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Updated guidance on microbial
quality of drinking water

Guidance on microbial health-based targets
has been developed to assist water regulators
and suppliers in better managing health risks
from microorganisms found in drinking water.
Information in Chapter 5 has been updated to
reflect current best practice in managing health
risks from microorganisms found in drinking
water and Appendix 3 provides details on the
derivation of microbial treatment targets for
enteric pathogens

Consequential amendments made throughout
the guidelines to ensure consistency with
updated guidance on microbial quality of drinking

water.

September 2022 38

Updated guidance on radiological
water quality

Information and terminology in Chapter 7,

parts of Chapter 10, Information Sheet 2.2

and factsheets on radium, alpha and beta
radionuclides, radon-222 and radiological aspects
of the uranium factsheet have been updated

to reflect current best practice in radiation

protection and radiation measurement.

January 2022 37

Minor edits to correct errors in
the Guidelines

The health-based guideline value for uranium has
been rounded up from 0.017 to 0.02 mg/L to
align with guidance on rounding in Chapter 6.
Replacement of missing arrows and bullet points

in Information Sheets.

Correction of arrows in Figure Al.2 — Critical
control point decision tree in Appendix Al.7 —

Ciritical control points

January 2022 37

New guidance on short-term
exposure values added to
Chapter 9 (Section 9.12)

Guidance on short-term exposure values has
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suppliers in managing instances where temporary
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during extreme weather events.

March 2021 3.6

Development of a new Chemical
Fact Sheet: Per-fluoroalkyl and
poly-fluoroalkyl substances (PFAS)

Health Based Guideline Values and a Fact Sheet
on PFAS have been developed.These have
been informed by a review conducted by Food
Standards Australia New Zealand (FSANZ)

to determine Australian Tolerable Daily

Intakes (TDIs) for perfluorooctane sulfonate
(PFOS), perfluorooctanoic acid (PFOA)

and perfluorohexane sulfonate (PFHXxS).

August 2018 35
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Development of a new Chemical ~ Chemical Fact Sheet on lanthanum has been September 2017 34
Fact Sheet - lanthanum developed following a Secondary Notification
risk assessment by the National Industrial
Chemicals Notification and Assessment Scheme.
Text added to Chapter 6 Addition of guidance on rounding for guideline November 2016 33
values.
Addition of guidance on parent compounds and
environmental transformation products.
Addition of guidance on the use of screening
assays.
Text added to Chapter |0 Addition of guidance for comparing analytical November 2016 33
results with rounded guideline values.
Minor amendments Editorial changes have been made to correct November 2016 33
minor errors,and update references.
Removal of text from Chapter Historical overview text removed, duplicative November 2016 33
5 — Microbial Quality of Drinking  text removed.
Water Information on viruses deleted for consistency
with other waterborne pathogen sections.
Removal of Appendix 3 — National This Appendix is significantly out of date and has November 2016 33
Water Quality Management been deleted.
Strategy
Removal of Appendix 4 — Process  This Appendix is the process report for review November 2016 33
Report of the Guidelines prior to 201 1. It has been
published separately for historical purposes.
References to Appendix 4 in the body of the
Guidelines has been deleted.
Text added to Chapter 6 Interim guideline values for chemicals that have February 2016 3.2
been detected in drinking water.
Minor amendments to Chapter 8, Clarification of approval process for new
sections 8.5 to 8.8,and Table 8.2.  drinking water chemicals, and modifications to
inconsistencies to section 8.5 to 8.8.
Minor amendments to Chapters Editorial changes have been made to correct March 2015 3.1
8 and 10, Tables 8.4 and 10.5, minor errors, provide further clarification
Information Sheets |.4, 1.6 and context, and update references and
and 2.1, and Fact Sheets on contact details.
Campylobacter, Salmonella
and Vibrio.
Review and update of three Chemical Fact Sheets on chloral hydrate 19 December 2014 3

Chemical Fact Sheets —
chloral hydrate, monochloramine
and chlorine

(originally endorsed in 1996), monochloramine
(last endorsed in 201 1) and chlorine (last
endorsed in 201 1) have been reviewed and
updated following a review of recent literature,
including the World Health Organization
guidelines for drinking water quality and to
correct a rounding error.The guideline value
for chloral hydrate has changed. The equivalent
guideline value for monochloramine as Cl/L has
changed, which also resulted in a consequential
change to the chlorine Fact Sheet.
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Minor amendments to contents Editorial changes have been made to provide 19 December 2014 3
page and Table 10.5 in relation to  further clarification and update guideline values
changes to the Fact Sheets for and naming conventions.
chloral hydrate, monochloramine
and chlorine
Review and update of eight These Information Sheets replace the previous 13 December 2013 2
information sheets for water Information Sheets which were developed in
treatment operators on water 2004 and were very general in nature. In revising
disinfection. Includes: Introduction the Information Sheets, the Water Quality
to water treatment, Overview of Advisory Committee considered the information
water disinfection, Disinfection on water disinfection already included in
with chlorine, Disinfection with the 201 | Guidelines, international standards
chloramine, Disinfection with chlorine including the WHO Drinking-water Guidelines,
dioxide, Disinfection with ozone, and reviewed the recent literature on water
Disinfection with ultra-violet light, disinfection. This information was integrated
Other disinfectant to produce the revised Information Sheets on
disinfection of drinking water, which include
additional information on practical aspects of
water disinfection.
Review and update of four Chemical Fact Sheets on Benzene, Toluene, 13 December 2013 2
chemical Fact Sheets — benzene, Ethylbenzene and Xylenes (originally endorsed in
toluene, ethylbenzene and xylenes 1996) have been reviewed and updated following
a review of recent literature, including the World
Health Organization guidelines for drinking
water quality. The guideline values for these
chemicals have not been changed as a result of
the review.
New resource — Guidance for A new resource has been developed to assist 13 December 2013 2

issuing and lifting a Boil Water
Advisory

health and environment department officials
determine when to issue and lift boil water
notices following a drinking water contamination
incident. This document has been developed

by the WQAC at the request of jurisdictions,
following recent natural disasters which led to
possible drinking water contamination.
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Diflubenzuron
Dimethoate

Diquat

Dissolved oxygen
Disulfoton

Diuron

2,2-DPA
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Metham
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Nitrilotriacetic acid (NTA)
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N-Nitrosodimethylamine (NDMA)
Norflurazon

NTA - see Nitrilotriacetic acid
Omethoate

Organotins
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PAHs — see Polycyclic aromatic hydrocarbons
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Parathion-methyl
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Endorsed 1996
Endorsed 2011

Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 1996
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Endorsed 2011
Endorsed 2011
Endorsed 2011
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Endorsed 2011
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Endorsed 1996
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Pendimethalin

Pentachlorophenol

Perchloroethylene — see Tetrachloroethene

Endorsed 2011
Endorsed 2011

Per-fluoroalkyl and poly-fluoroalkyl substances (PFAS) Endorsed 2018

Permethrin

pH

Picloram
Piperonyl butoxide
Pirimicarb
Pirimiphos methyl
Plasticisers
Polihexanide
Polycyclic aromatic hydrocarbons (PAHs)
Profenofos
Promecarb
Propachlor
Propanil
Propargite
Propazine
Propiconazole
Propyzamide
Pyrasulfatole
Pyrazophos
Pyroxsulam

Quintozene

Radionuclides, Specific Alpha and Beta Emitting

Radium-226 and radium-228
Radon 222

Selenium

Silica

Silver

Simazine

Sodium

Spirotetramat

Styrene (vinylbenzene)
Sulfate

Sulfide — see Hydrogen sulfide
Sulprofos

Taste and odour

TCA (trichloroacetic acid) — see Chloroacetic acids

TCE - see Trichloroethylene
Temephos

Temperature

Terbacil

Endorsed 2011
Endorsed 1996
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 1996
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Updated 2022

Updated 2022

Updated 2022

Endorsed 1996
Endorsed 2011
Endorsed 1996
Endorsed 2011
Endorsed 1996
Endorsed 2011
Endorsed 1996
Endorsed 1996

Endorsed 2011
Endorsed 2011

Endorsed 2011
Endorsed 1996
Endorsed 2011

859
862

866
871
874
876
879
882
886
890
893
896
900
903
905
908
912
916
919
922
925
928
931
934
937
941
944
947
949
951
953
957
959
902
964

906
969

975
978
980
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Terbufos

Terbuthylazine

Terbutryn

Tetrachloroethene

Tetrachloroethylene — see Tetrachloroethene
Thiobencarb

Thiometon

Thiophanate-methyl — see Carbendazim
Thiram

THMs — see Trihalomethanes

Tin

Toltrazuril

Toluene [CASRN 108-88-3]

Total dissolved solids

Triadimefon

Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 1996

Endorsed 2011
Endorsed 2011

Endorsed 2011

Endorsed 2011
Endorsed 2011
Endorsed 2013
Endorsed 2011
Endorsed 2011

Tribromomethane (bromoform) — see Trihalomethanes (THMs)

Tributyltin oxide — see Organotins
Trichlorfon

Trichloroacetaldehyde — see Chloral hydrate

Trichloroacetic acid (TCA) — see Chloroacetic acids

Trichloroacetone — see Chloroketones

Trichloroacetonitrile — see Haloacetonitriles

Endorsed 2011

(1,2,3 TCB), (1,2,4 TCB), (1,3,5 TCB) - see Trichlorobenzenes
1,2,3 Trichlorobenzene (1,2,3 TCB) - see Trichlorobenzenes
1,2,4 Trichlorobenzene (1,2,4 TCB) — see Trichlorobenzenes
1,3,5 Trichlorobenzene (1,3,5 TCB) — see Trichlorobenzenes

Trichlorobenzenes (total)
1,1,1-Trichloroethane

Trichloroethylene (TCE)

2,4,6 Trichlorophenol — see Chlorophenols

Endorsed 1996
Endorsed 1996
Endorsed 1996

1,1,1 Trichloropropanone (trichloroacetone) — see Chloroketones

1,1,3 Trichloropropanone — see Chloroketones

Triclopyr

Trifluralin

Trihalomethanes (THMs)
Turbidity

Uranium

Vernolate

Vinyl chloride
Vinylbenzene — see Styrene
Xylene [CASRN 1330-20-7]

zZinc

Endorsed 2011
Endorsed 2011
Endorsed 1996
Endorsed 2011
Updated 2022

Endorsed 2011
Endorsed 1996

Endorsed 2013
Endorsed 1996

983
986
989
992

994
997

1000

1003
1005
1008
1012
1015

1018

1022
1024
1026

1028
1031
1035
1039
1043
1047
1051

1053
1057
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I DRINKING WATER TREATMENT CHEMICALS
Aluminium chlorohydrate
Aluminium sulfate (alum)
Ammonia

Ammonium sulfate

Calcium hydroxide

Calcium hypochlorite
Calcium oxide

Carbon, granulated activated
Carbon, powdered activated
Chlorine

Copper sulfate

Ferric chloride

Ferric sulfate

Hydrochloric acid
Hydrofluorosilicic acid
Hydrogen peroxide
Hydroxylated ferric sulfate
Ozone

Polyacrylamide
Polyaluminium chloride
Polyaluminium silica sulfates
Polydiallyldimethylammonium chloride
Potassium permanganate
Sodium aluminate

Sodium bicarbonate

Sodium carbonate

Sodium fluoride

Sodium fluorosilicate
Sodium hexametaphosphate
Sodium hydroxide

Sodium hypochlorite
Sodium silicate

Sodium tripolyphosphate
Sulfuric acid

Zinc orthophosphate

Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006
Endorsed 2006

1060
1062
1065
1067
1069
1072
1074
1077
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1083
1087
1089
1091
1093
1095
1097
1099
1101
1103
1105
1107
1109
1111
1114
1116
1128
1120
1122
1124
1126
1128
1131
1133
1135
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Chapter | Introduction

Safe drinking water is essential to sustain life. Therefore, every effort needs to be taken to ensure that
drinking water suppliers provide consumers with water that is safe to use.

The Australian Drinking Water Guidelines (the Guidelines) are intended to provide a framework for
good management of drinking water supplies that, if implemented, will assure safety at point of use.
The Guidelines have been developed after consideration of the best available scientific evidence.

They are designed to provide an authoritative reference on what defines safe, good quality water, how it
can be achieved and how it can be assured. They are concerned both with safety from a health point of
view and with aesthetic quality.

The Guidelines are not mandatory standards; however, they provide a basis for determining the quality
of water to be supplied to consumers in all parts of Australia. These determinations need to consider the
diverse array of regional or local factors, and take into account economic, political and cultural issues,
including customer expectations and willingness and ability to pay.

The Guidelines are intended for use by the Australian community and all agencies with responsibilities
associated with the supply of drinking water, including catchment and water resource managers,
drinking water suppliers, relevant health authorities and drinking water regulators.

1.1 Guiding principles

The Guidelines contain a great deal of information about management of drinking water systems,
monitoring and the vast array of contaminants that may be present in drinking water. An ever-increasing
knowledge base means that the document has continued to grow in both detail and complexity.
Although the increased information needs to be included, a danger is that the fundamental principles
vital to ensuring safe drinking water quality become obscured in the detail. These fundamental principles,
described below, should always be remembered.

The greatest risks to consumers of drinking water are pathogenic microorganisms.
Protection of water sources and treatment are of paramount importance and must
never be compromised.

Waterborne pathogens can cause outbreaks of illness affecting a high proportion of the community and,
in extreme cases, causing death. How much treatment is needed will depend on the level of protection of
water supplies. If water supplies are not completely protected from human and livestock waste, filtration
is likely to be required. The principles and approaches for assessing the microbial contamination of
source water and management of those risks to meet the microbial health-based targets are set out in
chapter 5 and in Appendix 3.

Disinfection is the single process that has had the greatest impact on drinking water safety. There is clear
evidence that the common adoption of chlorination of drinking water supplies in the 20" century was
responsible for a substantial decrease in infectious diseases. Disinfection will kill all bacterial pathogens
and greatly reduce numbers of viral and most protozoan pathogens. Combined with protection of water
sources from human and livestock waste, disinfection can ensure safe drinking water. In the absence of
complete protection of source water, filtration is likely to be required to improve the removal of viruses
and protozoa. Residual disinfection should be maintained wherever possible to provide protection against
contamination and limit regrowth problems.

All waterborne disease outbreaks are avoidable. Pathogens can only cause disease and death in humans
if water source protection, pathogen removal by disinfection or filtration, or integrity of distribution
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systems fail.Chemical by-products of disinfection have been suggested as potential health risks. However,
the possibility of such health risks remains highly uncertain in comparison to the well-established risks
from inadequate disinfection and contamination of water supplies with pathogens. Therefore, although
concentrations of by-products should be kept as low as possible, efforts to achieve this should never
jeopardise effective disinfection.

The drinking water system must bave, and continuously maintain, robust multiple
barriers appropriate to the level of potential contamination facing the raw water supply.

The multiple barrier approach is universally recognised as the foundation for ensuring safe drinking
water. No single barrier is effective against all conceivable sources of contamination, is effective

100 per cent of the time or constantly functions at maximum efficiency. Robust barriers are those that can
handle a relatively wide range of challenges with close to maximum performance and without suffering
major failure.

Although it is important to maintain effective operation of all barriers, the advantage of multiple barriers
is that short-term reductions in performance of one barrier may be compensated for by performance

of other barriers. Prevention of contamination provides greater surety than removal of contaminants by
treatment, so the most effective barrier is protection of source waters to the maximum degree practicable.
Knowing how many barriers are required to address the level of potential contamination in individual
systems is important. This requires a thorough understanding of the nature of the challenges and the
vulnerabilities of the barriers in place. In terms of reliability, there is no substitute for understanding a
water supply system from catchment to consumer, how it works and its vulnerabilities to failure.

Finally, a robust system must include mechanisms or failsafes to accommodate inevitable human errors
without allowing major failures to occur.

Any sudden or extreme change in water quality, flow or environmenital conditions
(e.g. extreme rainfall or flooding) should arouse suspicion that drinking water might
become contaminated.

Disease outbreaks from drinking water are almost invariably linked to changes in measurable water
quality parameters or to the failure of treatment processes to cope with extreme weather events such
as high rainfall and flooding. Water treatment processes generally function best under steady state
conditions, and performance can seriously deteriorate when there are major fluctuations in quality or
flow. It is vitally important that water quality after treatment remain as constant as possible, no matter
how much the quality of the source water varies. Operators and managers need to be aware of normal
operating requirements, the measurement criteria that define normal operation and the enormous risks
that can be associated with operating outside normal limits.

System operators must be able to respond quickly and effectively to adverse
monitoring signals.

Sudden changes in water quality or flow are likely to be a sign of imminent problems; such variations
should always trigger appropriate responses. Wherever possible, key processes should be monitored
continuously. Operators and managers must have the knowledge and appropriate responsibility to
implement the necessary responses, which could range from modifying treatment processes to, in
extreme cases, advising health regulators to consider issuing public advice such as ‘boil water’ notices
or shutting down water supplies.

Previous water quality failures or ‘close calls’ should be studied so that operators are aware of the
relationship between operational indicators and subsequent water quality failures. Even seemingly
small faults should be addressed because these can accumulate and lead to a serious incident. Many
waterborne disease outbreaks are caused by a combination of faults.
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System operators must maintain a personal sense of responsibility and dedication to
providing consumers with safe water, and should never ignore a consumer complaint
about water quality.

Consumers are the ultimate assessors of water quality. Consumers may not be able to detect trace
concentrations of individual contaminants, but their ability to recognise change should not be discounted.
In some cases, consumer complaints may provide valuable information on potential problems not
detected by testing water quality or monitoring treatment processes. Water quality testing has limitations
and there are many possibilities for contamination of water in reticulation systems after treatment. All
consumer complaints should be investigated to ensure that otherwise undetected problems that might
compromise drinking water safety have not occurred. Meeting reasonable consumer expectations and
maintaining confidence in the water supply is vitally important.

Ensuring drinking water safety and quality requires the application of a considered
risk management approach.

The process of keeping drinking water safe is one of risk management. This requires steering a sensible
course between the extremes of failing to act when action is required and taking action when none

is necessary. Lack of action can seriously compromise public health, whereas excessive caution can
have significant social and economic consequences. Corrective action or system upgrades should be
undertaken in a considered, measured and consultative manner. Failure to act when required (e.g.
failing to shut down a system when disinfection is not working effectively) may lead to an outbreak

of waterborne disease. Acting when not required (e.g. issuing a ‘boil water’ notice when that is not
necessary) is usually less severe in the short term, but repeated occurrences waste resources and are
likely to cause complacency in the long term, leading to failure to respond when it is truly necessary.
Similarly, failing to install a treatment process when required could lead to waterborne disease; however,
installing treatment processes that are not required could have a high financial cost and divert funds
needed elsewhere.

Risk management is about taking a carefully considered course of action. As the obligation is to ensure
safe water and protect public health, the balancing process must be tipped in favour of taking a
precautionary approach.

1.2 About the Guidelines

[.2.1  SCOPE OF THE GUIDELINES

Drinking water is defined as water intended primarily for human consumption, either directly, as supplied
from the tap, or indirectly, in beverages, ice or foods prepared with water. Drinking water is also used for
other domestic purposes such as bathing and showering.

With the exception of bottled or packaged water, the Guidelines apply to any water intended for drinking
irrespective of the source (municipal supplies, rainwater tanks, bores etc) or where it is consumed

(the home, restaurants, camping areas, shops etc). Bottled water and packaged water are subject to the
Food Standards Code (FSANZ 2011). The Guidelines do not address water used for specialised purposes
such as renal dialysis and some industrial purposes where water of a higher quality than that specified in
the Guidelines may be required.
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.22 PURPOSE OF THE GUIDELINES

The Guidelines provide the authoritative Australian reference for use within Australia’s administrative
and legislative framework to ensure the accountability of drinking water suppliers (as managers) and of
state and territory health authorities (as auditors of the safety of water supplies). The Guidelines are not,
however, mandatory legally enforceable standards.

With appropriate consultation with the community, the Guidelines may be used directly as agreed levels
of service or they may form the basis for developing local levels of service. In the case of health-based
water quality characteristics, there is less latitude for variation because the safety of drinking water is
paramount. However, with regard to aesthetic characteristics, what is acceptable or unacceptable depends
on public expectations and can therefore be determined by water authorities in consultation with
consumers, taking into account the costs and benefits of further treatment of the water. The Guidelines
provide a starting point for that process. The Guidelines may also be used by a standards body for
defining quality processes suitable for third party accreditation of a quality management system.

.23  STRUCTURE OF THE GUIDELINES
The remainder of this document is divided into five parts.

Part I deals with the management of drinking water quality.

e Chapter 2 summarises a preventive strategy for the management of drinking water quality. It
outlines a Framework for developing the approach; explains the need for water suppliers to work in
partnership with other agencies in implementing the Framework; describes the purpose, structure,
benefits and application of the Framework; and illustrates how the Framework is related to other
management approaches such as Hazard Analysis Critical Control Point (HACCP) and ISO 9001.

*  Chapter 3 details the 12 elements of the Framework.

*  Chapter 4 considers how the Framework can be applied to small water supplies.

Part II considers the characteristics of water.

e Chapters 5-7 present overviews of the microbial, physical and chemical, and radiological
characteristics, respectively, that determine water quality.

. Chapter 8 provides information on chemicals commonly used in treatment of drinking water and
how they affect water quality.

Part III considers the monitoring of the drinking water system.

. Chapter 9 provides an overview of monitoring.

. Chapter 10 details monitoring procedures for specific characteristics in drinking water.
Part IV presents information sheets for disinfection of drinking water, sampling and statistics.

Part V presents fact sheets on a wide range of individual water quality characteristics, arranged by
category and alphabetically within each category. Each fact sheet contains, where appropriate, the
guideline values (aesthetic or health-based, or both) and their derivation, a general description of the
characteristic, typical values in Australian drinking water, methods for removing the characteristic from
drinking water, measurement techniques and health considerations.

An Appendix gives additional guidance on certain elements of the Framework for Management of
Drinking Water Quality. The Appendix is located at the end of the Guidelines, together with a glossary.
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1.3 Water quality characteristics

[.3.1  INTRODUCTION

The Guidelines are concerned with the safety and aesthetic quality of drinking water for consumers.
Drinking water does not need to be absolutely pure to be safe. Because water is such a good solvent,
pure water containing nothing else is almost impossible to attain. What is required is that drinking water
be safe to drink for people in most stages of normal life, including children over six months of age and
the very old. It should contain no harmful concentrations of chemicals or pathogenic microorganisms,
and ideally it should be aesthetically pleasing in regard to appearance, taste and odour.

The Guidelines are derived so as to take account of the needs of an individual through a normal lifetime,
including changes in sensitivity that may occur between life stages. Those at greatest risk of waterborne
disease are infants and young children, people who are debilitated or living under insanitary conditions,
and the elderly. Sensitive sub-populations (including those who are severely immuno-compromised)
should seek further medical advice.

A wide range of measurable characteristics, compounds or constituents can be found in water and may
affect its quality. They fall into several categories:

e physical
*  microbial
e  chemical, including
— inorganic chemicals
— organic compounds
— pesticides
*  radiological.
Appearance, taste and odour are useful indicators of quality because they are generally the characteristics
by which the public judges water quality. However, water that is turbid or coloured, or has an

objectionable taste or odour, may not be unsafe to drink. Conversely, the absence of any unpleasant
qualities does not guarantee that water is safe.

The safety of water in public health terms is determined by its microbial, physical, chemical and
radiological quality; of these, microbial quality is usually the most important.

[.3.2  GUIDELINEVALUES

The Guidelines include two different types of guideline value:

. a health-based guideline value, which is the concentration or measure of a water quality
characteristic that, based on present knowledge, does not result in any significant risk to the health
of the consumer over a lifetime of consumption;

*  an aesthetic guideline value, which is the concentration or measure of a water quality
characteristic that is associated with acceptability of water to the consumer; for example,
appearance, taste and odour.

The guideline values should be used in two separate but complementary ways: as action levels for the
short-term verification of drinking water quality, and as a means to assess performance over the longer
term (e.g. over a 12-month period). Using a guideline value for short-term verification entails assessing
whether individual results conform to the requirements of good quality water. If a value is exceeded, some
form of immediate corrective action will generally be initiated. For example, if a guideline value for a
health-based characteristic is exceeded, the response should be to take immediate action to reduce the
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risk to consumers, and, if necessary, to advise the health authority and consumers of the problem and the
action taken. If the characteristic affects only aesthetic quality, the action may be to advise the community
of deterioration in water quality.

When guideline values are used in assessing overall performance (e.g. as presented in an annual report),
the aim is to assess whether management strategies are effective. The assessment is used to identify
emerging problems and to determine priorities for improvement. Resulting actions will generally be
applied in the longer term.

The guideline values relate to the quality of water at the point of use (e.g. kitchen or bathroom tap).
They apply to reticulated water at the consumer’s tap, rainwater for drinking, and source water if it

is to be used without prior treatment. This does not, however, imply that the drinking water supplier
is responsible for water quality problems caused by plumbing or other factors within a consumer’s
property. However, although it is not possible to control consumers’ actions, suppliers should consider
how drinking water quality may be affected in private plumbing systems and provide appropriate
information to consumers.

The drinking water supplier should ensure that the quality of water in the reticulation mains meets the
guideline values or agreed levels of service. The drinking water supplier would normally monitor quality
in a service pipeline directly off a water main selected to represent the quality of water in the system.
This is not usually within a private consumer’s property. However, it may sometimes be necessary to
check at the consumer’s tap, either to confirm that chosen distribution sampling points are representative
for microbial monitoring, to investigate specific problems such as leaching of metals into water, or as a
consumer service.

The guideline values define water that, based on current knowledge, is safe to drink over a lifetime;

that is, it constitutes no significant risk to health. For most of the water quality characteristics discussed,
there is a grey area between what is clearly safe and what is clearly unsafe. Often the latter has not been
reliably demonstrated and the guideline values always err on the side of safety. Therefore, for most
characteristics, occasional excursions beyond the guideline value are not necessarily an immediate threat
to health. The amount by which and the duration for which any health-based guideline value can be
exceeded without raising concerns for public health depends on the particular circumstances. Exceeding
a guideline value should be a signal to investigate the cause and, if appropriate, to take remedial action.
If the characteristic is health related, the relevant health authority should be consulted.

Nevertheless, the Guidelines provide the minimum requirements for drinking water of good quality,
both aesthetically and from a public health viewpoint. Water suppliers should adopt a preventive risk
management approach, as stipulated in the Guidelines, to maintain the supply of water at the highest
practicable quality. The guideline values should never be seen as a licence to degrade the quality of a
drinking water supply to that level.

1.4 Community consultation

The Guidelines are intended to provide consumers with safe and aesthetically pleasing water, and
ultimately it is consumers who will be the final judges of water quality. It is vitally important that
consumers are viewed as active partners in making decisions about drinking water quality and the levels
of service to be adopted. Community expectations and willingness to pay must be considered. It is the
responsibility of drinking water suppliers to keep the community fully informed about water quality,
existing problems and needs for improvement.

Consumers also need to be informed about their responsibilities in relation to domestic plumbing and of
any possible issues associated with the interaction of mains water with this plumbing.

Australian Drinking Water Guidelines Version 3.6 7



Chapter | Introduction

1.5 Development of the Guidelines

National guidance on drinking water was first published by the National Health and Medical Research
Council (NHMRCO) in 1972 as Desirable Standards for Public Water Supplies in Australian Capital Cities,
adopting the Biennial Conference of Engineers Criteria and Objectives for Water Quality for Capital
Cities (1969). The NHMRC standards were updated in 1975 as Recommended Quality Criteria_for
Drinking Water and in 1977 as Desirable Quality for Drinking Water. In 1980, Desirable Quality for
Drinking Water was revised and jointly published with the Australian Water Resources Council (AWRC).
This was considered a significant advance in water quality management because, for the first time, water
supply and health authorities in Australia combined to produce a single guideline document. The 1980
guidelines were based on published criteria and standards recommended by overseas and international
agencies, in particular the 1971 International Standards for Drinking Water of the World Health
Organization (WHO).

Following a review of the 1980 Guidelines, and taking into consideration the 1984 WHO Guidelines
Jfor Drinking-Water Quality, the NHMRC and the AWRC published the Guidelines for Drinking Water
Quality in Australia in 1987.

In 1996, the NHMRC and the Agriculture and Resource Management Council of Australia and New
Zealand (ARMCANZ, formerly AWRC) published the Guidelines. The Guidelines were based on working
papers and assessments prepared by the WHO expert panels, and reflected recent improvements in
understanding problems of water quality. Referenced material included scientific papers, Guidelines
published by overseas agencies, issues papers prepared by Australian water authorities, and assessments
made by the NHMRC. Only the key references were cited, particularly those that were used as a basis for
determining guideline values.

The guideline values in the 1996 Guidelines were based primarily on the latest WHO recommendations,
and any departures from these were detailed in the text. It should be noted, however, that the WHO
Guidelines for Drinking Water Quality seek to define drinking water which, as well as being safe, is
aesthetically acceptable, whereas the emphasis in the Australian Guidelines is on producing drinking
water that is safe and of good aesthetic quality.

During the development of the 1996 Guidelines, it became evident that undertaking a major review of
the Guidelines in the future would be time consuming and resource intensive. To improve development
and ensure that the Guidelines continued to represent the latest scientific evidence, the NHMRC and
ARMCANZ agreed to initiate a ‘rolling revision” process for the Guidelines. Through this process, the
Guidelines would remain under constant revision, with specific issues identified for review as required.

In 1998, NHMRC and ARMCANZ established a joint committee, the Drinking Water Review Coordinating
Group, to oversee and manage the review process. In 2001-2002, ARMCANZ and the Australia and
New Zealand Environment Conservation Council were replaced with the Natural Resource Management
Ministerial Council (NRMMC) and the Environment Protection and Heritage Council. The Guidelines
continue to be developed under the auspices of the NHMRC and NRMMC.

A major revision of the 1996 Guidelines was published as the 2004 Guidelines. Specialist panels
developed the Framework for Management of Drinking Water Quality, outlined in Chapters 2 and 3, and
the sections on microorganisms, physical quality, inorganic chemicals, organic chemicals, radiological
quality and pesticides. The specialist panels and the joint committee included representatives from the
NHMRC, water authorities, private industry, universities, departments of health, departments of water
resources and others.

Chapter 8, Drinking Water Treatment Chemicals, was subsequently incorporated into the Guidelines in
2000, the aim was to ensure that the chemicals used to produce drinking water are safe and appropriate
for the purpose, and to provide the water industry with guidance on drinking water treatment chemicals.
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The 2011 edition of the Guidelines supersedes the 2004 Guidelines, as amended in 2006. Major
differences between the current Guidelines and the 2004 edition include revisions to the monitoring
chapters (9 and 10) together with the information sheets on sampling and statistics, to achieve closer
alignment with the Framework for Management of Drinking Water Quality (Chapter 3).

The 2011 edition also includes new pesticide fact sheets and revision of some existing microbiological
and chemical contaminant fact sheets. The Guidelines are part of the National Water Quality Management
Strategy. The strategy aims to ‘achieve sustainable use of the nation’s water resources by protecting and
enhancing their quality while maintaining economic and social development’. It provides information and
tools to help communities manage their water resources to meet current and future needs.

A regulatory impact statement (RIS), including a cost-benefit evaluation of regulatory alternatives, was not
undertaken as part of this review. The Productivity Commission has determined that the NHMRC is not
required to undertake an RIS as the Guidelines do not have a regulatory status (Productivity Commission
2000). Implementation of the Guidelines by the states and territories is at the discretion of each state

and territory health department, usually in consultation with water suppliers, and should include an
appropriate economic analysis prior to implementation.

[.5.  ACKNOWLEDGMENTS

The NHMRC and NRMMC express gratitude to all the people who provided input into the
development of the Guidelines. The work is usually performed on an honorary basis and in addition to
their usual work commitments, and has been crucial in the continued development of the Guidelines.

1.6 Future revisions of the Guidelines

The Guidelines will continue to be subject to regular review by NHMRC, with representatives from
national health, water, environmental and community organisations, supported by specialist panels.

