon. Further details of the design of the program are
given in Text Box 3.

74




Monitoring Manual

Box 2. The European Bathing Waters Directive

The aim of this monitoring program is to inform the public of the quality of bathing areas in each
Member State of the European Community over the previous year and the frequency of non-
compliances of bacteriological thresholds. It also covers trends in bathing water quality in relation
to previous bathing seasons (from 1990 to 2006).

Sampling of bathing waters during the bathing season.

Samples are taken at the place where most bathers can be found and with a specific frequency.
The basic rule is fortnightly sampling, visual and olfactory inspection of the water during the
bathing season, plus one additional sample 14 days before the start of the bathing season.

Analysis of the water samples by a qualified laboratory.

The samples are analysed as quickly as possible. The samples should be analysed for all
parameters listed in Annex 1 to the Directive. Priority is given to two microbiological parameters:-
total and faecal coliforms—and three physico-chemical parameters:-mineral oils, surface-active
substances (lasting foam as a result of the presence of detergents) and phenols.

Compliance reporting.

European states shall set for all bathing areas or for each individual bathing area, the values
applicable to bathing water for the parameters given in the table below. The values measured in
the bathing water programs may not be less stringent than those given in the mandatory column.

Reporting to the European Commission. Member States report the results of the sampling to
the Commission. On the basis of these results, the Commission then publishes this report with
the quality assessments and updates the website before the start of the new bathing season.

Information to the public.
Most Member States distribute information on the quality of their bathing areas through the press,
television, Internet, etc. during the bathing season and present a summary report shortly after the
end of the bathing season.

For further information, please refer to
Www.europa.com or www.environment-aqencv.qov.uk

Micriobiological . Minimum . . .
Guide Mandatory | sampling Method of analysis and inspection
parameters h
requency
1 | Total 500 10 000 Fortnightly | Fermentation in multiple tubes. Subculturing of
coliforms/100ml 1) the positive tubes on a confirmation medium.

Count according to MPN (most probable number)
or membrane filtration and culture on an

2 | Faecal 100 2000 Fortnightly | appropriate medium such as Tergitol lactose

coliforms/100ml 1) agar, endo-agar, 0.4% Teepol broth, subculturing
and identification of the suspect colonies. In case
of 1 and 2, the incubation temperature is variable
according to whether total or faecal coliforms are
being investigated.

3 | Faecal 100 - 2 Litsky method. Count according to MPN (most

streptococci/100ml probable number) or filtration on membrane.
Culture on appropriae medium.

4 | Salmonella/litre - 0 ) Concentration by membrane filtration. Inoculation
on a standard medium. Enrichment - subculturing
on isolating agar - identification

5 | Enteroviruses - 0 2) Concentrating by filtration flocculation or

PFU/10 litres centrifuging and confirmation
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1.2.5 Monitoring transport and processing of contaminants in
catchments

This type of monitoring is designed to interpret and quantify the transport of
contaminants (concentrations and loads) from the generation point (land use,
specific activities) to and within the water body of concern. During transport, the
determination of rates of trapping and removal of contaminants and storage times is
necessary. Important trapping/removal mechanisms include sedimentation, burial,
chemical detoxification, denitrification, biological uptake of nutrients and storage in
vegetation and animals, evaporation, dilution and complete removal from the system.
In this type of monitoring program, sampling sites spaced out longitudinally from the
source to the ecosystem of concern may be used to measure the changes occurring to
key pollutants. Programs such as the Healthy Waterways program described in

Box 3. Mackay Whitsunday Healthy Waterways Program

This program was set up to:
(i) Quantify pollutants generated by the major land uses in rainfall runoff events in the
Mackay Whitsunday region.
(ii) Quantify pollutants discharging to the inshore areas of the Great Barrier Reef (GBR)
lagoon.
(iii) Obtain baseline data to support regional and local target-setting and water quality
improvement plans.

The Mackay Whitsunday region covers an area of approximately 9000 km? along the central
Queensland coast with 4 major rivers and a number of smaller streams discharging directly to the
GBR lagoon and the western Coral Sea.

