NATIONAL WATER QUALITY MANAGEMENT STRATEGY

PAPER No. 4

Australian and New Zealand Guidelines for
Fresh and Marine Water Quality

Volume 3

Primary Industries — Rationale and Background
Information

(Irrigation and general water uses, stock drinking water,
aquaculture and human consumers of aquatic foods)

(Chapter 9)

October 2000

Australian and New Zealand Agriculture and Resource
Environment and Conservation Management Council of Australia
Council and New Zealand



Copies of this publication may be obtained from:

Australian Water Association
PO Box 388

ARTARMON NSW 2064
Tel: (02) 9413 1288

Fax: (02) 9413 1047

OR

Australian Government Info Shops in capital cities
and Townsville. For locations, contact and ordering
details go to: http://www.dofa.gov.au/infoaccess/
general/purchase _info products.html or phone132
447 (toll free in Australia, 24 hr service)

OR

NZ Water & Wastes Association
PO Box 13880

Onehunga, Auckland 1006

New Zealand

Tel: 64-9-636-3636

Fax: 64-9-636-1234

Email: water@nzwwa.org.nz

Material included in this document may be freely
reproduced provided that due acknowledgment is
given to the Australian and New Zealand
Environment and Conservation Council and the
Agriculture and Resource Management Council
of Australia and New Zealand.

For further information on acknowledgment,
contact:

The Secretary

Australian and New Zealand Environment
and Conservation Council

GPO Box 787

CANBERRA ACT 2601

Tel: (02) 6274 1428

Fax: (02) 6274 1858

OR

The Secretary

Agriculture and Resource Management Council
of Australia and New Zealand

GPO Box 858

CANBERRA ACT 2601

Tel: (02) 6272 5216

Fax: (02) 6272 4772

Environment Australia
Cataloguing-in-Publication Data:

Australian and New Zealand guidelines for fresh
and marine water quality. Volume 3, Primary
industries / Australian and New Zealand
Environment and Conservation Council,
Agriculture and Resource Management Council of
Australia and New Zealand.

Bibliography.
Includes index.

(National water quality management strategy; no.4)

ISBN 09578245 0 5 (set)
ISSN 1038 7072

1. Water quality — Australia — Measurement.

2. Water quality — New Zealand — Measurement.

3. Water — Pollution — Environmental aspects —
Australia. 4. Water — Pollution — Environmental
aspects — New Zealand. 5. Water quality
management — Australia. 6. Water quality
management — New Zealand. I. Australian and New
Zealand Environment and Conservation Council. II.
Agriculture and Resource Management Council of
Australia and New Zealand. I1I. Series

628.161°0994-dc21

Disclaimer

The contents of this document have been
compiled using a range of source materials and
while reasonable care has been taken in its
compilation, the member governments of
ANZECC and ARMCANZ and the organisations
and individuals involved with the compilation of
this document shall not be liable for any
consequences which may result from using the
contents of this document.

Produced in Australia for the Australian and
New Zealand Environment and Conservation
Council and the Agriculture and Resource
Management Council of Australia and New
Zealand.



Contents

9.1 Introduction 9.1-1
9.2 Water quality for irrigation and general use 9.2-1
9.2.1 General considerations for assessment of irrigation water
quality 9.2—1
9.2.1.1 Catchment water balance 9.2-2
9.2.1.2 Soil characteristics 9.2-2
9.2.1.3 Crop tolerance 9.2-2
9.2.1.4 Climatic conditions 9.2-3
9.2.1.5 Subsurface drainage 9.2-3
9.2.2 Biological parameters 9.2-3
9.2.21 Algae 9.2-3
9.2.2.2 Cyanobacteria (blue-green algae) 9.2-4
9.2.2.3 Human and animal pathogens 9.2-5
9.2.2.4 Plant pathogens 9.2-9
9.2.3 Salinity and sodicity 9.2-10
9.2.3.1 Description 9.2-10
9.2.3.2 Factors affecting irrigation salinity 9.2-11
9.2.3.3 Worked examples 9.2-37
9.2.3.4 Alternative approaches to deriving guideline values 9.2-39
9.2.4 Major ions of concern for irrigation water quality 9.2-43
9.2.4.1 Bicarbonate 9.2-43
9.2.4.2 Chloride 9.2-43
9.2.4.3 Sodium 9.2-45
9.2.5 Heavy metals and metalloids 9.2-46
9.2.5.1 Scope 9.2-46
9.2.5.2 Methodology for development of guideline values 9.2-46
9.2.5.3 Aluminium 9.2-52
9.2.5.4 Arsenic 9.2-52
9.2.5.5 Beryllium 9.2-53
9.2.5.6 Boron 9.2-54
9.2.5.7 Cadmium 9.2-55
9.2.5.8 Chromium (VI) 9.2-56