Submissions for updating the Guidelines should be forwarded to:

Public Health, Research Translation

National Health and Medical Research Council
GPO Box 1421

Canberra ACT 2601
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Chapter 2 Framework for Management of Drinking Water
Quality: overview

This chapter introduces the Framework for Management of Drinking Water Quality (the Framework) and
describes its purpose, benefits and structure. It outlines how the Framework can be applied and explains
the importance of various agencies working in partnership with drinking water suppliers to apply the
Framework successfully.

2.1 A preventive strategy from catchment to consumer

The most effective means of assuring drinking water quality and the protection of public health is
through adoption of a preventive management approach that encompasses all steps in water production
from catchment to consumer.

In the Australian water industry, risk management and quality management are increasingly being used
as a means of assuring drinking water quality by strengthening the focus on more preventive approaches.
Some water authorities have implemented management systems based on ISO 9001 Quality Management,
ISO 14001 Environmental Management, AS/NZS 4360:2004 Risk Management and the Hazard Analysis
Critical Control Point (HACCP) system that has been adopted internationally by the food industry.

These available frameworks provide generic requirements for organisations undertaking a diverse range
of activities. As such, they are not intuitively translated to management of drinking water quality, and
therefore result in a range of interpretations and applications within the water industry. Furthermore,
management of drinking water quality from catchment to consumer poses several challenges that are
unique to the water industry and that may not be sufficiently addressed in these models.

The Framework was developed to guide the design of a structured and systematic approach for the
management of drinking water quality from catchment to consumer, to assure its safety and reliability.

The Framework incorporates a preventive risk management approach; it includes elements of HACCP,
ISO 9001 and AS/NZS 4360:2004, but applies them in a drinking water supply context to support
consistent and comprehensive implementation by suppliers.

The Framework addresses four general areas, which are described below and illustrated in Figure 2.1:

¢ Commitment to drinking water quality management. This involves developing a commitment
to drinking water quality management within the organisation. Adoption of the philosophy of
the Framework is not sufficient in itself to ensure its effectiveness and continual improvement.
Successful implementation requires the active participation of senior executive and a supportive
organisational philosophy.

e  System analysis and management. This involves understanding the entire water supply system,
the hazards and events that can compromise drinking water quality, and the preventive measures
and operational control necessary for assuring safe and reliable drinking water.

. Supporting requirements. These requirements include basic elements of good practice such
as employee training, community involvement, research and development, validation of process
efficacy, and systems for documentation and reporting.

e Review. This includes evaluation and audit processes and their review by senior executive to ensure

that the management system is functioning satisfactorily. These components provide a basis for
review and continual improvement.
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2.2 Structure of the Framework

The Framework includes 12 elements considered good practice for system management of drinking water
supplies (Table 2.1).

Figure 2.1 Framework for management of drinking water quality

Commitment to Drinking Water Quality Management

R

System Analysis and Supporting Requirements
Management .
<«—{ Employee awareness and training
Assessment of the drinking L l
Community involvement and awareness
water supply system
. oo R h and devel Review
Preventive measures for drinking water esearcn and development
quality management <—{ Documentation and reporting Evaluation and audit
Operational procedures and Review and continual improvement
process control

Verification of drinking water quality

Management of incidents

and emergencies
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Table 2.1 Framework for Management of Drinking Water Quality
COMMITMENT TO DRINKING WATER QUALITY MANAGEMENT

Element | Commitment to drinking water quality management
Drinking water quality policy
Regulatory and formal requirements
Engaging stakeholders
SYSTEM ANALYSIS AND MANAGEMENT

Element 2 Assessment of the drinking water supply system
Water supply system analysis
Assessment of water quality data
Hazard identification and risk assessment

Element 3 Preventive measures for drinking water quality management

Preventive measures and multiple barriers

Critical control points

Element 4 Operational procedures and process control
Operational procedures
Operational monitoring
Corrective action
Equipment capability and maintenance

Materials and chemicals

Element 5 Verification of drinking water quality
Drinking water quality monitoring
Consumer satisfaction
Short-term evaluation of results

Corrective action

Element 6 Management of incidents and emergencies
Communication

Incident and emergency response protocols

SUPPORTING REQUIREMENTS

Element 7 Employee awareness and training
Employee awareness and involvement
Employee training

Element 8 Community involvement and awareness
Community consultation

Communication

Element 9 Research and development
Investigative studies and research monitoring
Validation of processes
Design of equipment

Element 10 Documentation and reporting
Management of documentation and records
Reporting

REVIEW

Element | | Evaluation and audit

Long-term evaluation of results

Audit of drinking water quality management
Element 12 Review and continual improvement

Review by senior executive
Drinking water quality management improvement plan
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Although listed as discrete components, the 12 elements are interrelated and each supports the
effectiveness of the others. To assure a safe and reliable drinking water supply, these elements need to be
addressed together because most water quality problems are attributable to a combination of factors.

The Framework outlines principles of management applicable to all water supply systems regardless

of size and system complexity (i.e. both small and large supplies, ranging from those with minimal
treatment to those with full treatment). To reflect the diversity of individual water supplies and the
varying institutional arrangements (e.g. corporations, local authorities, wholesale, retail and contractors),
the Framework is flexible. It provides generic guidance and the content should not be regarded as being
prescriptive or exhaustive.

2.3 Benefits of the Framework

Management of drinking water quality through a comprehensive preventive strategy benefits the water
industry by providing an overall framework that:

. promotes public health by assuring safer drinking water for consumers

e enables an in-depth systematic evaluation of water systems, the identification of hazards and the
assessment of risks

e provides quantitative microbial health-based targets to ensure that the level of treatment is
appropriate to the level of contamination for a given water supply

*  fosters a holistic approach to, and understanding of, management of drinking water quality

. emphasises prevention and places drinking water quality monitoring in an appropriate
verification role

e introduces a common and standard approach throughout the industry, which establishes due
diligence and credibility

*  provides the opportunity for various agencies and stakeholders to identify their areas of
responsibility and become involved, and offers the outcome of a cooperative and coordinated
approach with improved understanding of the responsibilities of all parties

. provides a framework for communication with the public and with employees

. addresses the uncertainties in setting accurate guideline values when insufficient scientific data
are available

e identifies future research needs for individual systems and throughout the water industry,
and assists the development of improved risk assessment for specific hazards.

2.4 The need for multi-agency involvement

Restructuring of the water industry in Australia over recent years has increasingly transferred catchment
and water resource management to agencies other than drinking water suppliers. These agencies

may include water resource departments, natural resource and environment departments, agriculture
departments, local governments, planning authorities, catchment water management boards, and
community-based interest groups and organisations.

In some cases, restructuring has extended to dividing the traditional functions associated with the supply
of drinking water, so that separate agencies are responsible for bulk water supply, water treatment

and water reticulation. In addition, regulation of drinking water quality can take various forms. Health
departments generally take a leading role in regulation; however, in some areas, specific water regulators
may be established.

The Framework is intended to apply from catchment to consumer; as such, it addresses the necessity
of inter-agency involvement. Drinking water suppliers are responsible for the quality of drinking water
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delivered to consumers and accordingly must show leadership in application of the Framework; however,
implementation will generally require coordination and consultation with other agencies.

The range of agencies involved in individual water supply systems will need to be determined. Relevant
agencies need to be encouraged to recognise their roles and responsibilities within the Framework,

and to support drinking water suppliers through partnership agreements. The breadth and depth of
partnership arrangements between agencies and the mechanisms by which they operate will vary
between different jurisdictions, depending on the division of responsibilities and legislative authorities.
If possible, a state- or territory-wide commitment to drinking water quality management and a formal
coordination of responsible agencies should be developed (see Box 2.1).

Even where commitments and partnership agreements with other agencies are difficult to establish, the
Framework should still be implemented. Gradually, as partnerships with other agencies are established,
the Framework can be further improved and a more integrated approach developed.

Box 2.1 Application of the Framework in Western Australia

In Western Australia, drinking water quality management is a shared responsibility between the Water and Rivers Commission
(WRC) and the Water Corporation of Western Australia (WCWA). The WRC is responsible for administration of catchment and
source protection legislation; the WCWA is the major licensed drinking water supplier responsible for the collection, treatment
and distribution of drinking water to consumers. Other key agencies in the supply of drinking water are the regulators, including
the health authority, which provides interpretation and guidance on potential health impacts of drinking water quality.

A variation to the application of the Framework that is proposed by Western Australia is to apply the Framework at the state
level using a whole-of-government approach, with each agency responsible for implementing the Framework within its areas of
control and consulting with relevant partnership agencies. This approach requires a high level of commitment by all agencies, clear
definition of accountabilities and responsibilities within the Framework, and increased communication and coordination of planning
and management activities.

Under these circumstances, the WRC would be the lead agency to implement the catchment aspects of the Framework, with the
WCWA a significant stakeholder. Downstream of the catchment, WCWA would be responsible for implementing the Framework
in its areas of control. It is proposed that the Health Department, as the agency with responsibility for protecting public health, will
have a key coordinating role in ensuring effective implementation and operation of the Framework.

2.5 Applying the Framework

Although the Australian Drinking Water Guidelines are not intended to be applied as standards, it is
recognised that some jurisdictions may choose to regulate the Guidelines through legislation or operating
licences. In determining how the Guidelines are translated into standards, operators and regulators
should consider costs and benefits of these actions as well as developing an appropriate implementation
timetable. The timetable should allow for endorsement of tools and processes used by water suppliers,
and the establishment of mechanisms to ensure continual improvement. Just as important is an early
determination and agreement on how the Framework will be monitored, audited and reported against.
These aspects need clarification to ensure effective, unambiguous implementation.

Application of the Framework will vary depending on the arrangements for water supply within each
jurisdiction; for example, in some states, water supply is managed by the one agency, whereas in other
states it is managed locally by numerous water suppliers. This is likely to affect the manner and degree
to which the Framework is implemented. However, all water suppliers and relevant government agencies
should still be encouraged to use the Framework as a model for best practice.

How the Framework is applied will depend on the needs of the organisation, the separation of
responsibilities and the institutional arrangements. Each organisation should develop an internal plan for
implementing the Framework in a manner that suits its particular circumstances. The Framework can be
applied as a stand-alone drinking water quality management system or can be integrated with an existing
management system.
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The time and resources required to develop a drinking water quality management system will depend
on how many features of the Framework are already being practised and on how advanced existing
management systems are. Current management applied by most drinking water suppliers and associated
agencies will already incorporate many of the elements specified in the Framework. However, existing
practices may not be sufficiently comprehensive to address fully the range of drinking water quality
issues that can arise, and may not be systematically structured or sufficiently visible to ensure that all
employees know and understand the system. In many instances, all that may be needed is to review,
document and formalise these practices and address any areas where improvements are required.

The first step in initiating a drinking water quality management system based on the Framework is
to identify appropriate personnel with defined roles and responsibilities. Establishing a core group
with the necessary skills will help to ensure consistency throughout the implementation. This group
can be supplemented by other expertise as necessary when dealing with specific issues. One option
is to establish a water quality committee or water quality department with responsibility for the
implementation and ongoing management of the overall system.

Some elements of the Framework will require more effort than others, and improvements may need to
be prioritised and implemented sequentially. Additional guidance on two elements of the Framework

— Assessment of the water supply system (element 2) and Preventive measures for drinking water quality
management (element 3) — is provided in Appendix 1. To assist with implementation of the Framework,
users are encouraged to draw on the numerous sources providing detailed technical guidance listed in
Appendix 2.

The most important step is getting started. Documenting current practice is often the most effective way

to begin. However, in doing this it is important not to get involved in so much detail that making progress
on implementing the Framework is inhibited. Documentation of the drinking water quality management
system should make maximum use of existing documentation where that is adequate. A manual should be
developed to provide an overview of the system and a summary of all relevant documentation.

Training personnel, including senior executives, in quality and risk management methods such as
ISO 9001 and HACCP may assist in the development and implementation of a drinking water quality
management system. Where necessary, help from outside experts should be sought to facilitate
implementation of the Framework.

Effective management systems are not static and must be capable of accommodating change such as
catchment developments, emerging issues, advances in technology or new institutional arrangements.
Development should be an ongoing and iterative process whereby performance is continually evaluated
and reviewed.

2.6 Correlations of the Framework with other systems

The Framework is not intended to duplicate or replace management systems that are adequately working;
rather, it is intended to be compatible and complementary. The Framework includes principles of
established systems such as HACCP, ISO 9001 and AS/NZS 4360:2004, and is sufficiently flexible to allow
implementation to be built on programs and systems already present in an organisation. However, the
relationships between the Framework and these systems should be understood.

The HACCP system was developed for the food industry and has become an internationally recognised
risk management system to prevent or reduce the health risks from hazards associated with food
processing. It is designed primarily as a preventive system of control to assure product safety while
reducing reliance on end-product testing.

The application of the HACCP system to drinking water supplies has received increasing recognition
due to the many parallel issues in food and drinking water supply. The HACCP system comprises seven
principles. These principles and the equivalent Framework elements are shown in Table 2.2.
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The HACCP system offers a systematic approach to the identification of hazards and their prevention,
with a particular focus on process control to ensure that preventive measures are operating effectively.
HACCP was not designed to be a fully comprehensive management system but was intended to be
added on to existing good management practices. Thus, its scope and application are limited in several
important areas of the Framework such as commitment, stakeholder involvement, emergency response,
employee training, community consultation, and research and development. Furthermore, while HACCP
is aligned quite readily to the treatment component of drinking water supply, its application may not
transfer as easily to the important areas of catchment and distribution systems.

Table 2.2 Correlations between HACCP and the Framework

HACCP Framework for Management of Drinking Water Quality
|. Hazard identification and preventive measures Water supply system analysis, hazard identification and risk assessment
(element 2)

Preventive measures and multiple barriers (element 3)

2. Critical control points Ciritical control points (element 3)

3. Critical limits Operational monitoring (element 4)

4. Monitoring system for each critical control point Operational monitoring (element 4)

5. Corrective actions Corrective action (elements 4 and 5)
6.Verification / validation Equipment capability and maintenance (element 4)

Drinking water quality monitoring, consumer satisfaction (element 5)
Validation of processes, design of equipment (element 9)

Audit of drinking water quality management (element | |)

7. Documentation and record keeping Management of documentation and records (element 10)

ISO 9001 provides a generic framework that specifies requirements for quality management systems

to address customer satisfaction by assuring a consistent end product. The standard puts emphasis on
continuous improvement; it adopts a process model approach that sets out the responsibilities, processes
and resources needed to achieve specified objectives with respect to quality.

Table 2.3 lists the detailed ISO 9001 requirements and identifies links and correlations with the
Framework. While the Framework and ISO 9001 are compatible, the structures of the two are somewhat
different and correlations between them are not as close as those with HACCP. Table 2.3 shows
correlations of general themes and areas.

Table 2.3 Correlations between ISO 9001 and the Framework

1SO 9001 Framework for Management of Drinking Water Quality
Quality management system

General requirements See Section 2.5 Applying the Framework

Documentation requirements Management of documentation and records (element 10)

Management responsibility

Management commitment Drinking water quality policy, regulatory and formal
requirements (element )

Review by senior executive, drinking water quality management
improvement plan (element 12)

Customer focus Regulatory and formal requirements (element |)
Community consultation (element 8)

Quality policy Drinking water quality policy (element |)
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Table 2.3 Correlations between ISO 9001 and the Framework (continued)

Planning

Responsibility, authority and communication

Management review

Regulatory and formal requirements (element 1)
Operational monitoring (element 4)

Drinking water quality monitoring (element 5)
See Section 2.5 Applying the Framework

Long-term evaluation of results, audit of drinking water quality
management (element | )

Review by senior executive, drinking water quality management
improvement plan (element 12)

Resource management
Provision of resources
Human resources

Infrastructure

Work environment

Drinking water quality management improvement plan (element 12)
Employee awareness and involvement, employee training (element 7)
Equipment capability and maintenance (element 4)

Design of equipment (element 9)

Product realisation
Planning of realisation processes

Customer-related processes

Design and development

Purchasing

Production and service provision

Control of measuring and monitoring devices

Preventive measures and multiple barriers, critical control points (element 3)
Community consultation, communication (element 8)
Regulatory and formal requirements (element 1)

Investigative studies and research monitoring, validation of processes,

design of equipment (element 9)
Materials and chemicals (element 4)

Operational procedures, operational monitoring, corrective action,

equipment capability and maintenance (element 4)
Validation of processes (element 9)

Equipment capability and maintenance (element 4)

Measurement, analysis and improvement

General

Monitoring and measurement

Control of nonconforming product

Analysis of data

Improvement

Operational monitoring (element 4)

Drinking water quality monitoring, consumer satisfaction (element 5)
Audit of drinking water quality management (element | 1)
Corrective action (elements 4 and 5)

Incident and emergency response protocols (element 6)

Reporting (element 10)

Operational monitoring (element 4)

Short-term evaluation of results (element 5)

Long-term evaluation of results (element I 1)

Review by senior executive, drinking water quality management

improvement plan (element 12)

ISO 9001 includes several aspects of the Framework, but in a general sense, and it does not always

provide a good fit to the specific requirements of drinking water quality management. The most

important limitation of ISO 9001 is that it fails to address the preventive requirements of system analysis,

hazard identification and control, and risk assessment, which are all critical for effective management

of drinking water quality. There are other limitations in the areas of stakeholder involvement (for

stakeholders other than consumers), research and development, management of large-scale emergencies,

communication and reporting.
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There is scope to implement the Framework within the structure of these established systems by

expanding them to encompass all the necessary elements for drinking water quality management. For

example, when integrated, HACCP and ISO 9001 can satisfy many of the key elements for drinking water

quality management. However, if established management systems are applied to meet the requirements
for management of drinking water quality as outlined in the Framework, then it should be ensured that

all the necessary elements of drinking quality management are addressed.

Table 2.4 provides a general comparison indicating the applicability of established quality and risk

management systems to the Framework.

Table 2.4 Comparison of features from various management frameworks

Framework for Management of Drinking Water Quality HACCP 1SO 9001 AS/NZS 4360
(2000) (2004)

Commitment to drinking water quality management

Drinking water quality policy +++ +++

Regulatory and formal requirements +++ +++

Engaging stakeholders

Assessment of the drinking water supply system

Water supply system analysis +++

Assessment of water quality data

Hazard identification and risk assessment +++ +++

Preventive measures for drinking water quality management

Preventive measures and multiple barriers +++ + +++

Ciritical control points +++

Operational procedures and process control

Operational procedures + +++

Operational monitoring +++ +++

Corrective action +++ +++

Equipment capability and maintenance + +++

Materials and chemicals + +++

Verification of drinking water quality

Drinking water quality monitoring +++ +++ +++

Consumer satisfaction +++

Short-term evaluation of results +++ +

Corrective action +++ +++

Management of incidents and emergencies

Communication

Incident and emergency response protocols

Employee awareness and training

Employee awareness and involvement +++

Employee training +++ +++

Community involvement and awareness

Community consultation +++ +++

Communication + + +++
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Table 2.4 Comparison of features from various management frameworks (Continued)

Framework for Management of Drinking Water Quality HACCP 1SO 9001 AS/NZS 4360
(2000) (2004)

Research and development

Investigative studies and research monitoring

Validation of processes +++ +++

Design of equipment +++

Documentation and reporting

Management of documentation and records +++ +++ +++

Reporting +++

Evaluation and audit

Long-term evaluation of results +

Audit of drinking water quality management +++ +++ +++

Review and continual improvement

Review by senior executive +++ +++ +

Drinking water quality management improvement plan +++

Notes:
+++  Aspect explicitly stated

+ Aspect not explicitly stated but interpreted to include
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Chapter 3 Framework for Management of Drinking Water Quality:
the twelve elements

This chapter details the 12 elements that make up the Framework for Management of Drinking Water
Quality (the Framework). Each element includes an introduction and a list of the components that make
up that element, which are then described in further detail. A ‘summary of actions’ box heads each
component, providing an overview of the steps involved in implementation.

Some elements of the Framework are more complex than others, and therefore require further
explanation. Appendix 1 (located at the end of the Guidelines) provides additional information and
guidance for two elements — Assessment of the drinking water supply system (element 2) and Preventive
measures for drinking water quality management (element 3).

3.1 Commitment to drinking water quality management
(element 1)

Components: Drinking water quality policy
Regulatory and formal requirements

Engaging stakeholders

Organisational support and long-term commitment by senior executive is the foundation to
implementation of an effective system for drinking water quality management.

Successful implementation requires:

. an awareness and understanding of the importance of drinking water quality management and how
decisions affect the protection of public health

e the development of an organisational philosophy that fosters commitment to continual improvement
and cultivates employee responsibility and motivation

*  the ongoing and active involvement of senior executive to maintain and reinforce the importance of
drinking water quality management to all employees as well as those outside the organisation.

Senior executive should ensure that its actions and policies support the effective management of drinking
water quality (e.g. appropriate staffing, training of employees, provision of adequate financial resources,
active participation and reporting to the board or chief executive).

3.1.1  DRINKING WATER QUALITY POLICY

Summary of actions

* Formulate a drinking water quality policy, endorsed by senior executive, to be implemented
throughout the organisation.

* Ensure that the policy is visible and is communicated, understood and implemented
by employees.

Development of a drinking water quality policy is an important step in formalising the level of service
to which the drinking water supplier is committed and in increasing focus on water quality management
throughout the organisation. The policy provides the basis on which all subsequent actions can be
judged. Tt should define the organisation’s commitments and priorities relating to drinking water quality.
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The drinking water quality policy should provide a basis from which more detailed policies and

implementation strategies can be developed. As such, it should be clear and succinct, and should address

broad issues and requirements of the organisation’s commitment and approach to drinking water quality

management. The policy may cover issues such as:

. commitment to drinking water quality management

*  the level of service provided

* the involvement of employees

. compliance with relevant regulations and other requirements

*  liaison and cooperation with relevant agencies including relevant health authority or drinking water
regulator

. communication with employees and the public

*  intention to adopt best practice management and multiple barriers

. continual improvement in the management of drinking water quality.
Box 3.1 provides an example of a generic drinking water quality policy.

In developing the drinking water quality policy, the opinions and requirements of employees, consumers
and other stakeholders should be considered.

Management should ensure that the policy is highly visible, continually communicated, understood
and implemented by all employees of the organisation. It is the responsibility of all employees to
support this commitment.

Box 3.1 Example of a drinking water quality policy

The organisation is committed to managing its water supply effectively to provide a safe, high-quality drinking water that

consistently meets the NHMRC/NRMMC Australian Drinking Water Guidelines, and consumer and other regulatory requirements.
To achieve this, in partnerships with stakeholders and relevant agencies, the organisation will

*  manage water quality at all points along the delivery chain from source water to the consumer

*  use a risk-based approach in which potential threats to water quality are identified and balanced

*  integrate the needs and expectations of our consumers, stakeholders, regulators and employees into our planning

»  establish regular monitoring of the quality of drinking water and effective reporting mechanisms to provide relevant and
timely information, and promote confidence in the water supply and its management

*  develop appropriate contingency planning and incident response capability

*  participate in appropriate research and development activities to ensure continued understanding of drinking water quality
issues and performance

*  contribute to the debate on setting industry regulations and guidelines, and other standards relevant to public health and the
water cycle

»  continually improve our practices by assessing performance against corporate commitments and stakeholder expectations.

The organisation will implement and maintain a drinking water quality management system consistent with the Guidelines to
manage effectively the risks to drinking water quality.

All managers and employees involved in the supply of drinking water are responsible for understanding, implementing, maintaining
and continuously improving the drinking water quality management system.

Dated Signed by Responsible Officer
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3.1.2  REGULATORY AND FORMAL REQUIREMENTS

Summary of actions

e Identify and document all relevant regulatory and formal requirements.
* Ensure responsibilities are understood and communicated to employees.

* Review requirements periodically to reflect any changes.

Drinking water quality management may be subject to a range of regulatory and other formal
requirements such as:

e federal, state or territory legislation and regulation;
e operating licences and agreements;

e contracts and agreed levels of service;

*  memoranda of understanding;

*  industry standards and codes of practice.

All regulatory and formal requirements should be identified and documented. Individual drinking water
suppliers need to understand their responsibilities in supplying water for their particular jurisdictions.
Relevant information should be communicated to employees and a registry of relevant regulations and
other requirements should be readily accessible for reference. This registry should be regularly reviewed
and updated as necessary to reflect any changes.

3.1.3 ENGAGING STAKEHOLDERS

Summary of actions

* Identify all stakeholders who could affect, or be affected by, decisions or activities of the
drinking water supplier.

e  Develop appropriate mechanisms and documentation for stakeholder commitment and
involvement.

* Regularly update the list of relevant agencies.

Several aspects of drinking water quality management require involvement with other agencies. For
example, collaboration with the appropriate agency is necessary where catchments and source waters are
beyond the drinking water supplier’s jurisdiction. Similarly, consultation with relevant health authority or
drinking water regulator and other regulatory authorities is necessary for establishing many elements of
drinking water quality management, such as monitoring and reporting requirements, emergency response
plans and communication strategies.

The range of agencies involved in individual water supply systems will vary depending on local
organisational and institutional arrangements. Agencies may include:

. health and environment protection authorities

*  catchment and water resource management agencies

. local government and planning authorities

. non-government organisations

. community-based groups

. industry associations.
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An integrated management approach with collaboration from all relevant agencies is essential for
effective drinking water quality management. All major stakeholders that could affect (e.g. regulators,
catchment boards) or be affected by (e.g. consumers, industry, plumbers) decisions or activities of the
drinking water supplier should be identified. The list of stakeholders should be regularly updated.

The various agencies involved should be encouraged to define their accountabilities and responsibilities
to support the drinking water supplier and, where appropriate, to coordinate their planning and
management activities. Appropriate mechanisms and documentation should be established for
stakeholder commitment and involvement. This may include establishing working groups, committees
or task forces, with appropriate representatives, and development of partnership agreements, including
signed memoranda of understanding.

3.2 Assessment of the drinking water supply system (element 2)

Components: Water supply system analysis
Assessment of water quality data

Hazard identification and risk assessment

Assessment of the drinking water supply system is an essential prerequisite for subsequent steps in which
effective strategies for prevention and control of hazards are planned and implemented. This includes
understanding the characteristics of the drinking water system, what hazards may arise, how these
hazards create risks, and the processes and practices that affect drinking water quality.

The drinking water supply system is defined as everything from the point of collection of water to the
consumer and can include:

. catchments, including groundwater systems

e  source waters

. storage reservoirs and intakes

*  treatment systems

. service reservoirs and distribution systems

*  consumers.

Water quality can be affected at each of these points and because they are all interrelated, integrated
management is essential. Generally, a drinking water supplier is only responsible for delivery of water
to the consumer’s meter. However, although it is not possible to control consumers’ actions, suppliers

should consider how drinking water quality may be affected in private plumbing systems and provide
appropriate information to consumers.

Additional guidance on this element is provided in the Appendix.
3.2.1  WATER SUPPLY SYSTEM ANALYSIS

Summary of actions

* Assemble a team with appropriate knowledge and expertise.
* Construct a flow diagram of the water supply system from catchment to consumer.

e Assemble pertinent information and document key characteristics of the water supply system to
be considered.

* Periodically review the water supply system analysis.
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Effective system management requires, first and foremost, an understanding of the water supply
system from catchment to consumer. Each element of the water supply system should be characterised
with respect to drinking water quality and the factors that affect it. This characterisation promotes
understanding of the water supply system, and assists with identification of hazards and assessment of
risks to water quality.

A team with appropriate knowledge and expertise should be assembled to carry out the analysis.

The team should include management and operations staff from the drinking water supplier as well as
representatives from relevant agencies. In most cases, consultation with other agencies will be required
for the analysis of catchments, which should include the potential impacts of land uses on water quality
and stream and river flows. Health and other regulatory agencies should also be involved.

A generalised flow diagram should be constructed describing the water supply system from catchment to

consumer. The diagram should:

*  outline all steps and processes, whether or not they are under control of the drinking water
supplier;

. summarise the basic characteristics of each component;

. make explicit any characteristics that are unique to the system;

. be verified by field audits and checked by those with specific knowledge of the system.

The water supply system analysis should be reviewed periodically to incorporate any changes that occur,
for example in land use, treatment processes or consumer distribution.

3.22  ASSESSMENT OF WATER QUALITY DATA

Summary of actions

* Assemble historical data from source waters, treatment plants and finished water supplied to
consumers (over time and following specific events).

e List and examine exceedances.

e Assess data using tools such as control charts and trends analysis to identify trends and
potential problems.

A review of historical water quality data can assist in understanding source water characteristics and
system performance both over time and following specific events such as heavy rainfall. This can help in
identifying hazards and aspects of the drinking water system that need improvement.

Where available, water quality data should be assessed from monitoring of source waters, the operation
of treatment processes, and drinking water as supplied to consumers. Trends analysis and control charts
can be valuable tools for recognising potential problems or hazards and the accumulation of any gradual
changes or cumulative effects.

Further information is provided in Section 10.3 and Information Sheet 3.2.
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323 HAZARD IDENTIFICATION AND RISK ASSESSMENT

Summary of actions

* Define the approach and methodology to be used for hazard identification and risk assessment.

* Identify and document hazards, sources and hazardous events for each component of the water
supply system.

e Estimate the level of risk for each identified hazard or hazardous event.

* Evaluate the major sources of uncertainty associated with each hazard and hazardous event and
consider actions to reduce uncertainty.

* Determine significant risks and document priorities for risk management.

* Periodically review and update the hazard identification and risk assessment to incorporate
any changes.

Effective risk management requires identification of all potential hazards, their sources and hazardous
events, and an assessment of the level of risk presented by each. A structured approach is important to
ensure that significant issues are not overlooked and that areas of greatest risk are identified.

In this context:
* A hazard is a biological, chemical, physical or radiological agent that has the potential to
cause harm.

* A hazardous event is an incident or situation that can lead to the presence of a hazard
(what can happen and how).

. Risk is the likelihood of identified hazards causing harm in exposed populations in a specified
timeframe, including the severity of the consequences.

The distinction between hazard and risk is important: attention and resources need to be directed to
actions selected primarily on the basis of level of risk, rather than just the existence of a hazard.

To give an example, the protozoan parasite Cryptosporidium parvum is a hazard; failure at a water
treatment plant leading to C. parvum passing into the distribution system is a hazardous event; and the
likelihood of the organism being present in source water and passing through the treatment plant in
sufficient numbers to cause illness is a risk.

Realistic expectations of hazard identification and risk assessment are important. Rarely will enough
knowledge be available to complete a detailed quantitative risk assessment. Hazard identification and
risk assessment are predictive activities that will often include subjective judgments, and will inevitably
contain uncertainty. Given these inherent limitations, flexibility is vital, to ensure an effective response
when the unexpected occurs. Staff should have a realistic understanding of the limitations of these
predictions, and this should also be conveyed to the public.

A consistent methodology should be established for both hazard identification and risk assessment.
The methodology needs to be transparent and fully understood by everyone involved in the process.
Staff should be included and need to be aware of the outcomes of the risk assessment.

Hazard identification

A comprehensive list of potential hazardous agents in drinking water is provided in Part V. Hazardous
agents include microbial, chemical, physical and radiological agents. All potential hazards, sources and
events that can lead to the presence of these hazards (what can happen and how) should be identified
and documented for each component of the water supply system, regardless of whether or not the
component is under the direct control of the drinking water supplier. This includes point sources of

Australian Drinking Water Guidelines Version 3.7 28



Framework for Management of Drinking Water Quality: The Twelve Elements ~ Chapter 3

pollution (e.g. human and industrial waste discharges) as well as diffuse sources (e.g. those arising from
agricultural and animal husbandry activities). Continuous, intermittent or seasonal pollution patterns
should also be considered, as well as extreme and infrequent events such as droughts or floods.

The hazard identification and risk assessment should be reviewed and updated periodically
because changing conditions may introduce important new hazards or modify risks associated with
identified hazards.

Risk assessment

Once potential hazards and their sources have been identified, the level of risk associated with each
hazard or hazardous event should be estimated so that priorities for risk management can be established
and documented. Although there are numerous contaminants that can compromise drinking water
quality, not every potential hazard will require the same degree of attention.

