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Preamble
Cockburn Sound is a sheltered marine embayment located to the south-west of the Perth
metropolitan region. Its relatively calm waters have attracted a wide range of commercial
activities that must be managed to maintain the recreational and ecological attributes that are
highly valued by the community. Land-use activities in the catchment to Cockburn Sound
have the potential to impact on the quality of the Sound and these also need to be managed
appropriately.
State Cabinet, in recognition of the need for effective multiple use management, established
the Cockburn Sound Management Council (CSMC) to prepare an Environmental
Management Plan (EMP) for the Sound. The EPA agreed to prepare a policy to set the
common goals for management and provide the authority for implementing the plan.
The focus of the State Environmental (Cockburn Sound) Policy 2005 (SEP) is to declare,
protect and maintain the Environmental Values of Cockburn Sound, by protecting them from
the adverse effects of pollutants, waste discharges and deposits. Environmental quality criteria
(EQC) have been specifically developed for Cockburn Sound to tell whether or not the
environmental quality meets the objectives that have been set for it in the SEP. The
procedures contained in this Manual of Standard Operating Procedures have been developed
in consultation with key stakeholders to provide guidance on the design and implementation
of environmental quality monitoring programs, and for interpretation of the resulting data
against the EQC. The diagram on the opposite page gives an overview of how the various
documents that make up the management framework for Cockburn Sound link together.

-o0o-
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This manual
This manual is intended to support implementation of the State Environmental (Cockburn
Sound) Policy 2005. It sets out the standard procedures for environmental monitoring in
Cockburn Sound, and includes other information on monitoring design, preparation, data
management and data analysis for comparison against the Environmental Quality Criteria
(EQC) from the EQC Reference Document for Cockburn Sound (2003 - 2004) (EPA, 2005).
The document will be reviewed and amended from time to time and made publicly available
by the EPA following stakeholder consultation.
Section 1 provides some background information on the framework for environmental
management of Cockburn Sound. It also outlines the purpose, scope and limitations of this
manual and includes the key references used in devising the standard operating procedures.
Section 2 outlines the key considerations for designing a monitoring programme in Cockburn
Sound.
Section 3 provides information on general considerations for environmental monitoring in
Cockburn Sound, particularly the protocols for establishing a monitoring programme in this
region and the quality assurance and quality control measures in the field and laboratory.
Section 4 provides recommendations for the management of environmental data collected
from Cockburn Sound.
Section 5 discusses the preliminary preparation requirements of monitoring data for
comparison against the Environmental Quality Criteria.
Section 6 contains the standard operating procedures for physico-chemical, biological and
aesthetic indicators specified in the EQC Reference Document for Cockburn Sound (2003 2004) (EPA, 2005). Approximately 300 physico-chemical parameters in marine waters, pore
waters and sediments are included in the Manual (Sections 6.1-6.4 inclusive). The individual
physico-chemical parameters included in this document and their respective page numbers are
shown in the table below. Nine biological parameters are covered in the Manual (Sections
6.5-6.14 inclusive). Aesthetic parameters are included in Sections 6.15-6.17 inclusive.
The following summary table enables quick reference to the pages describing the relevant
monitoring procedures for each physical and chemical variable covered in the document.
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Summary reference table
Parameter

Description

Environmental Quality
Objective(s)
Ecosystem Integrity XY
Aesthetics
Primary Contact Recreation
Aesthetics

Acenaphthene

Polycyclic aromatic
hydrocarbon

Acephate
Acetophenone
Acrylamide
Acrylonitrile

Herbicide
Aromatic ketone
Chemical reagent
Insecticide

Alcohol ethoxylated sulfate
(AES)
Alcohol ethoxylated surfactants
(AE)
Aldicarb
Aldrin (and Dieldrin)

Surfactant (detergent)

Seafood for Human Consumption Z
Aesthetics
Ecosystem Integrity

Surfactant (detergent)

Ecosystem Integrity

Carbamate pesticide
Organochlorine pesticide

Algal biotoxins
Ametryn
Amitrole

Biological toxin
Herbicide
Herbicide

Ammonia (un-ionised)

Nutrient

Anthracene
Antimony

Polycyclic aromatic
hydrocarbon
Metal

Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation
Seafood for human consumption XZ
Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation
Ecosystem Integrity
Aquaculture
Ecosystem Integrity Y

Aroclor 1016, 1221, 1232, 1242,
1248, 1254
Arsenic

Polychlorinated Biphenyls
(PCBs)
Metalloid

Ecosystem Integrity XY
Primary Contact Recreation
Ecosystem Integrity
Ecosystem Integrity Y
Seafood for Human Consumption Z
Aquaculture
Primary Contact Recreation
Ecosystem Integrity
Ecosystem Integrity
Ecosystem Integrity
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation

Arsenic III
Arsenic V

Metalloid
Metalloid

Atrazine

Triazine herbicide

Azinphos-methyl (Guthion)
Barium
Benomyl
Bentazone

Organophosphate pesticide
Metalloid
Herbicide
Herbicide

Benzene

Aromatic hydrocarbon

Benzo(a)anthracene

Polycyclic aromatic
hydrocarbon

Ecosystem Integrity XY

Benzo(a)pyrene

Polycyclic aromatic
hydrocarbon

Ecosystem Integrity Y
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity

Bioresmethrin
Boron
BP 1100 X

Herbicide
Metal
Oil spill dispersant
Inorganic ion (BrO3 ),
Bromate
Primary Contact Recreation
Chlorination by-product
Bromazil
Herbicide
Primary Contact Recreation
Bromophos-ethyl
Herbicide
Primary Contact Recreation
Bromoxynil
Herbicide
Primary Contact Recreation
n-Butylmercaptan
Pesticide
Aesthetics
Aesthetics
o-Sec. Butylphenol
Phenolic compound
p-Tert. Butylphenol
Phenolic compound
Aesthetics
Note: all parameters measured in water for guideline comparison unless stated otherwise:
X not measured in water
Y also measured in sediment
Z also measured in seafood
[ also biological indicator

Page
55, 67
57
57
54
57, 92
58
58
57
57
92
57
57
53
55, 67
52, 67
56

52, 60, 67, 92

52, 60, 67
52, 60, 67
57
57
52
57
57
54
67
55. 67
57
53
58
53
57
57
57
57
55
55

viii

Summary reference table, continued
Parameter

Description

Cadmium

Metal

Capacitor 21
Carbaryl
Carbendazim
Carbofuran
Carbon tetrachloride
Carbophenothion
Carboxin

Polychlorinated biphenyl
Carbamate pesticide
Carbamate pesticide
Carbamate pesticide
Chlorinated solvent
Carbamate pesticide
Carbamate pesticide

Chlordane

Organochlorine pesticide

Chlorfenvinphos

Organophosphate pesticide

Chlorine

Gas (highly soluble in water)

Chlorine dioxide
Chlorite
Chloroacetic acid

Gas (soluble)
Herbicide, bleach
Organic acid

Chlorobenzene

Chlorinated solvent

2-Chlorophenol
o-Chlorophenol
p-Chlorophenol
Chlorophyll a
Chlorothalonil
Chloroxuron
B
Chlorpyrifos
Chlorsulfuron

Phenolic compound
Phenolic compound
Phenolic compound
Photosynthetic compound
Fungicide
Herbicide
Organophosphate pesticide
Herbicide

Chromium

Metal

Chromium III
Chromium VI
Chrysene

Metal
Metal
Polycyclic aromatic hydrocarbon

Clarity

Physical parameter

Clopyralid
Cobalt
Colour (water)

Herbicide
Metal
Aesthetic parameter

Copper

Metal

Corexit 7664, 8667,
9527, 9550
Cresol (m-, o-, p-)
Cresylic acids (meta,
para)
Cumene
Cyanide

Relevant EQO(s)
Ecosystem Integrity Y
Seafood for Human Consumption XZ
Aquaculture
Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity Y
Aquaculture
Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity
Aquaculture
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Aesthetics
Primary Contact Recreation
Aesthetics
Aesthetics
Ecosystem Integrity
Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation
Ecosystem Integrity Y
Aquaculture
Primary Contact Recreation
Ecosystem Integrity
Ecosystem Integrity
Ecosystem Integrity XY
Primary Contact Recreation
Aesthetics
Primary Contact Recreation
Ecosystem Integrity
Aesthetics
Ecosystem Integrity Y
Seafood for Human Consumption XZ
Aquaculture
Primary Contact Recreation
Aesthetics

Page
52, 67, 92

56
57
57
57
54
57
57
57
57
53
53
53
56
54
55
55
55
69
57
57
57
57
52, 67
52, 67
52, 67
67
44-47, 99
57
52
100

52, 67, 92

Oil spill dispersant

Ecosystem Integrity

58

Phenolic compound

Aesthetics

55

Phenol

Aesthetics

55

Aromatic hydrocarbon

Ecosystem Integrity
Ecosystem Integrity
Aquaculture
Primary Contact Recreation

54

Reagent chemical

Cyanogen chloride (as
Gas (reacts with water)
Primary Contact Recreation
cyanide)
Note: all parameters measured in water for guideline comparison unless stated otherwise:
X not measured in water
Y also measured in sediment
Z also measured in seafood
[ also biological indicator

53, 56

56

ix

Summary reference table, continued
Parameter

Description

Relevant EQO(s)

Ecosystem Integrity
2,4-D
Phenoxyacetic acid herbicide
Primary Contact Recreation
o,p- & p,p-DDD
Organochlorine pesticide
Ecosystem Integrity XY
DDE
Organochlorine pesticide
Ecosystem Integrity
p,p-DDE
Organochlorine pesticide
Ecosystem Integrity XY
Ecosystem Integrity
DDT
Organochlorine pesticide
Primary Contact Recreation
Di (2-ethylhexyl) phthalate
Phthalate ester
Primary Contact Recreation
Diazinon
Organophosphate pesticide
Primary Contact Recreation
Dibenzo(a,h)anthracene
Polycyclic aromatic hydrocarbon
Ecosystem Integrity XY
Dicamba
Herbicide
Primary Contact Recreation
Dichlobenil
Herbicide
Primary Contact Recreation
Dichloroacetic acid
Organic acid
Primary Contact Recreation
1,2-, & 1,4-Dichlorobenzene
Aromatic chlorinated solvent
Primary Contact Recreation
Dichlorobenzene
Aromatic chlorinated solvent
Aesthetics
4,4’-Dichlorobiphenyl
Polychlorinated biphenyl
Ecosystem Integrity
1,2-Dichloroethane
Chlorinated solvent
Primary Contact Recreation
1,1-Dichloroethene
Chlorinated solvent
Primary Contact Recreation
1,2-Dichloroethene
Chlorinated solvent
Primary Contact Recreation
Dichloromethane
Chlorinated solvent
Primary Contact Recreation
2,6-Dichlorophenol
Phenolic compound
Aesthetics
Primary Contact Recreation
2,4-Dichlorophenol
Phenolic compound
Aesthetics
2,5-Dichlorophenol
Phenolic compound
Aesthetics
3,4-Dichlorophenol
Phenolic compound
Aesthetics
Dichlorvos
Organophosphate pesticide
Primary Contact Recreation
Diclofop-methyl
Herbicide
Primary Contact Recreation
Dicofol
Organochlorine pesticide
Primary Contact Recreation
Ecosystem Integrity Y
Dieldrin (see Aldrin)
Organochlorine pesticide
Primary Contact Recreation
Diesel
Petroleum hydrocarbon (C10 – C14)
Ecosystem Integrity
Difenzoquat
Herbicide
Primary Contact Recreation
Dimethoate
Organophosphate pesticide
Primary Contact Recreation
Dimethylamine
Organic amine
Aesthetics
2,4-Dimethylphenol
Phenolic compound
Aesthetics
2,3-Dinitrophenol
Phenolic compound
Aesthetics
Diphenamid
Herbicide
Primary Contact Recreation
Diphenyloxide
Phenolic compound
Aesthetics
Diquat
Herbicide
Primary Contact Recreation
Ecosystem Integrity
Direct toxity assessment
Biological assessment tool
(DTA)
Aquaculture
Ecosystem Integrity
Dissolved oxygen
Gas
Aquaculture
Disulfoton
Organothiophosphate pesticide
Primary Contact Recreation
Diuron
Phenylurea herbicide
Primary Contact Recreation
2,2-DPA
Herbicide
Primary Contact Recreation
E coli (Escherichia coli)
Bacterial indicator
Seafood for Human Consumption XZ
EDB
Insecticide
Primary Contact Recreation
Ecosystem Integrity
Endosulfan
Organochlorine pesticide
Aquaculture Production
Primary Contact Recreation
Endothal
Herbicide
Primary Contact Recreation
Endrin
Organochlorine pesticide
Ecosystem Integrity Y
Primary Contact Recreation
Enterococci
Bacterial indicator
Secondary Contact Recreation
Epichlorohydrin
Chemical reagent
Primary Contact Recreation
EPTC
Thiocarbamate herbicide
Primary Contact Recreation
Note: all parameters measured in water for guideline comparison unless stated otherwise:
X not measured in water
Y also measured in sediment
Z also measured in seafood

Page
56
57
57
57
57, 67
67
57
54
57
57
56
54
54
56
54
54
54
54
55
55
55
55
57
57
57
57
58
57
57
54
55
55
57
55
57
81
43 - 47
57
57
56
87, 90-91
57
57
57
57
87
54
57

x

[ also biological indicator

Summary reference table, continued
Parameter

Description

Ethion
Ethoprophos
Ethylacrylate

Organothiophosphate pesticide
Organothiophosphate pesticide
Monomer

Ethylbenzene

Aromatic hydrocarbon

Relevant EQO(s)

Page

Primary Contact Recreation
Primary Contact Recreation
Aesthetics
Ecosystem Integrity
Primary Contact Recreation
Aesthetics

57
57
54
54

Ethylenediamine
tetraacetic acid (EDTA)
Etridiazole
Fenamiphos
Fenarimol
Fenchlorphos
Fenitrothion
Fenoprop
Fensulphothion
Fenvalerate
Flamprop-methyl
Fluometuron
Fluoranthene
Fluorene
Fluoride
Formaldehyde
Formothion
Fosamine
Gasoline

Complexing agent

Primary Contact Recreation

54

Fungicide
Organophosphate pesticide
Fungicide
Organothiophosphate pesticide
Organothiophosphate pesticide
Phenoxypropionic acid herbicide
Organothiophosphate pesticide
Pyrethroid pesticide
Herbicide
Herbicide
Polycyclic aromatic hydrocarbon
Polycyclic aromatic hydrocarbon
Water treatment chemical
Fixative, reactive gas
Organothiophosphate pesticide
Herbicide
Petroleum hydrocarbon

57
57
57
57
57
57
57
57

Glyphosate

Herbicide

Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity Y
Ecosystem Integrity XY
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Aesthetics
Ecosystem Integrity
Primary Contact Recreation

Gross alpha and beta
activity (radionucleides)
Guaicol
Heptachlor (including its
epoxide)
2,4,6,2’,4’,6’Hexachlorobiphenyl
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexaflurate
Hexazinone
High molecular Weight
PAHs
Hydrogen sulfide, as
sulfide (dissolved)
Hydrogen sulfide, as
sulfide (total)
Imposex
Iodide
Iron
Isopropylbenzene
(cumene)
Kerosene
Kerosene plus kaolin

Hydrocarbon
Hydrocarbon

Lead

Metal

Light attenuation

Physical parameter

Lindane

Organochlorine pesticide

57
57
55, 67
67
53
59
57
57
58
57

Radiation parameter

Primary Contact Recreation

60

Phenolic compound

Aesthetics
Ecosystem Integrity
Primary Contact Recreation

55

Polychlorinated Biphenyl

Ecosystem Integrity

56

Chlorinated solvent

Primary Contact Recreation

54

Reagent chemical

Aesthetics

57

Herbicide
Triazine herbicide

Primary Contact Recreation
Primary Contact Recreation

57
45

Polycyclic aromatic hydrocarbon

Ecosystem Integrity XY

67

Gas

Ecosystem Integrity

53

Gas

Aquaculture Production

53

Biological indicator
Salt
Metal

Ecosystem Integrity [
Primary Contact Recreation
Aquaculture
Aesthetics

94
53
52

Aesthetics

58
58

Organochlorine pesticide

Aromatic hydrocarbon

Aesthetics
Ecosystem Integrity Y
Seafood for Human Consumption XZ
Aquaculture
Primary Contact Recreation
Ecosystem Integrity
Ecosystem Integrity XY
Aquaculture
Primary Contact Recreation

Linear alkylbenzene
Surfactant (detergent)
Ecosystem Integrity
sulfonates (LAS)
Note: all parameters measured in water for guideline comparison unless stated otherwise:
X not measured in water
Y also measured in sediment
Z also measured in seafood
[ also biological indicator

57

54

52, 67, 92
43 - 47
57, 67
58

xi

Summary reference table, continued
Parameter

Description

Relevant EQO(s)

Page

Low molecular Weight
PAHs
Malathion
Maldison

Polycyclic aromatic hydrocarbon

Ecosystem Integrity XY

67

Organophosphate pesticides
Organothiophosphate pesticide

57
57

Manganese

Metal

Mercury

Metal

Methidathion
Methiocarb
Methomyl
Methoxychlor
2-Methyl-4-chlorophenol
3-Methyl-4-chlorophenol
2-Methyl-6cholorophenol
a-Methylstyrene
Metolachlor
Metribuzin
Metsulfuron
Metsulfuron-methyl
Mevinphos
Molinate

Organothiophosphate pesticide
Carbamate pesticide
Carbamate pesticide
Organochlorine pesticide
Phenolic compound
Phenolic compound

Ecosystem Integrity
Primary Contact Recreation
Ecosystem Integrity
Aquaculture
Primary Contact Recreation
Ecosystem Integrity XY
Seafood for Human Consumption XZ
Aquaculture
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Aesthetics
Aesthetics
Aesthetics

Aromatic hydrocarbon
Herbicide
Herbicide
Sulfonylurea herbicide
Sulfonylurea herbicide
Organophosphate pesticide
Carbamate pesticide

Molybdenum

Metal

Monochloramine
Monocrotophos
Naphtha

Disinfection by-product
Organophosphate pesticide
Phenolic compound

Naphthalene

Polycyclic aromatic hydrocarbon

Naphthol
Napropamide
2-Naphthol

Phenolic compound
Herbicide
Phenolic compound

Nickel

Metal

Nitralin

Herbicide

Nitrate (as nitrate)

Nutrient

Nitrite (as nitrite)

Nutrient

Nitrobenzene
Norflurazon
Odour
Oil, emulsifiable
Oryzalin
Outboard
fuel
exhaust
Oxamyl

Aromatic solvent
Herbicide
n/a
Hydrocarbon
Herbicide
as

Phenolic compound

Petroleum hydrocarbon
Carbamate pesticide

Aesthetics
Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Aesthetics
Ecosystem Integrity Y
Aesthetics
Aesthetics
Primary Contact Recreation
Aesthetics
Ecosystem Integrity Y
Aquaculture
Primary Contact Recreation
Primary Contact Recreation
Aquaculture
Primary Contact Recreation
Aquaculture
Primary Contact Recreation
Aesthetics
Primary Contact Recreation
Aesthetics
Aesthetics
Primary Contact Recreation
Aesthetics

Primary Contact Recreation
Aquaculture Production
Paraquat
Pesticide
Primary Contact Recreation
Parathion
Organophosphorus pesticide
Primary Contact Recreation
Parathion-methyl
Organophosphorus pesticide
Primary Contact Recreation
Pebulate
Thiocarbamate pesticide
Primary Contact Recreation
Pendimethalin
Herbicide
Primary Contact Recreation
Note: all parameters measured in water for guideline comparison unless stated otherwise:
X not measured in water
Y also measured in sediment
Z also measured in seafood
[ also biological indicator

52

52, 67, 92
57
57
57
57
55
55
55
58
56
57
57
57
57
57
52
53
57
55
55
55
57
56
52, 67

57
53
53
59
57
99
58
57
58
57
57
57
57
57
57

xii

Summary reference table, continued
Parameter

Description

2,2’4,5,5’-Pentachloro-1,1’biphenyl

Polychlorinated Biphenyl

Pentachlorophenol

Phenolic compound

Permethrin

Pyrethroid pesticide

pH

Acidity/alkalinity parameter

Phenanthrene

Polycyclic aromatic hydrocarbon

Phenol

Phenolic compound

o-Phenylphenol

Phenolic compound

Phytoplankton (cell count
and identification)

Biological indicator

Picloram
Piperonyl butoxide
Pirimicarb
Pirimiphos-ethyl
Pirimiphos-methyl

Herbicide
Pesticide synergist
Carbamate pesticide
Organothiophosphate pesticide
Organothiophosphate pesticide

Polychlorinated biphenyls

Polychlorinated biphenyls

Profenofos
Promecarb
Propachlor
Propanil
Propargite
Propazine
Propiconazole
Propyzamide
Pyrazophos
Pyrene
Pyridine
Pyrocatechol
Pyrogallol
Quinoline
p-Quinone
Quintozene

Organothiophosphate pesticide
Carbamate pesticide
Herbicide
Herbicide
Pesticide
Herbicide
Fungicide
Herbicide
Organothiophosphate pesticide
Polycyclic aromatic hydrocarbon
Aromatic hydrocarbon
Phenolic compound
Phenolic compound
Polycyclic aromatic hydrocarbon
Reagent chemical
Fungicide

Salinity

Chemical parameter

Seagrass (shoot density and
depth range)

Biological indicator

Relevant EQO(s)
Ecosystem Integrity
Ecosystem Integrity
Primary Contact Recreation
Aesthetics
Primary Contact Recreation
Aquaculture
Primary Contact Recreation
Secondary Contact Recreation
Ecosystem Integrity Y
Ecosystem Integrity
Aesthetics
Aesthetics
Seafood for Human Consumption
Primary Contact Recreation
Secondary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Seafood for Human Consumption X Z
Aquaculture
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity XY
Aesthetics
Aesthetics
Aesthetics
Aesthetics
Aesthetics
Primary Contact Recreation
Ecosystem Integrity
Aquaculture
Ecosystem Integrity [

Selenium

Metalloid

Selenium IV

Metalloid

Ecosystem Integrity
Seafood for Human Consumption XZ
Aquaculture
Primary Contact Recreation
Ecosystem Integrity

Selenium VI

Metalloid

Ecosystem Integrity

Ecosystem Integrity Y
Silver
Metal
Aquaculture
Primary Contact Recreation
Ecosystem Integrity
Simazine
Triazine herbicide
Primary Contact Recreation
Primary Contact Recreation
Styrene (Vinylbenzene)
Aromatic hydrocarbon
Aesthetics
Note: all parameters measured in water for guideline comparison unless stated otherwise:
X not measured in water
Y also measured in sediment
Z also measured in seafood
[ also biological indicator

Page
56
55

57
43 - 47

56, 67
55
55
77 - 81

57
57
57
57
57
56, 67,
92
58
57
58
58
58
58
58
58
58
67
56
55
55
56
56
58
43 - 47
71 - 76

52, 92

52
52
52, 67

58
54
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Description

Sulprofos
2,4,5-T
Temephos
Temperature
Terbacil
Terbufos
Terbutryn
Tetrachloroethene
2,3,4,6-Tetrachlorophenol
Tetrachlorvinphos
Thermotolerant faecal
coliforms
Thiobencarb

Organothiophosphate
pesticide
Phenoxyacetic
acid
herbicide
Organothiophosphate
pesticide
Physical parameter
Herbicide
Organothiophosphate
pesticide
Triazine herbicide
Chlorinated solvent
Phenolic compound
Organophosphate
pesticide

Relevant EQO(s)
Primary Contact Recreation

Page
58

Ecosystem Integrity
Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation

43 - 47
58

Primary Contact Recreation

58

Primary Contact Recreation
Primary Contact Recreation
Aesthetics

58
54
55

Primary Contact Recreation

58

56
58

Bacterial indicator

Seafood for Human Consumption
Primary Contact Recreation

57

Primary Contact Recreation

58

Thiophanate
Thiram

Carbamate pesticide
Organothiophosphate
pesticide
Carbamate fungicide
Carbamate fungicide

58
57

Toluene

Aromatic hydrocarbon

Total available nitrogen (TAN)
Total DDT

Nutrient
Organochlorine pesticide
Polycyclic aromatic
hydrocarbon
Polychlorinated biphenyl
Biological indicator
Fungicide
Antifoulant

Primary Contact Recreation
Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation
Aesthetics
Aquaculture
Ecosystem Integrity XY
Ecosystem Integrity XY

67

Thiometon

Total PAHs

Ecosystem Integrity XY
Seafood for Human Consumption
Primary Contact Recreation
Ecosystem Integrity Y
Primary Contact Recreation
Primary Contact Recreation

87 - 91

54
53
67

Total PCBs
Toxic algae (identification)
Triadimefon
Tributyltin
Tributyltin oxide
Trichlorfon
Trichloroacetaldehyde (chloral
hydrate)
Trichloroacetic acid
1,2,4-Trichlorobenzene
Trichlorobenzenes (total)
2,3,4’-Trichlorobiphenyl
2,3,5-Trichlorophenol

Drug

Primary Contact Recreation

56

Chemical reagent
Aromatic solvent
Aromatic solvents
Polychlorinated biphenyl
Phenolic compound

56
54
54
56
55

2,4,6-Trichlorophenol

Phenolic compound

Triclopyr
Trifluralin
Trihalomethanes
(total)
2,4,6-Trinitrophenol

Herbicide
Herbicide

Primary Contact Recreation
Ecosystem Integrity
Primary Contact Recreation
Ecosystem Integrity
Aesthetics
Primary Contact Recreation
Aesthetics
Primary Contact Recreation
Primary Contact Recreation

58
58

Trihalomethane

Primary Contact Recreation

56

Chemical reagent

Aesthetics
Ecosystem Integrity
Aquaculture
Primary Contact Recreation
Seafood for Human Consumption XZ
Primary Contact Recreation
Primary Contact Recreation
Aesthetics

55

(THMs)

Pesticide

Vanadium

Metal

Vernolate

Carbamate herbicide

Vinyl chloride

Gas

Water clarity

Physical parameter

m-, o-, p-Xylene

Aromatic compound

Zinc

Metal

Primary Contact Recreation
Ecosystem Integrity Y
Seafood for Human Consumption XZ
Aquaculture
Aesthetics

67
77 - 81
58
52, 67
56
58

55

52
57
42, 92
44 – 47, 99
54

52, 67, 92

Note: all parameters measured in water unless identified with X
Y measured in sediment
Z measured in seafood
[ biological indicator
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Part 1
General Considerations for Environmental Monitoring
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1.

Introduction

1.1

Background
The environmental quality management framework for Cockburn Sound is
established in a State Environmental (Cockburn Sound) Policy 2005 (SEP). The
framework is based on Environmental Values (EVs) that recognise the importance of
the marine environment for four key uses that require protection from the effects of
pollution, waste discharges and deposits, including:
•
•
•
•

Ecosystem health;
Fishing and aquaculture;
Recreation and aesthetics; and
Industrial water supply.

Spatially defined Environmental Quality Objectives (EQOs) — specific management
goals — protect these EVs and guide decision-making. The SEP also sets
Environmental Quality Criteria (EQC) — either numerical values or narrative
statements — to gauge whether the EVs are protected and the EQOs are met. These
EQC, and decision schemes for their application, are listed in eight tables in the
Environmental Quality Criteria Reference Document for Cockburn Sound (2003 2004) (EPA, 2005) which is a supporting document to the SEP. The relationship
between the EVs, EQOs and EQC is shown in Table 1.1.
Table 1.1 Relationship between Environmental Values, Environmental Quality Objectives
and Environmental Quality Criteria included in the Environmental Quality Criteria
Reference Document
Environmental Value
Ecosystem health
Fishing and
aquaculture
Recreation and
aesthetics
Industrial water supply

Environmental Quality Objective

Environmental Quality
Criteria

Maintenance of ecosystem integrity
Maintenance of aquatic life for human consumption
Maintenance of aquaculture
Maintenance of primary contact recreation values
Maintenance of secondary contact recreation values
Maintenance of aesthetic values
Maintenance of industrial water supply values

Tables 1, 1a, 2a, 2b, 2c and 3
Table 4
Table 5
Table 6
Table 7
Table 8
No EQC (water requirements
vary considerably, and are
industry-specific)

A ‘risk-based’ approach to setting EQC has been adopted, with two main types of
EQC defining three levels of risk of adverse environmental effects. The two types of
EQC are Environmental Quality Guidelines (EQGs) and Environmental Quality
Standards (EQSs), and demarcate risk as follows:
•
•
•

Values complying with an EQG mean there is a low level of risk of adverse
environmental effects, and confidence that an EQO is met;
Values between an EQG and EQS mean an increasing level of risk of adverse
environmental effects, and uncertainty about whether an EQO is met; and
Values exceeding an EQS means there is an unacceptably high risk of adverse
environmental effects, and so it is considered that the EQO is not met.

EQC play a pivotal role in the management framework as benchmarks for measuring
success in achieving EQOs, and triggering an appropriate management response if an
EQC is exceeded. If an EQG is exceeded, it triggers investigations against the EQS
2

to determine whether the EVs of Cockburn Sound are at risk or not and to confirm
the cause of the exceedance. If an EQS is exceeded, the assumption is that the EVs
of Cockburn Sound are at risk, and so co-operative management action is initiated to
address the problem.

1.2

Standard operating procedures manual

1.2.1

Purpose
Appropriate monitoring programmes must be implemented to obtain data for
measuring environmental performance using the EQC. The purpose of this SOP
Manual is to provide sufficient guidance for environmental monitoring data to be
collected, analysed and interpreted in a standardised and technically sound manner.
The Standard Operating Procedures (SOP) Manual has been prepared specifically to
address the collection of appropriate data for comparison against the EQC for
Cockburn Sound.

1.2.2

Scope
The SOP Manual covers the following subject areas:
•

Monitoring Programme design;
•
Sample collection, handling and analysis for all physico-chemical, biological
and aesthetic parameters included in the EQC Reference Document for
Cockburn Sound (2003 - 2004) (EPA, 2005);
•
Data management; and,
•
Data analysis and comparison with EQC.
The recommended procedures outlined in this document may be reviewed and
amended from time to time and made publicly available by the EPA following
stakeholder consultation.
1.2.3

Intended users
Environmental sampling and analysis requires special expertise. This manual has
been prepared primarily for use by personnel who are technically trained in aquatic
environmental monitoring, including those working in government agencies, water
authorities, catchment management authorities, councils, industry, consulting
companies and tertiary institutions. It may also be helpful to community groups;
however there are potentially other more useful references for these groups (e.g.
Water and Rivers Commission, 2002).

