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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 10 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Removal of Appendix 3 — National This Appendix is significantly out of date and has November 2016 33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 ADWG prior to 201 I.It has been
published separately for historical purposes.
References to Appendix 4 in the body of the
ADWG has been deleted.
Text added to Chapter 6 Interim guideline values for chemicals that have February 2016 32
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,
Information Sheets 1.4, 1.6
and 2.1, and Fact Sheets on
Campylobacter, Salmonella
and Vibrio.

minor errors, provide further clarification
and context, and update references and
contact details.
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Review and update of three Chemical Fact Sheets on chloral hydrate 19 December 2014 3
Chemical Fact Sheets — (originally endorsed in 1996), monochloramine
chloral hydrate, monochloramine (last endorsed in 201 I) and chlorine (last
and chlorine 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.
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 the
with chlorine, Disinfection with 201 | ADWG, international standards including
chloramine, Disinfection with chlorine  the WHO Drinking-water Guidelines, and
dioxide, Disinfection with ozone, 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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WATER QUALITY CHARACTERISTICS FACT SHEETS

MICROORGANISMS

MICROBIAL INDICATORS
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BACTERIA
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Campylobacter
Escherichia coli (E. coli) (pathogenic)
Helicobacter pylori
Klebsiella
Legionella
Mycobacterium
Pseudomonas aeruginosa
Salmonella
Shigella
Vibrio

Yersinia

PROTOZOA
Acanthamoeba
Blastocystis
Cryptosporidium
Cyclospora
Giardia (

Naegleria fowleri

CYANOBACTERIA AND THEIR TOXINS

Cyanobacteria and their toxins
Cylindrospermopsin
Microcystins

Nodularin

Saxitoxins

(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)

(endorsed 1996)
(endorsed 2001)
(endorsed 1996)
(endorsed 2011)
(endorsed 2011)
(endorsed 1996)
(endorsed 1996)
(endorsed 2011)
(endorsed 1996)
(endorsed 1996)
(endorsed 1996)
(endorsed 1996)
(endorsed 1996)

(endorsed 1996)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
endorsed 2011)

(endorsed 1996)

(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
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I VIRUSES
Adenovirus
Enterovirus
Hepatitis viruses
Norovirus

Rotavirus

PHYSICAL AND CHEMICAL CHARACTERISTICS
Acephate
Acrylamide
Aldicarb
Aldrin and Dieldrin
Aluminium
Ametryn
Amitraz
Amitrole
Ammonia
Antimony
Arsenic
Asbestos
Asulam
Atrazine
Azinphos-methyl
Barium
Benomyl
Bentazone
Benzene [CASRN 71-43-2]
Beryllium
Beta-cyfluthrin — see Cyfluthrin
Beta-emitting radionuclides — see Radionuclides
Bioresmethrin
Boron
Bromacil
Bromate

Bromochloroacetonitrile — see Haloacetonitriles

(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)

(endorsed 2011)
(endorsed 1996)
(endorsed 2011)
(endorsed 2011)
(endorsed 2001)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 1996)
(endorsed 1996)
(endorsed 2011)
(endorsed 1996)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 2013)
(endorsed 2011)

(endorsed 2011)
(endorsed 2011)
(endorsed 2011)
(endorsed 1996)

Bromodichloromethane — see Trihalomethanes (THMs)

Bromoform — see Trihalomethanes (THMs)
Bromoxynil

Cadmium

Calcium carbonate — see Hardness

Captan

Carbaryl

Carbendazim / Thiophanate-methyl

Endorsed 2011
Endorsed 1996

Endorsed 2011
Endorsed 2011
Endorsed 2011

348
351
353
356
358

361
365
368
372
376
379
382
385
388
390
392
396
398
401
405
408
412
415
418
423

426
429
432
436

438
442

444
448
454
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Carbofuran

Carbon tetrachloride
Carboxin
Carfentrazone-ethyl

Chloral hydrate (Trichloroacetaldehyde)
[CASRN 302-17-0]

