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Amendment detail
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Development of a new Chemical  Health Based Guideline Values and a Fact Sheet August 2018 35
Fact Sheet: Per-fluoroalkyl and on PFAS have been developed.These have
poly-fluoroalkyl substances (PFAS)  been informed by a review conducted by Food
Standards Australia New Zealand (FSANZ)
to determine Australian Tolerable Daily
Intakes (TDIs) for perfluorooctane sulfonate
(PFOS), perfluorooctanoic acid (PFOA)
and perfluorohexane sulfonate (PFHXxS).
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Removal of Appendix 3 — National This Appendix is significantly out of date and has November 2016 33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 |.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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Amendment detail Date updated Version number

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 2011 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 I3 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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Intestinal enterococci
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BACTERIA
Aeromonas
Burkholderia pseudomallei
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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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 ethylhexyl) 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
461
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
0609

612
616
619
621
0625
629
0632
0635
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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

Iodine, 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
643
647
650
652
655
658
662
665
668
671
673
676

678
681
083
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

PAHSs — see Polycyclic aromatic hydrocarbons

Paraquat

Parathion
Parathion-methyl
Pebulate
Pendimethalin
Pentachlorophenol

Perchloroethylene — see Tetrachloroethene

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

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

Permethrin

pH

Picloram

Piperonyl butoxide
Pirimicarb
Pirimiphos methyl
Plasticisers
Polihexanide
Polycyclic aromatic hydrocarbons (PAHs)
Profenofos
Promecarb

Propachlor

Endorsed 2011
Endorsed 1996
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 2011
Endorsed 1996
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
836

840
845
848
850
853
8560
860
864
867
870
874
877
879
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Propanil

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 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)

882
886
890
893
896
899
902
905
908
911
913
915
917
919
921
923
927
929
932
934

936
939

945
948
950
953
956
959
962

964
967

970

973
975
978
982
985
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Tributyltin oxide — see Organotins
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 (THMSs)
Turbidity

Uranium

Vernolate

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

Zinc

M 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

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

988

992
994
996

998
1001
1005
1009
1013
1017
1021

1023
1027

1030
1032
1035
1037
1039
1042
1044
1047
1050
1053
1056
1059
1061
1063
1065
1067
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Hydroxylated ferric sulfate
Ozone

Polyacrylamide
Polyaluminium chloride

Polyaluminium silica sulfates

Polydiallyldimethylammonium chloride

Potassium permanganate
Sodium aluminate
Sodium bicarbonate
Sodium carbonate
Sodium fluoride

Sodium fluorosilicate
Sodium hexametaphosphate
Sodium hydroxide
Sodium hypochlorite
Sodium silicate

Sodium tripolyphosphate
Sulfuric acid

Zinc orthophosphate

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

1069
1071
1073
1075
1077
1079
1081
1084
1086
1088
1090
1092
1094
1096
1098
1101
1103
1105
1107
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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.

*  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.
*  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:

*  physical

*  microbial

*  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 (NHMRC) 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 2000,
the aim was to ensure that the chemicals used to produce drinking water are safe and appropriate for the
purpose, and to provide the water industry with guidance on drinking water treatment chemicals.
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The 2011 edition of the 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
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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

vy

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 ) . Evaluation and audit
quality 3 <% Documentation and reporting
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;

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

*  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 1)
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 | 1)
Corrective action (elements 4 and 5)

Incident and emergency response protocols (element 6)

Reporting (element 10)

Operational monitoring (element 4)

Short-term evaluation of results (element 5)

Long-term evaluation of results (element | 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 + + +++

Australian Drinking Water Guidelines Version 3.5 20



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

Framework for Management of Drinking Water Quality: Overview Chapter 2

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;

*  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  DRINKINGWATER 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;

*  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;

. 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

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

* Review requirements periodically to reflect any changes.

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

* federal, state or territory legislation and regulation;

*  operating licences and agreements;

*  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.

* 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:

*  health and environment protection authorities;

*  catchment and water resource management agencies;

*  local government and planning authorities;

. non-government organisations;

*  community-based groups;

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

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

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

Components: Water supply system analysis
Assessment of water quality data

Hazard identification and risk assessment

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

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

. catchments, including groundwater systems;

*  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.

*  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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3.23 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 Quadlitative 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);

«  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.

* 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.

Australian Drinking Water Guidelines Version 3.5 31



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

Traditional preventive measures are incorporated as or within a number of barriers, including:
*  catchment management and source water protection;

*  detention in protected reservoirs or storages;

*  extraction management;

. coagulation, flocculation, sedimentation and filtration;

. disinfection;

. protection and maintenance of the distribution system.

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

Box 3.2 Examples of multiple barriers

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

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

* large catchment reservoirs with long detention times;

*  additional retention time in seasonal storage systems;

»  disinfection of water before it enters the distribution system;

*  closed distribution systems.

In contrast, Adelaide is supplied with surface water derived from multi-use catchments and the Murray River, where there is
limited control over activities with potential impacts on water quality. As a result, the barriers applied are heavily weighted towards

water treatment and downstream control to remove turbidity and microorganisms. Barriers include the use of multiple storage
reservoirs, coagulation, flocculation, sedimentation, filtration and disinfection with long contact times before supply.

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

Catchment management and source water protection

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

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

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

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

*  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);

*  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 eto).

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:

*  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

* Assess preventive measures from catchment to consumer to identify critical control points.
* 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:

*  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:

*  preventive measures and their purpose;

*  operational procedures for relevant activities;

. operational monitoring protocols, including parameters and criteria;

. schedules and timelines;

. data and records management requirements;

. corrective actions to be implemented,;

*  maintenance procedures;

. responsibilities and authorities;

. internal and external communication and reporting requirements.

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

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

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

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

»  deficient chlorination practice;

*  inadequate regulatory oversight;

*  unreliable chlorine residual monitoring;

* failure to respond to the detection of contamination;

*  failure to communicate the results to regulatory authorities;

*  inadequate operator training and corporate commitment.

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

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

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

every eight hours.

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

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

*  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 staft 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:

*  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.

Australian Drinking Water Guidelines Version 3.5 38



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

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

* 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;

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

e jar testing for coagulant control and optimisation;

»  altering the mixing intensity;

*  changing treatment chemicals;

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

*  adjusting pH;

*  varying chemical feed rates and feed points;

*  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
* Ensure that equipment performs adequately and provides sufficient flexibility and
process control.

* 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;

*  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;

*  responsibilities;

M resource requirements.
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345 MATERIALS AND CHEMICALS

Summary of actions

* Ensure that only approved materials and chemicals are used.

* 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  DRINKINGWATER QUALITY MONITORING

Summary of actions

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

* 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;

*  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;

*  quality assurance and validation procedures for sampling;

*  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

* 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

* Establish and document procedures for corrective action in response to non-conformance or
consumer feedback.

* 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;

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

* increased booster or secondary disinfection;

. enhanced filtration;

*  investigative or sanitary surveys of distribution systems.

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

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

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

3.6 Management of incidents and emergencies (element 6)

Components: Communication

Incident and emergency response protocols

Considered and controlled responses to incidents or emergencies that can compromise the safety of water
quality are essential for protecting public health, as well as maintaining consumer confidence and the
organisation’s reputation. Although preventive strategies are intended to prevent incidents and emergency
situations from occurring, some events cannot be anticipated or controlled, or the probability of their
occurring is so low that providing preventive measures would be too costly. For such incidents, there
must be an adaptive capability to respond constructively and efficiently.

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

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

*  non-conformance with guideline values and other requirements;

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

*  prolonged power outages;

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

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

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

Summary of actions

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

* Develop a public and media communications strategy.

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

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

Consumers should be told when an incident has ended and be provided with information on the

cause and actions taken to minimise future occurrences. This type of communication will help

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

3.6.2 INCIDENT AND EMERGENCY RESPONSE PROTOCOLS

Summary of actions

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

* Train employees and regularly test emergency response plans.

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

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

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

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

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

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

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

effective action when an emergency arises.

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

*  response actions, including increased monitoring;

*  responsibilities and authorities of internal parties;

*  responsibilities and authorities of parties external to the organisation;

*  plans for emergency water supplies;

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

. mechanisms for increased health surveillance.

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

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

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

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

. How well did the protocol function?

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

Box 3.5 provides a summary of an emergency response protocol.

Box 3.5 Water incident communication and notification protocol

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

Incidents are classified as:

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

*  Type 2 — lesser incidents representing a low risk to human health or possible low impact and localised environmental harm.

The protocol includes agreed criteria for both raw water (e.g. cyanobacterial blooms, high numbers of Cryptosporidium,
unacceptable concentrations of health-related chemicals and detection of pesticides) and treated drinking water (e.g. high turbidity
in filtered water, chlorinator failure, detection of high concentrations of health-related chemicals, pesticides, Cryptosporidium,
Naegleria fowleri and persistent E. coli/coliform bacteria).

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

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

The testing agency is required to report all Type | incidents immediately to the water incident coordinator and provide written
confirmation within 24 hours by email or fax. The water incident coordinator ensures that all appropriate agencies have been
notified and that relevant ministers are notified by their agencies as soon as possible and in any event within 24 hours.

Type 2 incidents are normally only notified to relevant agencies and generally do not require ministerial advice.

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

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

3.7 Employee awareness and training (element 7)

Components: Employee awareness and involvement

Employee training

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

Summary of actions

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

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

*  the organisation’s drinking water quality policy;

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

*  roles and responsibilities of employees and departments;

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

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

Employee participation and involvement in decision making is an important part of establishing

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

3.72 EMPLOYEETRAINING

Summary of actions

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

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

*  Document training and maintain records of all employee training.

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

Employees should have a sound knowledge base from which to make effective operational decisions.
This requires training in the methods and skills required to perform their tasks efficiently and
competently, as well as knowledge and understanding of the impact their activities can have on water
quality. For example, treatment plant operators should understand water treatment concepts and be able
to apply these concepts and adjust processes appropriately to respond to variations in water quality.

Training needs should be identified and adequate resources made available to support appropriate
programs. Examples of relevant areas to address are:

*  general water quality;

*  water biology and water chemistry;

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

—  proper filtration operation;

— disinfection system operation;

—  reticulation management;

— sampling, monitoring and analysis;

—  interpretation and recording of results;

— maintenance of equipment.

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

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

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

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

Box 3.6 Contractors

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

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

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

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

expertise to manage the contract efficiently.

3.8 Community involvement and awareness (element 8)

Components: Community consultation

Communication

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

Summary of actions

* Assess requirements for effective community involvement.

* Develop a comprehensive strategy for community consultation.

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

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

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

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

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

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

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

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

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

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

Community consultation might include:

*  briefings targeted to specific groups with interests or responsibilities;

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

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

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

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

. public hearings for major and controversial initiatives.

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

382 COMMUNICATION

Summary of actions

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

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

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

A coordinated consumer information program should include:

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

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

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

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

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

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

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

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

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

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

Components: Investigative studies and research monitoring
Validation of processes

Design of equipment

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

Applied research and development may be directed towards:

*  increasing the understanding of a water supply system and potential hazards;

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

*  validation of operational effectiveness of new products and processes;

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

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

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

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

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

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

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

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

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

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

gastroenteritis rates.

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

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

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

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

Source: Hellard et al. (2001)

3.9.1  INVESTIGATIVE STUDIES AND RESEARCH MONITORING

Summary of actions

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

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

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

Examples could include:

*  baseline monitoring of parameters or contaminants or testing of potential new water sources to
identify water quality problem:s;

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

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

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

*  examining mixing effects within a water storage;

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

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

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

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

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

Box 3.8 Cyanotoxin investigation in South Australia

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

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

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

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

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

human health.

Source: Baker et al. (2001)

3.9.2 VALIDATION OF PROCESSES

Summary of actions

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

* Revalidate processes periodically or when variations in conditions occur.

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

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

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

Summary of actions

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

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

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

3.10 Documentation and reporting (element 10)

Components: Management of documentation and records

Reporting

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

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

. develop and protect the organisation’s knowledge base;

. provide an accountability mechanism and tool;

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

. establish due diligence and credibility.

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

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

3.10. MANAGEMENT OF DOCUMENTATION AND RECORDS

Summary of actions

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

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

. preventive measures;

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

*  incident and emergency response plans;
. training programs;
. procedures for evaluating results and reporting;

. communication protocols.

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

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

Activities that generate records include:

. operational and drinking water quality monitoring;

. corrective actions;

. incident and emergency responses;

. training;

*  research and development;

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

. community consultation;

*  performance evaluations, audits and reviews.

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

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

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

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

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

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

Summary of actions

* Establish procedures for effective internal and external reporting.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Components: Long-term evaluation of results

Audit of drinking water quality management

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

3.11.  LONG-TERM EVALUATION OF RESULTS

Summary of actions

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

*  Document and report results.

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

*  assess overall performance against numerical guideline values, regulatory requirements or agreed
levels of service;

*  identify emerging problems and trends;

*  assist in determining priorities for improving drinking water quality.

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

Mechanisms for evaluation of results should be documented, with responsibilities, accountabilities and

reporting requirements defined. Useful tools to enhance the interpretation of data sets include statistical

evaluation of results and graphs or trend charts using a ‘control chart’ format (see Information Sheets 3.1
to 3.4).

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

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

3.11.2  AUDIT OF DRINKING WATER QUALITY MANAGEMENT

Summary of actions

» Establish processes for internal and external audits.

e  Document and communicate audit results.

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

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

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

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

External audits could be conducted on:

* the management system;

*  operational activities;

*  drinking water quality performance;

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

quality management.

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

Section 10.3 provides additional information on review and continual improvement.

3.12 Review and continual improvement (element 12)

Components: Review by senior executive

Drinking water quality management improvement plan

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

3.12.1 REVIEW BY SENIOR EXECUTIVE

Summary of actions

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

* Evaluate the need for change.

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

*  changes to legislation, expectations and requirements;

*  changes in the activities of the organisation;

*  advances in science and technology;

*  outcomes of drinking water quality incidents and emergencies;

. reporting and communication.

The review by senior executive should be documented.

3.12.2 DRINKING WATER QUALITY MANAGEMENT IMPROVEMENT PLAN

Summary of actions

* Develop a drinking water quality management improvement plan.

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

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

. capital works;

. training;

. enhanced operational procedures;
*  consultation programs;

. research and development;

. incident protocols;

. communication and reporting.

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

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

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

4.1 Introduction

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

For small supplies, it may not be economically feasible or practical to carry out all the recommendations
of the Australian Drinking Water Guidelines (ADWG); however, there is a range of basic measures

that can be implemented to provide reasonable assurance of safety. This chapter provides guidance on
methods that are suited to small communities and that should give an adequate degree of confidence
that safe water is being supplied.

4.2 Applying the Framework

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

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

4.2.1  ASSESSMENT OF THE DRINKING WATER SUPPLY

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

In the case of small supplies, initial steps would be to develop a simple flow diagram of the main features
of the system (water sources, treatment or disinfection, service tanks and major piping) and to determine
basic water quality characteristics. If groundwater is the source of supply, then chemical quality should be
assessed as a priority. In some parts of Australia, concentrations of naturally occurring elements such as
arsenic, fluoride and uranium, or nitrates from agricultural land uses, may exceed safe levels.

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

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

*  septic waste from on-site or communal wastewater systems;

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

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

*  leakage or seepage from rubbish tips and landfill sites;
* agricultural pesticides and fertilisers;
e naturally occurring elements;

*  mining industry wastes.

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

422 PREVENTIVE MEASURES FOR DRINKING WATER QUALITY MANAGEMENT

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

Groundwater

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

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

Rainwater

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

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

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

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

Further information on rainwater tanks is provided in Guidance on the use of rainwater tanks
(enHealth 2004).
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Surface water

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

423 IMPLEMENTATION OF OPERATIONAL PROCEDURES AND PROCESS CONTROL

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

Operational procedures

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

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

*  checking the integrity of groundwater bores and protection of bores from surface contamination;
*  inspection and cleaning of rainwater catchments and tanks;

*  inspection and maintenance of all equipment and plant.

Operational monitoring

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

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

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

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

Corrective action

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

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

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

Materials and chemicals

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

424 VERIFICATION OF DRINKING WATER QUALITY

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

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

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

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

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

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

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

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

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

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

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

The quality of water from rainwater tanks can be affected by roofing and tank materials, paints,
atmospheric contaminants, leaves, dust, and animal and bird droppings. However, providing that the
system is reasonably well maintained, rainwater can generally provide a safe supply of drinking water.
Further information on rainwater tanks is provided in Guidance on the use of rainwater tanks (enHealth
2004), and brochures and other material are provided by state and local government authorities.

4.4 Reference

enHealth Council (2004). Guidance on use of rainwater tanks. National Public Health Partnership,
Canberra.
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Chapter 5 Microbial Quality of Drinking Water

5.1 Introduction

This chapter discusses the microbial characteristics of water quality. It describes the microorganisms
found in drinking water that can be harmful to health and discusses the risk of disease from waterborne
pathogens. It also discusses the ‘nuisance organisms’ that may affect the taste, odour or appearance of
water but do not cause disease. Advice on when and how to measure the characteristics and how to
interpret the results is provided in Part III.

5.2 Microorganisms in drinking water

The microbial guidelines seek to ensure that drinking water is free of microorganisms that can cause
disease. The provision of such a supply is of paramount importance to the health of a community.

The most common and widespread health risk associated with drinking water is contamination, either
directly or indirectly, by human or animal excreta and the microorganisms contained in faeces. If the
contamination is recent, and those contributing to the contamination include carriers of communicable
enteric diseases (diseases of the gut), some of the microorganisms that cause these diseases may be
present in the water. Drinking such contaminated water or using it in food preparation may cause new
cases of infection. Those at greatest risk of infection are infants and young children, people whose
immune system is suppressed, the sick, and the elderly.

Pathogenic (disease-causing) organisms of concern include bacteria, viruses and protozoa; the diseases
they cause vary in severity from mild gastroenteritis to severe and sometimes fatal diarrhoea, dysentery,
hepatitis, cholera or typhoid fever.

The classic waterborne diseases are caused by organisms originating in the gut of humans or other
animals. However, many organisms of environmental origin that are not normally associated with the
gastrointestinal system are found in water, and some of these organisms may, under certain circumstances,
cause disease in humans. Such organisms include the protozoan Naegleria fowleri, a number of bacteria,
including Pseudomonas, Klebsiella and Legionella spp, and some species of environmental mycobacteria.

Infection is the main, but not the only, problem associated with microorganisms in drinking water. For
instance, certain algae and bacteria can produce toxins that affect humans; the toxins may remain in the
water even when the organisms responsible have been removed. Other ‘nuisance organisms’ can cause
problems of taste, odour or colour, or promote deposition and corrosion.

The supply of safe drinking water involves the use of multiple barriers to prevent the entry and
transmission of pathogens. The effectiveness of these barriers should be monitored by a program based
on operational characteristics and testing for microbial indicators (see Sections 3.4 and 3.5).
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5.3 Waterborne pathogens

5.3.1 BACTERIAL PATHOGENS

Excreted pathogens

The human bacterial pathogens that can be transmitted by consuming contaminated drinking water, and
that present a serious risk of disease, include Salmonella spp, Shigella spp, enterovirulent E. coli, Vibrio
cholera, Yersinia enterocolitica, Campylobacter jejuni and C. coli.

After being excreted in faeces from the body of their host, bacterial pathogens gradually lose viability and
the ability to cause infection. The rate of decay varies with different bacteria; it is usually exponential, and
after a certain period a pathogen will become undetectable. The most common waterborne pathogens
are those that are highly infectious or highly resistant to decay outside the body. Pathogens with a low
persistence (i.e. those that do not survive long outside the host) must rapidly find a new host and are
more likely to be spread by person-to-person contact or by poor personal or food hygiene than by
drinking water.

If drinking water is faecally contaminated, bacterial pathogens are likely to be widely and rapidly
dispersed. Outbreaks of waterborne disease are therefore frequently characterised by infection across a
whole community.

Pathogens growing in water supplies

Various bacteria that occur naturally in the environment may cause disease opportunistically in humans.
Those most at risk are people with impaired local or general defence mechanisms, such as the elderly,
the very young, people with burns, people who have undergone recent surgery or who have suffered
serious injury, and people with severely compromised immune systems. In such individuals, if water used
for drinking or bathing contains large numbers of opportunistic pathogens, it can occasionally produce
infections of the skin, and of the mucous membranes of the eye, ear, nose and throat. Examples of such
opportunistic agents are Pseudomonas aeruginosa, species of Klebsiella and Aeromonas, and certain
slow-growing mycobacteria.

Legionellosis, commonly caused by the free-living bacterium Legionella pneumophila, is a serious illness
resulting from inhalation of water in which the causative organisms have been able to multiply because
of warm conditions and the presence of nutrients.

Part V contains fact sheets on the bacterial pathogens that may contaminate the water supply.

5.3.2 PROTOZOA
The great majority of protozoa in freshwater are natural aquatic organisms of no significance to health.

They generally feed on other microorganisms such as bacteria, cyanobacteria or algae. The greatest diversity
of protozoa is found in open surface waters, including water supply sources, but some species can colonise
piped water supplies; the extent to which this occurs depends on bacterial activity in these supplies.

The protozoa that may occur in drinking water and cause adverse health effects fall into two
functional groups:

*  enteric protozoa that occur widely as parasites in the gut of humans and other mammals;

* free-living organisms that are opportunistic pathogens in humans and are responsible for
serious cerebral and eye diseases (there are very few such organisms).

Australian Drinking Water Guidelines Version 3.5 71



Microbial Quality of Drinking Water Chapter 5

Since pathogenic protozoa are of both enteric and environmental origin, and since different species vary
in their responses to water treatment, control strategies need to be specifically tailored to the biology of
individual species.

Enteric protozoa

Enteric protozoa, like enteric bacteria and viruses, may be found in water following direct or indirect
contamination with human or animal faeces. Transmission by drinking water is one of several
mechanisms for completing the faecal-oral cycle for these organisms. Enteric protozoa occur in water
as dormant infectious cysts; the cysts have natural mortality rates that are probably determined by
temperature and incident ultraviolet light.

In principle, removal or disinfection at the water source should be sufficient to prevent contamination

of drinking water by enteric protozoa, provided adequate measures are in place to prevent later
recontamination. In practice, this may be difficult because protozoan cysts are generally more resistant to
water disinfectants than most bacteria and viruses.

Cryptosporidium and Giardia species are likely to be the most important enteric protozoa in water

in Australia, although infection by Entamoeba bistolytica is also endemic in some communities. All

these organisms cause moderate to severe enteritis in susceptible people; in Australia, they seem to

be transmitted mostly by direct contact with a carrier. Outbreaks of Cryptosporidium in drinking water
supplies are associated with contamination from by human or livestock (particularly cattle), and faulty or
inadequate treatment. There is evidence that Giardia infections in Australia may result from contact with
septic-tank waste or from recent faecal contamination of drinking water.

Free-living protozoa

Two groups of free-living amoebae, Naegleria and Acanthamoeba, have been responsible for human
infections in Australia. Infection is opportunistic, and generally results from contact during recreational
bathing, or domestic uses of water other than drinking. Public water supplies can contaminate swimming
pools. The occurrence of these organisms is unrelated to faecal contamination, and their ecology in
aquatic environments is more complex than that of enteric protozoa.

Cerebral infection by Naegleria fowleri is strictly waterborne and, although rare, is usually fatal. Since
these amoebae are able to colonise piped water supplies, disinfection at the water source may not
adequately control them unless the disinfectant pervades the whole distribution system.

Acanthamoeba species cause both cerebral and corneal disease. An environmental source of infection
has rarely been identified with certainty. Since Acanthamoeba species are among the most common
protozoa in soil, as well as occurring in freshwater and seawater, the source of infection may often be soil
or airborne dust.

Both Acanthamoeba and Naegleria species are known to support symbiotic growth of Legionella species
within the cell, and the presence of these amoebae in cooling-tower water can indicate conditions that
favour Legionella.

Part V contains fact sheets on the protozoan pathogens that may contaminate the water supply.

5.3.3VIRUSES

The viruses of most significance for drinking water are those that multiply in the human intestine and are
excreted in large numbers in the faeces of infected individuals. Although they cannot multiply outside
the tissues of infected hosts, some enteric viruses can survive in the environment and remain infective
for long periods. Human enteric viruses occur in water largely as a result of contamination with sewage
and human excreta. The numbers of viruses present and their species distribution will reflect the extent
to which they are being carried by the population; however, the use of different analytical methods
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can also lead to wide variations in calculations of the numbers of viruses found in sewage. Sewage
treatment may reduce numbers by a factor of 10 to 10,000, depending upon the nature and degree of
treatment; however, even tertiary treatment of sewage will not eliminate all viruses. As sewage mixes with
receiving water, viruses are carried downstream; the length of time they remain detectable depends on
temperature, their degree of adsorption to particulate matter, penetration of sunlight into the water and
other factors. Consequently, enteric viruses can be found at the intakes to water treatment plants if the
water is polluted by sewage. However, proper treatment and disinfection should produce drinking water
that is essentially virus-free.

Recent methodological advances have revolutionised the diagnosis of viral diarrhoeal diseases, and
waterborne outbreaks due to viruses have now been identified in both developed and developing
countries all over the world, with many different strains of viruses isolated from raw and treated drinking
water. Isolation of viruses from water indicates that a hazard exists, but it does not prove beyond doubt
that water is a vehicle for transmission of disease.

Epidemiological proof of waterborne transmission of viral diseases is very difficult to establish, for a
variety of reasons. Symptoms may not resemble those of typical waterborne diseases, and many of those
infected will show no symptoms. Some infections, for example the hepatitis A virus, are difficult to trace
to a source because of long incubation periods. Water is often only one of various routes of transmission,
it is not always the major route, and adequately sensitive methods for detecting the infectious agent in
water are often not available.

Part V contains fact sheets on the viral pathogens that may contaminate the water supply.

5.3.4 HELMINTHS

The major helminth (worm) parasites of humans listed by the World Health Organization as being
transmitted by water do not occur in Australia, apart from their rare incidence in recent immigrants

or Australians returning from areas where the organisms are endemic. The eggs of enteric nematodes
such as Trichurus may enter water, but waterborne transmission is generally regarded as unimportant.
Nematodes seen as adult worms or larvae in microscopic examination of material from water supplies
are likely to belong to free-living groups such as Turbatrix or Rhabditis, which, like free-living protozoa,
colonise systems that support other microorganisms.

Infective enteric helminths should not be present in drinking water; however, it is impracticable to set
guidelines due to the low prevalence of these agents in Australia.

5.3.5 CYANOBACTERIA

Cyanobacteria are true bacteria, although they are often called ‘blue-green algae’ because they resemble
green algae in morphology, habitat and photosynthetic ability. They occur as single cells, filaments or
colonies, and their buoyancy enables them to migrate towards the surface of water in response to light.
Cyanobacteria inhabit all natural waters, and become a problem only when present in excessive numbers
(blooms). This is more likely to occur when temperatures are high, with long sunny days, high levels of
plant nutrients in the water, low stream flows, and calm conditions that permit the cells to migrate to the
surface. These conditions occur sporadically in late spring through to autumn in many parts of Australia.
In addition, eutrophication (nutrient enrichment) associated with increased agriculture and urbanisation
has increased the occurrence of cyanobacterial blooms.