The level of risk for each hazard or hazardous event can be estimated by identifying the likelihood of
occurrence (e.g. certain, possible, rare) and evaluating the severity of consequences if the hazard were
to occur (e.g. insignificant, major, catastrophic). The aim should be to distinguish between very high
and low risks.

An example of an approach to estimating the level of risk is provided in Tables 3.1-3.3. These tables
have been adapted from AS/NZS 4360:2004 (Risk Management), and can be modified to meet the needs
of an organisation.

Chapter 5 introduces the use of quantitative microbial risk assessment (QMRA) which investigates the
likelihood of disease along a risk pathway from the point at which pathogen concentration is quantified
(e.g. in a water source) to the receptor (e.g. a consumer of drinking water). QMRA involves quantifying
each component of the exposure pathway, together with the estimated health outcome. The outcome of
a QMRA is a quantitative assessment of risk and is most applicable for answering quantitative questions
such as: “What is safe?” and “How much treatment is required to achieve safety?”. Figure A3.1 in
Appendix 3 provides an overview of the QMRA process.

A likely outcome of risk assessment is the identification of specific areas where further information and
research is required (see Box 3.7 in Section 3.9).

Risk prioritisation

Based on the assessment of risks, priorities for risk management and application of preventive measures
can be established. Risk should be assessed at two levels:

. maximum risk in the absence of preventive measures; and

*  residual risk after consideration of existing preventive measures.

Assessing maximum risk is useful for identifying high priority risks, determining where attention should
be focused and preparing for emergencies. Residual risk provides an indication of the need for additional
preventive measures.

Unforeseen and rare events

In well managed systems, problems should be rare, making them more challenging to anticipate and
possibly to counter. This highlights the need to learn constructive lessons from the experiences of other
Australian and international drinking water suppliers and water agencies. Many problems are triggered
by short periods of sudden change, such as heavy rainfall or equipment failure. There are catalogues of
waterborne disease outbreaks and the events that caused them. Some of these events should have been
foreseeable while others have been attributable to more unusual or rare events. Maintaining awareness
of such incidents can enable preventive measures to be implemented, to safeguard against similar
occurrences (see Box 3.3 in Section 3.4).
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Table 3.1 Qualitative measures of likelihood

Level Descriptor Example description

A Almost certain  |s expected to occur in most circumstances
B Likely Will probably occur in most circumstances
C Possible Might occur or should occur at some time
D Unlikely Could occur at some time

E Rare May occur only in exceptional circumstances

Table 3.2 Qualitative measures of consequence or impact

Level Descriptor Example description

| Insignificant Insignificant impact, little disruption to normal operation, low increase in normal operation costs
2 Minor Minor impact for small population, some manageable operation disruption, some increase in operating costs
3 Moderate Minor impact for large population, significant modification to normal operation but manageable, operation

costs increased, increased monitoring

4 Major Major impact for small population, systems significantly compromised and abnormal operation if at all, high

level of monitoring required

5 Catastrophic Major impact for large population, complete failure of systems

Table 3.3 Qualitative risk analysis matrix: level of risk

Likelihood Consequences
I Insignificant 2 Minor 3 Moderate 4 Major 5 Catastrophic
A (almost certain) Moderate High Very high Very high Very high
B (likely) Moderate High High Very high Very high
C (possible) Low Moderate High Very high Very high
D (unlikely) Low Low Moderate High Very high
E (rare) Low Low Moderate High High
Uncertainty

There will always be uncertainty associated with hazard identification and risk assessment. Uncertainty
can be caused by a lack of knowledge or by variability in parameters. While variability can only be better
understood (e.g. by improved characterisation of a hazard), uncertainty due to lack of knowledge can

be reduced through better measurement and research. For example, uncertainty in our ability to identify
the source, human infectivity or infectious dose of Cryptosporidium oocysts can be addressed through
increased research.

Characterising the major sources and types of uncertainty can provide a better understanding of the
limitations of the hazard identification and risk assessment and how these limitations can be reduced.
Investigative studies and research monitoring can often provide further information for the risk
assessment process and help to reduce uncertainty (see Section 3.9).
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3.3 Preventive measures for drinking water quality management
(element 3)

Components: Preventive measures and multiple barriers

Critical control points

Prevention is an essential feature of effective drinking water quality management. Preventive measures
are those actions, activities and processes used to prevent hazards from occurring or reduce them to
acceptable levels.

Hazards may occur or be introduced throughout the water system and preventive measures should be
comprehensive, from catchment to consumer. Many preventive measures may control more than one
hazard, while, as prescribed by the multiple barrier approach, effective control of some hazards may
require more than one preventive measure. Preventive measures should be applied as close to the source
as possible, with a focus on prevention in catchments rather than sole reliance on downstream control.

Planning of preventive measures should always be based on system-specific hazard identification and

risk assessment. The level of protection to control a hazard should be proportional to the associated risk.

Assessment of preventive measures involves:

. identifying existing preventive measures from catchment to consumer for each significant hazard or
hazardous event

*  evaluating whether the preventive measures, when considered together, are effective in reducing
risk to acceptable levels (i.e. residual risk — Section 3.2.3)

e if improvement is required, evaluating alternative and additional preventive measures that could
be applied.

If additional measures are required, factors such as level of risk, benefits, effectiveness, cost, community
expectations and willingness to pay should be considered. Preventive measures often require
considerable expenditure, and decisions about water quality improvements cannot be taken in isolation
from other aspects of water supply that compete for limited financial resources. Priorities will need to be
established and many improvements may need to be phased in over time.

All preventive measures are important and should be given ongoing attention. However, some can
significantly prevent or reduce hazards and are amenable to greater operational control than others.
These measures could be considered as critical control points (see Section 3.3.2).

Additional guidance on this element is provided in the Appendix.

3.3.1  PREVENTIVE MEASURES AND MULTIPLE BARRIERS

Summary of actions

* Identify existing preventive measures from catchment to consumer for each significant hazard or
hazardous event and estimate the residual risk.

e Evaluate alternative or additional preventive measures where improvement is required.

* Document the preventive measures and strategies into a plan addressing each significant risk.

Identifying and implementing preventive measures should always be undertaken within the context of a
multiple barrier approach, so that failure of one barrier will be compensated by effective operation of the
remaining barriers. This minimises the likelihood that contaminants will pass through the entire treatment
system to be present in sufficient amounts to cause harm to consumers.
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Traditional preventive measures are incorporated as or within a number of barriers, including:
e catchment management and source water protection

. detention in protected reservoirs or storages

*  extraction management

. coagulation, flocculation, sedimentation and filtration

. disinfection

. protection and maintenance of the distribution system.

The types of barriers required and the range of preventive measures employed will be different for each
water supply and will generally be influenced by characteristics of the source water and surrounding
catchment (see Box 3.2). Selection of appropriate barriers and preventive measures will be informed by
hazard identification and risk assessment.

Box 3.2 Examples of multiple barriers

Large parts of Melbourne are supplied with high-quality source water from a highly protected catchment. Melbourne Water
focuses much of its attention and resources on maintaining prevention of contamination at the source.The series of barriers for
the majority of the water supply system include:

*  protected forested catchments for harvesting of water with no human or livestock access

* large catchment reservoirs with long detention times

*  additional retention time in seasonal storage systems

»  disinfection of water before it enters the distribution system

*  closed distribution systems.

In contrast, Adelaide is supplied with surface water derived from multi-use catchments and the Murray River, where there is
limited control over activities with potential impacts on water quality. As a result, the barriers applied are heavily weighted towards
water treatment and downstream control to remove turbidity and microorganisms. Barriers include the use of multiple storage

reservoirs, coagulation, flocculation, sedimentation, filtration and disinfection with long contact times before supply.

Provision of residual disinfectant through large parts of the distribution system is also an important barrier for both systems.

Catchment management and source water protection

Catchment management and source water protection provide the first barrier for the protection of
water quality. Where catchment management is beyond the jurisdiction of drinking water suppliers, the
planning and implementation of preventive measures will require a coordinated approach with relevant
agencies such as planning authorities, catchment boards, environmental and water resources regulators,
road authorities and emergency services.

Effective catchment management and source water protection include the following elements:

. developing and implementing a catchment management plan, which includes preventive measures
to protect surface water and groundwater

e  ensuring that planning regulations include the protection of water resources from potentially
polluting activities, and are enforced

e promoting awareness in the community of the impact of human activity on water quality.

Whether water is drawn from surface catchments or underground sources, it is important that the
characteristics of the local catchment or aquifer are understood, and the scenarios that could lead to
water pollution are identified and managed. The extent to which catchment pollution can be
controlled is often limited in practical terms by competition for water and pressure for increased
development in the catchment.

Australian Drinking Water Guidelines Version 3.7 32



Framework for Management of Drinking Water Quality: The Twelve Elements ~ Chapter 3

Effective catchment management has additional benefits. By decreasing contamination of source water,
the amount of treatment and quantity of chemicals needed is reduced. This may lead to health benefits
through reducing the production of treatment by-products, and economic benefits through minimising
operational costs.

In surface water catchments, preventive measures can include:

e selection of an appropriate source water (where alternatives exist)

e exclusion or limitations of uses (e.g. restrictions on human access and agriculture)

e protection of waterways (e.g. fencing out livestock, management of riparian zones)

e use of planning and environmental regulations to regulate potential water-polluting developments
(e.g. urban, agricultural, industrial, mining and forestry)

* use of industry codes of practice and best practice management
. regulation of community and on-site wastewater treatment and disposal systems

. stormwater interception.

Groundwater from depth is generally microbiologically safe and chemically stable; however, shallow

or unconfined aquifers can be subject to contamination from discharges or seepages associated with
agricultural practices (pathogens, nitrates and pesticides), septic tank discharges (pathogens and nitrates)
and industrial wastes. Preventive measures for groundwater supplies should include protecting the
aquifer, the recharging surface water and the local area around the borehead from contamination and
ensuring the physical integrity of the bore (surface sealed, casing intact etc).

Further information on integrated catchment management is provided in Appendix Section A1.6
Preventive Measures and Multiple Barriers (Box Al.1) and in the National Water Quality Management
Strategy: Implementation Guidelines (ARMCANZ, ANZECC 1998).

Detention in reservoirs or storages

Detention of water in reservoirs can reduce the number of faecal microorganisms through settling

and inactivation, including solar (ultraviolet) disinfection. Most pathogenic microorganisms of faecal
origin (enteric pathogens) do not survive indefinitely in the environment. Substantial die-off of enteric
bacteria will occur over three to four weeks. Enteric viruses and protozoa will survive for longer periods
(weeks to months).

Detention also allows suspended material to settle, which makes subsequent disinfection more effective
and reduces the formation of disinfection by-products.

Other preventive measures in reservoirs and storages include:

*  reservoir mixing or destratification to reduce growths of cyanobacteria (taste, odour and toxin
production)

. excluding or restricting human, domestic animal and livestock access

. diversion of local stormwater flows.

Extraction management

Where a number of water sources are available, there may be flexibility in the selection of water for
treatment and supply. In such a situation it may be possible to avoid taking water from rivers and streams
when water quality is poor (e.g. following heavy rainfall) in order to reduce risk and prevent problems in
subsequent treatment processes.
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Within a single water body, selective use of multiple extraction points can provide protection
against localised contamination, either horizontally or vertically through the water column
(e.g. cyanobacterial blooms).

Coagulation, flocculation, sedimentation and filtration

Coagulation, flocculation, sedimentation (or flotation) and filtration remove particles, including
microorganisms (bacteria, viruses and protozoa). It is important that operations are optimised and
controlled to achieve consistent and reliable performance.

As an alternative to conventional media-based processes, membrane filtration provides a direct physical
barrier and generally achieves a greater removal of microorganisms.

Care should be taken in the selection and use of water treatment chemicals as they may contain
undesirable contaminants. In addition, there can be variation in performance of the same chemical
obtained from different sources.

Disinfection

The most commonly used disinfection processes are chlorination and chloramination, but ozone,
ultraviolet irradiation and chlorine dioxide are also used. These methods are very effective in killing
bacteria and can be reasonably effective in inactivating viruses (depending on type) and many protozoa,
including Giardia. Cryptosporidium is not inactivated by the concentrations of chlorine and chloramines
that can be safely used in drinking water, and the effectiveness of ozone and chlorine dioxide is

limited with this organism. However, there is some evidence that ultraviolet light might be effective in
inactivating Cryptosporidinm, and that combinations of disinfectants can enhance inactivation.

Storage of water after disinfection and before supply to consumers can improve disinfection by increasing
contact times. This can be particularly important for microorganisms, such as Giardia and viruses.

Providing a disinfectant residual throughout the distribution system can provide protection against
contamination and limit regrowth problems; however, the issue of disinfection by-products needs to be
considered. Chloramination has proved successful in controlling Naegleria fowleri in water and sediments
in long pipelines.

Protection and maintenance of the distribution system

Water distribution systems should be fully enclosed and storages should be securely roofed with external
drainage to prevent contamination. Backflow prevention policies should be applied and monitored.
There should also be effective maintenance procedures to repair faults and burst mains in a way that
will prevent contamination. Positive pressure should be maintained throughout the distribution system.
Appropriate security needs to be put in place to prevent unauthorised access to, or interference with,
water storages.

Corrosion of pipes, including those on customer premises, can result in leaching of metals, with
implications for public health (e.g. copper, cadmium and lead) or aesthetic quality (e.g. copper, iron and
zinc). This should be monitored.

Growth or persistence of biofilms should be minimised to reduce aesthetic problems, including off-tastes,
odours and staining.

Adequate training of maintenance workers, including contractors, responsible for the distribution system
is essential because of the potential for contamination during repairs and recommissioning.
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3.32 CRITICAL CONTROL POINTS

Summary of actions

e Assess preventive measures from catchment to consumer to identify critical control points.
e Establish mechanisms for operational control (see Section 3.4).

* Document the critical control points, critical limits and target criteria.

From among the preventive measures, critical control points should be identified for those hazards that
represent a significant risk and require elimination or reduction to assure supply of safe drinking water.

A critical control point is defined as an activity, procedure or process at which control can be applied
and which is essential to prevent a hazard or reduce it to an acceptable level.

Not all preventive measures are amenable to selection as critical control points. A critical control point

has several operational requirements, including:

e operational parameters that can be measured and for which critical limits can be set to define the
operational effectiveness of the activity (e.g. chlorine residuals for disinfection);

. operational parameters that can be monitored frequently enough to reveal any failures in a timely
manner (online and continuous monitoring is preferable);

*  procedures for corrective action that can be implemented in response to deviation from
critical limits.

Critical limits are performance criteria that separate acceptability from unacceptability in terms of hazard
control and water safety. They should be chosen carefully and should not be confused with target criteria
(see Section 3.4.2). Critical limits may incorporate a numerical value as well as a consideration of time
(e.g. failure to provide a minimum chlorine residual for a specified time).

Deviation from critical limits indicates loss of control of the process or activity and should be regarded as
representing a potentially unacceptable health risk. Such events should result in immediate notification of
the appropriate health regulator. Discussion of target criteria and critical limits is included in Section 3.4.2,
and more detailed explanation of critical control points and their requirements is provided in Chapter 9
Section 9.4.3, 9.4.6 and the Appendix.

3.4 Operational procedures and process control (element 4)

Components: Operational procedures
Operational monitoring
Corrective action
Equipment capability and maintenance

Materials and chemicals

The effectiveness of preventive measures is highly dependent upon the design and implementation of
associated process control programs. To consistently achieve a high-quality water supply it is essential to
have effective control over the processes and activities that govern drinking water quality.

Periods of sudden change and sub-optimal performance in the drinking water supply system can
represent a serious risk to public health, as illustrated by the examples given in Box 3.3. Therefore, it
is vital to ensure that all operations are optimised and are continuously controlled, and that barriers are
functional at all times.
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Process control programs support preventive measures by detailing the specific operational factors
that ensure that all processes and activities are carried out effectively and efficiently. This includes a
description of all preventive measures and their functions, together with:

e  documentation of effective operational procedures, including identification of responsibilities and
authorities;

*  establishment of a monitoring protocol for operational performance, including selection of
operational parameters and criteria, and the routine review of data;

. establishment of corrective actions to control excursions in operational parameters;

. use and maintenance of suitable equipment;

. use of approved materials and chemicals in contact with drinking water.

Effective implementation of these programs relies on the skills and training of operations staff.
Operators should be proficient, have the ability to interpret the significance of changes in water quality
and treatment, and be able to respond appropriately in accordance with established procedures (see
Section 3.7).

Process control programs should be documented in operations manuals, with controlled copies readily
accessible to all appropriate personnel. One option is to organise each manual into sections dealing with
the individual components of the water supply system.

Documentation should include a description of:

e preventive measures and their purpose;

*  operational procedures for relevant activities;

. operational monitoring protocols, including parameters and criteria;

. schedules and timelines;

. data and records management requirements;

. corrective actions to be implemented;

*  maintenance procedures;

*  responsibilities and authorities;

. internal and external communication and reporting requirements.

Box 3.3 Examples of outbreaks resulting from sub-optimal performance
Walkerton outbreak (Canada, 2000)

Over 2000 cases of illness were reported, including 26 cases of haemolytic uremic syndrome and seven deaths. Public health
investigations confirmed that the most severe illnesses were caused by Escherichia coli 0157 and Campylobacter. The shallow
groundwater supply appears to have been contaminated by cattle waste following heavy rains and localised flooding. A large

number of faults have been proposed as potential contributing factors to the outbreak, including:

*  reliance on bores subject to the direct influence of surface run-off, with only chlorination for treatment;
*  operation and monitoring on the assumption that the bores were secure, deep groundwater sources;

*  inadequate protection of surface catchments near the water supply bores;

*  deficient chlorination practice;

*  inadequate regulatory oversight;

*  unreliable chlorine residual monitoring;

* failure to respond to the detection of contamination;

*  failure to communicate the results to regulatory authorities;

*  inadequate operator training and corporate commitment.

A public inquiry into the outbreak and its implications for the safety of drinking water elsewhere in Ontario resulted
(O'Connor 20023, b).
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Box 3.3 Examples of outbreaks resulting from sub-optimal performance (Continued)
Milwaukee outbreak (United States, McKenzie et al. 1994)

Assessments indicate that over 400,000 illnesses were caused, including 4400 hospitalised. Premature deaths of at least 69
immunocompromised persons (most HIV positive) were recorded. The source of the contamination was not identified but it
is considered that increased flows in rivers supplying Lake Michigan could have carried oocysts from livestock wastes or human
sewage. Turbidity of the water taken from the lake deteriorated in the weeks preceding the outbreak.

Operation of one of the treatment plants supplying Milwaukee was not under optimal control. Although coagulant doses were
adjusted, this did not prevent turbidity fluctuations in filttered water produced at one filtration plant (0.1-2.7 nephelometric
turbidity units). Inexperience with the use of polyaluminium chloride, which had been a recent introduction, could have been a
contributing factor. In addition, monitors intended to optimise coagulant doses during changes in water quality were not being
used due to improper installation, and filtered water turbidimeters were not being used. Turbidity measurements were being taken
every eight hours.

Recycling of backwash water through the filtration process could also have had an impact on the numbers of oocysts passing
through the plant.

Other water treatment deficiencies associated with outbreaks of cryptosporidiosis have included:
»  failure to respond to deterioration in source water quality;

e poor coagulation;

*  poor monitoring of chemical dosing;

*  inadequate flocculation;

» filters brought on line without backwashing.

34.1 OPERATIONAL PROCEDURES

Summary of actions

* Identify procedures required for processes and activities from catchment to consumer.

*  Document all procedures and compile into an operations manual.

Operational procedures formalise the activities that are essential to ensure the provision of consistently
good quality water. Detailed procedures are required for the operation of all processes and activities
(both ongoing and periodic) from catchment to consumer, including preventive measures, operational
monitoring and verification procedures, and maintenance requirements.

Procedures are most effective when operations staff are involved in their development, documentation
and verification. This participation will help to ensure that all relevant activities are included, enhance
operator training and awareness, and create commitment to operational and process control.

342 OPERATIONAL MONITORING

Summary of actions

*  Develop monitoring protocols for operational performance of the water supply system,
including the selection of operational parameters and criteria, and the routine analysis of results.

* Document monitoring protocols into an operational monitoring plan.

Operational monitoring includes the planned sequence of measurements and observations to assess and
confirm the performance of preventive measures. Observations could include activities such as regular
inspections of the catchment (e.g. for integrity of fences), plant equipment, wellhead protection areas and
bore construction. Measurements are of operational parameters that will indicate whether processes are
functioning effectively.
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The general intent of operational monitoring is different from that of drinking water quality monitoring

(see Section 3.5.1). Operational monitoring is used to confirm that preventive measures implemented to
control hazards are functioning properly and effectively. Data from operational monitoring can be used
as triggers for immediate short-term corrective actions to improve drinking water quality.

Key elements of operational monitoring include:

e development of operational monitoring plans from catchment to consumer, detailing strategies and
procedures;

* identification of the parameters and criteria to be used to measure operational effectiveness and,
where necessary, trigger immediate short-term corrective actions;

. ongoing review and interpretation of results to confirm operational performance.

Further guidance on operational monitoring is provided in Chapter 9.

Operational parameters

Operational parameters should be selected that reflect the effectiveness of each process or activity,
and provide an immediate indication of performance. Typically, operational monitoring should focus
on parameters that can be readily measured and enable a rapid response. To fulfil these requirements,
surrogates are often used as operational parameters rather than direct measurement of the hazards
themselves. For example, turbidity may be used as a surrogate for Cryptosporidium and Giardia. More
detail on surrogates is provided in Chapter 9.

Operational parameters should be monitored with sufficient frequency to reveal any failures in good
time. Online and continuous monitoring should be used wherever possible, particularly at critical control
points (see below). Examples of parameters that can be used for operational monitoring are provided in
Table 9.1, Chapter 9.

Target criteria and critical limits

Once operational parameters are identified, target criteria (performance goals) should be established for
each preventive measure. These criteria can be quantitative (numerical) or qualitative (descriptive). Any
deviation of performance from established targets should be regarded as a trend towards loss of control
of the process, and appropriate action should be taken to resolve potential problems.

For preventive measures identified as critical control points for the water supply system, critical limits
must also be defined and validated. A critical limit is a prescribed tolerance that distinguishes acceptable
from unacceptable performance at a critical control point. When a critical control point is operating
within the prescribed limits, performance in terms of hazard removal is regarded as being acceptable.
However, exceedance of or deviation from a critical limit represents loss of control of a process and
indicates an unacceptable health risk. Corrective actions should immediately be instituted to resume
control of the process, and the health regulator should be notified.

Setting target criteria that are more stringent than critical limits at critical control points will enable
corrective actions to be instituted before an unacceptable health risk occurs. Exceedance of a target
criterion at a critical control point would generally not require that the health regulator be notified,
providing corrective action successfully prevented deviation from a critical limit.

Chapter 9 provides more explanation of target criteria, critical limits and monitoring at critical
control points.
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Analysis of results

Results must be reviewed frequently to confirm that records are complete and accurate, and that there
are no deviations from critical limits or target criteria. Where results indicate that control has been lost,
appropriate corrective actions and process adjustments should be instituted to maintain quality. Those
responsible for interpreting and recording operational results should clearly understand how the results
should be assessed.

A system should be established for regular reporting of operational monitoring results to relevant staff
and departments. Methods such as graphs or trend charts can be used to facilitate the interpretation of
operational monitoring results. More guidance on short-term evaluation of results for assessing drinking
water safety is provided in Section 10.2.

343 CORRECTIVEACTION

Summary of actions

e Establish and document procedures for corrective action to control excursions in
operational parameters.

e Establish rapid communication systems to deal with unexpected events.

Procedures should be developed for immediate corrective action to re-establish process control following
failure to meet target criteria or critical limits. The procedures should include instructions on required
adjustments, process control changes and additional monitoring. Responsibilities and authorities,
including communication and notification requirements, should be clearly defined.

After implementing a corrective action, its effectiveness will need to be verified. This usually requires
additional monitoring. Secondary impacts of the corrective action, and whether adjustments or action is
needed further along in the supply system, should also be considered.

Examples of possible corrective actions include:

. selection of an alternative raw water source if available;

e altering the plant flow rate (e.g. reducing loading);

e  jar testing for coagulant control and optimisation;

e altering the mixing intensity;

e  changing treatment chemicals;

e using auxiliary chemicals such as coagulant aids, flocculant aids, filtration aids;

e adjusting pH;

e varying chemical feed rates and feed points;

e adjusting filtration loading rate or operation;

*  increasing disinfectant dose;

*  secondary or booster disinfection;

. mains flushing, cleaning and localised disinfection.

Where possible, the underlying cause of the problem should be determined and measures implemented

to prevent future occurrences. Analysis of the causes may identify possible solutions, such as modifying
an operating procedure or improving training. Details of all incidents should be recorded and reported.

While advance planning is important, it will not always be possible to anticipate every type of event.
Rapid communication systems should be established to deal with these events.
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Incident and emergency responses should be prepared for times when normal corrective actions cannot
re-establish operational performance quickly enough to prevent drinking water of unacceptable quality
from reaching consumers.

Section 10.2 provides more discussion of corrective actions and incident and emergency responses.

344 EQUIPMENT CAPABILITY AND MAINTENANCE

Summary of actions
e Ensure that equipment performs adequately and provides sufficient flexibility and
process control.

e Establish a program for regular inspection and maintenance of all equipment, including
monitoring equipment.

The capability of equipment is an important consideration in maintaining process control. Equipment
and infrastructure in a drinking water supply system need to be adequately designed and of sufficient
capacity (size, volume, detention times) to handle all flow rates (peak and otherwise) without limiting
performance. Processes should not be hydraulically overloaded or subjected to rapid changes in
hydraulic loading, as these conditions may compromise performance.

Design features that can improve performance and process control include:

. online measuring devices that monitor operational parameters continuously;
. automated responses to changes in water quality;

. 24-hour monitored alarm systems that indicate operational failure;

. backup equipment, including power generators;

e variable control of flow rates and chemical dosing;

. effective mixing facilities.

Design of new equipment and processes should undergo validation through appropriate research and
development (see Section 3.9.).

Equipment used to monitor process performance should also be selected carefully. Monitoring equipment
needs to be sufficiently accurate and sensitive to perform at the levels required. Wherever possible,
monitoring should be online and continuous, with alarm systems to indicate when operational criteria
have been exceeded. Monitoring failures should not compromise the system and in some cases,
particularly at critical control points, backup equipment should be considered.

Staff should understand the operation of monitoring equipment so that causes of spurious results can be
recognised and rectified.

Regular inspection and maintenance of all equipment from catchment to consumer is required to ensure
continuing process capability. A maintenance program should be established and documented, detailing:

. operational procedures and records for the maintenance of equipment, including the calibration of
monitoring equipment;

. schedules and timelines;

e responsibilities;

. resource requirements.
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345 MATERIALS AND CHEMICALS

Summary of actions

* Ensure that only approved materials and chemicals are used.

e Establish documented procedures for evaluating chemicals, materials and suppliers.

The selection of materials and chemicals used in water systems is an important consideration as
potentially they may have an adverse effect on drinking water quality. Chemicals added to water include
disinfectants, oxidants, coagulants, flocculants, algicides, antioxidants and chemicals for softening, pH
adjustment, fluoridation and scale prevention.

All chemicals used should be evaluated for potential contamination. General considerations include data
on impurities, chemical and physical properties, maximum dosages, behaviour in water, migration and
concentration build-up. In addition, the potential impact of water treatment chemicals on materials used
in treatment plants needs to be considered. For example, ferric chloride used as a coagulant is extremely
corrosive and can have severe effects on commonly used grades of stainless steel.

Chemical suppliers should be evaluated and selected on their ability to supply product in accordance
with required specifications. Documented procedures for the control of chemicals, including purchasing,
verification, handling, storage and maintenance, should be established to assure the quality of the
chemicals at the point of application. Responsibilities for testing and quality assurance of chemicals
(supplier, purchaser or both) should be clearly defined in purchase contracts.

Contaminants may also be introduced when water comes into contact with materials such as filter media,
protective coatings, linings and liners, joining and sealing products, pipes and fittings, valves, meters and
other components. Materials used should comply with Australian Standard AS/NZS 4020 Products for use
in contact with drinking water.

The products used in water systems should be subjected to an audited system of quality control.

3.5 Verification of drinking water quality (element 5)

Components: Drinking water quality monitoring
Consumer satisfaction
Short-term evaluation of results

Corrective action

Verification of drinking water quality provides an assessment of the overall performance of the system
and the ultimate quality of drinking water being supplied to consumers. This entails both monitoring
drinking water quality and assessing consumer satisfaction.

Verification provides:

. a useful indication of problems within the water supply system (particularly the distribution system)
and the necessity for any immediate short-term corrective actions or incident and emergency
response;

*  confidence for consumers and regulators regarding the quality of the water supplied.

Section 9.5 provides more information on verification of drinking water quality.
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3.5.1  DRINKING WATER QUALITY MONITORING

Summary of actions

* Determine the characteristics to be monitored in the distribution system and in water as
supplied to the consumer.

e Establish and document a sampling plan for each characteristic, including the location and
frequency of sampling.

* Ensure monitoring data are representative and reliable.

Drinking water quality monitoring is a wide-ranging assessment of the quality of water in the

distribution system and, importantly, as supplied to the consumer. It includes regular sampling and testing
to assess whether water quality is meeting guideline values, health-based targets and any regulatory
requirements or agreed levels of service.

Monitoring of drinking water quality should be regarded as the final check that, overall, the barriers
and preventive measures implemented to protect public health are working effectively. The purpose
of drinking water quality monitoring is different from that of operational monitoring and the two types
of monitoring also differ in what, where and how often water quality characteristics are measured.

As it is neither physically nor economically feasible to test for all drinking water quality parameters
equally, monitoring effort and resources should be carefully planned and directed at significant or

key characteristics.

Key characteristics related to health include:

*  microbial indicator organisms;

*  disinfectant residuals and any disinfection by-products;

e any health-based characteristic that can be reasonably expected to exceed the guideline value,
even if occasionally;

. potential contaminants identified in analysis of the water supply system (Section 3.2.1) and hazard
identification (Section 3.2.3).

In addition to characteristics related to health, those with significant aesthetic impact (e.g. taste, odour)
may also need to be monitored. Where these frequently reach unacceptable levels, further investigation
may be needed to determine whether there are problems with significance for health.

Sampling locations will depend on the water quality characteristic being examined. Sampling at the
treatment plant or at the head of the distribution system may be sufficient for characteristics where
concentrations do not change during delivery; however, for those that can change during distribution,
sampling should be undertaken throughout the distribution system, including the point of supply to
the consumer.

Frequency of testing for individual characteristics will depend on variability, and whether the
characteristics are of aesthetic or health significance. Sampling should be frequent enough to enable the
monitoring to provide meaningful information. Sampling and analysis are required most frequently for
microbial constituents, and less often for organic and inorganic compounds. This is because even brief
episodes of microbial contamination can lead to immediate illness in consumers, whereas, in the absence
of a specific event (e.g. chemical overdosing at a treatment plant), episodes of chemical contamination
that would constitute an acute health concern are rare. Guideline values for most chemical parameters
are based on impacts of chronic exposure.

Once parameters and sampling locations have been identified, these should be documented in a
consolidated monitoring plan. Monitoring data should be representative, reliable and fully validated (see
Box 3.4). Procedures for sampling and testing should also be documented.
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Section 9.5.2 provides more information on the monitoring of drinking water quality.

Box 3.4 Reliability of data

Monitoring is only as good as the data collected, so every effort should be made to ensure that the data are representative,
reliable and fully validated. Appropriate procedures should be in place and the following need to be considered.

Sampling plan:

e parameters measured, sampling locations, sampling frequency;

*  qualifications and training of personnel;

*  approved sampling methods and techniques;

e quality assurance and validation procedures for sampling;

e statistical validity.

Analytical testing:

*  qualifications and training of personnel;

*  suitability of equipment;

*  approved test methods and laboratories;

*  quality assurance and validation procedures (e.g. positive and negative control samples, inter-laboratory comparisons);
*  accreditation with an external agency such as the National Association of Testing Authorities.
Monitoring equipment:

*  calibration and inspection procedures to ensure control of monitoring equipment.