1.2.4

Limitations
The EQC have been devised for ambient monitoring purposes to address the
management of routine human activities in Cockburn Sound. The scope of this SOP
Manual is restricted to environmental parameters included in the EQC Reference
Document for Cockburn Sound (2003 - 2004) (EPA, 2005) and those calculations
necessary for subsequent comparison of monitoring results against the EQC so that
the need for a management response can be determined.
The SOP Manual does not address the design of specific monitoring programmes to
deal with isolated events such as chemical spills or new land-based developments.
However this document is a useful reference for the collection, storage and analysis
of samples required for such monitoring.
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1.2.5

Key references
Standard operating procedures for the environmental parameters have been taken
from the key references and Standards listed below. Additional references for
monitoring specific environmental parameters are also provided in their respective
sections.
ANZECC/ARMCANZ (2000a). Paper No. 4. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Volume 1 The Guidelines
(Chapters 1-7). National Water Quality Management Strategy, Australian and
New Zealand Environment and Conservation Council & Agriculture and
Resource Management Council of Australia and New Zealand, Canberra.
ANZECC/ARMCANZ (2000b). Paper No. 7. Australian Guidelines for Water
Quality Monitoring and Reporting. National Water Quality Management
Strategy, Australian and New Zealand Environment and Conservation Council
& Agriculture and Resource Management Council of Australia and New
Zealand, Canberra.
ANZECC/ARMCANZ (2000c). Paper No. 4. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Volume 2 Aquatic Ecosystems
- Rationale and Background Information (Chapter 8). National Water Quality
Management Strategy, Australian and New Zealand Environment and
Conservation Council & Agriculture and Resource Management Council of
Australia and New Zealand, Canberra.
ANZECC/ARMCANZ (2000d). Paper No. 4. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Volume 3 Primary Industries
- Rationale and Background Information (Chapter 9). National Water Quality
Management Strategy, Australian and New Zealand Environment and
Conservation Council & Agriculture and Resource Management Council of
Australia and New Zealand, Canberra.
APHA 1998. Standard Methods for the Examination of Water and Wastewater,
American Public Health Association, 20th Edition. ISBN. 0-97553-235-7.
Environment Australia 2002. National Ocean Disposal Guidelines for Dredged
Material, Commonwealth of Australia, Canberra.
Australian Standard/New Zealand Standard 5667.1:1998. Water quality – Sampling
– Guidance on the design of sampling programs, sampling techniques and the
preservation and handling of samples.
Australian Standard/New Zealand Standard 5667.6:1998. Water quality – Sampling
– Guidance on sampling from rivers and streams.
Australian Standard/New Zealand Standard 5667.9:1998. Water quality – Sampling
– Guidance on sampling from marine waters.
Australian Standard/New Zealand Standard 5667.12:1999. Water quality – Sampling
– Guidance on sampling of bottom sediments.
Water and Rivers Commission. 2002. A community guideline to surface water
quality investigations, Version 1. Natural Heritage Trust, Project Number
983204 Community training in Data Management and Reporting.
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2.

Monitoring programme design
The first stage in obtaining environmental data from Cockburn Sound for comparison
against EQC is designing an appropriate monitoring programme. A comprehensive
coverage of monitoring programme design is provided in the ANZECC/ARMCANZ
monitoring guidelines (2000b), and is summarised schematically in Figure 2.1. This
section on Monitoring Programme Design summarises the key issues for
consideration in setting objectives and designing a monitoring programme for
implementation in Cockburn Sound.
- Environmental values
- Level of protection
- Environmental concerns and issues, their extent and causes
- Natural and anthropogenic factors affecting system
- Environmental Quality Objectives (EQOs)
- Provide the basis for management and information collection
- Create conceptual model for key ecosystem processes and interactions
- Make assumption against which monitoring outcomes are tested
- Underpins environmental goals and environmental quality objectives
- Select parameters
- Statistical design requirements (with decision criteria, including effect
size/guideline trigger values)
- Environmental quality criteria (EQC)
- Determine sampling locations
- Equipment and personal inventory and preparation
- QA/QC procedures and data quality objectives
- Chain of custody documentation
- Assess feasibility (access, resources, training, equipment) and cost
effectiveness
- Estimate of spatial and temporal variance etc.
- Test and fine tune method and equipment
- Sampling according to standard protocols
- All samples should be documented: date and location; names of
analysts, methods and equipment used
- Data are adjusted to account for modifying factors (e.g. effect of pH on
chemical speciation)
- Mathematical/statistical processing
- Data are evaluated in the context of key interacting environmental
processes
- The report should be concise, indicate whether the hypothesis has been
supported (and EQOs met), contain recommendations for management
action and indicate refinements to the monitoring programme
- Management action will depend on outcomes, may be to assess
environmental quality against environmental quality standard, initiate
remedial action, continue monitoring, cease monitoring etc.

Figure 2.1 Procedural framework for the monitoring and assessment of environmental
quality (adapted from Figure 7.1.1. ANZECC/ARMCANZ, 2000a)

2.1

Setting monitoring programme objectives
Ambient monitoring is required in Cockburn Sound in order to ascertain whether the
Environmental Quality Objectives set out in the SEP are being met and the
Environmental Values protected.
Specific objectives for a monitoring programme should be defined before the
management plan is designed. These objectives outline the questions that the
monitoring program must address. They should relate to the issue of concern, be
specific and precise, measurable, result-oriented, realistic and clear.
The objectives of a monitoring programme are set by:
•

Defining the issue of concern or interest;
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•
•

2.1.1

Compiling available information relating to this issue; and
Deriving a conceptual process model.

Defining the issue
Within the context of the monitoring objective, the following points need to be
considered:
•
•
•

2.1.2

What is the issue of interest or concern (e.g. effects of stormwater discharge,
outfall discharge)?
What are the problems, threats or pressures? and,
What are the relevant environmental values and environmental quality
objectives?

Compilation of available information
It is important to collect all available information that relates to the issue of interest.
Collation of this information will help to refine the information requirements and
objectives of the proposed monitoring programme. The major studies and
monitoring programmes undertaken in Cockburn Sound are listed in Table 2.1.
Additional information can also be obtained from state and local government reports,
consultancy projects, research organisations (e.g. journals, reports, theses),
community groups and industries.

Table 2.1 Major studies and monitoring programmes undertaken in Cockburn Sound
Programme
Cockburn Sound Environmental
Study 1976–1979
Southern Metropolitan Coastal
Waters Study (1991-1994)

Perth Coastal Waters Study
(1993-1994)
Summer Water Quality Monitoring
Programme (1977-present)
Western Australian Shellfish
Quality Assurance Programme

Beach monitoring for microbial
contamination (May to October –
monthly; November-April
fortnightly)
Seagrass meadows in the
Fremantle to Warnbro Sound
Region (1998-present)
Jervoise Bay Northern Harbour
Monitoring Programme (1997present)
Jervoise Bay Southern Harbour
Turbidity Monitoring Programme
and Southern Harbour and
Northern Harbour Water and
Sediment Quality Monitoring

Parameters measured
Water quality; Sediment
quality; Seagrass meadows;
Ecological assessment
Water quality; Sediment
quality; Seagrass meadows;
Imposex in Thais orbita;
Ecological assessment
Water quality; Sediment
quality; Ecological studies;
Process studies
Water quality including light
attenuation, nutrients and
chlorophyll a
Water quality; Microbial
contamination in water and
seafood; Chemicals in
seafood; Toxic algae
Microbial contamination

Reference / Contact
(DCE, 1979)

(DEP, 1996)

(Lord and Hillman 1995)

Contact Kwinana Industries
Council
Contact Department of
Fisheries

Contact Department of
Health, Western Australia

Seagrass shoot density and
depth range

(Lavery & Westera, 2002)

Water quality including
nutrients and chlorophyll a

(Halpern Glick Maunsell,
1998)

Water quality including
nutrients and chlorophyll a;
sediment quality; turbidity, light

(DAL, 2002)
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2.1.3

Conceptual process models
To improve understanding of a particular problem or issue it is useful to formulate a
conceptual process model that incorporates the available information on how the
ecosystem, or the relevant part of the ecosystem, works. The model will be useful
for developing monitoring objectives, but more importantly, for identifying possible
causes of a problem or exceedance of an EQG and for selecting relevant biological or
ecological indicators for monitoring where EQGs have been exceeded.
The model does not need to be comprehensive and incorporate all components of the
system, it only needs to be sufficient for the problem or question being investigated.
It could comprise a simple box diagram that illustrates the components and linkages
in the system to be monitored. Depending on the question, the model might need to
be broad-scale (eg. addressing sources and transport of contaminants within an entire
system – Figure 2.2) or more focussed on a specific issue (eg. nitrogen cycling or
light availability to seagrass – Figure 2.3, transformation processes for a specific
contaminant). The final model therefore should identify the key processes that
define the cause and effect for the issue of concern and how the system works.

Figure 2.2 Model of sources of metal contaminants to the aquatic environment (from
ANZECC/ARMCANZ, 2000b)
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Depending on the type of model being formulated, issues such as environmental
quality objectives, the primary threats, key contaminants, important environmental
processes, potential impacts and critical habitats may be important components to
incorporate into the model. It is the formulation of a conceptual process model that
consolidates the existing knowledge and understanding of the system, as well as
reveals gaps in information and understanding.

Figure 2.3 Model of physical and biological processes that influence light availability to
seagrass (from Figure 5.3.1. Department of Environmental Protection, 1996)

When developing these models there will often be insufficient information on how a
system works and assumptions will need to be made to account for these information
gaps. In these cases one of the objectives of the monitoring programme may be to
collect the data required to validate the assumptions, or otherwise modify the
conceptual process model.
Once devised, these models can be used to help define:
•
•
•
•
•
•
•
•
•

2.1.4

The important components of the system;
Key ecological processes;
Cause-effect relationships and linkages;
The important questions to be addressed;
Spatial boundaries;
Valid measurement parameters for the processes of concern;
What to measure and with what precision;
Site selection; and,
Temporal and seasonal considerations.

Setting objectives
Once the issue or problem of concern has been defined and an understanding of how
the system works has been agreed through the development of a conceptual process
8

model, it becomes possible to determine what information should be collected
through the monitoring programme and why it is required. These are the questions
that the monitoring programme must address and are established as the monitoring
objectives.
In the context of this manual the objectives will mostly relate to determining whether
an EQG or an EQS has been met within a particular area. However, in some
instances the objectives may include the collection of data to validate an assumption
made in the conceptual process model (eg. validation of a cause-effect pathway),
hence improving our understanding of how the system works.
Typical objectives might be:

2.2

•

To determine whether seagrass shoot density in a particular high ecological
protection area is greater than the 20th percentile of its distribution at an
appropriate reference site during the month of January.

•

To determine whether the 95th percentile of particular toxic contaminant
concentrations measured weekly at five sites over a month in a high ecological
protection area is less than the EQG for that contaminant; or

•

To determine the relationship between environmental exposure to a
contaminant and in-situ body burden of that contaminant in a specific benthic
invertebrate indicator.

Design of a monitoring programme
The design of a monitoring programme involves decisions to ensure that the
objectives of the monitoring programme are met, and takes place before sample
collection starts. Some of the major considerations to be addressed in designing an
appropriate monitoring programme are discussed below.
It is important to note that the design of a monitoring programme is an iterative
process, and that earlier components in the structure should be refined on the basis of
findings in later stages.

2.2.1

Pilot studies
Before a field sampling programme can be planned, some idea of the expected
spatial and temporal variability of the measurement parameters may be needed.
General information on variability can be obtained from published work and
examination of existing data as part of the conceptual model design process; however
this may not be sufficient for the particular parameters and/or region of interest. It is
highly recommended that wherever possible, pilot studies investigating spatial and
temporal variation of parameters within the study area are undertaken, to help
formulate the final monitoring programme design.
This information is particularly useful in formulating the most appropriate sampling
pattern (e.g. such as Simple versus Stratified Random Sampling patterns or
Systematic Sampling at fixed sites) to suit the monitoring programme.

2.2.2

Spatial boundaries
The spatial boundaries of the study will depend on the programme objectives and on
the issue or problem being addressed. Through the SEP, Cockburn Sound has been
assigned different levels of protection for the EQO of Maintenance of Ecosystem
Integrity, including areas of high protection, moderate protection and low protection.
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The zonation of these different areas must be considered when devising a monitoring
programme, and when applying the EQC. The area covered by the sampling grid is
termed the ‘defined area’. The defined area can be equivalent to the entire area of a
level of protection, or a subset of that area.
2.2.3

Scale
The scale of the monitoring programme should be decided before monitoring is
carried out. The scale will depend on the issue or problem being addressed and the
relevant environmental quality objectives.

2.2.4

Study duration
A number of parameters require a particular duration of monitoring in order to obtain
sufficient data to compare against the EQC. For example, chlorophyll a and light
attenuation measurements must be taken over the summer period (December to
March), so the monitoring programme should be designed accordingly.

2.2.5

Selection of sampling sites
Care must be taken when selecting sampling sites to ensure the distribution of sites is
as representative as possible of the area of interest. The selection of sampling sites
and spatial distribution of sampling locations is best decided after detailed
preliminary work using a large number of sampling locations to provide information
on spatial variability. However this is not always a feasible option.
The choice of sampling positions is determined by the issue being investigated, the
variability in the parameters of interest, factors influencing that variability and the
magnitude of variations which require characterisation. It is essential to position
individual sampling points in a way that allows credible interpolation, otherwise
localised fluctuations will remain undetected or poorly characterised.

2.2.6

Selection of reference sites
A reference site is an area located nearby to a potentially impacted or disturbed area
of concern that is uninfluenced (or relatively uninfluenced) by the disturbance being
assessed. Placing monitoring sites within the reference area and collecting the
relevant data can then describe the reference condition.
The establishment of reference sites will be necessary for a few EQG and many of
the EQS to provide the basis for acceptable change for the protection of the particular
environmental value. For the ‘maintenance of ecosystem integrity’ reference sites
may need to be established for many of the EQS, for temperature and salinity EQG,
and for deriving an EQG where there are no guidelines available (using the
distribution of natural background concentrations). ‘Maintenance of aquaculture’ is
the only other EQO where reference sites may be required for implementation of the
EQS.
The use of reference sites to establish targets for environmental quality is becoming
increasingly popular. Reference sites do not need to be identical to the disturbed, or
potentially impacted, site (cf. control site) but represent a desirable level of
environmental quality that management should aim to achieve or maintain.
Reference sites are also useful for taking into account broad-scale regional effects
that could cause changes in an environmental quality indicator beyond those caused
by the disturbance of concern, hence avoiding false triggering of the EQC.
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Some of the important factors that should be considered when selecting a reference
site are:
•
•
•
•

Reference sites should be from the same biogeographic and climatic region;
The bathymetry, substrate and hydrodynamics of the reference site should be
similar to the test site;
Reference sites should contain a range of habitats similar to those of the test
site; and,
Reference and test sites should be sufficiently distant from each other to avoid
disturbances or changes in the test site from affecting the reference site.

More information on reference sites can be found in section 3.1.4 of NWQMS
Report 4 (ANZECC/ARMCANZ, 2000a).
2.2.7

Selection of environmental parameters
The selection of appropriate environmental parameters is a vital element of the
monitoring programme design. A wide range of physical, chemical, ecotoxicological
and ecological measurement parameters are included as criteria in the EQC
Reference Document for Cockburn Sound (2003 - 2004) (EPA, 2005). The choice of
parameters depends on the environmental values assigned to the water body, and
therefore on the objectives of the study and on the issue or threat of concern.
Furthermore, the guideline values acceptable for a measurement parameter for a
particular use can differ spatially and temporally according to the environmental
value under consideration or the level of ecological protection.

2.2.8

Spatial variation
The effects of spatial variation, occurring at individual sites and within the overall
study area, must be carefully considered for each parameter. For example, spatial
variation of a water quality parameter may be affected by water depth or currents,
and this must be accounted for in the monitoring program. Composite samples taken
from different depths may be required to obtain a representative sample from a site
(eg. phytoplankton counts). Monitoring programme design also need to capture
natural intra- and inter-site variability (such as occurs in seagrass shoot densities) as
far as possible.

2.2.9

Temporal variation
Temporal variation in specific indicators can be caused by factors such as tidal
cycles, diurnal patterns and seasonal changes, and must be carefully considered.
A number of parameters are also influenced by the time of day, and so sampling
must take place at appropriate times. For example, dissolved oxygen and light
attenuation must be measured during daylight hours, but not during the early
morning or late afternoon, to obtain appropriate monitoring data.
For a number of parameters (eg. chlorophyll a, light attenuation and seagrass shoot
density), the temporal variability effects have been minimised by deriving EQC for
specific seasons. These have been included in the individual sampling procedures
for each indicator, when applicable (Section 6). For example, the specified season
for nutrient related monitoring is summer, when river flow is minimal.
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It is important that seasonal requirements for the different parameters are
incorporated into the design of the monitoring programme to enable comparison
against the EQC. However, seasonal and/or spatial variability is minimal for most
parameters and the criteria for these would apply throughout the year.
2.2.10 Sampling frequency
For a number of parameters (eg. chlorophyll a), the sampling frequency is
recommended for subsequent comparison against the EQC. These have been
included in the individual sampling procedures for each indicator, when applicable
(Section 6). For the majority of parameters, however, the sampling frequency will
depend on the nature of the individual monitoring programmes and the parameters of
interest.
2.2.11 Sample numbers and precision
An important aspect of the sample design is the number of samples to be collected to
address the monitoring program’s objective. Whether or not monitoring is focussed
on a particular season or region, there will be a certain amount of variability in the
data which can create a degree of statistical uncertainty about whether or not an EQC
has been exceeded. It is important that monitoring programmes are designed to
characterise an area/sampling period with sufficient precision to minimise this
uncertainty, by choosing an appropriate number of sites/sampling occasions, and
taking an appropriate number of replicate samples at each site and/or on each
sampling occasion. Insufficient characterisation of an area/sampling period can
artificially bias results, and may lead to an apparent exceedance of an EQC when in
fact it was insignificant (a ‘false alarm’ or Type I error), or conversely an apparent
compliance with an EQC when in fact a significant exceedance has occurred and a
response should have been triggered (a ‘false sense of security’ or Type II error).
Monitoring programme design must seek to minimise Type I and Type II errors and
at the same time remain cost-effective and scientifically attainable. For these
reasons, deciding on the appropriate number of samples may not be a straightforward
decision. Various formulae are available for calculating the number of samples that
should be taken to meet agreed performance criteria (Type I and Type II errors, and
the magnitude of differences to be detected). This subject is dealt with in more detail
in Section 5.
2.2.12 Specific instructions for reference sites
A number of the parameters presented in the EQC Reference Document for
Cockburn Sound (2003 - 2004) (EPA, 2005) offer the option of—or in some cases
require—the collection of monitoring data from reference sites in order to apply the
EQG and EQS. These parameters include temperature and seagrass, and have
specific sampling requirements in order for the EQC to be applied. This is dealt with
in more detail in Section 6.
2.2.13 Safety
It is imperative that all necessary precautions are taken to ensure the safety and
health of personnel while sampling in Cockburn Sound. Appropriate precautions and
practices must be employed for safe working in the field, including collection and
handling of samples, boat handling, and diving (where applicable).
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2.2.14 Data requirements
Once decisions have been made about the study type, study scope, sampling design,
and parameters to be measured, it is useful to summarise the data requirements to
help ‘fine-tune’ field sampling programme(s) and laboratory analysis programme(s)
(see Sections 3 and 6), and guide data management (Section 4) and statistical
analysis and comparison against EQC (Section 5).
2.2.15 Reporting
Reporting schedules should facilitate effective two-way communication of
interpreted monitoring results and subsequent management responses between
stakeholders and environmental managers.
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3.

General considerations for field sampling, storage
and transport, and laboratory analysis
The section describes the general considerations for field sampling, storage and
transport, and laboratory analysis. In particular, it describes:
•
•

The preparation requirements for sampling; and,
Quality assurance and quality control components in the field and laboratory,
including sample tracking and chain of custody.

3.1

Preparation

3.1.1

Sampling and analysis plan
A sampling and analysis plan should be prepared for each monitoring programme
lodged through the Cockburn Sound Management Council prior to commencement
of monitoring. The plan must be consistent with the standard operating procedures in
the Manual and with the data management requirements of the custodian of
Cockburn Sound monitoring data, the Department of Environment (DoE).
The sampling and analysis plan should describe the following information about the
proposed monitoring programme:
•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•

Introduction (why are we doing this);
Problem definition/background;
Purpose/description of the task (including environmental values to be
maintained, EQOs and environmental parameters that will be measured);
Review of available information relevant to the purpose;
Scope (what is covered in the document);
Quality Objectives and Criteria (for Measurement Data);
Special training needs / certification;
Personal safety (prepare and attach a safety plan);
Sampling program and site registration (Water Information Network data
management (refer Section 4.1 Data Management Systems);
Documentation (Field observation form, Chain of Custody form);
Sampling frequency;
Location from where samples are to be collected (location co-ordinates and
diagram showing location and other reference features; surface, middle, bottom
waters etc);
Sampling methods;
Sample containers (type, volume and pre-treatment), preservative needed and
maximum holding time for each sample;
Sampling equipment (maintenance, control checking, calibration and usage);
Methods of analysis, the detection limits and limits of reporting of the selected
laboratory and relationships with the EQC;
Quality assurance samples (lab blanks, field blanks, duplicates, replicates,
analyte recovery);
Sending samples to the laboratory (sample storage conditions, address, turn
around time);
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•
•
•
•
•

3.1.2

Data management;
Data verification and validation;
Assessments and response actions;
Reports to management; and,
Individual aspects are discussed briefly in the following sections.

Selection of an appropriate laboratory
It is imperative that the laboratory chosen to undertake particular analyses of
environmental parameters has the following attributes.
•
•
•

•
•

3.1.3

Appropriate expertise and experience for the specific type of analysis required;
Sufficiently sensitive analytical equipment to reliably and accurately undertake
the analysis required;
Demonstrated capability to measure the analytes at sufficiently low
concentrations in the marine environment to meet the measurement
requirements of the EQC (see section 3.1.4 and 3.1.5);
A robust quality assurance / quality control program; and,
Accreditation by the National Association of Testing Authorities (NATA) for
the specific analyte of interest (when possible).

Choice of analytical methods
The selection of an analytical method for waters, sediments or biota will largely
depend on the information requirements of the stakeholders undertaking the
investigation, and on the analytes themselves. However, limitations such as the
financial resources available, laboratory resources, speed of analyses required, matrix
type and contamination potential, are also important factors.
The choice of an appropriate analytical method is primarily based on:
•

The range of concentrations of the analyte that need to be determined.
Detection limits are method specific and the lowest concentration of interest
will need to be specified. It is particularly important that practical quantitation
limits and method detection limits are sufficiently low for subsequent
comparison of results against the EQC where possible;
•
The accuracy and precision required;
•
The maximum period between sampling and analysis. On the spot field
analysis may be required, depending on the use of the data; and,
•
Where several methods can achieve the above requirements, the ultimate
choice may be dictated by familiarity with the method and /or the availability
of necessary analytical instrumentation.
Analytical procedures for both chemical and biological analyses can be found by
reference to standard texts and accepted published procedures, such as:
APHA 1998. Standard Methods for the Examination of Water and Wastewater,
American Public Health Association, 20th Edition. ISBN. 0-97553-235-7.
USEPA sampling and analysis methods that cover water, sediment and biological
analyses are available on the USEPA website (http://www.epa.gov).
Grasshoff, K. (Editor), K. Kremling & M. Ehrhardt. 1999. Methods of Seawater
Analysis. 3rd Edition. Wiley VCH Publishing, ISBN 352795895.
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There are also good non-standard methods being developed all the time and their use
may be acceptable provided the choice is properly justified and their performance
can be demonstrated through analysis of standard reference materials or other quality
control procedures. For these reasons this document does not specify the actual
analytical method to be used for each analyte. In most cases, the laboratory chosen
will advise on the best analytical method to use.
There are, however, a number of chemicals presented in the EQC that do not have
standard analytical methods. In all instances where non-standard methods are to be
used, the appropriate governing authorities and scientific experts should consulted
prior to final method selection.
For further guidance on the selection of analytical methods refer to section 5.3 of the
Australian Guidelines for Water Quality Monitoring and Reporting
(ANZECC/ARMCANZ, 2000b).
3.1.4

Method detection limits and practical quantitation limits
The precision and accuracy of any analytical test in a laboratory are affected by the
following main factors:
•
•
•

The type of analytical method used;
The type, quality and sensitivity of the analytical instrument; and,
The competence of the laboratory technician(s) preparing and conducting the
analysis.

A range of detection limits describe the precision and accuracy of each of these
factors in the laboratory.
The Method Detection Limit (MDL) or Limit of Detection (LOD) is the lowest
concentration of analyte in a sample that can be detected but not necessarily
quantitated under the stated conditions of the test. It is sometimes calculated as three
times the standard deviation of seven replicates at a level one to five times the
proposed detection limit.
The Practical Quantitation Limit (PQL) (synonymous with Limit of
Quantitation, or Limit of Reporting (LOR) is the lowest concentration of an
analyte that can be determined with acceptable precision and accuracy under the
stated conditions of the test. That is, PQL represents a practical and routinely
achievable detection level with a relatively good certainty that any reported value is
reliable. It equates to the reporting limit quoted by most analytical laboratories,
which differ markedly between the laboratories. In general, the PQL is often around
5 times the method detection limit (APHA 1998).
It is important that the Method Detection Limit and/or Practical Quantitation Limit
for each analyte of interest have been established and accepted at the planning stage
prior to the laboratory analysis. These reporting limits will contribute to the
selection of the appropriate laboratory to carry out specific analyses.
Wherever possible, the Practical Quantitation Limits for each analyte should be at
least half to one tenth of the specified EQG or EQS. This may not always be
possible for standard commercial analytical methods however, and in some situations
(such as for Copper in marine waters from high ecological protection areas), the
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Practical Quantitation Limit attained by commercial laboratories can not currently
meet the recommended EQG. In such situations, it is recommended that research
laboratories are contacted as an alternative, although some of these research
laboratories may not be NATA accredited for this type of analysis.
It should be noted however, that technological advances are enabling constant
improvements in the detection of different analytes at very low concentrations. As a
result, chemical concentrations that may not be detectable at present could
potentially be achievable in the future.
3.1.5

Measurement uncertainty
The factors that determine the MDL and PQL for an analyte also determine the
Measurement Uncertainty (MU) associated with each test result. MU is the
dispersion of the values that could be reasonably associated with a test result and is
typically reported at the 95% confidence level. MU should be reported for each set
of analyses undertaken by the laboratory.
According to National Association of Testing Laboratories (NATA) policy and the
National Measurement Act 1960, all test results should be expressed with an MU
statement at the 95% confidence level (e.g. pH = 9.26 + 0.15 at the 95% confidence
level). NATA has also required laboratories to determine MUs for all nonstandard/in-house methods. At least 50% of these had been completed by the end of
2002 and from 2001 on all NATA assessments of testing laboratories will be done
according to the (relatively) new standard ISO/IEC 170251. The driving force for
these requirements is for laboratories to be able to defend their results in the courts in
case of prosecution by environmental licensing authorities.
MU provides information on the reliability of an analytical result and may be useful
if only one or two samples have been analysed for a site. However if a greater
number of samples have been analysed for a site then confidence intervals calculated
from all these analyses may be a more useful measure of the spread of the data as it
incorporates both lab and field error.
Whichever measure is used, the upper and lower error bounds represent the range of
concentrations within which the actual concentration is likely to be found. How
these error estimates are used when comparing against EQC has been the subject of
some debate. The lower error bound might be used if a stakeholder wanted to be
certain an EQC had been exceeded (i.e. minimise false triggering of the EQC),
whereas the upper error bound might be used by a stakeholder taking a precautionary
approach to ensure the environment is protected (i.e. pre-empt loss or long-term
damage).
To balance these two arguments this document recommends that the actual analytical
measurement be used for comparison with EQC. The quoted PQL and MU are both
important considerations when selecting an analytical laboratory and the combined
upper bound should ideally be less than the specified EQG or EQS.

3.1.6

Contact laboratories
Appropriate laboratories should be contacted before going into the field. This will
ensure that appropriate analyses on all required samples can be performed before the
1

ISO/IEC 17025:1999 (General requirements for the competence of calibration and
testing laboratories, ISO, Geneva 1999)
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maximum holding periods of the samples expire. The laboratory should be informed
of the details concerning the samples to be taken. This can be done by sending a
completed form, such as a Notice of Samples Expected, or by contacting the analyst
directly.
Most laboratories will provide appropriate containers for the sampling to be done, to
ensure that suitable containers for the different samples are used. The laboratory will
also advise of the amount of sample required for the different analyses.
The laboratory should be provided with any related information about the sample
source, the likely range of concentrations, and purpose for which the results are to be
used. This will assist the analyst to choose a suitable analytical method with
appropriate limit of detection or level of reporting. In some cases the Level of
Reporting can be improved if the analyst knows these details beforehand.
The laboratory should be advised of the QA/QC information required in their sample
analysis report (see sections 3.4.1 and 3.4.2).
The laboratory should be notified if samples are from an area affected by a chemical
spill. Failure to do this can cause major problems in getting valid results promptly.
3.1.7

Check preservation, storage and transport requirements
Proper storage and transport of samples is required to ensure that sample integrity is
maintained between field collection and laboratory analysis. The collection,
preservation, storage and maximum holding period depend entirely on the parameter
to be analysed. Appropriate procedures for all parameters included in the
Environmental Quality Criteria are presented in Section 6 of the Manual.
Sample containers
The type of sample container used for water quality and sediment quality sampling
depends on the analyte(s) to be measured, as the sample container and caps can affect
the composition of the sample by adsorbing some of its constituents. It is also
possible for the container to contaminate the sample if it has not been appropriately
prepared.
The laboratory that will be undertaking the sample analysis should be contacted for
their preferred containers to be used. In most cases, appropriate sample containers
will be provided by the laboratory to the field collector prior to sampling.
Appropriate containers for individual analytes in the EQC are specified in the
Standard Operating Procedures (Section 6).
Storage and transport
To keep samples at suitably low temperatures they should be transported in insulated
carrier boxes (eg. coolers, eskies). Samples are generally kept cool by adding water
ice (for refrigeration) or dry ice (for freezing) into the cooler.
In some instances, samples need to be freighted by air transport, such as samples
collected for direct toxicity assessment. This should be arranged in advance.
It is important to consider the possible differences in time zones (and public
holidays) between the different states to ensure that the samples can be dealt with
immediately upon arrival interstate.
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3.1.8

Assemble equipment and materials
It is important that all equipment and materials required are collected and checked
prior to going into the field. The equipment and materials required for sampling
specific parameters are described in Section 6.

3.2

General sampling protocols
Whether collecting samples for surface waters, pore waters, sediments, or aquatic
organisms, it is critical that precautions are taken to avoid contamination of the
sample at all times. A number of general approaches for environmental sampling are
recommended by ANZECC/ARMCANZ (2000b). These include:
•
•
•
•
•

3.3

Store reagents for use in the field in decontaminated containers;
Transport sample and reagent containers in separate sealed plastic bags;
Pre-clean all field equipment to the same standard as the sample containers;
Minimise the time that containers are kept uncapped or removed from their
transport bags; and,
As part of the preparation protocol empty rinsing water well away from and
downstream of the sampling location.