Major land uses in the region include sugarcane growing, beef grazing and urban/industrial, with
considerable areas of national park/state forest. Significant water quality issues have been
identified in the region in previous studies, and include fish kills associated with low dissolved
oxygen, mangrove dieback and high concentrations of nutrients and herbicide residues in major
stream-flow events.

A total of 21 sites was selected to represent runoff from single land use sub-catchments (forest,
sugarcane, grazing and urban) and mixed land-use catchments. Sampling was targeted at flood
events where sites along the rivers and smaller streams were sampled in combination with
marine sampling. Total suspended solids, nutrients, pesticide residues and organic compounds
from event flows were measured from different land uses and catchments. The extent and nature
of plumes in the marine environment were quantified using aerial mapping and satellite imagery.
Nutrients were analysed to give full speciation and the pesticides targeted were those known to
be used in the region, particularly a number of herbicides.

Results from the monitoring program have led to some preliminary observations about the source
of contaminants and their impact. In comparison to forest sub-catchments, it was found that:
. Sugarcane-dominated sub-catchments exported moderate to low concentrations of
total suspended solids (TSS), high concentrations of dissolved nutrients (particularly
nitrate and phosphate) and herbicides (particularly diuron).

. Grazing-dominated sub-catchments exported moderate concentrations of TSS and
nutrients and low concentrations of some herbicides.
. Urban sub-catchments exported high concentrations of total phosphorus (TP) and

filterable reactive phosphorus (FRP) and moderate concentrations of trace organics
(herbicides and hydrocarbons).

For more information on the design of the monitoring program, please refer to Rohde et al. 2006
and www.actfr.jcu.edu.au
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Text Box 3 are also useful in quantifying contaminants from specific land uses. Many

monitoring programs use in situ measurements from rivers to calculate daily loads of
nutrients into adjacent coastal waters. Typically these monitoring programs have in
situ high frequency measurements of flow rates coupled with less frequent nutrient
measurements (Mitchell and Furnas 1997).

Box 4. Long-term monitoring of chlorophyll in Chesapeake Bay, USA

Background

Over a period of decades, significant changes are believed to have occurred in the phytoplankton
dynamics of Chesapeake Bay, including elevated nutrients inputs, particularly nitrogen and
phosphorus, which has promoted a significant increase in phytoplankton biomass since the early
1950s. Other changes include a shift in the size structure of the phytoplankton (Malone et al.
1991) and a change in the phytoplankton species composition (Marshal and Lacouture 1986)

Understanding trends in phytoplankton dynamics is complicated by large seasonal and
interannual variations in the distribution and abundance of phytoplankton, superimposed on
changes that are thought to have occurred over a period of several decades.

However, trend analysis shows a quantitative evidence of change in Chesapeake Bay by
reporting a long term increase of phytoplankton biomass, measured as surface chlorophyll a
concentrations (Harding Jr and Perry, 1994). Chlorophyll is useful expression of phytoplankton
biomass and is arguably the single most responsive indicator of N and P enrichment in this
system.

Model

The analysis allowed for the removal of freshwater flow and attendant properties by developing
regional models to predict chlorophyll a from physical variables and use of the models to resolve
an historical increase of chlorophyll a from variability. The models developed quantified a long
term chlorophyll a trend by simplifying the processes controlling the variables to be predicted.
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Trend analysis
Analysis of chlorophyll a is from data collected between 1950 and 1994 and relies on models of
mean monthly chlorophyll for 6 separate regions.

Data from each annual set of chlorophyll a, salinity (S) and temperature (T) were grouped by
month and region and mean monthly (arithmetic mean) log4o chlorophyll a was computed for each
of the 6 regions selected to represent the 6 salinity types of the Bay. A set of autoregressive
moving average models with structural components reflecting the contributions of freshwater flow,
S and T was developed to predict the mean monthly chlorophyll a concentration by region.