Version — October 2000 page iii



Contents

9.2.5.9 Cobalt 9.2-57
9.2.5.10 Copper 9.2-57
9.2.5.11 Fluoride 9.2-58
9.2.5.12 Iron 9.2-59
9.2.5.13 Lead 9.2-60
9.2.5.14 Lithium 9.2-61
9.2.5.15 Manganese 9.2-61
9.2.5.16 Mercury 9.2-62
9.2.5.17 Molybdenum 9.2-63
9.2.5.18 Nickel 9.2-63
9.2.5.19 Selenium 9.2-64
9.2.5.20 Uranium 9.2-65
9.2.5.21 Vanadium 9.2-65
9.2.5.22 Zinc 9.2-66
9.2.6 Nitrogen and phosphorus 9.2-67
9.2.6.1 Methodology for development of guidelines 9.2-67
9.2.6.2 Nitrogen 9.2-68
9.2.6.3 Phosphorus 9.2-77
9.2.7 Pesticides 9.2-82
9.2.7.1 Description 9.2-83
9.2.7.2 Derivation of guidelines 9.2-84
9.2.8 Radiological quality 9.2-84
9.2.8.1 Description 9.2-84
9.2.8.2 Effect on human and animal health 9.2-85
9.2.8.3 Derivation of guideline values 9.2-85
9.2.9 General water uses 9.2-86
9.29.1 pH 9.2-86
9.2.9.2 Corrosion 9.2-87
9.2.9.3 Fouling 9.2-93
9.2.9.4 Agricultural chemical preparation 9.2-99

9.2.10 Future information needs for irrigation and general water use 9.2-100

9.2.10.1 Biological parameters 9.2-100
9.2.10.2 Salinity and sodicity 9.2-100
9.2.10.3 Heavy metals and metalloids in irrigation water 9.2-101
9.2.10.4 Phosphorus 9.2-101

page iv Version — October 2000



Contents

9.2.10.5 Pesticides
9.2.10.6 Other irrigation water quality issues

9.2.10.7 Corrosion and fouling issues

9.3 Livestock drinking water guidelines

9.3.1 Introduction
9.3.2 Derivation and use of guidelines
9.3.3 Biological parameters

9.3.3.1 Cyanobacteria (blue-green algae)

9.3.3.2 Pathogens and parasites
9.3.4 Major ions of concern for livestock drinking water quality

9.3.4.1 Calcium

9.3.4.2 Magnesium

9.3.4.3 Nitrate and nitrite

9.3.4.4 Sulfate

9.3.4.5 Total dissolved solids (salinity)
9.3.5 Heavy metals and metalloids

9.3.5.1 Aluminium

9.3.5.2 Arsenic

9.3.5.3 Beryllium

9.3.5.4 Boron

9.3.5.5 Cadmium

9.3.5.6 Chromium

9.3.5.7 Cobalt

9.3.5.8 Copper

9.3.5.9 Fluoride

9.3.5.10 lron

9.3.5.11 Lead

9.3.5.12 Manganese

9.3.5.13 Mercury

9.3.5.14 Molybdenum

9.3.5.15 Nickel

9.3.5.16 Selenium

9.3.5.17 Uranium

9.3.5.18 Vanadium

Version — October 2000

9.2-102
9.2-102
9.2-103

9.3-1
9.3-1
9.3-1
9.3-2
9.3-2
9.3-5
9.3-7
9.3-7
9.3-7
9.3-8
9.3-10
9.3—-11
9.3-13
9.3-13
9.3-14
9.3-15
9.3-16
9.3-17
9.3-18
9.3-18
9.3-19
9.3-20
9.3-21
9.3-21
9.3-22
9.3-23
9.3-24
9.3-26
9.3-26
9.3-27
9.3-28