Quality assurance and quality control in field sampling
An appropriate quality assurance and quality control programme should commence
prior to sampling and continue through to the final reporting stage. Quality
assurance and quality control programmes minimise and control sampling errors. It
includes procedures designed to prevent, detect and correct problems in the sampling
process and so to characterise errors statistically through quality control samples.
Major errors to be avoided are faulty operation of the sampling device, changes in
the sampling before measurement or analysis (contamination, chemical or biological
changes) and incorrect sample labelling. As a minimum it would include being able
to adhere to protocols, being able to avoid contaminating samples, and being able to
calibrate field instruments and make field observations.
A complete record of all field procedures should be maintained, including:
•
•
•
•

Sampling locations (must be relocatable — datum type should be recorded
with location coordinates);
Sampling methods;
Sample handling, preservation, and storage procedures; and,
Dates and times of collection, preservation, and storage.

A sample-inventory log and a sample-tracking log should be maintained. Any
circumstances potentially affecting sampling procedures should be documented.
3.3.1

Maintenance and calibration of field equipment
All equipment and field instruments should be kept clean and in good working order,
and calibrations and preventative maintenance should be carried out according to
pre-defined schedules and recorded carefully. Instrument confidence checks and / or
calibrations should be carried out before and after each sampling run, and full
calibrations should be carried out by an external source on a periodic basis. All
repairs to equipment and instruments should be noted, as well as any incidents that
could affect the reliability of the equipment.
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3.3.2

Sample tracking
Sample tracking procedures require that metadata, including details of sampling date,
time, location, duration, environmental conditions and procedures used for effluent,
dilution water and/or sediment collection be recorded. In addition, sample transport
information, including chain-of custody forms and sample receipt notifications
should be completed and forwarded to the relevant parties.
All field samples must receive unique sample identification numbers (SINs). Sample
containers must be labelled with SINs prior to sampling (where possible) and all
record sheets and log books must use corresponding sample identifiers. To ensure
quality of all sample identification, SINs should be checked at a number of stages
throughout the sample handling and processing procedures, including sample
collection, storage, laboratory analysis and data analysis.
During sampling or field measurements, it is important to fill in a field data sheet or
similar record that describes the samples taken, their labels and other details about
them. The Field Observation Form (FOF) provided below (Figure 3.1a) should be
used as a template for any observation sheets used in environmental monitoring
programmes in Cockburn Sound. The information requirements on this template
should be considered as the minimum requirement for data that is to be entered onto
the Water INformation (WIN) database (Cockburn Sound monitoring data is to be
stored on the WIN database – refer to section 4.1.1). On the reverse side of the FOF
is an Instrument Calibration Check sheet (Figure 3.1b) that should also be completed
whenever instruments need to be calibrated for field measurements. All field data
and instrument calibration data are recorded on the FOF. All field records must be
completed before leaving a sampling station. Any observation or information on the
conditions at the time of sampling that may assist in interpretation of the data should
be noted on a field-record sheet or in a field notebook. This information may explain
unusual data which otherwise might be attributed to problems in sampling or
analysis.
Every FOF should be accompanied by a Chain of Custody (COC) record sheet, even
when no chemistry samples are taken. The COC provides a unique number that is
useful for “batching” samples and readings, and enabling data to be tracked and
managed through the WIN system. The FOF can be linked to the COC by writing
the COC record number in the box at the top right of the form. If only readings and
observations are taken (i.e. no chemistry), use a blank COC record sheet as a “batch
header” for the FOF(s).
At the bottom of the FOF in the “General comments” section, provide instructions to
those staff importing the data into WIN on how anomalous data should be handled.
For example, if end-of-day checking shows that readings on a probe began to drift
sometime during the day, indicate how the data should be handled. Should it go into
the database or not? (WIN staff cannot make this decision.)
Phytoplankton samples should be recorded on a Phytoplankton Registration Form
(PRF). The PRF example shown in Figure 3.2 is available from the DoE, or it can be
used as a template for developing a new registration form. Also write the COC
number at the top right of the form, and enter all sample details.
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Figure 3.1 Example of a Field Observation Form for water quality monitoring (provided by the DOE)

Field Observation Form - Estuarine

Department of
Environment

Project

COC #
PRF #

Samplers

Instrument

Date

Surf

Bott

Collection
Method

Site Name

Sample No.

Matrix
Quality

Reference Number

Matrix

Sample depth does not apply to readings

Time
Collected
HH:MM

Date
Collected
DD/MM/YY

Depth
ref
Point

Sample
Depth
(m)

Flow
Code

Tide
Code

%Cloud

Wind Speed Secchi
Wind
(m)
(knts)
Direction
obs

comp

obs

20

anenom cm

30
cm

INTD
Chloro Phyto
Volume Depth
(ml)
(m)

Comments

General Comments:

Version March 2003

Tide
Codes:

Dry = D; Ebbing = E;
Flowing = F; Stationary = S

Flow
D = Dry; Flowing = F;
Codes:
Stationary = S
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Figure 3.2 Example of a Field Observation Form for instrument calibration check (provided by the DOE)
please circle

Hydrolab / YSI Calibration
Model

Conductivity
units

uS/cm mS/cm

Conductivity
setting

fresh
stdMthd

General Comments

salt
none

Serial or ID #

Air pressure

hPa * 0.7502 =

Salinity
setting

mmHg

2311 stdMthd

Conductivity
solution
standard

Cond

Pre
field cal

Temp

pH

DO%

Salinity

reading
calibrated to

Post
field cal

reading
calibrated to

WTW Control Check

Conductivity
check
solution

Model
IS or ID #

Deviation above
25us/cm

Cell
Const

Tref
25

ARng

Lin

TC
0.00%

Probe
Symbol
(model 330
only)

WTW
Temp
reading

WTW
Cond
reading

No

please circle

Conductivity
Table
Lookup
Cond
value

Yes

Deviation
W TW - Table
cond

cond

pH

DO *

Cal OK Probe
Symbol
Y/N

Cal OK
Y/N

(model 330
only)

Redox (Eh)
Probe
Symbol

mV

(model 330
only)

Pre - field
check
Post - field
check
* Ideally the DO probe should be calibrated prior to each observation. Absolute minimum is before and after each sample run.
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Figure 3.3 Phytoplankton Registration Form (provided by DoE)

Phytoplankton Registration Form

Department of
Environment

CoC #

For internal use only
A

Sample details:

B

Location:

Sampled by:

River / estuary

Ocean

Lake / wetland

Dam / reservoir

P

Samples to be sent to:
Phytoplankton Ecology Unit,
7 Ellam St, Victoria Park

C

Ph (08) 6250 8064 Fax (08) 6250 8077

DoE Region or Branch:

35-39 McCombe Rd, Bunbury
Ph (08) 9726 4111 Fax (08) 9726 4100

Waterbody:

Report to:

Is a report required?

Yes

No

D

Contact name:

Special instructions:
All sections must be completed

y

No charge is made to DoE groups for standard
phytoplankton analysis

Sample Number

Collection
Method

PEU Sample
Number

Time

Where possible, preserved samples should be
accompanied by fresh (non-preserved) samples, and
delivered to the PEU as soon as possible

y

All sample results will be stored in the WIN database

(24 hr clock)

Date
Collected
DD/MM/YY

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

Site Reference
Number / Code

Site Name

Reason for sampling:

F

Routine monitoring

Research

Incident complaint / response

Fish kill

Other

y

Written

Other (please specify)

E

y

Method of reply:
Verbal

Other

Please indicate if samples may contain hazardous substances (identify
the samples):

Were field observations recorded?
Depth
Collection
(? to ? m) Instrument

Notes:
Version: DoE Sep 2003

Urgent
(Tick)

Creek / stream / drain

Project code:

NOTE: copies of the PRF and FOF must be sent to PEU
and RIB
(RIB fax No: (08) 9278 0787)

Yes

No

Comments, (e.g. colour, scum, odour, wind direction
and strength, turbidity, etc)

Collection instruments: 1 L sample bucket = BKT; Ext pole
sampler = EPS; Int hose/pipe 25mm int diameter =IHP25;
Net 10um = NET10; Net 20um = NET20; No Instrument =
NONE; Silicon hose 10mm int diameter = HOS10;
Unknown = UNK; W eighted Bottle = W TB; Corer = COR

Collection methods : Grab = G;
Integrated over depth = ID;
Composite sites = CS;
Composite sites integrated over
depth = CI; Net samples = NS
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The paperwork for each sample must be traceable from the time the samples were
taken through to submission of the final report. Details of the data tracking system
should include:
•
•

•
•
•
•

3.3.3

Chain-of-custody forms and sample labels completed and containing the SIN;
Use of sample receipt book and log to confirm the date, time and quantity of
the samples received and temperature, pH, conductivity and dissolved oxygen
characteristics of the sample on arrival;
Data sheets for all necessary data;
Equipment logs to confirm all equipment (for example, water quality meters)
were calibrated as specified in the equipment calibration SOP;
Reference values entered into a spreadsheet and included as points on a control
chart for comparison to previous data; and,
All relevant correspondence, both electronic and hard copy, kept on file for a
minimum of 5 years.

Chain-of-custody documentation
Chain-of-custody is a means of tracing possession of samples from their point of
origin to their final destination. It is used to document the movement of samples to
and from the laboratory. This includes delivery of the samples to sub-consultants for
analysis, and may include delivery for disposal or archival. Documentation of
sample movement within the laboratory is normally not necessary because the
laboratory is considered a secure area with limited access.
The original and one copy of the chain-of-custody documentation should accompany
all samples provided to the laboratory and further copies made available for filing as
required. There must be a standard chain-of-custody form available for this purpose.
The purpose of the form is to clearly identify what samples are included, the
treatment that has been / should be applied to samples (filtration etc), what analyses
are to be performed and by whom, and who has had custody of the samples. This
information is to be completely documented on the form, and the forms must
accompany the sample container(s). Chain-of-custody must be documented by
everyone having responsibility for a set of samples. This should also include
couriers, but should that not be possible, the courier’s signature on the waybill is
sufficient.
Detailed instructions for filling out chain-of-custody forms when shipping samples to
or from the laboratory can be found in the “WIN Sample Management Forms”
document available from the DoE. This document also provides a complete listing
of codes for such things as Collection Methods and sample Matrices. Training on the
correct use of sample documentation forms is available from the WIN data
management team in the DoE.
The person sending the samples should retain a copy of the form for his or her own
records. When the samples reach their destination, the person receiving them must
complete the form(s), keep the copy for their records and return the original with the
results. The information recorded as part of the Chain of Custody documentation is
provided in Table 3.1 The Chain of Custody Form provided in Figure 3.4 should be
used as a template for monitoring programmes in Cockburn Sound. As with the field
observation form, the information requirements on this template should be
considered as the minimum requirement for data that is to be entered onto the WIN
database.

DALSE: DoE: STANDARD OPERATING PROCEDURES MANUAL
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Figure 3.4 Chain of Custody form used by DOE
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Table 3.1 Chain of custody documentation (reproduced from Table 4.6 of ANZECC
/ARMCANZ Australian Guidelines for Water Quality Monitoring and Reporting Chapter 7,
2000b)
Process step
Field sampling
Sample storage and
transport
Laboratory receipt of
samples
Laboratory storage of
samples
Sample preparation
Sample analysis

3.3.4

Quality assurance procedure
Field register of sample number, site, type/technique, date, technician,
field data sheet
Field register of transport container number and sample numbers, time,
date
Laboratory Register of transport container number and sample
numbers, time, date
Laboratory Register of storage location, type, temperature, time, date
Analysis register of sample (laboratory) number, pre-treatment, date,
technician
Analysis register of instrument, calibration, technician, standard method,
date, result

Sample blanks
Sample blanks can be used to estimate the levels of contamination that are incurred
during any stage of field sampling activities. Field blanks can be used to estimate the
contamination caused by sample collection, filtering, containers, equipment and
transport. When used, blanks can be particularly useful in identifying problems with
specific components of the monitoring procedure, which can then be quickly
rectified. The reliability of the sampling procedure (and field officer) can also be
ascertained by incorporating field blanks into the monitoring programme.
Further explanations on the use of different field blanks are provided by ANZECC &
ARMCANZ (2000b) and AS 5667.1 1998.

3.3.5

Duplicates and replicates
Duplicate samples are obtained by dividing a collected sample into two or more subsamples. Duplicates can be useful for revealing the size of errors from
contamination that is occurring between sampling and sample analysis. Ideally, one
duplicate should be obtained for about every 10 samples.
Replicate samples are two or more samples that are collected simultaneously to
establish the reproducibility of sampling. Ideally, three samples are required to
enable testing of inter- and intra-laboratory accuracy and precision.
Duplicate and replicate samples can be used as back-up samples to confirm whether
an EQC has been exceeded and are particularly useful in situations when field
collection is a difficult or costly exercise.
Duplicate and replicate samples should be identified on the copy of the COC retained
by the sampler (eg. by writing “FD” for field duplicate or “RS” for replicate sample
in the Site Name column). This copy of the COC is used to import data into the
database and hence allows QC samples to be identified when the data are being
imported, but not by the laboratory when the samples are being analysed.

3.3.6

Sample spiking
Spiking of water and/or sediment samples with a known amount of contaminant can
be used to test the reliability of subsequent laboratory analyses for that analyte as
part of the QA/QC for the monitoring program. This is not recommended for two
main reasons. Firstly, spiking can not be carried out as accurately as in the
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laboratory; and secondly, inappropriate spiking may contaminate the analytical
equipment in the laboratory. Alternatively, a laboratory that routinely uses
appropriate analytical standards and laboratory spikes to maintain accurate quality
assurance should be selected prior to collecting samples in the field.
3.3.7

Submission of data
Monitoring data collected from Cockburn Sound is to be stored in the Water
Information Network database (WIN). Full details on completing and submitting
sample documentation forms and data for importing onto WIN can be found in the
document, “WIN Sample Management Forms”, available from DoE. The key issues
are summarised in this sub-section.
Laboratory samples
Copies of the sample registration forms (i.e. COCs, FOFs and PRFs) should be sent
to Resource Information Branch (RIB) at DoE, at the end of each sampling run.
Forms can be sent by fax or post:
•
•

If submitting by fax, the number is 9278 0787.
If submitting by post, the address is:
Quality Assurance Officer,
Resource Information Branch,
PO Box 6740,
East Perth WA 6892

Phytoplankton samples
•
•

Phytoplankton samples must be sent for analysis as soon as possible after
sampling; and,
Include a photocopy of the PRF and FOF (the FOF helps in the analysis of
samples).

Electronic data files
Electronic data files from data loggers or electronic probes should be e-mailed to:
“DataIn” (datain@wrc.wa.gov.au).
If the raw data is to be edited it should be done prior to submission to the WIN
import group using the following procedure:
•
Open the data file in Excel;
•
Save the file as an Excel spreadsheet (use the file name format of [Project
code] [COC#X] [Sample date] where the X would be a letter coded to the type
of instrument used and the date is in “YYYYMMDD” format).
•
Copy the original data sheet (eg.
1.
Holding down the control key, click on the sheet name tab containing the
raw data.
2.
Drag to the right into a free space on the sheet name line.
3.
Release the mouse button and the sheet is copied.).
•
Rename the right-hand sheet to “Raw output file” (WARNING: Data on this
file should never be changed and represents the instruments original data
output);
•
Rename the left-hand sheet to “Edited data”;
•
Edit the “Edited data” sheet;
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•

•

Check that the date, site annotations and all parameters have been
correctly recorded;
•
Only alter data that you, as the sampler, know should be corrected;
•
If parameters are to be deleted, describe what was deleted and why. This
information should be recorded as a Comment in cell A1 in the “Edited
data” sheet (use "Insert", and "Comment" from the menu bar). The
Comment should describe who made the changes, what they were, when
and why. This allows future data users to see the reasons for all changes
and deletions.
Email the data to the WIN import group (When emailing the data provide a
subject description that used the format [instrument] [project code] [COC#].

3.4

Quality assurance and quality control in laboratory
procedures

3.4.1

Traceability of results
Traceability of analytical results from the laboratory report back to the original
sample delivered to the laboratory is an essential component of good laboratory
practice, and is a prerequisite for accreditation of analytical laboratories.
Apart from its chain of custody details for each sample, the laboratory record system
must include the following information for each analysis:
•
•
•
•
•
•
•

3.4.2

Identity of sample analysed;
Identity of analyst;
Name of equipment used;
Original data and calculations;
Identification of manual data transfers;
Documentation of standard preparation; and,
Use of certified calibration solutions.

Laboratory data reporting
Where separate laboratory reports are provided as part of a monitoring programme,
these should include:
•
•
•
•
•
•
•

3.4.3

The laboratory name and address;
Tabulation of samples and analysis data;
Identification of the analytical methods used;
PQL or LOR;
Confidence intervals of the analytical results (including standard deviation and
relative standard deviations);
Date of analysis and name of technician or chemist; and,
A quality control/quality assurance statement that includes the analytical
results for blanks, duplicates, certified reference materials, spike recoveries and
any other QA/QC information (ANZECC/ARMCANZ, 2000b).

QA/QC results
The main types of laboratory QC samples reported are:
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•
•
•
•

Laboratory Duplicates;
Laboratory Blanks;
Spike recoveries; and,
Certified reference materials.

Laboratory Duplicates are created from field samples submitted in the batch. The
laboratory splits every tenth sample, and both the original and duplicate are analysed.
The results for the original should closely match the duplicate. Large variations
should be followed up with the laboratory as they may indicate problems with the
analysis. Minor variations can provide a useful indicator of the precision of a
method.
Laboratory blanks are samples of deionised and distilled water introduced into the
batch by the laboratory. They should return values less than the LOR for each
analyte. Higher values indicate that contamination has occurred during analysis.
Spike recoveries are compounds of a known amount added to a sample before
extraction. They mimic the analyte(s) of interest and may be compounds unlikely to
be found in environmental samples. They monitor extraction efficiency and the
percent of analyte “recovered” from the sample. Each laboratory method will
specify acceptability criteria for different analytes and matrices, usually as an upper
and lower percentage limit. For example, acceptability criteria for method XYZ for
Organochlorine Pesticides in water may be 40 – 150%. Anything within this range is
acceptable; anything outside it is not. Recovery percentages can also give an
indication of bias. Bias and precision can be used to determine the accuracy of
results.
Certified reference materials are materials of known, certified composition that can
be used to monitor the accuracy of analytical methods. They are usually only
available for analytes such as metals, not for analytes that change in composition
during storage because they volatilise or biodegrade.
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4.

Data management

4.1

Data management systems
Data management is a key component of any environmental monitoring programme.
Computer-based data management systems are essential for effectively managing,
storing, analysing and presenting water quality data. Water quality data can be
managed and stored in either spreadsheets (such as MS Excel) or relational databases
(such as MS Access). In general, the larger the dataset, the greater is the need to use
a relational database.
ANZECC/ARMCANZ (2000b) specifies that a data management system should have
the following components:
•
•
•
•
•
•

4.1.1

Reliable procedures for recording results of analysis and field observations;
Procedures for systematic screening and validation of data;
Secure storage of information;
A simple retrieval system;
Simple means of analysing data; and,
Flexibility to accommodate additional information eg. new analytes and/or
sites.

WIN database for Cockburn Sound monitoring data
Monitoring data collected from Cockburn Sound is to be stored in the Water
INformation database (WIN), an Oracle database with a Java interface, running on
Windows NT4. This database contains water quality data collected from Perth’s
riverine, estuarine and coastal waters, and is managed by DoE.
Templates for data recording, management and storage for the WIN database are
available from DoE. These include forms for Site Registration, Chain of Custody,
Field Observations and Phytoplankton Registration (see Section 3.3). Sample
Identification Number (SIN) stickers are also available in lots of one, two or five
waterproof stickers. Templates have also been developed for laboratories to report
analytical results in the required format (example provided in Figure 4.1). Several
laboratories in Perth now report all DoE data using these templates. Contact DoE for
further assistance, or to arrange suitable reporting of data by laboratories prior to
commencement of sampling. Further information on the template forms can be found
in the draft Waters and Rivers Commission document WIN Sample Management
Forms (WRC, 2003).

4.2

Database content
Each monitoring programme will have its own specific parameters, measured at
different spatial and temporal scales. However, the following general components
should be recorded for any monitoring programme (Table 4.1).

30

Figure 4.1 Laboratory data reporting template used by DOE
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Table 4.1 Monitoring information required for incorporation into a database
Information

Description / Comment

Sample date
Time
Site description
Additional site information
Weather/tide conditions
Old site code
Site code
Site location

Date sample was collected
Time sample was collected
Description of sampling locations
Full (relevant) details of site location
Weather/tide conditions at the site at the time of sampling
Code for site location that has been used previously
Current site location code
Coordinates and/or northing and easting. It is important to note
which type of datum was used to measure northing and easting
Overall depth of site
Whether sample was filtered or unfiltered
Water depth of site where the sample was collected, i.e. surface,
middle, bottom, or composite depth sample
Group who conducted the monitoring
Laboratory identification number
Laboratory identification number
Laboratory identification number
Sample Identification Number (SIN)
Date that the sample was completed
Type of indicator that was measured, eg. nitrate_N
Method of analysis used for sample
Some analytes can be measured on filtered and non-filtered
water sample. The distinction between these methods of analysis
needs to be determined and included in the database.
Units specified of the type of parameter. It is important that the
units are determined at the start of the monitoring programme to
avoid later confusion.
The number of decimals that are accurate to the analysis and
relevant to the monitoring programme
WIN stores the Limit Of Reporting (LOR) for the lab method.
Values below LOR are assigned a Reliability Indicator of “<”, and
the LOR is stored as the reading value, eg “<0.01 mg/L”
Additional comments, information relevant to the results or
sampling (eg. PQLs)

Depth of site
Sample type
Depth of sample
Monitoring Authority
Work list
Job no.
Lab no.
Sample Identification Number
Completion date
Indicator
Laboratory analysis used
Filtered or unfiltered sample

Units

Decimal numbers
If lower than the limit of
reporting
Notes

4.3

Data entry protocols
Appropriate protocols for entering data must be developed as part of the monitoring
programme to ensure that the entry of data is accurate. A number of suggested
protocols to minimise error are provided below:
•

•

•

Templates should be used for standardising datasheet formats so data can be
transferred and imported into the database from a variety of sources. These
should be provided to all collectors prior to sampling so all information
required is collected, and presented in a usable format;
Data from analytical instruments including field meters and laboratory
instruments should be electronically transferred to the database where possible
to prevent transcription errors;
The collector(s) of the data must ensure that only correct and validated data is
provided to the database manager for uploading into the database. A printout
of the entry should be checked against the field record sheet and the laboratory
register. Entries can be validated by electronic screening against the expected
range and against other analytes for the same site and sampling date, and
against field measurements; and,
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•

Appropriate protocols for correctly distinguishing between data values of zero,
data values obtained that were below the detection limit, and sites where no
data was collected are as follows:
•
Values of zero will be captured as 0 (zero);
•
Values below the LOR will be assigned the value of the limit and
qualified with a “<” indicator, eg “<0.05”; and,
•
At sites where no data was collected, an explanation must be written in
the Comments field of the FOF, and one of the following codes assigned
to either the sample or the individual readings:
Code
NLCOM
NLFAI
NLRDG
NLUNK
NLVIS

4.4

Description
Null reading Null reading Null reading Null reading Null reading -

Comment only
Failed sample or data
Reading not obtained
Unknown reason
Visit not made

Quality assurance and quality control in data management
The following quality assurance / quality control procedures for data management
are recommended:

4.4.1

Responsibility for data management
It is recommended that one person is primarily responsible for managing the
database so that high quality assurance/quality control can be maintained, and that
any changes to the data and/or database are appropriately implemented and tracked.
The data manager should check the data before uploading it into the database using
simple checks devised to detect erroneous data.

4.4.2

Write-protection for restricting access
For many monitoring programmes, it is desirable for results to be readily accessible
to a large number of users. To avoid accidental changes to the database, general
access should be write-protected. Write-access to the data files should be restricted
to the data manager and/or personnel responsible for data management.
The WIN database has various security levels including Restricted access (no
viewing), View access (full viewing), limited Write access and full Write access.
These levels are applied on a “needs” basis.

4.4.3

Metadata
Metadata details the descriptive and supporting information of a monitoring
programme, and is an integral component of quality assured data. Metadata should
specify information about the type of monitoring Programme – including a
description of sample numbers, collection, management, analysis and storage
techniques used.
The WIN database captures metadata with sample results, including sample
collection method, matrix, frequency, spatial pattern, population of study, data
custodian, analysis method, analysis instrument, laboratory, Limit of Reporting and
QC results.

4.4.4

Archive data
It is important to maintain archives of all the original data files for future reference
purposes. This includes archiving of:
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•
•

Raw data sheets from field and laboratory measurements and analyses; and,
Electronic copies of verified data files prior to uploading into the database.

Part of the WIN data management process is the secure storage of all source data
including sample forms (COCs, FOFs, etc), hardcopy laboratory reports and
electronic results.
4.4.5

Data backup
Regular backing up of the monitoring database is essential so that data are not lost in
the case of system or file failures. Consideration should also be given to maintaining
the backed up copies of data at a different location in case of major accidents such as
fire.
All DoE servers, which includes the WIN database, are backed up overnight and the
tapes are transported offsite to a secure location the following working day.
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5.

Data analysis and comparison against EQC
This section describes the analysis of data required for comparison against EQC.
The guidance provided below is largely taken from ANZECC/ARMCANZ (2000a;
2000b). ANZECC/ARMCANZ (2000b) provides a more detailed description of the
range of common statistical approaches for analysing water quality and other
environmental data, and also cites a large number of useful introductory and
advanced texts of statistical methods.
This section covers three main topics:
•
•
•

5.1

Data preparation;
Data analysis; and,
Comparison of monitoring data and EQC, and statistical inference.

Data preparation
Data need to be summarised in a form that is amenable to analysis (e.g. spreadsheets,
graphs), and checked so that only those data acceptable by field and laboratory
QA/QC are included. Where duplicate samples have been analysed, the mean of the
duplicate analyses should be used as the sample result.
Before data can be subjected to more detailed analysis, they must also be checked
for:
•
•

Data that are missing or below detection limits (‘censored data’); and,
Data integrity (including treatment of outliers).

Each of these issues is briefly discussed below.
5.1.1

Censored data
Contaminant concentrations in water can often be ‘below detection limit’.
ANZECC/ARMCANZ (2000b) recommends that routine statistical parameters
(medians, percentiles) be calculated using the full data set, with below detection limit
data replaced by either the detection limit or half the detection limit. However,
numerical surrogates may only be necessary where software packages are used for
the calculations.
For monitoring data collected from Cockburn Sound, results that are below detection
limit are to be replaced by the detection limit for that indicator if a numerical
surrogate is required.
This approach is recommended because the actual
concentration could be anywhere from a value approaching zero to something just
under the detection limit.
If inferential statistical techniques are to be applied (e.g. confidence limits, or
hypothesis testing of ecological data) there can be problems if a large proportion of
the data is below detection limit (eg. >25%). ANZECC/ARMCANZ (2000b)
provides advice on procedures to follow in such circumstances.

5.1.2

Data integrity
The integrity of environmental data can be reduced by losses or errors at the time of
sample collection, sample preparation and analysis, recording of results, electronic
manipulation and processing of results (in spreadsheets), and during analysis,
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interpretation and reporting. Scanning of raw data should be undertaken to detect
gross errors, and electronic databases should be customised to highlight data that are
outside expected ranges. Further screening to identify anomalous results can be
undertaken by simply graphing results or using simple statistical measures of data
distribution aspects (e.g. mean, standard deviation, coefficient of variation, skewness,
kurtosis). The treatment of ‘unusual’ observations or ‘outliers’ is more contentious.
ANZECC/ARMCANZ (2000b) notes that an outlier is an extreme observation but
the converse is not necessarily true, and so recommends care in labelling extreme
observations as outliers. Assuming data integrity has been checked, outliers may
convey significant information and their presence should initiate a more thorough
investigation. With the percentile approach extreme observations are far less of an
issue than if parametric analyses are applied, although they can significantly
influence the upper and lower percentiles (eg. 5th or 95th percentiles) when deriving
EQC. If parametric analyses are to be undertaken (e.g. in biological or ecological
data), then automatic labelling of extreme values as outliers and discarding them
from the data set can also introduce bias into subsequent analyses. Only the most
extreme values (e.g. those four or more standard deviations from the mean) should be
discarded unless other good reasons can be established (e.g. unusual field conditions
during sampling).

5.2

Data analysis
The majority of parameters included in the EQC Reference Document for Cockburn
Sound (2003 - 2004) (EPA, 2005) require only relatively simple statistical analyses
of the monitoring data (i.e. medians, percentiles) for determining, or comparing
against, the EQC. These are described briefly, as follows:
•

•

A median is the middle value of a sequence of numbers. Half the values are
numerically smaller, and half are numerically larger (also known as the 50th
percentile, see below); and,
A percentile is the division of a frequency distribution of data into one
hundredths. The pth percentile of a distribution of data is the value that is
greater than or equal to p% of all the values in the distribution. For example,
the 80th percentile is greater than or equal to 80% of all values (or conversely,
80% of all values are less than or equal to the 80th percentile).

The calculations required to compare monitoring data against the EQC are provided
in the various sections for individual parameters.
For examining physico-chemical stressors, ANZECC/ARMCANZ (2000a) have
adopted a triggering process based on the comparison of the 50th percentile (median)
at a test site with the 80th percentile at a reference site. This type of approach has
been adopted for some EQC for Cockburn Sound (e.g. temperature).
ANZECC/ARMCANZ (2000a) recommend that the computation of an 80th
percentile ‘trigger’ be based on a minimum of two years of contiguous monthly data
(i.e. 24 sample results). The procedure is then as follows:
•
•

Arrange the 24 data values in ascending (i.e. lowest to highest) order; and,
Take the simple average (mean) of the 19th and 20th observations in this
ordered set.
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This approach is not strictly applicable for many EQC in Cockburn Sound, which are
measured for only part of the year (the ‘non-river flow’ period), but it sets a general
requirement of at least 20 samples to calculate an 80th percentile.

5.3

Comparison of monitoring data and EQC, and statistical
inference

5.3.1

Comparing data against the EQC
For Cockburn Sound, the relevant percentile of the test site (eg. median or 95th
percentile) is directly compared with the relevant numerical EQG or EQS provided
in the EQC Reference Document for Cockburn Sound (2003 - 2004) (EPA, 2005).
There are only two possible outcomes of this analysis: the test site data exceeds the
criterion; or the test site data does not exceed the criterion. This is a simple and
straight forward approach that implicitly balances Type I and Type II errors (see Box
1) and was recommended in ANZECC/ARMCANZ (2000a) for comparing test data
against guideline trigger values. Because it generally requires a number of samples
to be analysed from a defined area of concern it also takes into account the inherent
variability resulting from sampling and analytical errors. To minimise the effects of
both natural and error-associated variability on estimates of actual ambient
concentration, stakeholders are encouraged to take as many measurements as
possible to derive the relevant percentile for a site.
For programs that monitor and compare biological or ecological indicators at both
the test site and reference site for assessment against an EQS it is recommended that
the need for performance characteristics (Type I and Type II error rates and, where
necessary, the effect size) be established and then determined in advance in the
monitoring design phase. This should be done in consultation with regulators and
stakeholders.