1.2.6 Trend monitoring

This type of monitoring is carried out to identify trends (commonly temporal trends)
in contaminant generation and water-body concentration, typically looking for
conclusive evidence of change, e.g., increases/decreases in contaminant loadings
or contaminant concentrations through time, improving/deteriorating biological
indications of ecosystem health. Trends may occur at a range of temporal scales, such
as daily (day and night), monthly (tidal/lunar), seasonally (summer/winter or wet
season/dry season) or multi-year (El Nifio, sunspots cycle).
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The problem of detecting a trend is usually compounded by limited spatial and
temporal coverage for indicators of water quality. Sparse data can make it difficult to
identify seasonal and interannual variability and to correct for any external influences
on the variability such as prevailing weather conditions. In most estuarine and coastal
systems, detecting changes in water quality over periods of years is complicated
by high variability. Few data sets are available with the time-span of coverage or
consistency of methodology to identify the signals of change, particularly for water
quality indicators. However, with the right planning and the right questions, long-
term monitoring can be analysed for trends that identify anthropogenic influences.
Confidence in the detection of trends is a powerful tool for both management and
public awareness. In Chesapeake Bay, data for chlorophyll a has been collected
for five decades (Harding Jr 1994; Harding Jr and Perry 1997). This long-term data
set, though not optimally distributed in time and space, represents a potentially
informative indicator of ecosystem change. Text Box 4 describes the long-term
monitoring program and the statistical techniques used in the trend analysis.

1.2.7 Management effectiveness monitoring

Such monitoring is carried out to determine whether management intervention to
reduce contaminant sources is changing contaminant concentration/loadings. This
will normally incorporate a trend or comparison element, such as comparison data
from before and after the intervention was done. In this type of monitoring, issues
such as those associated with comparisons between adjacent sites, ‘reference” sites,
before and after comparisons incorporated into the multiple before-after control-
impact (MBACI) system have to be resolved.

An example of this type of monitoring is sampling in different sub-catchments and in
adjacent coastal waters. This ties specific river sources to outputs (Rohde et al. 2006).
Information can directly inform management of problem sources and how best to
reduce deleterious anthropogenic inputs.

It is important to manage management expectations. Any information depends on
the parameter being measured, and direct relationships can not always be inferred.
For example, interannual variability in sediment loads can be much larger than any
reductions in sediment loss from catchment areas. It may take years to see an impact
from a management decision. By identifying where the management action is most
likely to be affected, e.g., at a sub-catchment scale, it may be possible to measure
change. At a larger ecosystem scale (coastal/offshore) such identification is much
more difficult.

Different sources of parameters react differently. For example, coastal erosion can
be reduced by planting trees, but there may be a decadal response before sediment
reduction in rivers and the sea. Nutrient reduction strategies may be measurable
in rivers and sub-catchments but it may take many years before resultant biological
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change in marine waters is measurable. However, if there is a reduction in pesticide
input, the effects can be seen within a year or two, as pesticides are not found naturally
and have a short half-life. Management strategies need to understand the nature of
the parameter and its occurrence in marine systems (natural or non-natural). There
is a need to be aware when identifying a trend analysis and the knock-on effect to
biological communities.

Box 5. Ecosystem Health Monitoring Program (South East Queensland)

The Ecosystem Health Monitoring Program (EHMP) is one of the most comprehensive marine,
estuarine and freshwater monitoring programs in Australia. It delivers a regional assessment of
the ambient ecosystem health (or ‘pulse’) for each of South East Queensland’s (SEQ) 18 major
catchments, 18 river estuaries and Moreton Bay, highlighting where the health of our waterways
is getting better or worse.

Ecosystem health is assessed using traditional water quality parameters, complemented by a
limited range of biological indicators. Water quality parameters are measured every month at 254
sites, whilst sampling of biological indicators varies according to the characteristics of these
particular indicators.

Estuarine/Marine Report Card
From the 254 sites, maps are produced for each indicator which show the median values for
each sites for the reporting year.

Compliance scores are then calculated for each indicator as the proportion of the ‘reporting
zone’ that complies with Queensland Water Quality Guidelines. (0=non-compliance, 1=
compliance).
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An Ecosystem Health Index (EHI) for the reporting zone is calculated by averaging the
compliance score for each indicator.