They are of concern in drinking water primarily because of the intracellular toxins they produce, which
are of three main types:

*  hepatotoxins, which damage liver cells;

. neurotoxins, which damage nerve cells;

*  cylindrospermopsin, which can damage the liver, kidney, gastrointestinal tract and blood vessels.
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No human deaths have been recorded from ingesting the toxins of cyanobacteria but gastroenteritis may
result from drinking water containing toxic species and extended exposure may lead to more serious
impacts. Deaths have been attributed to the presence of microcystin in water used for renal dialysis in
Caruara, Brazil (Jochimsen et al. 1998).

Direct contact with toxic or non-toxic species of cyanobacteria may cause skin rashes or eye irritation
due to adverse reactions to components in the cell walls of the organisms. This could occur through
showering or bathing in water containing blooms or scums.

Part V contains fact sheets on toxic cyanobacteria.

5.4 Risk of disease from waterborne pathogens

Drinking water is only one of several means by which many infectious agents can be transmitted. It can,
however, be of considerable importance, and many pathogens that are excreted in faeces have caused
epidemics through contaminated water. The significance of a particular organism in water can vary
considerably; for example, a potentially pathogenic organism will not always cause symptomatic disease
in a particular individual. The chances of waterborne infections occurring in a community depend on:

. the concentration of pathogenic organisms in the water;
. the virulence of the strain;

*  the per capita intake of contaminated water;

*  the infectious dose of the particular pathogen;

*  the susceptibility of individuals;

* the incidence of the infection in the community (which will determine the numbers of pathogens
being excreted).

The occurrence of disease is also related to the relative level of immunity in the community. If, for
example, the water supply has been repeatedly contaminated, the community may have become immune
to some waterborne pathogens. Such a situation can be seen in some developing countries where the
prevalence of pathogens is high and the standard of tap water is less than optimal. Visitors who drink
the water frequently become ill, while the local community, especially adults, appear to suffer minimal
morbidity. The immunity of the local population may, however, be acquired at the expense of the health
of more susceptible individuals in that community, including children, the aged and people already in
poor health.

Thus, a community consuming water with indicators of faecal pollution may show no discernible disease.
Such a situation, however, is unstable. Apart from the risk to visitors, faecal pathogens affecting the

locals may be introduced from, for instance, an immigrant or a seasonal outbreak of a disease such as
cryptosporidiosis resulting from cattle in the catchment. When illness occurs in a community, the route

of infection needs to be confirmed by epidemiological investigation, even when the disease-causing
organism is found in a suspect water supply.

5.5 Nuisance organisms

Nuisance organisms comprise a morphologically and physiologically diverse collection of organisms.

They include:

*  prokaryotic bacteria such as planktonic and benthic cyanobacteria (blue-green algae);
. iron, manganese and sulfur bacteria;

*  actinomycetes and fungi;

*  eukaryotic organisms such as algae, crustacea and protozoa.
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Problems occur when the conditions in source waters, reservoirs or distribution systems support the
growth of a particular nuisance organism or group of nuisance organisms. Excessive quantities of organic
matter, for instance, will support the growth of bacteria and fungi, and these will maintain populations of
protozoa and crustacea. Many invertebrate animals can feed on bacteria, fungi and protozoa.

In addition, a particular nuisance organism may show morphological characteristics or produce some
extracellular product that gives the organism a competitive advantage over other aquatic inhabitants. This
may include a ‘holdfast’ (i.e. a mechanism for anchoring the organism) or sheath (in the case of some
iron bacteria) or the ability to produce antibiotic substances (as in some fungal species).

Raw water does not usually contain sufficient numbers of nuisance organisms to create problems;
however, the water treatment process may assist their growth. Nuisance organisms concentrate on the
surface of filters and inside the filter bed, and on mains and water reservoir surfaces, where they lyse
and release cellular compounds responsible for colour, turbidity, taste and odour. Activated carbon filters
will, after a period, contain high amounts of organic matter; this may affect taste and odour, and increase
turbidity, providing an excellent substrate for bacteria. Poorly operated filter systems, including activated
carbon-based domestic filter systems, can be the source of tastes and odours.

It is not practicable to specify a quantitative limit for nuisance microorganisms.

5.5.1 ORGANISMS CAUSING TASTE AND ODOUR PROBLEMS

Objectionable tastes and odours can result from compounds produced by certain types of algae,
cyanobacteria (blue-green algae), bacteria and sometimes protozoa. Actinomycetes and cyanobacteria,
for instance, produce geosmin and methylisoborneol (MIB), which have an earthy taint, and a taste and
odour threshold of approximately 0.00001 mg/L (10 ng/L).

Several groups of protozoa produce odorous compounds in culture. Certain species of the amoeba
genera Vannella, Saccamoeba and Ripidomyxa that carry rather dense bacterial symbionts also produce
either geosmin or MIB. Most previously described sources of these compounds have been cyanobacteria
or actinomycetes, so it seems likely that the symbionts are the immediate source. While the mechanism of
symbiont contribution to odours in waters is unknown, they should be considered as the likely source of
a problem if no other biological source of these strongly smelling compounds can be identified.

Free-swimming ciliates, such as Climacostomum and certain Stentor species that bear the algal symbionts
zoochlorelle, can contribute to odours in water if they reach high densities, although such incidents are
not often reported.

Consumers often detect taste and odour problems before analytical methods have detected the
compounds responsible. It is therefore advisable to use trained panels to detect taste and odour, and
undertake remedial measures before a problem becomes significant. Section 3.5.2 and the fact sheet on
Taste and Odour in Part V discuss such panels.

Another method to pre-empt taste and odour problems is to use microscopy to examine regularly the
type and number of organisms present in the water. When a group of organisms known to cause taste or
odour problems is dominant, measures should be taken to overcome the problem.

5.5.2 ORGANISMS CAUSING COLOUR PROBLEMS

Excessive growths of some algae, cyanobacteria and other bacteria can produce undesirable ‘blooms’ in
source waters, and this may affect colour in the distribution system.

Blooms of algae and cyanobacteria may be controlled by judicious application of copper sulfate or other
algaecide to the source water, provided that the cyanobacterial genus is not toxic.
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When pigmented organisms such as cyanobacteria and algae are crushed on filters, colour problems can
result. This type of problem can be exacerbated by the passage of microalgae through the filters causing
an increase in turbidity.

5.5.3 DEPOSITS DUETO IRON AND MANGANESE BACTERIA

Nuisance iron-oxidising organisms may cause problems in groundwater sources by encrusting bore
screens, causing loss of yield and impairing the aesthetic quality of the supply. The presence of these
organisms may also indicate organic pollution of the aquifer.

Manganese-oxidising organisms (bacteria, fungi and, very rarely, protozoa) may be responsible for
deposits in aquifers, wells and water conduits. The deposits can reduce yield, clog slots in the bore
pipes, slow the flow in pipes by increasing turbulence, damage equipment for measuring water flows,
and produce black water that stains laundry and disrupts food-handling establishments. Bacteria can
attach to the deposits; if disturbed, these will increase the heterotrophic colony count of the water. These
problems will generally not occur if the concentration of manganese is below 0.1 mg/L. (See fact sheet
on Manganese).

In water containing ferrous or manganous salts, iron or manganese bacteria can oxidise these compounds
to form rust-coloured or black deposits in tanks and on the walls of pipes in slow-flowing parts of the
distribution system. Changes in water flow can then release the deposits into the supply system, staining
laundry and plumbing fittings, and adversely affecting the appearance of drinking water. The slurry may
also contain organic deposits that can break down to cause odour problems. (See fact sheets on Colour,
Iron, and Manganese.)

Although these nuisance organisms can impair water quality, it is not practicable to monitor for them
routinely because of their diverse nature and unpredictable occurrence. Consumer complaints, together
with local knowledge of the water supply system and water sources, should be a trigger for action.

5.5.4 CORROSION PROBLEMS DUE TO IRON AND SULFUR BACTERIA

Iron and sulfur bacteria contribute to the corrosion of iron and steel well pipes and drinking-water mains,
with corrosion starting from either inside or outside. Microorganisms may cause corrosion by:

*  depleting dissolved oxygen;

*  preventing corrosive metabolites;

*  producing sulfuric acid from sulfides or elemental sulfur;

e participating in the cathodic process.

The presence of these organisms in water may indicate a potential for corrosion of cast iron mains and
storage tanks. It can also indicate biodeterioration of certain construction materials, including non-metallic

materials such as plastics, rubber jointing compounds and pipe lining materials, which provide organic
nutrients and thus encourage the growth of microorganisms such as Pseudomonas aeruginosa.

5.5.5 PROBLEMS CAUSED BY LARGE NUMBERS OF MICROORGANISMS

Large numbers of aerobic heterotrophic bacteria in treated water can interfere with the interpretation
of tests for the coliform group by masking their presence, thus yielding false-negative results. Strains of
Aeromonas species that produce acid and gas with coliform media, even at 44°C, present a particular
problem.

Most of these organisms can be controlled relatively easily by water treatment processes, including
disinfection. Nutrient-rich raw water should be avoided if water treatment cannot be applied.
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5.5.6 NUISANCE INVERTEBRATES

Invertebrate animals often infest shallow open wells, warm shallow storage tanks and small supplies, but
problems are uncommon in large public supplies. These invertebrates derive their food from bacteria,
algae and protozoa that are present in the water or on slimes. They include freshwater sponges of the
phylum Porifera (Spongilla spp and Ephydatia spp), a coelenterate (Cordylophora spp), bryozoans
(Plumatella spp and Fredericella spp) and molluscan bivalves and snails (e.g. Corbiculina spp).

For control purposes, the types of animal can be divided into two groups:

*  free-swimming organisms, such as the crustacea Gammarus pulex (freshwater shrimp), Crangonyx
pseudogracilis, Cyclops species and Chydorus sphaericus;

* animals that either move along surfaces or are anchored to them, such as Asellus aquaticus (water
louse), snails, Dreissena polymorpha (the zebra mussel) and other bivalve molluscs, the bryozoan
Plumatella species, or animals that inhabit slimes, such as Nais species, nematodes, and larvae of
chironomids.

In warm weather, slow sand filters can sometimes discharge larvae of midges and mosquitoes into the
water. This occurs if the top layer of the bed collapses, causing unfiltered water to be drawn down.

Nuisance invertebrates are more likely to penetrate water filtration plant and mains when low-quality raw
waters and high-rate filtration processes are used. Prechlorination destroys the invertebrates and thereby
assists their removal by filtration; however, the use of high concentrations of chlorine may produce high
levels of chlorination by-products. Infestation can usually be prevented by maintaining chlorine residuals
in the distribution system, producing high-quality water, and cleaning water mains regularly by flushing
or swabbing.

5.6 References
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Chapter 6 Physical and Chemical Quality of Drinking Water

6.1 Introduction

This chapter discusses both the physical characteristics of water quality and the chemical characteristics,
including organic and inorganic chemicals and pesticides. It explains the rationale for deriving guideline
values. The principles used in both cases are very similar and a number of common assumptions have
been made.

6.2 Physical quality of drinking water

6.2.1 AN OVERVIEW OF PHYSICAL CHARACTERISTICS

The appearance, taste, odour, and ‘feel’ of water determine what people experience when they drink or
use water and how they rate its quality; other physical characteristics can suggest whether corrosion and
encrustation are likely to be significant problems in pipes or fittings. The measurable characteristics that
determine these largely subjective qualities are:

* true colour (the colour that remains after any suspended particles have been removed);

. turbidity (the cloudiness caused by fine suspended matter in the water);

. hardness (the reduced ability to get a lather using soap);

. total dissolved solids (TDS);

*  ph

*  temperature;

. taste and odour;

*  dissolved oxygen.

Colour and turbidity influence the appearance of water. Taste can be influenced by temperature, TDS,
and pH. The ‘feel’ of water can be affected by pH, temperature, and hardness. Rates of corrosion and

encrustation (scale build-up) of pipes and fittings are affected by pH, temperature, hardness, TDS and
dissolved oxygen.

Each of the physical characteristics is discussed separately in the fact sheets in Part V. However, there is
some overlap with organic compounds, microorganisms and, most notably, the inorganic constituents of
water; when this occurs, it is noted and cross-referenced.

6.22  APPROACH USED IN DERIVATION OF GUIDELINES VALUES FOR PHYSICAL CHARACTERISTICS

In general, the physical characteristics of water are not of direct public health concern, but they do affect
the aesthetic quality of the water, which largely determines whether or not people are prepared to drink
it. If water is unpalatable or appears to be of poor quality, even though it may be quite safe to drink, the
consumer may seek other water sources, and these may not be as safe.

Each guideline value is set at a level that ensures good quality water — that is, water that is aesthetically
pleasing and safe, and that can be used without detriment to fixtures and fittings. The values are
determined by considering water quality guidelines used by other countries and international bodies,
assessing any health implications, and then deciding on a point beyond which the quality of the water
might no longer be regarded as good. Factors taken into account include:

e taste and odour thresholds (i.e. the smallest concentration or amount that would be just detected by
a trained group of people);
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. the concentration or amount that would produce noticeable stains on laundry or corrosion and
encrustation of pipes or fittings;

»  the concentration or amount that would be just noticeable in a glass of water and lead to a
perception that the water was not of good quality.

The physical guideline values are not absolute; they are value judgments determined from an often

wide range of values that may be broadly classed as acceptable — that is, there is no one right answer.
Consequently, small, short-term excursions beyond a physical guideline value do not necessarily mean
that the water will be unacceptable. What is aesthetically acceptable or unacceptable depends on public
expectations, and must ultimately be determined by water authorities in consultation with consumers,
taking into account the costs and benefits of further treatment. The Australian Drinking Water Guidelines
(ADWG) provide a starting point for this process.

6.3 Chemical quality of drinking water

A number of chemicals, both organic and inorganic, including some pesticides, are of concern in drinking
water from the health perspective because they are toxic to humans or are suspected of causing cancer.
Some can also affect the aesthetic quality of water.

The presence of chemical in drinking water may result from:
*  natural leaching from soils, rocks and mineral deposits into source waters;

*  land-use activities in catchments leading to exacerbation of natural processes such as mobilisation
of salts;

*  run-off from agricultural operations within drinking water catchments;
*  biological processes including growth of cyanobacteria and algae in waterways and reservoirs;

. contamination of source water by treated effluent discharge and other point sources within the
catchment;

. carry-over of small amounts of treatment chemicals;
. addition of chemicals such as chlorine and fluoride;

*  corrosion and leaching of pipes and fittings.

6.3. INORGANIC CHEMICALS

Inorganic chemicals in drinking water usually occur as dissolved salts, principally carbonates, chlorides
and sulfates, attached to suspended material such as colloids and clay particles, or as complexes with
naturally occurring organic compounds.

Unless otherwise stated, the guideline value refers to the total amount of the substance present,
regardless of its form (e.g. in solution or attached to suspended matter).

6.3.2 ORGANIC COMPOUNDS (REVISED 201 1)

Organic compounds are usually present in drinking water in very low concentrations. They may occur
either naturally or as a result of human activities. By-products of disinfection are the most commonly
found organic contaminants in Australian drinking water supplies. Pesticides and petroleum products are
occasionally detected in source water or treated drinking water in Australia, but rarely at concentrations
above health-based guideline values.
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Disinfection by-products

The by-products of disinfection are the products of reactions between disinfectants, particularly chlorine,
and naturally occurring organic material such as humic and fulvic acids, which result from the decay of
vegetable and animal matter. Of these disinfection by-products, the trihalomethanes (THMs) are produced
in the highest concentrations.

Most disinfectants used to render drinking water safe from pathogenic microorganisms will produce by-
products in the disinfection process. Factors affecting the formation of disinfection by-products include:

. the amount of natural organic matter present;
. the disinfectant used;

. the disinfectant dose;

*  pH;

. temperature;

. the time available for reaction (C.t or contact time).

Chlorine is the most common disinfectant; in the chlorination process it reacts with naturally occurring
organic matter to produce a complex mixture of by-products, including a wide variety of halogenated
compounds (i.e. organic by-products of chlorination). The main by-products are the THMs and
chlorinated acetic acids. Many other by-products can be produced, but concentrations are generally very
low (usually <0.01 mg/L and often <0.001 mg/L).

Other disinfectants can produce different types of by-products: for example, ozone is known to produce
formaldehyde and other aldehydes.

Known disinfection by-products are considered individually in the fact sheets in Part V. It is possible,
however, that other disinfection by-products for which no health data are available are present at
extremely low concentrations. It is also possible that when these compounds (both known and
unknown) are ingested together, their combined effects on health may be different from their individual
effects. Epidemiological studies examine disinfection by-products as a generic group, and can be useful in
determining overall effects.

A number of epidemiological studies have suggested an association between water chlorination by-
products and various cancers (Michaud et al. 2007, Villanueva et al. 2007). This association has been most
consistent in relation to cancer of the bladder and rectum, but there are insufficient data to determine
concentrations at which chlorination by-products might cause an increased risk to human health.

In experiments with laboratory mice, when concentrates derived from chlorinated drinking water were
applied to the skin, there was no increase in the incidence of skin tumours compared with concentrates
derived from unchlorinated supplies. Similarly, oral administration of chlorinated humic acids in drinking
water did not increase the incidence of tumours compared with animals receiving unchlorinated humic
acids, or with saline-treated controls IARC 1991).

Studies have shown that concentrates of some chlorinated drinking water supplies are mutagenic to
some strains of test bacteria. These effects were consistently found with samples of surface water that
had a high content of natural organic compounds at the time of chlorination. A significant proportion of
the increased mutagenicity has been attributed to a chlorinated furanone known as MX (Kronberg and
Vartiainen 1988).

The International Agency for Research on Cancer has reviewed the available data and concluded that
there is inadequate evidence to determine the carcinogenicity of chlorinated drinking water to humans
(TARC 199D).
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Action to reduce the concentration of disinfection by-products is encouraged, but disinfection itself must
not be compromised: the risk posed by disinfection by-products is considerably smaller than the risk
posed by the presence of pathogenic microorganisms in water that has not been disinfected.

Further information on disinfection of drinking water is contained in the information sheets (Part IV) and
fact sheets (Part V).

Pesticides

For the purpose of the ADWG the term ‘pesticides’ includes agricultural chemicals such as insecticides,
herbicides, nematicides, rodenticides and miticides.

The Australian Pesticides and Veterinary Medicines Authority (APVMA) is responsible for assessing all
pesticides prior to registration to allow sale and use in Australia. For registration, data required on the
pesticide include information on the proposed use, the toxicity and the residues that might result from
proper use. When the pesticide is registered, a safe level of exposure, conditions of use and maximum
levels of residues for water are determined. This mechanism allows the formulation of appropriate
guideline values for pesticides in drinking water and a process for their revision, which includes public
consultation.

The use of pesticides in Australia is regulated by the states and territories, though this is the subject of a
COAG reform and may change in the future. The APVMA provides label requirements for the approved
use and application of pesticides and these labels are required to be followed by all users of registered
pesticides, with enforcement the responsibility of the states and territories. These label requirements

are intended, in part, to minimise pesticide contamination of waterways. Consistent with this, pesticides
should not be found in water supplies above safe levels and if they are, investigations must be
undertaken to determine how they came to be there. These investigations should then be followed by
corrective action aimed at the prevention of pesticide contamination of drinking water supplies.

Within the context of aiming to minimize pesticide contamination of drinking water, it should be noted
that a small number of pesticides have been approved by the APVMA for the management and control
of pests including insects and insect larvae in drinking water supplies. An example is s-methoprene,
which has been approved for use as a larvacide in rainwater tanks. In circumstances where pesticides are
intentionally applied to drinking water supplies, drinking water concentrations should be monitored to
ensure that concentrations are within safe levels.

Contamination of drinking water by pesticides may occur occasionally as a result of accidental spills,
misadventure, or emergency use of pesticides. In such cases, prompt action may be required by public
health officials.

The health-based guideline values are derived from the acceptable daily intake (ADI) and are set at about
10 per cent of the ADI for an adult weight of 70 kg and a daily water consumption of 2 litres. The health
values are very conservative, and include a range of safety factors, which always err on the side of safety.

In earlier versions of the Australian Drinking Water Guidelines, the guideline value for many pesticides
was set at the practical analytical detection limit for the particular chemical substance. This approach
was used to reflect the philosophy that good water quality management should aim to prevent the
contamination of drinking water supplies by pesticides (regardless of potentially negligible health
implications). While this management philosophy still applies, the approach to setting guidelines has
been revised and analytical detection limits are no longer used as guideline values for pesticides.

The revised approach has been adopted for two main reasons. The first is that analytical detection limits
are constantly changing (decreasing) as a result of on-going technological advancements. This means
that in order to keep up-to-date, a detection limit-based guideline would also need to be continuously
revised downward, which is an impractical situation from a human health perspective. The second
reason is the desirability of a scientifically-consistent approach to guideline setting across all chemicals.
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Wherever possible, guideline values for all other chemicals are based on human health considerations
and toxicological data. Accordingly, it is appropriate that the guideline values for pesticides be addressed
in the same way.

As noted above, this change in guideline setting for pesticides does not change the general philosophy
regarding the management of pesticides in drinking water supplies. Persistent detection of pesticides may
indicate inappropriate use or accidental spillage, and investigation is required in line with established
procedures in the risk management plan for the particular water source.

Pharmaceuticals and endocrine-disrupting chemicals

Pharmaceuticals

Pharmaceuticals comprise a large class of predominantly organic compounds. They are administered

to humans and animals to achieve a variety of benefits including prevention and treatment of disease.
The large variety of compounds in use and their importance to physiology, along with their widespread
use and chemical characteristics contributing to persistence suggest the potential for their similarly
widespread distribution in the environment and the potential for contamination of potable water supplies.

Virtually all pharmaceuticals administered to humans are excreted in varying degrees and discharged
directly into the sewerage system. These compounds are then affected by treatment processes in
municipal sewage treatment plants, before discharge to the environment. Depending on chemical
properties including aqueous solubility, volatility, lipophilicity and susceptibility to biodegradation,
pharmaceutical residues may be removed in varying degrees during conventional sewage treatment
processes prior to environmental discharge.

Synthetic pharmaceutical compounds were first observed and reported in sewage during the 1970s. Since
then, over 100 pharmaceutical drugs and metabolites have been identified in environmental samples,
primarily in Europe and North America. Reported compounds include analgesic, anti-inflammatory, beta-
blocker, lipid regulator, antiepileptic, B2-sympathomimetic, antineoplastic, antibiotic and contraceptive
drugs.

No definitive link has been reported or established between pharmaceutical exposure in drinking waters
and human health risk. Furthermore, current evidence does not support a general requirement for
additional or specialised drinking water treatment to reduce concentrations of pharmaceuticals. Routine
monitoring is not recommended, but targeted, well designed and quality controlled investigative studies
could provide more information on potential human exposure from drinking water. Nonetheless, concern
for the potential implications of exposure to mixtures of these biologically active chemicals exists and
worldwide investigations are ongoing.

Specific concerns have been raised by some scientists that the presence of antibiotic agents in water
supplies may facilitate the development of resistant organisms, with implications for public health
(Kummerer 2009). While this may be a valid hypothesis, studies are yet to demonstrate that the presence
of antibiotics in water supplies has any impact on the development of resistance.

It is not common international practice to regulate or provide guidelines for pharmaceuticals in drinking
water. However, the Australian National Guidelines for Water Recycling (Phase 2) have taken a pro-active
approach and do provide guideline concentrations (and an approach for further developing guidelines)
that are applicable to potable water supplies intentionally augmented by recycled municipal effluents
(NRMMC, EPHC and NHMRC 2008). Use of these guideline values should be considered for supplies
where the risk assessment identifies significant contribution of municipal effluent, whether it is intentional
or unintentional.
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Endocrine-disrupting chemicals

During the last few decades, reports of hormonally related abnormalities in a wide range of species have
accumulated. Chemical contaminants are believed to be responsible for many of these abnormalities,
acting via mechanisms leading to alteration in endocrine function. This phenomenon, known generally
as ‘endocrine disruption’, has been identified by the World Health Organization as an issue of global
concern (Damstra et al. 2002). The chemicals implicated have been collectively termed ‘endocrine-
disrupting chemicals’ (EDCs), or simply ‘endocrine disruptors’ (Damstra et al. 2002).

A particularly well documented form of endocrine disruption has been the induction of biochemical
hormonal responses in freshwater fish, which can cause significant behavioural and morphological
dysfunctions and lead in the worse cases to sterility (Tyler and Jobling 2008). A growing number of
natural and synthetic environmental chemicals have been implicated as causative agents of these
observed disruptions. However, in terms of potency, the most significant have been natural and synthetic
steroidal hormones. Some steroidal hormones have been observed to cause disruption of the endocrine
system of fish at ambient concentrations less than 0.000001 mg/L (1 ng/L).

Environmental exposure to oestrogenic hormones has been shown to cause feminisation of male fish
(Tyler and Jobling 2008, Rempel et al. 2006. More recently, exposure to androgens has been implicated
in the masculinisation of fish (Jensen 2006). Furthermore, scientists suspect that anthropogenic estrogens,
androgens and progestins may act as reproductive pheromones in fish, thus adversely affecting
reproduction (Kolodziej et al. 2004).

Much attention has focused on the discharge of hormonal steroids from municipal sewage treatment
plants. Municipal sewage effluents have been generally characterised as being ‘oestrogenic’ in nature,
due largely to trace concentrations of oestrogenic steroidal hormones as well as some other natural and
synthetic chemicals.

While some EDCs have been detected in some drinking water supplies, concentrations have been
generally insignificant compared to other dietary sources of estrogenic activity.

Box 6.1 The Black Mountain Declaration (2007) on Endocrine Disrupting Chemicals in Australian Waters

Humans, as mammals, have very similar endocrine systems to other species for which impacts of environmental EDCs have been
observed.There is clear evidence that humans have been severely impacted by some EDCs when exposed to significant doses in
the form of medications or extreme occupational exposure. However, exposure to EDCs via water (either through recreation or
consumption) is considered relatively insignificant compared to other sources such as occupational or dietary exposure.

Despite the valid reasons for concern, evidence of impacts to humans from environmental exposure to EDCs is yet to be
established. This includes a lack of evidence of impacts via exposure from water supplies, food products and air: Given the observed
susceptibility of other species and the ultimate importance of protecting public health, a precautionary approach towards
minimising unnecessary exposure to EDCs in water, food and air is warranted.

It is not common international practice to regulate or provide guidelines for EDCs in drinking water.
However, the Australian National Guidelines for Water Recycling (Phase 2) have taken a pro-active
approach and do provide guideline concentrations (and an approach for further developing guidelines)
that are applicable to potable water supplies intentionally augmented by recycled municipal effluents
(NRMMC, EPHC and NHMRC 2008). Use of these guideline values should be considered for supplies
where the risk assessment identifies significant contribution of municipal effluent, whether it is intentional
or unintentional.