5.3.2

Recommendations on the number of samples required for EQC
comparisons
Because exceedance of an EQS potentially triggers management action it is more
critical to increase sampling effort to capture sample variability (and minimise Type
I and II errors) when determining compliance with an EQS, than an EQG.
For comparison of test site data against an EQG, it is recommended that a minimum
of 5 samples be used to generate a median or 95th percentile (3–5 samples for
comparison against sediment EQGs). For toxicants in water, any measurement
greater than the EQG may represent an exceedance if less than 20 samples have been
measured because of the more stringent approach (95th percentile).
A minimum of 20 samples is suggested for comparison against an EQS. EQGs and
some EQSs have already been derived and provided in the EQC Reference
Document for Cockburn Sound (2003 - 2004) (EPA, 2005). Where numerical EQS
have been provided it is recommended that the median, 95th percentile or other
percentile generated from the 20 samples simply be directly compared with the EQS.
If there is a need to derive an EQS using the 20th and/or 80th percentiles from
reference site data for investigation against an EQS, then it is recommended that a
minimum of 20 samples be taken from the reference site. If more extreme
percentiles are required to generate an EQC (e.g. 5th or 95th percentiles), it is
recommended that 20 samples be taken and used to graph the frequency distribution
of the data: an estimate of the probability densities for the underlying distribution can
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be obtained using smoothing techniques available in many software packages such as
STATISTICA®, SYSTAT® and S-PLUS®, and the required percentiles estimated.
Box 5.1
Type I and Type II errors
The number of samples taken is an important issue that should be considered in the
monitoring design phase (Section 2.2.11). Taking more samples reduces the risk of
both Type I errors (false triggering of guidelines) and Type II errors (a false sense of
security, or apparent compliance when it should have been non-compliance).
ANZECC/ARMCANZ (2000b) notes that a Type I error rate of 5% has become the
accepted convention, and a Type II error rate of 20% is generally considered
acceptable. The effect size being considered also affects Type I and Type II errors,
as does the variability of the data being collected.
It is important to note that effect sizes and error rates tend to be implicit in the
percentiles used in the trigger values adopted for many EQC. ANZECC/ARMCANZ
(2000b) states that the number of samples to be taken is arbitrary, but that there are
implications for false alarms (i.e. Type I errors): the more samples taken, the lower
the risk of false alarms. As an example, for a test site that has a data distribution
identical to the chosen reference site, the chance of a single observation from the test
site exceeding the 80th percentile of the reference site is 20% (i.e. a Type I error rate
of 20%, or 0.20). The Type I error rate in this case can be reduced to about 0.05 by
taking five samples. As noted earlier, increasing the number of samples also reduces
the risk of Type II errors.
ANZECC/ARMCANZ (2000b) also notes that the magnitude of a shift between, for
example, the median and 80th percentile at a reference site is a de facto definition of a
measurable perturbation. The statistical significance associated with a change in
condition equal to or greater than a measurable perturbation requires a separate
analysis. It is important that the statistical performance characteristics of any test or
decision-making rule are documented and understood (e.g. by power curve analysis,
see ANZECC/ARMCANZ [2000b] Section 6.4.3.2).
5.3.3

Parametric versus non-parametric data
Where more advanced statistical comparisons between the data and the EQS are
considered necessary then either parametric or non-parametric techniques can be
used.
If data (or suitably transformed data) are normally distributed, there are a variety of
parametric tests that could be used for statistical inference when monitoring
biological or ecological indicators for comparison against an EQS. If data do not
conform to a normal distribution (or cannot be transformed to conform), then nonparametric techniques must be used. ANZECC/ARMCANZ (2000b) discusses three
simple techniques for comparing water quality monitoring data and guidelines, as
follows:
•
•
•

Control charts (these can be used for parametric or non-parametric data);
The Binomial Approach (this is a by-product of the non-parametric, percentile
approach); and,
A Parametric Method.

These techniques may be suitable for investigations against the EQSs for Cockburn
Sound, and are discussed below (control charts are also useful for EQG
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comparisons). However, it is recommended that specialist statistical advice be
sought before designing a monitoring programme and deciding on compliance
criteria.
Various methods for statistical inferences that can be used for
ecological/biological data include conventional techniques such as interval
estimation (e.g. 95% confidence intervals) and hypothesis testing (e.g. using
ANOVA or t-tests), and the more recent and more flexible (but less frequently used)
techniques of Generalised Linear Models (GLMs) and Generalised Additive Models.
These methods of statistical inference are discussed in Appendix 5 of
ANZECC/ARMCANZ (2000b).
Comparison between data and EQC by control charts
ANZECC/ARMCANZ (2000a; 2000b) highlights the usefulness of control charts for
comparing data with guidelines. Examples from ANZECC/ARMCANZ (2000b) are
reproduced in Figure 5.1. For comparisons against EQSs, confidence intervals can
also be added (i.e. the range within which there is X% certainty that the true test
statistic lies) to enhance statistical inference and to give early warning of the
possibility of an EQS exceedance before the median actually exceeds the EQS.
Confidence intervals of 90% or 95% are those most typically used. Overlap between
the confidence interval and the guidelines indicate a lack of certainty that the
guideline is exceeded (benefit of doubt approach)—or complied with (fail safe
approach).

Figure 5.1 Examples of control charts (reproduced from Figure 6.7 of ANZECC/ARMCANZ,
2000b)

ANZECC/ARMCANZ (2000b) Appendix 5 provides the formulae for calculating
confidence intervals for medians when more than 20 samples are involved, and the
values to be used when less than 20 samples are involved.
Comparison between data and EQC by the binomial approach
The binomial distribution can be used to make probabilistic assessments about
conformity of the data to the guideline. The binomial distribution describes the
behaviour of the number of successes of any random process for which there are only
two mutually exclusive outcomes (e.g. heads/tails, compliance/non-compliance).
The theory is briefly explained in Section 6.4.3.4 of ANZECC/ARMCANZ (2000b),
and most statistical software (including Microsoft Excel) calculates binomial
probabilities.
In summary, this approach allows determination of the number of samples out of a
data set that need to exceed the EQC to demonstrate non-compliance, for a specified
Type I error. This approach may be useful for situations where insufficient samples
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have been collected to accurately determine the percentile. It represents the benefit
of doubt approach, providing a level of certainty that the EQS has been exceeded
before any action is undertaken. It does not ensure that the EQO has been achieved
or the environmental value protected.
Comparison between data and EQC by a parametric method
For ecological data, the use of parametric techniques may be appropriate. Refer to
Section 6.4.3.5 of ANZECC/ARMCANZ (2000b) for information on these types of
techniques.
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Part 2
Standard Operating Procedures
For Environmental Monitoring
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6.

Standard operating procedures for environmental
monitoring
This section describes the standard operating procedures for the environmental
parameters specified in the EQC Reference Document for Cockburn Sound (2003 2004) (EPA, 2005), including physico-chemical, biological and aesthetic parameters.
Each standard operating procedure provides information on the following
components (where appropriate):
•
•
•
•
•
•

General notes;
Apparatus required for sampling;
Procedure (including sampling requirements for comparison against the EQC);
Methods for sampling preservation and storage;
Recommended laboratory analysis; and,
Calculations required for comparison of the monitoring data against the
relevant EQC.

6.1

Physico-chemical parameters in waters using field meters
and dataloggers in situ

6.1.1

General
A number of physico-chemical parameters are measured in situ using hand-held
meters, dataloggers or other instruments. This section describes the measurement of
light attenuation, temperature, dissolved oxygen, pH, salinity (using hand held
meters and data loggers) and Secchi depth (using Secchi Disc) for subsequent
comparison against the EQC.
Dataloggers vs hand-held meters
There are advantages and disadvantages in using either a hand held meter or
datalogger to measure a water quality parameter (shown in Table 6.1), and the type
of instrument selected for use will depend on the individual monitoring programme.

Table 6.1 Advantages and disadvantages of using hand-held meters and data loggers to
monitor water quality
Instrument

Hand-held
meters

Data loggers

Advantages

Disadvantages

- Relatively easy to use in the field
- Instantaneous data are collected
- Spatially distributed data can be
easily collected at different depths
and sites
- Long term continuous data can be
collected resulting in comprehensive
dataset on temporal patterns (e.g.
daily, tidal, weekly fluctuations)
- Events (such as storms) can be
captured

- Data are limited to sampling surveys
only
- Temporal patterns (e.g. daily, tidal,
weekly fluctuations) are difficult to detect
- Data are restricted to the location of the
logger
- Can be difficult to deploy in the field
- Potential problems with vandalism/ theft
and loss of the logger
- Fouling by opportunistic organisms and
sediments necessitates weekly cleaning
of the logger
- Data can be lost or rendered invalid
due to logger drift, flat battery or some
other fault
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6.1.2

Apparatus
•

•

6.1.3

A large number of water quality meters and/or dataloggers are currently
available for use for measurement of light attenuation, temperature, dissolved
oxygen, pH and salinity; and,
Secchi discs are used to measure water clarity.

Procedure
Each meter and/or datalogger has specific preparation, calibration, sampling and
maintenance requirements. Instructions in the user manuals specific to each meter
and/or datalogger need to be followed carefully to ensure that reliable and accurate
results are collected.
Some general considerations apply to all field meters and dataloggers.
•
•
•
•

All field instruments should be kept clean and in good working order;
Probes, electronic functions, cables, and batteries should be checked prior to
any field trip;
Calibrations should be carried out accurately and recorded; and,
All preventative maintenance and repairs to equipment and instruments should
be noted, as well as any incidents that could affect the reliability of the
equipment.

It is important to carry out all measurement procedures in a precise, consistent and
reliable manner. If results appear atypical, the first step should be to check for
equipment problems.
Common problems encountered include:
•
•
•

Broken electrical cable or insulation;
Faulty probe; and,
Batteries discharged.

If any of the apparatus required to take measurements is not in good order and
condition and cannot be fixed with confidence, it is often better not to collect the
data. Faulty equipment should be returned to the laboratory for assessment and
repair.
Where data loggers are being used the integration interval should be 30 minutes or
less. The measurement frequency should be as small as possible and will be
instrument specific.
When measuring in the water column directly, measurements are often taken as a
depth profile, at known intervals of (commonly) 1-2 m. The water column may be
stratified, and so different readings will be collected at different depth.
Depths should be recorded using Australian Height Datum (so tide height at the time
of the measurement will need to be accounted for).
Specific procedures for the collection of monitoring data for comparison against the
EQC are provided in Table 6.2.
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Table 6.2 Procedures for the in situ measurement of physico-chemical parameters using dataloggers, hand-held meters and other instruments
Parameter
Light
attenuation
-1

(m )

Temperature
(°C)

Dissolved
oxygen (mg/L)

pH and Salinity

Field procedures and comments
Data loggers
A data logger is recommended for use in preference to a hand held light meter.
The data logger should be cleaned on a weekly basis to control fouling of the sensors by biota and/or sediments.
Hand-held meters
The quantum sensor is a sensitive instrument and should not be used in rough or cloudy conditions, as accurate readings cannot be obtained. Measurements should only be
made within the period from 2 hours after sunrise to 2 hours before sunset to ensure the sun is at a sufficient angle to minimise the reflectance of incident light from the water
surface (Kirk, 1983). The meter should be allowed to stabilise at the depths sampled.
General
The user manual instructions should be followed carefully for both the data logger and hand-held light meter.
The use of 2π sensors are recommended for light attenuation measurements in Cockburn Sound to avoid potential errors caused by bottom reflectance or scattered light and
maintain consistency with the historical database.
Monitoring of light attenuation should be measured (at least) on a weekly basis from December to March inclusive (i.e. during the non river flow period) for comparison against the
EQG.
2
Light should be measured (as µmol/m /s) in daylight hours at the same time (preferably) for each sampling run, as light quality varies diurnally. It should be measured
simultaneously using 2 different sensors positioned at least 2 m (vertical distance) apart. In general, the greater the vertical distance between the sensors, the more representative
result will be obtained. If the light sensors are less than 2 m apart, the calculation of the light attenuation coefficient will not be accurate.
Light attenuation coefficients should be calculated to log10 basis in order to be compared against the EQC, using the following formula:
Light Attenuation Coefficient (LAC) = [log10(Irradiance at depth) – log10(Irradiance at surface)]/Depth interval (in metres)
Data loggers
Data loggers deployed in the field are the recommended instruments for measuring temperature.
Data loggers should be cleaned on a weekly basis to control fouling of the sensors by biota and/or sediments.
Hand-held meters
The thermometer should be kept in gentle motion through the water column while a reading is being taken. Boat movement is often sufficient to keep the probe in motion.
General
The user manual instructions should be followed carefully for both the data logger and hand-held light meter.
Temperature should be measured 0.5 m below the water surface and 0.5 m above the sediment surface over any season on (at least) a weekly basis.
A thermally unimpacted ‘reference site’ may be required to be monitored in addition to the potentially impacted ‘monitoring site’ measured over the same period for subsequent
comparison of monitoring data against the EQC.
The ‘reference site’ may be inside or outside of Cockburn Sound and the location(s) should be decided in consultation with DOE.
General
Analyse in the field using an oxygen electrode and follow user manual instructions carefully.
If there is no current, the oxygen probe should be kept in gentle motion through the water column during measurement so that water continuously passes over the membrane.
Dissolved oxygen readings should preferably be recorded as % saturation and measurements can be taken at any time of the year.
A minimum of 5 samples is required for comparison against the EQC.
Measurements should be taken 0-0.5 m above the sediment surface.
Measurements should be taken in daylight hours at the same time (preferably) for each sampling run, as oxygen levels vary diurnally.
General
The user manual instructions should be followed carefully. A minimum of 5 samples (excluding major rainfall or river flow events for salinity) is required for comparison against the
EQG.
Measurements should be taken 0.5 m below the water surface and 0.5 m above the sediment surface over any period. An un-impacted ‘reference site’ may be required to be
monitored for salinity, in addition to the potentially impacted ‘monitoring site’ measured over the same period, for subsequent comparison of monitoring data against the EQC.
The reference site should be inside Cockburn Sound and the location decided in consultation with DOE. Salinity and pH are referred to without units.
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Water clarity

General
A Secchi disc is used to measure water clarity and consists of a circular plate of 0.3 m diameter with alternating black and white quadrants. The disc is connected to a graduated
(0.1 m) cord for depth measurements. Sunglasses should not be worn when using this apparatus. On the sunny side of the boat or platform, lower the Secchi disc slowly through
the water column until the pattern is no longer visible. Readings should be taken looking directly down the graduated cord to the secchi disk and not at an angle away from it.
Record the distance of the Secchi disc from the water surface using the graduated cord. Lower the disc a little further and then raise it until it reappears, and record this second
depth. Average these two depths to calculate the Secchi disc transparency. Secchi disc transparency readings may differ with variation in cloud cover, the water surface (wave
and wind speed), shadows, sun angle, time of day as well as with turbidity. However the secchi reading is a reliable measurement of water transparency if methods are followed
closely.
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6.1.4

Sampling preservation and storage
There is no sample preservation or storage as measurements are taken in the field.

6.1.5

Recommended laboratory analysis
Probes, electronic functions, cables and batteries should be checked prior to, and on
return from, any field trip. Calibrations should be carried out accurately and
recorded. All preventative maintenance and repairs to equipment and instruments
should be noted, as well as any incidents that could affect the reliability of the
equipment.

6.1.6

Comparison against the EQC
Light attenuation, temperature, and salinity are relevant to the EQO of Ecosystem
Integrity. Dissolved oxygen is relevant to the EQOs of Ecosystem Integrity and
Aquaculture Production. The pH is relevant to the EQOs of Aquaculture Production
and Primary Contact Recreation. Water clarity is relevant to the EQOs of Primary
Contact Recreation and Aesthetic Values. Calculations required for comparison
against these EQOs are detailed below (Table 6.3).

Table 6.3 Calculations required for light attenuation, temperature, dissolved oxygen, pH,
salinity and Secchi depth data for comparison against the EQC
Parameter

Calculations

Light
attenuation

Ecosystem Integrity
To compare against the EQG, light attenuation data should be expressed on a log10 basis
rather than the natural log (formula in Table 6.2). Calculate the median light attenuation
coefficient values using all results from sites within the defined area of interest collected over
the entire summer sampling period (December to March). Only data collected within the
period from 2 hours after sunrise to 2 hours before sunset each day should be used. The
EQS for light attenuation is achievement of the seagrass EQS and light attenuation EQG over
two consecutive years.
Ecosystem Integrity
To compare against the EQG, calculate the median temperature at the surface, and at the
th
th
bottom, of an individual site of interest over a season. Also calculate the 20 and/or 80
th
th
percentile (if in a high protection zone), or the 5 and/or 95 percentile (if in a moderate
protection zone), of the natural temperature range from the reference site(s) (if measured)
over the same period as the site of interest. Alternatively, the median temperature of the
monitoring site can be compared directly against the specified EQG.
Ecosystem Integrity
To compare against the EQG and EQS, calculate the median dissolved oxygen value
(expressed as mg/L) in bottom waters at each site in the defined area of interest.

Temperature

Dissolved
oxygen

pH

Salinity

Aquaculture
To compare against the EQG, calculate the median dissolved oxygen value from the area of
interest (either from one sampling run or all samples over an agreed period of time or from a
single site over an agreed period of time).
Ecosystem Integrity
To compare against the EQG, calculate the median pH at the surface, and at the bottom, of
th
th
an individual site of interest over any period. Also calculate the 20 and/or 80 percentile (if
th
th
in a high protection zone), or the 5 and/or 95 percentile (if in a moderate protection zone),
of the natural pH range from the reference site(s) (if measured) over the same period as the
site of interest. Alternatively, the median pH of the monitoring site can be compared directly
against the specified EQG.
Aquaculture and Primary and Secondary Contact Recreation
To compare against the EQG for Aquaculture and the EQS for Primary and Secondary
Contact Recreation, calculate the median pH of the samples from the defined area of interest
(either from one sampling run or all samples over an agreed period of time, or from a single
site over an agreed period of time).
Ecosystem Integrity
To compare against the EQG, calculate the median salinity at the surface, and at the bottom,
th
th
of an individual site of interest over any period. Also calculate the 20 and/or 80 percentile
th
th
(if in a high protection zone), or the 5 and/or 95 percentile (if in a moderate protection
zone), of the natural salinity range from the reference site(s) (if measured) over the same
period as the site of interest. Alternatively, the median salinity of the monitoring site can be
compared directly against the specified EQG.
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Salinity

Water clarity

Aquaculture
To compare against the EQG, calculate the median salinity of the samples from the defined
area of interest (either from one sampling run or all samples over an agreed period of time, or
from a single site over an agreed period of time).
Primary contact recreation
To compare against the EQG, no calculations are required as individual results are used.
Aesthetic values
To compare against the EQG, the percentage change in visual clarity from the baseline value
is calculated.

6.1.7

Additional references
User manuals for individual hand-held meters and/or data loggers
ANZECC/ARMCANZ (2000a). Paper No. 4. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Volume 1 The Guidelines
(Chapters 1-7). National Water Quality Management Strategy, Australian and
New Zealand Environment and Conservation Council & Agriculture and
Resource Management Council of Australia and New Zealand, Canberra.
ANZECC/ARMCANZ (2000b). Paper No. 7. Australian Guidelines for Water
Quality Monitoring and Reporting. National Water Quality Management
Strategy, Australian and New Zealand Environment and Conservation Council
& Agriculture and Resource Management Council of Australia and New
Zealand, Canberra.
ANZECC/ARMCANZ (2000c). Paper No. 4. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Volume 2 Aquatic Ecosystems
- Rationale and Background Information (Chapter 8). National Water Quality
Management Strategy, Australian and New Zealand Environment and
Conservation Council & Agriculture and Resource Management Council of
Australia and New Zealand, Canberra.
APHA 1998. Standard Methods for the Examination of Water and Wastewater,
American Public Health Association, 20th Edition. ISBN. 0-97553-235-7.

6.2

Toxicants in marine waters

6.2.1

General
This method describes the collection, preservation and analysis of toxicants in
marine waters, and includes metals, non-metallic inorganics, and organic compounds
(such as herbicides, polychlorinated biphenyls and aromatic hydrocarbons).

6.2.2

Apparatus
Sampling containers to be used for the sample collection of individual toxicants are
provided in Table 6.4 and Table 6.5.

6.2.3

Procedure
A minimum of 5 samples is recommended for comparison against an EQG (see
section 6.2.6).
Surface waters
Sampling of surface waters (i.e. 0-1 m depth) can be carried out from the shore,
standing in shallow water, or from a boat.
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•

•

•
•

•

•

•

•

In all situations, face into the current for sampling, so that the person sampling
(and boat) is downstream (ideally by several metres) from where the sample is
to be collected;
Disposable plastic gloves should be worn to take a water sample if appropriate,
and care should always be taken to avoid contamination. Direct contact with
the water in the sample, the top of the container, and the inside surface of the
lid should always be avoided;
Unscrew the cap of the container. Where possible, hold the cap while
collecting a water sample rather than placing it on any surface;
Unless specified otherwise in Table 6.4 or Table 6.5, the container should be
thoroughly rinsed with sample material first – i.e. filled, capped, shaken and
emptied - three times before the water sample to be analysed is collected;
After rinsing, hold the container near its base and plunge it, neck downward, to
just below the water surface (typically 0.25-0.50 m depth). Avoid the
collection of any surface films that might be present, unless the surface films or
slicks are the sample of interest;
Turn the container until it points slightly upward and the mouth is directed
toward the current. If there is no current, create a current artificially by
pushing the container forward horizontally in a direction away from the hand;
Bring the container to the surface once the container is filled, re-place the cap
immediately and place the sample bottle under the appropriate storage
conditions; and,
Lids on the sample containers must be air-tight to prevent evaporation during
storage.

If surface waters are not directly accessible (e.g. when sampling from a boat with a
high freeboard, or from a jetty), a means of accessing surface waters without entering
them is required. This may be achieved in one of three ways.
Firstly, a polycarbonate broomstick handle with a frame on one end that may hold a
sampling bottle can be used. If using this device, no part of the structure can be
metal, and the device needs to be rinsed thoroughly prior to taking a surface water
sample. When storing the device, ensure it is kept in a clean, dry place free from
potential contaminants.
Secondly, when surface waters cannot be accessed using the polycarbonate
broomstick handle, a submersible pump with a length of polypropylene hose attached
should be used to sample surface waters. Note, the submersible pump should have
no internal metal workings. Prior to collecting a surface water sample from the
pump, the hose should be rinsed with sample waters for approximately five minutes
to ensure that the line is thoroughly rinsed. When storing the pump, the hosing
should be kept in a clean, dry environment that will not result in contamination of the
hosing (e.g. a sealed plastic bag, such as a bin liner). The bag or bin liner should be
changed between each sampling survey. In between surveys, the pump and hose
should be cleaned thoroughly. This may be done by passing 10 L of a 2% nitric acid
solution through the apparatus, followed by 20 L of deionised water.
The third sampling method that could be considered is the deployment of an
appropriate depth sampler bottle (eg. Niskin bottle or Van Dorn Cylinder) in the
surface waters. Notes on the use of these samplers are provided under the next
heading ‘Waters at depth’.
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When accessing surface waters indirectly, either by using a polycarbonate
broomstick handle, or a submersible pump with hose, a field blank(s) should be taken
to determine if any contamination attributable to the sampling devices is present.
Polyethylene sheeting may be required to wrap equipment and to cover work areas
on boats when sampling for trace elements in order to minimise contamination. This
is particularly important when the EQC for a contaminant is close to the Practical
Quantitation Limit (described in Section 3.1.4).
The recommended sampling protocol for ultra-trace analysis uses the dirty handsclean hands approach. This involves two people both wearing (powder free)
polyethylene gloves. The double-bagged bottles are sequentially unwrapped. The
first (‘dirty hands’) assistant removes the outer bag and hands the bottle to the second
(‘clean hands’) assistant, who removes the inner bag. The clean hands assistant then
immerses the bottles by hand, or preferably from the end of a Teflon sampling pole,
or fills them with the sample collected using a Teflon coated depth sampler. Bottles
are usually rinsed with sample material first – filled, capped, shaken and emptiedbefore being refilled with the sample to be analysed, but advice should be sought
from the analysing laboratory if organic chemicals are to be analysed.
Waters at depth
For depth sampling, use an appropriate pumping system or depth sampler to obtain
the sample. When using a submersible pump, attach a length of polypropylene hose
to sample waters at depth. Prior to collecting a water sample from the pump, the
hose should be rinsed with sample waters for approximately one minute to ensure
that the line is thoroughly rinsed. When storing the pump, the hosing should be kept
in a clean, dry environment that will not result in contamination of the hosing (e.g. a
sealed plastic bag). Pumping systems are particularly useful for obtaining large
volumes of samples, as well as composite depth samples and are suitable for µg/L
metal concentrations, and for all general water quality parameters. It is important to
flush the hose with water prior to collecting the sample.
When collecting depth samples with a depth sampler it is important that the samplers
are lowered into the water vertically and an accurate sample depth is recorded. It is
important that the samplers do not disturb (and subsequently collect) bottom
sediments. It is often a good idea to know, or measure, the depth at a site prior to
using the samplers to avoid this.
A range of purpose-built samplers are available. The basic operation of the most
commonly used samplers (eg. Van Dorn Cylinder) involves a bottle, which can be
opened at both ends via a wire or plastic line, which is deployed to the required
depth. A weight is then sent down the line to trigger closure of the bottle and
collection of the water. The bottle closures should be considered when determining
the suitability of depth samplers; eg. rubber closures are not recommended for
sampling of trace metal concentrations. In samplers for trace analysis, various
metallic parts of the sampler may need to be replaced, teflon coated, or modified to
ensure that contamination from the sampler itself is minimised.
Before each sampling program, particularly for ultra-trace metal surveys, the sampler
should be thoroughly cleaned. The recommended procedure is to fill the bottle with
5% m/v nitric acid and leave in an upright position for approximately 1 hour. The
acid is then removed and the sampler refilled and rinsed with at least three portions
of purified water (i.e. no metal contaminants). Before samples are taken in the field
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the sampler should be deployed in clean seawater to mid-water depth in an open
position, and left to equilibrate for 30 minutes prior to use. It is important to blank
test the samplers by filling them with clean water for the same length of time as the
sampling event and then analysing water for the analytes of interest. Contamination
often increases with the age of the sampling device. Blank tests should therefore be
carried out at regular intervals. As for storage of submersible pumps, depth samplers
should also be kept in a clean, dry environment that will not result in contamination
of the equipment (e.g. a hardcase).
Pore waters
Pore water describes the water that is between sediment particles. This water can be
extracted from the sediment using a range of techniques, including:
•

Pressure filtration;
•
Centrifugation; and,
•
In situ methods, such as pore water dialysis cells (peepers), gel samplers or
sippers.
Pore water sampling should be carried out using the sampling procedures described
in detail in APHA (1998).
6.2.4

Sample preservation and storage
Sample preservation and storage procedures for the collection of chemical samples in
marine waters and sediment pore waters are provided in Table 6.4 and Table 6.5.

6.2.5

Recommended laboratory analysis
It is recommended that the laboratory responsible for the analysis of the collected
samples is consulted prior to the field sampling event. Sample containers, sample
volumes, method detection limits, practical quantitation limits measurement
uncertainty and related analytical error should be discussed with the laboratory in
relation to the EQC values for each analyte(s) of interest. Also refer to section 3.1.3
for general guidance on the selection of analytical methods.

6.2.6

Comparison against EQC
Toxicants in marine waters and sediment pore waters are relevant to the EQOs of
Ecosystem Integrity, Aquaculture, Primary Contact Recreation, Secondary Contact
Recreation and Aesthetic Values.
Toxicants in marine water and porewater (except Radionucleides)
Calculate the 95th percentile of the distribution of all sample concentrations from the
area of interest for comparison against the relevant EQG for any EQO. This
calculation can be either from one sampling run, or all samples over an agreed period
of time, or from a single site over an agreed period of time.
However, if only up to 20 samples are taken, no calculations are required. This is
because all samples must be below guideline values – any exceedance by a sample
will result in non-compliance against the EQG (see section 5.3.2).
Radionuclides
Submit all of the radionuclide sampling results to the Radiation Branch of the
Department of Health for assessment and advice.
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Table 6.4 Sampling and preservation procedures for metals, metalloids and inorganics in marine water and pore waters
Chemical

Metals and metalloids
Barium
Cadmium
Cobalt
Copper
Iron
Lead
Manganese
Molybdenum
Nickel
Selenium (total, IV, VI)
Silver
Vanadium
Zinc
Antimony

Arsenic (total, III, V)

Chromium, (total, III)

Chromium VI

Mercury (total and
inorganic)
Tributyltin (as µg/L Sn)

Container

Vol.
(mL)

Preservation procedure

Max.
holding
time

Plastic acid
washed or
Glass acid washed

Comment

100

Acidify with nitric acid to pH 1 to 2

1 month

Samples for total metal concentrations are not filtered.
Samples for estimates of bioavailable fractions should be
filtered using a 0.45 um filter.

Plastic acidwashed or
Glass acid-washed
Plastic acid
washed or
Glass acid washed
Acid washed
polyethylene or
Glass acid washed
Plastic acid
washed or
Glass acid washed
Glass, acid
washed

100

Acidify with nitric or hydrochloric acid to
pH 1–2

1 month

Hydrochloric acid should be used if the hydride technique is
used for analysis

500

Acidify with nitric acid to pH 1–2

1 month

Hydrochloric acid should be used if the hydride technique is
used for analysis

500

Acidify with nitric acid to pH 1–2

1 month

Acid washed polyethylene, polycarbonate or fluoropolymer
containers should be used for determinations at very low
concentrations, such as encountered in seawater.

100

Refrigerate

500

Plastic acid
washed or
Glass acid
washed

100

Acidify with nitric acid to pH 1 to 2 and
add potassium dichromate to give a
0.05% (m/v) final concentration.
Acidify with nitric acid to pH 1 to 2

24 h

1 month

Particular care is needed to ensure that the samples
containers are free from contamination
Samples collected for inorganic Mercury should be filtered.

1 month
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Chemical

Container

Vol.

Preservation procedure

(mL)

Max.
holding
time

Comment

Non-metallic Inorganics
Ammonia (un-ionised)

Plastic or glass

500

Refrigerate

6h

24 h

Boron
Bromate
Chlorine

Plastic
Plastic or glass
Plastic and Glass

100
100
500

Filter on site (0.45 um cellulose acetate
membrane filter) and refrigerate
Filter on site (0.45 um cellulose acetate
membrane filter) and freeze
None required
Refrigerate
Keep sample out of direct sunlight

Chlorine dioxide

Plastic or glass

500

Keep sample out of direct sunlight

5 min

Chlorite
Cyanide as un-ionised HCN
(measured as CN)

Plastic or glass
Plastic or glass

500
500

Refrigerate
If no interesting compounds are present,
then add sodium hydroxide to pH>12,
refrigerate and store in the dark

24 h
24 h

Fluoride
Hydrogen sulphide,
measured as dissolved
sulphide
Iodide
Monochloramine

Plastic

200

None required

1 month

Plastic or glass
Plastic or glass

500
500

Refrigerate
Keep sample out of direct sunlight

24 hours
5 min

Plastic acidwashed or glass
acid-washed

250

Refrigerate

24 hours

Filter on site (0.45 um cellulose acetate
membrane filter) and freeze
Immediate analysis

1 month

Nitrate (as nitrate)

Nitrite (as nitrite)

Plastic acidwashed or glass
acid-washed

Sulphate
Total available nitrogen
(TAN)

Sulphate
Plastic acidwashed or glass
acid-washed

Freeze
200
Refrigerate

Freeze

Strict protocol required to reduce effects of contamination. Store in area
free of contamination (ammonia vapour may permeate the walls of even
high density polyethylene containers. Pressure filtering is required.