Biological Health Rating (BHR) assesses the biological indicators for estuaries and the bay.
BHR ranges from 0 to 1 for each zone, with 1 representing an unmodified and healthy ecosystem.
For more information, please refer to www.ehmp.org/index.html

Parameters

Water quality is comprised of physico-chemical parameters, dissolved and total nutrients, water
clarity and phytoplankton abundance. Water quality information is collected to assess baseline
ecosystem processes and to track changes in the zones of human impact.

Sewage nitrogen mapping assesses the extent of sewage treatment plant discharges into SEQ
waterways through measurements of the uptake of the stable nitrogen isotope °N by the
macroalga Catenella nipae.

Lyngbya majuscula is a toxic filamentous cyanobacterium found in tropical and sub-tropical
marine and estuarine environments worldwide. EHMP compiles data from a variety of sources to
create an annual distribution map of Lyngbya in Moreton Bay.

Coral community structure of hard substrates is monitored at five sites throughout Moreton
Bay. Data are collected from 5 sites on three 20 m long transects at each site. Each transect
runs parallel to the shoreline to ensure that data are recorded from similar depths across the site.
Queensland Parks and Wildlife Service marine park rangers capture video footage along the
transect lines using an underwater digital video camera. The film is analysed for total percent
cover. The substrate is categorised into 5 groups; hard coral, soft coral, sponge, macroalgae and
bare substrate. Incidents of coral bleaching are also recorded.

The seagrass depth range (SDR) is the difference in elevation (m) between the upper and lower
depth record of the seagrass Zostera capricorni at a site. The distribution of seagrass in Moreton
Bay is mapped every three years using a combination of remotely sensed images, underwater
camera observation and visual estimation of seagrass cover.
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1.2.8 Status report monitoring

One common use of monitoring programs is to collect data which can be used in
an assessment/ranking scheme for the environment, such as a water quality report
card or a ‘State of the Environment’ report. The Healthy Waterways Program is a
well-developed setup in south-eastern Queensland in which a score-card system is
associated with a comprehensive monitoring program (Text Box 5). See The ASEAN
Marine Water Quality: Management Guidelines for further information.

Monitoring outputs via a report card or state of environment reporting process can
manage expectations far better than reporting data (especially with lack of long-term
data). They can identify where the problems are occurring, and are easily understood
by non-scientists.

1.2.9 Research monitoring

Some water quality/ecosystem health questions only require a short study at limited
locations to reach a conclusive answer and in these cases the boundary between
monitoring and research becomes blurred.

1.2.10 Reactive water quality monitoring

Programs set up to link to a pollution event are known as reactive water quality
monitoring events. They are typically triggered by a pollution event such as an oil
spill and usually have contingency plans to be implemented very quickly after the
pollution incident. These types of programs are usually associated with high public
awareness of the pollution event and should be managed transparently with a well-
developed public information and communication system in place. Information
relating to the pollution event is not always able to be collected at the time of the
sampling and links to long-term monitoring programs (where existing) and other
sources of information are essential for the long-term management of the impacts of
the pollution event. Text Box 6 illustrates a oil spill contingency program set up by
the Australian National Maritime Safety Authority.
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Box 6. National Maritime Safety Authority: National Marine Oil Spill
Contingency Plan

The National Plan has been in operation since 1973 and brings together the combined resources
of the Commonwealth, State and Northern Territory (State/NT) Governments, and the oil,
shipping and exploration industries, to provide a level of preparedness to the threat posed to the
marine environment by oil and chemical spills. For full response scenario, refer to
www.amsa.gov.au/publications/OILSPILL

RESPONSE

Measures to be employed

In the event of an oil spill in the marine environment the following measures should be employed
according to the circumstances of the spill and conditions prevailing:

« if possible prevent, control or stop the outflow of oil from the source;

« if coastal or marine resources are not threatened or likely to be threatened, monitor the movement and
behaviour of the oil spill;

« if coastal and marine resources are threatened, activate response operations to protect sensitive
resources;

« if possible, contain the spread of oil; and ¢ if, due to weather and sea conditions, a response at sea is not
feasible, or the protection of sensitive areas is not feasible, or these have already been affected, determine
appropriate cleanup priorities and other response measures. The importance of human health and safety in
any response operation cannot be overstressed.