Other organic compounds

Naturally occurring organic compounds are not generally of human health concern, except for certain
specific toxins (see fact sheets on Toxic Cyanobacteria). Other than disinfection by-products, organic
contaminants resulting from human activity are not normally detected in Australian drinking water.
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They have, however, been detected at times in supplies in North America and Europe, usually following
an accidental spill or discharge into a water source or, on rare occasions, from rain contaminated by
airborne pollutants. Fact sheets and guideline values are provided in case similar incidents should
occur in Australia.

6.3.3  APPROACH USED IN DERIVATION OF GUIDELINE VALUES FOR CHEMICALS

The guideline value for each organic and inorganic chemical is the concentration that, based on present
knowledge, does not result in any significant risk to the health of the consumer over a lifetime of
consumption and is consistent with water of good quality.

The health-related guideline values are very conservative, and are calculated using a range of safety
factors. They always err on the side of safety, particularly where scientific data are inconclusive or where
the only data available are from animal studies.

Where aesthetic considerations, including taste and odour, corrosion, and stains on sanitary ware and
laundry, dictate a more stringent guideline than that required to protect health, both values are quoted.
Health considerations may be of less concern in such cases (although they must still be considered),
because water that is aesthetically unacceptable is less likely to be consumed.

For most chemicals, it has not been possible to estimate the higher concentrations that would affect
health over shorter periods, so short-term guideline values have generally not been set. However, given
the very conservative nature of the guidelines, deviations from the guideline values over a short period
do not necessarily mean that the water is unsuitable for consumption. The amount by which and the
period for which any guideline value could be exceeded without causing concern will depend on the
chemical involved and other factors, such as the risks and benefits to public health.

Each excursion beyond a guideline value should, however, be a trigger for further action.

Chemicals fall into two categories based on health effects:

. those where the effects are observed only above a certain threshold dose, with no effects observed
at doses below this threshold;

*  those that do not appear to have a threshold.

Sources of data used
Human data

There is little information on the effects of human exposure to organic and inorganic compounds,
including pesticides, at the concentrations likely to occur in water. Occasionally, there are useful
epidemiological data, and where available, these have been the primary consideration in setting the
guideline value.

Animal data

In the absence of human data, experiments on laboratory animals provide toxicological data on the
effects of exposure to chemical agents. Ideally, these are long-term studies involving ingestion of the
compound dissolved in water or present in food, rather than inhalation or dermal exposure studies. For
expediency, such studies are conducted at concentrations that are relatively high in comparison to the
concentrations likely to be found in drinking water. Furthermore, the most sensitive animal species, and
the most sensitive group within that species, are used in order to increase the likelihood of observing a
toxicological effect.
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Effects of exposure to chemicals in experimental animals are generally classified in the following broad
categories:

. organ-specific;
. neurological/behavioural,
*  reproductive/developmental;

. carcinogenic/mutagenic.

Effects may be prolonged or short term, reversible or irreversible, immediate or delayed, single or
multiple. The nature, number, severity, incidence and prevalence of specific effects generally increase
with increasing dose. Adequately designed and conducted experimental studies in animals can usually
provide an exposure level below which adverse effects are not seen.

Interpreting these data and extrapolating from them to human populations can be difficult, as health
effects vary with dose, route of exposure (e.g. ingestion, inhalation, skin absorption), frequency or
duration of exposure, and the species, sex and age of the exposed population. This can require
appropriate expertise and prudent judgment (e.g. see IPCS 1978).

Derivation of guideline values for substances for which a threshold exists

Where appropriate human data are available, these have been used in the derivation of the guideline
value.

In the absence of human data, the guideline value is generally based on the highest dose that
causes no adverse effects in long-term experiments on laboratory animals. It is calculated using the
following formula:

Guideline value = animal dose x human weight x proportion of intake from water

volume of water consumed x safety factor

In using this equation, it is necessary to make assumptions about the amount of water consumed

per day, the average body weight and the proportion of total intake that can be attributed to water
consumption, and to decide on an appropriate safety factor. Clearly the figures selected will all affect the
guideline value, and varying one or more of them could raise or lower the resultant value by a factor

of 10 or more. Any guideline value will thus have a degree of ‘fuzziness’ surrounding it; however, the
assumptions made in calculating these guideline values are generally very conservative, and always err
on the side of safety.

Animal dose

The animal dose is usually the ‘no observed effect level’ (NOEL); that is, the highest amount of the
compound that does not cause observable effects in repeat dose studies on experimental animals. If this
is not available, then the dose often used is the lowest observed effect level’ (LOEL); that is, the lowest
amount of the compound that causes observable effects in studies on experimental animals. (In some
cases, the ‘no/lowest observed adverse effect level, NOAEL/LOAEL, is used — that is, the highest amount
of the compound that causes no observable adverse effects, or the lowest amount that causes observable
effects, in repeat dose studies on experimental animals). If the LOEL (or LOAEL) is used, an extra safety
factor is applied.

The dose data can come from drinking water studies or feeding or force-feeding studies. Dose is
expressed as milligrams of compound per kilogram of animal body weight per day.
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Human weight

It has been assumed that the average weight of an Australian adult is 70 kg. This is the figure used in
Canada and other developed countries. The World Health Organization (WHO) uses a value of 60 kg,
which reflects the lower adult weights in developing countries. The heavier weight assumed here will
slightly increase the magnitude of the guideline value.

Where there is a specific need to protect young children, the average weight of a child at 2 years of age
is assumed to be 13 kg. The same figure is used in other developed countries, such as Canada. The WHO
uses 10 kg.

Proportion of intake from water

The animal dose data are assumed to encompass all sources of exposure. It is thus necessary to estimate
the proportion of total human intake of a compound that is derived from water. Intake from air is
generally negligible compared with other sources, but intake from food, pharmaceuticals and other
products can be significant.

For chemicals that are used commercially or industrially, it is assumed, in the absence of other
information, that water contributes 10 per cent of intake. For compounds that are not used commercially
or industrially, a higher proportion of intake (usually 20 per cent but sometimes 80 per cent or 100 per
cent) is assumed to come from drinking water. These figures are regarded as conservative (assuming

a higher proportion deriving from drinking water would result in raising the guideline value), and the
approach is consistent with that adopted by the WHO and by other countries.

Although exposure to chemical agents in water is predominantly through drinking the water, skin
absorption during bathing or inhalation in a shower can also occur. Such exposures may increase the
proportion of the chemical derived from drinking water, but the lower proportion (10 per cent or 20 per
cent) is used for calculating the guideline value because it provides a higher margin of safety.

Volume of water consumed

The amount of water consumed by an adult each day is assumed to be 2 L. If the guideline value is
based on the weight of a child, 1 L per day is assumed. Consumption can vary with season and climate;
however, both figures, which are the same as those used by the WHO, are believed to be appropriate, on
average, for Australian conditions. Some colder countries use different values: Canada, for example, uses
1.5 and 0.75 L per day.

Safety factor

Safety factors are used because of the uncertainty inherent in extrapolating from animal studies to human

populations, or from a small human group to the general population. Safety factors generally applied are:

* afactor of 10 for variations between animals of the same species (because some animals within a
species may be more sensitive to the effects of a chemical than the group tested);

*  a factor of 10 for variations between species (because the animal species tested may be less sensitive
than humans, and in many cases human sensitivity is unknown);

. a factor of 10 if data from a sub-chronic study are used in the absence of reliable data from chronic
studies (this factor can be less if chronic studies are available and indicate that no other effects
occur, or that other effects are mild);

* afactor of up to 10 if adverse effects have been observed at the lowest doses (usually the data used
are based on the highest dose at which no adverse effects are seen).

The individual factors for each of the points listed above are multiplied together to give an overall safety
factor. A safety factor of 100 to 1000 is common; higher values may be used on occasions.
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Occasionally, individual safety factors lower than 10 are used where there is additional information to
justify a reduction. This can occur, for instance, where information is available to clarify the mechanism
of the effects on humans, where human epidemiological data are available, where the adverse effects
observed are regarded as being relatively minor, or where large amounts of animal and human data are
available.

Guideline values for carcinogenic compounds that act only above a threshold dose are determined
in the same way as for non-carcinogenic compounds, but with an additional safety factor for
carcinogenic effects.

Derivation of guideline values for substances where no threshold has been demonstrated

With compounds for which no threshold can be demonstrated, it can be expected that, as the level

of exposure decreases, the resultant hazard similarly decreases. The risk associated with exposure to
very low concentrations may be extrapolated using a risk assessment model, often over many orders of
magnitude, from the dose-response relationship observed at higher doses. A number of uncertainties
are involved, but the calculations used tend to overestimate rather than underestimate the risk, and so
provide a greater margin of safety: it is possible that the actual risk from exposure to low concentrations
may, in fact, be lower than the estimated values by more than an order of magnitude.

This approach can be applied for genotoxic carcinogenic compounds, and has been used by the
WHO for this purpose.

Benchmark dose (BMD) approach

In a few cases, a slight variation to the above approaches for setting guideline values has been used. This
variation, known as the benchmark dose (BMD) approach, has been used in dealing with both cancer
and non-cancer end points. It is described in Environmental Health Criteria 170 (WHO 1994) and a
modified version for use with carcinogenic soil contaminants was described by the NHMRC (1999).

The benchmark dose corresponds to a predetermined increase (between 1 and 10% but commonly 5%)
of a defined effect in a test population. Mathematically it is the statistical lower confidence limit on the
dose that corresponds to that predetermined increase, although some agencies are using a best estimate
rather than a lower confidence limit (IEH, 1999).

Guidance on rounding

The vast majority of numerical guideline values in the ADWG are rounded to a single significant figure.
Consistent with standard rounding convention, mid-way values are rounded up. For example, 1.5 is
rounded to 2 and 25 is rounded to 30. Trailing zeros in numbers where there is no decimal point should
not be taken as significant (e.g., nitrate, 50 mg/L).

Practically all of the health-based guideline values were established using data and assumptions with a
precision of one significant figure (e.g., volume of water consumed by an adult = 2 L/day). Furthermore,
the vast majority include the incorporation of safety factors, which are applied at the precision of ‘order
of magnitude’ (e.g., 10 for interspecies extrapolation and 10 for intra-species variation).

Quoting more significant figures misrepresents the degree of calculated precision and may lead to
unfounded concern when guidelines are exceeded at the second or third significant figure.

It is noted that exceptions to this may be necessary for some chemicals. These will be considered on
a case-by-case basis and the reasons for the deviation from the convention of rounding to a single
significant figure will be explained in the fact sheet.

It is noted that aesthetic guidelines are generally based on direct information on palatability to
consumers, including appearance, taste and odour, and so do not need to be rounded.
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Interaction between chemicals

Guideline values are calculated for individual chemicals without specific consideration of the potential
for each to interact with others in the water. Normally, the majority of chemicals will not be present

in concentrations at or near the guideline value, and the large margin of safety incorporated in the
majority of the guideline values is considered to be sufficient to account for potential interactions with
other substances.

Guidance on parent compounds and environmental transformation products

Fact sheets and health-based guideline values are established for the form(s) of the chemical that may

be present in drinking water. Where the chemical form present in drinking water is an environmental
transformation product, toxicological data on the transformation product(s) should be evaluated to derive
a health-based guideline value if available.

Use of screening assays

For some chemicals, the accepted analytical method is a screening assay that is able to detect any of a
group of chemicals, with the measured value derived from the members of the group that are present.
For example, in analytical chemistry, a residue method involves breaking down the sample and measuring
a breakdown product (for example, subjecting the sample to acid digestion and measuring carbon
disulphide, CS). Also, some bioanalytical methods detect groups of chemicals based on their biological
activity, for example estrogenic compounds. Using such methods, it may not be possible to determine

the parent compound(s) present in the original sample. In this case, the result should be expressed in
units of the most potent compound (or a well-established method reference compound) and compared
to the relevant guideline value, or follow-up analytical techniques should be applied that measure the
chemical(s) of interest directly.

6.4 Differences between Australian and WHO guideline values

The guideline values in the ADWG take as their point of reference the WHO Guidelines for Drinking-
water Quality (2004) and subsequent addenda in 2006 and 2008. When the guideline values derived for
chemicals in the ADWG differ from those recommended by the WHO, the difference usually arises in one
of two ways:

e The ADWG use an average adult weight of 70 kg, consistent with developed countries such as
Canada, whereas the WHO figure is 60 kg to cater for lighter body weights in developing countries.
The use of a higher average weight can sometimes yield slightly higher guideline values, but the
difference is not significant given the large safety factors used.

. For genotoxic carcinogenic compounds, WHO uses a risk assessment calculation, with the
guideline value set at the concentration that would give rise to a risk of one additional cancer per
100,000 people. The Australian guideline values for these types of compounds are based on a
consideration of:

— the limit of determination based on the most common analytical method;

— the concentration, calculated by the WHO using a risk assessment model, that could give rise
to a risk of one additional cancer per million people, if water containing the compound at that
concentration were consumed over a lifetime;

— a value based on a threshold effect calculation, with an additional safety factor for potential

carcinogenicity.

Frequently the values determined from these two types of calculations are very similar. The balance
between these considerations is assessed as follows:
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*  If the limit of determination gives an adequate degree of protection (i.e. is within a factor of 10 of
values determined from health considerations), it has been used as the guideline value. If the limit
of determination is much lower than values determined from health considerations, then the lower
of the two calculated values has been used. If, conversely, the calculated value is much lower than
the limit of determination, then the calculated value is used, but with a note that it is lower than the
practical limit of determination. Improved limits of determination are required for such compounds.

*  The approach used for carcinogenic compounds in the ADWG is believed to lead to a more
balanced assessment of the health risks, and is similar to that adopted in other countries (e.g.
Canada). Whether the assumed risk should be one in 100,000 or one in a million is a value
judgment. However, the greater degree of protection afforded by a risk of one in a million is
generally consistent with calculations based on a threshold approach, and is in line with the high
expectations of Australian consumers.

6.5 National and international guideline values (2016)

For some chemical substances, an Australian Drinking Water Guideline value may not be available. It is

recommended that water suppliers seek advice from the appropriate state or territory health regulatory

agency when chemicals that do not have a guideline value in the ADWG are detected in drinking water.
In such cases, interim water quality advice may be obtained from alternative sources.

The following list details a hierarchy of documents in which national and international drinking water
guideline values can be found. The sources are listed in order of preference of acceptance, based on
recommendations from the NHMRC and the Environmental Health Committee (enHealth) in relation to
risk assessment of environmental hazards (enHealth 2012). The recommendations are derived from the
relevance to the Australian context and the methodologies used to calculate guideline values. Starting
at the top of the hierarchy, the most recent final version of the document should be consulted until a
suitable interim guideline value is identified:

*  Australian Guidelines for Water Recycling — Phase 2: Augmentation of Drinking Water Supplies
(Environment Protection and Heritage Council (EPHC), 2008)

*  WHO Guidelines for Drinking-Water Quality, fourth edition (WHO, 2011)

. Drinking Water Standards for New Zealand, New Zealand Ministry of Health, New Zealand (New
Zealand Ministry of Health, 2008)

*  Guidelines for Canadian Drinking Water Quality (Health Canada, 2014)

*  Health Advisories for Drinking Water Contaminants (United States Environmental Protection Agency
(US EPA) Office of Water, various dates)

*  Drinking Water Contaminants Lists (US EPA Office of Water, 2007)

. Public Health Goal for Chemical Substances in Drinking Water (Office of Environmental Health
Hazard Assessment, California Environmental Protection Agency 2014)
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Chapter 7 Radiological Quality of Drinking Water (Revised 2004)

7.1 Introduction

This chapter describes the sources of radiation in the environment and in drinking water, the health
effects of radiation, how people are exposed to radiation and how radiation exposure is measured. It also
explains how the guideline values provided in Chapter 10 are derived.

7.2 Sources of radiation in the environment and in drinking water

Radioactive materials occur naturally in the environment (e.g. uranium, thorium and potassium). Some
radioactive compounds arise from human activities (e.g. from medical or industrial uses of radioactivity)
and some natural sources of radiation are concentrated by mining and other industrial activities.

By far the largest proportion of human exposure to radiation comes from natural sources — from external

sources of radiation, including cosmic radiation, or from ingestion or inhalation of radioactive materials. A

very low proportion of the total human exposure comes from drinking water. Radiological contamination

of drinking water can result from:

*  naturally occurring concentrations of radioactive species (e.g. radionuclides of the thorium and
uranium series in drinking water sources);

. technological processes involving naturally radioactive materials (e.g. the mining and processing of
mineral sands or phosphate fertiliser production);

. manufactured radionuclides, which might enter drinking water supplies from the medical and
industrial use of radioactive materials.

7.3 Health effects of radiation

There is evidence from both human and animal studies that radiation exposure at low to moderate doses
may increase the long-term incidence of cancer. There is also evidence from animal studies that the rate
of genetic disorders may be increased by radiation exposure.

Acute health effects of radiation, ranging from skin burns to nausea, vomiting, diarrhoea, reduced blood
cell counts and death, occur at much higher doses and therefore are not a concern for water supplies
except in extreme accident situations.

7.4 Exposure to radiation

Several different forms of radiation can be emitted by radioactive species (alpha particles, beta particles
and positrons, gamma rays and x-rays). Each form has different biological effects. Alpha particles have
very low penetration of tissue but cause considerable cell damage over a short range. Radionuclides that
emit alpha particles are therefore only a hazard if they are taken into the body (internal irradiation). Beta
particles are more penetrating than alpha particles but on external exposure do not penetrate to internal
organs. Gamma radiation and x-rays, on the other hand, are highly penetrating and radioactive sources of
these types of radiation are an external radiation hazard.
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Humans are irradiated internally if they ingest radioactive substances in food and water or inhale
radioactive components in air. Radionuclides that enter the body in this way can remain in a particular
organ or tissue for a long time, resulting in exposure over many months or, in some cases, years.
Exposure to radiation from contaminated water comes from internal radiation by ingested radionuclides.

7.5 Units of radioactivity and radiation dose measurement

7.5.1  UNITS OF RADIOACTIVITY AND RADIATION DOSE

The International System of Units (SD unit of radioactivity is the becquerel, where 1 Bq = 1 disintegration
per second.

The radiation dose resulting from ingestion of a radionuclide depends on a number of chemical and
biological factors. These include the fraction of the intake that is absorbed from the gut, the organs or
tissues to which the radionuclide may be transported and deposited, and the time that the radionuclide
might remain in the organ or tissue before excretion. The nature of the radiation emitted on decay and
the sensitivity of the irradiated organs or tissues to radiation must also be considered.

The absorbed dose refers to how much energy is deposited in material by the radiation. The SI unit for
absorbed dose is the gray (Gy). The equivalent dose is the product of the absorbed dose and a factor
related to a particular type of radiation. The equivalent dose of radiation received by a person can

be further quantified as the effective dose, which, in simple terms, is the sum of the equivalent doses
received by all tissues or organs, weighted to account for the different sensitivities to radiation of different
organs and tissues in the human body. The SI unit for effective dose is the sievert (Sv).

To reflect the persistence of radionuclides in the body, once ingested, the ‘committed effective dose’ is a
measure of the total effective dose received over a lifetime (50 years) following intake of a radionuclide
(internal exposure).

The term ‘dose’ is used as a general term to mean either absorbed dose (Gy) or effective dose (Sv),
depending on the situation. For monitoring purposes, however, ‘doses’ are determined from the
concentration of the radionuclide, which in the case of water is described in terms of Bg/L. This value
is converted to an effective human dose per year using a dose conversion factor and the average annual
consumption of water.

7.52 DOSE CONVERSION FACTORS

The dose arising from the intake of 1 Bq (by ingestion) of radioisotope in a particular chemical form can
be estimated using a dose conversion factor. Data for age-related dose conversion factors for ingestion
of radionuclides have been published by the International Commission on Radiological Protection

(ICRP 1996). Table 7.1 shows the conversion factors or dose per unit intake (mSv/Bq) for radionuclides
(naturally occurring or arising from human activities) that could be found in water supplies.
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Table 7.1 Dose per unit intake by ingestion for adult members of the public (ICRP 1996)

Category Radionuclide Dose per unit intake
(mSv/Bq)
Natural uranium series Uranium-238 45x10°
Uranium-234 49 x 10°
Thorium-230 2.1 x10*
Radium-226 28x 10+
Lead-210 6.9 x 10
Polonium-210 12x 10?3
Natural thorium series Thorium-232 23x 10*
Radium-228 6.9 x 10+
Thorium-228 72x10%
Fission products Caesium-134 1.9x 10°®
Caesium-137 1.3x10°®
Strontium-90 28x 10°
lodine-131 22x 10°
Other radionuclides Tritium 1.8x 10°®
Carbon-14 5.8 x 107
Plutonium-239 25x 10*
Americium-241 2.0x 10*
Potassium-40 6.2x 10

7.5.3  AVERAGE HUMAN DOSE OF RADIATION

The dose of radiation received varies significantly between individuals and communities, and depends
on locality, lifestyle, diet and type of dwelling. The global average for the individual dose of radiation
from natural sources has been estimated to be 2.4 mSv per year (UNSCEAR 2000). Of this annual dose,
less than 10 per cent comes from ingestion of food and drinking water containing radium and other
radionuclides of the natural uranium and thorium series. Australian data suggest that the average annual
dose in this country may be slightly lower, at approximately 2 mSv per year (Webb et al. 1999).

7.6 Approach for derivation of guideline values for radionuclides

The Australian Drinking Water Guidelines (ADWG) provide:

. a single guideline value for the annual exposure to radioactivity in drinking water;

. a method to assess the radiological quality of water;

. a simple screening method to assure compliance with the guideline;

* a method for assessing water if screening levels for gross radioactivity are exceeded.

This approach reduces the need for routine, costly and time-consuming analyses to identify individual
radionuclides present in the water.
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7.6.1  PRACTICES AND INTERVENTIONS

The ADWG are based on the recommendations of the ICRP (ICRP 1991, 2000) and the NHMRC (NHMRC
1995). Both organisations distinguish between ‘practices’ and ‘interventions’ as follows:

* A ‘practice’ is a situation where the dose of radiation received is increased by the activities under
consideration; for example, the development of a uranium mine or nuclear power station. Radiation
dose limits can be imposed on the operation so that compliance with these limits reduces risks
from the ‘practice’ to levels considered ‘acceptable’. If the facility cannot be designed or operated to
comply with the radiological protection standards, then the facility can be forced to close.

*  An ‘intervention’ may be required when the public are exposed to a radiation source that is already
present and incidental to the situation under consideration. Such situations include exposure to
natural sources of radiation, or exposure from abandoned radioactive waste from past operations.
Frequently, these situations result in prolonged radiation exposures. Action to reduce the radiation
dose to the exposed population may therefore be warranted and is called an ‘intervention’.

Reducing the radiation exposure from radionuclides in drinking water requires an intervention. For
example, the supply may be treated to reduce the levels of radioactive contaminants, an alternative
supply may be substituted, or, in the extreme case, the population may be relocated to an area where
better quality water is available.

The levels considered acceptable in practice provide a basis for setting levels that require an intervention.

7.6.2  ESTIMATION OF THE DOSE FROM RADIONUCLIDES IN WATER

To estimate the equivalent dose to members of the public from the ingestion of radionuclides in
drinking water, the parameters required are the concentration of the radionuclides in water (measured
in Bq/L), the daily consumption rate of water (I/day), and the dose conversion factor for the particular
radionuclide.

The World Health Organization (WHO) has estimated that adults consume an average of 2 L of water
per day, and this figure is believed to be an appropriate average figure for Australia, giving an annual
consumption of 730 L for each adult Australian. Therefore, the amount of each radionuclide ingested
per year from the water supply is the concentration of that radionuclide in the water (Bg/L) multiplied
by 730.

The annual dose from an individual radionuclide consumed in water is calculated using the

following equation:

Annual dose = dose per unit intake x annual water consumption x radionuclide concentration
(mSv/year) (mSv/Bq) (litre/year) (Bg/L)

Usually, a water supply contains more than one radionuclide; therefore, the doses arising from each
individual radionuclide must be summed to give the total dose.

7.6.3  ESTIMATION OF RISK FROM LOW-LEVEL RADIATION

Lifetime

Because of the very low level of exposure resulting from consumption of drinking water containing
radionuclides, and the radionuclides involved, it is not possible to distinguish a radiation-induced cancer
incidence from the baseline level of cancers in the general population. Therefore, the health risks must be
estimated by extrapolation from the effects at higher doses.
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The ICRP (1991) estimates the lifetime risk of a fatal cancer resulting from exposure to radiation to be
5 x 10-2 per Sv of radiation dose, that is, five additional fatal cancers for every 100 people exposed per
year. On the basis of this estimate, a dose of 1 mSv per year gives an annual risk of 5 x 10-5, that is,
about five additional fatal cancers per 100,000 people exposed per year. (Additional fatal cancers are
those that occur in addition to those that result from all other causes.)

Any increase in genetic disorders (including birth defects) is expected to be very much less than any
increase in the cancer rate and therefore an acceptable dose level for cancer risk will also be protective
for genetic risk.

Acceptable dose from drinking water

Both the ICRP (1991) and the NHMRC (1995) recommend that the need for, and the extent of,
intervention to reduce radiation exposure should be determined on the basis of a generalised
cost-benefit analysis, where the resulting public health benefit should be balanced against the overall
costs of achieving a reduction in radiation exposure. The outcome of this type of analysis will almost
always be specific to a particular situation because the costs of reducing exposure vary widely depending
on the situation. It is thus not possible to set a completely generic level at which intervention must be
undertaken to reduce the radiation dose from radionuclides in water supplies.

Guidance can, however, be gained from the recommendations of Lokan (1998) and the ICRP (2000) on
the protection of the public in situations of prolonged exposure. The ICRP noted that, on radiological
grounds alone, intervention may not be necessary for doses below 10 mSv per year. However, this
applies to the total dose from all sources of exposure. The ICRP also recommended that, for commodities
that are essential for normal living and are amenable to intervention, an individual dose of approximately
1 mSv per year is an acceptable intervention exemption level (ICRP 2000). This is consistent with the
recommendation of the NHMRC (1995) of a public exposure limit for practices of 1 mSv per year from
all sources.

Furthermore, Lokan (1998) concluded that a value of 1 mSv per year might be appropriate as a default
action level above which some corrective action will be necessary.

7.64  GUIDELINEVALUE FOR DRINKING WATER

Based on the above, it is recommended that a guideline dose of 1 mSv per year should be applied for
radioactivity in drinking water. When the existing or potential dose from the radionuclide content exceeds
this guideline dose, a decision on the need for and the degree of remedial action (intervention) should be
based on advice from the relevant state health authorities, and should include a cost-benefit analysis.

There may be some circumstances where there is no practical alternative but to accept a dose that
exceeds the guideline dose of 1 mSv, together with a potential slight increase in the risk to health as a
consequence. However, if doses from the use of a particular water supply will exceed 10 mSv per year,
immediate action must be taken to reduce the existing or potential exposures.