1 month
1 month
1 week
5 min

Fill container to exclude air
The analysis should be carried out in the field within 5 min of sample
collection
The analysis should be carried out in the field within 5 min of sample
collection
The preservation technique will depend on the interfering compounds
present. Sulfides and oxidizing agents potentially cause large errors in the
determination of different cyanide forms. Reference should be made to the
specific analytical method for suitable preservation techniques
PTFE containers are not suitable

The analysis should be carried out in the field within 5 min of sample
collection.
Unfiltered sample

Analyse as soon as possible after collection

2 days
Refrigerate
24 hours

1 week

1 month
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Table 6.5 Sampling and preservation procedures for organics in marine water and pore waters
Chemical

Container

Vol.

Preservation procedure

(mL)
Purgable Chemicals
Vinyl chloride

Chlorinated Solvents
Carbon tetrachloride
Chlorobenzene
o-dichlorobenzene
Dichloromethane
1,1-Dichloroethene
1,2-Dichlorobenzene,
1,2-Dichloroethane
1,2-Dichloroethene
1,4-Dichlorobenzene
Hexachlorobutadiene,
Tetrachloroethene
Trichlorobenzenes (total);
1,2,4-trichlorobenzene
Monocyclic Aromatic Hydrocarbons
Acrylamide
Benzene
Cumene (Isopropylbenzene),
Dimethylamine, EDTA
Epichlorohydrin
Ethylacrylate
Ethylbenzene
Styrene (vinylbenzene)
Toluene
Xylene (m-, o-, and p-xylene)
Phenolic Compounds

Max.
holding
time

Comment

Glass, PTFElined cap

2x40

Refrigerate; add HCl to
pH<2; add 1000 mg ascorbic
acid/L if residual chlorine
present

7 days

Glass,
vials
with
PTFE
faced septum

250

Fill container completely to
exclude air.
Acidify with hydrochloric acid
to pH 1 to 2 and refrigerate.
If
residual
chlorine
is
present, for each 40 mL of
sample add- a)
25 mg
ascorbic acid b)
3 mg
sodium thiosulfate c)
3
mg of sodium sulfite.

1 week

2x40 mL vials are recommended for purge and trap analysis

Glass,
vials
with
PTFE
lined septum

500

Fill container completely to
exclude air.
Acidify with hydrochloric acid
to pH 1 to 2 and refrigerate.
If
residual
chlorine
is
present, for each 40 mL of
sample add a) 25 mg of
ascorbic acid; b) 3 mg of
sodium thiosulfate; or c) 3
mg of sodium sulfite.

1 week

2x40 mL vials are recommended for purge and trap analysis
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Chemical

Container

Vol.

Preservation procedure

(mL)
2,3,4,6-tetrachlorophenol
2,3,5-trichlorophenol
2,3-dinitrophenol
2,4,6-Trichlorophenol,
2,4,6-trinitrophenol
2,4-Dichlorophenol
2,4-dimethylphenol
2,5-dichlorophenol
2,6-dichlorophenol
2-Chlorophenol
2-methyl-4-chlorophenol
2-methyl-6-chlorophenol
2-methyl-6-chlorophenol
3,4-dichlorophenol
3,4-dichlorophenol
3-methyl-4-chlorophenol
Cresylic acids (meta, para); Diphenyloxide
Guaicol
m-cresol
Naphtha
o-chlorophenol
o-cresol
o-phenylphenol
o-sec.butylphenol
p-chlorophenol
p-cresol
Pentachlorophenol
Phenol
p-tert. Butylphenol
Pyrocatechol
Pyrogallol
Polycyclic Aromatic Hydrocarbons
Acenaphthene
Anthracene
Benzo(a)pyrene
Di(2-ethylhexyl) phthalate
Fluoranthene
Naphthalene
Naphthol
Naphthol-2

Glass, amber,
solvent washed
with PTFE cap
liner

Glass, solvent
washed
with
PTFE cap liner

1000

1000

Max.
holding
time

Comment

Do not pre-rinse container
with
sample.
Do
not
completely
fill
sample
container.
Refrigerate and store in the
dark.

24 h

Acidify with sulfuric acid,
hydrochloric
acid
or
phosphoric acid to pH 1 to 2.
Refrigerate and store in the
dark.
If
sample
is
chlorinated, for each 1000
mL of sample add 80 mg of
Sodium
thiosulfate
to
container prior to sample
collection

3 weeks

Before analysis oxidizing agents may be removed by addition of
ferrous sulfate or sodium arsenite. Sulfur compounds (SO2 or
H2S) may be removed by raising the pH to 4 and aerating the
acidified sample.

Do not pre-rinse container
with
sample.
Do
not
completely
fill
sample
container.
Refrigerate and store in the
dark. If the sample is
chlorinated, for each 1000
mL of sample add 80 mg of
sodium thiosulfate prior to

1 week

Extract on site where practical. Extract sample container as part
of the sample extraction procedure.
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Chemical

Container

Vol.

Preservation procedure

(mL)
Phenanthrene
p-quinone
Pyridine
Quinoline
Tributyltin oxide
Trihalomethanes
Chloroacetic acid
Cyanogen chloride (as cyanide)
Dichloroacetic acid
Trichloroacetaldehyde (chloral hydrate)
Trichloroacetic acid
Trihalomethanes (THMs) (total)
Polychlorinated Biphenyls
2,2’4,5,5’-pentachloro-1,1’-biphenyl
2,3,4’-trichlorobiphenyl
2,4,6,2’,4’,6’-hexachlorobiphenyl
4,4’-dichlorobiphenyl
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Capacitor 21

Acidic herbicides
2,4,5-T
2,4-D
2,2-DPA
Metolaclor

Max.
holding
time

Comment

collection

Glass,
vials
with
PTFE
faced septum

100

Fill container completely to
exclude air.
If
residual
chlorine
is
present, for each 40 mL of
sample, add – a) 25 mg
ascorbic acid b) 3 mg of
sodium thiosulfate or c) 3 mg
of sodium sulfite

2 weeks

Glass, amber,
solvent washed
with PTFE cap
liner

1000

Do not pre-rinse container
with
sample.
Do
not
completely
fill
sample
container.
Acidify with sulfuric acid,
hydrochloric
acid
or
phosphoric acid to pH 1to 2.
Refrigerate and store in the
dark.
If
sample
is
chlorinated, for each 1000
mL of sample add 80 mg of
Sodium
thiosulfate
to
container prior to sample
collection.

3 weeks

Before analysis oxidizing agents may be removed by addition of
ferrous sulfate or sodium arsenite. Sulfur compounds (SO2 or
H2S) may be removed by raising the pH to 4 and aerating the
acidified sample.

Glass,
with
PTFE cap liner
or septum

1000

Do not pre-rinse container
with
sample.
Do
not
completely
fill
sample
container.
Acidify with hydrochloric acid
to pH 1 to 2 and refrigerate.
If the sample is chlorinated,
for each 1000 mL of sample
add 80 mg of sodium
thiosulfate to container prior
to collection

2 weeks

Extract sample container as part of the sample extraction
procedure
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Chemical

Container

Vol.

Preservation procedure

(mL)
Carbamate Pesticides
Aldicarb
Carbaryl
Carbendazim
Carbofuran
Carbophenothion
Carboxin
Methiocarb
Methomyl
Molinate
Pirimicarb
Promecarb
Thiobencarb
Thiram
Pesticides
Acetophenone; Acrylonitrile; Amitrole; Atrazine;
Diquat;
Glyphosate;
Paraquat;
Simizine;
Acephate; Aldrin (and Dieldrin); Ametryn;
Azinphos-methyl;
Benomyl;
Bentazone;
Bioresmethrin;
Bromazil;
Bromophos-ethyl;
Bromoxynil;
n-Butylmercaptan;
Chlordane;
Chlorfenvinphos; Chlorothalonil; Chloroxuron;
Chlorphenvinphos; Chlorpyrifos; Chlorsulfuron;
Clopyralid; DDT; Diazinon; Dicamba; Dichlobenil;
Dichloryos; Diclofop-methyl; Dicofol; Difenzoquat;
Dimethoate; Diphenamid; Disulfoton; Diuron; EDB;
Endosulfan;
Endothal;
EPTC;
Ethion;
Ethoprophos;
Etridiazole;
Ethoprophos;
Etridiazole;
Fenamiphos;
Fenarimol;
Fenchlorphos;
Fenitrothion;
Fenoprop;
Fensulphothion; Fenvalerate; Flamprop-methyl;
Fluometuron;
Formothion;
Fosamine;
Fluometuron; Formothion; Fosamine; Glyphosate;
Heptachlor
(including
its
epoxide);
Hexachlorocyclopentadiene;
Hexaflurate;
Hexazinone; Lindane; Malathion; Maldison;
Methidathion;
Methoxychlor;
Metolachlor;
Metribuzin;
Metsulfuron;
Metsulfuron-methyl;
Mevinphos;
Monocrotophos;
Napropamide;
Nitralin; Norflurazon; Oryzalin; Oxamyl; Paraquat;
Parathion;
Parathion-methyl;
Pebulate;
Pendimethalin; Permethrin; Picloram; Piperonyl
butoxide; Pirimiphos-ethyl; Pirimiphos-methyl;

Max.
holding
time

Comment

Glass, solvent
washed

1000

Refrigerate.
For analysis of oxamyl, 3hydrocarbofuran
and
carbaryl,
add
monochloroacetic acid buffer
(APHA 6610 B) to pH 3. If
the sample is chlorinated, for
each 1000 mL of sample
add 80 mg of sodium
thiosulfate to the container
prior to collection. For
maximum preservation store
at -10°C.

1 month

Extract sample container as part of the sample extraction
procedure.

Glass, solvent
washed
with
PTFE cap liner

1000 to 3000

Do not pre-rinse container
with
sample.
Do
not
completely
fill
sample
container.
Refrigerate. If sample is
chlorinated, for each 1000
mL of sample add 80 mg of
sodium
thiosulfate
to
container prior to sample
collection

7 days

Extract on site where practical. Extract sample container as part
of the sample extraction procedure.
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Chemical

Container

Vol.

Preservation procedure

(mL)
Profenofos; Propachlor; Propanil; Propargite;
Propazine;
Propiconazole;
Propyzamide;
Pyrazophos; Quintozene; Simazine; Sulprofos;
Temephos;
Terbacil;
Terbufos;
Terbutryn;
Tetrachlorvinphos;
Thiometon;
Thiophanate;
Triadimefon; Trichlorofon; Triclopyr; Trifluralin;
Vernolate.
Surfactants
Non-anionic surfactants
Alchohol ethoxylated surfactants (AE); Oil spill
dispersants:
- BP 1100X;
- Coexit 7664;
- Corexit 8667;
- Corexit 9527;
- Corexit 9550
Anionic surfactants
Alcohol ethoxylated sulfate (AES); Linear
alkylbenzene sulfonates (LAS)

Oil and Grease
Gasoline
}
Diesel
} C10 – C14 chain hydrocarbons
Kerosene }
Kerosene plus kaolin
Oil, emulsifiable
Outboard fuel as exhaust
Petroleum hydrocarbons (C6–C9, C10-C14, C15-C28,
C29-C36)
Miscellaneous Organics
a-methylstyrene

Formaldehyde

Max.
holding
time

Comment

Glass, rinsed
with methanol
(see ISO 78751 and 7875-2)

500

Fill container completely to
exclude air.
Add 40% (v/v) formaldehyde
solution to give a 1% (v/v)
final
concentration
and
refrigerate

1 month

Glassware must not be detergent washed

Glass, rinsed
with methanol
(ISO 7875-1)

500

2 days

Glassware must not be detergent washed. For MBAS analysis
acidification is not necessary.

Glass, rinsed
with methanol
(ISO 7875-1)

500

Fill container completely to
exclude air.
Acidify with sulfuric acid to
pH 1 to 2 and refrigerate
Fill container completely to
exclude air.
Add 40% (v/v) formaldehyde
solution to give a 1% (v/v)
final
concentration
and
refrigerate

4 days

Glassware must not be detergent washed. For MBAS analysis
acidification is not necessary.

Glass, solvent
washed

1000

Do not pre-rinse container
with
sample.
Do
not
completely fill container.
Refrigerate

24 hours

Extract on site where practical. Extract sample container as part
of the sample extraction procedure

Glass, PTFElined cap

2 X 40

Refrigerate; add HCl to
pH<2; add 1000 mg ascoric
acid/L if residual chlorine
present

7d

Collected using a DNPH cartridge. Contact appropriate laboratory
for advice.
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Chemical

Container

Vol.

Preservation procedure

(mL)
Nitrobenzene

Amber glass,
rinsed
with
organic
solvents
or
baked

1000

Refrigerate

Max.
holding
time

Comment

7d
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6.2.7

Additional references
Reference to standard water quality texts are recommended for further information.

6.3

Bioavailable toxicants in marine waters

6.3.1

General
Estimates of the bioavailable fraction of metals, non-metallic inorganics (such as
ammonia and nitrate) and some organics in marine waters can be obtained by
filtration of the water sample. Filtration of water samples is also required for direct
speciation analysis of metals and metalloids (discussed below). This method
describes the collection (including filtration), preservation and analysis of
bioavailable toxicants in marine waters.
Metals/metalloids
Direct speciation analysis for some metals and metalloids (eg. As V, Cr VI, Se IV) is
available in commercial laboratories, and provides an indirect measure of other
species that are more difficult to measure directly, as shown in Figure 6.1.

Figure 6.1 Calculations for estimating the concentrations of metal species
Arsenic III concentration
= Total Arsenic concentration – Arsenic V concentration
Chromium III concentration = Total Chromium concentration – Chromium VI concentration
Selenium IV concentration = Total Selenium concentration – Selenium VI concentration

For many metals, bioavailability is also reduced by complexing with dissolved as
well as particulate organic matter. If a more refined estimate of the bioavailable
fraction is desired then direct measurement of the different species of a metal can be
obtained. There is a variety of techniques available including anodic stripping
voltammetry (ASV), ion electrode speciation (IES) and atomic fluorescence
spectroscopy (AFS). Expert advice (eg from the Centre for Advanced Analytical
Chemistry, CSIRO Energy and Technology, or the Eco-Chemistry Laboratory at the
University of Canberra) should be sought for the collection, preservation and storage
of samples for determination of metal speciation prior to sampling.
Organics
Expert advice (e.g. from the Centre for Advanced Analytical Chemistry, CSIRO
Energy and Technology) should be sought on methods for estimating the
bioavailable fraction of organic chemicals as there are few direct bioavailability
measurements for these chemicals (such as polychlorinated biphenyls, pesticides,
herbicides, fungicides, surfactants and oil spill dispersants). Filtration of samples
may be appropriate if the contaminant in question is highly lipid soluble (e.g. PCBs,
dioxins) and there is particulate organic matter in the water that it might adsorb to,
but inappropriate if the contaminant has low solubility in lipids.
6.3.2

Apparatus
The apparatus required for filtering includes:
•
•
•

Filter holder (generally for 47 mm filter papers);
A hand held vacuum pump or portable electric vacuum pump;
Filter papers;
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•
•

6.3.3

Forceps; and
Sampling containers to be used for the sample collection of individual
toxicants are provided in Table 6.4 and Table 6.5.

Procedure
Bioavailable toxicants can be sampled at any time of the year for comparison against
the EQG and EQS. The duration of the sampling period should be agreed to by
relevant stakeholders. A minimum of 5 samples for each analyte of interest is
recommended for comparison against an EQG and a minimum of 20 samples is
recommended for comparison against an EQS (see Section 5.3.2). Ideally, sites
should be sampled in order of least contaminated to most contaminated to minimise
cross contamination through handling and equipment.
Fresh samples should be used for determining the bioavailable contaminant
concentrations of metals and inorganic toxicants, as sample preservation can have a
significant effect on chemical speciation and bioavailability.
Filtering procedures
Filtration should preferably be carried out at the time of sample collection wherever
possible using appropriate filter apparatus (Figure 6.2). Otherwise filtration should
be undertaken in the laboratory immediately on delivery and no more than 24 hours
after collection:
•
•

•
•

•
•
•
•
•

For ultra-trace analysis filtering should be undertaken in a laboratory clean
room using specialised equipment;
It is essential to have clean hands and equipment. Direct hand contact with the
water samples and the filter paper should be avoided, and forceps should be
used to transfer the filter paper to and from the filter holder. It is essential that
the filter is not a cause of contamination and if necessary is washed down in a
manner consistent with the final method of analysis;
Pore size of the filter paper should be 0.45 µm or less;
Assemble the filter holder placing the filter paper onto the filter membrane.
Ensure that the filter membrane is the correct way up with grid lines facing
upwards (see filter packet for instructions). Attach the vacuum pump to the
port adaptor;
Rinse the filter paper and the filtering apparatus by filtering at least 500 mL of
sample water through the apparatus before taking a sample of the filtrate;
Filter the water through the 0.45 µm membrane filter paper;
Pour the filtrate into the sample container, and fill to 2/3rds of its capacity to
allow for expansion when freezing;
Use a new filter for every sample; and,
Generally a 0.45 µm membrane filter paper will be used for most applications,
but further filtration through a finer filter (eg. 0.15 µm) can also be undertaken
if required.
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Figure 6.2 Filtering apparatus used for collecting bioavailable chemicals in water, and
chlorophyll a (Photo: Marine and Freshwater Research Laboratory, Murdoch University)

Syringe filtering
In some instances where only small sample volumes are required, a disposable
syringe filter and syringe can be used.
•
•
•
•
•
•

•
•

6.3.4

Rinse the outside of the syringe with the sample water;
Extract the sample from the sampling container with the syringe;
Rinse the syringe three times with the sample water before attaching the
syringe filter;
Rinse 10 – 20 mL of sample through the syringe filter before collecting the
filtrate into polypropylene tubes;
Rinse the sample tubes twice with the filtrate before taking the final sample;
Even pressure should be applied when syringing through the filter. When the
pressure required to force the sample through becomes large then the filter
should be discarded and filter rinse repeated;
Fill the container with the filtered sample, leaving enough headspace for the
expansion of sample when frozen; and,
Use a new filter for every new sample.

Sample preservation and storage
Sample preservation and storage procedures for the collection of chemical samples in
marine waters and sediment pore waters are provided in Table 6.4 and Table 6.5.

6.3.5

Recommended laboratory analysis
It is recommended that the laboratory responsible for the analysis of the collected
samples is consulted prior to the field sampling event, particularly for advice on the
suitability of filtering organic samples for bioavailability estimates.
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Method detection limits, practical quantitation limits and measurement uncertainty
should be discussed with the laboratory in relation to the EQC values for each
analyte(s) of interest. Refer to section 3.1.3 for general guidance on the selection of
analytical methods.
6.3.6

Comparison against EQC
Toxicants in marine waters and sediment pore waters are relevant to the EQOs of
Ecosystem Integrity, Aquaculture, Primary Contact Recreation, Secondary Contact
Recreation and Aesthetic Values.
Toxicants in marine water and porewater (except Radionucleides)
To compare against the EQS, bioavailable chemical parameters are consistently
compared against specified EQG values for that particular objective. For all
bioavailable chemical concentrations, calculate the 95th percentile of the individual
sample concentrations (i.e. total or bioavailable) from the area of concern for
comparison against the relevant EQG. This calculation can be either all samples
from one sampling run or all samples from one or more sites over an agreed period
of time, or from a single site over an agreed period of time.
Radionuclides
All radionuclide sampling results are to be submitted to the Radiation Branch of the
Department of Health for assessment and advice.

6.3.7

Additional references
Batley, G.E. (1989). Trace element speciation: Analytical methods and problems.
CRC Press, Boca Raton, FL.
Boothman, W.S., Hansen, D.J., Berry, W.J., Robson, D.L., Helmstetter, A., Corbin,
J.M. and Pratt, S.D., 2001. Biological response to variation in acid-volatile
sulfides and metals in field-exposed spiked sediments. Environmental
Toxicology and Chemistry 20: 264–272.
Further information on speciation of metals is provided in Section 8.3.5.16 of the
ANZECC/ARMCANZ (2000c) guidelines.

6.4

Toxicants in sediments

6.4.1

General
This method describes the sampling of toxicants, including metals/metalloids,
organometallics and organics, in sediments for subsequent comparison against the
EQC.
If sediment pore waters need to be sampled to assess against the EQS for sediments
see section 6.2.3.

6.4.2

Apparatus
•

Sediment corer - The type of sampler used will depend on the nature of the
investigations being undertaken, and the sediment type, underlying substrate,
and the depth from which the sediment sample is required. Grab samplers and
dredges are not recommended, as they tend to lose the fine sediments in a
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•
•

6.4.3

sample during transfer to the surface. Corers generally vary from 2.5 to 5 cm
in diameter, and range from short Perspex, polycarbonate or other tubes that
can be immersed by hand by divers, to long PVC pipe (2-3 m) that can be
immersed in shallow waters from a boat. The tubes have a bevelled leading
edge to ease their movement through the sediment;
SCUBA equipment; and,
Sample containers required are detailed in Table 6.6.

Procedure
Sediment samples from a minimum of 3-5 sites are recommended for comparison
against an EQG for a defined sampling area and a minimum of 20 sites for
comparison against an EQS (see Section 5.3.2).
•

•

•

•

•

•

It is recommended that sediment samples are collected by SCUBA divers using
sediment corers that can be immersed by hand into the sediment, where
possible. Care must be taken by the divers to minimise disturbance of the
sediment from fin kicks and/or landing on the sea floor;
Representative and unbiased sediment samples should be obtained from each
site by standardising the sampling approach using a 1x1 m quadrat during
sample collection;
A quadrat is gently laid on the sediment surface, and a total of five sediment
cores are taken from within it to make up one sample. One core is taken from
just inside each corner of the quadrat, and a fifth core taken from the centre;
Once at the water surface, the top 2 cm of sediment from all five cores is
placed into an appropriate sample container (Table 6.6) for subsequent sieving
and homogenising by the analytical laboratory;
A minimum of 3 replicate samples are recommended to be taken from each site
when comparing against an EQG for a defined sampling area, as there can be
considerable intra-site variability in sediment characteristics that are not
adequately accounted for when only a small number of sites are being sampled;
and,
Preferably all (replicate) samples for a site would be analysed separately to
better understand within site variability, but to reduce costs the replicates could
be composited into one sample for the site and this composite sample then
analysed.

Generally, samples to be analysed for trace metals should not come into contact with
metals, and samples to be analysed for organic compounds should not come in
contact with plastics. Appropriate pre-cleaning of sample containers should be
carried out by the laboratory. Appropriate lids should be used, that is, foil or Teflonlined for organics. The container should be completely filled with sample, or if there
is insufficient sample, topped up with water from the site where the sample was
taken, unless the sample is to be frozen, in which case the jar should be filled to twothirds of its volume and frozen immediately. Samples for toxicity testing are
discussed in Section 6.9.
When the chemical forms of contaminants and their associations with sediment
phases are to be determined, it is necessary to ensure that the redox state of the
sediments (oxic or anoxic) is not altered, because oxygenation (or reduction) will
cause irreversible changes. Sediments become oxygenated in contact with air, so the
sediment samples need to be capped immediately at sampling and stored in a
nitrogen glove box. Oxidation can be minimised if samples are frozen at -20ºC.
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Exceedance of an environmental quality guideline for a metal is acceptable if it is at
or below the normal background concentration for a site. The selection of
background or reference sites should use sediments of comparable grain sizes, to
ensure that exceedance of the guideline is not the result of grain size changes.
For metals, a reliable determination of ‘natural’ levels of contaminants is best done
on the basis of trace element ratios determined for a range of uncontaminated sites.
The contaminant element is graphed against a naturally occurring element (typically
lithium, iron or aluminium) and a linear regression is performed. The equation
derived from this analysis can then be used to predict the theoretical ‘natural’ level of
metal in a potentially contaminated sediment, on the basis of its concentration of the
‘normalising’ element (lithium, iron or aluminium).
Measurement of bioavailable metals or metalloids in sediments
Measurements of metals extracted in 1 M hydrochloric acid, and measurements of
acid volatile sulphide and simultaneously extracted metals (AVS/SEM) can be used
to obtain a better indication of levels of potentially bioavailable metals
(ANZECC/ARMCANZ, 2000a). Sampling of sediments for extraction of metals
with dilute hydrochloric acid does not differ from normal sediment sampling.
Sampling of sediments for AVS/SEM measurements has special requirements.
For AVS/SEM measurements, sample collection is the critical step. Great care must
be taken to ensure that the samples are kept in a reducing atmosphere as any contact
with oxygen will oxidised the AVS. Sediment samples for AVS/SEM should be
collected using pre-cleaned polycarbonate vials (4.2 x 10 cm) with polypropylene
screw caps. Cores should be taken at each of the four corners and in the centre of a
1 m grid by pressing the vial into the sediment leaving a 2 cm gap at the top of the
vial. The base of the vial should have a 10 mm hole to allow excess water to escape.
The hole should be plugged with a rubber plug (grade suitable for high vacuum
work) before the sediment core is withdrawn, and the vial is tightly capped.
•

•

Once on board the sampling vessel, place the AVS/SEM samples inside an
appropriate perspex box (or similar glove bag or glove box) and continuously
flush with oxygen-free gas (e.g. high grade nitrogen gas or industrial grade
argon gas). The samples should be checked, labelled, and the water above the
sample decanted off to allow for expansion of the sample during freezing, and
re-capped tightly. The samples should then be withdrawn from the perspex
box and placed immediately into dry ice; and,
Pack the samples in dry ice and courier the samples to the CSIRO Centre for
Advanced Analytical Chemistry, Lucas Heights, New South Wales, for
analysis.

Measurement of bioavailability of organic contaminants
The EQC Reference Document for Cockburn Sound (2003 - 2004) (EPA, 2005)
provides for normalization of organic contaminants to 1% organic carbon (i.e.
contaminant concentrations are divided by the total organic carbon (TOC) content of
the sediment). This gives a partial approximation of the bioavailable fraction of the
listed organic contaminants (i.e. organic contaminants that are hydrophobic and that
bind to organic carbon). Sampling of sediments for TOC does not differ from
normal sample collection procedures.
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6.4.4

Preservation and storage
Standard operating procedures for the collection, preservation and storage of specific
toxicants in marine sediments are provided in Table 6.6.
•

•

•

6.4.5

Where samples are to be sub-sampled or homogenised in a preparation
laboratory, they should be stored at 4 °C in the dark and transported to the
laboratory within 72 hours (preferably 24 hours) of collection;
For sediment samples containing TBT, mercury or other volatiles for chemical
analysis, freezing to below -10 °C within 12 hours of collection improves
laboratory storage life; and,
Sediment samples for chemical analysis are usually stored frozen, and
preferably in sealed containers to minimise oxidation and speciation changes.
However, freezing is not suitable if pore water analysis is to be undertaken, as
algae and other cellular material will be fractured, releasing constituents into
the solution.

Recommended laboratory analysis
If replicate samples have been taken from sampling sites and need to be composited
for analysis then this should be done before the samples are sieved and homogenised.
If this was not done during the field sampling programme then it can be done in the
laboratory.
Sieving of the samples to remove large constituents such as
macroinvertebrates and/or seagrass detritus etc. is recommended to be done by the
laboratory rather than in the field. Homogenisation of each sample should be carried
out following sieving.
Analytical methods, method detection limits, practical quantitation limits and related
analytical error should be discussed with the laboratory in relation to the EQC values
for each analyte(s) of interest.
Methods for chemical analysis of constituents in sediments are available in
compilations of standard methods and via the USEPA website, http://www/epa.gov.
Refer to section 3.1.3 for general guidance on the selection of analytical methods.

6.4.6

Comparison against EQC
Toxicants in sediments are relevant to the EQO of Ecosystem Integrity.
Data collected from marinas and harbours should be analysed separately from other
samples.
To compare against the EQG for a defined sampling area, calculate the median of the
sediment total contaminant concentration (dry weight) from all sites in the sampling
area. Where replicate samples have been analysed the mean concentration for each
site should be calculated and used to derive a median for the sampling area. The
median for the defined sampling area should be compared aganst the EQG value.
The total contaminant concentration for each individual sample should also be
compared against the EQG re-sampling trigger.
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Table 6.6 Sampling and preservation procedures for toxicants in sediments
CHEMICAL

CONTAINER

VOL

PRESERVATION PROCEDURE

(mL)

MAX HOLDING
TIME

METALS / METALLOIDS
Antimony
Arsenic
Cadmium
Chromium
Copper,
Lead
Nickel
Silver
Zinc
Mercury

Precleaned, preweighed polyethylene jar or other
appropriate material

100

Dry ice or freezer for extended storage, otherwise
refrigerate

6 months

Precleaned, preweighed polyethylene jar

100

Dry ice or freezer for extended storage, otherwise
refrigerate

28 days unless
frozen

ORGANOMETALLICS
Tributyltin (mg Sn/kg dry wt)

Solvent rinsed glass jar with teflon-lined lid

250

Dry ice or freezer for extended storage, otherwise
refrigerate

14 days if
refrigerate

Solvent rinsed glass jar with teflon-lined lid

250

Dry ice or freezer for extended storage, otherwise
refrigerate

14 days if
refrigerate

Heat-treated glass vial with teflon-lined lid

50

Dry ice or freezer for extended storage (-20°C), otherwise
refrigerate

Not determined

ORGANICS
Acenaphthene
Acenapthalene
Anthracene
Fluorene
Napthalene
Phenanthrene
Low Molecular Weight PAHs
Benzo(a)anthracene
Benzo(a)pyrene
Dibenzo(a,h)anthracene
Chrysene
Fluoranthene
Pyrene
High molecular weight PAHs
Total PAHs
Total DDT
p.p'-DDE
o,p’- + p,p’-DDD
Chlordane
Dieldrin
Endrin
Lindane
Total Polychlorinated Biphenyls
Total organic carbon
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For initial investigation against the EQS in high ecological protection areas, calculate
the 80th percentile of the bioavailable component of sediment metal concentrations
(using all samples from the sampling area) for comparison against the values
specified in the EQG. For non-metallic contaminants, where appropriate calculate
the median bioavailable concentration (using all samples from the sampling area) for
comparison against the EQS. In moderate protection areas, calculate the 40th
percentile for non-metallics, or the median for bioavailable metallics, to compare
with the EQS.
6.4.7

Additional references
National Ocean Disposal Guidelines for Dredged Material (Environment Australia
2002)
Australian Standards AS/NZS 5667.12:1999 Water quality – Sampling – Guidance
on sampling of bottom sediments.