Overall Protection Priorities

Protection priorities to be employed during a response to an oil spill are, in order of descending
priority:

* human health and safety; / « habitat and cultural resources; /* rare and/or endangered flora and fauna;

« commercial resources; and » amenities.

Incident Reporting and Response Activation

Notification of a pollution incident will normally be made from observations by Government
agencies, shipping or aircraft, by the public, or by those responsible for the incident. The
response procedures that shall be followed are summarised below:

INITIAL REPORT l@¢———Position, Location, Time,
Size
Statutory/Combat
f————
NOTIFICATION Ageney
EPR AMSA
Winds, Currents, Tdes, Oil
le . , Tides,
ASSESSHENT Properties, Quantity &
Location
Availabilty and Location
RESPONSE DECISION f—
Equipment & Personnel
Support Tools  ————— RESPONSE
Protection Prioritie
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1.3  The Steps Required to Design and Implement a Monitoring
Program

Figure 1.1 outlines the six step process involved in the design and implementation of a
marine monitoring program. Each step will be discussed in more detail in subsequent
sections. Monitoring programs require identification of a set of objectives, or what
is required from the monitoring program. The objectives of the program will then
decide the structure of the study design, the field sampling program, laboratory
analysis, data analysis and the final reporting and information outputs. Each section
is covered within separate chapters.

Setting monitoring program objectives > Chapter 2
v
> Study design > Chapter 3
A
Field Sampling Program > Chapter 4
\ 4
Laboratory analysis > Chapter 5
v
Data analysis and interpretation > Chapter 6
A4
Reporting and information destination > Chapter 7

Figure 1-1. Framework for a water quality monitoring program. Each box is dealt
with in individual chapters in this manual.
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2 Setting Monitoring Program Objectives

The establishment of monitoring program objectives is facilitated by a series of
steps, including definition of the issue, definition of the information requirements,
compilation of all available information and development of a conceptual model. The
recommended steps in the development of the monitoring program objectives are
shown in Figure 2-1.

Define the issue

\ 4

Define information requirements <
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A

Compile information
requirements

v

Develop system understanding
and conceptual process model

v

Set objectives

Figure 2-1. Framework for setting monitoring program objectives.

2.1 Define the Issue

When designing a monitoring program it is essential to define the issue, or the reason
why it is important to monitor information on the parameters. One way to define the
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issue is to identify the risks to the environment from anthropogenic influences. For
example, the program ‘Reefs at Risk” shows a risk-based analysis of the cumulative
threats of over-exploitative land-use, pollution and coastal development, coupled
with the effects of global climate change (www.wri.org/reefsatrisk ). Despite widespread
recognition that coral reefs are severely threatened, information regarding particular
threats to specific reef areas is limited. Only a small percentage of reefs has ever been
studied, and even fewer have been monitored over time using consistent methods.
In addition, these data are rarely consolidated in a central repository where copies
would be widely accessible.

This lack of information inhibits effective decision-making about coastal resources.
The Reefs at Risk in Southeast Asia (RRSEA) project was designed to address this
information deficiency through an extensive data compilation and improvement
effort. Understanding which human activities negatively impact which reefs is a key
to future conservation and planning efforts. The goal of the RRSEA project is to raise
awareness about threats to coral reefs and provide resource managers with specific
information and tools to manage coastal habitats in Southeast Asia more effectively.

2.2 Define Information Requirements

Itisimportant to consider over what area in the marine environment the key pollutants
are likely to be dispersed and whether the monitoring program will cover this whole
area or concentrate on some smaller part, perhaps considered to be representative of
the whole.

An idea of the likely duration of the study is also important. This may depend on
natural variability of the system (long enough to distinguish the signal being detected
from the ‘noise’), seasonal factors, logistics constraints, budgets and other factors.

2.3 Compile Available Information

Before starting any monitoring program, it is important to review all existing data, in
both scientific and grey literature. A review of existing water quality information and
ecosystem health information in the study area provides background information for
the new monitoring program. Historical data can be invaluable in investigating trends
in the water quality parameters, identifying the approximate ranges of concentrations
that exist in the monitoring areas, and can increase confidence in potential outcomes.
Spatial analysis of the existing data is useful in identifying areas of interest and areas
of concern.
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2.4 Develop System Understanding and Build a Conceptual
Model

This is a critical initial step in monitoring design. A clear understanding/model of
how the identified key pollutants cause loss of ecosystem health or values in the
region of concern is necessary to interpret the meaning of the data collected.