7.6.5 APPLICATION OF GUIDELINEVALUES

This guideline deals only with situations where the radionuclide concentrations arise either from
natural sources, or, more rarely, as the result of past practices (such as abandoned mining operations).
It specifically does not apply to situations where the radionuclides arise from current practices under
regulatory control, such as an operating uranium mine.

Therefore, the guideline should not be used to support an increase in the radionuclide concentrations
of drinking water as a result of an operation, on the grounds that the overall dose levels remain below
1 mSv per year.
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Chapter 8 Drinking Water Treatment Chemicals (Revised 2006)

8.1 Introduction

The production of safe reticulated drinking water is vital for society. In recent decades, there have been
numerous examples throughout the world of poor water quality having an adverse impact on human
health. Such episodes are rare in Australia, but the dire consequences of compromised disinfection and
blooms of cyanobacteria serve to remind us of the need for drinking water treatment.

Addition of chemicals to make water safe for consumption is widely practised by the water industry and
has generally been accepted by the community. However, safeguards must be sufficient to ensure that
any residual amount of these chemicals, by-products of their reactivity or minor contaminants in their
formulations, do not pose an unacceptable health risk.

Treatment chemicals are added to drinking water mainly to reduce or eliminate the incidence of
waterborne disease, for other public health measures, and to improve the aesthetic quality of the water.
Any chemical used in, on, or near drinking water sources, or used during the treatment of drinking water
should:

. be effective for the desired outcome;
* ot present a public health concern;

* not result in the chemical, its by-products or any contaminants exceeding Australian Drinking Water
Guidelines (ADWG) values.

This chapter provides guidance on chemicals used during the storage, treatment, and distribution of
drinking water and quality assurance procedures.

8.2 Scope and limit of application of this chapter

Chemicals used near water for purposes other than direct improvement of water quality are not
considered as drinking water treatment chemicals. Such chemicals include fertilisers and other agricultural
chemicals used in properties adjacent to water storages, herbicides used to reduce vegetation along
waterways, and pesticides used to control mosquitoes and other disease vectors in water storages. Use

of these chemicals near raw water sources should be carefully considered, and the risks associated

with their use should be minimised to ensure that water quality and public health are not jeopardised.
Further information on these chemicals is given in Section 6.3.3 and in the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality (NWQMS 2000).

This chapter does not cover the specialised chemicals used in water treatment for non-potable uses

(e.g. chemicals used in industrial boilers and air conditioning cooling towers), nor does it cover the
impact on water quality of materials in direct contact with water. Information on these chemicals and
impacts is given in Australian Standards AS/NZS 3666.1:2002 Air handling and water systems of buildings
— Microbial control — design, installation and commissioning; AS/NZS 5667.7:1998 Water quality —
Guidance on sampling of water and steam in boiler plants; and AS/NZS 4020:2002 Testing of products for
use in contact with drinking water respectively.

Information on occupational exposure to drinking water treatment chemicals resulting from their
manufacture, transportation or use should be obtained from the manufacturer and Material Safety
Data Sheets (MSDS), or from the appropriate state or territory occupational health and safety authority
(see Section 8.9).
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8.3 Overview of chemical treatment processes

In the production of drinking water, a number of different chemicals may be added to the water. The
types and quantities of chemicals can vary widely and will depend on a range of factors including raw
water quality, treatment processes employed and treated water quality objectives. Chemical treatment
processes are used to:

*  control algae;

. remove turbidity and colour;

. remove microorganisms;

. remove algal metabolites and synthetic pollutants;

*  reduce organic matter;

. reduce the concentration of iron, manganese and other elements;

*  reduce pesticides and herbicides;

. control taste and odour;

. soften;

. buffer or modify the pH;

. disinfect;

. control corrosion in distribution systems.

Chemical treatments may also be used for other public health measures, including fluoridation
(to prevent dental caries).

The following sections outline common processes employed in water treatment to achieve these objectives.

83.1 CONTROL OF ALGAE

Algicides are used to reduce toxic or odorous algal blooms in water reservoirs. The chemical commonly
used in the management of algal growth is copper sulfate. Before an algicide is used, the possible
effects on aquatic biota, the accumulation of copper in sediments, the potential impacts on downstream
treatment processes, and final treated water quality should be considered.

The use of copper as an algicide is controlled in some states. Information on the use of algicides should
be obtained from the appropriate state or territory authority (see Section 8.9).

832 COAGULATIONAND FLOCCULATION

The primary use of coagulant and flocculant chemicals is in the removal of suspended and colloidal
solids such as clays. Coagulation is particularly important in the treatment of surface waters. Removal of
the solids is achieved by aggregating fine suspended matter into larger flocs. Coagulant and flocculant
chemicals will also remove some natural organic matter, colour and microorganisms (e.g. bacteria, viruses
and algae). The size and strength of the floc can be controlled and modified, depending on the treatment
process in use, and the floc can be removed by sedimentation and filtration.

83.3 ADSORPTION

Adsorption is primarily used to improve water quality through the accumulation of substances at the
interface between two phases, such as a liquid and a solid, due to chemical and physicochemical
interactions. The solid on which adsorption occurs is called the adsorbent. Activated carbon is an
excellent adsorbent.

Adsorption is commonly used to remove organic contaminants such as herbicides, pesticides, algal toxins
and metabolites; it is also used to remove compounds that may have an adverse impact on the taste and
odour of water.
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834 SOFTENING

Softening is undertaken as part of water treatment to remove calcium and magnesium salts, particularly
carbonates and bicarbonates, which cause water hardness. Hard water can cause scale build-up on water
heating elements, and problems with the use of soaps and detergents. Softening very hard waters can
also lead to high concentrations of sodium in water. While this may possibly give the water a salty taste,
it is unlikely to present a health concern. Water that is too soft can be corrosive, which may occur when
reverse osmosis is being used for water treatment, in which case it may be necessary to restore some
hardness to prevent corrosion.

83.5 OXIDATION

Various oxidants may be added to water to oxidise problem compounds. For example, chlorine or
potassium permanganate may be added to control iron and manganese. The oxidised forms of iron
and manganese are readily removed by coagulation, flocculation and filtration. Oxidants may also be
used to oxidise compounds that have an adverse impact on the taste and odour of water, and organic
contaminants such as pesticides.

Ozone, and possibly hydrogen peroxide, may be added to oxidise organic compounds, and thus reduce
the amount of coagulant required. Adding these chemicals also helps to reduce the length of long-chain
organic molecules, which are then more effectively removed by granular activated carbon.

8.3.6 DISINFECTION

Disinfection of water is generally used either alone or as the final step in water treatment, after
clarification or filtration. Disinfection is widely used to prevent the passage of bacteria, viruses and some
protozoa into the distribution system. Typical chemicals used for disinfection of drinking water supplies
are strong oxidants, such as chlorine (and its derivatives, chlorine dioxide and chloramine), ozone and
hydrogen peroxide.

The efficiency of disinfection depends greatly on the quality of the source or treated water, and can also
be strongly affected by conditions such as chemical contact time, the pH and turbidity of the water, and
organic content of the water.

The aim of treatment processes used before disinfection should be to produce water with the

lowest possible turbidity and organic content. Excessive particulate matter in the water can protect
microorganisms from the action of disinfection chemicals. Also, excess organic matter and other oxidisable
compounds in water can react with disinfection chemicals intended to inactivate microorganisms and can
result in an increase in the formation of disinfection by-products (see Section 6.3.2 for general information
on disinfection by-products, and the fact sheets in Section V for information on specific by-products). Best
practice operation of a conventional water treatment plant should be able to produce treated water with a
turbidity of less than 0.1 nephelometric turbidity units (NTU).

83.7 ADJUSTMENT OF PH

Adjustment of pH is important in drinking water treatment processes such as coagulation (particularly for
the removal of natural organic matter), corrosion control and softening.

Control of pH is also important for effective disinfection and to minimise the formation of disinfection by-
products. The efficiency of certain disinfectants is strongly dependent on pH.
8.3.8 ADDITION OF BUFFERING CAPACITY

Soft waters can be subject to pH change as they travel through the distribution system. The rate of change
depends on a number of factors including the water hardness, the pipe materials and internal coating
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used (e.g. cement lined pipe), the contact time, and temperature. Increasing the buffering capacity of the
water can help control the rate of change of pH through the distribution system.

8.3.9 CORROSION INHIBITION

The mechanisms of corrosion in a water distribution system are complex, and involve an interrelated
combination of physical, chemical and biological processes. These depend greatly on the materials used
within the distribution system and the chemical properties of the water, particularly its buffering capacity.
Water corrosivity can be minimised by adjusting pH and increasing calcium carbonate hardness (resulting
in a positive Langelier index). Corrosion can also be reduced by maintaining disinfection residual
throughout the distribution system.

Corrosion inhibition chemicals (such as sequestering agents) are used to reduce corrosion of pipes and
household services. They also control the build-up of scale deposits from the dissolved mineral content
of drinking water. This is achieved through the addition of chemicals that form a protective film on the
surface of pipes. While corrosion inhibitors reduce corrosion, limit metal solubility or convert one form of
corrosion to another (e.g. alleviating tuberculation and replacing it with more uniform corrosion), they do
not totally prevent corrosion.

8.4 Public health measures

84.1 FLUORIDATION

Fluoridation of drinking water is not a water treatment process, but has been and continues to be
effective in reducing the incidence of dental caries. It has many advantages over alternative methods for
fluoridation, due to its cost-effectiveness, consistency of exposure, equal distribution to all socioeconomic
groups, and safety. In some areas, fluoride occurs naturally in drinking water.

In areas where the drinking water supply is artificially fluoridated (at the instigation of the relevant state
or territory health authorities), the process is generally undertaken after clarification and chlorination

of the water, because fluoride ions may adsorb onto the surface of suspended matter in the water and
be subsequently removed through these processes. Fluoridation is generally achieved by adding either
a slurry of sodium fluorosilicate, a solution of hydrofluorosilicic acid or (less commonly) a saturated
solution of sodium fluoride, added as a metered dose for a given rate of water flow. Correction of pH
may be needed out after fluoride addition.

Use of fluoride is controlled by state and territory legislation and regulations, and local regulations. Some
of these are outlined in Table 8.1 (see also Section 8.9).

Table 8.1 State and Territory fluoride legislation and regulations

Australian Capital Territory * Electricity and Water (amendment) Act (no 2) 1989. No |3 of 1989—Section 13

New South Wales * Fluoridation of Public Water Supplies Regulation 2002. <www.legislation.nsw.gov.au>
* Fluoridation of Public Water Supplies Act 1957
Northern Territory * Dental Act Schedule 3 1999

Queensland * Fluoridation of Public Water Supplies Regulation 1998. Reprinted as in force on 4 January 1999

* Fluoridation of Public Water Supplies Act 1963. Reprinted as in force on 21 December 1998

South Australia * There is no fluoride legislation in South Australia
Tasmania * Fluoridation Act 1968

Victoria * Health (Fluoridation) Act 1973

Western Australia * Fluoridation of Public Water Supplies Act 1966
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8.5 Assessment of Chemicals acceptable for use in
drinking water treatment (revised 2016)

8.5.1  CHEMICALS ASSESSED PRIOR TO 2004

The addition of drinking water treatment chemicals to the ADWG as listed in Table 8.2 occurred in 2004.
This list was based on the NHMRC Drinking Water Treatment Chemicals Committee’s consideration

of NHMRC’s Chemicals used for treatment of drinking water supplies (1989). The acceptability of the
chemical was dependent upon: the practical application of the chemical (e.g., to clarify dirty water, or
destroy or inactivate harmful microorganisms); whether it achieved its purpose; and it being non-toxic
when ingested at concentrations present in treated water.

As a result, the ADWG considers the chemicals in Table 8.2 suitable for use in water supplies where:

*  standard operating procedures are applied,

*  risk control measures to ensure effectiveness of a particular chemical are applied (e.g., controls to
revent over- or under-dosing);

* it is ensured that residuals and contaminants from the addition of multiple treatment chemicals will
not exceed recommended health-related guideline values at the consumer’s tap, taking into account
combined contributions from all treatment chemicals added and source water; and

*  the potential for a chemical to interact with any other added chemical or other compounds present
in the water has been considered.

The fact sheets in Part V provide detailed information on chemicals listed in Table 8.2. .

Table 8.2 Chemicals recommended for use in the treatment of drinking water (2004)

Treatment chemical Formula Original date of Uses
approval
by NHMRC

Aluminium chlorohydrates AICI(OH), 2005 Coagulation
Aluminium sulfate (alum) Al(SO,), 1983 Coagulation
Ammonia NH; 1983 Generation of chloramines

for disinfection
Ammonium sulfate (NH,),SO, 1983 Generation of chloramines

for disinfection
Calcium hydroxide (hydrated lime) Ca(OH), 1983 pH correction

Softening

Corrosion control
Calcium hypochlorite Ca(OCl), 1983 Disinfection/oxidation
Calcium oxide (quick lime) CaO 1983 Coagulation aid

pH correction

Softening

Corrosion control
Carbon, powdered activated/ C 1983 Adsorption
granulated activated (PAC/GAC)
Chlorine Cl, 1983 Disinfection/oxidation
Chlorine dioxide Clo, 2005 Disinfection/oxidation
Copper sulfate CuSO, 1983 Algicide
Ferric chloride FeCl; 1983 Coagulation
Ferric sulfates Fe,(SO,); 1983 Coagulation
Hydrochloric acid HCI 2005 pH correction
Hydrofluorosilicic acid H,SiF, 1983 Fluoridation

(fluorosilicic acid)
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Treatment chemical Formula Original date of Uses
approval
by NHMRC
Hydrogen peroxide H,0, 1983 Disinfection
Oxidation
Hydroxylated ferric sulfate 2005 Coagulation
Ozone (OR 2005 Disinfection/oxidation
Polyacrylamides (C;H;NO), 1977 Coagulation aid
Flocculation aid
Filter aid
Polyaluminium chlorides Al (OH),.CLy3,.rm) 1979 Coagulation
Poly aluminium silica sulfates Na,,(AIO,) 2005 Coagulation
(8i0,),,.xH,0
Polydiallyldimethylammonium 1982 Coagulation and coagulation
chlorides (polyDADMAC:sS) aid
Potassium permanganate KMnO, 1983 Disinfection/oxidation
Sodium aluminates NaAIO, 1983 Coagulation
Sodium bicarbonate NaHCO, 1983 pH correction
Softening
Corrosion control
Sodium carbonate (soda ash) Na,CO, 1983 pH correction
Softening
Corrosion control
Sodium fluoride NaF 1983 Fluoridation
Sodium fluorosilicate Na,SiF, 1983 Fluoridation
Sodium hexametaphosphate (NaPO;), 1983 Corrosion control
Sodium hydroxide (caustic soda) NaOH 1983 pH correction
Softening
Corrosion control
Sodium hypochlorite NaClO 1983 Disinfection/oxidation
Sodium silicate Na,SiO, 1983 Coagulation aid
Flocculation aid
pH correction
Corrosion control
Sodium tripolyphosphate NasP;0,, 2005 Corrosion control
Softening
Sulfuric acid H,SO, 1983 pH correction
Zinc orthophosphate Zn,(PO,), 1987 Corrosion control
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852 NEWWATER TREATMENT CHEMICALS

NHMRC does not hold the mandate to approve or recommend new drinking water treatment chemicals
in addition to those listed in Table 8.2. However, the Framework in the ADWG provides guidance on
the risk management principles that should be considered to demonstrate the safety (Section 3.4.5) and
efficacy (Section 3.9) of chemicals to be used for the treatment of drinking water. The Framework also
reinforces the need to consider the local factors such as source water quality and other treatment barriers
in use when considering the utility of drinking water treatment chemicals. Health-based guideline values
for specific chemicals are provided in the fact sheets in Part V.

As discussed in Section 2.4-2.5, 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

one agency, whereas in other states it is managed locally by numerous water suppliers. 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.

Chemical manufacturers, importers and water utilities wishing to use water treatment chemicals not
listed in Table 8.2 are required to consult the relevant state or territory legislation, and liaise with the
appropriate agencies. These agencies may include health departments, water resource departments,
natural resource and environment departments, agriculture departments, local governments, planning
authorities, and catchment water management boards. These agencies will take into consideration health,
environmental, efficacy, and occupational health and safety issues.

A number of Commonwealth schemes have a role in chemical regulation. The National Industrial
Chemicals Notification and Assessment Scheme (NICNAS), administered by the Department of Health,
assesses new industrial chemicals prior to their manufacture or import into Australia and (on a priority
basis) chemicals already in use in Australia. NICNAS also maintains the Australian Inventory of Chemical
Substances (AICS). Industrial chemicals are chemicals that are not: therapeutic goods that are subject

to regulation by the Therapeutic Goods Administration; food additives or chemicals in food for which
standards are established by Food Standards Australia New Zealand; or pesticides and veterinary
medicines that are subject to safety and efficacy assessment and registration by the Australian Pesticides
and Veterinary Medicines Authority.

New industrial chemicals (those not listed on AICS), or chemicals listed on AICS that are proposed to be
used other than in accordance with conditions of use (if any) annotated on AICS, must be assessed by
NICNAS.

8.6 Quality assurance for drinking water treatment chemicals

8.6.  RISKS ASSOCIATED WITH DRINKING WATER CHEMICALS

A cornerstone of the management of drinking water quality (see Chapters 2 and 3) is the analysis of
hazards and the management of risk.

The intentional addition of chemicals to water intended for drinking purposes carries with it a potential
risk. This may result from any of the following:

*  the toxicological properties of the chemical itself;

* underdosing or overdosing of the chemical;

*  contaminants in the chemical arising from the manufacturing process or the raw materials used,;

*  contaminants in the chemical arising during transport, storage and use on site;

*  by-products formed through the use of the chemical.

Contamination of chemicals can be minimised by the use of good manufacturing practice, which uses
quality control and quality assurance programs to maximise product purity. The purity of chemicals
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used in Australia for the treatment of drinking water supplies will vary depending on the manufacturing
process. Contaminants that may occur in specific treatment chemicals are outlined in the fact sheets

(see Section V). The information in the fact sheets is based on the best data available at the time of
publication. However, research and industry experience may lead to changes in manufacturing processes
or better understanding of the properties of the chemicals, which in turn may lead to changes in
procedures for how water treatment chemicals should be handled, stored and used.

8.6.2 MANAGING RISKS

A complete water quality management program needs to recognise any potential risks from use of
drinking water treatment chemicals and include strategies to manage them appropriately. These risks
should be minimised by the implementation of a quality assurance system for the management of
production, supply, delivery and use of water treatment chemicals.

The first step in managing the risk associated with the use of drinking water treatment chemicals is to
ensure that the chemicals supplied meet a minimum standard, as established by the relevant state or
territory regulatory agency. For example, water authorities may formally specify the strength of active
ingredient and acceptable contaminant levels in each drinking water treatment chemical

(see Section 8.6.3). However, this in itself will not adequately control the risk. The contractual
requirement should be supported by batch-testing data provided by the supplier from an independent
NATA (National Association of Testing Authorities) accredited laboratory, and random testing carried
out by the water authority itself. Chemicals should not be accepted for delivery unless a batch analysis
certificate has been obtained and checked by the water authority.

Formal accreditation of the manufacturing facility by an independent accreditation agency (e.g. the
International Organization for Standardization (ISO) or NSF International) provides a further level of risk
management. Such accreditation should include random site visits to the manufacturing facilities by the
relevant regulatory agency and, if warranted, the water authority.

Chemical suppliers should be evaluated and selected on their ability to supply products 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
chemical at the point of application (see Section 3.10.1). Responsibilities for testing and quality assurance
of chemicals (supplier, purchaser or both) should be clearly defined in purchase contracts.

An important step in a quality assurance system for chemical addition to drinking water is to ensure that
the required chemical is of the specified quality, and specified strength, and is delivered into the correct
storage vessel, at the correct site at the correct time. This is necessary to:

*  ensure that the correct chemical at the required concentration is used in drinking water treatment;
*  ensure that cross-contamination of storages does not occur;
*  ensure inappropriate and unsafe mixing of chemicals does not occur;

*  help to ensure the health and wellbeing of staff and contractors during the delivery and
dosing process.

Broadly, the objective of the water treatment chemical quality assurance system is to manage all the
factors associated with the specification, contract management, supply, storage, use and handling of water
treatment chemicals that could have an adverse impact on the health and wellbeing of staff, contractors
and consumers. Box 8.1 outlines the components that make up an effective quality assurance system for
drinking water treatment chemicals.
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Box 8.1 Desirable components of a quality assurance system
A quality assurance system for chemicals used in the production of drinking water might include:

*  selection of chemical suppliers based on their ability to meet specified requirements for supply and delivery, monitoring and
analytical testing of contaminants;

*  selection of suppliers who have a quality management system that is certified by an independent accreditation agency;

*  an appropriate monitoring program to ensure that chemicals comply with specifications;

*  an audit process for the supplier's manufacturing, storage and delivery processes;

*  aformal checklist for the dispatch and delivery process;

* adelivery driver induction system for each site, with each driver inducted onto each site, together with appropriate record-
keeping procedures;

*  the provision of details of the delivery site (site photographs may be useful);

*  an identity check directly linking the delivery driver to the chemical company;

*  the clear identification and labelling of chemical storage vessels, filling points and delivery pipe work at all sites (locks on filling
points are desirable);

*  arequirement that chemicals should only be delivered when an appropriate water authority staff member is present to
check documentation, including batch analysis certification, and to ensure unloading to the correct storage vessel;

*  astandard operating procedure for the delivery and receipt of chemicals at each delivery site, including a documented
acceptance criteria system to assist site operations staff in assessing whether to accept or reject the delivery of a chemical;

*  agross visual check of the chemical and, where appropriate, simple physical testing by the water authority representative at
the delivery site before unloading;

*  acheck by both parties that the delivery vessel is being connected to the correct storage vessel;

*  acheck that appropriate personal protective equipment is being worn, and that relevant health and safety requirements are
being addressed;

*  appropriate recording and storage of relevant documentation;

*  asystem to ensure that any spillage associated with the delivery process is contained and does not escape to the
environment;

*  an emergency procedure in the event of possible systems failure or human error.

The combination of a chemical quality assurance system and a delivery and storage quality assurance
system such as those outlined in Box 8.1 can significantly reduce risks to all stakeholders. The combined
system should include formal quality audits (see Section 3.11).

8.6.3  SPECIFICATIONS FOR THE SUPPLY OF DRINKING WATER TREATMENT CHEMICALS

Preparing specifications for a chemical supply contract can be a time-consuming and difficult task.
Documents should be prepared in conjunction with a risk assessment and controls recommended in
Sections 8.5.1 and 8.5.2.

To simplify the process for water authority staff preparing their own specifications, an example
specification for the supply and delivery of liquid aluminium sulfate (AL,SO,) to a water authority is
provided in Box 8.2.

The specification includes details on the required content of aluminium, which is often, but not always,
expressed as equivalent aluminium oxide (Al,O,); product clarity; solids content; and pH, as well as
specific impurity limits. The specification also details some delivery and acceptance criteria. Product
strengths and basic characteristics of the chemicals can be obtained from the relevant fact sheets in Section
V. The water authority may customise these specifications to suit their particular situations and risks.

The specification should also clearly define the arrangements and responsibilities for ensuring the
treatment chemical is not contaminated during transport or storage prior to transport.
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Box 8.2 Example specification for the supply and delivery of liquid alum to a water authority
Aluminium Sulfate (ALUM)- Specification reference

This specification is for the supply and delivery of liquid aluminium sulfate (Al,(SO,),.14H,0O) to [Name of water authority] sites.
This specification is based on the NHMRC Australian Drinking Water Guidelines (2010), the American Water Works Association
Standard for Aluminium sulfate — liquid, ground or lump (ANSI/AWWA B403-93) and the Water Chemicals Codex (NRC 1982).

Liquid aluminium sulfate is not currently listed as Dangerous Goods.

REQUIREMENTS

Material Safety Data Sheets (MSDS)

The successful tenderer must supply a current MSDS with a review date not exceeding five (5) years. The MSDS must, as a
minimum, comply with the requirements of the National Occupational Health and Safety Council (NOHSC) MSDS Guidelines.
Whilst the NOHSC-MSDS format is preferred, atternative formats exceeding the level of information required by NOHSC-MSDS
Guidelines are acceptable.

Liquid aluminium sulfate clarity

Liquid aluminium sulfate shall be of such clarity as to permit the reading of flow measuring devices without difficulty.

Content of aluminium

The water soluble aluminium content of liquid aluminium sulfate is expected to be greater than or equal to 4.23% of Al, or to fall
within the range of 7.5 to 8.0 % as (Al,(SO,);.

Suspended solids

In liquid aluminium sulfate, it is expected that the level of suspended solids is below 0.2%.

pH

The pH of liquid aluminium sulfate is expected to fall within the range of 2.3 to 2.8 pH units.

Specific impurity limits
It is expected that the total water-soluble iron (expressed as Fe,O;) content of liquid aluminium sulfate shall be no more

than 0.35%.

The level of contamination of the liquid aluminium sulfate shall be such that compliance with the recommended maximum
impurity content (RMIC) values from Table 8.4 in the NHMRC Australian Drinking Water Guidelines is achieved. The RMICs,
in mg/kg, for Al,(SO,); are:

Impurity Dose: 20 mg/L Dose: 60 mg/L Dose: 120 mg/L
Arsenic 165 55 2.7
Cadmium 47 [.6 0.8
Chromium [17.5 392 19.6

Lead 235 7.8 39
Mercury 24 0.8 04
Selenium 235 7.8 39

Silver 235 78 39
VERIFICATION

Quality assurance

The supplier is expected to possess a Quality System that facilitates the tracking of product from raw material to delivery.
[Name of water authority] may audit this Quality System to verify the correctness of information relating to the purchased product.
In addition, [name of water authority] may sample the purchased product at the point of destination to verify the quality of the

supplied product.
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Liquid alum samples

If [name of water authority] elects to sample the product at the point of destination, the sampling procedure outlined in the
American Water Works Association Standard for Aluminium Sulfate — Liquid, Ground, or Lump (ANSI/AWWA B403-93)

will apply.
Nonconforming product

If [name of water authority] discovers that the aluminium sulfate delivered does not meet the requirements of this specification,
a notice of nonconformance will be issued to the supplier through the [name of water authority] 's Quality System, within ten
working days of the receipt of the goods.

A nonconformance will also be issued if deficiencies are detected during any audit of the supplier's Quality System.

DELIVERY

Liquid

Marking, packaging and shipping of aluminium sulfate shall comply with AS 3780:1994 The Storage and handling of corrosive
substances, and current federal, state, territory, and local regulations.

The carrying vessel shall be in a suitable condition for hauling liquid aluminium sulfate and shall not contain any substances that
might affect the use or usefulness of the liquid aluminium sulfate in treating potable water or in treating wastewater.

Contamination
Bulk or semi-bulk containers shall be carefully inspected prior to loading of the chemical by the supplier to ensure no
contaminating material exists.