6.5

Chlorophyll a

6.5.1

General
Chlorophyll a provides an indirect measure of phytoplankton biomass, and an
indication of the trophic status of a water body.

6.5.2

Apparatus
•
•
•
•
•
•
•
•

6.5.3

Filter holder for 47 mm diameter filter papers;
A hand held vacuum pump or portable 12V electric vacuum pump;
Glass fibre filters (Whatman GF/C, 47 mm, 0.8 – 1.2 µm);
Forceps;
Aluminium foil;
Seed envelopes;
Measuring cylinders (500 mL/2 L plastic); and,
Re-sealable plastic bags (eg. Whirlpak bags).

Procedure
Water quality sampling of chlorophyll a is to be undertaken when there is low flow
from the rivers and estuaries, i.e. on a weekly basis commencing in the first week of
December and finishing in the last week of March. Data must be collected for one
full summer period for comparison against the EQG, and for 2 consecutive years for
comparison against the EQS. Water samples for chlorophyll a should be collected
from the surface, middle and bottom of the water column. The surface sample
should be taken below the surface and within the top 1 m of the water column (i.e.
not the very surface) to minimise the possibility of biasing the sample with surfacefloating phytoplankton blooms (eg Oscillatoria blooms). The bottom sample should
be taken approximately 1 m above the sea bed to avoid collection of settled and/or
dead organic material at this depth interval. Water samples can be collected using
apparatus such as a Niskin bottle; or by pumping water from each appropriate depth
using a pipe. Equal volumes of water from each depth (typically 2-3 L for each
depth interval) should be mixed and filtered (as described below) to obtain a depthintegrated sample.
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This method of collecting samples at the surface, middle and bottom water column
intervals should be continued in preference to using fully depth integrated samples
using a pump (i.e. continuously drawing water as a pipe is lowered through the water
column) until a comparative study on the two different methods has been undertaken.
•
•

•

•
•

•

It is essential to have clean hands and minimise any contact with samples when
filtering natural waters;
Place the GF/C filter on the filtering apparatus using forceps. Avoid touching
the filter paper with your hands as it is a potential source of contamination. In
particular, acids from fingers react with chlorophyll on GF/C’s;
Filter the required amount of water onto a GF/C filter paper using the filtering
apparatus and vacuum pump. The volume of water required to filter for a
chlorophyll sample depends on the amount of algae associated with it.
Typically, up to ten litres of water is required for sampling in Cockburn Sound;
The final volume of filtered water should be recorded on the datasheet;
After filtering, remove the GF/C filter paper from the filter holder with forceps
and place face down onto another filter paper. Fold into quarters, cover with
aluminium foil and then place into a seed envelope with the client code, site
details, date and the volume of water filtered written on the outside (preferably
pre-labelled). Then place the seed envelope into a sealable plastic bag to keep
from getting wet and store on ice in the dark until return to the laboratory
where it is put into freezers for storage; and,
Visually inspect the filter holders for cleanliness prior to use and rinse with tap
water between each use and after completing the sample run. If the filter
holder appears to be unclean, wash with phosphate-free detergent, rinsed
thoroughly with tap water and then rinse twice with distilled deionised water.

It is important to note that data should be omitted if Oscillatoria erythraea is
abundant (i.e. >10% composition or visible as surface slicks).
Fluorescence
In addition to the traditional extraction methods for chlorophyll, the measurement of
chlorophyll fluorescence has become a routine monitoring method. Fluorescence
should not be used to estimate chlorophyll a concentrations in Cockburn Sound for
comparison against the Environmental Quality Criteria at this stage. Fluorescence is
a useful tool for identifying patterns in chlorophyll a concentrations over large areas
or the edges of plumes, but is not sufficiently accurate for comparisons against the
EQC.
6.5.4

Sample preservation and storage
Samples collected in the field are stored in the dark and on ice for up to 8 hours. On
return to the laboratory samples are stored at -15°C for a maximum of 28 days.

6.5.5

Recommended laboratory analysis
The recommended laboratory analysis for chlorophyll a follows the method provided
by APHA (1998) (10200 H chlorophyll), with slight modification. The procedure is
as follows:
•

Solvent extract chlorophyll a pigments using 90% acetone. However, do not
add magnesium carbonate solution as directed in APHA (1998); and,
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•

Measure absorbance of light at recommended (APHA 1998) wavelengths using
a Varian Cary 50 Spectrophotometer, or equivalent, with a sample cell size of
2 cm.

Using this procedure will enable direct comparison of chlorophyll a results with
historical data measured in Cockburn Sound and Perth’s coastal waters.
The presence of chlorophyll a degradation products, such as phaeophytin, can
interfere with the estimate of chlorophyll a concentrations in the solvent extract. This
can be overcome by reading the optical density before and after acidification (with
the addition of 0.1 mL 0.1 N HCL; APHA 1998) of the chlorophyll a extract.
6.5.6

Comparison against the Environmental Quality Criteria
Chlorophyll a is relevant to the environmental objective of Ecosystem Integrity
including two criteria: Water Quality and Phytoplankton Biomass.
To compare against the Water Quality EQG, calculate the median chlorophyll a
value using all results from sites within the defined area of interest collected over the
entire summer sampling period (December to March). There is no EQS for
chlorophyll a, instead seagrass EQS is considered.
To compare against the Phytoplankton Biomass EQG, calculate the median
chlorophyll a value using all results from sites within the defined area of interest for
each summer sampling survey for two consecutive years AND calculate the
percentage of results for each individual site that are above the EQG in each year.
To compare against the Phytoplankton Biomass EQS, repeat the calculations for
comparison against phytoplankton biomass EQG, using the data obtained in a second
consecutive year.
Additional references
Grasshoff, K. (Editor), K. Kremling & M. Ehrhardt. 1999. Methods of Seawater
Analysis. 3rd Edition. Wiley VCH Publishing, ISBN 352795895.

6.6

Seagrass shoot density

6.6.1

General
There is no relevant Australian or International Standard Method currently available
to monitor and assess the health of seagrass meadows. Appropriate methods have
been developed locally in order to monitor the effects of a range of impacts on
seagrasses in Perth’s coastal waters. These methods include the collective
measurement of seagrass shoot density and seagrass depth range in situ. The
procedures outlined here for measuring and assessing shoot density could be applied
to any meadow forming Posidonia species, however, only shoot density data for
Posidonia sinuosa are relevant for comparisons against the default EQS for
Cockburn Sound. It should be noted that the morphology of P. sinuosa and P.
angustifolia is very similar and the species are difficult to differentiate. The
relevance of the default EQS to P. angustifolia is currently being clarified.
There is a programme in place to refine the methodology and criteria for seagrass
shoot density and any updates will be incorporated in this Manual. It is expected that
the EQC and SOP for Cockburn Sound will be reviewed within 2 years from time to
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time. . Examples of the different shoot densities of seagrasses occurring in
Cockburn Sound are shown below (Figure 6.3).

Figure 6.3 Examples of different seagrass shoot densities in Cockburn Sound (DALSE)

6.6.2

Apparatus
•
•
•
•
•
•
•
•

6.6.3

Differential GPS;
SCUBA equipment;
Star picket (approximately 3m length);
Large hammer for sinking star picket into sediment;
Appropriate site marker (eg. flagging tape, plastic label, small float);
96 (24 quadrats with one peg in each corner) stainless steel pegs,
approximately 0.3 m length;
0.2 x 0.2 m quadrats; and,
Underwater slate and pencil.

Procedure
An essential skill required by all individuals for carrying out this sampling method is
the ability to accurately identify and differentiate all seagrass species occurring in
Perth’s coastal waters in situ. Twenty-five seagrass species that encompass a diverse
range of morphological types occur in Western Australia, and fourteen of these
species inhabit Perth’s coastal waters (Walker 1991; DAL et al. 2000). A number of
seagrass species can be very easily confused and inaccurate results collected if
individuals are not appropriately trained.
There are a number of essential sampling requirements for subsequent comparison of
results against the EQS. In most instances, the EQS will require that two sites are
established for a seagrass monitoring programme. This involves the establishment of
a monitoring site which is the area of interest where a potential impact, such as
increased nutrient and/or sediment loads, might affect seagrass integrity. The second
site is the reference site, which is located away from the potential impact, but is
otherwise similar to the monitoring site. For instance, environmental characteristics
such as seagrass species composition, depth, sediment type and hydrodynamics
should be comparable at both of these sites. It is particularly important that the sites
are as similar as possible, other than proximity to potential pressures, as data
collected from the monitoring site will be directly compared to the reference site
data. In the event that an appropriate reference site cannot be located, the EQC
Reference Document for Cockburn Sound (2003 - 2004) (EPA, 2005) provides
seagrass shoot densities from sites with depths of 1.5 - 4.0 m and 5.0 - 6.0 m which
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can be used as reference data. These shoot densities should only be applied to
Posidonia sinuosa seagrass meadows in Cockburn Sound.
It is possible that measurements for both seagrass shoot density and depth ranges
could be undertaken at the same reference site. However, this may not always be
possible, as the depth range of the sites might not cover the depth required for the
seagrass shoot density monitoring.
There is a high degree of natural variability in shoot densities both within, and
between, seagrass meadows. A pilot study may be required before implementing a
monitoring programme in order to select appropriate monitoring and reference sites,
and the number of replicates required at each site, to account for natural variability
within the seagrass meadow. A minimum of 24 quadrats (samples) at both the
monitoring and reference site is recommended. It is also recommended that expert
advice is sought before undertaking this task.
Once the two sites are selected, the exact locations of these sites should be
determined using differential GPS (using WSG 84). This location should then be
permanently marked by hammering a star picket vertically into the sediment using
SCUBA. Approximately 1 m of the picket should be visible above the sediment
surface. The picket itself is the marker and is very obvious. This can then be marked
using flag tape, small floats or equivalent, for ease of relocating the site for
subsequent visits. The depth of the seagrass meadow should be measured at the star
picket (refer Section 6.7 for methods).
A minimum of 24 quadrats need to be randomly located, within a radius of 20 m
around the picket. The locations should be pre-determined using randomly generated
distance and compass bearing of each quadrat from the star picket. These sites will
become permanent quadrats, so that exactly the same quadrat locations can be
measured from year to year. For each quadrat location, place a 20 x 20 cm quadrat on
the seagrass meadow, taking care to check that none of the shoots within the quadrat
are flattened or covered by the quadrat. Sink a tent peg into the sediment on each of
the four inside corners of every quadrat. Either one or all of these pegs (per quadrat)
should be marked in such a way that the pegs can be easily found from year to year.
This will enable subsequent revisits to the exact location and placement of the
quadrat from year to year, and reduce the amount of spatial variability in the data. If
a randomly generated quadrat ends up being located in a patch of bare sand, then an
alternative vegetated location should be used.
Measurement of seagrass shoot densities in all of the quadrats should be conducted in
January each year, preferably the same week of January to minimise any natural
temporal variability.
Seagrass shoot densities must be carried out using SCUBA. Detailed methods on the
calculation of shoot densities are provided in Short & Coles (2001). For each
sampling site, a 0.2 m x 0.2 m quadrat is laid on the seagrass meadow in exactly the
location as marked using the tent pegs as a guide. Seagrass shoots should be gently
pulled through the quadrat so that the quadrat can lie on the sediment and no shoots
are covered by the quadrat. The number of shoots of Posidonia sinuosa (if the
default EQS are to be used), or for each meadow-forming Posidonia seagrass species
(if the reference site approach is used), should be counted for the entire quadrat, and
recorded underwater. It must be remembered that these EQC are designed to identify
nutrient effects. However, other non-nutrient related changes in shoot density can
occur (eg. anchor damage or changes in species composition) and therefore a
71

common sense approach is required when interpreting the data. To facilitate this it is
recommended that observations of any such changes be recorded and consideration
given to whether the data from affected quadrats should be used and/or new
permanent quadrats established. Ephemeral species such as Halophila spp. do not
need to be counted.
All shoot densities are normalised to 1 m2, shown below.

Shoot density = (no. of seagrass shoots for each species in quadrat) x 25
Research is being conducted to improve understanding of the uncertainty associated
with observer variability in shoot counts and to determine the optimal size of the
quadrat to minimise inter-annual variability in shoot densities due to rhizome
extension. When available, the results of these studies will be incorporated into the
SOPs in such a way as to minimise the variability.
Videography of individual quadrats and the seagrass meadow is useful as a back-up
visual reference for comparison to compare sites qualitatively from year to year,
although this is not essential for monitoring. If videography of the meadow is being
undertaken, then a circular transect at a radius of 5 m is recorded, from one metre
above the sediment surface. This transect commences due east of the permanent star
picket mark and is taken in a clockwise direction.
6.6.4

Comparison against the Environmental Quality Criteria
Seagrass shoot density is relevant to the EQO of Ecosystem Integrity.
Ecosystem integrity
There are no EQG for seagrass shoot density. Comparison of the monitoring data for
seagrass against the EQS includes both shoot density and seagrass depth range. To
compare seagrass shoot density against the EQS, calculate the median shoot density
using all the quadrats from the monitoring site for each year, over the two year
period. Also, calculate the 20th percentile of seagrass shoot density from the
reference site for comparison.

6.6.5

Additional references
ANZECC/ARMCANZ (2000b). Paper No. 4. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Volume 2 Aquatic
Ecosystems - Rationale and Background Information (Chapter 8).
DAL (2000). Seagrass Mapping Owen Anchorage and Cockburn Sound 1999.
Prepared by D.A. Lord & Associates Pty Ltd; Botany Department, University
of Western Australia; Alex Wyllie and Associates Pty Ltd; NGIS Australia Pty
Ltd; and Kevron Aerial Surveys Pty Ltd. Prepared for Cockburn Cement
Limited; Department of Environmental Protection; Department of Commerce
and Trade; Department of Resources Development; Fremantle Port Authority;
James Point Pty Ltd; Kwinana Industries Council; Royal Australian Navy;
Water Corporation; and Water and Rivers Commission.
Lavery, P., & M. Western (2002). A survey of seagrass meadows in the Fremantle-
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Warnbro Sound Region. Prepared for the Department of Environmental
Protection by the Centre of Ecosystem Management, Edith Cowan University.
43 pp.
Rippey, E., & Rowland, B. (1995). Plants of the Perth Coast and Islands. University
of Western Australia Press, Western Australia.
Short, F.T., & Coles, R.G. (2001). Global Seagrass Research Methods. Elsevier.
ISBN 0444508910. 482 pp.
Walker, D. I. (1991). "The Effect of Sea Temperature on Seagrasses and Algae on
the Western Australian Coastline." Journal of the Royal Society of Western
Australia 74: 71-77.
Womersley, H.B.S. (1984). The Marine Benthic Flora of Southern Australia. Part 1.
(D.J. Woolman. Government Printer: Adelaide).

6.7

Seagrass depth range

6.7.1

General
Measurement of the depth limits of seagrass growth over time will detect shifts in the
edge of the seagrass meadow as it colonises deeper waters or retreats toward
shallower waters. In areas where light availability is likely to be a limiting factor for
seagrass depth distribution, movement of seagrasses up or down a depth gradient can
be used to infer changes in water quality and seagrass productivity.
There is no current Australian or International Standard for monitoring seagrass
depth range. The technique described below has been used routinely as a monitoring
tool for Posidonia seagrass meadows in Cockburn Sound and Perth’s coastal waters.
The objective of this measure is to identify the position of the boundary of a seagrass
bed, and, by reference to baseline and/or reference conditions, to establish the
magnitude and direction of change (i.e. gain or loss) of seagrass meadow.

6.7.2

Apparatus
•
•
•
•
•
•
•
•
•

6.7.3

SCUBA equipment;
Underwater marking equipment (stakes, weights, line, floats etc);
Star pickets (3 m length);
Hammer;
Differential GPS;
1m ruler;
Video equipment (optional);
20 m graduated rope with looped ends; and
Tape measure (with attached float)

Procedure
This procedure has been developed for use on Posidonia seagrass meadows.
Replicated permanent transects are established at the site of interest, and at
appropriate reference sites, to measure the colonisation or retreat of seagrass
meadows at their depth limit over time. There are a number of permanent transect
sites already located in Cockburn Sound and Warnbro Sound that are monitored by
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the Department of Environmental Protection and collection of reference data from
these existing sites is recommended.
Establishment of a new site for seagrass depth range
If new monitoring sites are to be established, they should be selected on the basis that
they have seagrass meadows inhabiting the sandy areas near a rapid bathymetric
gradient from approximately 6 to 12 metres over the course of 20 metres (i.e. 1:3
gradient). Once an appropriate location is selected, the exact location of the site
should be recorded using differential GPS (using WSG84). This location should be
at the leading edge, or depth limit, of the seagrass meadow. A 3 m long star picket
should be hammered into the sediment at this point. This forms the middle distance
along the transect (10 m from the start). Pickets should be hammered into the
sediment at 5 m and 10 m up gradient of the central picket and 5 and 10 m down
gradient. This results in a 20 m transect spanning 10 m above and below the edge of
the meadow. The shallowest part of the transect is delineated as 0 m, and the deepest
part of the transect 20 m. More than three replicate transects are set up at each site
spaced at 20 m intervals in order to account for the natural variability in seagrass
colonisation at small spatial scales.
Between sampling, the pickets should be covered with PVC tubing to prevent biota
from growing over the picket. For sampling, remove the plastic from each picket
and place a measured rope of 20 m length containing loops at both ends over the first
picket. Moving along the transect the rope is placed on alternative sides of the
pickets (i.e. left then right then left), until at the 20 m length the loop is placed over
the picket, making the rope taut across the length of the transect. The rope required is
generally thick, with accurately measured 1 m intervals clearly marked on the rope.
To obtain a depth profile, the water depth is measured by divers at 1 m intervals
along each transect, using a tape measure with a float attached at one end, or depth
sensors accurate to 0.01 m. The depth is recorded by the diver at the bottom using an
underwater slate. This data is then used for subsequent surveys in order to derive the
seagrass depth ranges along the transect. The date and time of depth measurements
should be recorded to allow for future tidal correction.
Measuring seagrass depth range
Monitoring of seagrass depth range is conducted in January only, for comparison
against the EQS, over a two-year period. Commencing at the shallow end (0 m), the
diver swims along the seagrass transect, examining seagrass beds across 0.5 m
distance on either side of the transect rope, using a 1 m ruler as a guide. The diver
continues along the transect until the last seagrass shoot is reached along the transect,
and the corresponding distance along the transect is recorded. This transect distance
is then converted to a depth measurement using data collected from the first survey.
This is repeated across all three replicate transects.
For the criteria, the minimal requirement would be to measure the depth range of the
last occurring seagrass shoot as leading edge is not specified.
Supplementary information, such as seagrass species, percentage cover, shoot
densities, biomass and canopy height, can be collected using quadrats at 1m intervals
along the transect. This information is useful in interpreting the seagrass depth range
results, but is not required for comparison against the EQS.
Videography can also be taken along the transect length at a height of 1 m above the
sediment if required. Video footage provides a useful visual reference for
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comparison between the sampling periods. If taken, the rope should be maintained in
the middle of the video frame with 0.5 m of seagrass meadow either side of the
graded rope.
6.7.4

Comparison against the Environmental Quality Criteria
Seagrass depth range is relevant to the EQOs of Ecosystem Integrity.
There is no EQG for seagrass. For the EQS, calculate the mean depth range across
the replicate transect at the site for comparison against the baseline. The baseline is
the mean depth limit in the first year of monitoring. Significant changes between
collected data and baseline distribution also need to be calculated. The comparison is
the mean depth of time X against the mean depth in the baseline year. This is a
straightforward t-test. In the event that a significant reduction in depth distribution is
indicated, then the EQS is breached. However, if reference site data have been
collected (eg Warnbro Sound), then the initial management response may be to
compare the inter-annual trend at that site to see if the decline is a regional
phenomenon.

6.7.5

Additional references
ANZECC/ARMCANZ (2000b). Paper No. 4. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Volume 2 Aquatic
Ecosystems - Rationale and Background Information (Chapter 8).
DAL (2000). Seagrass Mapping Owen Anchorage and Cockburn Sound 1999.
Prepared by D.A. Lord & Associates Pty Ltd; Botany Department, University
of Western Australia; Alex Wyllie and Associates Pty Ltd; NGIS Australia Pty
Ltd; and Kevron Aerial Surveys Pty Ltd. Prepared for Cockburn Cement
Limited; Department of Environmental Protection; Department of Commerce
and Trade; Department of Resources Development; Fremantle Port Authority;
James Point Pty Ltd; Kwinana Industries Council; Royal Australian Navy;
Water Corporation; and Water and Rivers Commission.
Lavery, P., & M. Western (2002). A survey of seagrass meadows in the FremantleWarnbro Sound Region. Prepared for the Department of Environmental
Protection by the Centre of Ecosystem Management, Edith Cowan University.
43 pp.
Rippey, E., & Rowland, B. (1995). Plants of the Perth Coast and Islands. University
of Western Australia Press, Western Australia.
Short, F.T., & Coles, R.G. (2001). Global Seagrass Research Methods. Elsevier.
ISBN 0444508910. 482 pp.
Walker, D. I. (1991). "The Effect of Sea Temperature on Seagrasses and Algae on
the Western Australian Coastline." Journal of the Royal Society of Western
Australia 74: 71-77.
Womersley, H.B.S. (1984). The Marine Benthic Flora of Southern Australia. Part 1.
(D.J. Woolman. Government Printer: Adelaide).
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6.8

Phytoplankton cell count and identification (including toxic
algae)

6.8.1

General
There are several widely accepted methods for the collection and microscopic
analysis of marine phytoplankton samples. This section details the method currently
employed for the Western Australian Shellfish Quality Assurance Programme
(WASQAP) and an alternative recommended technique. The WASQAP method has
been set by the Australian Quarantine and Inspection Service (AQIS) and must be
employed without modification when monitoring to ensure seafood is safe for human
consumption.

6.8.2

Apparatus
•
•
•
•
•
•

Hose/pipe sampler;
10 L sampling bucket;
Sample container;
5 µm phytoplankton net (optional);
Rinse bottle containing filtered seawater (for use with net); and,
Lugol’s solution.

Lugols Solution
Add:
•
20g Potassium Iodide;
•
10g Iodide;
•
20mL Glacial Acetic Acid;
•
Use deionised water to make up to a final volume of 200Ml;
•
Store in a labelled dark glass bottle in well ventilated area away from light,
chemicals and foodstuffs;
•
Wear splash-proof goggles, neoprene/viton gloves and coveralls; and,
•
Do not inhale vapours. If poisoning occurs, contact a doctor or the poisons
Information Centre on 131126.
6.8.3

Procedure
Sampling should be at regular intervals for at least one year to identify whether toxic
species are present at potentially harmful concentrations. Advice should be sought
from the WA Department of Health.
Recommended WASQAP method for collection of algae, including toxic
algae
•
•

•
•

Rinse all equipment in the water to be sampled;
Slowly lower a hose/pipe sampler to the desired depth(s). Samples up to 5 m
depth can be collected with a pipe or hose sampler, samples up to 10 m depth
are easily collected with a hose sampler and samples integrated over more than
10 m should be collected using a pump. If a pump is used, the sampler should
spend an equal amount of time at all depths;
Ensure that the sampler is vertical in the water column for collecting the water
sample;
Retrieve the sampler and pour the water sample into the sampling bucket; and,
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•

Mix well and transfer 10 L of the water sample into a cleaned, sealable
container for transport to the laboratory (for same day delivery).

It is important to note that the depth distribution of many algal species may not be
homogeneous. The entire phytoplankton assemblage, or certain phytoplankton taxa,
may be more abundant at particular depths and therefore depth-integrated samples
should be collected over as great a depth range as possible. Fixed, discrete-depth
sampling (eg. surface, middle, bottom) programmes do not take into account such
heterogeneous distribution. Under ideal circumstances, a monitoring programme
would include the routine use of fluorometric depth profiling to determine the
presence and location of chlorophyll maxima (phytoplankton accumulations) in the
water column and discrete depth sampling conducted to “capture” samples from
these depths. This approach however, involves the use of relatively expensive
equipment and also requires considerable time in the field.
Sample concentration
It is usually necessary to concentrate the phytoplankton sample to increase the
density of phytoplankton cells for subsequent identification and enumeration.
Concentration is also necessary for programmes targeting potentially toxic species in
order to achieve detection limits below the recommended action levels (minimum
cell densities for each species that trigger the testing of shellfish tissue samples for
biotoxins).
Concentration methods involving the use of phytoplankton nets and/or filters need to
take into account the minimum size of cells that must be retained in relation to the
pore size of the net or filter such that target species are not lost from the sample. A
mesh size of 10 µm or smaller is recommended for the phytoplankton net. If
membrane filters are used, they must be non-porous and less than 5 µm pore size,
(less than 1 µm if possible). These phytoplankton nets of such small mesh size are
not designed to be towed.
Filtering of the phytoplankton sample can be carried out in either the field or the
laboratory. However, if the sample is to be couriered overnight, filtration of the 10 L
sample in the field is recommended.
•
•

•

For filtering, pour a known volume of sample through the phytoplankton net,
and concentrate the sample to a volume of 1 L or less;
Repeatedly rinse some of the filtered water through the net to ensure that
phytoplankton cells do not adhere to the inside and are washed down into the
concentrated sample; and,
Transfer the filtered sample to a tightly sealed container and add an appropriate
quantity of preservative.

The net should also be thoroughly washed between uses to avoid cross contamination
of samples.
After initial filtration through a phytoplankton net, the remaining sample should be
filtered through a membrane filter, in several stages if necessary, under slight
positive or negative pressure (depending upon the filter apparatus used). Once the
sample has been filtered, carefully remove the filter membrane and re-suspend the
retained material in a known volume of the filtered water (5 - 10 ml). Mix well and
add an appropriate amount of preservative.
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Care should be taken to ensure that the sample has been filtered cleanly through the
filter membrane during the second phase of sample concentration.
Often
phytoplankton cells will adhere to the walls of the filter chambers or the design of the
chamber causes some small “pools” of unfiltered material to form. The inside of the
filter units should be squirted with some filtered water to wash down any remaining
material onto the filter membrane. The filtering process should also be observed
carefully with membranes being retrieved and the material resuspended in filter
water promptly before the membrane dries. Although only a slight positive pressure
should be used during filtration (eg. air from an aquarium pump) shaking the
membrane in a vial of filtered water may not be sufficient to resuspend all of the
material and it may be necessary to carefully scrape the membrane clean ensuring
that all material scraped off is added to the suspension.
The main disadvantage of any technique which relies upon the use of phytoplankton
nets and/or filtration in order to concentrate samples prior to analysis is that there is
the general assumption that such techniques can, at best, be only semi-quantitative
due to the potential loss of taxa through the phytoplankton net and the retention of
phytoplankton cells on the phytoplankton net and/or filter membrane.
Alternative Procedure
An alternative method of sample collection is the concentration of samples by
sedimentation (or settling). This is a more accurate, but more costly technique that is
widely utilised. The benefit of this technique is that there is no potential for bias due
to cell loss or cell retention. However, for programmes targeting potentially toxic
taxa, the longer turn around time for samples is not always acceptable.
•
•
•

Collect a depth integrated sample in a large sampling container, such as a 10 L
car buoy (as described above);
Mix this sample to form a homogeneous mixture by vigorously moving the car
buoy; and,
Pour 250 mL of this homogeneous sample into the final sample container, and
fix with approximately 2.5 mL Lugol’s solution.

Once returned to the laboratory, the sample is poured into an Utermohl tube and left
to settle for at least 24 hours (preferably 48 hours to ensure that even the smallest
phytoplankton cells have settled), which is then placed onto an inverted microscope
and phytoplankton enumerated through the transparent base of the tube.
6.8.4

Preservation and storage
Samples should always be preserved as soon as possible, preferably immediately
after collection. However, if samples are to be transferred to the laboratory on the
same day as collection, the preservation can be done by the laboratory upon request.
Unpreserved samples should be stored out of direct sunlight and in a cool place
(preferably on ice while in transit).
Approximately 1 mL of Lugol’s Solution should be added for every 100 mL of
sample, and this should be sufficient to turn the sample a “light tea” colour.
Additional preservative may be required if the sample is particularly dense.
Samples can be stored for several years providing the samples are stored in a cool,
dark environment. Samples preserved with Lugol’s need to be topped up with
preservative annually.

78

Figure 6.4 Examples of non-toxic phytoplankton species (left to right): Dictyocha
octonaria, Protoperidinium crassipes, Striatella unipunctata (Photo: S. Helleren, Dalcon
Environmental)

Figure 6.5 Examples of potentially toxic phytoplankton species (left to right): Dinophysis
acuminata, Gymnodinium breve-like, Prorocentrum lima (Photo: Dalcon Environmental)

6.8.5

Recommended laboratory analysis
The analysis and identification of phytoplankton samples is a highly specialised skill
and only laboratories with demonstrated expertise in this field should carry out this
analysis. Some examples of the different phytoplankton species from Cockburn
Sound are shown below (Figure 6.4; Figure 6.5).
Four main types of counting chamber are often used by analytical agencies, including
the Lund Cell, the Neubauer Cell (or Haemocytometer), the Palmer-Maloney
Nanoplankton Cell and the Sedgewick-Rafter Cell. Any of these chambers are
recommended for use in analysing the algal samples except the Neubauer Cell as it
does not hold sufficient volumes of sample for accurately detecting potentially toxic
species.
To further assess the risk from potentially toxic species, sampling should be
intensified with cell counts performed on each species present.

6.8.6

Comparison against the Environmental Quality Criteria
Total phytoplankton counts and toxic algal counts are relevant to the EQOs of
Aquatic Life for Human Consumption, and Primary and Secondary Contact
Recreation.
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Aquatic life safe for human consumption
To compare against the EQG, direct comparisons with individual samples are made
against specified values.
Primary and secondary contact recreation
To compare against the EQGs, calculate the median phytoplankton cell count for the
area of concern (either from one sampling run or from a single site over an agreed
period of time).
6.8.7

Additional references
Department of Fisheries and Department of Health Western Australia (2001).
Western Australian Shellfish Quality Assurance Programme Operations
Manual.
Hosja, W., and D. Deeley (1994). Harmful phytoplankton surveillance in Western
Australia Waterways Commission. Report No. 43.
Hötzel, G. and R. Croome (1999). A phytoplankton manual for Australian
freshwaters. Land and Water Australia.
http://www.lwrrdc.gov.au/downloads/PR990900.pdf.

6.9

Direct toxicity assessment

6.9.1

General
The use of Direct Toxicity Assessment (DTA) is recommended by ANZECC &
ARMCANZ (2000a) as a tool for deriving more relevant site-specific guidelines for
toxicants or mixtures of toxicants in marine (and fresh) waters. DTA investigates the
toxicity of complex aqueous mixtures to aquatic organisms. It can be applied to the
ambient (natural) waters and sediments that receive contaminant inputs, or more
commonly, sewage effluents, industrial waste waters, urban and agricultural run-off
waters, or any combination of compounds which occurs in, or is likely to enter the
aquatic environment, for which the toxicity is unknown.
Benefits of DTA
•

•
•
•

Provides a direct measure of the bioavailability and combined toxicity of all the
components within a mixture. The effects of such complex mixtures cannot
usually be predicted by determining the toxicity of the individual components,
which typically change with time and are often not fully known;
Is a reliable qualitative predictor of biological community impacts;
Provides an early warning capability so that management actions can be
implemented to minimise ecosystem impacts; and,
Can be performed relatively quickly and at less cost compared to other
biological monitoring procedures.