Most monitoring programs use a qualitative monitoring model to deal with the
monitoring results because it is not initially clear what a change in a key pollutant
concentration means for the ecosystem/value at risk. Models can be simple or
complex and can be pictorial or ‘arrows and connections’ (Figure 2.2).

A conceptual model of the system with a simple diagram showing the boundaries
of the system of concern and showing the important inputs and outcomes of interest
is all that is needed (Maher et al. 1994). Its production may help ensure inclusion
of all the important processes and critical measurements. Conceptual models are
important in defining the ‘why” question. These diagrams enable explicit knowledge
about an aquatic system, especially assumptions of how a system functions and the
important (or dominant) processes. Models can help define:

e What to measure and with what precision;
e Site selection;
* Spatial boundaries; and

e Time and seasonal considerations.
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Figure 2-2. Conceptual model of the effects of sediment and nutrient loads on
coral reefs (from Fabricius 2007). (COTs = Crown of Thorns Starfish)
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2.5 Set Objectives

It is critical that the monitoring program has a question or an objective which is
believed to be able to be answered using the data to be collected. Many water quality
monitoring programs globally to date did not have a clear question, so that years of
data collection did not answer the question that needed an answer. By setting the
questions(s) early, the monitoring program can be designed with the correct sampling
locations, frequencies, parameters etc to specifically answer the actual question.
Examples of hypothetical questions would be:

* [s a marine system improving due to management actions?
e If so, how can you tell which way it is heading?
*  Which area is most at risk?

e  What is the source of risk?

2.6 Summary

Specific monitoring objectives should be considered for each ecosystem or Beneficial
Use identified in the monitoring program.

A comprehensive water quality monitoring program in a tropical environment should
include biological monitoring in parallel with water column monitoring (these are
closely inter-linked and related). Biological monitoring manuals can be found readily
in literature (e.g., www.aims.gov.au; Christie et al. 1995). This present monitoring
manual focuses on the water column. Practical cost-effective approaches are included
with a range of methodologies referred to but not always described in detail. It is
recommended to use this manual with the supporting appendices and referenced
literature.

3  Study Design Issues

3.1 Infroduction

The ultimate goal of any sampling strategy is to guarantee the acquisition of valid data.
The sampling strategy is governed by the objectives of the monitoring program and by
the expected or known spatial and temporal variability of the analyte concentrations.

For a monitoring program to produce the maximum amount of useful data with the
minimum of effort, information is needed regarding:

e Nature of the area;

* Location and nature of pollution sources;

87

<
=)
c
S
>
oD
c
=
]
§=
c
)
>




Monitoring Manual

¢ Areas of immediate concern;

e Sampling stations;

e Number of samples and frequency of sampling; and
* Hydrological and climatic information.

A well-planned monitoring study needs to take into account all potential sources
of variability. When a clear understanding of the natural variability is understood,
anthropogenic influences can be identified.

Monitoring should involve a multi-scaled sampling approach with a focus on key
parameters that are expected to respond to management actions. In addition to the
techniques presented in this manual, it is important to identify relevant but simple
measurements to encourage community participation and strategic fixed stations to
improve our understanding of temporal variability in key parameters (Falkowski and
Kolber 1995).

3.2 Location

Before commencing a sampling program it is important to understand the area to be
sampled. The first requirement is a large-scale map which illustrates the topography
and catchment. The location of inflowing streams and rivers and urban centres are
particularly relevant and should be noted for future analysis, together with any
special features which can be used as reference points for sampling stations. Aerial
surveillance can give a valuable and unique perspective of a catchment, estuary or
coastal environment which is difficult to achieve by other means. During a physical
inspection of the area, the aerial map should be annotated to show any useful shore-
based reference points. Every estuary and coastal area has particular tidal patterns,
sediment loads, salinities and temperatures and when the basic characteristics of
an area are understood, many predictions about these and other parameters can be
made.