The supplier must have a system in place to ensure that liquid aluminium sulfate is not contaminated by any other product.
This may involve implementing a specific cleaning regime between loads or the dedication of tankers or containers to only one

type of product.

Certificate of weight

[Name of water authority] may require that weight certificates accompany bulk shipments from a certified weigher or [name of

water authority] may check the weights on delivery.

Affidavit of compliance

[Name of water authority] requires an affidavit from the manufacturer or supplier that the aluminium sulfate furnished according
to [name of water authority]'s order complies with all applicable requirements of this specification. [name of water authority] also
requires that the supplier provide a certified analysis of the aluminium sulfate. [name of water authority] may also elect to use
in-house analytical equipment to analyse the product to ensure compliance with this specification.

Documentation
A copy of the order, the delivery docket, and the affidavit of compliance and/or the record of certified analysis will accompany the
delivery of aluminium sulfate. This documentation shall be left in an appropriate location at the delivery point.

Further, a copy of the delivery docket is to accompany the invoice (with references to the delivery docket number), and

forwarded to [name of water authority]'s Accounts Department to facilitate timely payment of accounts.

8.7 Monitoring and analytical requirements

A quality-controlled system for management of drinking water treatment chemicals should be supported
by appropriate testing and monitoring.

All chemicals used in water treatment should be tested, to check both the concentration of the active
ingredients and the presence of contaminants relative to a specification. This is to ensure that the
effectiveness of the treatment process, the quality of the water and the integrity of the assets are

not compromised.
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Requirements for testing by the manufacturer should be clearly defined in the specification, including
testing methods. The amount, type of testing and whether NATA-certified results from an external
laboratory are required may need to be negotiated to achieve a solution that is both effective and
affordable. Clear statements as to the testing methods should be included in the specification. The
specification should require test results to be available before the chemical delivery is unloaded at the
water authority’s plant, to allow operational staff on site to reject delivery if specified requirements are
not met.

Various physical characteristics can also be examined as part of the quality assurance program. Table 8.3
lists simple suggested acceptance criteria for some water treatment chemicals that could be applied by
operational staff on site at the treatment plant. These criteria rely on human senses or simple equipment.

Table 8.3 Acceptance criteria for some water treatment chemicals

Chemical Tests Acceptance criteria
Aluminium chlorohydrates Visual Clear, colourless liquid
Specific gravity [.32—1.35 at 25°C
pH 3545
Aluminium sulfate (alum) Visual Clear colourless to pale brown (free of solids)
Specific gravity [.28-1.34 at 20°C
pH 2.3-28
Ammonia Visual Colourless gas or liquid
Specific gravity 0.8 as a liquid
Ammonium sulfate Visual Off-white crystal
Specific gravity 1.77 at 20°C
Calcium hydroxide (hydrate lime) Visual Soft, white crystalline powder
Solubility 0.165g/100g of saturated solution at 20°C
Bulk density 450-560 kg/m3
Calcium hypochlorite Visual White crystalline solid, practically clear in water solution
Specific gravity 2.35 in liquid
Calcium oxide (quick lime) Visual Grey-white solid (sometimes yellowish to brown)
Specific gravity 3.2 — 34 as calcium hydroxide
Bulk density 1030 kg/m? (pebble); 1050 kg/m? (powder)
Carbon, powder activated, granular activated Visual Black solid (PAC 20-50 pm; GAC 0.7 — 1.2 mm)
(PACIGAC) Density 250-600 kg/m?
Copper sulfate Visual Blue crystal, crystalline granule or powder
Ferric chloride Visual Brownish-yellow or orange crystalline form
Specific gravity 42% solution: 1.45 at 20°C
pH 429 solution: -2
Ferric sulfates Visual Yellow crystal or greyish-white powder; or a red-brown liquid
solution.
Specific gravity Liquid solution: 1.5-1.6
Hydrochloric acid Visual Clear colourless to clear yellow (free of solids)
Specific gravity 28% solution: |.14 at 20°C
Hydrofluorosilicic acid (fluorosilicic acid) Visual Colourless to pale yellow liquid
Specific gravity 22% solution: |.18 at 20°C
Hydrogen peroxid Visual Colourless syrupy liquid (concentrations from 20% to 60%)
Specific gravity 1.07—-1.24 at 20°C
pH 4
Hydroxylated ferric sulfate Visual Translucent, dark red (free of solids)
Specific gravity [.45—1.6 at 25°C
pH <2
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Table 8.3 Acceptance criteria for some water treatment chemicals

Chemical Tests Acceptance criteria
Polyacrylamides Visual White crystalline solid, supplied as a powder or aqueous
solution, dispersed in light mineral oil
Polyaluminium chlorides (10%) Visual Pale yellow, slightly cloudy liquid
Specific gravity [.18-1.22 at 20°C
pH 10% solution: 2.2-2.8
Polyaluminium silica sulfates Visual Slightly cloudy liquid, clear to yellow (free of solids)
Specific gravity [.32—-1.36 at 25°C
pH 28-3.6
Potassium permanganate Visual Odourless, dark purple crystal with blue metallic sheen
Sodium aluminates Visual White powder; or clear colourless to pale amber liquid
Specific gravity Liquid solution: 1.4-1.6
pH Liquid solution: 14
Sodium bicarbonate Visual White powder or crystalline lumps, soluble in water (60 g/L at
20°C)
Specific gravity 2.159 at 20°C
Solubility 96 g/L at 20°C
Bulk density 1000 kg/m3
pH 10 g/L solution: 8.4
Sodium carbonate (soda ash) Visual Greyish-white powder
Bulk density 1000 kg/m? (dense); 500 kg/m3 (light)
Sodium fluoride Visual White, odourless powder (or crystal), easily soluble in water
Specific gravity 2.78 at 20°C
Bulk density 1040 — 1440 kg/m?3
pH 196 solution — 6.5
4% solution — 7.6
Sodium fluorosilicate Visual White or yellowish white, odourless, crystalline powder
Bulk density 880 — 1150 kg/m3
Sodium hexametaphosphate Visual White granular powder
Bulk density 800-1500 kg/m?
Sodium hydroxide (caustic soda) Visual White, deliquescent solid)
Specific gravity 30% solution: 1.33
46% solution: 1.48
Sodium hypochlorite Visual Pale yellow green
Sodium silicate Visual Lumps of greenish glass, white powders of varying degrees of
solubility, or cloudy or clear liquids of varying viscosity
Sodium tripolyphosphate Visual White powder or granular solid
pH 9.8 (aqueous solution) to 10.5 (slurry)
Sulfuric acid Visual Dense, oily, colourless to dark brown liquid.
Specific gravity 1.2—1.85 at 20°C
Zinc orthophosphate Visual Clear odourless liquid

8.8 Contaminants in drinking water treatment chemicals

All chemicals used in the treatment of drinking water should be evaluated for potential contaminants and
limits should be included in the specification. The fact sheets for the individual treatment chemicals (see

Part V) identify potential contaminants for each chemical. Additional information may also be available

from suppliers’ specifications or from certification analyses that have been performed for overseas

accreditation systems.
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The determination of contaminants in drinking water treatment chemicals should be carried out by an
independent laboratory accredited to undertake the necessary assays. An appropriate NATA-approved
laboratory should be identified, in consultation with the relevant state or territory regulatory authority. A
list of NATA-approved laboratories is available online*.

In developing appropriate specification limits for contaminants, a more detailed systematic assessment
of potential contaminants using a Recommended Maximum Impurity Concentration (RMIC) approach
is recommended. The initial approach uses the principle that no contaminant in a particular chemical
should add more than 10% of that allowable by the ADWG health value. For each contaminant, this
involves:

*  calculating from the health guideline value the maximum concentration allowable in the treated
water as a result of being dosed with the bulk chemical. In some situations a stricter value than the
health guideline may be warranted if the contaminant is known to cause aesthetic problems or the
water authority wishes to carry a lower risk level;

*  based on the expected maximum dose of chemical and its strength, calculate the RMIC for each
contaminant (mg/kg of solution).

A sample calculation for determining the RMIC of lead in Alum is provided in Box 8.3.

Box 8.3 Sample calculation for determining the lead recommended maximum impurity concentration in Alum

The following is a sample calculation for the derivation of a Recommended Maximum Impurity Concentration (RMIC) for lead in
Alum and is based on the NHMRC guideline value for lead in drinking water of 0.0 mg/L. The maximum amount of lead
(in mg/L) that may be added to drinking water through the use of alum is determined through the following three steps:

Derivation of the maximum amount of lead that can be added to drinking water through Alum:

0.01
—— =0.001 mg/L
10
Where:
* 00l mgisthe NHMRC guideline value for lead; and
. |0 is the percentage of the guideline value considered an acceptable source of contamination in the drinking water

(a safety factor of 10 is considered a reasonable contribution by a given impurity in a water treatment chemical).

(1) Derivation of the amount of Alum that will contain 0.001 mg lead:

80 m/L
— =186mg
0.43
In the case of the maximum Alum dose of 80 mg/L(), with a solution strength of 43 9% w/w [Al,(SO,);. [4H>O];

Where:
* 80 mg/L is the dose of the drinking water treatment chemical (e.g. Alum); and
* 043 is the solution strength of the drinking water treatment chemical (e.g. Alum — 43%)

(2) Derivation of the RMIC for Alum at the plant:

I x 10expé
——  x 0.001 mg/L = 5.4 mg.lead/kg of Alum solution
186 mg
Where:
. | x 108 is the number of milligrams in a kilogram;
. 186 mg is the amount of Alum solution that will contain 0.001 mg of lead

* 0.00Img/L is the maximum amount of lead per litre that can be added through the Alum dose

Footnote

(I The dose of 80 mg/L alum is based on the water treatment plant being designed to regularly treat dirty water events under an enhanced
coagulation mode. If the plant was designed to treat low turbidity water for particle removal only, the maximum alum dose may be as
low as 10 mg/L which would give an RMIC of 43.2 mg/kg for lead at this plant.

4 http://www.nata.asn.au/go/facilities-andamp-labs
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In some cases RMICs may need to be reduced based on concentrations of the impurity in source water
and where multiple treatment chemicals are used to ensure that recommended health-related guideline
values are not exceeded at consumer taps. RMICs calculated by the water authority should be used as the
minimum basis for chemical specifications. Water authorities are encouraged to use tighter specification
values where these can be easily achieved cost-effectively. These calculated RMICs should never be seen
as a license to degrade the purity of the drinking water treatment chemical.

To assist water authorities in this process, Table 8.4 contains RMICs for selected contaminants that have
NHMRC health guideline values. RMICs have been calculated for some of the more common treatment
chemicals, typical maximum dose rates and chemical bulk concentrations. RMICs have not been
determined for contaminants that are not identified in the fact sheet for an individual treatment chemical.
Aluminium sulfate has been used to illustrate the principle of applying different maximum doses to
determine RMIC.

Some treatment chemicals may also contain known contaminants for which there are only aesthetic
NHMRC guideline values. RMICs approach can also be used to calculate these contaminants where
appropriate.

Where there is no ADWG health value for an identified contaminant, water authorities may be able to
determine a RMIC based on a review of overseas drinking water guidelines (e.g. WHO, USEPA, EEC, the
Chemical CODEX). If no RMIC can be calculated from a recognised drinking water guideline value, then
the principle of due diligence would encourage a water authority to maintain concentrations as low as
practicable.

Where suppliers are unable to meet the RMIC, then the water authority should examine what levels of
the contaminant are reaching consumers to determine if a higher concentration can be tolerated in the
treatment chemical without significantly changing the risk of not meeting the ADWG value. This analysis
should attempt to identify other significant sources of the contaminant, its variability over time, and all
expected operational conditions. If a higher contaminant level in the bulk chemical is acceptable (i.e.
contributes more than 10% of the guideline value), then water authorities should consider whether there
is a need for additional controls specifically for that contaminant in the chemical specification, contractual
procurement arrangements, treatment plant operations, and monitoring through to consumers’ taps.
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Table 8.4 Recommended maximum impurity concentrations for selected drinking water treatment chemicals
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8.9 Useful contacts

Australian Government

National Health and Medical Research Council

GPO Box 1421
Canberra ACT 2601

Safe Work Australia
GPO Box 641
Canberra ACT 2601

National Industrial Chemicals Notification and

Assessment Scheme (NICNAS)
GPO Box 58
Sydney NSW 2001

Office of Chemical Safety and
Environmental Health

Office of Health Protection
Department of Health and Ageing
GPO Box 9848

Canberra ACT 2601

Australian Capital Territory

Health Protection Services
Locked Bag 5005
Weston Creek ACT 2611

Department of the Environment, Climate
Change, Energy and Water

GPO Box 158

Canberra City ACT 26010

ACT Workcover
GPO Box 158
Canberra City, ACT 2601

New South Wales

NSW Office of Water
Department of Primary Industries
Level 10, Macquarie Tower
Locked Bag 5123

Parramatta, NSW 2124

Department of Environment and Heritage
PO Box A290
Sydney South NSW 1232

Workcover NSW
Locked Bag 2900,
Lisarow NSW 2252

Drinking Water Treatment Chemicals (Revised 2006) Chapter 8

Tel: (02) 6289 9000 or 13 000 64672
E-mail: nhmrc@nhmrc.gov.au
Internet: www.nhmrc.gov.au

Tel: (02) 6121 5317
E-mail: info@swa.gov.au
Internet: http://safeworkaustralia.gov.au/

Tel: (02) 8577 8800
E-mail: info@nicnas.gov.au
Internet: http://www.nicnas.gov.au

Tel: 1800 020 103 (freecall) or 02 6289 1555
Internet: http://www.health.gov.au/internet/main/
publishing.nsf/Content/health-central.ht

Tel: (02) 6205 1700, 13 2281
Internet: http://www.health.act.gov.au

Tel: 13 22 81
E-mail: environment@act.gov.au
Internet: http://www.environment.act.gov.au/

Tel: (02) 6207 3000
E-mail: workcover@act.gov.au
Internet: http://www.workcover.act.gov.au/

Tel: 1800 353 104
E-mail: water.enquiries@dpi.nsw.gov.au
Internet: http://www.water.nsw.gov.au/

Tel: (02) 9995 5000
Email: info@environment.nsw.gov.au
Internet: http://www.environment.nsw.gov.au/index.htm

Tel: 02 4321 5000

E-mail: contact@workcover.nsw.gov.au

Internet: http://www.workcover.nsw.gov.au/Pages/
default.aspx
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NSW Health
Locked Mail Bag 961
North Sydney NSW 2059

Northern Territory

Environmental Health, Department of Health
PO Box 40596
Casuarina NT 0811

NT Department of Land Resource Management
PO Box 496
Palmerston NT 0831

NT Worksafe
GPO Box 3200
Darwin NT 0801

Queensland

Environmental Health Branch Queensland Health
Water Quality Unit

PO Box 2368

Fortitude Valley BC QLD 4006

Department of Environment and Heritage Protection
GPO Box 2454
Brisbane QLD 4001

Workplace Health and Safety Queensland
Office of Fair and Safe Work Queensland
GPO Box 69

Brisbane QLD 4001

South Australia

Water Quality Unit

SA Health

PO Box 287 Rundle Mall
ADELAIDE SA 5000

Environment Protection Authority (SA)
GPO Box 2607
Adelaide SA 5001

WorkCover SA
GPO Box 2668
Adelaide SA 5001
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Tel : (02) 9391 9939
E-mail: waterqual@doh.health.nsw.gov.au
Internet: http://www.health.nsw.gov.au/

Tel: (08) 8922 7152
Internet: http://www.health.nt.gov.au/Environmental_
Health/Water_Quality/index.aspx

Tel: (08) 8999 5511
Internet: http://www.lrm.nt.gov.au/

Tel: 1800 019 115
E-mail: ntworksafe@nt.gov.au
Internet: http://www.worksafe.nt.gov.au/

Tel: 07 3239 3931
E-mail: ehu@health.qld.gov.au
Internet: http://www.health.qld.gov.au/ph/ehu/

Tel: 13 74 68

E-mail: info@ehp.qld.gov.au

Internet: http://www.ehp.qld.gov.au/water/guidelines/
index.html

Tel: 1300 362 128
Internet: https://www.worksafe.qld.gov.au/

Tel: (08) 8226 7100

E-mail: waterquality@health.sa.gov.au

Internet: http://www.sahealth.sa.gov.au/wps/
wcm/connect/public+content/sa+health+internet/
protecting+public+health/water+quality/
providing+safe+drinking+water

Tel: (08) 8204 2000
E-mail: epainfo@epa.sa.gov.au
Internet: http://www.epa.sa.gov.au/

Tel: 13 18 55
E-mail: info@workcover.com
Internet: http://www.workcover.com/
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Tasmania

Environmental Health Unit

Department of Health and Human Services
GPO Box 125

Hobart TAS 7001

Department of Primary Industries, Parks, Water
and Environment

GPO Box 44

Hobart TAS 7001

WorkSafe Tasmania
PO Box 56
Rosny Park TAS 7018

Victoria

Environmental Health
Department of Human Services
GPO Box 4057

Melbourne VIC 3001

Environment Protection Authority
GPO Box 4395
Melbourne VIC 3001

WorkSafe Victoria
Ground Floor

222 Exhibition Street
Melbourne VIC 3000

Western Australia

Public Health and Clinical Services Division
Department of Health

PO Box 8172

Perth Business Centre

Perth WA 6849

National organisations

Australian Water Association (AWA)
PO Box 222
St Leonards NSW 1590

Water Research Australia
PO Box 1751
Adelaide SA 5001

National Association of Testing Authorities,
Australia (NATA)

7 Leeds Street

Rhodes NSW 2138
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Tel: 1800 671 738
E-mail: public.health@dhhs.tas.gov.au
Internet: http://www.dhhs.tas.gov.au/peh/water

Tel: 1300 368 550
E-mail: EnvironmentEnquiries@dpiwe.tas.gov.au
Internet: http://www.dpiwe.tas.gov.au/

Tel: (03) 6166 4600 or 1300 366 322
E-mail: wstinfo@justice.tas.gov.au
Internet: http://worksafe.tas.gov.au/home

Tel:1300 761 874
E-mail: water@health.vic.gov.au
Internet: http://www.health.vic.gov.au/environment

Tel: 1300 372 842
E-mail: contact@epa.vic.gov.au
Internet: http://www.epa.vic.gov.au/

Tel: 1800 136 089
E-mail: info@workcover.vic.gov.au
Internet: http://www.vwa.vic.gov.au/home

Tel: (08) 9222 4222
E-mail: webmaster@health.wa.gov.au
Internet: http://www.public.health.wa.gov.au

Tel: (02) 9436 0055 or 1300 361 426
E-mail: info@awa.asn.au
Internet: http://www.awa.asn.au

Tel: (08) 7424 2445
Internet: http://www.waterra.com.au/

Tel: 1800 621 666
Email: corpcomm@nata.asn.au
Internet: http://www.nata.asn.au/
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Standards Australia Limited
GPO Box 476
Sydney NSW 2001

Water Services Association Australia (WSAA)
PO Box 13172

Law Courts Post Office

Melbourne VIC 8010

International organisations

American Water Works Association (AWWA)
6666 W. Quincy Ave

Denver, CO 80235

USA

Codex Alimentarius Commission
Viale delle Terme di Caracalla
00153 Rome, Italy

International Organization for Standardization (ISO)

1, ch. de la Voie-Creuse, Case postale 56
CH-1211 Geneva 20
Switzerland

NSF International

PO Box 130140

789 N. Dixboro Road

Ann Arbor, MI 48113-0140, USA

World Health Organization

Water, Sanitation and Health Programme
Avenue Appia 20

1211 Geneva 27

Switzerland
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Tel: (02) 9237 6000
E-mail: mail@standards.org.au
Internet: http://www.standards.com.au/

Tel: (03) 8605 7666
E-mail: info@wsaa.asn.au
Internet: http://www.wsaa.asn.au

Internet: http://www.awwa.org/

E-mail: Codex@fao.org
Internet: www.codexalimentarius.net/

E-mail: central@iso.org
Internet: http://www.iso.org/iso/en/ISOOnline.
frontpage

Tel: (+ 1) 734-769-8010
E-mail: info@nsf.org
Internet: www.nsf.org

Tel: (+ 41 22) 791 21 11

Internet: http://www.who.int/water_sanitation_health/

en/
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Chapter 9 Overview of monitoring (Revised 201 |)

9.1 Introduction

The Framework for Drinking Water Quality Management (the Framework), outlined in Chapters 2-4, is
based on a preventive strategy that encompasses total system management from catchment to consumer
to assure safe drinking water.

A central aspect of this approach is the use of monitoring to confirm the effectiveness of the preventive
measures and barriers to contamination, and to enhance understanding of system performance.

This is achieved through the collection of data that increase understanding of the entire water supply
system, including the hazards and risks that are present, the performance of treatment barriers, and the
integrity of the distribution system.

9.2 Monitoring overview

The Framework encourages a considered, overall strategy for monitoring that includes:

*  operational monitoring in the source/catchment, through the treatment process, and in the
distribution system, to ensure that processes and activities are functioning optimally to achieve
safe drinking water;

*  verification of drinking water quality, which consists of:

— drinking water quality monitoring in the distribution system to verify the quality of treated water
as supplied to the consumer; and

— consumer satisfaction monitoring to assess consumer comments and complaints;

* investigative studies and research monitoring (including baseline monitoring where new water
sources are going to be used to supply drinking water) to identify and characterise hazards, and
increase understanding of a water supply system;

e validation monitoring of new operational processes and barriers, to assure effective operation and
control; and

e incident and emergency response monitoring, undertaken in response to incidents or emergencies.

Each type of monitoring supports the others in the overall understanding and management of a water
supply system, and in interpreting the monitoring data that are generated.

The overall goal of monitoring is to provide a high level of public health protection by minimising the
risk of supplying contaminated drinking water. Water suppliers therefore need to ensure that monitoring
attention and resources are directed to those aspects that provide the greatest assurance of drinking
water quality.

Monitoring programs that focus primarily on the quality of treated drinking water do not effectively
guarantee the supply of safe drinking water. Event-driven, intermittent contamination or system failures
(characteristic of failures in the developed world) are very difficult to recognise and control through the
monitoring of treated drinking water quality alone. In addition, the results of such monitoring do not
become available until after the drinking water has been supplied to customers.

Developing a monitoring program is not a static activity, but part of an ongoing, iterative process of
system management that seeks to understand the challenges and risks, plan and implement measures
to prevent contamination (appropriate to the level of risk), monitor and assess the effectiveness of these
barriers, plan improvements, and adjust preventive measures and monitoring programs as required. This
approach is summarised in Figure 9.1.
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Figure 9.1 Monitoring as part of an ongoing process of system management

Understanding System
Challenges/Risk Assessment

Plan and Implement
Preventive Measures/Barriers
to Contamination

Long-term Review
of System Performance

Short-term Develop
Evaluation of Monitoring Monitoring Protocols

——

The following sections of this chapter describe important principles and elements of a strategic monitoring
system for assuring drinking water safety.

9.2.  MONITORING PRIORITIES

While the potential contaminants of drinking water supplies are many, there is evidence of human health
impacts via drinking water supplies for only a limited number of these. The most significant contaminants
are waterborne microbial pathogens: they represent the clearest and most acute risk to drinking water
safety, and they can cause outbreaks of illness that affect a high proportion of the community and, in
extreme cases, result in death (see Box 3.3, Section 3.4). The single most important monitoring activity

is therefore to ensure that microbial contamination does not cross barriers and enter the drinking water

supply.

Chemical or radiological contamination does occur and, in some specific cases, serious health effects

via drinking water have been documented. However, illness from such contamination typically arises
from specific natural local conditions or from site-specific contamination by humans (distribution cross-
connections, inadvertent chemical addition or sabotage). Priority chemicals (arising primarily from natural
contamination) include arsenic, fluoride (above concentrations applied for dental protection), selenium,
nitrate, lead and uranium. Iron and manganese are also mentioned as frequent sources of aesthetic water
quality problems, and these may lead consumers to use alternative water supplies that may not be safe
with respect to microbial pathogens (WHO 2008).

Chemicals used in water treatment may pose a risk because of the potential for inadvertent
contamination, and they should be monitored accordingly. By-products of disinfection should also be
monitored, because of the possible adverse health effects from chronic exposure to these chemicals.
However, it remains uncertain whether exposure to disinfection by-products at the levels typically
found in drinking water causes human disease, and given the established health risks associated with
waterborne microbial pathogens, disinfection should never be compromised.

Most other chemicals, including pesticides and other trace organics, do not warrant the same level of
monitoring attention as microbial pathogens or the chemicals of main concern, unless there is evidence
or reasonable inference of their potential presence, as determined through site-specific investigation and
analysis of the water supply system.
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Box 9.1 summarises monitoring priorities based on health risk.

Box 9.1 Monitoring priorities based on health risk

Key characteristics related to health include:

*  microbial indicator organisms and disinfectant residuals;

* any known characteristics that can be reasonably expected to exceed the guideline value, even if occasionally;
* any chemicals used in treatment processes and any by-products that may result from their use;

*  any potential contaminants identified through the water supply system analysis (see Section 3.2.1) and hazard identification
(see Section 3.2.3), even if undetected.

Some characteristics not related to health, such as those with significant aesthetic impacts, should also be monitored. Where

aesthetic characteristics (e.g. taste and odour) are frequently unacceptable, further investigation may be needed to determine

whether there are problems with significance for health.

Monitoring can be direct, where the characteristic of concern is monitored directly; or indirect, where
surrogates or indicators are monitored.

Surrogates are typically quantifiable characteristics that can serve to measure the effectiveness of
processes in controlling specific hazards or groups of hazards.

Indicators are physical, chemical or microbial characteristics that are representative of a broader group of
related characteristics. Indicators provide an alternative to monitoring for the possible presence of other
hazardous substances that are more difficult to monitor.

Effective surrogates and indicators:

*  directly measure process performance characteristics that are related to the effectiveness of the
process in preventing or eliminating hazards;

. are amenable to the setting of trigger levels, guideline values and/or target criteria, so that results
can be responded to;

*  provide warning of process performance failures early enough to allow corrective action to be taken
before unsafe water is supplied to consumers; and

* are low cost and reliable to monitor, and where required, are amenable to on-line monitoring.

Some examples of surrogates and indicators are:
*  electrical conductivity (EC), which is widely used as a surrogate for total dissolved solids;
*  turbidity, a widely used surrogate for the performance of media filtration systems;

*  trihalomethanes (THMs), which, because they are the most common disinfection by-products and
occur in the highest concentrations, can be used as indicators for the possible presence of a range
of related chlorine-derived disinfection by-products;

*  faecal indicator bacteria, which are numerous in faeces and serve as indicators for the possible
presence of faecal contamination and, by inference, enteric pathogens.