3.52 CONSUMER SATISFACTION

Summary of actions

e Establish a consumer complaint and response program, including appropriate training of
employees.

Monitoring of consumer comments and complaints can provide valuable information on potential
problems that may not have been identified by performance monitoring of the water supply system.
Consumer satisfaction with drinking water quality is largely based on a judgment that the aesthetic quality
of tap water is ‘good’, which usually means that it is colourless, free from suspended solids and has no
unpleasant taste or odour.

Changes from the norm are particularly noticeable to consumers, who may interpret aesthetic problems
as indicating health risks. A consumer complaint and response program operated by appropriately trained
personnel should be established. Response targets should be set and regularly reviewed. Complaints and
responses should be recorded and, in the longer term, the types, patterns and changes in numbers of
complaints received should be evaluated.

One proactive approach to gauge perception of drinking water quality is to establish a consumer-based
taste panel. Participants, who should be sensitive to off-flavours, can be trained with common flavour-
profile descriptors so that their feedback to the drinking water supplier is more useful for identifying
and solving aesthetic water quality problems. This approach can be particularly helpful in identifying
recurring seasonal episodes of poor aesthetic quality. The fact sheet on Taste and Odour, in Part V,
discusses consumer panels.

Sections 9.5.1 and 10.3.4 provide additional information on consumer satisfaction.
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3.5.3 SHORT-TERM EVALUATION OF RESULTS

Summary of actions

e Establish procedures for the daily review of drinking water quality monitoring data and
consumer satisfaction.

* Develop reporting mechanisms internally, and externally, where required.

Short-term performance evaluation entails the daily reviewing of drinking water quality monitoring
data and consumer satisfaction to verify that the quality of water supplied to consumers conforms with
guideline values and microbial health-based targets. If the quality does not conform, then immediate
corrective actions and/or incident and emergency response should be implemented.

Those responsible for interpreting and recording results should clearly understand how results should
be assessed and, if required, how and where they should be communicated. Monitoring results

should be reviewed within appropriate timeframes, and compared with previous results, established
guideline values, and any regulatory requirements or agreed levels of service. Procedures for
performance evaluation and recording of results should be established and documented. Mechanisms
and responsibilities should be identified for the reporting of results internally to operators and senior
executives as well as externally, where required, to stakeholders such as regulators and consumers (see
Section 3.10.2).

Section 10.2 provides further discussion on short-term evaluation of results.

3.54 CORRECTIVEACTION

Summary of actions
e Establish and document procedures for corrective action in response to non-conformance or
consumer feedback.

e Establish rapid communication systems to deal with unexpected events.

If the short-term evaluation of drinking water quality monitoring data indicates non-conformance with
guideline values, microbial health-based targets or other requirements, an investigation should be
initiated and, if necessary, corrective action taken as quickly as possible. Failure to take prompt and
effective action may lead to the development of a more serious situation, which could require incident
and emergency response protocols to be instituted. Corrective action could also be required in response
to consumer feedback.

Corrective actions should be developed in consultation with relevant regulatory authorities and other
stakeholders. Examples include:

. disinfection of tanks;

e  flushing and maintenance of the distribution system;

*  temporary shutdown of a treatment plant if adequate storage is available;

* increased booster or secondary disinfection;

. enhanced filtration;

. investigative or sanitary surveys of distribution systems.

Significant system failures that could pose a health risk or adversely affect water quality for an extended

period require an immediate response and should also be reported to the relevant health authority
(see Section 3.6).
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Corrective actions should be documented, responsibilities and authorities clearly defined, and staff trained
in appropriate procedures.

Section 10.2 provides further discussion on response to monitoring results that are outside specification.

3.6 Management of incidents and emergencies (element 6)

Components: Communication

Incident and emergency response protocols

Considered and controlled responses to incidents or emergencies that can compromise the safety of
water quality are essential for protecting public health, as well as maintaining consumer confidence

and the organisation’s reputation. Although preventive strategies are intended to prevent incidents and
emergency situations from occurring, some events cannot be anticipated or controlled, or the probability
of their occurring is so low that providing preventive measures would be too costly. For such incidents,
there must be an adaptive capability to respond constructively and efficiently.

Wherever possible, emergency scenarios should be identified, and incident and emergency protocols,
including communication procedures, should be planned and documented. Establishing procedures
‘on the run’ is a recipe for inefficiency, lack of coordination, poor response times and potential loss of
public confidence.

The development of appropriate protocols involves a review of the hazards and events that can lead to
emergency situations, such as:

*  non-conformance with guideline values and other requirements;

e accidents that increase levels of contaminants (e.g. spills in catchments, incorrect dosing of chemicals);
*  equipment breakdown and mechanical failure;

e prolonged power outages;

*  extreme weather events (e.g. flash flooding, cyclones);

*  natural disasters (e.g. fire, earthquakes, lightning damage to electrical equipment);

*  human actions (e.g. serious error, sabotage, strikes).

3.6. COMMUNICATION

Summary of actions

*  Define communication protocols with the involvement of relevant agencies and prepare a
contact list of key people, agencies and businesses.

e Develop a public and media communications strategy.

Effective communication is vital in managing incidents and emergencies. Clearly defined protocols for
both internal and external communications should be established in advance, with the involvement of
relevant agencies, including health and other regulatory agencies. These protocols should include a
contact list of key people, agencies and businesses, detailed notification forms, procedures for internal
and external notification, and definitions of responsibilities and authorities. Contact lists should be
regularly updated (e.g. six-monthly) to ensure they are accurate.

Maintaining consumer confidence and trust during and after an incident or emergency is essential,
and this is largely determined by how incidents and emergencies are handled. A public and media
communication strategy should be developed before any incident or emergency situation occurs.
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Draft public and media notifications should be prepared in advance and formatted for the target
audience. An appropriately trained and authoritative contact should be designated to handle all
communications in the event of an incident or emergency. All employees should be kept informed during
any incident, because they provide informal points of contact for the community.

Consumers should be told when an incident has ended and be provided with information on the
cause and actions taken to minimise future occurrences. This type of communication will help

allay community concerns and restore confidence in the water supply. Interviews and surveys of a
representative portion of the community are valuable for establishing consumer perceptions of events
and how they were managed.

3.6.2 INCIDENT AND EMERGENCY RESPONSE PROTOCOLS

Summary of actions

* Define potential incidents and emergencies and document procedures and response plans with
the involvement of relevant agencies.

e Train employees and regularly test emergency response plans.

* Investigate any incidents or emergencies and revise protocols as necessary.

Incident and emergency response protocols should be regarded as a priority. Potential incidents and
emergencies should be defined and response plans should be developed and documented in advance to
respond to these events.

Plans should be developed in consultation with relevant regulatory authorities and other key agencies,

and should be consistent with existing government emergency response arrangements. In an emergency

situation there will not be time to establish confidence and goodwill if these have not been established

during normal operation. An investment in advance in building trust and understanding with parties

who will be partners in responding to an emergency will pay important dividends in the form of more

effective action when an emergency arises.

Key areas to be addressed in incident and emergency response plans include clearly specified:

e response actions, including increased monitoring;

*  responsibilities and authorities of internal parties;

e responsibilities and authorities of parties external to the organisation;

*  plans for emergency water supplies;

*  communication protocols and strategies, including notification procedures (internal, regulatory body,
media and public);

. mechanisms for increased health surveillance.

Employees should be trained in emergency response to ensure that they can manage any potential
incidents or emergencies effectively. Incident and emergency response plans should be regularly
reviewed and practised. This improves preparedness and provides opportunities to improve the
effectiveness of plans before an emergency occurs.

Following any incident or emergency situation, an investigation of the incident or emergency should be
undertaken and all involved staff should be debriefed to discuss performance and address any issues or
concerns. The investigation should consider factors such as:

*  What was the initiating cause of the problem?
. How was the problem first identified or recognised?

*  What were the most critical actions required?

Australian Drinking Water Guidelines Version 3.7 46



Framework for Management of Drinking Water Quality: The Twelve Elements ~ Chapter 3

*  What communication problems arose and how were they addressed?
*  What were the immediate and longer-term consequences?

. How well did the protocol function?

Appropriate documentation and reporting of the incident or emergency should also be established. The
organisation should learn as much as possible from the incident, to improve preparedness and planning
for future incidents. Review of the incident may indicate necessary amendments to existing protocols.

Box 3.5 provides a summary of an emergency response protocol.

Box 3.5 Water incident communication and notification protocol

In South Australia, a protocol has been established between the Department of Human Services, South Australia Water; the
Environmental Protection Agency (EPA) and the Department of Water Resources to ensure effective communication between
government agencies in the event of incidents associated with reticulated water supplies. The protocol includes notification to
other relevant bodies such as catchment water management boards and local authorities.

Incidents are classified as:

*  Type | — potentially serious with either human health or environmental risks, or

. Type 2 — lesser incidents representing a low risk to human health or possible low impact and localised environmental harm.
The protocol includes agreed criteria for both raw water (e.g. cyanobacterial blooms, high numbers of Cryptosporidium,
unacceptable concentrations of chemicals of concern and detection of pesticides) and treated drinking water (e.g. high turbidity
in filtered water, chlorinator failure, detection of high concentrations of chemicals of concern, pesticides, Cryptosporidium,
Naegleria fowleri and persistent E. coli/coliform bacteria).

The protocol defines the role of a water incident coordinator placed in the Department of Human Services and specifies which
minister and agency will take the lead in dealing with and communicating incidents (incidents with health concerns are led by
Department of Human Services, those with environmental concerns by the EPA, and those with operational concerns by South
Australia Water).

Reporting requirements for individual agencies are defined, as well as communication requirements and protocols for the agencies,
the water incident coordinator, offices of the ministers, and the lead minister.

The testing agency is required to report all Type | incidents immediately to the water incident coordinator and provide written
confirmation within 24 hours by email or fax. The water incident coordinator ensures that all appropriate agencies have been

notified and that relevant ministers are notified by their agencies as soon as possible and in any event within 24 hours.
Type 2 incidents are normally only notified to relevant agencies and generally do not require ministerial advice.

The protocol includes a list of 24-hour contacts for all agencies. Copies of the protocol are provided to all emergency contacts

and relevant officers. The protocol is updated and reissued every six months.

3.7 Employee awareness and training (element 7)

Components: Employee awareness and involvement

Employee training

The knowledge, skills, motivation and commitment of employees and contractors ultimately determine a
drinking water supplier’s ability to operate a water supply system successfully. It is vital that awareness,
understanding and commitment to performance optimisation and continuous improvement are developed
and maintained within the organisation.
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3.7.1  EMPLOYEE AWARENESS AND INVOLVEMENT

Summary of actions

*  Develop mechanisms and communication procedures to increase employees’ awareness of and
participation in drinking water quality management.

An understanding of drinking water quality management is essential, to enable and motivate employees
to make effective decisions. All employees of the drinking water supplier should be aware of:

*  the organisation’s drinking water quality policy;

*  characteristics of the water supply system and preventive strategies in place throughout the system;
. regulatory and legislative requirements;

*  roles and responsibilities of employees and departments;

. how their actions can impact on water quality and public health.

Mechanisms and communication procedures should be developed to ensure awareness of, and
commitment to, drinking water quality management throughout the organisation. Methods to increase
employee awareness can include employee education and induction programs, newsletters, guidelines,
manuals, notice boards, seminars, briefings and meetings.

Employee participation and involvement in decision making is an important part of establishing
the commitment necessary for the continuous improvement of drinking water quality management.
Employees should be encouraged to participate in decisions that affect their jobs and areas of
responsibility. Such participation provides a sense of ownership for decisions made and their
implications. Open and positive communication is a foundation to creating a participatory culture,
and employees should be encouraged to discuss issues and actions with management.

3.72 EMPLOYEETRAINING

Summary of actions

* Ensure that employees, including contractors, maintain the appropriate experience and
qualifications.

e Identify training needs and ensure resources are available to support training programs.

*  Document training and maintain records of all employee training.

Employees and contractors must be appropriately skilled and trained in the management and operation
of water supply systems, as their actions can have a major impact on drinking water quality and public
health (see Box 3.0).

Employees should have a sound knowledge base from which to make effective operational decisions.
This requires training in the methods and skills required to perform their tasks efficiently and
competently, as well as knowledge and understanding of the impact their activities can have on water
quality. For example, treatment plant operators should understand water treatment concepts and be able
to apply these concepts and adjust processes appropriately to respond to variations in water quality.
Training needs should be identified and adequate resources made available to support appropriate
programs. Examples of relevant areas to address are:

*  general water quality;

e water biology and water chemistry;

. specific training to optimise system performance in areas such as:
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—  coagulant control testing;

—  proper filtration operation;

—  disinfection system operation,;

—  reticulation management;

—  sampling, monitoring and analysis;

— interpretation and recording of results;

— maintenance of equipment.

Employees should also be trained in other aspects of drinking water quality management,
including incident and emergency response, documentation, record keeping, reporting, and research
and development.

Commonly used training techniques and methods include formal training courses accredited by a national
training body, in-house training, on-the-job experience, mentor programs, workshops, demonstrations,
seminars, courses and conferences. Training programs should encourage employees to communicate and
think critically about the operational aspects of their work.

Training should be documented, and records maintained of all employees who have participated in training.
Mechanisms for evaluating the effectiveness of training should also be established and documented.
Training is an ongoing process and requirements should be regularly reviewed to ensure that employees
maintain the appropriate experience and qualifications. For those activities that have a significant impact on
drinking water quality, periodic verification of the capability of operations staff is necessary.

Where possible, accredited training programs and certification of operators should be employed.

Box 3.6 Contractors

With the considerable restructuring of the water industry in recent years, there is now a heavy reliance on contractors to
undertake work for drinking water suppliers. These include contractors for construction, operations and maintenance of bulk
water, treatment and distribution systems, and sampling and analytical work.

Contractors need to have the same awareness, training and culture as the organisation's employees. Requirements for contractor
acceptability should be established, and contractors should be evaluated and selected on the basis of their ability to meet the
specified requirements.

A drinking water supplier should ensure that contractors are qualified and have undergone appropriate training related directly to
their task or role.When contracting labour, provisions should be made within the organisation to conduct the necessary education
and training of contractors on the requirements for adherence to the organisation’s policy and protocols.

Conditions under which the contractor operates should be clear; accurate and achievable, with scope for ongoing review and
improvement. Partnerships will be more successful where the drinking water supplier retains sufficient knowledge and technical

expertise to manage the contract efficiently.

3.8 Community involvement and awareness (element 8)

Components: Community consultation

Communication

Community consultation, involvement and awareness can have a major impact on public confidence
in the water supply and the organisation’s reputation. A communication program is a long-term
commitment, including both consultation and education, and should be designed to provide an active,
two-way exchange of information. This will help to ensure that consumers’ needs and expectations are
understood and are being satisfied.
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3.8.1 COMMUNITY CONSULTATION

Summary of actions

e Assess requirements for effective community involvement.

e  Develop a comprehensive strategy for community consultation.

Decisions on drinking water quality made by a drinking water supplier and the relevant regulatory
authorities must be aligned with the needs and expectations of consumers. Therefore, the community and
appropriate industry sectors should be consulted and involved during decision-making processes.

Discussions should include the establishment of levels of service, costs, existing water quality problems,
and the options for protection and improvement of drinking water quality, including constraints on
land use and changes in treatment or infrastructure. Consumers should also be consulted on monitoring
requirements and mechanisms for public reporting of system performance.

Decisions and agreed levels of service should be based primarily on estimates of risk and cost, together
with local knowledge of the source water (including the degree of catchment protection), treatment
processes employed, history of the distribution system and the management of water quality. Consumer
needs and expectations will influence the extent to which each community will adopt guideline values.
For example, one community may choose to tolerate aesthetic problems, while another may choose to
pay for treatment to bring water quality within commonly accepted limits.

Decisions about drinking water quality cannot be taken in isolation from other aspects of water supply
that compete for limited financial resources. Two major decisions to be made are the levels of service to
be provided, and the timeframe within which those levels can be achieved. Priorities will depend on the
impact of water quality improvements on public health and on aesthetic considerations (taste, colour and
odour). Public health should take a higher priority than aesthetics.

Assessing what is required for effective community involvement can be a complex task, depending on
the issues and the community involved. Developing a community consultation strategy entails:

. defining the scope of the issue and the potential links with wider issues or problems. This will
provide an indication of the extent of consultation or education required,

* identifying specific interest and stakeholder groups that may be affected, and their needs, existing
level of knowledge and attitudes on the issues. All groups should be able to participate in the
consultation process irrespective of barriers of language, distance, technical knowledge or lack of
resources;

. presenting factual information to the community, consumers and groups in a form that is accessible,
understandable and suitable as a basis for informed discussion;

*  providing adequate time for consultation. The community should understand and agree to the
process proposed for the consultation;

*  identifying or developing measures to evaluate the effectiveness of the community consultation
process.

Community consultation might include:

*  briefings targeted to specific groups with interests or responsibilities;

*  workshops or seminars on key issues or for special groups;

*  focus groups and market research or surveys to determine community views, knowledge and
attitudes;

e customer councils or customer panels;
e informative media programs targeting print media, radio and television;

e community education or information exchange programs;
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*  school programs;
. preparation of technical issues papers;
. media advertising of activities and available papers;

. public hearings for major and controversial initiatives.

Communications and community involvement should be considered when setting up a community
consultation process or when working with, or seeking advice from, professionals in the areas of survey
research. Records should be kept of all community consultation.

382 COMMUNICATION

Summary of actions

*  Develop an active two-way communication program to inform consumers and promote
awareness of drinking water quality issues.

Effective communication to increase community awareness and knowledge of drinking water quality
issues and the various areas of responsibility is essential. Communication helps consumers to understand
and contribute to decisions about the service provided by a drinking water supplier or land-use
constraints imposed in catchment areas. A thorough understanding of the diversity of views held by
individuals in the community is necessary to satisfy community expectations.

Effective communication is particularly important in the event of an incident or emergency
(see Section 3.6).

A coordinated consumer information program should include:

e discussion of issues on drinking water quality, public health and risk assessment, cost of treatment,
and levels of service;

. details of the water supply system and the drinking water quality management system;

. incident and emergency response plans, including procedures for notification when drinking water
quality poses a health risk;

*  consumer responsibilities beyond the meter and how drinking water quality may be affected in
household distribution and use (e.g. use of suitable plumbing materials, point-of-use treatment
devices, prevention of backflow);

. the need for further treatment of water for special purposes (e.g. renal dialysis, some industrial uses);

. the role and responsibility of the community in protecting water supply catchments and
water conservation;

*  commercial and industrial consumer responsibilities beyond the meter (e.g. the responsibility for
design, maintenance, education of managers, and development of codes of practice that include
reporting procedures in the event of contamination in large buildings).

Although a drinking water supplier is generally responsible only for delivery of water to the consumer’s
meter, consumers should be informed about how drinking water quality may be affected in household
distribution and use.

Procedures should be established for disseminating information to promote awareness of drinking water
quality issues to the community. Possible methods include annual or other periodic water quality reports,
newsletters, notices in bills, workshops, seminars or briefings, media programs targeting radio and
television, websites, treatment plant tours, catchment signage and school education programs.

Additionally, mechanisms such as a service line or complaint handling system should be established to
provide opportunities for consumers to communicate their needs and expectations.
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3.9 Research and development (element 9)

Components: Investigative studies and research monitoring
Validation of processes

Design of equipment

A corporate commitment to conduct and participate in research and development activities on drinking
water quality issues is important. Such a commitment helps to ensure continual improvement and the
ongoing capability to meet drinking water quality requirements.

Applied research and development may be directed towards:
*  increasing the understanding of a water supply system and potential hazards;

. investigating improvements, new processes, emerging water quality issues and new
analytical methods;

*  validation of operational effectiveness of new products and processes;

*  increasing the understanding of the relationship between public health outcomes and water quality.

Research at a local level increases understanding of the specific characteristics of individual water

supply systems. Local research could include, for example, detailed analysis of temporal and spatial
variations in source water quality parameters. Research and development activities should also investigate
mechanisms to improve and optimise plant performance, evaluate treatment processes (including

the validation of critical limits and target criteria) and design new equipment. These activities should

be carried out under controlled conditions by qualified staff, and all protocols and results should be
documented and recorded.

Additionally, participation in research and development activities through partnerships and industry-wide
cooperation can be a cost-effective way to address broader issues associated with water quality and
treatment, including the development and evaluation of new technologies. Box 3.7 describes an example
of a research activity. Opportunities for collaboration and initiation of joint research and development
projects should be identified. Partnership organisations may include health and environment agencies,
industry associations, other drinking water suppliers, university departments, cooperative research centres
and community groups.
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Box 3.7 The Melbourne water quality study

The Melbourne water quality study is an example of a large-scale, high-quality research study made possible through the
collaboration of several organisations. The study was carried out by university researchers with the involvement of four water
utilities, and was funded jointly by the water industry and the health regulator.

The study investigated the effect of microbial water quality on rates of community gastroenteritis in Melbourne by measuring
the difference in the levels of iliness among two population groups, each comprising approximately 300 households. One group
consumed normal tap water and the other consumed water that was filtered and disinfected with ultraviolet radiation.

The principal aim of the study was to determine whether additional treatment of drinking water was necessary for an area
served by a disinfected but unfiltered water supply drawn from protected catchments. The study used stringent epidemiological
methodology and found no measurable difference in illness rates between the normal tap water group and the filtered

water group, thus demonstrating that Melbourne’s unfiltered drinking water does not make a significant contribution to
gastroenteritis rates.

This groundbreaking project successfully addressed a water quality issue of international importance by shifting the focus from
testing the microbial quality of drinking water to studying the health effects of drinking water: The study was a major undertaking

but was completed for less than | per cent of the cost of building a water treatment plant.

Information from this research will enable better informed decisions about the management of Melbourne’s water. Furthermore,
the study has established a new methodology to assess the health effects of drinking water quality that is being employed in other

cities to answer similar questions for different types of water supplies.

Source: Hellard et al. (2001)

3.9.1  INVESTIGATIVE STUDIES AND RESEARCH MONITORING

Summary of actions

e Establish programs to increase understanding of the water supply system.

* Use information to improve management of the water supply system.

Investigative studies and research monitoring include strategic programs designed to increase
understanding of a water supply system, to identify and characterise potential hazards, and to fill gaps in
knowledge. Improved understanding of the factors affecting water quality characteristics allows suppliers
to anticipate periods of poor water quality and respond to them effectively.

Examples could include:

. baseline monitoring of parameters or contaminants or testing of potential new water sources to
identify water quality problems;

. source water monitoring to understand the temporal and spatial variability of water quality
parameters;

e developing early warning systems to improve the management of poor water quality;

e event-based monitoring to determine the magnitude of impacts (duration and maximum
concentrations);

e examining mixing effects within a water storage;

*  evaluating characteristics of an aquifer through pumping tests and analyses;

*  studying the movement of water within reservoirs to determine short-circuiting effects;

*  examining backwash return water and its effect in increasing microorganism load.

In addition, monitoring could provide input into predictive modelling of source water quality or assist in
the selection of management and treatment approaches.
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Careful consideration should be given to the selection of water quality characteristics to be analysed, use
of statistical techniques, collection of samples (frequency and location), use of appropriate sampling and
testing procedures, evaluation and management of results (see Information Sheets 2.1 to 3.5).

Tracing the cause of taste and odour problems often initiates investigations. Box 3.8 illustrates one such
investigation and highlights the importance of investigative studies in assisting with evaluating risk to
public health.

Box 3.8 Cyanotoxin investigation in South Australia

In April 2000, water quality problems were experienced at the Upper Paskeville Reservoir, a key water supply facility to the Yorke
Peninsula in South Australia. Complaints of poor tastes and odours in the drinking water supplied to consumers were investigated.
The problem was traced to the presence of high concentrations of 2-methyl isoborneol produced by the blue-green benthic
cyanobacterium Phormidium, which was found in the reservoir entangled in strands of a submerged aquatic plant, water milfoil.

In view of the taste and odour complaints, Paskeville Reservoir was taken out of service. At the time, existing knowledge of
Phormidium toxicity suggested that there would be no health concerns to the consumers of the Yorke Peninsula, but scientists at
the Australian Water Quality Centre recommended that toxicity tests of cyanobacterial material be carried out as a precaution.
The material was found to be toxic.

Following these results, the South Australian Department of Human Services issued advice that, due to the potential health risk,
people should not use the mains water for drinking or cooking. Temporary supplies of bottled water were distributed to Yorke
Peninsula communities by South Australia VWater: Hospitals, nursing homes, caravan parks, food businesses and the like were
notified individually and in some cases provided with carted water: The state primary industries department advised that the
mains supply should not be used for stock water.

Subsequent testing confirmed that chlorination and boiling inactivated the toxin. On this basis the public was advised that the
water could be used after boiling, and the strategy for cleaning the supply was changed from flushing to a mixture of chlorination
and flushing. Chloramination, which is normally used to disinfect the supply, did not inactivate the toxin.

In addition to extending monitoring in similar storages in South Australia to determine the presence of Phormidium in benthic
cyanobacterial growths, research is being undertaken to characterise the toxin further. Results so far have shown that the toxic
effect is associated with cell-bound material and that the toxin is only sparingly soluble, thereby reducing its potential risk to

human health.

Source: Baker et al. (2001)

3.9.2 VALIDATION OF PROCESSES

Summary of actions

* Validate processes and procedures to ensure that they are effective in controlling hazards.

e Revalidate processes periodically or when variations in conditions occur.

Validation involves evaluating the scientific and technical information that is available on processes and
then, where necessary, undertaking further investigations, in order to validate system-specific operational
procedures, critical limits and target criteria. The aim of process validation is to ensure effective operation
and control. Historical data and operational experience can also be useful sources of information.

Processes should be revalidated on a regular basis or when variations occur (e.g. seasonally). Any new
processes should be tested using benchtop, pilot-scale or full-scale experimental studies to confirm that
the process and operational criteria produce the required results under the conditions specific to the
individual water supply system.

Section 9.8 provides more information on validation of processes.
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3.9.3 DESIGN OF EQUIPMENT

Summary of actions

e Validate the selection and design of new equipment and infrastructure to ensure
continuing reliability.

Research and development should be undertaken to validate the selection and design of new equipment
and infrastructure, or to confirm design changes necessary to improve plant performance and control
systems. New technologies require pilot-scale research and evaluation before full-scale implementation.
Design specifications should be established to ensure that new equipment will be able to meet the
intended requirements and provide necessary process flexibility and controllability (see Section 3.4.4).

Other considerations for ensuring the reliability of water treatment systems include designing equipment
and facilities to withstand natural disasters (e.g. earthquakes and flooding) and providing backup systems
for emergency use (e.g. alternative power generation). Consideration of these factors during the design
phase will reduce the risk that equipment failures will cause major disruptions in service.

3.10 Documentation and reporting (element 10)

Components: Management of documentation and records

Reporting

Appropriate documentation provides the foundation for the establishment and maintenance of effective
drinking water quality management systems. Documentation should:

. demonstrate that a systematic approach is established and is implemented effectively;

. develop and protect the organisation’s knowledge base;

. provide an accountability mechanism and tool;

e facilitate review and audits by providing written evidence of the system;

. establish due diligence and credibility.

Documentation provides a basis for effective communication within the organisation as well as with
the community and various stakeholders. A system of regular reporting, both internal and external, is

important to ensure that the relevant people receive the information needed to make informed decisions
about the management or regulation of drinking water quality.

3.10. MANAGEMENT OF DOCUMENTATION AND RECORDS

Summary of actions

*  Document information pertinent to all aspects of drinking water quality management.
*  Develop a document control system to ensure current versions are in use.
e Establish a records management system and ensure that employees are trained to fill out records.

* Periodically review documentation and revise as necessary.
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Documentation pertinent to all aspects of drinking water quality management is required. Documents
should describe activities that are undertaken and how procedures are performed. They should also
include detailed information on:

. preventive measures;

e critical control points, including specific operational procedures and criteria, monitoring and
corrective actions;

* incident and emergency response plans;

. training programs;

. procedures for evaluating results and reporting;

. communication protocols.

Documentation should be visible and readily available to employees. Mechanisms should be established
to ensure that employees read, understand and adhere to the documents.

Operation of systems and processes leads to the generation of large amounts of data that need to
be recorded. Efficient record keeping is an essential tool for indicating and forewarning of potential
problems, and providing evidence that the system is operating effectively.

Activities that generate records include:

. operational and drinking water quality monitoring;

. corrective actions;

. incident and emergency responses;

° training;

e research and development;

e assessment of the water supply system (flow diagrams, potential hazards etc);

*  community consultation;

e performance evaluations, audits and reviews.

Documentation and records systems should be kept as simple and focused as possible. The level of detail
in the documentation of procedures should be sufficient to provide assurance of operational control

when coupled with a suitably qualified and competent operator. Retention of corporate memory should
also be considered in documentation of procedures.

Mechanisms should be established to review documents periodically and, where necessary, to revise
them to reflect changing circumstances. Documents should be assembled in a way that will allow any
necessary modifications to be made easily. A document control system should be developed to ensure
that current versions are in use and obsolete documents are discarded.

Records of all activities pertaining to the performance of drinking water quality management should

be stored so that they can be easily accessed and reviewed. Storage should provide protection against
damage, deterioration or loss. A system should be in place to ensure that employees are properly trained
to fill out records, and that records are regularly reviewed by a supervisor, signed and dated.

Documents and records can be stored in a variety of forms, such as written documents, electronic files
and databases, video and audiotapes, and visual specifications (flow charts, posters etc). Computer-based
documentation should be considered to allow for faster and easier access as well as to facilitate updating.
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3.10.2 REPORTING

Summary of actions

e Establish procedures for effective internal and external reporting.

e  Produce an annual report to be made available to consumers, regulatory authorities
and stakeholders.

Reporting includes the internal and external reporting of activities pertinent to drinking water
quality management.

Internal reporting supports effective decision making at the various levels of the organisation, including
operations staff and management, senior executive and the board of directors. It also provides a way to
communicate information on decisions to employees throughout the organisation.

Internal reporting requirements should be defined and a system developed for communication between
the various levels and functions of the organisation. Documented procedures (including definition of
responsibilities and authorities) should be established for regular reporting (daily, weekly, monthly eto).
These reports should include summaries of monitoring data, performance evaluation and significant
operational problems that occurred during the reporting period. Results from audit and management
reviews should also be communicated to those within the organisation responsible for performance.

External reporting ensures that drinking water quality management is open and transparent. It includes
reporting to regulatory bodies, consumers and other stakeholders in accordance with requirements.
External reporting requirements should be established in consultation with consumers and the relevant
regulatory authorities; procedures for information dissemination should also be developed.

Agreement should be reached with health and other relevant regulators on requirements for:
e regular reports summarising performance and water quality data;

e event reports on significant system failures that may pose a health risk or adversely affect water
quality for an extended period (see Section 3.6.2).

Reports should be provided to regulatory authorities on incidents defined in agreed incident and
emergency response protocols. If necessary, the health authority can then ensure that public health
concerns are reported to the community.

An annual report should be produced and made available to consumers, regulatory authorities and
stakeholders. The annual report should:

. summarise drinking water quality performance over the preceding year against numerical guideline
values, regulatory requirements or agreed levels of service, and identify water quality trends and
problems;

*  summarise any system failures and the action taken to resolve them;

*  specify to whom the drinking water supplier is accountable, statutory or legislative requirements,
and minimum reporting requirements;

. indicate whether monitoring was carried out in accordance with the principles of risk management

set out in the Australian Drinking Water Guidelines, standards set by the regulator and any
requirements contained in agreed levels of service.

Annual reports should contain sufficient information to enable individuals or groups to make informed
judgments about the quality of drinking water and provide a basis for discussions about the priorities
that will be given to improving drinking water quality. The annual report represents an opportunity to
canvass feedback, and it should therefore encourage consumers and stakeholders to provide comment.
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3.11 Evaluation and audit (element 11)

Components: Long-term evaluation of results

Audit of drinking water quality management

Long-term evaluation of drinking water quality results and audit of drinking water quality management
are required to determine whether preventive strategies are effective and whether they are being
implemented appropriately. These reviews enable performance to be measured against objectives and
help to identify opportunities for improvement.