Information gleaned from local maps and visual inspection should assist in
identifying the major potential sources of pollution to be monitored. While sampling
is invariably used as a regulatory or control mechanism to manage existing problems,
it is equally important and more cost effective to use it to identify unaffected areas.
The identification of reference sites can be invaluable in assessment of anthropogenic
change.

3.2.1 Definition of sampling area

For the purposes of this manual and interpretation of the ASEAN water quality
criteria, definitions of estuarine and coastal areas need to be clarified. The definitions
of estuarine and coastal waters are based on the traditional definition of an estuary
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where the estuarine areas are contained between river banks and up to the tidal limit
as shown in Figure 3.1. In some interpretations the coastal area outside the estuary is
known as a river plume influenced estuarine area but in this manual we will call this
the coastal and /or marine area. The estuarine area is typically a heterogeneous system
with highly variable salinity regimes, influenced by both freshwater intrusion and
tidal currents. Itis a dynamic system where salinity may vary between 0 and 35 psu
depending on the season and freshwater inflow. This variable environment influences
all biological and chemical processes and should be accounted for in any data analysis.
In contrast, the coastal area is characterised by consistent salinities between 30 to 35
psu for most of the year (excluding periods of high riverine discharge).

Freshwater
tidal limit

stuary

River
mouth

Marine - coastal

Figure 3-1. Freshwater, estuarine and coastal areas.

3.3 Selection of Field Sampling Sites

Sampling sites should form a gradient away from the source (e.g., river mouth, sewage
treatment plant (STP) outfall) towards the ecosystem of concern (coral reef, fishery
area, aquaculture intake, recreational area, tourist area). Logistics of access to sites—
vessel access, weather constraints, water depth, safety issues and vessel traffic—also
need to be considered.
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The distribution of analytes in seawater varies according to locality, depth and time
(season) due to changes in physical and biogeochemical processes. Thus, the water
sampled should be representative of the conditions of the water body being studied
or at a given geographical location. The selection of sampling sites and depth is
dependent on the objectives of the monitoring program. Due consideration should
be given to variability of the analyte concentrations among sampling locations e.g.,
coastal urban and industrial areas, and to prevent memory effects from samplers used
when the concentrations of the target analytes vary greatly at different depths from
the same station or at a certain area.

However, for monitoring programs focusing on the baseline for a well-mixed seawater
body, such variations are expected to be minimal. Sampling at uniform depth, e.g. 30
cm below surface, and a fixed distance from the coast, may be selected for a sampling
program.

Sampling sites should be located in order to determine not only the impact of direct
sources but also the extent of impact on the whole estuary or coastal water body.
For sampling programs to be effective it is necessary to take samples at extremes of
tide and season, often over considerable periods of time (months to years) and/or at
long time intervals. Fixed sampling sites enable repetition and comparison over time.
This is where good planning of the program in advance is particularly important.

Figure 3-2 illustrates some of the major types of hydrographic situations which may
be encountered and some types of sampling programs. In areas where large intertidal
flats are exposed, sampling carried out at or near low water is necessarily greatly
restricted by the limited volume of water available. While the examples given are
illustrative, it should be noted that when the main waterway is joined by tributaries
or creeks as in B, samples should be taken in the side channels and just below their
confluence with the main channel. This will be useful in isolating local sources and
determining their contribution to pollution in the main water body.

The design of a sampling plan should ensure that samples are collected at sites and
times that provide a representative sample, thus providing an accurate description
of the water body. Sampling sites should be located in areas that are safe to access,
accessible under all weather conditions, be well-mixed to ensure homogeneous
samples and be easily locatable for routine sampling. Permanent sampling locations
should be established to ensure that representative samples can be compared over
time.

To examine the effect of a point-source discharge, sites should be arranged in such a
way that the end-of-pipe, upstream and downstream zones of the discharge water are
sampled. The degree of mixing within the water body will determine the proximity
of sites to each other—where mixing is strong (the water is homogeneous) sites may
be spread further apart.
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It is often sufficient to take discrete samples just below the surface at a given site,
particularly in shallow and well-mixed environments. In deeper or poorly-mixed
waters, a ‘surface sample” may not accurately describe the characteristics of the entire
water column and other sampling techniques should be employed. These can include
integrated vertical column samples or discrete samples at given depths.