Chlorantraniliprole

Chlorate — see Chlorine dioxide
Chlordane

Chlorfenvinphos

Chloride

Chlorinated furanones

Chlorine [CASRN 7782-50-5]
Chlorine dioxide, chlorate, chlorite
Chlorite — see Chlorine dioxide
Chloroacetic acids

Chlorobenzene

Chloroform — see Trihalomethanes (THMs)
Chloroketones

2 Chlorophenol — see Chlorophenols
Chlorophenols

Chloropicrin

Chlorothalonil

Chlorpyrifos

Chlorsulfuron

Chromium (as Cr(VD)

Clopyralid

Colour (true)

Copper

Cyanide

Cyanogen chloride (as cyanide)
Cyfluthrin, Beta-cyfluthrin
Cypermethrin isomers

Cyprodinil

DCA (dichloroacetic acid) — see Chloroacetic acids

2,4-D [(2,4-Dichlorophenoxy) acetic acid]
DDT

DEHA (Di(2 ethylhexyD) adipate) — see Plasticisers
DEHP (Di(2 ethylhexyl) phthalate) — see Plasticisers

Deltamethrin

Di(2 ethylhexyl) adipate (DEHA) — see Plasticisers
Di(2 ethylhexyD) phthalate (DEHP) — see Plasticisers

Dialkyltins — see Organotins

Diazinon

Endorsed 2011
Endorsed 1996
Endorsed 2011
Endorsed 2011

Endorsed 2014
Endorsed 2011

Endorsed 2011
Endorsed 2011
Endorsed 1996
Endorsed 1996
Endorsed 2014
Endorsed 2011

Endorsed 1996
Endorsed 1996

Endorsed 1996

Endorsed 1996
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 1996
Endorsed 2011
Endorsed 1996
Endorsed 2001
Endorsed 1996
Endorsed 1996
Endorsed 2011
Endorsed 2011
Endorsed 2011

Endorsed 2011

Endorsed 2011

Endorsed 2011

Endorsed 2011

458
4601
403
466

405
472

475
478
482
484
485

488
491
494

496

498
501
504
508
512
515
518
521
525
528
530
532
536
540

543

547

551

554
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Dibromoacetonitrile — see Haloacetonitriles

Dibromochloromethane — see Trihalomethanes (THMs)

Dicamba

Dichloroacetic acid (DCA) — see Chloroacetic acids

Dichloroacetone — see Chloroketones

Dichloroacetonitrile — see Haloacetonitriles

Endorsed 2011

1,2 Dichlorobenzene (1,2 DCB) - see Dichlorobenzenes
1,3 Dichlorobenzene (1,3 DCB) - see Dichlorobenzenes
1,4 Dichlorobenzene (1,4 DCB) — see Dichlorobenzenes

Dichlorobenzenes
1,1 Dichloroethane — see Dichloroethanes
1,2 Dichloroethane — see Dichloroethanes

Dichloroethanes

1,1 Dichloroethene (1,1 DCE) — see Dichloroethenes
1,2 Dichloroethene (1,2 DCE) — see Dichloroethenes

Dichloroethenes
Dichloromethane (methylene chloride)

2,4 Dichlorophenol — see Chlorophenols

(2,4-Dichlorophenoxy) acetic acid — see 2,4-D

Endorsed 1996

Endorsed 1996

Endorsed 1996
Endorsed 1996

1,1 Dichloropropanone (dichloroacetone) — see Chloroketones

1,3 Dichloropropanone — see Chloroketones
1,3-Dichloropropene

Dichloropropene see 1,3-Dichloropropene
Dichloroprop / Dichlorprop-P

Dichlorvos

Diclofop-methyl

Dicofol

Dieldrin — see Aldrin

Diflubenzuron

Dimethoate

Diquat

Dissolved oxygen

Disulfoton

Diuron

2,2-DPA

EDTA - see Ethylenediamine tetraacetic acid
Endosulfan

Endothal

Epichlorohydrin

EPTC

Esfenvalerate

Ethion

Ethoprophos

Ethylbenzene [CASRN 100-41-4]