page v



Contents

9.3.5.19 Zinc

9.3.6 Pesticides

9.3.7 Radiological quality

9.3.8 Future information needs for livestock drinking water
9.3.8.1 Biological parameters

9.3.8.2 Pesticides

9.4 Aquaculture and human consumers of aquatic foods
9.4.1 Introduction
9.4.1.1 Aquaculture in Australia and New Zealand

9.4.1.2 Relationship between water quality, aquaculture production and
human food safety

9.4.1.3 Philosophy behind setting the water quality guidelines
9.4.1.4 Approach to deriving water quality guidelines
9.4.1.5 Discussion on confidence levels

9.4.2 Water quality guidelines for the protection of cultured fish,
molluscs and crustaceans

9.4.2.1 Physico-chemical parameters

9.4.2.2 Inorganic toxicants (heavy metals and others)
9.4.2.3 Organic toxicants

9.4.2.4 Pathogens and biological contaminants

9.4.3 Water quality guidelines for the protection of human consumers
of aquatic foods

9.4.3.1 Physio-chemical parameters

9.4.3.2 Chemical contaminants

9.4.3.3 Biological contaminants

9.4.3.4 Off-flavour compounds

9.4.3.5 Preventative and management approaches
9.4.4 Some precautionary comments

9.4.5 Priorities for research and development
References

Appendix 1 Participants and personal communications for
'Aquaculture and consumers of aquatic foods' Section

9.3-28
9.3-29
9.3-30
9.3-31

9.3-31

9.3-32

9.4-1
9.4-1
9.4-2

9.4-3
9.4-5
9.4-6
9.4-9

9.4-11
9.4-13
9.4-27
9.4-51
9.4-58

9.4-63
9.4-65
9.4-65
9.4-66
9.4-71
9.4-72

9.4-83

9.4-86

page vi Version — October 2000



Contents

Figures
Figure 9.2.1 Flow diagram for evaluating salinity and sodicity impacts
of irrigation water quality
Figure 9.2.2 Schematic representation of leaching fraction

Figure 9.2.3 Relationship between SAR and EC of irrigation water for
prediction of soil structural stability

Figure 9.2.4 Relative crop yield in relation to soil salinity for plant salt
tolerance groupings of Maas and Hoffman

Figure 9.2.5 Interrelationships between irrigation water salinity, root
zone salinity, leaching fraction and plant salt tolerance

Figure 9.2.6 Soil phosphorus sorption curve

Tables
Table 9.2.1 Key issues concerning irrigation water quality effects on
soil, plants and water resources

Table 9.2.2 Trigger values for thermotolerant coliforms in irrigation
waters used for food and non-food crops

Table 9.2.3 Pathogens found in irrigation waters and wastewaters
that may adversely affect human health

Table 9.2.4 Examples of plant pathogens found in irrigation water

Table 9.2.5 Irrigation water salinity ratings based on electrical
conductivity

Table 9.2.6 Guide to permissible SAR of irrigation water for
maintaining a stable soil surface under high rainfall

Table 9.2.7 Summary of methods and data required for estimating
leaching fraction for different conditions

Table 9.2.8 Parameters used in equation 9.5 to estimate LF under
irrigation

Table 9.2.9 Relative dilution above maximum field water content for
three measures of soil salinity

Table 9.2.10 Plant salt tolerance data, in alphabetical order by
common name, within broad plant groups

Table 9.2.11 Suitable situations and desirable management practices
for each of the major salinity management approaches

Table 9.2.12 Chloride concentrations in irrigation water causing foliar
injury in crops of varying sensitivity

Table 9.2.13 Risks of increasing cadmium concentrations in crops
due to chloride in irrigation waters

Table 9.2.14 Sodium concentration causing foliar injury in crops of
varying sensitivity