There are no strict rules regarding sampling frequency, but this will be dictated by
the known variability of the parameters of interest and the objectives of the plan.
Careful planning should determine a sampling frequency that has the best chance of
providing the information required to meet the objectives of the plan. It is important
to consider the frequency carefully. If samples are not taken frequently enough, the
characteristics of the water body might not be adequately described, resulting in a
poor understanding of the system and potentially inaccurate reporting of compliance
or non-compliance. On the other hand, overly frequent sampling may be a waste of
time and resources.

In general, if a measurement parameter has a predictable pattern which has been
shown statistically or through a pilot study (e.g., discharge at a certain time of day)
the sampling plan can be tailored to sample at regular intervals. Alternatively, if the
system or processes are highly variable or unpredictable, the sampling should be
undertaken more regularly over several time-scales.

3.4 Data Variability

A major consideration in the design of any program is the natural variability of the
response variable. The spatial scale of variation of the biological variable involved will
determine the size and number of sampling units and the number of levels of sampling
in a hierarchical design. Integrating these considerations with the requirements
imposed on the sampling by the spatial scale of the impact can be tricky. Similarly
the temporal variability (speed and magnitude of change in seasonal patterns) will
influence the duration, frequency and pattern of sampling.

The most appropriate sampling technique will be the one that provides the necessary
data at the required time and space intervals in the most cost-effective manner. Some
examples of different sampling frequency are

¢ Continuous measurement by a probe in situ;

¢ Intermittent measurement by a probe in situ;

e Automatic sampling based on flow, time or other basis;

* Manual sampling based on flow, time or other basis;

* Processing sample on site or returning to laboratory; and

* Remote sensing via satellite or aircraft.
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Sampling

A. Long tidal river

Estuaries of this type are the least complex in
general terms and the likely current flow would
be in uniform across its width.

Typically such estuaries would have an
extensive intertidal zone but relatively steep
sloping shores. It will be well flushed particularly
if the freshwater input in the upper reaches is
significant.

B. Narrow tidal river

These estuary systems tend to be characteristic
of relatively flat coastal areas and associated
with extensive tidal marshes or mangrove
forests, often with extensive tidal marshes or
mangrove forests, often with extensive
tributaries and creeks. Large areas may be
exposed at low tide and current flows are
normally slower than in the long tidal rivers.

C. Estuary of Bay, wide
open mouth

This may have extensive
intertidal flats and a well
defined channel, tending to
influence both the direction and
flow of current. There is a good

D. Narrow inlet

These estuaries may also
have extensive intertidal flats
and a well defined channel.
Current flow is generally low
except near the mouth and in
consequence, a lower

E. Coastal

In these situations any
freshwater or pollution inputs
will be subject to dispersion
both offshore and laterally

exchange with ocean water
leading to overall mixing and
fairly uniform salinity, except
during periods of flood or heavy
fresh water input.

exchange. Salinities will also
tend to be lower particularly if
there is a significant
freshwater input.

alona the shore.

waters.
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Figure 3-2. Suggested sampling sites for different types of estuaries and coastal
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3.5 Spatial and Temporal Variability

It is important to determine the number and arrangement of sites to capture the
spatial variability of the water body and pollutant transport. Currents, prevailing
winds, size of discharge, dilution factors and processes happening to the pollutants,
e.g., sedimentation, biological uptake, evaporation, photodegradation may all affect
the placement of sampling sites.

Sampling needs to be carried out at frequencies which capture the natural variability
and/or event-based nature of the system. Thus consideration is necessary of
seasonality, e.g., wet season/dry season, monsoon pattern; discharge events, e.g.,
outfall dynamics, river flow patterns; pollutant process dynamics, e.g., periods of
sedimentation, biological uptake, benthic sediment resuspension. Logistics may
also be a constraint on design, e.g., sampling from a tourist vessel constrained by its
commercial timetable.

The timing of sampling may range from continuous to intermittent, even during an
annual visit. Sampling frequency should not be drive