Endorsed 2011

Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011

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

Endorsed 2011
Endorsed 2011
Endorsed 1996
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2013

558

562

565

567
570

572

576
579
583
586

589
593
597
601
603
606
609

612
616
619
621
625
629
0632
635
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Ethylenediamine tetraacetic acid (EDTA)
Etridiazole
Fenamiphos
Fenarimol
Fenchlorphos
Fenitrothion
Fenthion
Fenvalerate
Fipronil
Flamprop-methyl
Fluometuron
Fluoride
Fluproponate

Formaldehyde

Gamma-emitting radionuclides — see Other beta- and gamma-emitting radionuclides

Glyphosate
Haloacetonitriles
Haloxyfop

Hardness

Heptachlor and heptachlor epoxide
Hexachlorobutadiene
Hexazinone
Hydrogen sulfide
Imazapyr

Todine, Todide
Iprodione

Iron

Lanthanum

Lead

Lindane

Malathion — see Maldison
Maldison (Malathion)
Mancozeb
Manganese

MCPA

Mercury
Metaldehyde
Metham
Methidathion
Methiocarb
Methomyl

Methyl bromide

Methylene chloride — see Dichloromethane

Metiram

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

Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 1996
Endorsed 1996
Endorsed 1996
Endorsed 2011
Endorsed 1996
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 1996
Endorsed 2017
Endorsed 1996
Endorsed 2011

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

Endorsed 2011

638
640
0643
647
650
652
0655
658
662
665
668
671
673
676

678
681
683
686
688
690
692
695
697
700
703
706
708
712
715

719
723
727
730
733
736
739
743
747
750
754

757
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Metolachlor/s—Metolachlor
Metribuzin

Metsulfuron-methyl

Mevinphos

Molinate

Molybdenum

Monochloramine [CASRN 10599-90-3]
MX - see Chlorinated furanones
Naphthalophos

Napropamide

NDMA - see N-Nitrosodimethylamine
Nicarbazin

Nickel

Nitrate and nitrite

Nitrilotriacetic acid (NTA)

Nitrite — see Nitrate
N-Nitrosodimethylamine (NDMA)
Norflurazon

NTA - see Nitrilotriacetic acid
Omethoate

Organotins

Oryzalin

Oxamyl

PAHs — see Polycyclic aromatic hydrocarbons

Paraquat
Parathion
Parathion-methyl
Pebulate
Pendimethalin

Pentachlorophenol

Perchloroethylene — see Tetrachloroethene

Permethrin

pH

Picloram

Piperonyl butoxide
Pirimicarb
Pirimiphos methyl
Plasticisers

Polihexanide

Polycyclic aromatic hydrocarbons (PAHs)

Profenofos
Promecarb
Propachlor

Propanil

Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 1996
Endorsed 2014

Endorsed 2011
Endorsed 2011

Endorsed 2011
Endorsed 1996
Endorsed 2011
Endorsed 1996

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

762
765
768
771
775
779
783

784
786

789
792
794
798

800
804

807
810
812
815

819
822
825
829
833
830

840
843
845
848
851
855
859
802
865
869
872
874
877
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Propargite

Propazine

Propiconazole

Propyzamide

Pyrasulfatole

Pyrazophos

Pyroxsulam

Quintozene

Radionuclides (other beta- and gamma- 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

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 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2001
Endorsed 2001
Endorsed 1996
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
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 (THMSs)

Tributyltin oxide — see Organotins

881
885
888
891
894
897
900
903
906
908
910
912
914
916
918
922
924
927
929

931
934

940
943
945
948
951
954
957

959
962

965

908
970
973
977
980
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Trichlorfon Endorsed 2011
Trichloroacetaldehyde — see Chloral hydrate

Trichloroacetic acid (TCA) — see Chloroacetic acids
Trichloroacetone — see Chloroketones

Trichloroacetonitrile — see Haloacetonitriles

(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

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

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

Endorsed 2013
Endorsed 1996

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

983

987
989
991

993

996
1000
1004
1008
1012
1016

1018
1022

1025
1027
1030
1032
1034
1037
1039
1042
1045
1048
1051
1054
1056
1058
1060
1062
1064
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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

1066
1068
1070
1072
1074
1076
1079
1081
1083
1085
1087
1089
1091
1093
1096
1098
1100
1102
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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 ADWG) are intended to provide a framework for
good management of drinking water supplies that, if implemented, will assure safety at point of use.
The ADWG 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 ADWG 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 ADWG 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, water regulators and health authorities.