9.22  PRINCIPLES OF MONITORING FREQUENCY

The frequency of monitoring for each water quality characteristic differs for each characteristic, and
depends on the hazard characteristics and risk profile as identified through analysis of the water supply
system. In general, characteristics that pose a high level of risk require more monitoring, while those
posing a low risk require less monitoring. Typically, the most frequent monitoring is for microbial
safety, followed by known or identified high priority and site-specific contaminants, with less frequent
monitoring for any contaminants that are not likely to present a risk.
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Operational monitoring of preventive measures and barriers throughout the water supply system should
be carried out with sufficient frequency to reveal any challenges or failures promptly, so that corrective
actions can be taken. Online and continuous monitoring should be used wherever possible, particularly
for essential processes identified as critical control points, such as disinfection and filtration (see Sections
3.3.2 and 9.4.3).

Frequency of source water monitoring is determined by the variability and understanding of the
challenges present. Monitoring should be more frequent where water quality is more variable or less
understood. Depending on the historical data available and the present understanding of source water
characteristics, a baseline investigation of contaminants in a water supply may be required to assess
hazards and their risk levels.

Frequency of monitoring downstream of treatment depends on how effectively treatment barriers are
controlled and the level of understanding of the distribution system. Identified problem areas may dictate
increased monitoring frequencies (e.g. where there is difficulty in maintaining chlorine residuals).

Disease outbreaks associated with drinking water supplies are often linked to unusual events. Such events
should therefore be recognised as potential triggers for increased challenges and potential sub-optimal
performance, and should alert water managers to the potential for problems and the need for increased
monitoring of performance throughout the system (Box 9.2). Unusual events include any sudden or
extreme change in weather, flow or water quality, as well as power outages, new assets, treatment
variations, and maintenance and repairs. The increased monitoring frequency should be maintained until
there is confidence that water quality is back within specification.

More detailed discussion on specific sampling frequencies within the water supply system is provided in
Section 9.4.5.

Box 9.2 Contamination events

Waterborne disease outbreaks associated with drinking water supplies are almost invariably linked to a significant change in conditions
that provides a sudden challenge to a water system; for example, heavy rainfall or run-off from heavy snow melt (Craun et al. 2003,
Curriero et al. 2001, Hrudey and Hrudey 2004). Most water treatment processes function best under steady-state conditions, and
performance can seriously deteriorate with major fluctuations in water quality or flow. Run-off from heavy rainfall or snow melt can
dramatically increase flow and turbidity as well as the concentration of natural organic matter (Logsdon et al. 2004, Hunter 2003).
Run-off can also potentially after the pH and alkalinity of source waters (Logsdon et al. 2004). These fluctuations in flow or quality
cause additional stress on water treatment systems and can interfere with the effectiveness of water treatment. The failure of treatment
processes to cope with the impacts of heavy rainfall and run-off events is a common theme to many waterborne disease outbreaks.

In addition to changing environmental conditions and their impacts on source water, any changes from the normal operation of a water
treatment system can also pose a significant risk of waterborne disease outbreaks. Reviews of outbreaks related to drinking water
supplies have frequently identified increased contamination during periods of maintenance of the water treatment plant and storage
facilities, plant upgrades, and changes to water treatment processes, as well as during construction or repair of water mains (Hrudey
and Hrudey 2004 pp 83-94, Logsdon et al. 1996, Kramer et al. 1996, Craun et al. 2003, Nygard et al. 2007).

Furthermore, reported waterborne disease outbreaks frequently reveal that systems are at most risk when a combination of risk
factors coincide; for example, heavy rainfall during plant maintenance and repairs, increased demand for water;, and inadequate
treatment performance, coupled with old facilities. There are a number of instances where outbreaks have occurred after problems

had been revealed but no corrective action had been taken.

The risk of contamination of water supplies with microbial pathogens is always present. While safeguards and multiple barriers may
be in place, the historical absence of waterborne outbreaks in a water system is no guarantee that one will not occur in the future
unless the effectiveness of the barriers is continuously maintained and verified. Constant vigilance and effective monitoring programs
that support understanding of a water supply system — its challenges and capabilities — are of paramount importance in assuring the

safety of drinking waten.
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923 CATCHMENT-TO-CONSUMER MONITORING

Assuring the safety of drinking water requires an effective monitoring strategy that is preventive rather
than reactive, and that aims to promote an understanding of the entire water supply system. An integrated
approach to monitoring incorporates all aspects of the water supply system, including catchment and
source water, treatment processes, the distribution system and consumers, to provide key information on
system management and operation.

Source water

Effective system management requires knowledge of the source water (be it surface, ground or sea water)
and the characteristics of the associated catchment area. Source water monitoring assists a water supplier
in understanding what hazards are possible and the contamination challenge (i.e. the level of risk) they
present.

Source water monitoring can also be preventive, in that it can be developed to provide an opportunity
for real-time process control and the prediction of potential contamination; for example, concentration
spikes of microbial pathogens associated with storm or heavy rain events. Early warning monitoring
should be established to capture any changes from normal baseline levels, which in turn would trigger
an appropriate response; for example, closing intakes or using alternative sources if available, changing
treatment practices, increasing vigilance of system operation within specifications, and increased
monitoring throughout the system (Wu 2004, Gullick et al. 2003).

Where a new drinking water source is to be brought on line (either adding to an existing water supply
system, or as part of a new one), a range of monitoring and other background investigations are needed
to inform hazard identification and risk assessment for the supply system. Monitoring requirements

will be influenced by the characteristics of the water source and catchment. Types of monitoring to be
considered include:

*  microbiological monitoring based on potential sources of faecal contamination (e.g. sewage and
septic waste, livestock);

. microbiological and chemical monitoring to assess intermittent or seasonal pollution patterns;
. chemical monitoring based on identified agricultural, mining, industrial and urban pollution sources;
*  chemical monitoring based on geological features (particularly for groundwater sources);

. identification of existing land uses and planned developments.

Further information on the monitoring considerations for source waters can be found in the Appendix

to this document; in Australian Guidelines for Water Quality Monitoring and Reporting (ANZECC and
AMRCANZ 2000); in the Cooperative Research Centre for Water Quality and Treatment (CRCWQT) reports
11, A Guide to Hazard Identification and Risk Assessment for Drinking Water Supplies (2004), and 37,
Strategic Water Quality Monitoring for Drinking Water Safety (2007); and in the CRCWQT and Water
Quality Research Australia report 78, Risk Assessment for Drinking Water Sources (2009).

Water treatment plant

Monitoring of treatment processes and barriers is fundamental to a preventive strategy for drinking water
safety. The advantage of monitoring treatment performance is that, if set up correctly, ineffective treatment
processes (e.g. inadequate disinfection, shortening of filter runs, degraded filtered water quality) can be
identified and acted upon in close to real-time, to prevent potentially contaminated water from reaching
consumers. To help ensure that unsafe water is not delivered to consumers, monitoring results need to

be promptly evaluated and reported and, where appropriate, corrective actions need to be implemented
immediately.

Box 9.3 provides an example of a situation where failure to respond to changes in treatment plant
performance contributed to an outbreak of waterborne disease.
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If the source water challenge and water treatment capabilities are understood, if attention is focused on
understanding treatment performance, and if performance is monitored continuously, this provides a high
level of assurance of drinking water safety.

Box 9.3 Importance of monitoring treatment performance

lIn North Battleford, Canada, in 2001, poor treatment performance was observed for a prolonged period after maintenance work
on the solids contact unit (SCU).When the SCU was brought back on line, it was achieving minimal clarification due to difficulties
in re-establishing an effective floc blanket. This, along with filtration that was not optimised, resulted in treated water turbidities
being much higher than usual. Given the poor treatment performance and the known vulnerability of the river water source

to contamination by Cryptosporidium parvum, operational staff should have recognised the seriousness of the risk and informed
public health officials. Although regulatory requirements were not exceeded, if the normal range of raw water turbidity and the
implications of poor turbidity removal been properly understood, appropriate actions could have been taken. As it was, this poor
performance continued for several weeks and a breakthrough of C. parvum occurred, ultimately affecting between 5800 and 7100
people (Laing 2002).

Distribution system

Good design, management and integrity of distribution systems are essential for maintaining water
quality. Monitoring programs should consider the potential for stagnation and ingress of contamination
through faults in the distribution system. Stagnation and growth of biofilms can occur in poorly designed
and operated distribution systems, while ingress of contamination can occur through tanks, reservoirs and
pipes, cross-connections to the pipe network, and poor control of repairs or installation of new mains.
Monitoring the integrity of the distribution system, and the quality of water supplied to consumers, is
necessary to confirm that drinking water quality is maintained.

Consumers

Monitoring consumer satisfaction is another important surveillance mechanism. Consumers are located
throughout distribution systems and their feedback can be directly related to the quality of drinking water
supplied. They can provide timely information on potential problems, particularly within the distribution
system, that may otherwise go unidentified.

9.3 Developing a monitoring program

Monitoring is an integral component of risk management. Because it is not possible to monitor for all
things at all times, the monitoring program for a particular water supply system must be structured so
that it enhances system knowledge and feeds into decision-making processes. This requires a considered
approach to designing the program, the data it will generate, and how these data will be used.

Effective water quality monitoring requires the systematic collection of physical, chemical, biological, and
observational information, and the analysis, interpretation and reporting of those data, all according to a
pre-planned design (ANZECC and ARMCANZ 2000).

The monitoring program should be designed by personnel who understand the water supply system,
the assessment of water quality, and the preventive management approach detailed in the Guidelines.
The program may be developed in consultation with water supply system operators, planners and health
regulators, or authorities responsible for auditing the performance of the drinking water supply system.

A monitoring program develops out of, and is based upon, system analysis and the risk assessment
process. Once the hazards and key characteristics are identified and the preventive measures and barriers
assessed, monitoring can be designed to provide the information needed for the effective management
and operation of the drinking water system.
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The monitoring program should address four broad questions:

. What are the hazards and risks of concern, what are the sources and what data exists? (i.e.
investigative studies and research, including baseline monitoring)

. Are the barriers sufficient to manage the hazards and risks? (i.e. validation monitoring)
*  Are the preventive strategies working now? (i.e. operational monitoring)

*  Did the preventive strategies work? (i.e. verification of drinking water quality)

Once the objective and purpose of a monitoring activity is defined, the following questions could be used
to determine the specifics:

*  What data can be collected to provide the needed information?

*  Is this the most effective way to generate this information? What alternatives are available for
achieving the desired objective?

*  How will the data be collected?

*  Where will the data be collected?

*  When will the data be collected?

*  What will be done with the information? How will the data be used?

*  How will the data be interpreted and evaluated?

*  How will the data be responded to, and who should be notified?

Analysis of this type will help to generate data that are meaningful and useful. Each monitoring

activity is done for a purpose, with every piece of monitoring datum a precursor for action. Monitoring
activities relate not only to the collection of samples for laboratory analysis, but also to observations,
field measurements, and monitoring using on-line instrumentation. All monitoring activities, and

their bases, need to be documented into a comprehensive monitoring program that supports an
integrated and comprehensive understanding of the water supply system, including the rationale for the
monitoring decisions.

Figure 9.2 illustrates the development of a monitoring program that is based on a system-specific water
supply analysis and risk assessment process to identify the hazards or characteristics, and the associated
preventive barriers that require most attention and focus.

All monitoring data should be subject to short-term evaluation. In addition, monitoring data collected
over the long-term should also be reviewed periodically and linked back into the system analysis and risk
assessment. The aim is to assess whether there have been any significant changes to key characteristics or
levels of challenge that warrant changes to system management, including the monitoring strategy.

Further information on developing monitoring programs is covered elsewhere in the National Water
Quality Management Strategy. The Australian Guidelines for Water Quality Monitoring and Reporting
(ANZECC and AMRCANZ, 2000) provide a comprehensive framework for monitoring and reporting, and
include guidance on establishing water quality monitoring programs, including setting program objectives,
study design, field sampling, analyses, data analysis, and reporting and information dissemination.

Additional guidance on water quality monitoring can be found in the Cooperative Research Centre for
Water Quality and Treatment (CRCWQT) reports 11, A Guide to Hazard Identification & Risk Assessment
Jor Drinking Water Supplies (2004) and 37, Strategic Water Quality Monitoring for Drinking Water Safety
(2007), and the CRCWQT and Water Quality Research Australia (WQRA) report 78, Risk Assessment for
Drinking Water Sources (2009).

Australian Drinking Water Guidelines Version 3.5 130



Figure 9.2 Generic process for monitoring activities
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9.4 Operational monitoring

Preventive measures and barriers to contamination should be applied from catchment to consumer in
accordance with the multiple barrier approach, and these measures and barriers should be regularly
monitored to assure their ongoing effectiveness.

Operational monitoring includes a planned sequence of measurements and observation throughout

the water supply system to ensure and confirm performance of preventive measures and barriers to
contamination. The importance of operational monitoring to the effective maintenance of
preventive barriers to contamination cannot be overstated. To be effective, operational monitoring
is needed at those points within the water supply system, including critical control points (see Box 9.4),
such that if an adverse result is obtained, corrective action can be triggered to ensure that unsafe water
does not reach the consumer.

Developing a protocol for monitoring operational performance of a water system requires the

following steps:

*  Identify preventive measures (see Element 3 of the Framework, Section 3.3).

*  Select operational characteristics and associated operational criteria (objectives) to be used to assess
the operational process or activity.

. Establish corrective actions to address any excursions in operational characteristics from defined
criteria/objectives.

* Include frequent, routine monitoring of operational characteristics and ongoing analysis of
monitoring results.

Box 9.4 Critical control points

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

For each CCR a critical limit for operational performance needs to be established that represents a complete loss of control of the
process and the existence of an unacceptable health risk. Failure to meet a critical limit should result in immediate notification of the
health authority.

To be effective, and to provide assurance that unsafe water is not delivered to consumers:
*  Those characteristics that are monitored at CCPs should be monitored continuously, using on-line analysers wherever possible.
*  The monitoring should be alarmed so that operational staff are alerted promptly of adverse results.

Wherever possible, data should be sent to a supervisory control and data acquisition (SCADA) system (or some equivalent data
capture system), so that trends over time can be evaluated and acted upon.

94.1 OPERATIONAL CHARACTERISTICS

The characteristics selected for operational monitoring should provide useful information concerning
operational activities and performance. It is common, particularly in monitoring the operation of
treatment processes, to use surrogates or indicators for water quality characteristics when direct testing is
difficult, time-consuming or expensive.

Table 9.1 provides examples of characteristics commonly used for operational monitoring, by location
from catchment to consumer.
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Table 9.1 Examples of operational monitoring characteristics

Stages of Water Supply and Treatment Processes

Coagulation /
Flocculation
Clarification
(Sedimentation/
Flotation)
Filtration
(Media/Membrane)
Disinfection
(Chlorine/UYV)
Post Chemical
Dosing

Operational monitoring characteristics*
pH

Turbidity (or particle count)

AN
AN
AN
X X | Distribution system

Temperature®
Dissolved oxygen
Stream or river flow”
Rainfall?

Escherichia coli (E. coli)

SN N XN X X X« | Source water
\
<\

Alternative microbial faecal indicators
Total coliforms v v
Heterotrophic plate count (HPC) v v
Colour

Conductivity (total dissolved solids)
Alkalinity*

Organic carbon®

NENENENEN
<
<

Algae, algal toxins and metabolites

AN

Chemical dosage®
Flow rate®

Net charge*

NN

Streaming current value®
Headloss* v
Cat

UV calculated dose*
UV intensity*

UV transmissivity*
UV lamp age®
Disinfectant residual*
Flux* v

NN N NN ENEN

AN

Transmembrane pressure (TMP)#
Membrane integrity test (pressure based test)* v
Hydraulic pressure® v

Tank integrity” v

# Many of the characteristics list in this Table do not have Fact Sheets, or guideline values, but relate directly to the operation of water
treatment processes which are beyond the scope of the current Guidelines to describe. Many of these characteristics will be
supply-system specific, and not amenable to the setting of guideline values. Further information on these characteristics should be
sought from water treatment experts

~ C.t = a measure of free chlorine residual concentration (C) and contact time ()

* Monitoring for E. coli is typically undertaken at these locations as part of a drinking water quality monitoring program, but may be used

to inform operational decisions.
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In addition to field measurements, grab sampling for laboratory analysis, and online instrumentation,
observational monitoring can also provide information on system challenge and barrier performance.
Routine observational monitoring should be in place from catchment to consumer to identify and
confirm, for example:

*  the general level of activity in the catchment and/or reservoir, any illegal activities and sources of
contamination, and the effectiveness of preventive measures such as gates, fences and signs;

*  the security of the water treatment plant and chlorination facilities;
. that the chemicals used in water treatment are appropriate (see Chapter 8);
. the integrity of dosing and ancillary equipment;

. the performance of treatment processes such as effective floc formation, bubbling in granular filters,
membrane integrity;

»  the integrity of service tanks or reservoirs and the pipe network; and

*  that routine preventive maintenance is undertaken throughout the system.

942 TARGET CRITERIA

Target criteria (operational objectives) should be set for each operational characteristic included in the
monitoring program. The target criteria, which reflect the effectiveness of each process or activity, can
be quantitative (numerical), for example, having a turbidity target for post-filter water, or qualitative
(descriptive), as in setting acceptable levels of human activity in a catchment or reservoir.

Operational monitoring results are compared with these target criteria to assess if anything unusual is
occurring within the water supply system. Any deviation from established targets should be regarded as a
trend towards a potential loss of control over the system, and should result in appropriate investigations
or corrective actions to ensure control is maintained and/or mitigate potential problems.

For some operational monitoring, particularly that undertaken upstream of treatment, target criteria and
objectives for characteristics are often based on a more subjective assessment of what is considered
normal or acceptable in the light of the water system analysis / risk assessment process (e.g. E. coli
numbers in feeder streams and raw water). Monitoring of these characteristics provides an indication of
changes from background levels that may influence the reliability of the original estimated challenge and
consequently, the adequacy of subsequent downstream processes. The long-term review of monitoring
results provides an opportunity to validate these criteria, and adjust preventive measures and associated
criteria as required.

9.4.3  CRITICAL LIMITS AT CRITICAL CONTROL POINTS

For preventive measures identified as the 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
performance from unacceptable performance at a critical control point in terms of hazard removal or
attenuation. Critical limits often incorporate both a numerical limit and a delay period, to ensure that
alarms are not activated inappropriately (Mosse 2009). The delay period should be appropriate to

the system: if the delay period is too short, repeated false alarms could lead to alarms being ignored

or inactivated; if it is too long, a significant quantity of potentially unsafe water could be supplied to
consumers before an alarm is activated.

Critical limits and the delay period are system-specific and determined through balancing the capability
of the instrumentation and equipment used in the alarm system with the risk characteristics of the water
supply system (e.g. whether treated water is supplied direct to consumers, or a storage exists before
consumers receive the water).
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Breaching a critical limit represents loss of control of the process and the existence of a health risk, either
directly through the supply of unsafe water, or indirectly, where multiple critical control points exist,

by exceeding the capacity of subsequent processes. Such events should result in immediate corrective
actions to re-establish operations within specification, and notification of the health regulator.

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

Box 9.5 provides an example of setting operational requirements for filtration as a critical control point.

Box 9.5 Target criteria and critical limits for filtration

Where drinking water is sourced from multi-use surface water with risk of contamination by Cryptosporidium, filtration is often the
primary barrier to these chlorine-resistant protozoan pathogens. It is critical that filter performance be optimised and continuously

monitored to ensure that the required pathogen removal is achieved and safe drinking water provided at all times.

Whilst not a perfect measure of performance, continuous monitoring of filtered water turbidity is currently the best practical
surrogate for assessing filter performance. It is strongly recommended that continuous on-line turbidity meters be installed on the
outlet of each individual filter; as monitoring only at the combined filter outlet may fail to detect poor performance of an individual
filter (Mosse & Murray 2008).

With filtration defined as a critical control point, a eritical limit is set to define unacceptable performance contributing to a
significant health risk (e.g. 0.5 NTU). Measured turbidities above this limit indicate loss of control of the process and compromised
pathogen removal.To ensure critical limits are not breached, target criteria should also be established. A target criterion for
filtration may be to achieve <0.2 NTU.To avoid unnecessary alarms, target criteria should incorporate a delay period in which the
criteria are continuously breached before an alarm is generated (Mosse 2009).

944 CORRECTIVEACTION

Where monitoring results indicate a deviation from target criteria or critical limits, appropriate corrective
actions and process adjustments should be instituted to maintain water quality. Examples of corrective
actions are:

*  repairing fences;

*  removing dead animals from catchment areas;

*  increasing catchment controls;

*  inspecting the water supply system for faults;

*  altering the flow rate of the water treatment plant to reduce loading;
*  manual backwashing of filters;

*  adjusting process control;

*  inspecting and calibrating monitoring equipment;

. engaging back-up equipment;

. adjusting pH;

. selecting an alternative raw water source, if available;
. increasing disinfection dose;

. booster disinfection;

*  flushing of mains; or

. increasing monitoring and observation.

Additional monitoring will be required throughout the system to verify the effectiveness of any
corrective actions.
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Operational characteristics throughout the system should be monitored often enough to reveal any

failures and trigger a response within a timeframe that is appropriate to how critical the monitored

activity or process is. This applies to both measurements and observational monitoring. Online and

continuous monitoring should be used wherever possible, particularly at critical control points. For

operational characteristics that are deemed less critical or are more stable, grab samples or regular

inspections may be sufficient.

Frequency of observations may be increased at times of increased risk; for example, inspections of

reservoirs for algal blooms may be more frequent during summer, or floc blanket observations during the

coagulation process may be increased when there are higher flow rates through the treatment plant.

Operational monitoring requirements and frequency of monitoring will vary for each water supply,

depending on the key characteristics identified through analysis of the water supply system and risk

assessment. Table 9.2 provides an example of how selected operational characteristics can be used within

a catchment-to-consumer operational monitoring program.

Table 9.2 Example of an operational monitoring program (characteristics and frequencies)

Location Characteristic Monitoring Rationale
frequency
Catchment
General catchment Rainfall Daily Understand impact of rainfall on water quality — to help
predict challenge under range of rainfall intensity.
Inspection Monthly > Daily Detect human and animal activities that could cause

Frequency depends on
level of access and use

permitted in catchment.

contamination; confirm that fences and signs are
effective.

Feeder streams in Turbidity, colour, Monthly Early warning of changes to raw water quality to allow
catchment E. coli plus events timely changes to treatment processes. Detect local
contamination and disturbances.
Cryptosporidium Risk-based Assess if treatment barriers are needed to effectively
remove or inactivate cryptosporidium.
Source Water
Storage dam or Temperature Profile Monthly > Weekly Information for management of water quality in storage

raw water reservoir

Dissolved oxygen

profile

General water
quality profile

Inspection

Algal cell counts

Cryptosporidium

Weekly > Event based

Weekly

Monthly > Daily
Risk-based

Risk-based

with existing or new management systems.

Allow best quality water to be selected for supply.

Detect human and animal activities that could cause
contamination.

Early warning to activate management actions to
prevent algal blooms in storage and forewarning
of need for additional monitoring, observational

surveillance.

Information for changes to water treatment processes

in order to maintain effective removal of algae and
algal metabolites.

Information for changes to water treatment processes
in order to maintain optimal Cryptosporidium removal.
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Location Characteristic Monitoring Rationale
frequency
Turbidity Continuous Information for changes to water treatment
Colour Weekly - Event based processes in order to maintain optimal turbidity and
colour removal.
River intake Rainfall Daily Understand impact of rainfall on water quality to help
predict challenge under range of rainfall intensity.
Inspection Weekly > Daily Detect sources of contamination and activities that
could cause contamination.
Turbidity Continuous Inform changes to water treatment processes in order
Colour Weekly > Event based to maintain optimal turbidity and colour removal.
Iron, Manganese Weekly Inform changes to water treatment processes in order

Algal cell counts

Cryptosporidium

Turbidity, E. coli
Cryptosporidium
Pesticides

Colour

(risk-based)

Monthly > Weekly
(risk-based)

Risk-based

(Rainfall-related
monitoring)

Risk-based

to maintain optimal iron and manganese removal;
forewarn of water quality that may cause customer
complaints.

Forewarn of possible algal risk and need for additional
monitoring, observational surveillance.

Inform changes to water treatment processes in order
to maintain optimal Cryptosporidium removal.

Understand rainfall effects

Identify high challenge periods and forewarn
downstream processes; identify local point source
of contamination. Intervene in catchment before
reservoir affected.

Feedback to industry and source of contamination

Treatment Processes

Coagulation

(inlet to flocculation tank)

Flocculation

(last compartment)

Clarifier

(clarified water outlet)

Filtration

(Individual or combined
filtered water)

pH

Floc characteristics

Turbidity

Colour

Visual observation
of floc or floc
blankets

Turbidity

Filter Headloss

Daily > Continuous

Daily - Event based

Daily > Continuous
Daily > Event based

Daily > Event based

Continuous

Continuous

Optimise pH for effective coagulation of selected
coagulants when raw water quality changes.

Provide alarm if pH is outside set limits.
Optimise floc characteristics for effective clarification

or filtration when changes occur to raw water quality
or operating conditions.

Confirm coagulant dose, pH correction, flocculation
and clarifier operations are optimised when changes
occur to raw water quality or operating conditions.

Provide alarm if turbidity is above set limit.

Assess if adjustment needed to process to improve
stability of clarification process.

Provide alarm if filtrate turbidity is above set maximum.
Trigger for initiating filter cleaning.

Trigger for initiating filter cleaning to avoid turbidity
breakthrough.
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Location Characteristic Monitoring Rationale
frequency
Filtration pH Continuous Confirm target pH range is maintained.
(Combined filtered water Provide alarm if pH is outside target limits for
post pH correction) effective disinfection and corrosion control.
Aluminium Weekly Assess inadvertent carry-over of aluminium from
(If aluminium-based sub-optimal flocculation pH.
coagulant used)
Chlorine Disinfection Free chlorine Continuous Provide alarm if chlorine residual is outside set limits
(Chlorine >30 minutes residual for maintaining integrity of water quality during
after chlorine injection) reticulation and for reticulation hygiene.
UV Disinfection UV dose rate Continuous Confirm UV system is operating satisfactorily.
Provide alarm if below minimum set dose.
Fluoridation Fluoride Daily Confirm target dose is maintained.

(Downstream of fluoride
dosing)

Continuous (if provided)

Provide alarm if fluoride is outside set limits.

Distribution System

Disinfection

(At various locations in
the reticulation system
selected by careful
monitoring design)

Chlorine residual

Continuous - Daily

Confirm total chlorine target or free chlorine residual
target range are achieved.

Service Reservoirs Integrity from | to 5 yearly Confirm roof/hatches are effective against ingress of
and tank contamination contaminants.
Consumers Customer Ongoing Clusters of complaints of turbidity, objectionable taste
complaints and odour; illness allow investigation to identify cause(s)
of water quality problems.
946 CHLORINATIONASA CRITICAL CONTROL POINT:AN EXAMPLE

Chlorination is the most commonly used process for disinfection and is highly amenable as a
critical control point. Table 9.3 outlines, as an example, the operational requirements relevant to the
chlorination process as a critical control point. The requirements include monitoring the key operational

characteristics of residual chlorine concentration, flow rate (contact time) and chlorine dose; and

establishing critical limits and target criteria for effective operation. Turbidity, temperature and pH also
require monitoring, as they influence chlorination effectiveness and the validity of C.t calculations.
Corrective actions to address deviations in operating limits must be identified, and chlorination

performance should be regularly verified.