3.11.  LONG-TERM EVALUATION OF RESULTS

Summary of actions

e Collect and evaluate long-term data to assess performance and identify problems.

* Document and report results.

The systematic review of monitoring results over an extended period (typically the preceding 12 months
or longer) is needed to:

e assess overall performance against numerical guideline values, microbial health-based targets,
regulatory requirements or agreed levels of service

*  identify emerging problems and trends
. assist in determining priorities for improving drinking water quality.

There will inevitably be occasions of non-conformance with operational criteria or numerical guideline
values. Each event will need to be assessed and responses determined.

Mechanisms for evaluation of results should be documented, with responsibilities, accountabilities and
reporting requirements defined. Useful tools to enhance the interpretation of data sets include statistical
evaluation of results and graphs or trend charts using a ‘control chart’ format (see Information Sheets 3.1
to 3.4).

Evaluation of results should be reported internally to senior executive, and externally to consumers,
stakeholders and regulatory authorities in accordance with established requirements (see Section 3.10.2).
Providing assurance that data are reviewed regularly and that improvements are made in response to
identified problems will contribute to consumer confidence.

Section 10.3 provides further guidance on assessing long-term system performance.

3.11.2  AUDIT OF DRINKING WATER QUALITY MANAGEMENT

Summary of actions

e Establish processes for internal and external audits.

e Document and communicate audit results.

Auditing is the systematic evaluation of activities and processes to confirm that objectives are being met.
It includes assessment of the implementation and capability of management systems. Auditing provides
valuable information on those aspects of the system that are effective, as well as identifying opportunities
to improve poor operational practices.
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Periodic auditing of all aspects of the drinking water quality management system is needed to confirm
that activities are being carried out in accordance with defined requirements and are producing the
required outcomes.

Internal audits are important for maintaining a functional drinking water quality management system
and for identifying areas for improvement. Internal audits will involve trained staff and should include a
review of the management system and associated operational procedures, monitoring programs, and the
records generated. The aim is to ensure that the system is being implemented correctly and is effective.

The frequency and schedule of audits should be defined, as should the responsibilities, requirements,
procedures and reporting mechanisms. The audit process can take place over time but it should be
comprehensive.

Drinking water agencies should consider mechanisms for establishing external auditing. Such auditing
can be useful in establishing credibility and maintaining consumer confidence. External auditing could be
achieved by peer review or be undertaken by an independent third party. External audits should focus
on confirming implementation and results of internal audits.

External audits could be conducted on:

*  the management system;

e operational activities;

e drinking water quality performance;

*  the effectiveness of incident and emergency response or other specific aspects of drinking water

quality management.

Audit results should be documented and communicated to management and personnel responsible for
the department or function being audited. Results of audits should also be considered as part of the
review by senior executive (see next section).

Section 10.3 provides additional information on review and continual improvement.

3.12 Review and continual improvement (element 12)

Components: Review by senior executive

Drinking water quality management improvement plan

Senior executive support, commitment and ongoing involvement are essential to the continual
improvement of the organisation’s activities relating to drinking water quality. Senior executive should
regularly review its approach to drinking water quality management, develop action plans, and commit
the resources necessary to improve operational processes and overall drinking water quality performance.

3.12.1 REVIEW BY SENIOR EXECUTIVE

Summary of actions

* Senior executive review of the effectiveness of the management system.

e Evaluate the need for change.

In order to ensure continual improvement, the highest levels of the organisation should maintain
oversight of the effectiveness of the drinking water quality management system and evaluate needs
for change.
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Senior executive should review reports from audits, drinking water quality performance and previous
management reviews. The review should also consider concerns of consumers, regulators and other
stakeholders, and evaluate the suitability of the drinking water quality policy, objectives and preventive
strategies in relation to changing internal and external conditions such as:

*  changes to legislation, expectations and requirements;

*  changes in the activities of the organisation;

. advances in science and technology;

*  outcomes of drinking water quality incidents and emergencies;

. reporting and communication.

The review by senior executive should be documented.
3.12.2 DRINKING WATER QUALITY MANAGEMENT IMPROVEMENT PLAN

Summary of actions

*  Develop a drinking water quality management improvement plan.

* Ensure that the plan is communicated and implemented, and that improvements are monitored
for effectiveness.

An improvement plan should be developed to address identified needs for full implementation of the
drinking water quality management system. The improvement plan should be endorsed by senior
executive. Improvement plans may encompass a wide range of issues such as:

. capital works;

. training;

. enhanced operational procedures;
e consultation programs;

. research and development;

* incident protocols;

. communication and reporting.

Improvement plans can include short-term (e.g. one year) or long-term programs. Short-term
improvements might include actions such as enhanced mains flushing programs, increased staffing, and
the development of community awareness programs. Long-term capital works projects could include
covering of water storages or enhanced coagulation and filtration.

Improvement plans should include objectives, actions to be taken, accountability, timelines and
reporting. They should be communicated throughout the organisation and to the community, regulators
and other agencies.

Implementation of improvement plans will often have significant budgetary implications and therefore
may require detailed cost—benefit analysis and careful prioritisation in accord with the outcomes of
risk assessment (see Section 3.2.3). Implementation of plans should be monitored to confirm that
improvements have been made and are effective.
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Chapter 4 Framework for the Management of Drinking Water
Quality: application to small water supplies

4.1 Introduction

For the purposes of this document, small water supplies are those serving fewer than 1000 people; they
include supplies to facilities such as caravan parks, school camps, tourist attractions, roadhouses, and
individual household supplies. The sources of these supplies can include groundwater, surface water
and rainwater.

For small supplies, it may not be economically feasible or practical to carry out all the recommendations
of the Australian Drinking Water Guidelines however, there is a range of basic measures that can be
implemented to provide reasonable assurance of safety. This chapter provides guidance on methods that
are suited to small communities and that should give an adequate degree of confidence that safe water is
being supplied.

4.2 Applying the Framework

The Guidelines provide a Framework for management of drinking water quality based on a preventive,
risk management approach; Chapter 2 gives an overview of the Framework, and Chapter 3 details its 12
elements. Those responsible for small water supplies should adhere to this approach as far as possible;
however, it may not be practical or necessary to implement all aspects of the Framework. One of the
major difficulties for small communities, particularly those in remote areas, is the implementation of
regular monitoring programs (both in terms of cost and the practicalities of transporting samples to
testing laboratories). The advantage of the Framework is that it places emphasis on a preventive approach
to managing water quality, with less reliance on water testing.

The principal risk to human health from drinking water is the presence of pathogenic microorganisms.
Thus, to ensure safe water, the focus in small supplies should be on regular inspection of the system to
check for any direct or potential sources of contamination, and on the use of a clean and unpolluted
water source. The following sections explain how these requirements for small water supplies can be
achieved in the context of the Framework.

42.1  ASSESSMENT OF THE DRINKING WATER SUPPLY

Analysis of the water supply system, identification of potential hazards and risk assessment (described
in detail in Section 3.2) are essential for good management of all supplies.

In the case of small supplies, initial steps would be to develop a simple flow diagram of the main
features of the system (water sources, treatment or disinfection, service tanks and major piping) and

to determine basic water quality characteristics. If groundwater is the source of supply, then chemical
and microbial quality should be assessed as a priority. In some parts of Australia, concentrations of
naturally occurring elements such as arsenic, fluoride and uranium, or nitrates from agricultural land uses,
may exceed safe levels.

The water system should be inspected to identify likely sources of hazards. The greatest sources of
microbial hazards are human and livestock wastes, and water systems should be inspected to determine
the likelihood that this type of contamination will affect water quality. The discharge of septic waste
and access of livestock to watercourses, or the proximity of either to supply bores, are likely sources

of contamination.
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Potential sources of hazards for water supplies can include:

e septic waste from on-site or communal wastewater systems

. human wastes from tourists, campers and others having access to water catchments
. animal faeces or dumped animal carcases

. effluent from factories, milking sheds and urban stormwater drains (which may contain partially
treated sullage and toilet wastes)

e  leakage or seepage from rubbish tips and landfill sites
e agricultural pesticides and fertilisers

e naturally occurring elements

*  mining industry wastes.

Risk assessment, described in detail in Section 3.2.3, involves estimating the likelihood that a hazard
will occur and the consequences if it does. The aim is to distinguish between high and low risks so
that attention and resources can be directed towards those hazards that are most threatening. The risks
associated with all hazards identified for a small water supply system should be assessed.

422 PREVENTIVE MEASURES FOR DRINKING WATER QUALITY MANAGEMENT

Where there are hazards that represent high risks, preventive measures (described in detail in Section 3.3)
will be required to remove the hazard or to reduce it to an acceptable level. The effectiveness of existing
measures should be assessed, but if these are not sufficient, alternative measures will need to be identified.
As with all systems, assessment of preventive measures should include consideration of the important
principle of the multiple barrier approach. The types of barriers and the preventive measures required will
depend on the characteristics of the source water and the associated catchment.

Groundwater

In most cases, contamination of groundwater supplies can be prevented by a combination of simple
measures to ensure all possible pathways for pathogen contamination are ruled out. Groundwater in
confined or deep aquifers will generally be free of pathogenic microorganisms and, providing the water is
protected during transport from the aquifer to consumers, microbial quality should be assured. The local
vicinity of the borehead should be protected from livestock access, and buffer zones should be established
between the bore and disposal or discharge of septic wastes. Bores should be encased to a reasonable
depth and boreheads should be sealed to prevent ingress of surface water or shallow groundwater.

Once the groundwater is pumped out of the aquifer, protection can be achieved by delivering the water
through enclosed water systems. Storage tanks should be roofed, pipelines should be intact and cross-
connections should be protected by the installation of backflow prevention devices.

Rainwater

Rainwater systems, particularly those involving storage in above-ground tanks, generally provide a safe
supply of water. The principal sources of contamination are birds, small animals and debris collected

on roofs. The impact of these sources can be minimised by a few simple measures: guttering should be
cleared regularly; overhanging branches should be kept to a minimum, because they can be a source

of debris and can increase access to roof catchment areas by birds and small animals; and inlet pipes

to tanks should include leaf litter strainers. First-flush diverters, which prevent the initial roof-cleaning
wash of water (20-25 L) from entering tanks, are recommended. If first flush diverters are not available, a
detachable downpipe can be used to provide the same result.

Further information on rainwater tanks is provided in Guidance on the use of rainwater tanks
(enHealth 2010).
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Surface water

Assurance of quality from surface water sources is more difficult than from most groundwater or
rainwater systems. In general, surface waters will require at least disinfection, and in some cases
filtration, to assure microbial safety. However, as for groundwater systems, the first barrier is to prevent
contamination at source by minimising contamination from human waste, livestock and other hazards
as discussed above. The greater the degree of protection of the water source, the less the reliance on
treatment and disinfection. After treatment or disinfection, water should be protected during delivery to
consumers in the same manner as groundwater, by ensuring that distribution systems are enclosed.

423 IMPLEMENTATION OF OPERATIONAL PROCEDURES AND PROCESS CONTROL

Section 3.4 provides a detailed description of the implementation of operational processes and
process control.

Operational procedures

Operational procedures should be developed and clearly documented. The procedures should provide
clear protocols for activities and processes such as:

. regular inspections of raw water sources and storages for sources of contamination (animals, birds,
drainage inflows);

*  checking the integrity of groundwater bores and protection of bores from surface contamination;

e inspection and cleaning of rainwater catchments and tanks;

* inspection and maintenance of all equipment and plant.

Operational monitoring

Operational monitoring includes both regular inspections and testing. In small and remote systems,
greater attention should be given to inspections of systems, to check that the preventive measures used to
protect water supplies (e.g. denying livestock access, keeping out human waste) are functioning.

The frequency of sanitary inspections of a catchment will depend on the characteristics of each site,

the source of raw water, the time the water remains in storage (allowing natural die-off of pathogens to
occur), and the subsequent treatment that is provided. As well as regular inspections in the immediate
vicinity of the off-take site, every catchment where there is habitation or free public access should be
comprehensively inspected at least once a year for potential sources of pollution. Wherever possible,
measurements should be undertaken at the site. Test kits are available for a range of parameters,
including disinfectant residuals and pH. In some cases, online monitoring might be used; for example, the
operation of pumps and disinfection equipment can be monitored using 24-hour telemetry systems that
include remote alarms.

Where catchments and supplies are beyond the water supplier’s jurisdiction, exchange of information and
collaborative assessment of the quality of source waters is advocated.

Corrective action

Where problems occur, corrective action should be taken as quickly as possible. Potential impacts on
water quality will need to be assessed and, where necessary, discussed with the local health authority.

If health risks are considered unacceptable, responses could include using an alternative source of water
(if available), or issuing advice to the public to either to boil water before consumption (in the case of
microbial contamination) or avoid use (in the case of chemical contamination). In the latter case, an
alternative water supply will be needed.
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Equipment capability and maintenance

The equipment and plant incorporated in the water supply system should be maintained in good
condition. In particular, equipment used in water treatment (e.g. for disinfection or microfiltration) should
be inspected regularly and should be adequately maintained.

Materials and chemicals

Materials and chemicals used in water systems should be suitable for use with drinking water. Chemicals
such as disinfectants and coagulants should be evaluated for suitability. Where expertise is limited, small
communities are encouraged to seek advice from larger suppliers, or state/territory or local governments.
All materials should comply with Australian Standard AS/NZS 4020 Products for use in contact with
drinking water.

424 VERIFICATION OF DRINKING WATER QUALITY

Verification of drinking water quality is described in detail in Section 3.5. Testing of water in small and
remote supplies can present both economic and logistic difficulties, particularly for microbial samples

that need to be transported to testing laboratories within 12-24 hours of collection. Application of the

Framework decreases reliance on drinking water quality testing; however, testing is still important as

a means of verifying that, overall, the barriers and preventive measures implemented to protect public
health are working effectively.

Small systems should be monitored on the basis that it is more effective to test for a narrow range of
characteristics as frequently as possible than to analyse comprehensively less often.

Microbial quality is the most important factor in determining the ongoing safety of water supplies for
human consumption. Therefore, wherever possible, a regular testing program should be instituted for
the indicator E. coli. As stated in Chapters 9 and 10, a minimum of one microbial sample per week is
generally recommended; however, in small systems this is not always practical. Where sampling is less
frequent than recommended, sanitary inspections should be more frequent, to provide assurance on the
integrity and normal operation of the system.

In systems where disinfection is used, evidence of continuous operation is very important in providing
assurance of microbial quality. Disinfection is very effective against bacterial pathogens but less so against
viruses and enteric protozoa (e.g. Giardia and Cryptosporidium). The presence of viruses and protozoa
can be minimised by protecting water supplies from human and livestock waste.

If chlorination is used, the presence of a free chlorine residual in the distribution system provides
evidence of initial disinfection and protection against recontamination from backflow, pipeline breaks or
other causes. The amount of chlorine required varies with the flow rate, the quality of the raw water and
other factors. Generally, a free chlorine residual of between 0.2 and 0.5 mg/L is adequate.

* At least daily testing of chlorine residuals should be carried out to check the effectiveness of
the disinfection system. This can be done using a simple diethyl-phenylenediamine (DPD)
colour comparator.
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4.3 Individual household supplies

For an individual household supply, the emphasis should be on selecting the best quality source

water available, and on protecting its quality by the use of barrier systems and maintenance programs.
Whatever the source (ground, surface or rainwater tanks), householders should assure themselves that
the water is safe to drink. Generally, surface water or shallow groundwater should not be used as a
source of drinking water without treatment. Information on the quality of surface and groundwater may
be available from state or local governments, which may monitor the particular source water as part of a
water monitoring program. Alternatively, an individual household should consider having the water tested
for any key health characteristics identified as being of local concern. Where the raw water quality does
not meet the Guidelines, a point-of-use device may be useful.

The quality of water from rainwater tanks can be affected by roofing and tank materials, paints,
atmospheric contaminants, leaves, dust, and animal and bird droppings. However, providing that the
system is reasonably well maintained, rainwater can generally provide a safe supply of drinking water.
Further information on rainwater tanks is provided in Guidance on the use of rainwater tanks (enHealth
2010), and brochures and other material are provided by state and local government authorities.

4.4 Reference

enHealth Council (2010). Guidance on use of rainwater tanks. Environmental Health Standing Committee,
Commonwealth of Australia, Canberra. Available at https://www1.health.gov.au/internet/main/publishing.
nsf/Content/ohp-enhealth-raintank-cnt.htm
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5.1 Introduction

This chapter discusses the microbial characteristics of drinking water and provides quantitative
health-based targets for assessing microbial risk. It describes the health risks from disease causing
microorganisms (pathogens) and toxic cyanobacteria that may be found in drinking water.

The important concepts relating to assessing microbial risk are set out in Section 5.3. The principles and
approach for assessing the contamination of source waters and management of those risks are set out
in Sections 5.4, 5.5 and 5.6. Adoption of these concepts should be integrated through the 12 Element
Framework for Managing Drinking Water Quality outlined in Chapter 3 (see Box 5.1).

Box 5.1 Integrating health-based targets into the Framework for Managing Drinking Water Quality (Chapter 3)

Health-based targets provide a quantitative measure of the microbial safety of drinking water. The Australian Drinking Water

Guidelines (the Guidelines) promote preventive risk-based management of drinking water quality from source to consumer with

the Framework for Managing Drinking Water Quality (Chapter 3). Health-based targets provide an assessment of enteric pathogen

risks in the source water and inform appropriate risk management measures (barriers). These assessment and preventive measures

support Elements 2 and 3 of the Framework.

It is expected that implementing health-based targets into drinking water management, particularly for small water suppliers,

will take time. Health-based targets are not a pass/fail metric, instead they provide the basis for assessing the level of treatment

required to manage source water microbial risks. Shortfalls in achieving the required treatment targets (expressed as log,

reduction values or LRVs) to manage source water pathogen risks should be used to prioritise improvements (see Section 5.4.3

Management of Risk from Enteric Pathogens: Microbial Safety and the Water Safety Continuum).

Focus should be maintained on selecting the best quality source water, catchment protection, multiple barriers and management

of critical control points. The introduction of health-based targets should not take focus away from the guiding principles of the

Guidelines (see Section |.1) and implementing all 12 Elements of the Framework for Management of Drinking Water Quality.

The introduction of health-based targets must not be used as a licence to degrade source water quality.

This chapter addresses the overarching scientific principles and concepts. A detailed guide for practical implementation is beyond

the scope of the Guidelines. Further practical details can be found in the following suggested industry implementation documents,

noting that there might be some costs associated with accessing these:

*  Deere and Mosse (2016) Water Industry Operators Association of Australia: Practical guide to the operation and optimisation
of distribution systems, 3 ed.

*  Water Research Australia (WaterRA 2015) Good practice guide to the operation of drinking water supply systems for the
management of microbial risk.

*  Water Research Australia (WaterRA 2021), Good practice guide to sanitary surveys and operational monitoring to support the

assessment and management of drinking water catchments.
*  Water Services Association Australia (WSAA 2015) Manual for the application of health-based targets for drinking water safety.
*  World Health Organization (WHO) (WHO 2016) Protecting surface water for health. Identifying, assessing and managing

drinking-water quality risks in surface-water catchments.

“Nuisance organisms” that may affect the taste, odour or appearance of water, but do not cause disease
(non-pathogenic), are discussed in Section 5.7. Quantitative targets are not included for nuisance
microorganisms, but the fact sheet on Taste and Odour in Part V provides guidance on their detection
and treatment.

The supply of safe drinking water involves the use of multiple barriers to prevent the entry and
transmission of pathogens (see Section 1.1 Guiding principles). The effectiveness of these barriers should
be monitored by a program based on operational characteristics (critical control points) and testing for
microbial indicators (see Sections 3.4 and 3.5). Advice on monitoring to confirm effectiveness of the
preventive measures and barriers to microbial contamination is outlined in Part III (Chapters 9 and 10).
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5.2 Microorganisms in drinking water

Microorganisms that may be present in drinking water are grouped into the following five categories:

Bacteria: are single cell microorganisms. Bacteria harmful to human health such as
Campylobacter and Salmonella are generally unable to replicate in raw and treated drinking water.
Non-pathogenic bacteria may produce “endotoxins” that can trigger symptoms in susceptible
people if ingested, inhaled or in contact with the skin at sufficient concentrations. The reference
pathogen used for bacteria in these Guidelines is Campylobacter.

Viruses: are made up of a core of nucleic acid (RNA or DNA) surrounded by a protein coat,
and in some cases a lipoprotein envelope, that helps the viruses to attach to and enter host cells
so they can replicate. Although they cannot reproduce without the host cell, they can survive

in the environment for extended periods of time. No single virus satisfies all requirements of a
reference pathogen. As a result, the reference virus included in the Guidelines is derived from

a combination of different virus characteristics (Regli et al. 1991) including occurrence data for
adenovirus and dose-response data for norovirus. Further information on the reference virus is
provided in Appendix A3.5.

Protozoa: are single cell microorganisms that may cause adverse health effects and can live as
parasites in the guts of humans and other mammals. These may form persistent cysts or oocysts
that are resistant to environmental stress and are unable to grow in the environment. They may
also exist as free-living organisms that may cause serious disease in humans (e.g. Naegleria
Jfowleri). The reference pathogen used for protozoa in these Guidelines is Cryptosporidivm.

Helminths: are invertebrates that can be transmitted via water as microscopic eggs.

While transmission by drinking water is plausible, other routes of infection are typically more
common (WHO 2017). The major helminth (worm) parasites of humans listed by the WHO

as being transmitted by water are Dracunculus (WHO 2011a) but they are not endemic in
Australia. Due to the relatively large physical size of helminth eggs, the management of protozoan
pathogens would also manage helminths. For this reason, protozoa are used as a surrogate
reference pathogen for helminths. There is no specific consideration of helminths in drinking
water in the Australian context.

Fungi: include organisms such as single-celled yeasts and multi-cellular filamentous fungi.

Many fungal species can survive in low nutrient (oligotrophic) environments, through scavenging
nutrients from the substrate which they colonise, or the air or water in which they live
(heterotrophic). The occurrence and health implications of fungi in drinking water systems have
been reviewed in the United Kingdom (De Toni and Reilly 2011). Relatively few studies have
investigated the fungi found in treated drinking water and this topic remains poorly understood.

Many of the fungal species that have been isolated from treated drinking water include
potentially pathogenic strains. However, generally the highest risk from fungi is through airborne
transmission to immunocompromised individuals. While healthy individuals may suffer from
superficial or localised fungal infections, there is little evidence that drinking water is a significant
source of infection (De Toni and Reilly 2011). Chemicals produced by fungi (growing in water
distribution and plumbing systems) may change the taste and odour of drinking water, but do not
necessarily pose a health risk. Fungi are not considered a significant health risk in drinking water.
There is no reference pathogen for fungi in drinking water.

Pathogens can be shed from infected hosts via excreted faeces and vomit in very large numbers,
often billions per day. Many are rapidly inactivated in water, but some can persist in water and soil for
months or even years under favourable environmental conditions.
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Based on their transmission pathways and health impacts, microorganisms of concern in drinking water
can be divided into three groups:

Enteric pathogens: are microorganisms that cause infection in the gastrointestinal tract

of humans and/or animal hosts and are excreted in large numbers in faeces and in vomit.

These “faecal-oral” pathogens can persist in the environment and be transported to source waters
that might be used for drinking water. If left unmanaged, these pathogens can potentially lead to
new infections in any exposed population. The most common and widespread public health risk
associated with drinking water is contamination by pathogens from human or animal faeces.

Management of enteric pathogens involves:
e  protecting of source waters from faecal contamination

e  reducing the burden on treatment systems with water storage and selective abstraction of
source water to avoid taking lower quality water

e treating water to remove or inactivate any remaining pathogens

e monitoring and protecting the distribution system to prevent recontamination or regrowth.

Opportunistic pathogens: are microorganisms that occur naturally and may cause disease
opportunistically in humans depending on the exposure scenario. The risk to health from these
microorganisms is typically low at the concentrations likely to occur in natural environmental
waters (with low nutrient concentrations). However, in distribution and plumbing networks
where conditions are suitable, opportunistic pathogens (e.g. Aeromonas, Pseudomonas) can
grow to very high concentrations that may cause harm, particularly to susceptible population
groups. Favourable conditions such as biofilms in water supply systems can also lead to microbial
communities that support the proliferation of pathogenic amoebas (e.g. Naegleria fowleri).
Naegleria fowleri is a free-living amoeba that can enter the central nervous system via the nasal
cavity and cause primary amoebic encephalitis (PAM). While extremely rare, PAM is almost
always fatal.

Management of opportunistic pathogens involves:

e treating water to remove or inactivate pathogens

e managing water quality in the distribution and plumbing network

e  preventing conditions that support microbial growth or allow recontamination to occur
(e.g. minimising stagnation, maintaining effective disinfection residuals and low nutrient levels).

Cyanobacteria: are true bacteria, although they are sometimes termed “blue-green algae” because
they resemble true algae. Some cyanobacteria can produce toxins (cyanotoxins) that are harmful
to human health. The cell walls of most cyanobacteria contain polysaccharides that may cause
skin irritation. Part V contains fact sheets on toxic cyanobacteria and their toxins.

Management of cyanobacteria involves:

e minimising nutrient inputs into source waters

e avoiding water from the surface layer of stratified water bodies

e  promoting water movement (e.g. through mixing) in unstratified water bodies

e treating water to remove cyanobacterial cells and taste and odour compounds and

inactivate cyanotoxins.

Other pathogens that primarily cause infections of the respiratory system, skin, eyes or other organ
systems can be spread via drinking water. In practice the processes for managing enteric pathogen risks
will also control these pathogens if residual disinfection is maintained. These pathogens are discussed
further in Section 5.5 and in the corresponding fact sheets in Part V.
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5.3 Assessing microbial risk

The likelihood that a drinking water source may lead to disease can be evaluated using two

different approaches:

Epidemiology and Surveillance both investigate patterns in cases of disease and can be used
to assess any statistically causal link between drinking water and disease. Epidemiology refers to
specific investigations exploring statistical associations between cause and effect. Surveillance is
the ongoing activity of monitoring cases of disease in the population. Existing disease surveillance
systems are designed for early detection of waterborne disease outbreaks. However, even relatively
elevated levels of waterborne disease may not be detected by routine disease surveillance in
Australia. This is particularly the case in small populations or where only a small proportion of a
larger community are exposed (Gibney et al. 2014).

Risk assessment estimates the probability of disease based on the:

— occurrence of hazards in the catchment

— likelihood of exposure

— likelihood of subsequent human disease.

Risk assessment can be undertaken at different levels of detail and rigour depending on the
purpose of the work (e.g. meeting regulatory requirements). This can include simple categorical
identification of hazards and risks through to qualitative risk assessment and quantitative microbial
risk assessment (QMRA) (Deere and Davison 2005; WHO 2016).
— Qualitative risk assessment rates the risks using categories of likelihood and consequence
(see Section 3.2.3). The approach is good for screening large numbers of risks rapidly
(as detailed in Element 2 of the Framework, see Section 3.2.3).

— Quantitative Microbial Risk Assessment (QMRA) involves quantifying each component of
the exposure pathway, together with the estimated health outcome. The outcome of a QMRA
is a quantitative assessment of risk and is most applicable for answering quantitative questions
such as: “What is safe?” and “How much treatment is required to achieve safety?”

The different approaches and data needs of epidemiology and risk assessment (QMRA) are illustrated in

Figure 5.1.

Figure 5.1 QMRA and epidemiological approaches to characterising risks from drinking water sources
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Epidemiology and surveillance are limited in their ability to detect waterborne disease given that:

e water contamination is often transient and gone long before the first cases of disease are identified

e  often only a small subset of cases are identified due to under-reporting (although this can be

overcome in a specifically designed epidemiological study).

For example, outbreaks of gastroenteritis may be difficult for health authorities to recognise because

illness is often mild and self-limiting. In addition, people do not usually seek medical attention or

have a faecal specimen taken and most faecal specimens do not yield a pathogen (Frost et al. 1996;

Gibney et al. 2014).

Given the limitations of disease surveillance mechanisms to measure endemic disease, an alternative

approach is needed to estimate and manage endemic disease burdens to ensure that water is safe.

QMRA investigates the likelihood of disease along a risk pathway from the point at which pathogen

concentration is quantified (e.g. in a water source) to the receptor (e.g. a consumer of drinking water).

Based on scientific evidence from environmental microbiology and controlled human feeding trial
datasets, QMRA aims to estimate exposure and the resulting health impact (WHO 2016). QMRA is a
logical framework that brings together a diverse range of important scientific evidence. However, the

actual health impact is estimated (not observed) and is typically conservative.

QMRA approaches have been used by several organisations internationally. The WHO, Health Canada

and the United States Environment Protection Association (USEPA) support defining water safety targets

below the threshold of epidemiological methods. The methodology applied for the Guidelines is based
on the approach used by WHO (WHO 2016).

5.4 Enteric pathogens

5.4.1 ENTERIC PATHOGENS OF CONCERN IN DRINKING WATER

Principal enteric pathogens of concern in drinking water are summarised in Table 5.1. More details and

references are included in the Fact Sheets in Part V. Only enteric pathogens with existing fact sheets in
Part V are included in the table.

Table 5.1 Enteric pathogens of concern in Australian drinking water

Group Disease Important hosts

Bacteria

Campylobacter jejuni Acute gastroenteritis in most cases but can cause Humans and both wild and domesticated animals
and C. coli long-term complications e.g. Irritable Bowel

Salmonella spp.

Pathogenic E. coli

Syndrome (IBS) and Guillain-Barré syndrome

Acute gastroenteritis in most cases but can cause
long-term complications e.g. reactive arthritis
Gastroenteritis, haemorrhagic colitis e.g. Hemolytic-
Uremic Syndrome (HUS)

Humans and both wild and domesticated animals

Humans and both wild and domesticated animals

Shigella spp. Gastroenteritis, haemorrhagic colitis Humans

Viruses

Adenoviruses Gastroenteritis, acute respiratory diseases and Humans
conjunctivitis

Enteroviruses Mild febrile illness, myocarditis, meningoencephalitis, Humans
poliomyelitis, hand-foot-and-mouth

Norovirus Gastroenteritis Humans

Rotavirus Gastroenteritis Humans

Enteric hepatitis Infectious hepatitis Humans

viruses (hepatitis A)
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Group Disease Important hosts
Protozoa
Cryptosporidium spp. Gastroenteritis Most outbreaks associated with humans and

livestock, but can also include close contact with

wild animals

Giardia spp. Gastroenteritis Most outbreaks associated with humans, but can
also include animals

Cyclospora spp. Gastroenteritis Humans (possible transmission via water and
vegetables in developing countries, but no
outbreaks recorded in Australia — e.g. cruise ship
outbreak likely related to fresh food taken on board
in South East Asia)

5.4.2 CONTAMINATION OF SOURCEWATERS WITH ENTERIC PATHOGENS

Source water for drinking water supplies is susceptible to contamination with enteric pathogens via
faecal material from animals or humans. The extent of contamination depends upon the number of faecal
sources and the level of protection of source water catchments.

Surface water

Surface waters will be contaminated to some degree with enteric pathogens from wild animal faeces.
Depending on the land uses in the catchment and access to water bodies, human and domesticated
animal faeces may also be present to contaminate surface waters.

Human faecal contamination may result in human pathogens entering surface water sources from:
e not having effective sanitation systems available in the presence of human activities

e  fajling to use available sanitation systems

e  leaking sewage infrastructure

e  discharging sewage from sewage treatment plants and on-site sewage management systems
(whether intentional or unintentional)

e applying inadequately treated biosolids
e having public access to water bodies used to supply drinking water (such as during recreational

activities).