Version — October 2000

9.2-11
9.2-14

9.2-24

9.2-26

9.2-26
9.2-81

9.2-2

9.2-5

9.2-7
9.2-9

9.2-13

9.2-14

9.2-15

9.2-17

9.2-19

9.2-28

9.2-35

9.2-44

9.2-44

9.2-45

page vii



Contents

Table 9.2.15 Effect of sodium expressed as sodium adsorption ratio
on crop yield and quality under non-saline conditions 9.2-45

Table 9.2.16 Datasets used to derive suggested upper background
values for uncontaminated Australian soils 9.2-50

Table 9.2.17 Summary of agricultural irrigation water long-term
trigger value, short-term trigger value and soil cumulative
contaminant loading limit guidelines for heavy metals and
metalloids 9.2-51

Table 9.2.18 Relative tolerance of agricultural crops to boron 9.2-54

Table 9.2.19 Agricultural irrigation water long-term trigger value and
short-term trigger value guidelines for nitrogen and phosphorus 9.2-67

Table 9.2.20 Nitrogen and phosphorus removal with harvestable
portions of crops from specific locations 9.2-72

Table 9.2.21 Mean nutrient concentrations in harvestable portions of
crops 9.2-75

Table 9.2.22 Interim trigger value concentrations for a range of
herbicides registered in Australia for use in or near waters 9.2-82

Table 9.2.23 Trigger values for radiological contaminants in irrigation
water 9.2-84

Table 9.2.24 Corrosion potential of waters on metal surfaces as
indicated by pH, hardness, Langelier index, Ryznar index and the
log of chloride to carbonate ratio 9.2-87

Table 9.2.25 Fouling potential of waters as indicated by pH,
hardness, Langelier index, Ryznar index and the log of chloride
to carbonate ratio 9.2-93

Table 9.2.26 Principal causes of fouling in agricultural water

distribution systems 9.2-94
Table 9.2.27 Factors influencing the rate of biofouling 9.2-96
Table 9.3.1 Stock water requirements 9.3-1

Table 9.3.2 Summary of calculations for microcystin-LR equivalent
levels and cell numbers of Microcystis aeruginosa used to
develop a guideline for a range of livestock 9.3-4

Table 9.3.3 Tolerances of livestock to total dissolved solids in
drinking water 9.3-11

Table 9.3.4 Summary of calculations used to develop a trigger value
for aluminium in drinking water for a range of livestock 9.3-14

Table 9.3.5 Summary of calculations used to develop a guideline for
boron in livestock drinking water 9.3-16

Table 9.3.6 Summary of calculations used to develop a trigger value
for molybdenum in livestock drinking water 9.3-25

page viii Version — October 2000



Contents

Table 9.3.7 Canadian water quality guidelines for pesticides in
livestock drinking water 9.3-30

Table 9.4.1 Representative species, occurrence and culture status 9.4-8

Table 9.4.2 Site characterisation at proposed prawn farm site
compared to general and species specific guidelines 9.4-12

Table 9.4.3 Summary of the recommended water quality guidelines
for alkalinity 9.4-14

Table 9.4.4 Summary of the recommended water quality guidelines
for biochemical oxygen demand 9.4-15

Table 9.4.5 Summary of the recommended water quality guidelines
for carbon dioxide 9.4-17

Table 9.4.6 Summary of the recommended water quality guidelines
for colour 9.4-17

Table 9.4.7 Summary of the recommended water quality guidelines
for dissolved oxygen 9.4-19

Table 9.4.8 Summary of the recommended water quality guidelines
for gas supersaturation 9.4-20

Table 9.4.9 Summary of the recommended water quality guidelines
for total water hardness 9.4-21

Table 9.4.10 Summary of the recommended water quality guidelines

for pH 9.4-23
Table 9.4.11 Summary of the recommended water quality guidelines

for salinity 9.4-24
Table 9.4.12 Summary of the recommended water quality guidelines

for suspended solids and turbidity 9.4-26

Table 9.4.13 Summary of the recommended water quality guidelines
for temperature 9.4-27