Appendix A1.8 provides additional information on chlorination as a critical control point.
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Hazards

Enteric bacteria, viruses and Giardia

Process controls

*  Chlorine dosing system
*  Plant flow rate/operation of clear well storage
*  pH adjustment

*  Chlorine cylinder changeover
*  Backup power/duplicate facilities

Operational monitoring

Characteristic Target criteria
Chlorine residual > 0.5 mg/L
pH pH 6.5-7.5

Flow rate Set to achieve
minimum contact
time

Chlorine dose

Turbidity

Set points + x%

< 1.ONTU

Temperature

Critical limits

Specific low chlorine residual

set to achieve a minimum C.t
requirement based on maximum
flow and minimum storage times.
Time is an important factor in
determining the critical limit. e.g.
if there is a filtered water storage
prior to supply to customers, an
interruption to chlorination of up
to several hours may not result
in the C.t value falling below the
minimum limit.

Monitoring methods

On-line, continuous chlorine
residual analyser; flow and pH.

24-hour monitored alarms on
residual monitoring, pH and
chlorine dosing equipment.

Regular turbidity and temperature
monitoring, and chlorine demand
calculations. Increase frequency on

changing water quality

Appropriate electronic or hard

copy monitoring records.

Corrective action

Any breach in critical limits or target criteria should result in any of the following operating procedures as necessary:

* inspect and calibrate equipment
* adjust flow rate

* adjust chlorine dose or feed point

* carry out additional monitoring, increase sampling and testing

* recalculate C.t values

* implement unplanned maintenance procedure
* secondary or booster disinfection

* use alternative supply or divert water

* engage backup equipment

*  plant automatic shutdown

* implement emergency response

* record actions to be taken and report (internally or externally as required).

Verification

* Calibration and maintenance of equipment
*  Drinking water quality monitoring

*  Consumer satisfaction

*  Evaluation and audit
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9.5 Verification of drinking water quality

Verification of drinking water quality provides an assessment of the quality of drinking water being
supplied to consumers. It incorporates monitoring drinking water quality in the distribution system and
assessing consumer satisfaction.

Verification of drinking water quality provides an important link back to the operation of the water
supply system and additional assurance that the preventive measures and treatment barriers in the water
supply system have worked, and are working, to supply safe drinking water. This information helps in
assessing long-term system performance and identifying any trends or problems within the water supply
system that may have gone unrecognised, and it provides confidence to consumers and regulators
regarding the quality of water supplied.

9.5.  MONITORING CONSUMER SATISFACTION

Monitoring consumer satisfaction can provide valuable and timely information on potential problems
that may go unidentified by performance monitoring. Changes from the norm are particularly noticeable
to consumers, who are often the first to identify something unusual about the water delivered to their
tap. For example, there is evidence from waterborne disease outbreaks that consumer comments and
complaints have drawn attention to changes in water quality or quantity that ultimately led to the
outbreak (Box 9.6).

In addition, because consumers are located throughout distribution systems, they offer a wide-ranging
source of information on potential contamination, compared to limited monitoring in the distribution system.

An effective consumer complaint and response system that is operated by trained personnel and closely
linked to the operation of the water supply system is an important component of any preventive strategy
for drinking water safety. The types of complaints that could signal potential contamination include off
taste, off odour, turbidity, unusual colour, reduced water pressure, water supply interruption, suspicious
activity, or illness (see Box 9.7). All complaints need to be investigated and documented, including the
associated responses. Complaints of illness warrant particular attention and should be reported to the
health authority for joint investigation.

Clearly, water suppliers would like to operate in a manner such that consumers will never need to
complain. Nevertheless, to maximise the ability to detect contaminated water and respond to problems
effectively, a water supplier should ensure that consumers are educated on what to expect in relation to
the quality of their water (what is normal) and are encouraged to inform the supplier of any water-related
concerns, including symptoms of illness.

Box 9.6 Responding to customer complaints

n 1993, Milwaukee, USA, experienced an outbreak of cryptosporidiosis. Difficulties in treatment operation resulted in the turbidity
of treated water reaching levels much higher than normal. Not only did operators fail to respond to the turbidity spike, they also
failed to recognise the significance of the accompanying dramatic increase in consumer complaints, which reached nearly 50 one day
around the time of the turbidity spikes, against a background of less than 5.This suggested that the quality of water was substantially
impaired, but the failure to recognise the problem meant that the chance of effective response and immediate corrective action was
lost (Hrudey and Hrudey 2004).

A number of other documented outbreaks have involved some level of consumer detection of problems
(Hrudey and Hrudey 2004).
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9.5.2  DRINKING WATER QUALITY MONITORING

Drinking water quality monitoring is used to provide assurance that the quality of drinking water in the
distribution system, as supplied to the consumer, is meeting guideline values, agreed levels of service,
and/or any regulatory requirements. It can provide an additional means of detecting any unrecognised
problems that may be occurring upstream or within the distribution system, and can trigger the necessary
corrective actions.

Drinking water quality monitoring cannot prevent unsafe water being supplied to consumers,
as results are typically not available for days to weeks after collecting the sample, so that any corrective
actions occur dfter the water has been supplied. Drinking water quality monitoring should not,
therefore, be used in place of or as a substitute for operational monitoring.

As it is neither physically nor economically feasible to test for all drinking water quality characteristics
equally, monitoring effort and resources should be directed at significant or ‘key’ characteristics — that is,
those characteristics identified in the system-specific hazard identification and risk assessment process as
likely to be present. These key characteristics require more frequent monitoring. Characteristics that the
risk assessment shows are unlikely to be present, or pose a low risk, are monitored very infrequently, or
may not need to be included in the drinking water quality monitoring program.

Generally, sampling and analysis are required most frequently to assure microbial safety and less often
for chemical and radiological compounds. This is because of the acute and almost universal health risk
posed by waterborne microbial pathogens, whereas the guideline values for most (but not all) chemical
characteristics are based on lifetime exposure. In the absence of a specific event (e.g. spills, chemical
overdosing at a treatment plant), episodes of chemical contamination that would constitute an acute
health concern are rarer.

Sampling locations for drinking water quality monitoring

Drinking water quality monitoring confirms the final quality of water that is supplied to consumers. As
such, it needs to be undertaken throughout the distribution system at points representative of the quality
of water supplied to consumers’ properties (e.g. at or close to water meters).

The location and number of sampling points within a distribution system are determined by the complexity
of the system. For purposes of management, monitoring and reporting, large and complex distribution
systems should be divided into discrete water quality monitoring zones. These zones are typically:

. supplied from a single source, and/or

. hydraulically separated from other zones (single or multiple sources).

As the priority for monitoring drinking water quality is to confirm microbial safety, the design of the
microbiological sampling program often dictates the location of sampling points. Sampling points are
normally placed well into the distribution system to be representative of what most consumers have
received. They should also be spread geographically to give coverage across the system or zone.

Circumstances where microbial quality has the potential to change within a distribution system need to
be considered. This is most likely where the system is depressurised, increasing the chance for ingress
(e.g. at a service tank). Sample points should, therefore, be included downstream of any tanks (often
called a subzone) even though the source water may be unchanged.

Samples for physical and chemical quality monitoring can usually be taken from the sample points used
for microbiological monitoring. Since physical and chemical quality monitoring requires many fewer
samples in a given period, a decision must be made on whether to rotate sampling around all the sample
points within a zone (providing an indication of performance across the zone) or to use only one or two
fixed sample points (providing an opportunity to plot trends).
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For chemical characteristics that are more stable and unaffected by the distribution system, sampling
can occur at the entry point to the distribution system. For some characteristics that change across the
distribution system (e.g. THMs), additional monitoring from specific areas may be required to ensure the
data collected are representative of all water supplied.

Operational monitoring such as chlorine residual monitoring is typically also carried out concurrently at
these sample points, as well as at other strategic locations within the distribution system, such as entry
points (e.g. outlets of service reservoirs/tanks), trunk mains, and dead ends.

Figure 9.3 provides an illustration of sampling locations within a typical distribution system and shows

how operational monitoring and drinking water quality monitoring are integrated.

Figure 9.3 Example of sample locations in a typical distribution system
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Microbial quality — sampling frequency

Routine monitoring for specific microbial pathogens is not recommended as it is usually complex,
expensive and time-consuming, and may fail to detect their presence. Rather, the recommendation is to
monitor for the microbial indicator bacterium E. coli as a marker for the presence of faecal contamination
and the possible presence of microbial pathogens (see fact sheets on microbial indicators). Whilst

there are limitations to the use of E. coli as an indicator of faecal contamination of water supplies (e.g.
Cryptosporidium oocysts may survive chlorine disinfection and may be present in the absence of E. coli),
it is currently the best verification indicator available for faecally related microbial quality.

The recommended minimum monitoring frequency for E. coli, based on World Health Organization
recommendations (WHO 2008), is detailed in Table 9.4. Samples should be collected at points within the
distribution system that are representative of the quality of water supplied to consumers.
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Table 9.4 Recommended minimum frequency of E. coli monitoring

Samples that are representative of the quality of water supplied to consumers should be collected and analysed for E. coli at the

following minimum frequency:

Population in monitoring Minimum number of samples
zZone
>100,000 Six samples per week per monitoring zone, plus one additional sample per month per

monitoring zone for each 10,000 above 100,000

5,000-100,000 One sample per week per monitoring zone plus one additional sample per month per
monitoring zone for each 5,000 above 5,000

1,000-5,000 One sample per week per monitoring zone (52 samples per year)

<1000 One sample per week per monitoring zone (52 samples per year).Where the water supply
in this category is remote, the recommended sampling frequency needs to be balanced
against the logistics of collecting the samples, the risk profile for the supply, and the risk
mitigation processes that are operating on the supply.With remote water supply systems,
regular physical inspections and operational monitoring are more beneficial to ensuring
water quality than infrequent E. coli sampling.

Sampling frequency should be increased at times of flooding or emergency operations and following repair work or interruptions
to supply.

The frequency of sampling should be increased during any significant environmental events or
emergency operations, or following interruptions of supply or repair work. More frequent sampling
should also occur at sample points where previous results have indicated potential problems. Operational
monitoring such as disinfectant residuals, temperature and turbidity are often taken concurrently with
E.coli to provide complementary evidence of system status and enhance interpretation of data.

The results of the E. coli monitoring program will not prevent unsafe water being supplied
to consumers, and drinking water quality monitoring should not be substituted for or used
in place of a well-constructed operational monitoring program. For systems serving small
communities, regular physical inspections of the water supply system, and the monitoring of critical
processes and activities, such as chlorination, yield more information than infrequent sampling

(see Chapter 4).

Drinking water quality (non-microbial) — sampling frequency

Monitoring requirements for non-microbial characteristics will vary for each water supply system,
depending on the key characteristics identified through water supply system analysis and risk assessment.
In general, characteristics that pose a high level of risk require more frequent monitoring, while those
posing a low risk require less monitoring. The closer the mean value of a characteristic is to the
guideline value, and/or the greater its variability, the more frequent the monitoring needs to be. Those
characteristics that are deemed, on the basis of a thorough analysis of the catchment and water supply
system, unlikely to be present will typically require very infrequent monitoring, or no monitoring at all.

Table 9.5 provides a generic guide to monitoring frequency for drinking water quality characteristics.
Monitoring frequencies and characteristics for individual systems should be adjusted as needed, based on
the ongoing review of the water supply system and risk assessment.
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9.6 Water quality issues beyond the point of supply

Under most jurisdictional legislation and arrangements within Australia, the responsibility of water
suppliers ends at the point of supply to the customer, typically the water meter. The primary responsibility
for ensuring that water supplied beyond the water meter remains safe and aesthetically acceptable rests
with various stakeholders including:

*  building and site owners or managers;
*  plumbing and building regulators;

*  plumbers;

*  plumbing material suppliers;

*  private individuals.

Under the catchment-to-consumer tap preventive management framework promoted by these Guidelines,
however, water quality should be managed up to the point of consumption, usually the customer tap,

to account for water quality changes that may arise as a result of the internal plumbing arrangements on
customer properties. This management may be achieved by liaison between the water supplier and the
stakeholders listed above.

Both microbial and chemical quality can deteriorate within buildings due to poor design and management
of internal plumbing systems. While internal plumbing systems are largely outside of the control of water
suppliers, incompatibility between the chemistry of drinking water as supplied and the quality and nature
of internal plumbing and fittings can cause system-specific impacts, and it is reasonable to expect that
water suppliers be aware of these issues. The two most common issues are:

*  plumbosolvency - that is, mobilisation of lead into solution from lead pipes and brass fittings
(which may contain traces of lead), and the solder used to join pipes, as a result of the supply of
plumbosolvent water. The issue of plumbosolvency is rare in Australia. Similar issues can arise with
the corrosion of pipes and fittings containing copper (cupprosolvency), leading to “blue” water;

. hardness — scaling of pipes, and of water elements in kettles and hot water services, resulting from
the supply of very hard water.

Other possible impacts include the following:

*  The supply of unbuffered desalinated water into areas not traditionally supplied with water of
reduced salinity may exacerbate corrosion, particularly in hot water systems.

*  Microbial and chemical contamination can be associated with distribution systems in large buildings.
This risk arises particularly where large volumes of water are stored for extended periods in on-site
header tanks, or ingress of untreated water occurs through faults in the pipe network, or there are
cross-connections with non-drinking water supplies.

*  Drinking water that sits unused in pipe networks for extended periods of time may have elevated
levels of metals. This is seen particularly in schools after lengthy holiday breaks, where water to
drinking fountains has remained stagnant in pipes, with the result that children have consumed water
with elevated levels of copper (Scholz et al. 1995, Walker 1999, Brodlo et al. 2005).

Role of building and site owners and managers and plumbing oversight agencies

The Trade Practices Act 1974 requires plumbing and fittings to be fit for purpose, and that purpose
includes being fit for the safe conveyance, storage and use of water of a chemistry as supplied within a
particular area. Building and site owners, and managers and plumbing oversight agencies, are responsible
for ensuring that the plumbing systems and fittings used within their areas of responsibility are fit to convey
drinking water without leading to exceedances of water quality guidelines. In addition, these stakeholders
should liaise with standards-setting bodies and water suppliers to ensure that the procedures for approving
plumbing materials, fittings and systems are adequate, and that any products that are used comply with the
requirements of AS/NZS 4020:2005: Testing of Products for Use in Contact with Drinking Water:
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Role of water suppliers

Although Australian water suppliers are not responsible for the actions related to water quality
management beyond the point of supply, they should be aware that the drinking water that they supply
may interact with internal plumbing and cause unintended water quality issues (either aesthetic or health-
related). The Trade Practices Act 1974 requires water supplied by water suppliers to be fit for purpose,
including the conveyance, storage and use of that water within approved plumbing assets, fittings and
plumbed-in systems available in water supply areas. In effect, this means that water suppliers have
obligations if they are aware of potential negative impacts of mains water on correctly designed and
installed plumbing systems.

Some recommended actions that water suppliers can take to minimise the risks associated with
interaction of internal plumbing and supplied drinking water are:

. Liaise with relevant state-based plumbing authorities to ensure that plumbers use only materials
that meet the requirements of AS/NZS 4020:2005: Testing of Products for Use in Contact with
Drinking Water:

*  Liaise with standards-setting bodies and plumbing regulators to ensure that the procedures for
approving plumbing materials, fittings and systems are adequate to manage any short-, medium-
and long-term risks associated with those materials, fittings and systems when carrying the water
supplied in any particular supply area.

*  Prepare information for customers on water quality issues that may have an adverse impact on their
internal plumbing.

*  Provide advice to customers with large reticulated networks on water quality issues that may arise
from having stagnant water within their pipe networks.

*  Develop and disseminate information to schools, highlighting, in particular, issues related to stagnant
water, and suggesting that drinking fountains and other water-using devices be flushed before
school returns after holiday periods.

*  Ensure, wherever practicable, that each property is separately metered so that areas of low flow can
be identified.

*  In liaison with building and site owners and managers and plumbing oversight agencies, consider
undertaking investigative monitoring studies to examine the interactions of water as supplied with
the plumbing and fittings used in the water supply area.

Useful additional references on this issue include Rajaratnam et al. (2002), WHO and World Plumbing
Council (2006), and WHO (2010).

9.7 Investigative studies and research monitoring

Investigative studies and research monitoring can be used to increase understanding of a water supply
system, identify and characterise potential hazards, fill gaps in knowledge, and inform targeted capital
expenditure, system augmentation and operational improvements. By improving understanding of the
factors affecting water quality characteristics, such monitoring allows suppliers to anticipate periods of
poor water quality and respond to them more effectively.

Investigative studies and research monitoring can often also be used to provide further information for

the risk assessment process and reduce uncertainty. Examples include:

. baseline monitoring of characteristics or contaminants in potential new water sources, to identify
water quality problems (Box 9.7);

*  source water monitoring, to understand the temporal and spatial variability of water quality
characteristics;
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event-based monitoring in source water and catchment areas, to determine the magnitude of
impacts (duration and maximum concentrations);

developing early warning systems, to improve the management of poor water quality;
examining mixing effects within a water storage;

evaluating characteristics of an aquifer through pumping tests and analyses;

studying the movement of water within reservoirs, to determine short-circuiting effects;
examining backwash return water and its effect in increasing microorganism load,

examining the effects of natural events that affect drinking water quality, such as bushfires or floods
(Box 9.8).

Box 9.7 Baseline monitoring of new drinking water sources

Baseline monitoring of raw water quality should be carried out for all new water supplies being considered, as well as any poorly

characterised existing systems.

Baseline monitoring informs the hazard identification and risk assessment process, and the development of effective ongoing
monitoring regimes, by identifying major water quality problems and the key characteristics that should be routinely measured. This
characterisation of the water supply also establishes a base for assessing long-term trends and changes in water quality over time,

and provides information to compare and select source waters for future supply.

The extent of sampling and the timeframe required for a baseline assessment will depend on land use in the catchment, levels
of pollution found, and variability or trends in water quality. A land-use survey of the catchment should be carried out to identify
any important features likely to affect water quality. Where catchments and supplies are beyond the water supplier's jurisdiction,
exchange of information and collaborative assessment of the quality of source waters is strongly recommended.

The baseline water quality and potential levels of risk should be periodically assessed to identify any significant changes in water
quality arising from changed land-use practices or the impacts of water abstraction (particularly from unconfined aquifer systems), as
well as longer-term natural variability in water quality that may not have been evident from initial baseline monitoring.

Detailed advice on what characteristics to consider in a baseline monitoring program can be found in CRCWQT report | | —
A Guide to Hazard Identification & Risk Assessment for Drinking Water Supplies (2004).

Box 9.8 Investigative studies on the effect of floods on water quality

Following many vears of drought, a record dry year in 2006 yielded the lowest streamflows on record for Melbourne’s protected

water supply catchments. The dry conditions continued until a storm in late June 2007. While not enough to break the drought,

the resulting run-off produced very turbid inflows to UpperYarra Reservoir and ultimately high turbidity into some of Melbourne’s

unfiltered water supply.

As turbidity increased in the water supplied to customers, Melbourne Water carried out monitoring to determine whether:

*  the stormwater run-off from the forested catchments represented an increased risk of protozoan or bacterial pathogens in
the raw water; and

*  the existing ultraviolet (UV) and chlorination processes could adequately inactivate bacterial pathogens at higher turbidities.

Inspection and monitoring of the streamflows in the UpperYarra catchment in the days following the storm event indicated the

potential for a major water quality incident in the days following. The turbidity of streamflows in the Yarra River and water transferred

from the Thomson River (via a tunnel to the Yarra River) were in the range of 50 to 100 NTU two days after the storm.

A range of investigations and sampling were undertaken within and downstream of Upper Yarra Reservoir in response to the turbidity

incident (Hellier and Stevens 2009).This included genotyping of Cryptosporidium isolates.

A beneficial outcome of the incident has been the increased knowledge of water quality risks associated with the catchments and

improved disinfection validation information. In particular, Melbourne Water has established a specific public health limit of 15 NTU for

turbidity for its unfiltered, protected catchment sources, this being the point at which the UV dose was reduced to near critical limits.

The experience with pathogen monitoring highlighted the importance of rigorous risk assessment, underpinned by previous

catchment research, to support water supply management decisions (e.g. whether boil water advisories are warranted).

An important lesson was the value of event sampling of streamflows into reservoirs for future events to characterise the turbidity

and microbial load — first bacterial indicators, then pathogens if warranted. This was not carried out in the 2007 incident and would
have assisted in an earlier determination of pathogen risks (Hellier and Stevens 2009).
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9.8 Validation of barrier performance

Typically, validation monitoring is required where new treatment processes or significant operational
changes are being implemented. In particular, validation monitoring provides assurance that, where
health-related assumptions are made (e.g. that the barrier will adequately remove Cryptosporidium),
that these assumptions are justifiable (see Section 3.9.2).

Validation monitoring involves identifying the operational requirements that should be used to ensure
that processes reduce risk to an acceptable level on an ongoing basis. In some cases, validation can
be completed entirely using desktop assessment based on existing evidence; in other cases, objective
empirical evidence from monitoring is needed. Validation monitoring may form part of the validation
evidence base, but the precise nature of the evidence required depends on the nature of the process
being validated.

One of the most common applications of in situ validation monitoring is during or just after
commissioning of new unit processes. Once the process is considered to be operating as intended, but
before it is brought on line to supply water to consumers, microbial and/or chemical characteristics
should be assessed in samples taken before, during or after the unit process to confirm that it can reduce
the concentration of substances to the extent required.

Many drinking water treatment plant manufacturers, or suppliers of treatment processes, will undertake
such tests on modular units and then market those units as being pre-validated. This is commonly true
for membrane and ultraviolet treatment systems. Where a pre-validated unit or system is used, then
separate validation of the unit is not considered necessary, providing the validation is appropriate for the
characteristics of the water to be treated.

Some examples of where validation monitoring should be undertaken include:

. monitoring cyanotoxin concentrations pre and post a powdered activated carbon dosing system, to
check the toxin reduction capability of the batch supplied;

*  monitoring microbial indicator and particle count concentrations pre and post a media-based
filtration plant, to check its pathogen-reduction capability;

. monitoring arsenic concentrations pre and post an arsenic treatment plant, to check its arsenic-
reduction capability.

As part of the validation process, validation should also be undertaken on control systems, such as
alarm systems or systems that instigate a plant shutdown, to ensure that they are operating correctly and
respond to exceedances of target criteria or control limits.

Once a unit process has been validated, ongoing monitoring of the unit is needed to ensure that it is
operating correctly. This ongoing monitoring will form part of the operational monitoring program for the
water supply system.

Table 9.6 gives examples of typical validation monitoring programs for a range of commonly used unit
processes, as well as providing advice on the ongoing proof-of-performance testing that is part of the
operational monitoring program.
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Table 9.6 Examples of validation monitoring and proof-of-performance testing

Process
step to be
validated

Validation monitoring

Characteristics that will subsequently
be used ascertain ongoing proof of
performance

Media filtration
plant®

Membrane plant
(microfiltration
or ultrafiltration)*

Membrane plant
(reverse osmosis)

Ultraviolet plant

Chlorination
plant

Backflow
controls

Establish optimal filter run times and associated
operational envelope.

Establish optimal ripening periods and associated
operational envelope.

Inlet and outlet microbial indicator concentrations:®

*  Monitoring should at the very least include
plate count and E. coli; it would ideally include
coliphage and clostridial spores;and it may

include some pathogens.

Establish operational envelope with respect to
factors such as transmembrane pressure, flux and
temperature.

Inlet and outlet microbial surrogate concentrations:®

* Refer to the USEPA Membrane Filtration
Guidance Manual (2005)

Inlet and outlet microbial surrogate concentrations:?

¢ Refer to the USEPA Membrane Filtration
Guidance Manual (2005)

Establish operational envelope with respect to
factors such as flow, UV transmissivity and turbidity.

Inlet and outlet microbial indicator concentrations:®

* Refer to the USEPA UV Disinfection Guidance
Manual (2006)

Validation of C.t*.

Check pressure at lowest pressure parts of
system on peak flow days to ensure no negative
pressure events

e Turbidity upstream and downstream of system
¢ Pressure loss across each filter bed

*  Particle counts on outlet

¢ pHand temperature

*  Coagulant dosage rate

e Streaming current

*  Filtrate turbidity

*  Filtrate particle counts

* Membrane integrity testing
¢ Transmembrane pressure

¢ Flux

e Electrical conductivity and possibly total
organic carbon

*  Oxidation-reduction potential

*  Flux (recovery)

*  Turbidity upstream of disinfection system

e UV transmissivity

* UV intensity and/or calculated dose

*  Flow rate to enable calculation of retention times
*  Ballast functionality, lamp power and lamp status
e Lamp age

¢ Lamp fouling

*  Turbidity upstream of disinfection system

*  Free chlorine, temperature and pH at
downstream monitoring point that represents the
total required contact time

*  Flow rate to enable calculation of contact time

(Cy)

¢ Pressure measured at pump stations and tank

levels at service reservoirs

a Validation testing of media filtration systems is a highly specialised and complex task.

b If inlet microbial indicator concentrations are too low to enable validation of the expected microbial reduction performance,

seeding of challenge microorganisms should be required.

¢ The USEPA provides definitive guidance on the validation of these types of unit processes.

* Ct = a measure of free chlorine residual concentration (C) and contact time (&)
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9.9 Incident and emergency response monitoring

General aspects of incident and emergency response are discussed in Section 3.6. Any emergency or
incident is likely to trigger an increase in monitoring frequency. The increase in testing frequency for
grab samples should reflect the risk that the incident poses to consumers and the characteristics being
monitored. The increase in testing frequency should continue until water quality is confirmed as being
back within specification.

Emergency incident plans need to take into consideration the capability and availability of operational
and laboratory personnel. Experience shows that overwhelming laboratories with samples during incident
conditions can cause major problems for laboratory quality control and can lead to adverse outcomes. It
is important to maintain the quality of laboratory analysis regardless of the urgency of testing. It may be
necessary to have contracts in place with back-up laboratories that can provide support during incident
or emergency response conditions.

9.10 Reliability of monitoring data

9.10.1 SAMPLE INTEGRITY

If the data collected as part of a monitoring program are to be meaningful, the samples need to be
collected from appropriate locations, by trained personnel, working to a predetermined plan, and the
procedures employed in the collection, preservation and transport of samples to the laboratory should be
chosen with regard to the characteristics being measured.

Procedures for sampling and sample preservation are provided in Information Sheet 2.1, Sampling
Information — Handling Requirements and Preservation.

9.10.2 METHODS

It is important that the results obtained in analyses are valid. If analysis of water supplies is to be useful,
methods must yield consistent results; however, different methods of analysis can in some cases give
different results on the same water sample. To ensure consistency, at least one standard method of
analysis is suggested in the fact sheet for each characteristic listed in the Guidelines. Wherever possible,
the recommended method should be used, as it is well documented, has undergone extensive evaluation
(preferably through comprehensive inter-laboratory comparison programs), is readily available and is
widely used by larger water suppliers. If other methods are to be used, it is important that they meet
these criteria, and give results that are consistent with the standard methods. Even minor variations to
documented methods can lead to inaccurate measurements.