Both wildlife and domesticated animals can carry pathogens that can infect and cause disease in

humans (‘zoonotic pathogens’). The presence of humans within drinking water catchments, even at

relatively low densities, can contribute to the cycle of transmission by infecting wild populations of

native and feral animals with zoonotic pathogens. Animals more likely to carry higher concentrations of

pathogens include:

e animals living in close proximity to human populations, especially animals most closely associated
with humans (e.g. similar gastrointestinal tracts)

e more intensively reared and dense animal populations

e younger animal populations including newborn livestock (particularly as high-risk sources of
zoonotic protozoan pathogens).
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Faecal waste deposited on land may end up in water sources during rainfall or flooding events.
High levels of discharge of enteric pathogens from land-based sources even outside of rain events may
occur from the failure of faecal storage and distribution systems, such as:

e effluent storage ponds

e  on-site wastewater management systems

e wastewater plumbing

e transport infrastructure

e  direct human and livestock access to source water reservoirs and inflows.

International studies reporting on the environmental monitoring of pathogens in surface waters show that
the presence and concentration of enteric pathogens:

e  vary between surface water systems

e vary dramatically over time (e.g. varying by several orders of magnitude within hours to days or
exhibiting seasonal/ event-related peaks and troughs)

e  generally reach peak concentrations with increasing human activity in the catchment

° increase with increasing average E. coli concentrations.

A summary of these international studies is provided in Appendix 3. Limited published and extensive
unpublished data from Australian systems confirms these trends for a variety of pathogens and faecal
indicators, particularly for Cryptosporidium spp. oocysts and E. coli (Petterson et al. 2015).

Groundwater

Groundwater sources can become contaminated with enteric pathogens by a range of events including:
e  surface water contaminated with pathogens (as identified above) recharging the aquifer

e  direct faecal contamination of the aquifer from sub-surface inputs (e.g. seepage from on-site sewage
management systems and wastewater infrastructure)

e inter-aquifer transfers leading to contamination of deeper aquifers (incorrectly assumed to be
protected) e.g., through:

— other bores
— works
— erosion
— fractures or faults
— cutting through less permeable rock or sediment (aquitards) and impermeable rock (aquicludes)
— connecting shallow aquifers to production depths
e  wildlife carrying zoonotic pathogens into bores

e  surface or shallow water flowing directly into bores through a failure to install and maintain
watertight headworks and fittings (e.g. vents, pressure relief structures, cable entries and surface
structures).

Groundwater sources are complex and require careful monitoring and understanding to manage the
potential risks from microbial contamination (see Box 5.2).
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Box 5.2 Understanding and managing bore water security

For a groundwater source such as a drinking water bore to be considered “protected”, all of the possible pathways for pathogen
contamination must be ruled out. A drinking water bore might be shown to be secure at a specific point in time when an
assessment is undertaken. However it is often difficult to detect if the security of a bore has failed until after contamination

has occurred.

Bore water security should be discussed with the relevant health authority or drinking

water regulator.

A starting position is to always assume a groundwater resource is unprotected until objective
credible evidence can conclusively demonstrate otherwise.

The following actions should be undertaken to determine the safety of a bore water source and to ensure its continued security:

. Evidence of bore security should be collected and evaluated on a timely, regular basis (ideally continuous).

*  Routine operational monitoring should set defensible, valid targets or operational limits. These should be linked to timely
(ideally automated) corrective actions as part of reliable and auditable operational procedures and process control systems.
For example, inline bore monitoring of physiochemical parameters to detect changes in water quality may suggest security
has been impacted. Refer to Section 9.3 for further guidance on developing monitoring programs.

*  The assessment of bore security should be carried out at both the individual bore scale and aquifer scale. This is due to the

complex transport processes that occur within and between aquifers and bores.
*  Suitably qualified scientific, hydrogeological and engineering knowledge should be sought to demonstrate bore security.

*  Wiater treatment should be designed assuming that the risks in the groundwater are the same as those in the surrounding
and recharging surface water, unless there is evidence of aquifer protection.

A precautionary approach should be taken when determining bore water security—multiple waterborne disease outbreaks have
arisen where bores were incorrectly assumed to be secure (Hrudey and Hrudey 2004).

Other drinking water sources

There are other water sources also used for drinking water or to augment drinking water supplies which
are not considered in the context of this chapter. These include:

e Roof water: Roof-harvested rainwater is typically low risk but is not free from pathogens.
Outbreaks of Salmonella spp. and Campylobacter spp. bacteria have been reported from roof-
harvested rainwater within Australia and elsewhere. Information on management of rainwater tanks
is provided in Guidance on the use of rainwater tanks (enHealth 2010).

e  Storm water, greywater and sewage catchments: Reuse of water drawn from storm water,
greywater or treated sewage is addressed under the Australian Guidelines for Water Recycling
(Phase 2) (NRMMC, EHPC and NHMRC 2008).

e Ocean catchments: Seawater may be used as a potable water source provided the intake is
selected to minimise potential sources of contamination (e.g. enteric pathogens due to runoff
from land, marine activities and discharge of effluent water). Explicitly characterising the level
of contamination in seawater is not covered in these Guidelines. It is assumed that the barriers
implemented to remove salt followed by disinfection would be adequate for the removal of all
relevant pathogens. Further information is provided in Safe Drinking-water from Desalination
(WHO 2011b).

5.4.3 MANAGEMENT OF RISK FROM ENTERIC PATHOGENS

Waterborne disease from enteric pathogens can be considered in terms of outbreaks and endemic
disease. Outbreaks are typically caused by acute incidents or failures that result in short term exposure
to elevated concentrations of pathogens. Implementation of the Framework for Management of Drinking
Water Quality will prevent the occurrence of drinking water outbreaks.
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Endemic disease refers to the relatively constant background level of illness in the community. The extent
to which drinking water quality may impact this background illness is not well understood. However,
contaminated source waters with inadequate treatment are likely contributors (see section 5.3). The
approach adopted in the Guidelines to manage risk from enteric pathogens ensures that drinking water
treatment is targeted to the magnitude of contamination in the source water. That is, source water from
heavily impacted catchments will require a higher level of treatment in comparison to source water from
protected catchments in order to achieve safe drinking water. Specifically, the approach involves the
following stages:
1.  Defining a risk-based benchmark of safety

Assessing the level of contamination and assigning a source water category

2.
3. Assessing treatment need based on source water category
4.

Ensuring the treatment need is met.
Benchmark of safety: Microbial safety and the water safety continuum

There is no such thing as zero risk—when quantifying microbial safety within a risk framework it is
necessary to define a level that is considered to be tolerable or safe. The definition of microbial safety
used in these Guidelines for drinking water is a health outcome target of 1 x 10° Disability Adjusted Life
Years (DALY or 1 pDALY) per person per year (pppy) (as discussed in Appendix 3). It is the same health
outcome target adopted by the Australian Guidelines for Water Recycling (2006, 2008, 2009, 2018), WHO
(2017) and Health Canada (2019).

The microbial health outcome target of 1 x 10° DALY pppy should be applied as an operational
benchmark rather than a pass/fail guideline value (Walker 2016). It should not be used as a measure of
regulatory compliance. This benchmark serves two important purposes:

1)  setting a definitive target for defining microbially-safe drinking water

2) informing improvement programs to enhance safety of drinking water as per element 12 of the
Framework for Management of Drinking Water Quality.

Immediate compliance of all drinking water supplies with the health outcome target of 1x10° DALY pppy
is not expected (see Box 5.1). Application of the target is expected to follow a similar pattern described
in Section 2.5 of the Framework Overview. It is acknowledged that it will be more challenging for some
drinking water supplies to meet this target, particularly those in rural and remote areas. What is important
is getting started towards meeting the target. In the meantime, decisions about the existing safety of
drinking water supplies will be a matter for drinking water utilities in consultation with the relevant
health authority or drinking water regulator.

Figure 5.2 illustrates that water safety is considered along a continuum. A water safety continuum
approach forms the basis for the development of short-, medium- and long-term water quality
improvement programs. This approach incorporates a level of flexibility in dealing with short-term
shortfalls in meeting the target (expressed as LRVs). The water safety continuum (Walker 2016) works
on a graduated traffic light colour scale. The greater the shortfall between the estimated risk associated
with the water supply and the 1 x 10° DALY (1 pDALY) pppy target, the more urgent and significant the
action required to move the supply towards the benchmark value (Box 5.3).
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Figure 5.2 Water safety continuum for drinking water supplies

Shortfall in log reduction values (log scale)

ENHANCE CONTROL/
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Box 5.3 Water Safety Continuum: achieving the health-based target

If a drinking water supply achieves:

. 10-¢ DALYs pppy (1 uDALY pppy) or less: treatment barriers are adequate to produce safe water: Supplies that
meet or exceed the benchmark are also likely to have sufficient treatment barriers in place such that short-term changes in
raw water quality (e.g. short-term increases in source water challenge) will not pose a significant risk to consumers.

. 10-¢-10-° DALY's pppy: the existing treatment barriers are nearly meeting the target. While improvement is required,
these improvements might be relatively minor (e.g. improving source water protection or optimising the performance of

existing barriers) rather than major capital works.

. 10-5-10-* DALY's pppy: the existing treatment barriers are not close to meeting the target. Additional source water
protection or treatment is required.

« greater than 10" DALYs pppy: the existing treatment barriers are not close to meeting the target. Major
improvements are needed. The water supply risks may be approaching levels that could trigger a waterborne disease
outbreak. Immediate action should be discussed with the relevant health authority or drinking water regulator:

Figure 5.3 represents the theoretical decline in the number of illnesses per 1,000 people per year
attributed to Cryptosporidinm spp. as the quality of the water supply moves towards the health outcome
target. It is noted that greater gains in reducing cases of disease are achieved by reducing the risk from
102 to 10 in comparison to moving from 107 to 10°. Therefore, overall incremental improvement in
water quality should ensure that improvements are prioritised for the riskiest supplies.

Figure 5.3 The representation of the theoretical decline in the number of cases per 1000 people per year attributed to

Cryptosporidium.
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Source water category

To categorise source water, the level of contamination from enteric pathogens should be evaluated using
the following steps:

1. Assess the vulnerability of the source water to determine the Class (see Table 5.2)
2. Assess and allocate a microbial band using raw water E. coli data (see Table 5.3)

3. Assess the vulnerability classification and microbial band allocation to characterise the source water
into an appropriate category (see Table 5.4).

Vulnerability classification

A vulnerability classification consists of identifying sources of (and barriers to) enteric pathogen
contamination within the drinking water supply catchment(s). Note that pumping and transfers of water
means that the “catchment” might extend beyond the natural catchment boundary of the water supply
intake. Additionally, multiple catchments may be blended and supply water to one point. All relevant
catchments need to be considered in the vulnerability classification.

The first step of assessing the vulnerability classification of a catchment is to conduct a risk assessment
to match the catchment to one of the source water category descriptions outlined in Table 5.2. A sanitary
survey is a good way to confirm the assumptions of a vulnerability classification. To ensure the
vulnerability classification remains accurate, sanitary surveys should be undertaken on regular basis or
after significant changes to the catchment.
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Microbial Quality of Drinking Water Chapter 5

The results from the vulnerability classification are used to allocate the catchment into one of four source
water vulnerability classes based on the criteria detailed in Table 5.2. The vulnerability classification
process can also be used to identify protection measures that can lead to improvements in the
vulnerability classification.

While Table 5.2 has been developed to assess surface water sources, the criteria can also be applied
to the vulnerability classification of groundwater sources. Classification based on the assessment

of recharging surface water is an appropriate starting point for evaluation (see Box 5.2) until the
groundwater security or the aquifer’s ability to reduce pathogen concentrations can be clearly
demonstrated. An evaluation of groundwater security must be based on credible scientific evidence
to validate performance and inform the appropriate treatment requirements. This evidence should be
discussed with the relevant health authority or drinking water regulator.

If groundwater security cannot be assured, the groundwater should be conservatively classified to

be consistent with the vulnerability classification of the recharging surface water. This could result

in the groundwater being assessed as high as a Category 4 in the overall source water assessment.
Further details on groundwater assessment are provided in Chapter Nine of the WaterRA Good Practice
Guide to Sanitary Surveys and Operational Monitoring to Support the Assessment and Management of
Drinking Water Catchments (WaterRA 2021).

The information contained in Table 5.2 is intended to be a guide only and can be used with flexibility.
There is some variability between catchments. However, most surface drinking water sources can

be assigned a vulnerability class using Table 5.2. The classification system includes consideration of

three key types of hazards/hazardous events (human habitation, public access and stock animals).

The conditions of all three considerations need to be taken into account when assigning vulnerability
classes. Other factors such as sensitivity to drought, bushfires, floods and compounding factors such as
terrain (e.g. slope and ease of access) should also be considered on a system by system basis. Advice can
be sought from the relevant health authority or drinking water regulator in instances of uncertainty or
where evidence exists to justify a departure from this guidance.

Microbial band allocation (E. coli monitoring)

A microbial band allocation is used to provide a measure of the overall level of faecal contamination of
the source water using the microbial indicator bacteria E. coli. The process of microbial band allocation
is used to support a vulnerability classification. It can also be used to confirm or challenge a previous
source water vulnerability classification. The microbial band allocation can pick up contamination that
may not be easily identifiable through the vulnerability classification process.

To assist in the allocation process, three microbial bands have been defined by measured E. coli
concentrations and are outlined in Table 5.3. These bands rely on the data originally published in the
second edition of the WHO Guidelines for Drinking Water Quality (1996). They have been trialled for their
suitability for Australian conditions by the Water Services Association of Australia (Walker et al. 2015).

Table 5.3 Summary of E. coli bands for source water intended for drinking water (adapted from WHO 1996 and
Deere et al. 2014)

E. coli number per 100 mL L.
Description of Faecal

E. coli bands (maximum value in dataset or i .
Contamination
95 percentile (1))
| <20 Low
2 20 to 2,000 Moderate
>2,000 to 20,000 Heavy

() Maximum E. coli results from raw water representative of inlet to treatment plant should be used unless data set is robust enough
to use 95 percentile.
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Source water that regularly returns E. coli concentrations >20,000 organisms per 100 mL (i.e. above

the limit for E. coli band 3) should be reconsidered as a suitable source for drinking water supplies.
Source water containing such high levels of E. coli is likely to be highly contaminated with faecal waste
and associated enteric pathogens. If no alternative source exists consultation should occur with the
relevant health authority or drinking water regulator to determine appropriate treatment requirements.

The following issues should be considered during E. coli monitoring and microbial band allocation:

e Appropriate selection of sampling site: Concentrations of E. coli should be measured at a
raw water site that is representative of the inlet to the water treatment plant. This site should best
represent the overall microbial challenge to the water treatment plant. The site should also be able
to capture changes to water sources and support selective abstraction if implemented.

e Appropriate sampling frequency: To accurately characterise the microbial risk posed by the
source water, raw water should be sampled for E. coli frequently enough to capture short term
variations. The data set should include variations such as those experienced during events such as
heavy rainfall. An example monitoring program might include a minimum of monthly or weekly
samples, with an increased frequency of sampling during events such as rain or flooding to
capture event peaks. Catchment characteristics will also inform the minimum sampling frequency.
For example, a catchment subject to rapid changes in flows may need more frequent monitoring
than slow moving rivers. Raw water turbidity is also a useful predictor of microbial peaks during
events (WHO 1996).

e  Minimum required datasets and appropriate selection of maximum E. coli: The suggested
minimum monitoring period to characterise microbial risk is two years, which would provide at
least 100 data points with weekly sampling. A longer monitoring period may be needed if no
events, such as heavy rainfall, occur or are captured by monitoring during the initial two-year
period. Given the wide fluctuations that can occur with microbial concentrations in surface water,
the peak concentrations should not be disregarded as outliers. The maximum E. coli result should
be used for the allocation of a microbial band (Walker et al. 2015) unless the data set is robust
enough to use the 95" percentile. The most appropriate E. coli value for band allocation should
be selected in discussion with the relevant health authority or drinking water regulator. Samples
from event-based monitoring (e.g. during heavy rainfall) should be included in the dataset, since
omitting such events could underestimate the risk. At the same time, if source controls such as
selective abstraction or alternate sources are used, the inclusion of event samples may overestimate
the risk. The exclusion of event samples should only be considered in discussion with the relevant
health authority or drinking water regulator when setting a source category. Based on the E. coli
data interrogated in the dataset, the maximum value should be used to allocate a microbial band in
accordance with Table 5.3.

e Interim approach in the absence of data: There may be instances where there is not enough
data to confidently allocate a microbial band, but the source water still needs to be categorised.
The source water category will need to be based on the vulnerability classification alone until
sufficient raw water E. coli monitoring is undertaken. A conservative E. coli band allocation is
recommended while sufficient monitoring data is collected. This may place small water suppliers
into the most conservative category due to a lack of data (see Box 5.4). Historical thermotolerant
coliform data (which may have previously been referred to as faecal bacteria indicators) may
be used in the short term as a substitute for E. coli data until sufficient E. coli monitoring data is
obtained. Advice should be sought from the relevant health authority or drinking water regulator.
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Box 5.4 Small water suppliers

Small water suppliers (e.g. community-based systems supplying fewer than 1000 people) are well placed to undertake a
vulnerability classification. This provides a useful starting point for assessing the safety of source waters and prioritising actions for
improvement. Source water categories are defined in Table 5.2.

Small water suppliers may have very limited data and resources upon which to base their source water categorisation. However,
small water suppliers still need to understand catchment contamination to determine the appropriate level of treatment. Where
no E. coli monitoring data are available, water sources should be allocated a conservative default category (e.g. Category 4)
pending the collection of sufficient data to justify otherwise. The suitability of allocating a less conservative category (Category 3 or
lower) should be discussed with the relevant health authority or drinking water regulator.

While this may be a challenge, there is an important longer-term incentive to improve system understanding through microbial
faecal indicator (E. coli) testing. Better understanding of microbial contamination of source waters through monitoring (detailed in
Section 10.2.2) allows for better decision-making. A more accurate dataset will reduce reliance on conservative assumptions about

enteric pathogen risks in source waters when assessing treatment requirements.

Assessment of source water category

The source water category should be determined by assessing the vulnerability classification with the
result of the microbial band allocation. The possible outcomes of this categorisation process are outlined
in Table 5.4.

Table 5.4 Source water category based on comparison of E. coli concentration with vulnerability classification

Microbial band allocation

Source water class
Maximum or 95th percentile ) E. coli result per 100 mL

based on vulnerability

classification <20 20 to 2,000 >2,000 to 20,000
(E. coli band 1) (E. coli band 2) (E. coli band 3)
Vulnerability class | Category 1® Category 2 @ Requires further
investigation
Vulnerability class 2 Category 20 Category 2? Requires further
investigation®
Vulnerability class 3 Requires further Category 3@ Category 49
investigation
Vulnerability class 4 Requires further Category 49 Category 4?

investigation®

() Maximum E. coli results from raw water representative of inlet to treatment plant should be used unless data set is robust enough
to use 95 percentile.

Combining the results of the E. coli data and vulnerability classification will result in one of the following outcomes:

@ The two assessments are consistent and support each other.

® The result is feasible, but has a lower degree of confidence. Both the E. coli data and vulnerability classification should be
re-examined to better understand the reasons for the misalignment. For example, if the E. coli results indicates a higher level
of microbial risk than inferred by the vulnerability classification, then the vulnerability classification of the catchment should be
repeated to determine if there are sources of microbial risk that were not previously identified. If the E. coli results indicates a
lower level of microbial risk than inferred by the vulnerability classification, the suitability of a less conservative category should be
discussed with the relevant health authority or drinking water regulator.

“ This result requires further investigation. The results should be critically reviewed to understand the discrepancy. In the interim, the
most conservative source water class option under consideration should be adopted. These results should be discussed with the

relevant health authority or drinking water regulator.

Maximum E. coli concentrations of 2,000 to 20,000 per 100 mL, with a recorded vulnerability class of 1
or 2, requires further discussion and/or investigation including consideration of environmental E. coli
(see Box 5.5).
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Box 5.5 Environmental E. coli

Environmental E. coli strains are genetically different from E. coli that comes from human and animal sources (Sinclair 2019).
Under certain conditions, environmental strains of E. coli can multiply into blooms within surface waters. These blooms have
been observed in several Australian drinking water reservoirs, although they are uncommon. A mismatch between the microbial
monitoring band allocation and vulnerability classification may occur if environmental E. coli blooms occur in the surface

water source.

Where E. coli blooms are suspected, before ruling out faecal sources it is important to obtain evidence that high numbers of E. coli

are environmental in origin and not associated with faecal inputs to surface source waters.
Bloom strains can be identified through several methods (Sinclair 2019). These include:

*  the production of mucoid proteins when cultured

*  atypical biochemical test results

*  serotyping

¢ detection of capsid proteins.

Simultaneous monitoring for Enterococci and E. coli may assist in strengthening the evidence of a non-faecal (environmental) source
(i.e. low numbers of enterococci as compared with E. coli).

If evidence demonstrates an environmental source of E. coli (such as a bloom), then these results may be omitted from the dataset
used to set the microbial monitoring band. This should only be done in consultation with the relevant health authority or drinking
water regulator. Blooms are very uncommon events—the discounting of results should only be considered when the evidence for
their occurrence is clear: Even in the confirmed presence of an environmental E. coli bloom, it is likely that E. coli that are faecal in
origin will also be present at lower concentrations. This could present a health risk.

Further details on the management of environmental E. coli is available in Sinclair (2019).

Source water protection

Catchment management practices that prevent and minimise the contamination of source waters is the
first step in risk management.

There are limited options for catchment management for water supplies that take water from large

rivers or unprotected catchments. In these cases, water suppliers should seek to improve conditions in
sensitive areas of the catchment (such as land close to the offtake) and prevent further degradation of the
outer catchment.

Effective catchment management and source water protection practices should provide the potential for
the source vulnerability classification to be reduced. These strategies are outlined in Section 3.3.1 and
Table A1.7 and may include:

e  preventing access of livestock to waterways
e (re-)establishing vegetation alongside the water source (riparian zones)

e developing waste management plans for intensive livestock facilities (this should include the
reporting of waste management failures that may influence downstream water supply intakes)

e managing onsite sewage treatment systems (including failure detection and reporting)

e upgrading of sewage treatment facilities

e adhering to guidelines for the safe application of biosolids

e reporting and responding to failure of sewage treatment facilities that may influence downstream

water supply intakes.

Reservoirs can provide a valuable barrier for pathogen inactivation and removal. They can contribute to
meeting the treatment targets (expressed as LRVs), provided the performance of the barrier is validated.

Table A1.8 provides more detail on LRVs. The performance of reservoirs for the removal of pathogens is
site-specific and should be evaluated for a range of conditions (see Box 5.0).
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Box 5.6 Reservoirs and risk management: Understanding and managing reservoirs for control of pathogen risk
(and LRVs)

Reservoirs are a valuable barrier for pathogen removal/inactivation and can contribute to the overall treatment target (expressed
as LRVs) of a treatment train. When contributing to the LRV, it is essential that the pathogen removal performance of the reservoir
be quantitatively evaluated for all relevant conditions. This will involve a site-specific evaluation of the fate and transport of
pathogens in the reservoir.

Researchers have investigated the way in which pathogens move through reservoirs (Brookes et al. 2004). Some pathogens are
settled by gravity if water is static. They may also be inactivated by temperature, sunlight and predation at varying rates. Pathogen
risk can be reduced if water is stored for long enough. If waters are very clear and shallow, factors such as temperature and
sunlight can also influence how much pathogens are reduced. This is particularly the case for organisms which are sensitive to UV
light, such as Cryptosporidium.

Under relatively low flow conditions, reservoirs can provide good removal when pathogen ingress occurs some distance from the

offtake. However; in practice reservoir storage barriers can be compromised by:
*  waterfowl perching on offtake infrastructure
*  public access, such as recreation close to water supply offtakes

*  short circuiting through a combination of hydraulic forcing and temperature/density-related buoyancy especially following
rain events

*  resuspension of sediments containing pathogens that are able to survive in the environment following rain-events and rapid
inflows into reservoirs.

To be confident in the ability of a reservoir to contribute to the LRV (through processes such as dilution, attenuation and settling)
the following factors need to be understood:

*  the hydrodynamics of the reservoir

*  sources of direct pathogen ingress (e.g. from public access, including recreation if allowed or frequently observed)

*  the dynamics of water inflow (particularly high-volume inflow events such as floods or high flow managed releases).

Risk management preventive measures that rely upon reservoir storage should assess the impacts of these variables. In particular;
ingress close to offtakes and short-circuiting from more distant inflows should be carefully evaluated. Appropriate controls should
be included to reduce ingress of pathogens and increase retention time. Controls should also aim to promote reductions of
concentrations present in feeder streams. Possible controls include:

*  restricting or excluding public access (including recreational access)

*  turbidity monitoring

. water extraction management.

See Section 3.3.1 for more information on preventative measures and multiple barriers.

Assessment of treatment requirements

The level of treatment required to achieve safe water (e.g. the number and types of barriers) is
dependent on the level of contamination. It should also include a margin for uncertainty. This section
aims to provide guidance on recommended treatment targets for each of the four source water categories
described in Table 5.4. The required treatment targets, expressed as LRVs, for each pathogen group
(bacteria, viruses and protozoa) are summarised in Table 5.5.

The basis for the derivation of the LRVs in Table 5.5 is explained in detail in Appendix 3. WHO
recommends using the QMRA framework to estimate the required level of treatment to achieve a health
outcome target of 10° DALYs pppy (WHO 2011a; WHO 2016). This is consistent with the approach used
for the Australian Guidelines for Water Recycling (NRMMC, EPHC and AHMC 2006; NRMMC, EPHC and
NHMRC 2008).
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Assumptions based on a review of the best available scientific evidence relevant to the Australian context
were made to support implementation (see Appendix 3). Assessing pathogen LRV requirements and

the LRV achieved by any treatment process are uncertain. Therefore, the LRVs included in Table 5.5 are
rounded to the nearest 0.5 log and represent the upper end of ranges shown in Table A3.8. Additionally,
due to the observed overestimate of infective oocysts with standard methods for Cryptosporidium in
Australian catchments the LRVs for protozoa in Table 5.5 have been reduced by 1 log, for Category 1

to Category 3 catchments and 0.5 log, for Category 4 catchments. Source specific data for reference
pathogens can be used to determine treatment requirements in consultation with the relevant health
authority or drinking water regulator (Box 5.7). Appendix A3.11 provides more information. Information
on LRV requirements and the LRV achieved by any treatment process will be revised and updated when

more published data become available for consideration.

Table 5.5 Treatment targets for protozoa, bacteria and viruses given the source water type and E. coli results

LRV target to achieve Ix10-¢

Maximum or 95*
DALYs per person per year @

Source water Indicative source water percentile® E. coli
category type (vulnerability results from raw water g Ll
N T
(assessment) classification) monitoring (number/100 8 @ 9
. o < -]
- [}
mL) (band allocation) & S s
Surface water or groundwater 0 0® 4.0
under the influence of surface <20
Category | water, which is fully protected. (E. coli band 1)
or
Secure groundwater
Surface water, or groundwater 3.0 4.0 4.0
under the influence of surface
Category 2 ) ¢
water with moderate levels o 20 to 2,000
protection
(E. coli band 2)
Surface water, or groundwater 4.0 5.0 5.0
under the influence of surface
Category 3 .
water with poor levels of
protection
Unprotected surface water 5.0 6.0 6.0
Cat 4 or groundwater under the >2,000 to 20,000
ategor
gory influence of surface water that (E. coli band 3)

is unprotected

() Maximum E. coli results from raw water representative of inlet to treatment plant should be used unless data set is robust enough
to use 95 percentile.

@ Note that these values are based on estimation from first principles using QMRA with the details of their derivation summarised
in Appendix 3 and the evidence cited in that Appendix.

@ Fully protected Category | source waters are characterised as having negligible or no human access.An LRV target of zero for
viruses is set as humans are the predominant source for enteric viruses.

“ Maximum E. coli results for raw water monitoring for source water Categories 2 and 3 are within E. coli band 2.

Distinguishing between Categories 2 and 3 is confirmed based on the results of the vulnerability classification.

If the water supplier considers the source water categorisation and required LRV to be too high and
unnecessarily conservative for a specific site, it must be discussed with the relevant health authority or
drinking water regulator. A more detailed site-specific assessment may be required including application
of QMRA with direct analysis of pathogen data (Box 5.7). The relevant health authority or drinking water
regulator is responsible for deciding whether a lower category is sufficient to achieve safety.
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Box 5.7 Enteric Pathogen data

Direct measurement (or enumeration) of enteric pathogens from surface water samples is a valuable tool to support
"knowing your system”. However; testing for enteric pathogens is not required for routine classification of systems in these
Guidelines because of:

*  uncertainties associated with interpretation of the analytical results

*  the high cost of sample analysis.

Where pathogen testing can be undertaken or pathogen data is available, it is strongly recommended that these data be

considered. It is important to ensure that:

*  the pathogen data is considered alongside the indicator data and vulnerability classification to ensure that the overall
assessment is consistent. For example, a small number of samples in which the pathogens of interest are not detected does
not negate long term high indicator counts and/or a highly impacted catchment.

*  the analytical methods that were applied to generate the results are understood and the health implications of the result are
clear. For example, did the test target only human-infectious pathogens or organisms belonging to a broader group? Did the
test only target pathogens still capable of causing disease or did it target all pathogens (both “alive” and "'dead”)?

*  the statistical methods applied to estimate the mean and upper bound concentration are considered alongside the nature of
the data.Were the data direct counts, presence/absence results or categorical most probable numbers (MPNs)? What was
the sample volume? Was the sample correct for the recovery (performance) of the method?

*  the dataset is sufficiently robust to account for the range of conditions that might be experienced. It should cover the range
of flood and drought cycles, as well as extreme peak and failure mode events. It may take hundreds of samples and many
years to obtain such a robust dataset.

Further practical details can be found in the industry implementation documents, such as those listed in Box 5.1.

Methods used to obtain and analyse pathogen data should be reported clearly when submitted to the relevant health authority
or drinking water regulator. Further information on criteria for reporting pathogen data (including data quality and methods) to be
used in QMRA is provided in the WHO guidance document (WHO 2016).

Meeting the treatment requirements

The treatment target is expressed as a single required LRV for each pathogen group. The total log,
reduction (calculated by summing the log, credits of individual treatment or environmental barriers) must
meet or exceed the LRV required in Table 5.5.

This does not replace the multiple barrier approach. Both principles should be maintained in the

design and operation of the system. As a general principle a maximum of 4 log, reduction is applied to
individual treatment processes. Published design criteria for disinfection processes is typically limited to
demonstrating a 4 log,  reduction. Furthermore, setting an upper limit of 4 log,; supports the adoption of
multiple barriers by discouraging reliance on a single treatment process to achieve the required LRV.

Indicative LRVs for common treatment barriers are summarised in Table 5.6. While these LRVs are
achievable they should not be adopted as default values.
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Table 5.6 Indicative pathogen LRV potentially attributable to treatment barriers

Treatment barriers Validated LRVs' Basis for validation

s ©

§ 0, 3

s 2 %

g 5 a
Conventional 2.5-4 2 2 Accepted industry norms.?
filtration: Coagulation, Performance depends on design, management and operational effectiveness
flocculation, sedimentation and good supporting practices. On-line monitoring of filtered water
(or dissolved air flotation) turbidities; maintaining turbidities below defined critical limits measured by
and media filtration nephelometric turbidity units (NTU) (e.g. <0.2 NTU); minimising turbidity
Direct filtration: 2-35 I I spikes and controlling filter backwash and recycling procedures are
Coagulation, flocculation, consistent with achieving higher LRVs.

dimentation and medi ) S . .
se tation a 2 Lack of sedimentation in direct filtration reduces maximum removals by

filtration 0.5-1 LRV.

Microfiltration or 4 0 4 Published validation protocol.?

ultrafiltration Maintaining individual filter turbidities below defined critical limits
(MF/UF) (e.g = 0.1 NTU).

Daily Membrane Integrity Test (MIT) to manufacturer’s specification for the
required LRV.

UF typically achieves higher LRVs.

Chlorine 0 4 4 Published inactivation data and validation protocol.*
Virus

C.t,,,, 6 mg.min/L at pH 7, 10°C, turbidity <2 NTU*®

99.99

C.t,,., 16 mg.min/L at pH 8, 10°C and turbidity <2 NTU®

99.99

Bacteria

C.t,,., <| mg.min/L at pH 6-9, 10°C-15°C, and turbidity <INTU.®

99.99
For bacteria and viruses, a default of |5 mg.min/L is given as an acceptable

value in the Guidelines

(See also Information Sheet 1.3).