1.1 Guiding principles

The ADWG 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. Completely protected groundwater may not require treatment, but all other supplies will
require continuous disinfection. If water supplies are not completely protected from human and livestock
waste, filtration is likely to be required.

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.

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
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
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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 environmental 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 ADWG

[.2.I  SCOPE OF THE ADWG

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 ADWG 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'. The ADWG 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.

1 Food Standards Australia New Zealand (2011) Food Standards Code. Standard 2.6.2 Non-Alcobolic Beverages and Brewed Soft
Drinks [http://www.foodstandards.gov.au/_srcfiles/Standard_2_6_2_Non_alco_bev_v110.pdf]
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.22  PURPOSE OF THE ADWG

The ADWG 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 ADWG are not, however,
mandatory legally enforceable standards.

With appropriate consultation with the community, the ADWG 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-related
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 ADWG
provide a starting point for that process. The ADWG 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 ADWG
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-related, 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 ADWG, together with a glossary.
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1.3 Water quality characteristics

[.3.1  INTRODUCTION

The ADWG 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 ADWG include two different types of guideline value:

. a health-related 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-related 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-related 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 ADWG 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 ADWG, 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 ADWG 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.
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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
Jor 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 ADWG. 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 ADWG 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 ADWG, it became evident that undertaking a major review of the ADWG
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 ADWG. 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 ADWG continue
to be developed under the auspices of the NHMRC and NRMMC.

A major revision of the 1996 ADWG was published as the 2004 ADWG. 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 ADWG in 20006,
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 ADWG supersedes the 2004 Guidelines, as amended in 2006. Major differences
between the current ADWG 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 ADWG is 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 ADWG. The work is usually performed on an honorary basis and in addition to
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1.6 Future revisions of the ADWG

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

Submissions for updating the ADWG should be forwarded to:

Chief Executive Officer

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 o

<—{ Employee awareness and training
Assessment of the drinking l

Community involvement and awareness
water supply system
Review
Preventive measures for drinking water Research and development
uality management . . i i

q 4 3 <4—| 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 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;

. 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;

. 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
delivered to consumers and accordingly must show leadership in application of the Framework; however,
implementation will generally require coordination and consultation with other agencies.
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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 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 the Appendix. To assist with implementation of

the Framework, users are encouraged to draw on the numerous sources providing detailed technical
guidance (see Section A9 of the Appendix).

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 900! 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 I1SO 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 | |)
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 | 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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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. The Appendix (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. It 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;

e the level of service provided,

*  the involvement of employees;

. compliance with relevant regulations and other requirements;

. liaison and cooperation with relevant agencies including health departments and other regulators;
. communication with employees and the public;

e 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 Australian Drinking

Water 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.

e 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 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:

e health and environment protection authorities;

e catchment and water resource management agencies;

*  local government and planning authorities;

. non-government organisations;

. community-based groups;

. industry associations.

Australian Drinking Water Guidelines Version 3.4 25



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

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;

*  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.

* 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
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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.

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 Quadlitative 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;

e 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.
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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:

*  selection of an appropriate source water (where alternatives exist);

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

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

* 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
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 A6
Preventive Measures and Multiple Barriers (Box Al) and the National Water Quality Management
Strategy: Implementation Guidelines* (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:

e  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.

2 Available at http://www.environment.gov.au/water/policy-programs/nwqms/
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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
Cryptosporidium, 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:

*  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;

e 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 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-related 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:

*  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

* 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. 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 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;

. flushing and maintenance of the distribution system;

e  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 re