Limitations of DTA
•
•

Does not identify the toxic components of a mixture; and,
There are difficulties in obtaining a representative sample of a mixture.

However, it should be recognised that DTA is only one step in an overall assessment
of a discharge or water or sediment quality in general.
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6.9.2

Apparatus for collecting samples
•

•
•

6.9.3

10 or 20 L polyethylene or polypropylene containers (for ambient or receiving
water) or large amber glass bottles for effluents dominated by organic
chemicals;
Sediment sampling equipment; and,
Stainless steel or polyethylene collection bucket (if required).

Procedure
Collection of receiving water
Receiving water will usually need to be collected for one of two reasons:
•
•

Where the toxicity of the receiving water needs to be assessed; and,
Where receiving water is required as dilution water for effluent toxicity testing.

For receiving water toxicity testing, the sampling point(s) is determined by the
objectives of the test. Where receiving water is required as dilution water for
effluent testing, it should be collected away from or beyond the influence of the
effluent being assessed. The water should match as closely as possible the physical
and chemical characteristics of the receiving water near the outfall.
Receiving water should be collected in pre-washed, pre-rinsed, chemically inert
containers. Polyethylene or polypropylene containers (eg. 10 L or 20 L carboys) are
usually appropriate. Containers should be washed with dilute acid (eg. 5% HNO3)
and rinsed several times with deionised water prior to sample collection. At the time
of sample collection, the sample containers should be rinsed three times with source
water before being filled with sample. If direct collection of the receiving water to
the sample containers is not possible, then a pre-washed, pre-rinsed stainless steel or
polyethylene bucket is appropriate for collection.
In most cases, collection of a single grab sample (or several grab samples) of
receiving water is appropriate for toxicity testing purposes. However, the volume of
water required will depend on the nature of the monitoring programme and the
required toxicity test. For example, microalgae tests require approximately 500 mL
of water sample, whereas fish tests require approximately 50 L.
For receiving water toxicity testing, the sample should be collected at mid depth.
Where the receiving water is to be used as dilution water, the sample can be taken
just below the surface (typically 0.25 – 0.5 m depth), thereby avoiding sampling of
the surface layer. Head space in the sample container(s) should be minimised. The
sample should be chilled to 4°C as soon as practicable following collection.
Collection of effluent
Effluent may need to be collected to undertake DTA on a series of effluent dilutions
to predict whether the EQOs are being met within their allocated boundaries. An
assumption here is that effluent dilution characteristics around the outfall are known.
Grab or composite samples of effluents should be collected. The choice between
grab or composite samples will depend on the nature of the effluent discharge and
the objectives of the testing. Essentially, the sample should be sufficiently
representative of the general physical and chemical characteristics of the effluent.
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The US EPA (1994) prescribe extremely specific and stringent methods for effluent
sampling which can be used as guidance. However, the following more generic
guidance for appropriate sampling of effluents is provided. The methodology should
be finalised in consultation with regulators and stakeholders.
Generally, knowledge of the nature (eg. retention time and variability) of an effluent
will help determine the most appropriate sampling method. For continuous point
source discharges, it is usually desirable if a sample representing a 24-h period is
collected and composited for testing. For example, a 24-h composite sample, or a
composite of four grab samples taken every 6-h, could be used for testing. Where
the retention time of the effluent is known to be high (e.g. >14 days) and/or the
effluent composition is known not to vary markedly over time, a single grab sample
could be collected for a toxicity test. If effluent composition is known to change
according to the industrial process being undertaken, more than one series of
sampling and testing may be required. For short-term (i.e. <8-h), intermittent point
source discharges, a single grab sample for testing can be collected midway during
each discharge period.
Sample collection equipment should be made of a chemically inert substance, such as
stainless steel or polyethylene, depending on the nature of the effluent. Buckets or
grab samplers are usually appropriate as collection devices. Samples must be
representative of the effluent being released into the marine environment. Therefore,
factors that might change the typical characteristics of the effluent, including effluent
stratification and pond edge effects, need to be considered. If appropriate, samples
should be collected as near as possible to the effluent outfall location (i.e. ‘end-ofpipe’).
The volume, shape and material of the sample containers will be dependent on the
nature of the sample (eg. degradability/stability) and the volume required for the tests
and any associated chemical analyses. Generally, effluent samples should be
collected in pre-washed, pre-rinsed, chemically inert containers. Polyethylene or
polypropylene containers (eg. 10 L or 20 L carboys) are usually appropriate,
although large amber glass bottles may be preferable for effluents dominated by
organic chemicals.
To reduce the loss of volatile chemicals, sample containers must be filled so as to
minimise head space.
Collection of sediment
Collection of the sediment samples should be undertaken using SCUBA divers. The
choice of sediment sampling method will be dictated largely by the location and
nature of the sediment, and the objectives of the testing. A coring device is
recommended whenever testing of different depth profiles is required. However,
where only surface sediment samples (eg. to ca. 10 cm in depth) need to be assessed,
grab samplers (eg. shovels and trowels) are the most useful for obtaining sufficient
volumes of sediment for toxicity testing. Depending on water depth, grab samplers
can be deployed from a boat or by divers. Whatever the method of sample
collection, minimal disturbance of the sediment and loss of sediment fines needs to
be ensured. Where sediment elutriate testing is required, the above sediment
collection procedure will usually be appropriate. Collection of pore waters for
toxicity testing is not a logistically viable method, and elutriate testing is
recommended as an alternative.
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A sediment sample collected using a dredge sampler may need to be sub-sampled in
order to collect the desired sediment fraction (eg. the top 5 cm). If this is the case,
the overlying water in the sampler should be siphoned off carefully before collecting
the desired sub-sample using a flat scoop. If required, compositing of the contents of
multiple sediment grabs may be performed by transferring sediment to a stainless
steel or glass bowl and stirring with a clean, stainless steel spoon or spatula until
textural and colour homogeneity are achieved (Environment Canada 1995). Samples
may be transferred to and stored in clean polypropylene containers or wide mouth
glass containers with Teflon lined caps.
In general, a hierarchy for sample collection should be established to prevent
contamination from the previous sample (i.e. sampling in order from least
contaminated to most contaminated samples), especially when using the same
sampling apparatus to collect different samples. All sampling equipment should be
made of non-contaminating material, and should be appropriately washed between
samples.
For whole sediment testing, approximately 2 L of sediment should be collected from
each test site and reference site, for each test species to be assessed. The volume of
sediment required for sediment elutriate testing is a function of the test volume used
for each test species, and the number of species tested. The volume of sediment
required may therefore range from approximately 200 mL for organisms such as
microalga, to 2 L for species like macro-crustaceans, and up to 20 L for some fish
species.
6.9.4

Sample preservation and storage
Receiving water and effluent
The sample should be chilled to 4°C as soon as practicable following collection. In
addition, sample aeration/disturbance during collection and transfer should be
minimised.
Samples collected for off-site toxicity testing should be chilled to 4°C as soon as
possible following collection and maintained in the dark at that temperature prior to
use in the test. Maintenance of the samples in the dark minimises the microbial
degradation, chemical transformations and loss of volatile chemicals. Samples
should be transported on ice to the designated laboratory. Samples are best
transported in coolers. Sufficient ice or ice bricks should be used so that ice is still
present when the sample is unpacked at the laboratory.
Where possible, the samples should be shipped to the designated laboratory using a
same-day or overnight service.
Samples should be tested as soon as practicable following collection. Ideally, the
holding time from sample collection (i.e. when the last sample in a series is taken) to
the initiation of the test should not exceed 48-h. This time period is sufficient should
samples need to be transported to and tested at a laboratory on the eastern seaboard.
However, as a maximum holding time, no more than 72-h should elapse between
sample collection and test initiation (US EPA, 1994).
Sediment
The sample(s) should be chilled to 4°C as soon as practicable following collection.
Samples should not be frozen.
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Ideally, the holding time from sample collection to the initiation of the test should
not exceed 14 days (Environment Canada, 1995). Other storage and transport
requirements for sediment samples are the same as those described above for effluent
and receiving water.
6.9.5

Recommended laboratory analysis
As toxicity testing is a particularly specialised field of work, it should be carried out
by specifically trained personnel in appropriately equipped laboratories.
Recommendations for laboratory analysis are provided in Appendix A.

6.9.6

Comparison against the Environmental Quality Criteria
Direct Toxicity Assessment is relevant to the EQOs of Ecosystem Integrity and
Aquaculture.
It is important that full analysis and interpretation of the results of DTA are provided
by the laboratory that undertakes the analysis, or at least by appropriately
experienced personnel. If possible, the interpretation should include comparison of
the DTA results against the appropriate EQC, as follows.
Receiving/ambient water toxicity
High Protection
Site receiving/ambient water should not result in a statistically significant effect (P <
0.05) on sublethal chronic endpoints and on lethal acute endpoints for any species,
compared to the reference/control water.
Moderate Protection
Site receiving/ambient water should not result in a statistically significant effect (P <
0.05) on lethal acute endpoints or greater than a 50% effect on sublethal chronic
endpoints for any species, compared to the reference/control water.
Effluent toxicity
High Protection
If five species have been assessed and the statistical distribution methodology used,
the dilution of effluent (as % effluent) at the boundary should be protective of at least
95% of species.
If three species have been assessed and the safety factor approach used, the dilution
of effluent at the boundary of a high protection zone should be greater than that
represented by the lowest chronic No Observed Effect Concentration (i.e. the NOEC
for the most sensitive species) divided by a safety factor of 10.
Moderate Protection
If five species have been assessed and the statistical distribution methodology used,
the dilution of effluent at the inner boundary of a moderate protection zone should be
protective of at least 90% of species.
If three species have been assessed, the dilution of effluent (as % effluent) at the
inner boundary of a moderate protection zone should be greater than that represented
by the lowest chronic NOEC (i.e. the NOEC for the most sensitive species) divided
by a safety factor of 2.
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Sediment toxicity
High Protection
Site sediment should not result in a statistically significant effect (P < 0.05) on
sublethal chronic or lethal acute endpoints for any species, compared to a matched
reference sediment.
Moderate Protection
Site sediment should not result in a statistically significant effect (P < 0.05) on lethal
acute endpoints or greater than a 50% effect on sublethal chronic endpoints for any
species, compared to a matched reference sediment.
6.9.7

Additional references
ANZECC/ARMCANZ 2000. Australian and New Zealand guidelines for fresh and
marine water quality. National Water Quality Management Strategy,
Australian and New Zealand Environment and Conservation Council &
Agriculture and Resource Management Council of Australia and New Zealand,
Canberra.
ASTM 2002. E 1391-94. Standard Guide for Collection, Storage, Characterisation,
and Manipulation of Sediments for Toxicological Testing. In Annual Book of
ASTM Standards, Volume 11.05, Biological Effects and Environmental Fate;
Biotechnology; Pesticides. Section 11, Water and Environmental Technology.
ASTM, Philadelphia, PA, USA, CD-ROM.
Environment Canada 1990. Guidance Document on Control of Toxicity Test
Precision Using Reference Toxicants. Report EPA 1/RM/12, Environment
Canada, Conservation and Protection, Ottawa, Ontario, Canada.
Chevrier A & Topping PA 1998. National Guidelines for Monitoring Dredged and
Excavated Material at Ocean Disposal Sites. Environment Canada, Marine
Environment Division. 27 pp.
ISO 1998. Water Quality – Sampling – Part 16: Guidance on biotesting of samples.
International Standard ISO 5667-16: 1998(E).
OECD 1981. Guidelines for Testing of Chemicals. Organisation for Economic
Cooperation and Development, Paris.
USEPA 1991. Evaluation of Dredged Material Proposed for Ocean Disposal:
Testing Manual United States Environmental Protection Agency EPA 503/891/001. Office of Research and Development, Cincinnati, Ohio, USA.
USEPA 1993. Methods for Measuring the Acute Toxicity of Effluents and Receiving
Waters to Freshwater and Marine Organisms. United States Environmental
Protection Agency EPA/600/4-90/027. Office of Water, USA.
USEPA 1994. Short-Term Methods for Estimating the Chronic Toxicity of Effluents
and Receiving Water to Marine and Estuarine Organisms. 2nd edition. United
States Environmental Protection Agency EPA-600-4-91-003. Office of
Research and Development, Cincinnati, Ohio, USA.
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6.10

Bacterial contamination in water

6.10.1 General
Two indicator organisms are routinely used to indicate the possible presence of
faecal pathogens in Cockburn Sound:
•

•

Thermotolerant coliforms (also known as faecal coliforms) are a subset of
coliforms, and are found in the intestinal tract of humans and other warm
blooded animals (eg. dogs, cats, birds, dolphins, seals). They are a more
specific indicator of faecal contamination than total coliforms, as they are
much more likely to have originated in the gut; and,
Enterococci comprise a sub-group of faecal streptococci bacteria that are
normally found in the human intestinal tract, and are usually non-pathogenic.
Enterococci are a preferred indicator organism for marine waters used for
recreation.

The EQC for the maintenance of recreational water quality are based on measuring
enterococci. Recent studies have shown that in marine waters enterococci
concentrations correlate much more strongly with illness rates than thermotolerant
faecal coliform concentrations. However, thermotolerant faecal coliform
concentrations are the preferred water quality indicator for ensuring that seafood is
safe for human consumption.
Monitoring of microbial contamination in waters can be carried out to determine
whether pollution sources have changed over time (ambient monitoring) and to
undertake incident or short-term sanitary inspections for human health purposes.
The collection and storage procedures for both types of monitoring are the same,
however it is ambient monitoring that is intended for the EQC Reference Document
for Cockburn Sound (2003 - 2004) (EPA, 2005).
This method sets out procedures for the microbial examination of water.
6.10.2 Apparatus
•
•

Aseptic labelled containers; and,
Sterile, disposable gloves

6.10.3 Procedure
Sample collection
A minimum of 100 samples from individual sampling sites taken within a five year
period is the recommended number of samples for comparison against the EQC.
However, this will not be possible to achieve for some monitoring programmes, and
calculations will be made on a smaller number of samples.
The following guidance is offered by Richard Lugg (pers comm.):
•
•

If the samples appear homogeneous, then it may be acceptable to use just 20
samples taken from the same sample site;
Data can be pooled from sampling sites that are within 200m distance, if the
data appear homogeneous; and,
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•

If there are insufficient samples for a comparison, an interim decision on how
to address the data is required to be made.

When sampling for microbial analysis the sample container and cap need to be
sterilised and aseptic techniques followed at all times. Care should always be taken
not to touch the top of the container during removal or replacement of the cap.
Grab samples are appropriate for obtaining samples for microbial analysis.
•
•
•
•
•

•
•
•

Unscrew the cap of the container;
Hold the cap while collecting a water sample and do not place the cap on any
surface;
Do not rinse the sample container;
Hold the container near its base and plunge it, neck downward, below the water
surface;
Turn the container until it points slightly upward and the mouth is directed
toward the current. If there is no current, create a current artificially by pushing
the container forward horizontally in a direction away from the hand;
Leave approximately 2.5 cm head space in the container;
The volume of sample should be sufficient to carry out all tests required,
preferably not less than 100 mL; and,
Re-place the cap immediately once the container is filled.

Sampling for faecal contamination is generally done at the surface of the water
column. At beach monitoring sites, it is preferable to sample from waist deep waters
in the area where bathers spend most of their time. However, sampling at depth can
be carried out using depth samplers (Section 6.2).
Samples should preferably be taken at the time of day, and day(s) of the week, and at
the same location, when the waters are being used for recreational purposes.
Samples should be taken on a weekly basis (preferably) throughout the season(s) the
waters are expected to be used (i.e. October to April inclusive for beach bathing).
It is important that data collected from different seasons are not pooled, as faecal
contamination is highly variable from season to season. It may be necessary to
consider monitoring after high rainfall events in recreational waters that receive large
volumes of storm water.
6.10.4 Sample preservation and storage
•
•
•

The water sample should be stored at less than 10°C during transport;
The maximum sample holding time is 24 hours, although samples should be
analysed as soon as possible; and,
It is preferable that sample analysis commences within 6 hours of collection
(this is essential for compliance testing).

6.10.5 Recommended laboratory analysis
The Western Australian Shellfish Quality Assurance program (WASQAP) requires
the methods used to measure thermotolerant faecal coliforms to be in accordance
with APHA (1998) or a relevant Australian Standard published by Standards
Australia (see section 6.10.7). Acceptable methods include:
•

Membrane filtration methodologies; and,
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•

Multiple tube analytical methodologies.

Multiple tube analytical methods should be used for the detection of enterococci in
marine waters in accordance with APHA (1998).
6.10.6 Comparison against the Environmental Quality Criteria
Thermotolerant coliforms in water are relevant to the EQO of Aquatic Life Safe for
Human Consumption. Enterococci are relevant to the EQOs of Primary and
Secondary Contact Recreation.
Aquatic life safe for human consumption
To compare against the EQG and EQS, calculate the median thermotolerant faecal
coliform bacterial concentration for all samples at a site (or appropriately pooled
sites). Also calculate the percentage of samples that exceed the EQG.
Primary and secondary contact recreation
To compare against the EQGs and EQSs for both objectives, calculate the 95th
percentile enterococci bacterial content for all samples at a site (or appropriately
pooled sites) for comparison against EQG and EQS specified values.
6.10.7 Additional references
APHA 1998. Standard Methods for the Examination of Water and Wastewater. 20th
Edition, American Public Health Association, Water Environment Federation,
American Water Works Association, Washington, USA.
AS/NZ 1766.3.5:1999 Food microbiology - Examination of specific products –
molluscs, crustaceans and fish, and products thereof.
AS/NZ 1766.4: Methods for the microbial examination of food - Sampling of foods
AS 2031.2. Selection of containers and preservation of water samples for microbial
analysis.
AS/NZS 4276.5:1995 Water microbiology – Coliforms – Membrane Filtration
Method.
AS/NZS 4276.7 1995: Water microbiology – Thermotolerant coliforms and
Escherichia coli - Membrane Filtration Method.
AS/NZS 5667.1:1998 Water quality - Sampling - Guidance on the design of
sampling programs, sampling techniques and the preservation and handling of
samples.
Australian Shellfish Quality Assurance Advisory Committee 2002. Australian
Shellfish Quality Assurance Programme Operations Manual.
Department of Fisheries (2001). Western Australian Shellfish Quality Assurance
Programme Operations Manual.
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World Health Organisation (2001). Bathing Water Quality and Human Health:
Faecal Pollution – Outcome of an Expert Consultation, Farnham, UK, April
2001. Co-sponsored by the Department of the Environment, Transport and the
Regions, United Kingdom.
Australia New Zealand Food Standards Code (Section 1.6) for Microbial and
Processing Requirements website:
http://www.foodstandards.gov.au/foodstandardscode/standard16/index.cfm

6.11

Bacterial contamination in seafood

6.11.1 General
This method sets out procedures for the collection and storage of samples for
thermotolerant faecal coliform (Escherichia coli) examination of fish flesh. It
specifically applies to fish flesh that might be eaten raw.
6.11.2 Apparatus
•
•
•

Hooks, lines and nets, or other apparatus appropriate for the collection of the
organisms being investigated;
Sterile gloves; and,
Sterile, sealable plastic bags.

6.11.3 Procedure
As general guidance, a minimum of 5 samples is recommended for comparison
against the relevant EQS. One sample contains edible flesh from 5 fish of the same
species.
•

•

•

A wide range of methods can be used to collect fish samples, and there is no
single requirement for the use of any particular collection method. A number
of appropriate protocols are detailed in the Standard Methods for the
Examination of Water and Wastewater (APHA, 1998) if guidance is required.
Some examples of the detailed methods include hook and line, nets, and traps;
Information on the collection requirements should be sought from the
laboratory undertaking the microbial analyses prior to sampling. In particular,
it is important to seek advice on the minimum quantity of sample required for
the analyses; and,
Following collection of the fish samples, aseptic techniques should be used
when handling the organisms.

6.11.4 Sample preservation and storage
•
•
•

Unless specified by the laboratory, samples do not need to be cleaned in the
field as cleaning is carried out in the laboratory prior to analysis;
Samples should be placed into appropriately labelled bags or containers and
stored chilled (i.e. between 1 and 5°C) until tested; and,
Laboratory analysis should commence as soon as possible after collection, no
later than 24 h after sampling. Record the time interval between sampling and
commencement of testing.
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6.11.5 Recommended laboratory analysis
The multiple tube analytical method is used for to analyse for Escherichia coli/g of
flesh (wet weight) in shellfish and other seafood (APHA 1998; WASQAP 2001). It
should be noted that WASQAP (2001) does not recognise the membrane filtration
method for the analysis of mussel tissue.
6.11.6 Comparison against the Environmental Quality Criteria
Thermotolerant coliforms in fish flesh are relevant to the EQO of Aquatic Life for
Human Consumption.
There is no EQG for thermotolerant coliforms in fish flesh. To compare against the
EQS, the individual result from each sample should be compared directly against the
EQS specified values.
6.11.7 Additional references
Department of Fisheries 2001. Western Australian Shellfish Quality Assurance
Programme Operations Manual.
Australian Shellfish Quality Assurance Advisory Committee 2002. Australian
Shellfish Quality Assurance Programme Operations Manual.
AS/NZ 1766.3.5:1999 Food microbiology - Examination of specific products –
molluscs, crustaceans and fish, and products thereof.
AS/NZ 1766.4: Methods for the microbial examination of food - Sampling of foods
AS 2031.2. Selection of containers and preservation of water samples for microbial
analysis.
AS/NZS 4276.5:1995 Water microbiology – Coliforms – Membrane Filtration
Method.
AS/NZS 4276.7 1995: Water microbiology – Thermotolerant coliforms and
Escherichia coli - Membrane Filtration Method.
AS/NZS 5667.1:1998 Water quality - Sampling - Guidance on the design of
sampling programs, sampling techniques and the preservation and handling of
samples.
World Health Organisation (2001). Bathing Water Quality and Human Health:
Faecal Pollution – Outcome of an Expert Consultation, Farnham, UK, April
2001. Co-sponsored by the Department of the Environment, Transport and the
Regions, United Kingdom.
Australia New Zealand Food Standards Code (Section 1.6) for Microbial and
Processing Requirements website:
http://www.foodstandards.gov.au/foodstandardscode/standard16/index.cfm
WASQAP (2001). Western Australian Shellfish Quality Assurance Program –
Operations Manual.
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6.12

Chemical contamination in seafood

6.12.1 General
This method sets out procedures for the collection, storage and analysis of samples
for chemical contamination of the flesh of crustaceans, molluscs and fish.
6.12.2 Apparatus
The type of apparatus required will vary depending on the collection method,
organism type, number of samples, and parameter of interest.
A wide range of methods for the collection of molluscs, crustaceans, and fish
(including billfish, sharks and rays) are available, and these are outlined in the
Standard Methods for the Examination of Water and Wastewater (APHA, 1998).
For those organisms that are sessile (e.g. mussels), these can be collected by hand
(e.g. off pylons) or by corer (e.g. sediments). For those organisms that are mobile
(e.g. fish, crabs), equipment such as hook and line, nets and traps will be used
according to APHA (1998). All samples are to be placed in sealed, sterile plastic
bags.
6.12.3 Procedure
A sample is defined as a quantity of flesh taken from the edible portion of one or
more fish/crustacean/molluscs, sufficient for the purpose of analysis (ANZFA 1998).
The laboratory undertaking the analyses should be contacted in advance to advise of
the minimum amount of material required for analyses2. As general guidance, a
minimum of 5 samples is recommended for comparison against the relevant EQS.
The methods used for collection of seafood will depend on the type of seafood being
investigated. Strict protocols have been established by the Australian Quarantine
Inspection Service (AQIS) for the collection and analysis of cultured shellfish
(molluscs) for commercial purposes as part of the Western Australian Shellfish
Quality Assurance Programme (WASQAP). These should not be modified and are
detailed in the WASQAP Standard Operating Procedures Manual.
In some instances, it might be possible to collect seafood samples from local
producers such as at local markets.
Information on the collection, preservation and storage requirements should also be
sought from the laboratory undertaking the analyses prior to sampling. In particular,
it is important to seek advice on the minimum quantity of sample required for the
analyses.
Following collection of the animals of interest, aseptic techniques should be used
when handling the organisms, if deemed appropriate.
6.12.4 Sample preservation and storage
Unless specified by the laboratory, samples do not need to be cleaned as this is
carried out in the laboratory prior to analysis. Samples should be placed into
appropriately labelled bags or containers and stored. Depending on the contaminant

2

For guidance, 30 mussels 40–50 mm in length provides adequate material for analysis of multiple
parameters.
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analysis to be undertaken, the following preservation and storage method may be
used:
Contaminant analysis: Samples may be stored at a temperature below -15 C until
tested. Samples should be examined as soon as possible after collection. Seek
advice from the laboratory about the maximum storage period for this type of
analysis. Alternatively, store the samples between 1 and 5°C until tested.
Laboratory analysis should commence as soon as possible after collection, no later
than 24 h after sampling. Record the time interval between sampling and
commencement of testing.
Biotoxin analysis: Store the samples between 1 and 5°C until tested. Laboratory
analysis should commence as soon as possible after collection, no later than 24 h
after sampling. Record the time interval between sampling and commencement of
testing.
The preservation and storage techniques used will depend on the issue being
addressed.
Advice from the laboratory analysing the samples should be sought for:
•
•

The required preservation and storage techniques; and,
The maximum holding period of the sample.

For toxicity testing, samples of shellfish and other seafood can be stored chilled for a
maximum of 48 hours, or frozen for up to 6 months.
Bags or containers holding samples must be identified with a durable waterproof tag
or label that is affixed to the exterior of the bag or container. Each bag or container
must be tagged or labelled at the time of filling.
6.12.5 Recommended laboratory analysis
The measurement of chemical contaminants in seafood should be for hydrated foods
only. Laboratories performing analytical examinations for chemical and biotoxins
must be accredited with the National Association of Testing Authorities (NATA) for
the specific type of analysis evaluated in accordance with the NATA laboratory
evaluation programme and participate in the NATA proficiency testing programme.
6.12.6 Comparison against the Environmental Quality Criteria
Chemical contamination in seafood is relevant to the EQO of Aquatic Life Safe for
Human Consumption.
To compare against the EQG, calculate the median chemical concentration in the
flesh of seafood from samples collected. To compare against the EQS, the chemical
composition of each individual seafood sample should be compared with the EQS
specified values.
6.12.7 Additional references
Department of Fisheries (2001). Western Australian Shellfish Quality Assurance
Programme Operations Manual.
Australian Shellfish Quality Assurance Advisory Committee 2002. Australian
Shellfish Quality Assurance Programme Operations Manual.
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AS/NZ 1766.3.5:1999 Food microbiology - Examination of specific products –
molluscs, crustaceans and fish, and products thereof.
AS/NZ 1766.4: Methods for the microbial examination of food - Sampling of foods.
Australian Standard/New Zealand Standard 5667.1:1998. Water quality – Sampling
– Guidance on the design of sampling programmes, sampling techniques and
the preservation and handling of samples.
AS 2031.2. Selection of containers and preservation of water samples for microbial
analysis.
Australia New Zealand Food Standards Code (Section 1.4) for Contaminants and
Natural Toxicants website:
http://www.foodstandards.gov.au/foodstandardscode/standard14/index.cfm

6.13

Imposex in the marine gastropod, Thais orbita

6.13.1 General
Imposex is the term given to the development of male genitalia, or other form of
physical abnormality, in female marine gastropod molluscs. Increased frequencies of
imposex are caused by organotin compounds, particularly varieties of butyl and
phenyl tins used in antifouling compounds. This unique cause-effect relationship
between imposex and organotin pollution means that the distribution of imposex can
be strongly inferred to be directly related to the distribution and availability of
organotins in the environment. The marine gastropod, Thai orbita, is the indicator
organism for monitoring in Cockburn Sound.
Imposex may cause population level effects in vulnerable species such as:
•
•
•

Reduced recruitment leading to smaller proportions of juveniles to adults;
Reduced abundance; and,
Alteration of sex ratios towards males.

Imposex has been measured in Cockburn Sound using % incidence and relative penis
size (RPS) in the whelk Thais orbita (Field, 1993). The Vas Deferens Sequence
(VDS), which measures anatomical changes in the gastropods and the presence of a
penis and/or vas deferens, has been suggested as an alternative indicator of imposex
(Oehlmann et al., 1996). The current level of information on imposex in Perth
coastal waters is insufficient to derive a criterion based on VDS. The necessary
information should therefore be collected so that the methodology for measuring
imposex, and the EQS to be achieved, can be reviewed appropriately.
6.13.2 Apparatus
For field sampling the basic equipment includes:
•
•

Appropriate containers for collection and transport of Thais orbita; and,
For sub-tidal populations, SCUBA or snorkel collections may also be required.
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6.13.3 Procedure
•
•
•

Collect whole animal samples of Thai orbita by hand;
The precise location of each sampling site (although not necessarily each
replicate) needs to be recorded; and,
The ambient field conditions on the day of sampling should be recorded,
particularly tide height, water depth, wind conditions, and notes on any other
factor that may affect the efficiency of sample collection, bias in Thais orbita
distribution, or any other related factor.

In the instance of Thais orbita, a sample is collected as follows:
•

•

•

The sampler is to define the sampling area (in m2). The total sampling area
will vary between sampling times and locations according to the distribution
and density of the organisms present. Given that the organism is mostly found
in the subtidal, the sampling area should expand longitudinally across the
subtidal (starting at the intertidal low water mark), with a perpendicular length
from the subtidal nominated according to the population;
The sampling area of the site needs to be sufficiently large for a minimum of
100 animals to be collected, and for this number to be no more than 50% of the
population within the sampling area; and,
To ensure the collected animals are relatively evenly distributed across the
sampling area, it should be divided into four equal parts, and approximately the
first 25 animals encountered should be collected from each sub-sampling area.