Chloramine 0 4 4 Published inactivation data.®
Virus

C.t,,,, 23100 mg.min/L at pH 7, 10°C, turbidity <2NTU*

99.99

C.t,, ., 3970 mg.min/L at pH 8, 10°C, turbidity <2NTU*

99.99

C.t,,,, 687000 mg.min/L at pH 9, 10°C, turbidity <2NTU®

99.99

Bacteria

C.t,, ., 360 mg.min/L at pH 8-9,25'C, turbidity <INTU®

99.99

(See also Information Sheet |.4).

Ultraviolet light 4 4 4 Published inactivation data and validation protocol.
disinfection (UV) UV dose of 186 m}/cm? can provide 4 log inactivation of viruses and

22 m)/cm? can provide 4 log inactivation of protozoa and bacteria.

(See also Information Sheet 1.7)
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Treatment barriers Validated LRVs' Basis for validation
o
s 2 ¥
g 5 a
Ozone 4 4 4 Published inactivation data and validation protocol.?
Virus
C.tyyo0 = 1.2 mgmin/L at pH 6-9, =5°C, turbidity <INTU
Protozoa®
C.tyyq, 264 mg.min/L at pH 6-9, =5°C, turbidity <INTU
Bacteria®
C.tyy4 20.04 mgmin/L at pH 6-9,=5°C, turbidity <INTU?
(See also Information Sheet 1.6)
Reverse osmosis Published validation protocol.’
(RO) Validated LRVs limited by sensitivity of operational monitoring.

.52 1.5-2 1.5-2 Based on on-line operational monitoring of EC or TOC.

25-4 25-4 25-4 Based on on-line or off-line operational monitoring of sulphate or

fluorescent dyes.

"' LRVs can only be claimed if meeting requirements described in published material or by certification against validation protocols

(as cited for individual processes) (see Chapter 9 and Victorian Department of Health 2013).
2 USEPA 2006 (also see Turbidity Fact Sheet).
3 USEPA 2005.
*Keegan et al. 2012 (see Information Sheet 1.3 “Disinfection with Chlorine”);WaterVal 2017a.
*Concentration (C) and the corresponding disinfectant contact time (t) in minutes (C.t).
¢ Keegan et al. 2012 (see Information Sheet 1.4 “Chloramines”).
7 (see Information Sheet 1.7 “Disinfection with Ultraviolet Light”);WaterVal 2017b.
8 (see Information Sheet 1.6 “Disinfection with Ozone”);Waterval 2017c.

“Waterval 2017d.

The performance of an individual drinking water treatment process will vary depending on the specific
plant design and operating conditions. LRVs for individual processes at specific sites need to be validated
as summarised in Table 5.6 and described in Section 9.8. The purpose of validation is to demonstrate
that claimed LRVs are achieved under defined operating conditions providing that operational monitoring
targets (i.e. critical limits) are achieved (e.g. filtered water turbidity, transmitted UV light dose).

Site-specific validation does not typically mean challenge testing. Manufacturers of devices (e.g. UV light
disinfection systems and membrane filters) often validate their devices before marketing them. In these
cases, validation does not need to be repeated providing the operating conditions defined by the
manufacturer are relevant to the site in question. For example, a manufacturer may specify that validation
of a UV light disinfection system is only applicable for waters above a defined transmissivity (the
percentage of UV light that passes through the water). For chlorination, the required residual chlorine
concentration (C) and the corresponding disinfectant contact time () in minutes (C.t) to achieve the
specified LRV depends on temperature and pH.

In other cases, such as conventional and direct media filtration, LRVs can be adopted from accepted
industry norms (e.g. USEPA 2006) providing defined operating conditions and operational monitoring
targets are achieved. This includes both operational monitoring of target criteria such as filter effluent
turbidity, as well as the good practice operation of supporting processes (e.g. coagulation, mixing,
flocculation, sedimentation or flotation, filter ripening, backwash processes, controls on waste recycling).
Operational monitoring and compliance with target criteria and critical limits, underpinned by good

Australian Drinking Water Guidelines Version 3.8 93



Microbial Quality of Drinking Water Chapter 5

operational practices and supporting programs, is the key to ensuring that pathogen removal is
maintained as expected.

While the LRV of individual treatment barriers within a treatment train are typically summed to

quantify the overall LRV, it is known that performance of individual barriers is often not independent.
Poor performance on one barrier (e.g. coagulation) may affect another (e.g. filtration), further
highlighting the need for close control of operating conditions. Where possible, assessment of sensitivities
of the overall treatment train should be considered when developing management protocols including
operational monitoring.

For most practical scenarios in Australia, the target treatment implementation may include:

e  Category 1: Single barrier only of disinfection or filtration. This would most commonly be
chlorination, but could sometimes be chloramination, UV, ozone or filtration.

e  Category 2: Direct filtration (filtration without a sedimentation process between the coagulant
dosing and filtration steps or membrane filtration) followed by a single disinfection barrier.
This disinfection barrier would usually be chlorine but sometimes chloramination, UV or ozone.

e Category 3: Full conventional filtration (filtration that has a sedimentation or a flotation process
between the coagulant dosing and filtration steps) or membrane filtration following a sedimentation
process, followed by a single disinfection barrier. The disinfection barrier would usually be
chlorination but sometimes chloramination, UV or ozone.

e  Category 4: Filtration followed by two disinfection barriers. The disinfection barriers would usually
be UV and chlorine disinfection but sometimes chloramination, ozone or an additional filtration
barrier may be applied.

Other treatment options and combinations may be used providing they are validated to deliver the
required LRVs. Residual disinfection should be maintained wherever possible to provide protection from
backflow, ingress and help to inhibit biofilm growth.

In practical terms, when assigning categories to source waters the primary objective is to identify whether
Cryptosporidium may be present in sufficient concentrations that the treatment train requires more than
one barrier (i.e. a filtration and/or UV barrier rather than only a chlorination barrier). Chlorination is
typically ineffective for Cryptosporidium. At a minimum, a disinfection barrier (usually chlorination) is
required for all source waters used for drinking water in Australia. Regardless of the category of source
water, disinfection mitigates against microbial risks in distribution systems— both from enteric pathogens
and opportunistic pathogens.

Management of the distribution network

Waterborne disease outbreaks can occur due to post treatment contamination. Health-based targets were
introduced in the US in 1996. Around 90% of outbreaks since then are attributed to contamination within
the distribution system.

Treated drinking water can become re-contaminated with enteric pathogens via water storage tanks and
the distribution network. This can be due to:

e ingress of contaminated material during periods of low pressure

e negative pressure transients (e.g. due to water hammer)

e  backflow

e cross connection

e  compromised hygiene during maintenance or repairs

e  contamination of water storages from birds or access by other vertebrates.

For details on the protection and maintenance of distribution systems see Chapter 3.3.1.
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Further information on the management of safe distribution networks is available in a number of
documents (Deere and Mosse 2016; Kirmeyer 2000; WHO 2014; Martel et al. 2006; Water Research

Australia 2015).

5.5 Opportunistic pathogens

Opportunistic pathogens of concern in drinking water are summarised in Table 5.7. Naegleria fowleri,
Burkholderia pseudomallei and Legionella pneumophila are particularly significant. Each of these has
been linked to deaths associated with exposure to contaminated drinking water.

Additional information and references on the opportunistic pathogens listed in Table 5.7 are available in
the relevant Fact Sheets in Part V.

Table 5.7 Opportunistic pathogens of concern in Australian drinking water

Disease

Exposure pathway

Bacteria
Aeromonas spp.
Burkholderia pseudomallei

Legionella spp.

Mycobacteria

Pseudomonas aeruginosa

Systemic infections; wound infections;
Melioidosis

Legionnaires’ disease

Pontiac fever

Pulmonary disease, skin ulcers, osteomyelitis
and septic arthritis

Skin infections

Ingestion, dermal (open wound)
Dermal, ingestion, inhalation

Inhalation, aspiration

Inhalation, dermal, ingestion

Dermal (open wound)

Protozoa
Naegleria fowleri

Acanthamoeba

Primary Amoebic Encephalitis (PAM)

Granulomatous amoebic encephalitis (GAE),
amoebic keratitis

Intranasal

Ocular, dermal (open wound),
inhalation

Specifying a health-based target for opportunistic pathogens is not practicable. Management of
opportunistic pathogens relies on the four following aspects:

° Assessment of source water contamination: Opportunistic pathogens are naturally occurring

environmental microorganisms. They should be assumed to be present in source waters when the
conditions (e.g. temperature) are consistent with the pathogen ecology (see the relevant Fact Sheets
in Part V). For example, organisms such as Naegleria fowleri and Burkholderia pseudomallei

are typically only present in warmer waters >25°C continuously or >30°C seasonally as they

are thermophilic.

. Drinking water treatment: Drinking water treatment processes that remove or inactivate enteric

pathogens are adequate for treatment of opportunistic pathogens. In circumstances where minimal

treatment is required for enteric pathogens (e.g. protected groundwater bores) the potential for

contamination with opportunistic organisms should be assessed separately. Further information

on treatment and disinfection of opportunistic pathogens can be found in the relevant Information
Sheets in Part IV and relevant Fact Sheets in Part V.

e  Distribution network management: Opportunistic pathogens can grow in drinking water

distribution systems (Storey and Kaucner 2009), depending on temperature, hydraulic demand,

disinfectant type and concentration. Growth of Naegleria fowleri can represent a significant threat

in systems where water temperatures are >25°C continuously or >30°C seasonally. Distribution

networks should be managed using a combination of measures including maintenance of

disinfectant residuals, minimising the number of dead-end mains and/or their inappropriate location.

There is strong evidence that maintaining disinfectant residuals throughout distribution systems
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can provide a high level of protection against Naegleria fowleri (see Chapter 10 and the relevant
Fact Sheets in Part V). Use of chloramination has been successful in removing Naegleria fowleri
from long distribution systems in South Australia.

e  Management of in-premise plumbing systems: Plumbing systems can create conditions
conducive to opportunistic pathogen (in particular Legionella) growth. Plumbing systems should be
designed and managed to avoid warm water (keep stored cold water cold at <20° C and stored hot
water at >60°C (WHO 2011c; enHealth 2015, WHO 2017) and avoid stagnation. Detailed guidance
on managing the risks is given in the Guidelines for Legionella Control in the operation and
maintenance of water distribution systems in bealth and aged care facilities (enHealth 2015).

5.6 Cyanobacteria

Cyanobacteria are true bacteria, although they are often called “blue-green algae” because they resemble
green algae in morphology, habitat and photosynthetic ability (and contain chlorophylD). They occur as
single cells, filaments or colonies and their buoyancy can be metabolically regulated to allow optimal
access to light and nutrients. Cyanobacteria inhabit all surface waters and become a problem only

when present in excessive numbers (commonly known as “algal blooms”). Such blooms occur when
temperatures are high, with long sunny days, high levels of phosphorus and to a lesser extent nitrogen
in the water, low stream flows and calm conditions that permit the cells to migrate to the surface.

These conditions occur sporadically, although in many parts of Australia blooms are more likely in late
spring through to autumn. In addition, eutrophication (nutrient enrichment) associated with increased
agriculture and urbanisation has increased the occurrence of cyanobacterial blooms.

Cyanobacterial toxins of concern in Australian drinking waters are summarised briefly in Table 5.8 with
more details included in the fact sheets in Part V. For recent changes in cyanobacteria nomenclature
see Chorus and Welker (2021). No human deaths have been recorded from ingesting the toxins directly
produced by cyanobacteria. However, adverse outcomes may result from drinking water containing
cyanotoxins, with extended exposure potentially leading to more serious health impacts (Chorus and
Welker 2021).

Table 5.8 Cyanobacteria of concern in Australian drinking water

Toxin Cyanobacteria species Disease
Cylindrospermopsin Cylindrospermopsis raciborskii, Chrysosporum Damage to liver, kidneys, lungs, heart, stomach,
(formerly Aphanizomenon) ovalisporum adrenal glands, the vascular system and the

lymphatic system

Microcystins Microcystis aeruginosa Liver damage

Nodularin Nodularia spumigena Liver damage

Saxitoxin Dolichospermum circinale (formerly Anabaena No direct evidence of disease in humans from
circinalis) exposure in drinking water

Direct contact with toxic or non-toxic species of cyanobacteria may cause skin rashes or eye irritation
due to adverse reactions to components in the cell walls of the organisms. This could occur through
showering or bathing in water containing blooms or scums. In one study 11-15% of people were found
to be sensitive to contact with cyanobacteria (Pilotto et al. 2004).

Management of cyanobacteria is based on a combination of preventive measures including:
e source protection to reduce nutrient inputs

e management of reservoir conditions (e.g. to minimise stratification)

e  treatment to remove cyanobacterial cells (and cell bound toxins)

e  disinfection with oxidising disinfectants to inactivate cell-free toxins.
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More details are provided in the fact sheets in Part V.

To date, most interest in cyanobacteria has focussed on planktonic species. However, potential concerns
have been identified with the production of cyanotoxins and taste and odour compounds by benthic
species (Gaget et al. 2017). There is limited information available on the public health significance of
these species in drinking water supplies (Chorus and Welker 2021).

5.7 Nuisance organisms

Nuisance organisms in drinking water are those that are not pathogenic but can cause aesthetic issues
and corrosion of the distribution network (AWWA 2014). Nuisance organisms comprise a morphologically
and physiologically diverse collection of organisms.

They include:

e bacteria such as non-toxic planktonic and benthic cyanobacteria (commonly known as
blue-green algae)

e  iron, manganese and sulphur reducing bacteria

e anaerobic (actinomycete) bacteria and fungi

e  eukaryotic organisms (organisms with cells containing a nucleus) such as true algae, crustacea
and protozoa.

Problems occur when the conditions in source waters, reservoirs or distribution systems support the
growth of a particular nuisance organism or group of nuisance organisms. For example, excessive
quantities of organic matter will support the growth of bacteria, fungi and maintain populations of
protozoa (e.g. Acanthamoebae) and crustacea (e.g. amphipods and copepods). Many invertebrate
animals can feed on bacteria, fungi and protozoa.

In addition, a particular nuisance organism may show morphological characteristics or produce some
extracellular product that gives the organism a competitive advantage over other aquatic inhabitants.
This may include a “holdfast” (a mechanism for anchoring the organism) or sheath (in the case of some
iron bacteria) or the ability to produce antibiotic substances (as in some fungal species).

Raw water does not usually contain sufficient numbers of nuisance organisms to create problems.
However, manganese-oxidising organisms may be responsible for deposits in groundwater (Section 5.7.3)
leading to loss of flow and performance of bores. Water treatment process may also assist their growth.
Nuisance organisms concentrate on the surface of filters, inside the filter bed and on mains and water
reservoir surfaces. Nuisance organisms lyse and release cellular compounds responsible for colour,
turbidity, taste and odour.

Activated carbon filters will contain high amounts of organic matter after some time. This may affect taste,
odour and increase turbidity. This organic matter provides an excellent substrate for bacteria. Poorly
operated filter systems can be the source of tastes and odours, including activated carbon-based domestic
filter systems.

It is not practicable to specify a quantitative limit for nuisance microorganisms.
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5.7.1 ORGANISMS CAUSING TASTE AND ODOUR PROBLEMS

Objectionable tastes and odours can result from compounds produced by certain types of algae,
cyanobacteria (blue-green algae), bacteria and sometimes protozoa. For instance, Actinomycetes and
cyanobacteria produce geosmin and methylisoborneol (MIB), which have an earthy taint and a taste and
odour threshold of approximately 0.00001 mg/L (10 ng/L). Development of anoxic conditions in tank
sludges and stagnant water (e.g. dead-ends) can lead to bacterial sulphate reduction, often producing
hydrogen sulphide.

Several groups of protozoa produce odorous compounds in culture. Certain species of the amoeba
genera Vannella, Saccamoeba and Ripidomyxa that carry dense bacterial symbionts also produce either
geosmin or MIB. Symbionts are different organisms that share a close long-term relationship with other
organisms. They may be mutualistic, communalistic or parasitic through the process of symbiosis.

Most previously described sources of these compounds have been cyanobacteria or actinomycetes, so it
seems likely that the symbionts are the immediate source. The mechanism of symbiont contribution to
odours in waters is unknown. However, they should be considered as the likely source of a problem if
no other biological source of these strongly smelling compounds can be identified.

Free-swimming protozoa with hair-like cilia (ciliates) can contribute to odours in water if they reach high
densities. Examples include Climacostomum and certain Stentor species that bear the algal symbionts
zoochlorelle, although such incidents are not often reported.

Consumers often detect taste and odour problems before analytical methods have detected the
compounds responsible. It is therefore advisable to use trained panels to detect taste and odour and
undertake remedial measures before a problem becomes significant. Section 3.5.2 and the fact sheet on
Taste and Odour in Part V discuss such panels.

Another method to pre-empt taste and odour problems is to use microscopy to regularly examine the
type and number of organisms present in the water. When a group of organisms known to cause taste or
odour problems is dominant, measures should be taken to overcome the problem.

5.7.2 ORGANISMS CAUSING COLOUR PROBLEMS

Excessive growths of some algae, cyanobacteria and other bacteria can produce undesirable “blooms” in
source waters, and this may affect colour in the distribution system.

Blooms of algae and cyanobacteria may be controlled by judicious application of copper sulphate
or other algaecide to the source water. Any decision to use an algaecide needs to be discussed
with the relevant health authority or drinking water regulator and be consistent with jurisdictional
policy. Applications of algaecide can lead to the release of cyanotoxins from otherwise intact cells.
Cyanobacteria and their toxins are discussed in detail in the relevant fact sheets in Part V.

When pigmented organisms such as cyanobacteria and algae are crushed on filters, colour problems can
result. This type of problem can be exacerbated by the passage of microalgae through the filters causing
an increase in turbidity.

5.7.3 DEPOSITS DUETO IRON AND MANGANESE BACTERIA

Nuisance iron-oxidising organisms may cause problems in groundwater sources by encrusting bore
screens, causing loss of yield and impairing the aesthetic quality of the supply. The presence of these
organisms may also indicate organic pollution of the aquifer and should trigger an investigation if
populations are changing.
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Manganese-oxidising organisms (bacteria, fungi and very rarely protozoa) may be responsible for
deposits in aquifers, wells and water conduits. The deposits can:

e reduce yield

e clog slots in the bore pipes

e slow the flow in pipes by increasing turbulence
e  damage equipment for measuring water flows

e  produce black water that stains laundry and disrupts food-handling establishments.

Bacteria can attach to the deposits. If disturbed, these will increase the heterotrophic bacteria colony
count of the water. These problems will generally not occur if the concentration of manganese is below
0.1 mg/L. (See fact sheet in Part V on Manganese).

In water containing ferrous or manganous salts, iron or manganese bacteria can oxidise these compounds
to form rust-coloured or black deposits in tanks and on the walls of pipes in slow-flowing parts of the
distribution system. Changes in water flow can then release the deposits into the supply system, staining
laundry and plumbing fittings and adversely affecting the appearance of drinking water. The slurry may
also contain organic deposits that can break down to cause odour problems (see fact sheets in Part V on
Colour, Iron, and Manganese).

Although these nuisance organisms can impair water quality, it is not practicable to monitor for them
routinely because of their diverse nature and unpredictable occurrence. Consumer complaints, together
with local knowledge of the water supply system and source waters, should be a trigger for action.

5.7.4 CORROSION PROBLEMS DUE TO IRON AND SULPHUR BACTERIA

Iron and sulphur bacteria contribute to the corrosion of iron and steel well pipes and drinking-water
mains, with corrosion starting from either inside or outside. Microorganisms may cause corrosion by:

e depleting dissolved oxygen

e  producing corrosive metabolites

e  producing sulphuric acid from sulphides or elemental sulphur

e participating in the electrochemical cathodic process.

The presence of these organisms in water may indicate a potential for corrosion of cast iron mains and
storage tanks. It can also indicate biodeterioration of certain construction materials, including non-metallic

materials (e.g. plastics, rubber jointing compounds, pipe lining materials). These materials provide
organic nutrients and encourage the growth of microorganisms such as Pseudomonas aeruginosa.

Changes to iron and sulphur bacteria populations may be detected due to aesthetic impacts.
Customer complaints should trigger an investigation.

5.7.5 PROBLEMS CAUSED BY LARGE NUMBERS OF MICROORGANISMS

Large numbers of aerobic heterotrophic bacteria in treated water can interfere with the interpretation

of test results for the coliform group. The method employed for coliform group measurement and

enumeration influences the type of interferences that may occur, for example:

e where membrane filtration methods are employed, non-target organisms may overgrow target
organisms, masking their presence and yielding false-negative results.

e where defined enzyme substrate methods are employed, large numbers of non-target organisms
may give false positive reactions (e.g. the presence of high levels of Aeromonas spp. in water
samples, which may have a low level of galactosidase production, can lead to false positive results).

Most of these organisms can be controlled relatively easily by water treatment processes, including
disinfection. Nutrient-rich raw water should be avoided if water treatment cannot be applied.
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Chapter 6 Physical and Chemical Quality of Drinking Water

6.1 Introduction

This chapter discusses both the physical characteristics of water quality and the chemical characteristics,
including organic and inorganic chemicals and pesticides. It explains the rationale for deriving guideline
values. The principles used in both cases are very similar and a number of common assumptions have
been made.

6.2 Physical quality of drinking water

6.2.1 AN OVERVIEW OF PHYSICAL CHARACTERISTICS

The appearance, taste, odour, and ‘feel’ of water determine what people experience when they drink or
use water and how they rate its quality; other physical characteristics can suggest whether corrosion and
encrustation are likely to be significant problems in pipes or fittings. The measurable characteristics that
determine these largely subjective qualities are:

e true colour (the colour that remains after any suspended particles have been removed);

. turbidity (the cloudiness caused by fine suspended matter in the water);

e hardness (the reduced ability to get a lather using soap);

. total dissolved solids (TDS);

*  ph

*  temperature;

e taste and odour;

e dissolved oxygen.

Colour and turbidity influence the appearance of water. Taste can be influenced by temperature, TDS,
and pH. The ‘feel’ of water can be affected by pH, temperature, and hardness. Rates of corrosion and

encrustation (scale build-up) of pipes and fittings are affected by pH, temperature, hardness, TDS and
dissolved oxygen.

Each of the physical characteristics is discussed separately in the fact sheets in Part V. However, there is
some overlap with organic compounds, microorganisms and, most notably, the inorganic constituents of
water; when this occurs, it is noted and cross-referenced.

6.2.2  APPROACH USED IN DERIVATION OF GUIDELINES VALUES FOR PHYSICAL CHARACTERISTICS

In general, the physical characteristics of water are not of direct public health concern, but they do affect
the aesthetic quality of the water, which largely determines whether or not people are prepared to drink
it. If water is unpalatable or appears to be of poor quality, even though it may be quite safe to drink, the
consumer may seek other water sources, and these may not be as safe.

Each guideline value is set at a level that ensures good quality water — that is, water that is aesthetically
pleasing and safe, and that can be used without detriment to fixtures and fittings. The values are
determined by considering water quality guidelines used by other countries and international bodies,
assessing any health implications, and then deciding on a point beyond which the quality of the water
might no longer be regarded as good. Factors taken into account include:

e taste and odour thresholds (i.e. the smallest concentration or amount that would be just detected by
a trained group of people);
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. the concentration or amount that would produce noticeable stains on laundry or corrosion and
encrustation of pipes or fittings;
*  the concentration or amount that would be just noticeable in a glass of water and lead to a

perception that the water was not of good quality.

The physical guideline values are not absolute; they are value judgments determined from an often

wide range of values that may be broadly classed as acceptable — that is, there is no one right answer.
Consequently, small, short-term excursions beyond a physical guideline value do not necessarily mean
that the water will be unacceptable. What is aesthetically acceptable or unacceptable depends on public
expectations, and must ultimately be determined by water authorities in consultation with consumers,
taking into account the costs and benefits of further treatment. The Australian Drinking Water Guidelines
provide a starting point for this process.

6.3 Chemical quality of drinking water

A number of chemicals, both organic and inorganic, including some pesticides, are of concern in drinking
water from the health perspective because they are toxic to humans or are suspected of causing cancer.
Some can also affect the aesthetic quality of water.

The presence of chemical in drinking water may result from:

*  natural leaching from soils, rocks and mineral deposits into source waters;

e land-use activities in catchments leading to exacerbation of natural processes such as mobilisation
of salts;

*  run-off from agricultural operations within drinking water catchments;

*  biological processes including growth of cyanobacteria and algae in waterways and reservoirs;

. contamination of source water by treated effluent discharge and other point sources within the
catchment;

. carry-over of small amounts of treatment chemicals;
. addition of chemicals such as chlorine and fluoride;

e corrosion and leaching of pipes and fittings.

6.3.  INORGANIC CHEMICALS

Inorganic chemicals in drinking water usually occur as dissolved salts, principally carbonates, chlorides
and sulfates, attached to suspended material such as colloids and clay particles, or as complexes with
naturally occurring organic compounds.

Unless otherwise stated, the guideline value refers to the total amount of the substance present,
regardless of its form (e.g. in solution or attached to suspended matter).

6.3.2 ORGANIC COMPOUNDS (REVISED 201 1)

Organic compounds are usually present in drinking water in very low concentrations. They may occur
either naturally or as a result of human activities. By-products of disinfection are the most commonly
found organic contaminants in Australian drinking water supplies. Pesticides and petroleum products are
occasionally detected in source water or treated drinking water in Australia, but rarely at concentrations
above health-based guideline values.
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Disinfection by-products

The by-products of disinfection are the products of reactions between disinfectants, particularly chlorine,
and naturally occurring organic material such as humic and fulvic acids, which result from the decay of
vegetable and animal matter. Of these disinfection by-products, the trihalomethanes (THMs) are produced
in the highest concentrations.

Most disinfectants used to render drinking water safe from pathogenic microorganisms will produce by-
products in the disinfection process. Factors affecting the formation of disinfection by-products include:
*  the amount of natural organic matter present;

. the disinfectant used;

. the disinfectant dose;

*  pH;

*  temperature;

. the time available for reaction (C.t or contact time).

Chlorine is the most common disinfectant; in the chlorination process it reacts with naturally occurring
organic matter to produce a complex mixture of by-products, including a wide variety of halogenated
compounds (i.e. organic by-products of chlorination). The main by-products are the THMs and
chlorinated acetic acids. Many other by-products can be produced, but concentrations are generally very
low (usually <0.01 mg/L and often <0.001 mg/L).

Other disinfectants can produce different types of by-products: for example, ozone is known to produce
formaldehyde and other aldehydes.

Known disinfection by-products are considered individually in the fact sheets in Part V. It is possible,
however, that other disinfection by-products for which no health data are available are present at
extremely low concentrations. It is also possible that when these compounds (both known and
unknown) are ingested together, their combined effects on health may be different from their individual
effects. Epidemiological studies examine disinfection by-products as a generic group, and can be useful in
determining overall effects.

A number of epidemiological studies have suggested an association between water chlorination by-
products and various cancers (Michaud et al. 2007, Villanueva et al. 2007). This association has been most
consistent in relation to cancer of the bladder and rectum, but there are insufficient data to determine
concentrations at which chlorination by-products might cause an increased risk to human health.

In experiments with laboratory mice, when concentrates derived from chlorinated drinking water were
applied to the skin, there was no increase in the incidence of skin tumours compared with concentrates
derived from unchlorinated supplies. Similarly, oral administration of chlorinated humic acids in drinking
water did not increase the incidence of tumours compared with animals receiving unchlorinated humic
acids, or with saline-treated controls (IARC 1991).

Studies have shown that concentrates of some chlorinated drinking water supplies are mutagenic to
some strains of test bacteria. These effects were consistently found with samples of surface water that
had a high content of natural organic compounds at the time of chlorination. A significant proportion of
the increased mutagenicity has been attributed to a chlorinated furanone known as MX (Kronberg and
Vartiainen 1988).

The International Agency for Research on Cancer has reviewed the available data and concluded that
there is inadequate evidence to determine the carcinogenicity of chlorinated drinking water to humans
(TIARC 199D).
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Action to reduce the concentration of disinfection by-products is encouraged, but disinfection itself must
not be compromised: the risk posed by disinfection by-products is considerably smaller than the risk
posed by the presence of pathogenic microorganisms in water that has not been disinfected.

Further information on disinfection of drinking water is contained in the information sheets (Part IV) and
fact sheets (Part V).

Pesticides

For the purpose of the Guidelines the term ‘pesticides’ includes agricultural chemicals such as
insecticides, herbicides, nematicides, rodenticides and miticides.

The Australian Pesticides and Veterinary Medicines Authority (APVMA) is responsible for assessing all
pesticides prior to registration to allow sale and use in Australia. For registration, data required on the
pesticide include information on the proposed use, the toxicity and the residues that might result from
proper use. When the pesticide is registered, a safe level of exposure, conditions of use and maximum
levels of residues for water are determined. This mechanism allows the formulation of appropriate
guideline values for pesticides in drinking water and a process for their revision, which includes public
consultation.

The use of pesticides in Australia is regulated by the states and territories, though this is the subject of a
COAG reform and may change in the future. The APVMA provides label requirements for the approved
use and application of pesticides and these labels are required to be followed by all users of registered
pesticides, with enforcement the responsibility of the states and territories. These label requirements

are intended, in part, to minimise pesticide contamination of waterways. Consistent with this, pesticides
should not be found in water supplies above safe levels and if they are, investigations must be
undertaken to determine how they came to be there. These investigations should then be followed by
corrective action aimed at the prevention of pesticide contamination of drinking water supplies.

Within the context of aiming to minimize pesticide contamination of drinking water, it should be noted
that a small number of pesticides have been approved by the APVMA for the management and control
of pests including insects and insect larvae in drinking water supplies. An example is s-methoprene,
which has been approved for use as a larvacide in rainwater tanks. In circumstances where pesticides are
intentionally applied to drinking water supplies, drinking water concentrations should be monitored to
ensure that concentrations are within safe levels.

Contamination of drinking water by pesticides may occur occasionally as a result of accidental spills,
misadventure, or emergency use of pesticides. In such cases, prompt action may be required by public
health officials.

The health-based guideline values are derived from the acceptable daily intake (ADI) and are set at about
10 per cent of the ADI for an adult weight of 70 kg and a daily water consumption of 2 litres. The health-
based guideline values are very conservative, and include a range of safety factors, which always err on
the side of safety.

In earlier versions of the Australian Drinking Water Guidelines, the guideline value for many pesticides
was set at the practical analytical detection limit for the particular chemical substance. This approach
was used to reflect the philosophy that good water quality management should aim to prevent the
contamination of drinking water supplies by pesticides (regardless of potentially negligible health
implications). While this management philosophy still applies, the approach to setting guidelines has
been revised and analytical detection limits are no longer used as guideline values for pesticides.

The revised approach has been adopted for two main reasons. The first is that analytical detection limits
are constantly changing (decreasing) as a result of on-going technological advancements. This means
that in order to keep up-to-date, a detection limit-based guideline would also need to be continuously
revised downward, which is an impractical situation from a human health perspective. The second

Australian Drinking Water Guidelines Version 3.8 107



Physical and Chemical Quality of Drinking Water ~ Chapter 6

reason is the desirability of a scientifically-consistent approach to guideline setting across all chemicals.
Wherever possible, guideline values for all other chemicals are based on human health considerations
and toxicological data. Accordingly, it is appropriate that the guideline values for pesticides be addressed
in the same way.

As noted above, this change in guideline setting for pesticides does not change the general philosophy
regarding the management of pesticides in drinking water supplies. Persistent detection of pesticides may
indicate inappropriate use or accidental spillage, and investigation is required in line with established
procedures in the risk management plan for the particular water source.

Pharmaceuticals and endocrine-disrupting chemicals

Pharmaceuticals

Pharmaceuticals comprise a large class of predominantly organic compounds. They are administered

to humans and animals to achieve a variety of benefits including prevention and treatment of disease.
The large variety of compounds in use and their importance to physiology, along with their widespread
use and chemical characteristics contributing to persistence suggest the potential for their similarly
widespread distribution in the environment and the potential for contamination of potable water supplies.