Table 9.4.14 Summary of the recommended water quality guidelines
for aluminium 9.4-29

Table 9.4.15 Summary of the recommended water quality guidelines
for unionised ammonia and TAN 9.4-31

Table 9.4.16 Summary of the recommended water quality guidelines
for arsenic 9.4-32

Table 9.4.17 Summary of the recommended water quality guidelines
for cadmium 9.4-33

Table 9.4.18 Summary of the recommended water quality guidelines
for chlorine 9.4-35

Table 9.4.19 Summary of the recommended water quality guidelines
for chromium 9.4-36

Table 9.4.20 Summary of the recommended water quality guidelines
for copper 9.4-37

Version — October 2000 page ix



Contents

Table 9.4.21 Summary of the recommended water quality guidelines
for cyanide 9.4-38

Table 9.4.22 Summary of the recommended water quality guidelines
for fluoride 9.4-38

Table 9.4.23 Summary of the recommended water quality guidelines
for hydrogen sulphide 9.4-39

Table 9.4.24 Summary of the recommended water quality guidelines
for ferrous iron 9.4-40

Table 9.4.25 Summary of the recommended water quality guidelines
for lead 9.4-41

Table 9.4.26 Summary of the recommended water quality guidelines
for magnesium 9.4-42

Table 9.4.27 Summary of the recommended water quality guidelines
for manganese 9.4-42

Table 9.4.28 Summary of the recommended water quality guidelines
for mercury 9.4-43

Table 9.4.29 Summary of the recommended water quality guidelines
for methane 9.4-44

Table 9.4.30 Summary of the recommended water quality guidelines
for nickel 9.4-45

Table 9.4.31 Summary of the recommended water quality guidelines
for nitrate 9.4-46

Table 9.4.32 Summary of the recommended water quality guidelines
for nitrite 9.4-47

Table 9.4.33 Summary of the recommended water quality guidelines
for phosphates 9.4-48

Table 9.4.34 Summary of the recommended water quality guidelines
for selenium 9.4-48

Table 9.4.35 Summary of the recommended water quality guidelines
for silver 9.4-49

Table 9.4.36 Summary of the recommended water quality guidelines
for organotins/tributyltin 9.4-50

Table 9.4.37 Summary of the recommended water quality guidelines
for vanadium 9.4-50

Table 9.4.38 Summary of the recommended water quality guidelines
for zinc 9.4-51

Table 9.4.39 Summary of the recommended water quality guidelines
for detergents and surfactants 9.4-52

Table 9.4.40 Summary of the recommended water quality guidelines
for oils and greases (including petrochemicals) 9.4-53

page x Version — October 2000



Contents

Table 9.4.41 Water quality guidelines for ‘safe levels’ of pesticides,

herbicides 9.4-55
Table 9.4.42 Summary of the recommended water quality guidelines

for phenols 9.4-57
Table 9.4.43 Summary of the recommended water quality guidelines

for PCBs 9.4-58

Table 9.4.44 Problem microalgal species in Australia and New
Zealand and their effects on aquatic organisms and human
consumers of aquatic foods 9.4-59

Table 9.4.45 Chemicals and biological contaminants important for the
protection of human consumers of fish and other aquatic

organisms 9.4-64
Table 9.4.46 Guidelines for the protection of human consumers of

shellfish and finfish from contamination by microalgal biotoxins 9.4-66
Table 9.4.47 Levels of risk assessment with regard to phytoplankton

cell numbers 9.4-82
Table 9.4.48 Notification levels for phytoplankton cell numbers 9.4-82

Version — October 2000 page Xi



This page has been left blank intentionally.

page xii Version — October 2000



	WQG Volume 3 - Primary industries (ch9)
	Verso
	Contents
	9.1 Introduction
	9.2 Water quality for irrigation and general use
	9.3 Livestock drinking water guidelines
	9.4 Aquaculture and human consumers of aquatic foods
	References
	Appendices

	Figures
	Tables
	Next
	Return to web page
	WQG Volume 1 - The Guidelines (ch 1-7)
	WQG Volume 2 - Aquatic Ecosystems (ch 8)
	Monitoring Guidelines