If TBT concentrations in marine sediment and Thais orbita tissue samples need to be
measured concurrently then the standard operating procedures found in Sections 6.4
and 6.11 respectively should be applied.
6.13.4 Sample preservation and storage
Thais orbita samples collected in the field should be stored in cool conditions while
being transported to the laboratory and frozen awaiting analysis.
Quality assurance
Where levels of imposex are considered to be elevated, confirmation and the degree
and extent of contamination by organotins should be sought by complementary
residue analysis of sediments, and possibly biological tissues.
6.13.5 Recommended laboratory analysis
Analysis of Thais orbita samples should be carried out by a specialist with expertise
in this field. Laboratory procedures are outlined by Foale (1993), Oehlmann et al.
(1996), Kohn et al. (1999) and ANZECC/ARMCANZ (2000c).
Samples should be analysed for:
•
•
•
•
•

The frequency of imposex (proportion of females having a penis or related
male abnormalities);
Relative penis size;
Size frequency; and;
Sex ratios;
An assessment of the Vas Deferens sequence if desired.
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6.13.6 Comparison against the Environmental Quality Criteria
Imposex in Thai orbita is relevant to the EQO of Ecosystem Integrity.
To compare against the EQS, calculate the percentage incidence of imposex in Thais
orbita samples.
6.13.7 Additional references
Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(2000c). Appendix 3: Protocols for biological monitoring and assessment,
Volume 2, Aquatic Ecosystems – Rationale and Background Information,
Chapter 8, Pp. A3-95 – A3-98.
DEP. (1996). Southern Metropolitan Coastal Waters Study. Final Report.
Perth, Western Australia, Prepared by the Department of Environmental
Protection.
D.A. Lord and Associates, PPK Environment & Infrastructure (2001). Cockburn
Sound Management Council – The State of Cockburn Sound – A PressureState-Response Report. 127 pp.
Field, S. (1993). The use of Thais orbita as a bioindicator for environmental
contamination of tributyltin in the Perth Metropolitan Waters. Zoology
Department, Nedlands, Western Australia, University of Western Australia.
Foale, S. (1993). An evaluation of the potential of gastropod imposex as an indicator
of tributyltin pollution in Port Phillip Bay, Victoria. Marine Pollution Bulletin
26: 546–552.
Kohn, A.J., Lalli, C.M. and Wells, F.E. (1999). Imposex in Conus at Rottnest Island,
Western Australia: five years after the first report. Pp. 199–209. In: Walker,
D.I. and Wells, F.E. (eds). Proceedings of the ninth international marine
biological workshop: The seagrass flora and fauna of Rottnest Island, Western
Australia. Western Australian Museum, Perth. 421 pages.
Oehlmann, J., Stroeben, E. and Fioroni, P. (1996). New facts about tributyltin
induced imposex in prosobranchs. General aspects. Malacological Review
Supplement 6: 149–156.
Reitsema, T.J, Field, S., and Spickett, J.T. (2003). Surveying imposex in the coastal
waters of Perth, WesternAustralia, to monitor trends in TBT contamination.
Australasian Journal of Ecotoxicology (9):87-92.

6.14

Ecological assessment

6.14.1 General
Ecological assessment encompasses an extremely broad range of approaches for
investigating the structure, processes and function of biological communities. The
organisms typically sampled comprise bacteria, protozoa, zooplankton,
phytoplankton, seagrasses, macroalgae, invertebrates, bivalves and fish. This type of
assessment principally involves field-based measurements that examine the effects of
various stressors on the relative abundance and diversity of species, community
structure and composition in both water and sediments. For aquatic organisms, the
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selection of a sampling method should be guided by the objectives of the monitoring
programme, local conditions, and acceptability of the method.
The EQC Reference Document for Cockburn Sound (2003 - 2004) (EPA, 2005)
requires that significant ecological or biological changes beyond natural variation are
detected that can be linked to a particular parameter, such as dissolved oxygen,
temperature or a contaminant in the water column and/or the sediments (i.e. causeeffect pathways). This is nominally defined by the median of a test site parameter
being outside the 20th and 80th percentiles of the measured distribution of that
parameter from a suitable reference site). Similarly, the Reference Document for
Cockburn Sound (2003 - 2004) requires assessment of the loss of marine organisms,
species and/or ecosystem processes resulting from human impacts. The type of
monitoring tools and parameters used for ecological assessment will depend entirely
on the nature of the issue that is to be investigated.
Direct measurements of biological or ecological parameters relating to contaminants
in the water column and sediments are likely to require comparison with reference
sites so that natural variability is taken into account. A minimum of two in-situ
biological/ecological parameters relevant to the contaminant of concern should be
monitored. In addition, sampling along an effects gradient from a source of impact
could also prove an effective monitoring technique.
Investigative procedures such as toxicity tests and contaminant body residue tests
may be required to establish whether the observed biological effects are caused by
specific contaminants or specific sources of contaminants.
ANZECC & ARMCANZ (2000a, 2000b) provide general information on ecological
assessment techniques, however further information should be sought directly from
appropriately qualified experts in the field of ecological assessment, relevant
scientific texts and journal publications. Several devices may be needed to ensure
quantitative sampling of all the required organisms. The wide range of methods for
sampling these organisms is described in APHA (1998). The selected indicators, and
assessment methodologies, should be finalised in consultation with the regulator and
relevant stakeholders. A summary of techniques for ecological assessment is given
in Table 6.7, to provide an indication of the range of parameters available for this
type of monitoring and assessment.
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Table 6.7 Summary of ecological assessment approaches and measurement parameters
(reproduced from Ecological Assessment Section, ANZECC/ARMCANZ 2000b)
Approach

Measurement
parameters

Advantages

Disadvantages

Overall value

Provide summary of
complex data; easy
to understand, allow
comparisons
between sites or
times
Simple, easy to
interpret summaries
of complex data; can
provide contaminant
specific response

Ecological significance
of indices is unclear;
can be affected by
sampling and
analytical factors

Attractive for their
simplicity, but
their ecological
value is
questionable

Detailed knowledge of
contaminant tolerance
required for diagnostic
use

Usefulness limited
by baseline; sitespecific and
contaminant
tolerance
information
needed.
Technique has
potential, but its
sensitivity and
diagnostic
capacity have not
been
demonstrated
Great potential for
identification of
impacts;
reasonable
potential for
establishing
causes of impacts
Limited use

Diversity indices

Various

Biotic indices

Principally
macroinvertebrates
and algae

Community
metabolism

Benthic flora and
fauna

Integrates impact
across the entire
benthic biota;
relatively rapid;
provides a simple
output

Technique not proved;
may be less useful in
disturbed catchments;
diagnostic capability
unclear

Macroinvertebrate
community

Macroinvertebrates

Relies on complex
modelling approach;
output not as readily
understood as other
techniques

Macrophyte
community
structure

Macrophytes

Integrates over
appropriate temporal
and spatial scales;
much background
information available;
good diagnostic
capability
Easily sampled,
respond to a range
of impacts

Fish community
structure,
biomarkers
(biochemical,
physiological,
immunological or
histopathological)

Fish

Readily sampled,
taxonomically well
known

Algae: biomass
and community
structure

Algae

Bacteria,
protozoa and
fungi: community
structures

Bacteria, protozoa
and fungi

Sensitive,
taxonomically well
known, has
diagnostic potential;
community structure
(AUSRIVAS-type
approach most
promising)
Organisms occupy
key ecological role
so community
change can provide
valuable key to
impacts

Gives poor
understanding of
factors affecting
community structure;
insensitive to some
chemical
contaminants
Gives poor knowledge
of population
dynamics and water
quality factors;
temperate fauna are
impoverished;
biomarker techniques
require sophisticated
equipment and high
level of expertise
Identification requires
high level of expertise;
community structure
approach not well
tested

May recover too
rapidly from impact for
monitoring purposes;
taxonomy and
response to chemical
contaminants poorly
known

Community
structure uses
more applicable in
tropical than
temperate waters

Community
structure
approach has
good potential

Limited use at
present; would
require extensive
taxonomic and
diagnostic work
before they could
be useful

6.14.2 Additional references
ANZECC/ARMCANZ (2000a). Paper No. 4. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Volume 1 The Guidelines
(Chapters 1-7). National Water Quality Management Strategy, Australian and
New Zealand Environment and Conservation Council & Agriculture and
Resource Management Council of Australia and New Zealand, Canberra.
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ANZECC/ARMCANZ (2000b). Paper No. 7. Australian Guidelines for Water
Quality Monitoring and Reporting. National Water Quality Management
Strategy, Australian and New Zealand Environment and Conservation Council
& Agriculture and Resource Management Council of Australia and New
Zealand, Canberra.
ANZECC/ARMCANZ (2000c). Paper No. 4. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Volume 2 Aquatic Ecosystems
- Rationale and Background Information (Chapter 8). National Water Quality
Management Strategy, Australian and New Zealand Environment and
Conservation Council & Agriculture and Resource Management Council of
Australia and New Zealand, Canberra.
ANZECC/ARMCANZ (2000d). Paper No. 4. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality, Volume 3 Primary Industries
- Rationale and Background Information (Chapter 9). National Water Quality
Management Strategy, Australian and New Zealand Environment and
Conservation Council & Agriculture and Resource Management Council of
Australia and New Zealand, Canberra.
APHA 1998. Standard Methods for the Examination of Water and Wastewater,
American Public Health Association, 20th Edition. ISBN. 0-97553-235-7.

6.15

Aesthetic measurements

6.15.1 General
There are a number of criteria in the EQC Reference Document for Cockburn Sound
(2003 - 2004) (EPA, 2005) that address the aesthetic amenity of Cockburn Sound.
Aesthetic amenity concerns the passive recreational use of water bodies, mainly as
pleasant places to be near or to look at, but with no actual body contact with the
water.
The visual parameters specified as EQGs in the EQC Reference Document for
Cockburn Sound (2003 - 2004) (EPA, 2005) include:
•
•
•
•
•
•
•
•

Nuisance organisms;
Faunal deaths;
Water clarity;
Colour;
Reflectance;
Surface films;
Submerged debris; and,
Odour

The majority of these parameters are intentionally subjective. Standard operating
procedures exist for water clarity and colour, but not for the other parameters. Water
clarity can be measured using the Secchi disc, and methods have described in Section
6.1 of this manual. Methods for measuring Water Colour are provided below
(Section 6.16).
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6.16

Water colour

6.16.1 General
This method sets out procedures for the visual measurement of water colour using
Munsell standard colour patches. The Munsell Scale comprises standard colour
(hue) matched cards, and appears similar to a paint chart. The relevant scales for
natural water range from 15 (orange) to 65 (blue). An example of a 10 point change
on the Munsell scale would be a change from blue (65) to blue-green (55).
6.16.2 Apparatus
•
•

Munsell standard colour patch; and,
Mirrored water viewer (described in detail in Davies-Colley et al., 1997).

6.16.3 Procedures
•
•
•

From the sunny side of the boat, hold the base of the mirrored water viewer
partially submerged below the water surface;
Look through the water viewer to observe the water colour; and,
Match the colour of the water with its most similar colour on the Munsell
standard colour patch. If the colour of the water falls between two different
colour tiles, then the average colour of these values is recorded.

6.16.4 Recommended laboratory analysis
No laboratory analysis is required for this technique, as it is measured in situ.
6.16.5 Comparison against the EQC
Water colour using the Munsell Scale is relevant to the EQO Aesthetic Values. To
compare against the EQG, calculate the difference of the number of points on the
Munsell Scale between baseline and monitoring results. There is no EQS for colour.
Additional references
Davies-Colley, R.J.; Smith, D.G.; Speed, D.J.; Nagels, J.W. (1997). Matching natural
water colors to Munsell standards. Journal of the American Water Resources
Association 33: 1351-1361.
Davies-Colley, R.J.; Vant, W.N.; Smith, D.G. (1993). Colour and clarity of natural
waters: Science and management of optical water quality. Ellis Horwood, New
York.
Smith, D.G.; Davies-Colley, R.J. (1992). Perception of water clarity and colour in
terms of suitability for recreational use. Journal of environmental management
36: 225-235.

6.17

Community surveys for aesthetic values

6.17.1 General
Methods for the implementation of community surveys regarding the Aesthetic
values of Cockburn Sound are being examined by the Cockburn Sound Management
Council as no Standard Operating Procedures are currently available.
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8.

Abbreviations and definitions
ANZECC/ARMCANZ Australian and New Zealand Environment and Conservation
Council/Agriculture and Resource Management Council of Australia
and New Zealand
Department of Environment
DOE
Environmental Protection Authority
EPA
EQC
Environmental Quality Criteria: benchmarks against which
environmental quality and performance of environmental
management can be measured.
EQG
Environmental Quality Guideline: a threshold numerical value or
narrative statement which if met indicates there is a high degree of
certainty that the associated EQO has been achieved.
EQO
Environmental Quality Objective: a specific management goal for a
part of the environment.
EQS
Environmental Quality Standard: a threshold numerical value of
narrative statement that indicates a level of quality beyond which
the associated EQO has not been achieved and a management
response is triggered.
EV
Environmental Value: particular values or uses of the environment
that are important for a healthy ecosystem or for public benefit,
welfare, safety or health and which require protection from the
effects of pollution, waste discharges and deposits.
Limit of Detection: synonymous with MDL.
LOD
Limit of Reporting: synonymous with PQL.
LOR
MDL
Method Detection Limit: smallest concentration of a substance that
can be reported as present with a specified degree of certainty by
definite complete analytical procedures.
National Association of Testing Authorities.
NATA
PQL
Practical Quantitation Limit: is the lowest concentration of an
analyte that can be determined with acceptable precision and
accuracy under the stated conditions of the test (i.e. a practical and
routinely achievable detection level with a relatively good certainty
that any reported value is reliable. The PQL is often around 5 times
the MDL.
State Environmental (Cockburn Sound) Policy 2005
SEP
Sample identification number
SIN
Standard operating procedures
SOP
Water Information Network database
WIN database
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Appendix A
Important requirements for toxicity testing that can be used as a guide
to determine a laboratory’s appropriateness and ability for undertaking a study

This section defines important requirements for toxicity testing that can be used as a
guide to determine a laboratory’s appropriateness and ability for undertaking a study.

Quality assurance requirements for ecotoxicology testing
Ecotoxicology laboratory QA/QC
Quality assurance is an integrated system of management activities involving
planning, implementation, assessment, reporting, and quality improvement to ensure
that an environmental assessment is of the type and quality necessary. Quality
control is the overall system of technical activities that measures and controls the
quality of the assessment.
The primary mechanism for ensuring that there is an adequate QA/QC Programme is
through a Quality Assurance Plan (QAP). This formal document describes, in detail,
the necessary QA and QC procedures that are implemented to ensure that the results
of the assessment will satisfy the stated performance criteria. The QAP describes the
following: project description; project organisation and responsibilities; QA
objectives for the measurement data (including data quality objectives, precision,
accuracy, test acceptability, representativeness, completeness, and comparability;
sampling and handling (as discussed in Section 3.3); analytical or test procedures
(standard operating procedures); sample custody procedures; calibration procedures
and frequency; internal QC checks and frequency; performance and system audits;
analytical procedures; data reduction, validation, assessment, and reporting
procedures; preventive maintenance procedures and schedules; corrective action; and
QA reports to management (US EPA, 1994; ASTM, 2002).
In ecotoxicity testing, any variability in the test organisms or their health is critical to
the quality of the ecotoxicity results. For this reason, standard protocols specifying
the required life stage and health of a test organism(s), as well as the use of reference
toxicants, are essential. QA/QC practices for ecotoxicity testing laboratories must
therefore address all activities that affect the quality of the final toxicity data. Table
8.1 provides a description of each of the major QA/QC issues/procedures that
ecotoxicology laboratories should be willing and able to provide details for upon
request.
Toxicity testing capability and experience
An ecotoxicology laboratory must have a demonstrated capability to perform the
required toxicity tests. Evidence of this can be obtained by requesting details of test
procedures and confirming that SOPs exist for each. Descriptions or summaries of
previous studies undertaken by the laboratory, including previous client contact
details can be used to determine that the laboratory has regularly and appropriately
performed the required tests. Summaries of laboratory staff qualifications and
experience can be used to further gauge the capabilities of the laboratory.
In addition to a proven track record for performing the required toxicity tests, it is
desirable that the laboratory has demonstrated experience in the assessment of the
type of issue requiring investigation. This will further ensure that the objectives of
the Programme are appropriately defined and addressed by the subsequent
assessment.
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In situations where laboratories are recommending particular toxicity tests,
information in the section on Selecting Appropriate Tests can be used to determine
their appropriateness for the issue requiring assessment.
Table 8.1 QA/QC procedures recommended for ecotoxicology laboratories
Procedure
Test
Acceptability
Criteria

Negative
Controls

Reference
Toxicants
(Positive
Controls)

Quality of Test
Water

Water Used for
Culturing & Test
Dilution

Record Keeping

Data Tracking

Human
Resources

Criterion/description
All ecotoxicity tests should have criteria for test acceptability. If
these criteria are not met, the tests are invalid and must be
repeated. Criteria should be in accordance with the protocol
used for each test, but generally include acceptable
minimum/maximum control responses, physico-chemical ranges
(i.e. Temp., pH, DO) and reference toxicant results
All toxicity tests require the use of controls to compare the
responses of the organisms in the presence or absence of
toxicant. Negative controls can be uncontaminated seawater
used as diluent in the toxicity tests. For sediment tests, negative
controls include uncontaminated sediments that have particle
sizes, organic carbon and sulfide contents similar to those of the
test sediment
Reference toxicants or positive controls are used to ensure that
the organism on which the toxicity test is based is responding to
a known contaminant in a reproducible way. Quality control
charts showing the mean response and variability over time
should be produced. Reference toxicant tests should be
performed at least once per month for laboratory-reared
organisms, and with every batch of wild-sourced organisms. In
the case of animal experiments requiring ethics authorisation
(i.e. fish), the number of reference batches should be kept to a
minimum.
Throughout the toxicity tests, the quality of the organisms’ test
water must be monitored to ensure that the toxicity measured is
due to the contaminant or test sample alone, and to provide
information that can be used in test interpretation. For marine
studies, measurements of pH, temperature, salinity and
dissolved oxygen are the minimum parameters required
If possible, water for test organism culturing and test dilution
should come from the same source. However, the dilution water
used in effluent toxicity tests will depend on the objectives of the
study and logistical constraints. The dilution water used in the
toxicity tests may be natural seawater, hypersaline brine
prepared from natural seawater, artificial seawater prepared
from commercial sea salts, or GP2 synthetic seawater made
from reagent grade chemical salts (30‰) in conjunction with
natural seawater. Water used for culturing and test dilution
should be analysed for selected metals and organics at least
annually or whenever difficulty is encountered in meeting
minimum acceptability criteria for control responses. The
concentration of these compounds should remain below
ANZECC/ARMCANZ (2000a) trigger values. However, where
receiving water is used as dilution water, concentrations may not
be required to meet ANZECC/ARMCANZ (2000a) trigger values
A complete file must be maintained for each toxicity test or group
of tests, and must contain all relevant sample tracking
information (refer to Section 2.3.5.6); the original data sheets for
the test organism responses during the toxicity test(s); chemical
analysis data on the sample(s); test conditions employed; and
results of reference toxicant tests. Original data sheets should
be signed and dated by the laboratory personnel performing the
tests. All correspondence must be kept on file for a minimum of
5 years
The paperwork for toxicity testing must be traceable from the
time the samples arrive at the testing laboratory until the report
is sent to the client. All material associated with this work must
be given a unique Laboratory Identification Number to aid in
document tracking. All data collected must be verified for
accuracy and compliance with standard protocols.
The test laboratory must ensure that a sufficient number of staff
with the necessary initial and additional training and experience

Reference
ANZECC/
ARMCANZ
2000

ANZECC/
ARMCANZ
2000

ANZECC/
ARMCANZ
2000
Environment
Canada 1990
ISO 1998
USEPA 1994
USEPA 1993

ANZECC/
ARMCANZ
2000

ANZECC/
ARMCANZ
2000
USEPA 1994

USEPA 1994

ISO 1998

ANZECC/
ARMCANZ
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Procedure

Facilities

Calibration &
Standardisation

Standard
Operating
Procedures

Reporting

Criterion/description
carry out the tasks assigned. The disposal of all wastes should
comply with the relevant safety provisions
Test organism culturing and toxicity testing areas should be
separated to avoid loss of cultures due to cross-contamination.
The corresponding statutory approval preconditions (eg.
requirements of animal protection legislation and quarantine
provisions) should also be met, in addition to the provisions
related to laboratory and technical equipment
Instruments used for routine measurements of chemical and
physical parameters, such as pH, DO, temperature, conductivity
and salinity, must be calibrated and standardised according to
instrument manufacturers procedures. Calibration data should
be recorded in a permanent log book.
Standard operating procedures (SOPs) are documents
describing routine study methods and procedures that affect
data quality and integrity. SOPs should be prepared for use and
cleaning of equipment and facilities, proper documentation,
avoidance of contamination and any aspects of work that impact
data quality. Similarly, the materials and methods used to
conduct the ecotoxicity test(s) must documented in SOPs and be
validated, adequate for the objective, and comply with testing
protocols accepted by the relevant regulator(s). All unusual
observations or deviations from SOPs must be recorded and
reported.
Reporting should provide full disclosure of details of the timing,
conduct, evaluation and interpretation of the toxicity test(s),
including QA/QC results

Reference
2000
ISO 1998
ISO 1998
USEPA 1994

USEPA 1994

ISO 1998
USEPA 1991

ANZECC/
ARMCANZ
2000
ISO 1998
USEPA 1994

Selecting appropriate tests
Receiving water toxicity testing
Ideally, receiving water toxicity should be assessed using five marine species from at
least four taxonomic groups and trophic levels. Where this is not possible, a
minimum of three species, from three different taxonomic groups and trophic levels
should be assessed. However, where maintenance of aquaculture production is the
environmental value to be protected, only the culture species in question needs to be
assessed for adverse effects.
Effluent toxicity testing
Ideally, effluent toxicity should be assessed using five marine species from at least
four taxonomic groups and trophic levels. The risk-based statistical extrapolation
procedure used in ANZECC & ARMCANZ (2000a) can be applied to the resultant
data to derive effluent dilutions that protect 80, 90, 95 and 99% of species. However,
the toxicity testing of effluents is often an ongoing process due to their changing
characteristics over time, and DTA using five species may not be realistic or
achievable. In such circumstances, a minimum of three species, from three different
taxonomic groups and trophic levels should be assessed. To derive a ‘safe’ effluent
dilution, a safety factor is applied to the toxicity data of the most sensitive species.
Single chemical toxicity testing
In the event that ecotoxicological testing of single toxicants is undertaken (i.e. for
deriving moderate or high reliability guideline trigger values for regionally relevant
toxicants), sufficient species should be assessed in order to attain the minimum data
requirements. This may require assessment using one to five species.
Sediment toxicity testing
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Given the overall lack of whole sediment toxicity tests in Australia, it is
recommended that whole sediment toxicity be assessed using at least two sedimentdwelling invertebrate species. One of these species should be a benthic amphipod.
Although the EQC Reference Document for Cockburn Sound (2003 - 2004) (EPA,
2005) recommends assessment of sub-lethal chronic responses to whole sediments, it
should be noted that such tests are yet to be fully developed, validated and
documented in Australia. As an alternative to this, or where dredge spoil is being
assessed, the assessment of the toxicity of sediment elutriates using water column
species is appropriate.
Acute and chronic toxicity testing
Where possible, chronic endpoints should be used to assess toxicity. Chronic
endpoints are generally represented by sensitive, sub-lethal responses that are
reasonably good predictors of effects at the population level. They include effects on
growth, reproduction and development. The most common statistical estimates
derived from chronic toxicity tests include the no-observed-effect concentration
(NOEC) and lowest-observed-effect concentration (LOEC) as determined from
hypothesis testing, and point estimates of toxicity in terms of concentrations or
dilutions that affect a certain percentage of species (eg. 25%: EC25; 50%: EC50).
In the event that sufficient chronic endpoints cannot be assessed, a combination of
acute and chronic toxicity endpoints can be used. Acute endpoints are generally
represented by lethal responses (or surrogates of lethality – i.e. immobilisation,
imbalance) over relatively short exposure durations with respect to an organism’s life
cycle. The most common statistical estimates derived from acute toxicity tests are
the median lethal or median effective concentration (i.e. LC50 or EC50).

Toxicity test designs
Receiving water toxicity tests
Receiving water toxicity tests generally consist of 100% receiving water and a
control or reference water. Such tests are termed screening tests, and their primary
aim is to determine whether a statistically significant difference exists between the
sample(s) from the site(s) of interest and the control or reference sample. The
salinity of the control/reference sample should be comparable to the receiving water.
In cases where the objective of the test is to estimate the degree of toxicity of the
receiving water, a full dilution test can be performed by preparing dilutions of the
receiving water, using a ≥ 0.5 dilution series with a suitable dilution water.
Alternatively, where relevant, receiving water samples can be collected at increasing
distances away from the primary point of interest (eg. an outfall). Most tests are
performed using a static (i.e. no test solution renewal) or static-renewal (i.e. test
solutions are renewed daily) system.
Effluent toxicity tests
Multi-concentration, or full dilution tests should be used for assessing effluent
toxicity. The tests consist of a control and a minimum of five effluent concentrations
commonly selected to approximate a geometric series, such as 100%, 50%, 25%,
12.5%, and 6.25%, using a ≥ 0.5 dilution series with a suitable dilution water. Most
tests are performed using a static (i.e. no test solution renewal) or static-renewal (i.e.
test solutions are renewed daily) system.
Single chemical toxicity testing
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Where the toxicity of a single chemical is being assessed, it is recommended that a
range-finding test is performed prior to a full-scale multi-concentration test. Rangefinding tests are scaled-down tests to determine the approximate range of effective
concentrations.
Sediment toxicity testing
Bioassays with whole sediment are used to determine the effects on benthic (bottomdwelling) organisms. The objective of whole sediment bioassays is to determine the
potential impact of whole sediment on benthic organisms at the site. Whole sediment
bioassays are intended to determine the potential toxicity of a sediment as distinct
from its physical effects (eg. differences due to sediment textures). It is important,
therefore, that test organisms and laboratory control and site reference sediments be
selected to minimise the artifactual effects of differences in grain size. If the
sediment texture varies considerably between the site material and the laboratory
control or reference sediments, either organisms insensitive to grain-size effects
should be used or the effects of grain size have to be determined and considered
when designing whole sediment bioassays and evaluating the test results.
Given the lack of whole sediment toxicity tests currently available, sediment elutriate
testing may be the closest test available for many species/trophic levels. Typically,
bioassays with suspensions/solutions of sediments (i.e. sediment elutriates) are
conducted to determine the effects on water-column organisms (especially for
dredge-and-dump, bioturbation and storm scenarios). The objective of elutriate
bioassays is to determine the potential impact of dissolved and suspended
contaminants on organisms in the water column. Tests to evaluate sediment impact
on the water column involve exposure of test organisms to a sediment elutriate
dilution series that contains both dissolved and suspended components of the
sediment. The general design of elutriate test systems should be the same as used for
effluent toxicity tests (see relevant section above). Preparation of elutriates should
follow validated protocols such as can be found in US EPA (1991), Chevrier &
Topping (1998) and ASTM (2002).
Additional considerations
In some situations, additional appropriate controls should be included in each
toxicity test. If effluents have to be salinity adjusted with artificial sea salts or
hypersaline brine (HSB) solutions before testing, sea salt and HSB controls should
also be included in each test. Where receiving water is being used as the dilution
water, a ‘clean’ seawater control, using seawater sourced from the laboratory’s
normal supply of culture and dilution water, should also be included in each test.
Finally, solvent controls are also essential for water insoluble chemicals if they have
to be dissolved in organic solvents to deliver them into the test system.
An additional important consideration is that toxicity test designs must be such that
they have sufficient statistical power (i.e. the probability of correctly detecting an
effect) to detect relatively small effects (eg. <20% effect) relative to control
responses.

Test species
When selecting appropriate species for site-specific toxicity testing purposes, several
criteria should be considered. First and foremost, a validated and documented
toxicity test protocol should exist for the species. Examples of marine species for
which validated and documented toxicity test protocols for the assessment of the
toxicity of effluents, receiving waters and sediments have been developed are listed
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in Table 8.2. New protocols will be developed in the future, that include additional
local species. The appropriateness of a species and the associated test protocol
should be considered in conjunction with the other considerations detailed in this and
above sections.
If possible, the test species should have regional relevance (i.e. be an important
ecological or economical component of the receiving system of interest). Where this
is not possible, other marine species can be selected as surrogate species. It is also
essential that test organisms represent different trophic levels, as detailed earlier in
this section. At a minimum, three organisms from three trophic levels should be
tested. For example, a primary producer (eg. aquatic plant or alga), a filter feeder (eg.
bivalve), and a vertebrate predator (eg. fish) would represent an appropriate range of
trophic levels.
The biological endpoints for assessment need to represent ‘ecologically relevant’
responses, such as population growth rate, reproduction, development, growth, and
survival. Each of the tests listed in Table 8.2 assesses responses to such endpoints.
Table 8.2 Australian marine species for which toxicity test protocols have been
developed, validated and documented
Test organism

Represented in
Cockburn Sound /
Western Australia

Test duration
(acute/chronic)

Test endpoint

Y/Y

72 h (chronic)

cell division rate

Y/Y
N/Y

72 h (chronic)
72 h (chronic)
2.5 h (sub-chronic)1

cell division rate
cell division rate
fertilisation

80 min. (subchronic)1
72 h (sub-chronic)1

fertilisation

(y or n)
Water Column
Alga (Diatom), Nitzschia
closterium
Alga, Isochrysis sp.
Brown macroalga, Hormosira
banksii
Sea urchin, Heliocidaris
tuberculata

Doughboy scallop, Mimachlamys
asperrima
Sydney rock oyster, Saccostrea
commercialis
Pacific rock oyster, Crassostrea
gigas
Prawn, Penaeus monodon
Australian bass, Macquaria
novemaculeata
Sediment
Amphipod, Corophium sp.
Polychaete, Australonereis ehlersi
1

N/N

embryo
development
larval
abnormality
larval
abnormality

Y/Y

48 h (sub-chronic)1

N/Y
(farmed)
N/N

48 h (sub-chronic)1
48 h (sub-chronic)1

N/Y
N/N

96 h (acute)
96 h (acute)

larval
abnormality
survival
imbalance

Y/Y
N/N

10 d (acute)
10 d (acute)

survival
survival

Tests assessing sub-chronic responses can be used as surrogates of chronic toxicity.

Bioassays that have been designed specifically for use in Western Australian
ecotoxicological studies include:
Acute bioassays
•
•

Copepods (Gladioferens imparipes); and,
Pink Snapper larvae (Pagrus auratus).
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Chronic bioassays
•
•
•
•

Macroalgae (Isochrysis galbana);
Marine bacteria (Vibrio fischeri);
Macroalgae (Ecklonia radiata); and,
Pink Snapper larvae (Pagrus auratus).

A number of additional whole sediment toxicity tests using benthic amphipods and
bivalves are currently under development. These include acute toxicity tests for the
amphipods, Melita festiva and M. plumulosa, and the bivalve, Tellina deltoidalis. It
is anticipated that these and other whole sediment toxicity tests should be readily
available for use within the next two to three years. However, the full development,
validation and documentation of sufficient whole sediment chronic toxicity tests may
take considerably longer.

Toxicity Identification Evaluation
The EQC Reference Document for Cockburn Sound (2003 - 2004) (EPA, 2005)
identifies the usefulness and possible need for Toxicity Identification Evaluation
(TIE). TIE represents a set of toxicity assessment procedures developed to identify
toxic components of effluents or contaminated natural waters quickly and cheaply. It
involves manipulating and fractionating the effluent or natural water, and subsequent
toxicity testing to distinguish toxic from non-toxic components. Further advice on
the application of TIE should be sought from an appropriately experienced
ecotoxicology laboratory.
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