Virtually all pharmaceuticals administered to humans are excreted in varying degrees and discharged
directly into the sewerage system. These compounds are then affected by treatment processes in
municipal sewage treatment plants, before discharge to the environment. Depending on chemical
properties including aqueous solubility, volatility, lipophilicity and susceptibility to biodegradation,
pharmaceutical residues may be removed in varying degrees during conventional sewage treatment
processes prior to environmental discharge.

Synthetic pharmaceutical compounds were first observed and reported in sewage during the 1970s. Since
then, over 100 pharmaceutical drugs and metabolites have been identified in environmental samples,
primarily in Europe and North America. Reported compounds include analgesic, anti-inflammatory, beta-
blocker, lipid regulator, antiepileptic, f2-sympathomimetic, antineoplastic, antibiotic and contraceptive
drugs.

No definitive link has been reported or established between pharmaceutical exposure in drinking waters
and human health risk. Furthermore, current evidence does not support a general requirement for
additional or specialised drinking water treatment to reduce concentrations of pharmaceuticals. Routine
monitoring is not recommended, but targeted, well designed and quality controlled investigative studies
could provide more information on potential human exposure from drinking water. Nonetheless, concern
for the potential implications of exposure to mixtures of these biologically active chemicals exists and
worldwide investigations are ongoing.

Specific concerns have been raised by some scientists that the presence of antibiotic agents in water
supplies may facilitate the development of resistant organisms, with implications for public health
(Kummerer 2009). While this may be a valid hypothesis, studies are yet to demonstrate that the presence
of antibiotics in water supplies has any impact on the development of resistance.

It is not common international practice to regulate or provide guidelines for pharmaceuticals in drinking
water. However, the Australian National Guidelines for Water Recycling (Phase 2): Augmentation of
Drinking Water Supplies have taken a pro-active approach and do provide guideline concentrations (and
an approach for further developing guidelines) that are applicable to potable water supplies intentionally
augmented by recycled municipal effluents (EPHC, NHMRC and NRMMC 2008). Use of these guideline
values should be considered for supplies where the risk assessment identifies significant contribution of
municipal effluent, whether it is intentional or unintentional.
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Endocrine-disrupting chemicals

During the last few decades, reports of hormonally related abnormalities in a wide range of species have
accumulated. Chemical contaminants are believed to be responsible for many of these abnormalities,
acting via mechanisms leading to alteration in endocrine function. This phenomenon, known generally
as ‘endocrine disruption’, has been identified by the World Health Organization as an issue of global
concern (Damstra et al. 2002). The chemicals implicated have been collectively termed ‘endocrine-
disrupting chemicals’, or simply ‘endocrine disruptors’ (Damstra et al. 2002).

A particularly well documented form of endocrine disruption has been the induction of biochemical
hormonal responses in freshwater fish, which can cause significant behavioural and morphological
dysfunctions and lead in the worse cases to sterility (Tyler and Jobling 2008). A growing number of
natural and synthetic environmental chemicals have been implicated as causative agents of these
observed disruptions. However, in terms of potency, the most significant have been natural and synthetic
steroidal hormones. Some steroidal hormones have been observed to cause disruption of the endocrine
system of fish at ambient concentrations less than 0.000001 mg/L (1 ng/L).

Environmental exposure to oestrogenic hormones has been shown to cause feminisation of male fish
(Tyler and Jobling 2008, Rempel et al. 2006. More recently, exposure to androgens has been implicated
in the masculinisation of fish (Jensen 2006). Furthermore, scientists suspect that anthropogenic estrogens,
androgens and progestins may act as reproductive pheromones in fish, thus adversely affecting
reproduction (Kolodziej et al. 2004).

Much attention has focused on the discharge of hormonal steroids from municipal sewage treatment
plants. Municipal sewage effluents have been generally characterised as being ‘oestrogenic’ in nature,
due largely to trace concentrations of oestrogenic steroidal hormones as well as some other natural and
synthetic chemicals.

While some endocrine-disrupting chemicals have been detected in some drinking water supplies,
concentrations have been generally insignificant compared to other dietary sources of estrogenic activity.

Box 6.1 The Black Mountain Declaration (2007) on Endocrine Disrupting Chemicals in Australian Waters

Humans, as mammals, have very similar endocrine systems to other species for which impacts of environmental endocrine-
disrupting chemicals (EDCs) have been observed.There is clear evidence that humans have been severely impacted by some
EDCs when exposed to significant doses in the form of medications or extreme occupational exposure. However, exposure to
EDCs via water (either through recreation or consumption) is considered relatively insignificant compared to other sources such
as occupational or dietary exposure.

Despite the valid reasons for concern, evidence of impacts to humans from environmental exposure to EDCs is yet to be
established. This includes a lack of evidence of impacts via exposure from water supplies, food products and air: Given the observed
susceptibility of other species and the ultimate importance of protecting public health, a precautionary approach towards
minimising unnecessary exposure to EDCs in water, food and air is warranted.

It is not common international practice to regulate or provide guidelines for endocrine-disrupting
chemicals in drinking water. However, the Australian National Guidelines for Water Recycling (Phase 2):
Augmentation of Drinking Water Supplies have taken a pro-active approach and do provide guideline
concentrations (and an approach for further developing guidelines) that are applicable to potable water
supplies intentionally augmented by recycled municipal effluents (EPHC, NHMRC and NRMMC 2008).
Use of these guideline values should be considered for supplies where the risk assessment identifies
significant contribution of municipal effluent, whether it is intentional or unintentional.
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Other organic compounds

Naturally occurring organic compounds are not generally of human health concern, except for certain
specific toxins (see fact sheets on Toxic Cyanobacteria). Other than disinfection by-products, organic
contaminants resulting from human activity are not normally detected in Australian drinking water.

They have, however, been detected at times in supplies in North America and Europe, usually following an
accidental spill or discharge into a water source or, on rare occasions, from rain contaminated by airborne
pollutants. Fact sheets and guideline values are provided in case similar incidents should occur in Australia.

6.3.3  APPROACH USED IN DERIVATION OF GUIDELINE VALUES FOR CHEMICALS

The guideline value for each organic and inorganic chemical is the concentration that, based on present
knowledge, does not result in any significant risk to the health of the consumer over a lifetime of
consumption and is consistent with water of good quality.

The health-based guideline values are very conservative, and are calculated using a range of safety
factors. They always err on the side of safety, particularly where scientific data are inconclusive or where
the only data available are from animal studies.

Where aesthetic considerations, including taste and odour, corrosion, and stains on sanitary ware and
laundry, dictate a more stringent guideline than that required to protect health, both values are quoted.
Health considerations may be of less concern in such cases (although they must still be considered),
because water that is aesthetically unacceptable is less likely to be consumed.

For most chemicals, it has not been possible to estimate the higher concentrations that would affect
health over shorter periods, so short-term guideline values have generally not been set. However, given
the very conservative nature of the Guidelines, deviations from the guideline values over a short period
do not necessarily mean that the water is unsuitable for consumption. The amount by which and the
period for which any guideline value could be exceeded without causing concern will depend on the
chemical involved and other factors, such as the risks and benefits to public health.

Each excursion beyond a guideline value should, however, be a trigger for further action.

Chemicals fall into two categories based on health effects:

*  those where the effects are observed only above a certain threshold dose, with no effects observed
at doses below this threshold;

. those that do not appear to have a threshold.

Sources of data used
Human data

There is little information on the effects of human exposure to organic and inorganic compounds,
including pesticides, at the concentrations likely to occur in water. Occasionally, there are useful
epidemiological data, and where available, these have been the primary consideration in setting the
guideline value.

Animal data

In the absence of human data, experiments on laboratory animals provide toxicological data on the
effects of exposure to chemical agents. Ideally, these are long-term studies involving ingestion of the
compound dissolved in water or present in food, rather than inhalation or dermal exposure studies. For
expediency, such studies are conducted at concentrations that are relatively high in comparison to the
concentrations likely to be found in drinking water. Furthermore, the most sensitive animal species, and
the most sensitive group within that species, are used in order to increase the likelihood of observing a
toxicological effect.
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Effects of exposure to chemicals in experimental animals are generally classified in the following broad
categories:

. organ-specific;
. neurological/behavioural,
*  reproductive/developmental;

. carcinogenic/mutagenic.

Effects may be prolonged or short term, reversible or irreversible, immediate or delayed, single or
multiple. The nature, number, severity, incidence and prevalence of specific effects generally increase
with increasing dose. Adequately designed and conducted experimental studies in animals can usually
provide an exposure level below which adverse effects are not seen.

Interpreting these data and extrapolating from them to human populations can be difficult, as health
effects vary with dose, route of exposure (e.g. ingestion, inhalation, skin absorption), frequency or
duration of exposure, and the species, sex and age of the exposed population. This can require
appropriate expertise and prudent judgment (e.g. see IPCS 1978).

Derivation of guideline values for substances for which a threshold exists

Where appropriate human data are available, these have been used in the derivation of the guideline
value.

In the absence of human data, the guideline value is generally based on the highest dose that
causes no adverse effects in long-term experiments on laboratory animals. It is calculated using the
following formula:

Guideline value = animal dose x human weight x proportion of intake from water

volume of water consumed x safety factor

In using this equation, it is necessary to make assumptions about the amount of water consumed

per day, the average body weight and the proportion of total intake that can be attributed to water
consumption, and to decide on an appropriate safety factor. Clearly the figures selected will all affect the
guideline value, and varying one or more of them could raise or lower the resultant value by a factor

of 10 or more. Any guideline value will thus have a degree of ‘fuzziness’ surrounding it; however, the
assumptions made in calculating these guideline values are generally very conservative, and always err
on the side of safety.

Animal dose

The animal dose is usually the ‘no observed effect level’ (NOEL); that is, the highest amount of the
compound that does not cause observable effects in repeat dose studies on experimental animals. If this
is not available, then the dose often used is the lowest observed effect level’ (LOEL); that is, the lowest
amount of the compound that causes observable effects in studies on experimental animals. (In some
cases, the ‘no/lowest observed aduverse effect level, NOAEL/LOAEL, is used — that is, the highest amount
of the compound that causes no observable adverse effects, or the lowest amount that causes observable
effects, in repeat dose studies on experimental animals). If the LOEL (or LOAEL) is used, an extra safety
factor is applied.

The dose data can come from drinking water studies or feeding or force-feeding studies. Dose is
expressed as milligrams of compound per kilogram of animal body weight per day.
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Human weight

It has been assumed that the average weight of an Australian adult is 70 kg. This is the figure used in
Canada and other developed countries. The World Health Organization (WHO) uses a value of 60 kg,
which reflects the lower adult weights in developing countries. The heavier weight assumed here will
slightly increase the magnitude of the guideline value.

Where there is a specific need to protect young children, the average weight of a child at 2 years of age
is assumed to be 13 kg. The same figure is used in other developed countries, such as Canada. The WHO
uses 10 kg.

Proportion of intake from water

The animal dose data are assumed to encompass all sources of exposure. It is thus necessary to estimate
the proportion of total human intake of a compound that is derived from water. Intake from air is
generally negligible compared with other sources, but intake from food, pharmaceuticals and other
products can be significant.

For chemicals that are used commercially or industrially, it is assumed, in the absence of other
information, that water contributes 10 per cent of intake. For compounds that are not used commercially
or industrially, a higher proportion of intake (usually 20 per cent but sometimes 80 per cent or 100 per
cent) is assumed to come from drinking water. These figures are regarded as conservative (assuming

a higher proportion deriving from drinking water would result in raising the guideline value), and the
approach is consistent with that adopted by the WHO and by other countries.

Although exposure to chemical agents in water is predominantly through drinking the water, skin
absorption during bathing or inhalation in a shower can also occur. Such exposures may increase the
proportion of the chemical derived from drinking water, but the lower proportion (10 per cent or 20 per
cent) is used for calculating the guideline value because it provides a higher margin of safety.

Volume of water consumed

The amount of water consumed by an adult each day is assumed to be 2 L. If the guideline value is
based on the weight of a child, 1 L per day is assumed. Consumption can vary with season and climate;
however, both figures, which are the same as those used by the WHO, are believed to be appropriate, on
average, for Australian conditions. Some colder countries use different values: Canada, for example, uses
1.5 and 0.75 L per day.

Safety factor

Safety factors are used because of the uncertainty inherent in extrapolating from animal studies to human

populations, or from a small human group to the general population. Safety factors generally applied are:

e a factor of 10 for variations between animals of the same species (because some animals within a
species may be more sensitive to the effects of a chemical than the group tested);

e a factor of 10 for variations between species (because the animal species tested may be less sensitive
than humans, and in many cases human sensitivity is unknown);

e afactor of 10 if data from a sub-chronic study are used in the absence of reliable data from chronic
studies (this factor can be less if chronic studies are available and indicate that no other effects
occur, or that other effects are mild);

e afactor of up to 10 if adverse effects have been observed at the lowest doses (usually the data used
are based on the highest dose at which no adverse effects are seen).

The individual factors for each of the points listed above are multiplied together to give an overall safety
factor. A safety factor of 100 to 1000 is common; higher values may be used on occasions.
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Occasionally, individual safety factors lower than 10 are used where there is additional information to
justify a reduction. This can occur, for instance, where information is available to clarify the mechanism
of the effects on humans, where human epidemiological data are available, where the adverse effects
observed are regarded as being relatively minor, or where large amounts of animal and human data are
available.

Guideline values for carcinogenic compounds that act only above a threshold dose are determined
in the same way as for non-carcinogenic compounds, but with an additional safety factor for
carcinogenic effects.

Derivation of guideline values for substances where no threshold has been demonstrated

With compounds for which no threshold can be demonstrated, it can be expected that, as the level

of exposure decreases, the resultant hazard similarly decreases. The risk associated with exposure to
very low concentrations may be extrapolated using a risk assessment model, often over many orders of
magnitude, from the dose-response relationship observed at higher doses. A number of uncertainties
are involved, but the calculations used tend to overestimate rather than underestimate the risk, and so
provide a greater margin of safety: it is possible that the actual risk from exposure to low concentrations
may, in fact, be lower than the estimated values by more than an order of magnitude.

This approach can be applied for genotoxic carcinogenic compounds, and has been used by the
WHO for this purpose.

Benchmark dose (BMD) approach

In a few cases, a slight variation to the above approaches for setting guideline values has been used. This
variation, known as the benchmark dose (BMD) approach, has been used in dealing with both cancer
and non-cancer end points. It is described in Environmental Health Criteria 170 (WHO 1994) and a
modified version for use with carcinogenic soil contaminants was described by the NHMRC (1999).

The benchmark dose corresponds to a predetermined increase (between 1 and 10% but commonly 5%)
of a defined effect in a test population. Mathematically it is the statistical lower confidence limit on the
dose that corresponds to that predetermined increase, although some agencies are using a best estimate
rather than a lower confidence limit (IEH, 1999).

Guidance on rounding

The vast majority of numerical guideline values in the Guidelines are rounded to a single significant
figure. Consistent with standard rounding convention, mid-way values are rounded up. For example,
1.5 is rounded to 2 and 25 is rounded to 30. Trailing zeros in numbers where there is no decimal point
should not be taken as significant (e.g., nitrate, 50 mg/L).

Practically all of the health-based guideline values were established using data and assumptions with a
precision of one significant figure (e.g., volume of water consumed by an adult = 2 L/day). Furthermore,
the vast majority include the incorporation of safety factors, which are applied at the precision of ‘order
of magnitude’ (e.g., 10 for interspecies extrapolation and 10 for intra-species variation).

Quoting more significant figures misrepresents the degree of calculated precision and may lead to
unfounded concern when guidelines are exceeded at the second or third significant figure.

It is noted that exceptions to this may be necessary for some chemicals. These will be considered on
a case-by-case basis and the reasons for the deviation from the convention of rounding to a single
significant figure will be explained in the fact sheet.

It is noted that aesthetic guidelines are generally based on direct information on palatability to
consumers, including appearance, taste and odour, and so do not need to be rounded.
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Interaction between chemicals

Guideline values are calculated for individual chemicals without specific consideration of the potential
for each to interact with others in the water. Normally, the majority of chemicals will not be present

in concentrations at or near the guideline value, and the large margin of safety incorporated in the
majority of the guideline values is considered to be sufficient to account for potential interactions with
other substances.

Guidance on parent compounds and environmental transformation products

Fact sheets and health-based guideline values are established for the form(s) of the chemical that may

be present in drinking water. Where the chemical form present in drinking water is an environmental
transformation product, toxicological data on the transformation product(s) should be evaluated to derive
a health-based guideline value if available.

Use of screening assays

For some chemicals, the accepted analytical method is a screening assay that is able to detect any of a
group of chemicals, with the measured value derived from the members of the group that are present.
For example, in analytical chemistry, a residue method involves breaking down the sample and measuring
a breakdown product (for example, subjecting the sample to acid digestion and measuring carbon
disulphide, CS). Also, some bioanalytical methods detect groups of chemicals based on their biological
activity, for example estrogenic compounds. Using such methods, it may not be possible to determine

the parent compound(s) present in the original sample. In this case, the result should be expressed in
units of the most potent compound (or a well-established method reference compound) and compared
to the relevant guideline value, or follow-up analytical techniques should be applied that measure the
chemical(s) of interest directly.

6.4 Differences between Australian and WHO guideline values

The guideline values in the Guidelines take as their point of reference the WHO Guidelines for Drinking-
water Quality (2004) and subsequent addenda in 2006 and 2008. When the guideline values derived for
chemicals in the Guidelines differ from those recommended by the WHO, the difference usually arises in
one of two ways:

*  The Guidelines use an average adult weight of 70 kg, consistent with developed countries such as
Canada, whereas the WHO figure is 60 kg to cater for lighter body weights in developing countries.
The use of a higher average weight can sometimes yield slightly higher guideline values, but the
difference is not significant given the large safety factors used.

. For genotoxic carcinogenic compounds, WHO uses a risk assessment calculation, with the
guideline value set at the concentration that would give rise to a risk of one additional cancer per
100,000 people. The Australian guideline values for these types of compounds are based on a
consideration of:

— the limit of determination based on the most common analytical method;

— the concentration, calculated by the WHO using a risk assessment model, that could give rise
to a risk of one additional cancer per million people, if water containing the compound at that
concentration were consumed over a lifetime;

— a value based on a threshold effect calculation, with an additional safety factor for potential

carcinogenicity.

Frequently the values determined from these two types of calculations are very similar. The balance
between these considerations is assessed as follows:
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e If the limit of determination gives an adequate degree of protection (i.e. is within a factor of 10 of
values determined from health considerations), it has been used as the guideline value. If the limit
of determination is much lower than values determined from health considerations, then the lower
of the two calculated values has been used. If, conversely, the calculated value is much lower than
the limit of determination, then the calculated value is used, but with a note that it is lower than the
practical limit of determination. Improved limits of determination are required for such compounds.

e  The approach used for carcinogenic compounds in the Guidelines is believed to lead to a
more balanced assessment of the health risks, and is similar to that adopted in other countries
(e.g. Canada). Whether the assumed risk should be one in 100,000 or one in a million is a value
judgment. However, the greater degree of protection afforded by a risk of one in a million is
generally consistent with calculations based on a threshold approach, and is in line with the high
expectations of Australian consumers.

6.5 National and international guideline values (2016)

For some chemical substances, an Australian drinking water guideline value may not be available. It is
recommended that water suppliers seek advice from the appropriate state or territory health regulatory
agency when chemicals that do not have a guideline value in the Guidelines are detected in drinking
water. In such cases, interim water quality advice may be obtained from alternative sources.

The following list details a hierarchy of documents in which national and international drinking water
guideline values can be found. The sources are listed in order of preference of acceptance, based on
recommendations from the NHMRC and the Environmental Health Standing Committee (enHealth) in
relation to risk assessment of environmental hazards (enHealth 2012). The recommendations are derived
from the relevance to the Australian context and the methodologies used to calculate guideline values.
Starting at the top of the hierarchy, the most recent final version of the document should be consulted
until a suitable interim guideline value is identified:

*  Australian Guidelines for Water Recycling — Phase 2: Augmentation of Drinking Water Supplies
(Environment Protection and Heritage Council (EPHC), NHMRC and the Natural Resource
Management Ministerial Council (NRMMC), 2008

*  WHO Guidelines for Drinking-Water Quality, fourth edition (WHO, 2017)

*  Drinking Water Standards for New Zealand, New Zealand Ministry of Health, New Zealand
(New Zealand Ministry of Health, 2018)

. Guidelines for Canadian Drinking Water Quality (Health Canada, 2020)

. Health Advisories for Drinking Water Contaminants (United States Environmental Protection Agency
(US EPA) Office of Water, various dates)

*  Drinking Water Contaminants Lists (US EPA Office of Water, 2007)

e Public Health Goal for Chemical Substances in Drinking Water (Office of Environmental Health
Hazard Assessment, California, various dates).
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Chapter 7 Radiological Quality of Drinking Water (Updated 2022)

7.1 Introduction

This chapter describes the sources of radiation in the environment and in drinking water, the health
effects of radiation, how people are exposed to radiation and how radiation exposure is measured. It also
explains how the reference levels and screening values provided in Chapter 10 are derived.

7.2 Sources of radiation in the environment and in drinking water

Radioactive materials occur naturally in the environment (e.g. uranium, thorium and potassium). Some
radioactive compounds arise from human activities (e.g. from medical or industrial uses of radioactivity)
and some natural sources of radiation are concentrated by mining and other industrial activities.

By far the largest proportion of human exposure to radiation comes from natural sources — from external
sources of radiation, including cosmic radiation, or from ingestion or inhalation of radioactive materials.
A very low proportion of the total human exposure comes from drinking water. Elevated levels of
radioactivity in drinking water can be the result of:
e naturally occurring concentrations of radioactive material (e.g. radionuclides of the thorium
and uranium series in drinking water sources). Refer to Information Sheet 2.2 for details of the
radionuclides in the uranium and thorium decay series.

. technological processes involving naturally occurring radioactive materials (e.g. the mining and
processing of mineral sands or phosphate fertilizer production), where there is contact with the
water supply.

e manufactured radionuclides, which might enter drinking water supplies from routine discharges or
emergency situations.

7.3 Health effects of radiation

There have been many large scale studies worldwide of cancer risk in people arising from ionising
radiation exposure (UNSCEAR 2018). The risk from exposure to high radiation doses is well quantified.
For low radiation exposures the scientific evidence for increased health risk is limited. In accordance with
the linear no threshold (LNT) model of radiation protection there is a theoretically possible increased risk
of cancer and hereditary effects at very low radiation doses. For radiation delivered over a long period of
time these effects have not been detected through scientific studies (Guseva Canu et al. 2011).

7.4 Exposure to radiation

Several different forms of radiation are emitted during the radioactive decay of radionuclides

(alpha particles, beta particles and positrons, gamma rays and x-rays). Each form has different biological
interaction mechanisms. Alpha particles have very low penetration of tissue but cause considerable cell
damage over a short range. Therefore, radionuclides that emit alpha particles are only a hazard if they are
taken into the body (internal irradiation). Beta particles are more penetrating than alpha particles but on
external exposure do not penetrate to internal organs. Gamma radiation and x-rays, on the other hand,
are highly penetrating and radioactive sources of these types of radiation are an external radiation hazard.
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Humans are exposed to radiation internally if they ingest radioactive substances in food and water
or inhale radioactive components in air. Radionuclides that enter the body in this way can remain
in a particular organ or tissue for a long time, resulting in exposure over many months or, in some
cases, years.

7.5 Units of radioactivity and radiation dose measurement

7.5.1  UNITS OF RADIOACTIVITY AND RADIATION DOSE

The International System of Units (SD) unit of radioactivity is the Becquerel (Bq). 1 Bq is defined as the
activity, A, for an amount of radionuclide in which one nucleus decays per second. 1 Bq = 1 spontaneous
nuclear transformation per second.

The radiation dose resulting from ingestion of a radionuclide depends on a number of chemical and
biological factors. These include:

e the fraction of the intake that is absorbed from the gut
e  the organs or tissues to which the radionuclide may be transported and deposited

e the time that the radionuclide might remain in the organ or tissue before excretion.

The nature of the radiation emitted on decay and the sensitivity of the irradiated organs or tissues to
radiation also needs to be considered.

The absorbed dose refers to how much energy is deposited in a specified tissue or organ of the human
body. The equivalent dose is the product of the absorbed dose and a factor related to a particular type
of radiation. The equivalent dose of radiation received by a person can be further quantified as the
effective dose, which is the sum across the entire body, of the tissue or organ equivalent doses weighted
to account for the sensitivity of each organ or tissue to radiation. The SI unit for effective dose is the
sievert (Sv).

For monitoring purposes ‘doses’ are determined from the concentration of the radionuclide, which in the
case of water is described in terms of Bq/L. This value is converted to an effective dose per year using a
dose coefficient and the average annual consumption of water.

752 CONVERTING INTAKETO RADIATION DOSE

The dose arising from the annual intake, in Bqg, by ingestion of each radionuclide can be estimated using
a dose coefficient. Dose coefficients can vary depending on the chemical form of the radionuclide and
the pathway for exposure, i.e. ingestion or inhalation. Dose is used as a general term to mean effective
dose (Sv). Data for age-related dose coefficients for the ingestion of radionuclides have been published
by the International Commission on Radiological Protection (ICRP 2012).
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Table 7.1 Dose per unit intake by ingestion for adult members of the public (ICRP 2012)

Category Radionuclide Dose per unit intake
(mSv/Bq)

Natural uranium series Uranium-238 45x10°
Uranium-234 49 x10°
Thorium-230 2.1 x10*
Radium-226 28x 10+
Lead-210 6.9 x 10+
Polonium-210 1.2x 103

Natural thorium series Thorium-232 23x 10
Radium-228 6.9 x 10
Thorium-228 72x 10%

Note:Values in Table 7.1 are to be used or the most recent published ICRP dose coefficients for members of the public.

Table 7.1 shows the dose coefficients (mSv/Bq) for radionuclides for the more significant naturally
occurring radionuclides that could be found in water supplies. If any anthropogenic (human-made)
radionuclides are found, their dose coefficients can be found in relevant publications of the ICRP.

7.5.3  AVERAGE DOSE OF RADIATION

The dose of radiation received varies significantly between individuals and communities, and depends on
locality, lifestyle, diet and type of dwelling. The global average for the individual dose of radiation from
natural sources has been estimated to be 2.4 mSv/year (UNSCEAR 2000). Australian data suggest that the
average annual dose in this country may be slightly lower, at approximately 2 mSv/year. Of this annual
dose, less than 10 per cent comes from ingestion of food and drinking water containing radionuclides
from the natural uranium and thorium series (Webb et al. 1999).

7.6 Approach for derivation of reference levels and screening
values for radionuclides

The Australian Drinking Water Guidelines provide:

*  asingle reference level for the annual exposure to radioactivity in drinking water

e screening values for gross alpha and beta analysis that allow for a simple and cost-effective
assessment of the radiological drinking water quality

. a method for further assessing the dose if screening values for gross alpha and beta analysis
are exceeded.

This approach generally reduces the analytical costs and effort in routine monitoring. Analyses to identify
individual radionuclides present in the water are performed when indicated by the screening results.
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7.6.  SYSTEM FOR RADIATION PROTECTION

The system for managing risks from radiation (ARPANSA 2014) aims to assess, manage and control
exposure to radiation so that radiation risks, including risks of health effects and risks to the environment,
are reduced to the extent reasonably achievable.

The system for radiation protection and safety considers the following principles: justification,
optimisation and dose limitation. In existing exposure situations, the principle of justification is applied
in making the decision as to whether to take action to reduce the exposure. Once the decision to reduce
the exposure has been made, optimisation of doses to the exposed group is carried out taking into
consideration any economic and societal factors.

Australia implements a system of radiation protection in line with the International Atomic Energy Agency
(IAEA) requirements. These are reflected in Radiation Protection Series (RPS) documents published by
ARPANSA and developed jointly with states and territories. Exposure to radiation from drinking water
meets the requirements of being an ‘existing exposure’ and is dealt with according to RPS G-2 Guide for
Radiation Protection in Existing Exposure Situations.

Naturally occurring radionuclides and human-made radionuclides present in drinking water should not
be managed differently. Radiation dose associated with the intake of a radionuclide into the body from
drinking water does not depend on its source. Accordingly, the World Health Organization (WHO 2017)
do not differentiate between radionuclides that occur naturally and those that arise from human activities
in terms of the criteria included to assess health risks.

However, in terms of risk management, there is a difference because human-made (i.e. anthropogenic)
radionuclides are often controllable through regulation before the point at which they may enter the
water supply. Similarly, decisions to select between available water source options, such as which
aquifers to draw from, are human-made and are often controllable through preventive risk management,
keeping in mind the need to reduce health risks to the extent reasonably achievable. In contrast, naturally
occurring radionuclides usually enter the water supply from the surrounding rocks and soil and are
therefore often less amenable to control. This may influence the actions that are taken in the event that
the criteria in the Guidelines are exceeded (more information can be found in Information Sheet 2.2).

For emergency exposure situations, the international guidance in the TAEA Safety Standards Series on
preparedness and response for a nuclear or radiological emergency is used (IAEA 2015, IAEA 2011). In
Australia, management of drinking water in emergency exposure situations is conducted in accordance
with ARPANSA publication RPS G-3 Guide for Radiation Protection in Emergency Exposure Situations
(ARPANSA 2019).

7.6.2  ESTIMATION OF THE DOSE FROM RADIONUCLIDES IN WATER

To estimate the dose to members of the public from the ingestion of radionuclides in drinking water,
the parameters required are the concentration of the radionuclides in water (measured in Bq/L), the daily
consumption rate of water (L/day) and the dose coefficient for the particular radionuclide.

The World Health Organization (WHO) has estimated that adults consume 2 L of water/day. This figure

is believed to be an appropriate average figure for Australia (see Section 6.3.3), giving an annual
consumption of 730 L for each adult Australian. Therefore, the amount of each radionuclide ingested/year
from the water supply is the concentration of that radionuclide in the water (Bg/L) multiplied by 730.

The annual dose from an individual radionuclide consumed in water is calculated using the
following equation:

Annual dose = dose per unit intake x annual water consumption x radionuclide concentration
(mSv/year) (mSv/Bq) (litre/year) (Bq/L)
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Usually, a water supply contains more than one radionuclide; therefore, the doses arising from each
individual radionuclide are summed to give the total dose. For information on specific radionuclides, refer
to the relevant fact sheets for Specific alpha and beta radionuclides, Radium, Radon-222, and Uranium.

Consideration of consumption rates and age specific dose coefficients may be required when calculating
the annual dose for specific groups such as infants, children and individuals with increased water
consumptions. Increased consumption may occur for specific groups such as pregnant or lactating
women, outdoor workers and athletes.

Age specific dose coefficients for the ingestion of radionuclides are available from ICRP publication
119 (ICRP 2012). Where doses have been calculated for specific groups within a population (based on
either adjusted consumption rates or age related information) and the values exceed the reference level
of 1 mSv/year, the information should be brought to the attention of the relevant health authorities or
drinking water regulators. A decision can then be made on the requirement for further assessment.

Where the consumption rate of water may be higher than the nominal rate of 2 L per person per day,
an annual dose can be calculated for a specific situation, for example using local or regional drinking
water consumption rates. Where national or regional consumption rates are known, the annual dose is
calculated to take into account the known consumption rates (refer to the equation above to calculate
and adjust the annual dose). This will influence the operational response (see Information Sheet 2.2).

7.6.3  ESTIMATION OF RISK FROM LOW-LEVEL RADIATION

Because of the very low level of exposure resulting from consumption of drinking water containing
radionuclides, and the radionuclides involved, it is not possible to distinguish a radiation-induced cancer
incidence from the baseline level of cancers in the general population. The theoretical water consumption
health risk is estimated by extrapolation from the proven effects at doses that are orders of magnitude
higher than those typically received through water consumption.

Radiation protection is based on a conservative model that assumes that any exposure to radiation
involves some level of risk. It is assumed that there is a linear relationship between exposure and risk,
with no threshold value below which there is no risk. For prolonged exposures over extended periods of