Whatever analytical technique is used, it must give a result that can be compared to the listed health

and aesthetic guideline values. This is especially true in relation to the limit of detection for the method.
Wherever possible, the method used should have a limit of detection that is less than the guideline value.
The limit of detection for each suggested method has therefore been provided in the relevant fact sheet.

The whole analytical process, from sampling through to presentation of results, needs to be managed in
accordance with sound quality assurance principles and should include quality control checks as part of
the quality assurance process. Quality assurance principles are set out in documents such as ISO 9001,
and supported by programs such as the National Association of Testing Authorities (NATA) schemes.
Wherever possible, analyses should be undertaken at NATA-accredited laboratories.

As part of the testing procedure, certified reference materials should be used so that results can be
benchmarked against a specified reference. This will help ensure that measurement results from different
methods and laboratories are comparable.
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9.10.3 DETECTION LIMITS

Ideally, the detection limit of the analytical method used should be lower than the level at which

the characteristic might become a health concern. A health-based guideline value usually provides a
benchmark against which the detection limit of the analytical methodology can be measured. If the
methodology cannot achieve such a detection limit, there will inevitably be some difficulty or imprecision
in assessing risk, and efforts should be made to find a more sensitive analytical method.

Some fact sheets mention limit of detection (LOD) whilst others refer to a limit of quantitation (LOQ). The
LOD is normally used to indicate the lowest level that can be reliably detected, while the minimum level
than can be reliably quantified (LOQ) is often somewhat higher than the LOD.

The advice of an analyst should be sought when selecting the analytical method to be used.

9.10.4 MEASUREMENT UNCERTAINTY

There is an inherent level of uncertainty associated with the measurement of water quality characteristics,
in addition to the uncertainty arising from sampling. This inherent uncertainty arises from a number of
sources, but it primarily relates to the accuracy of the laboratory equipment used to produce a result, and
various measurement errors that may be introduced through the analytical process.

In some cases, the level of uncertainty will be insignificant relative to the quoted result; in other cases,
however, it can be quite significant. Under the ISO Standard used by NATA for accreditation, AS ISO/
1IEC 17025—2005 - General Requirements for the Competence of Testing and Calibration Laboratories,
laboratories are required to estimate the uncertainty associated with the results they produce (known as
the measurement uncertainty).

Upon request, NATA-accredited laboratories are required to provide the measurement uncertainty (MU)
associated with a particular analytical result (x), which should be expressed by the laboratory as either x
+ MU, or as a percentage of x, or in any other manner accepted by the relevant accreditation body.

Organisations performing water quality testing are encouraged to request that their laboratories provide
MU data as part of their analytical results reporting. This will promote an appreciation of the variability in
the analytical data being received.

9.10.5 FIELD TESTING

Field testing can be used for operational monitoring of drinking water supplies, and its use is encouraged,
particularly for small and remote systems where access to laboratory-based testing is difficult.

Some tests, including those for temperature, free and total chlorine and monochloramine, are always
undertaken in the field. Sample storage times and conditions affect results such that unless analysis
can be undertaken within a short time of sampling, field testing is the only method of deriving
representative results.

Beyond those tests which must be done in the field, it is possible to acquire, at reasonable cost, basic
chemical test kits for common physical and chemical characteristics, including hydrogen sulfide (H,S),
pH, dissolved oxygen, electrical conductivity, colour, iron, manganese, turbidity, chlorine and fluoride.
These test procedures are well within the capabilities of trained treatment plant operators and system
caretakers. The test results should generally, however, be regarded as indicative only, and should
complement, but not replace, more reliable laboratory tests.

Recent advances in field tests for indicator microorganisms, such as total coliforms and E. coli, are making
such tests feasible as part of drinking water quality monitoring in small and remote locations where it
may not be possible to get samples to laboratories within the timeframe required for accurate analysis,

or the costs of doing so are prohibitive.
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The test results of field testing will not have the standing of those produced by NATA-accredited
laboratories, but they do permit regular and frequent monitoring. What the field tests sometimes lack
in precision and reliability needs to be balanced against the benefits of the increased frequency of
monitoring that is possible. Furthermore, such kits enable many tests to be performed in the field, thus
avoiding the need to preserve and transport samples to a laboratory.

In all cases where field testing is undertaken, it is essential that those doing the testing are appropriately
trained, that analysers are calibrated as per the manufacturers’ specifications, and that an audited quality
assurance program, ideally including proficiency testing, is in place to monitor testing performance. The
extent to which a monitoring program relies on the results of field kits should be discussed with the
relevant health regulator.

9.11 Monitoring advice for small, remote or community-managed
water supplies

While small, remote water supplies are typically managed by a community group or a small private
operator, some are managed by water utilities.

The same general principles apply for such supplies as for any other, with decisions on monitoring
informed by risk assessment, and operational monitoring taking a higher priority. For example, tests of
microbial quality of drinking water are a valuable adjunct to, but not a substitute for, assessing source
water protection, treatment, and the integrity of treatment barriers through to the consumer’s tap. Given
the limitations in the ability of indicators to predict health risk accurately, it is essential to maintain
effective barriers to faecal contamination.

Operational monitoring of small supplies will typically include a greater focus on observational
monitoring, including regular inspections (preferably weekly) of:

. local source water catchment or recharge areas and source water reservoirs;

. boreheads, to ensure that they are sealed and secure;

. fences and enclosures around bores, tanks and other infrastructure;

. tank roofs and above-ground pipes and valves, to ensure that integrity is maintained, roofs are intact
and there are no breaks or leaks; and

*  drainage at bore sites, air valve pits and scour valve pits.

Contamination events are often associated with extreme events, and observational monitoring should be
undertaken to assess impacts of heavy rainfall, flooding and storms on infrastructure.

The most common form of treatment in small supplies is disinfection. Where applied, it will always be a
critical control point. Ideally disinfection should be monitored continuously using automatic systems with
alarms. If this is not available, it should be replaced by frequent manual checks as detailed in Table 9.7.
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Table 9.7 Recommended operational monitoring at disinfection points in small, remote or community-managed
water supplies

Operational monitoring - disinfection

Chlorination Ultraviolet

Chlorine residual continuously monitored with alarms for UV light intensity continuously monitored with alarms for
non-compliance with critical limits (residual below minimum non-compliance with critical limits

concentration) UV light power available and UV running checked several times
Chlorine residual checked manually downstream of chlorinator per day.

several times per day Observations of UV light performance such as heat of sleeves,
Observations of chlorinator performance such as: fuses operational etc.

*  correct rotameter setting

* hypochlorite dosing pump operating correctly

* the amount of gas or liquid hypochlorite being used
by the system

» sufficient quantities of disinfectant available to ensure

chlorination is not interrupted

If other treatment processes are applied, then appropriate operational monitoring will be needed. This
should follow similar principles to the monitoring of disinfection, with on-line monitoring of disinfection
preferred. If on-line monitoring is not available, it should be replaced by frequent manual testing.

In general, drinking water quality monitoring of small water supplies should be based on the principle
that it is much more effective to test for a narrow range of key characteristics as frequently as possible,
than to conduct comprehensive but lengthy (and possibly largely irrelevant) range of analyses less often.

Key characteristics to be monitored as part of drinking water quality monitoring should include those
with the potential to present significant risks and for which reliable verification of safety is required.
As discussed in Section 9.2.1, priority chemicals particularly for groundwater supplies include arsenic,
fluoride (at concentrations above those applied for dental protection), selenium, nitrate, lead and
uranium. Iron, manganese, total dissolved solids and hardness can be sources of aesthetic water
quality problems.

If data are not available, testing should be undertaken to determine background concentrations of key
health-related hazards. This should be informed by a risk assessment, taking account of local geology,
potential sources of chemicals (e.g. existing or abandoned mining sites) and known problems in the area
identified by testing of nearby water supplies. Initially, quarterly monitoring is recommended, to include
consideration of any seasonal influences.

Further testing should be based on mean concentrations and variability. In general, the closer the mean
value of a characteristic is to the guideline value, or the greater its variability, the more frequent the
monitoring needs to be (for these characteristics, the suggested frequency is annual). Those characteristics
that, based on risk assessment, are not likely to be present or have been shown to be present in
concentrations well below guideline values typically require monitoring very infrequently (e.g. every two
years) or not at all.

Observational monitoring should be used to supplement the chemical testing program; for example,
checking for chemical spillage and appropriate application, uses and storage of fertilisers and pesticides.

The monitoring program (and the available results) should be discussed with the regulator who has
responsibility for the oversight of drinking water quality, to determine an appropriate sampling frequency.

Frequent testing for aesthetic characteristics is generally not justified once concentrations are established
unless variability is expected or specific controls are introduced (e.g. desalination, pH correction, filtration
of surface waters).
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While weekly E. coli testing is recommended in Table 9.4, there can be practical difficulties in performing
microbial testing for small remote communities. The recommendation to collect weekly samples needs to
be balanced against the logistics of collecting, preserving and transporting the samples, the risk profile
for the supply, and the risk mitigation processes that are operating on the supply. Alternatives can include
less frequent testing or the use of field kits.

The following resources have been developed to assist operators of small remote water supplies:

. the NHMRC Community Water Planner - A tool for small communities to develop drinking water
management plans, which focuses on microbiological water quality (http://www.nhmrc.gov.au/
publications/synopses/eh39.htm);

*  afield guide also developed by the National Water Commission to assist the implementation of the

Community Water Planner in remote Indigenous communities (http://www.wqra.com.au/cwplanner/
CWPlanner.htm).

All of these tools provide guidance on monitoring requirements.
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Chapter 10 Monitoring for specific characteristics in drinking
water (Revised 201 |)

10.1 Introduction

Monitoring data are generated from various sources, such as continuous operational monitoring, field
measurements, grab samples, and observational activities. Results from both operational monitoring and
verification of drinking water quality should be evaluated over both the short and long term. Results
should be documented systematically, and a system of regular reporting of results to relevant staff,
departments and external stakeholders (e.g. regulators) should be implemented.

In the short term, monitoring results should be reviewed promptly to assess performance against target
criteria and critical limits, guideline values, or agreed levels of service. Where results indicate that
established criteria, such as critical limits, have been exceeded or deviated from, or control of the process
has been lost, immediate corrective action is required.

The objective of the long-term review of monitoring data is to look at overall system performance in
order to enhance understanding of recognised problems, identify any emerging problems and trends,
and evaluate the risk to public health and the need for water quality improvement projects. Long-term
evaluation of monitoring data can provide confirmation of the hazard identification and risk assessment
process, and it assists in corroborating or modifying the assumptions made in the previous risk
assessment, as well as increasing system knowledge. It also serves an important due-diligence function
with respect to protecting public health, and it contributes to consumer and stakeholder confidence.

For the purposes of this chapter, “short-term evaluation” refers to the routine review of a single
monitoring result, or a time-limited (for example, 24 hours) review of on-line monitoring data. “Long-term
evaluation” refers to the review of data and the assessment of performance over a time period, typically
12 months (but this could be shorter for critical control points).

10.2 Assessing safety: short-term evaluation of monitoring

Monitoring results should be reviewed promptly and assessed against specified operational criteria,
guideline values, agreed levels of service, or previous results, to ensure that preventive measures are
functioning effectively and the drinking water quality supplied to consumers is acceptable. Monitoring
results that fail to meet established criteria indicate a potential break in process control, and corrective
actions are required to resolve the issue and regain control.

Those responsible for interpreting monitoring results and activities should have a sound understanding

of the assessment process and the necessary responses, and should be familiar with any communication
protocols. A considered approach to responding to potential failures should be developed and
documented in advance, and should include any instructions on system investigation, additional
monitoring, required adjustments upstream or downstream, and process control changes. The objective of
the response is to re-establish the system within operating specification as rapidly as possible.

Immediate response and notification of the relevant health authority is required if there is a significant
system failure that could pose a health risk or seriously affect water quality (e.g. non-conformance

with critical limits, positive detections of E. coli within the distribution system, health-related chemical
detections above the relevant guideline value). Incident and emergency response plans should be
developed to deal with these failures. These plans will be particularly important for times when normal
corrective actions cannot re-establish operational performance quickly enough to prevent drinking water
of unacceptable quality from reaching consumers (see Section 3.6.2).
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A process should be established for documenting and evaluating an event or incident, in order to identify
opportunities for improvement. As necessary, the incident should also trigger further investigation,
including a long-term review of relevant characteristics, to identify the underlying nature of any problems.

The following sections provide guidance on evaluating and responding to monitoring results from critical
control points and other operational monitoring, as well as microbial, chemical and physical monitoring
of the quality of drinking water as supplied to consumers.

10.2.1 SHORT-TERM EVALUATION OF OPERATIONAL MONITORING

Operational monitoring is carried out throughout the water system, including source water and
catchment, treatment processes, and the distribution system. All operational monitoring results should be
promptly reviewed against any established criteria, objectives and previous results to assess whether the
system is operating under normal conditions or whether there is an increase in the level of challenge,

or the preventive measures and barriers are not performing effectively.

When target criteria and/or critical limits (for critical control points) have not been met, operational staff
need to remain aware that the water supply system may not be functioning effectively, and assess the
immediate or future risk of supplying unacceptable and possibly unsafe water to consumers.

Box 10.1 sets out priorities for attention when operational characteristics are found to deviate from
established operational criteria.

Box 10.1 Priorities for attention where operational criteria are not met

The response to deviations from any established operational criteria is risk-based, and will vary depending on the operational
characteristic in question and the impact of the deviation on the provision of safe drinking water. As a guide, however, priorities for
attention include:

|. deviations that could have a significant impact on critical control point performance; for example:

e clarifier turbidity deviating from operational target criteria, affecting downstream filtration and resulting in inadequate
filter performance;
*  colour of water through a UV plant exceeding the design specification, resulting in ineffective disinfection;

2. deviations that could have a direct impact on the microbial safety of the water; for example, reduction in chlorine residual in the
distribution system, especially for water supply systems where Naegleria is considered a high risk, or where there is evidence of
recontamination or breakdown of distribution system integrity

3. deviations that could contribute to consumers receiving drinking water containing a chemical characteristic above a
health-related guideline value;

4. deviations that could contribute to consumers receiving aesthetically poor drinking water.

Critical control points (CCPs)

Of all operational monitoring, monitoring at CCPs is the most critical for assuring drinking water safety.

Monitoring at CCPs should occur frequently, preferably continuously, using online analysers, and these

analysers should be alarmed at both the target criteria and the critical limits, so that operational staff are
alerted promptly of adverse results and effective operational control can be maintained.

Where alarm systems exist, a protocol for alarm response should also be established which considers the
length of time an alarm condition can exist before a field response is initiated (to avoid callouts based on
background “noise”) and the actions to be taken if a field response is initiated. This may be influenced
by factors such as the quality of the source water (low risk / high risk), existence of other barriers to
contamination, and at which specific barrier or process the alarm occurs.
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Target criteria breach

Any breach of target criteria should be regarded as a warning or indication of a change in system status
and possibly the start of a trend towards loss of control of the process, which may ultimately result

in a breach of a critical limit. Investigation and appropriate corrective actions to resolve any potential
problems should immediately be undertaken to ensure a critical limit is not breached.

Possible corrective actions for deviations from target criteria at CCPs include:
*  inspection of the water supply system for faults;

*  manual backwashing of filters;

*  alteration of plant flow rate to reduce loading;

*  use of an alternative raw water source;

*  increasing disinfectant dose;

. adjusting process control;

. inspection and calibration of monitoring equipment;

. engagement of backup equipment;

. increased monitoring and observation.

Box 10.2 provides an example of the short-term evaluation of filtration performance and the corrective
action that should be taken when the target criterion for turbidity has not been met.

Box 10.2 Short-term evaluation of filtration performance

For the filtration critical control point example detailed in Box 9.5, the target criterion for turbidity at each filter was set at <0.2
NTU and a critical limit for turbidity was set at 0.5 NTU.

If the turbidity from an individual filter has exceeded 0.2 NTU continuously for longer than the pre-determined delay period, an
alarm should alert the operator that the target criterion has been breached and target filtration performance is not being achieved.
The operator should promptly assess the filtration process and investigate the cause of the alarm. If the exceedance is during
normal operation, immediate corrective actions should be implemented to achieve target performance. This may include:

e visual inspection of the filter to identify abnormalities;

*  reviewing turbidity trends for all individual filters;

e confirming that upstream processes (e.g. coagulation) are operating normally;
e assessing raw water quality for unusual loadings;

*  checking filter flow rates;

. manual backwashing of the filter; and

*  reducing the hydraulic load on the filter.

If the exceedance of the target criteria is the result of a backwash event, the operator should keep the filter performance under
close surveillance to confirm that plant operation returns to normal as expected, and ensure that the critical limit of 0.5 NTU is not
breached. If an alarm indicates that the critical limit is exceeded, this should result in the filter being immediately taken off line until
operation is satisfactorily back within specification.

After corrective action has been taken, its effectiveness needs to be verified. This usually entails additional
monitoring. Secondary impacts of the corrective action, and the need for adjustments or additional action
further along in the supply system, should also be considered.

Exceedance of, or deviation from, a target criterion at a critical control point would not generally require
notification of the health regulator, provided the corrective action successfully prevents a breach of a
critical limit.
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Critical limit breach

Breaching of a critical limit indicates that control of a process has been lost, probably resulting in an
unacceptable health risk. The health regulator should be notified without delay, corrective action should
be taken immediately to resume control and normal operation of the process, and implementation of an
emergency response plan should be considered. The emergency plan may include:

*  plant shutdown;

. immediate collection and review of all relevant results (e.g. if filtered water turbidity exceeds limits,
this should include source water quality operation of downstream disinfection plants);

*  water diversion and/or reliance on an alternative supply;

*  reduction in flow and the holding of unsafe water in pipelines for disposal;

*  additional treatment elsewhere in the system (e.g. secondary disinfection, spot dose, booster
disinfection);

*  mains flushing, cleaning and localised disinfection;

*  increased sampling and monitoring of relevant operational and drinking water quality characteristics
downstream throughout the distribution system;

. implementation of a boil-water advisory in consultation with the relevant health regulator, if
microbial contamination is suspected.

Critical operational processes with online, continuous monitoring of performance can be equipped with
alarm systems set at critical limits which, when breached, trigger an automatic immediate shutdown of the
treatment plant. This mitigates the risk of producing water with an unacceptable level of associated health
risk (e.g. supply of undisinfected water) to consumers. Where possible, the water transfer system may
also be shut down or diverted, to ensure that unsafe water is not supplied to consumers.

When any critical limit is breached, rapid response and investigation are essential to ensure that
consumers’ health is protected and supply is maintained. It may also be necessary to issue a public
advisory, depending on available knowledge of the situation, the rapidity and effectiveness of the actions
taken in response to the breach, and whether drinking water of unacceptable quality has been or will be
supplied to consumers. This decision will be made in consultation with the relevant health regulator.

When the system is back under control, the root cause of the barrier breach should be investigated and
improvements made, based on the outcome of the investigation (see Section 3.6.2).

Other operational monitoring — catchment to consumer

In addition to evaluating data at critical control points, results from other operational monitoring activities
throughout the system should also be promptly reviewed against established target criteria and objectives,
and previous results, to assess whether:

. the system is operating under expected normal conditions or there is an increase in the
level of challenge;

*  the preventive measures and barriers are performing effectively; and/or
*  the monitoring results indicate a trend in performance that may be associated with:
— poor maintenance;
— insufficient backwashing;
— clogging of filters;
— increased chlorine demand; or

— poor calibration of monitoring equipment.
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Results from observational monitoring activities would also be assessed. Any reports of barrier breaches,
such as damage to tank roofs, backflow or cross-connections, are significant and require immediate
attention. Other observations of concern, such as increased human activity in a catchment, floc blanket
in poor condition, “boiling” in filter beds when backwashing, reduction in chlorinator maintenance, or
failure to meet targets for testing of backflow prevention devices, while they may not have an immediate
impact on water quality, should nevertheless be addressed promptly to bring performance back to
established requirements and target criteria.

The potential impact of poor performance or failure of an upstream barrier on the performance or
integrity of downstream barriers should also be assessed.

10.2.2 SHORT-TERM EVALUATION OF DRINKING WATER QUALITY MONITORING

Water utilities should always aim to supply drinking water that complies with the health-related and
aesthetic guideline values detailed in these Guidelines.

If the results of drinking water quality monitoring within the distribution system show that the water
being supplied to consumers does not comply with the relevant health-related and/or aesthetic guideline
values, then corrective action should be taken, as detailed in the following sections.

Evaluating short-term microbial quality

The short-term performance measure for microbial quality is detailed in Table 10.1.

Table 10.1 Performance measure for Escherichia coli within the distribution system

*  Escherichia coli (E. coli) should not be detected in a minimum 100mL sample of drinking water.

. If detected, immediate corrective action must be taken

Water suppliers should take all reasonable actions to meet the guideline for E. coli, which is that
E. coli should not be detected in a minimum 100 mL sample of drinking water. In practice, E. coli
may occasionally be present in drinking water in the absence of any identifiable source of faecal
contamination. Nevertheless, if samples taken are found to contain E. coli, the response to each
detection should be rigorous:

*  Action should be taken urgently to identify and rectify any barrier breaches, and ensure that
all the barriers are working continually and the system is safe. This should include checking
disinfectant residuals.

*  Further samples should be collected to confirm the presence of E. coli and determine possible
sources and distribution. This should include a repeat sample from the point where the non-
conforming sample was collected and, as appropriate, an upstream sample (e.g. a service reservoir
or system entry point) and a downstream or adjacent sample (e.g. a nearby sampling location).

*  An investigation should be initiated immediately to identify the underlying cause(s) of any barrier
breaches or unexplained results, and put in place corrective actions to prevent future faecal
contamination and detection of E. coli.

. Further sampling should be undertaken to verify that the corrective actions have been effective.
*  All actions taken in relation to the detection should be documented.

If any of the repeat samples returns a positive result for E. coli, the response needs to be escalated.
Depending on the circumstances, the escalation may involve:

»  additional water treatment, including increased disinfection and spot dosing with chlorine;

*  provision of an alternative water supply;
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*  issuing of a boil-water advisory (based on advice from, or done in consultation with, the relevant
health regulator).

Additional, more widespread monitoring of the supply system should also be undertaken to determine
the extent of contamination.

Procedures on reporting and responding to E. coli detections should be established with the relevant
health regulator, and should be included in incident protocols. The procedures should include agreement
on the requirements to be met before an incident is deemed to be closed.

Detection of E. coli in the drinking water system is a serious issue. At the conclusion of any incident,
a debrief should be held to assess the problem and response, and agree to any short- and long-term
actions needed to prevent a recurrence. Responsibility for undertaking those actions should be clearly
established. If no identifiable source of contamination is determined, a long-term review of microbial
system performance should be triggered to look for any emerging problems or trends.

Box 10.3 provides an example of a response protocol for E. coli detections.

Box 10.3 Example response protocol for E. coli detections

*  Notification of the health regulator and immediate implementation of measures to render the water supply safe, as a priority.
For chlorinated systems, establishing a free chlorine residual throughout the distribution system provides a high level of
assurance that bacterial contamination will be inactivated. Actions that can be taken to increase residuals in the water supply

system include increasing disinfection (e.g. chlorine dose rate), tank disinfectant dosing, mains flushing, and localised disinfection.

*  Chlorine (or chloramine) residuals should be frequently monitored to provide assurance that this barrier to contamination is
being continually maintained in the distribution system during the incident. This may be achieved by grab sampling or, preferably,
installation of mobile chlorine monitors.

*  Arepeat sample for E. coli should be taken from the same sample point within 24 hours of the initial E. coli detection, to assess
the effectiveness of remedial actions.

*  Rapid investigation from catchment to tap to identify the contamination source or reason for the barrier breach.This
includes gathering relevant information on water treatment performance and other operational data, including any consumer
complaints, and initiating surveillance in the catchment/reservoirs, treatment plant and distribution system to assess any non-
routine or unusual activities that may have occurred or are occurring.

*  E coli samples should also be concurrently taken from all other sample points within the supply zone, e.g. at the reservoir/tank
outlet, downstream and adjacent points in the distribution. The purpose is either to confirm that the supply zone is free of
contamination or to indicate the extent of any contamination.

*  Outcomes of the repeat samples should be immediately reported to the health authority. If any repeat samples are positive,
then further actions to protect public health will be determined.

*  Two more sets of repeat samples from all sample points in the zone should be taken over the following week to provide
assurance that the system has returned to operating within specification.

*  Conduct a rapid investigation from catchment to tap to identify the contamination source or reason for the barrier breach.
This includes gathering relevant information on water treatment performance and other operational data including any
consumer complaints, and initiating surveillance in the catchment/reservoirs, treatment plant, and distribution system to assess
for any past or present activities that are non-routine or unusual.

*  Investigation should also include possibility of sample errors or sample contamination as a result of sampling conditions or
transport, as well as laboratory quality assurance and possible analytical issues.

*  Short-term corrective actions to eliminate any identified source of contamination or reasons for the positive result.

Close liaison should be maintained with the health regulator throughout the incident. The health regulator will determine the need
to initiate emergency response plans, including issuing a public advisory, depending on the individual circumstances, the location of
the sample and the investigation outcomes, and whether the sample represents a significant health threat to consumers.
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Naegleria fowleri

An emerging issue in many jurisdictions is the detection of the free-living pathogenic amoeba
Naegleria fowleri.

As free-living environmental organisms, Naegleria are not associated with faecal contamination and
can be detected in the absence of E. coli. N. fowleri causes the waterborne disease primary amoebic
meningoencephalitis (PAM). The route of infection is intra-nasal and PAM is associated with bathing
rather than ingesting water.

Only N. fowleri has caused PAM. Other species of thermophilic Naegleria, however, may indicate the
potential presence of N. fowleri, and detection of any Naegleria in drinking water should therefore be
taken seriously, and corrective actions should be initiated while speciation is undertaken to determine
if V. fowleri is present.

Naegleria are most likely to enter a water supply system at the source or at breaks in the sealed system
such as open reservoirs and tanks. Under favourable conditions, they can proliferate in pipework and
tanks. Naegleria can encyst and when in this state are more resistant to disinfection. Unless chlorine
residual is continuous, the cysts are also able to survive in tank sediments and pipe biofilm.

Free chlorine or chloramine residual at 0.5 mg/L or higher will control N. fowleri provided the disinfectant
residual persists throughout the water supply system at all times. A detection of thermophilic Naegleria in
the treated water system should be taken seriously, as it indicates the potential presence of the pathogen
N. fowleri, and that preventive measures and barriers have failed.

Box 10.4 provides an example of a response protocol to the detection of Naegleria.
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Box 10.4 Example response protocol for Naegleria fowleri

A detection of thermophilic Naegleria in the treated water system should be taken seriously as it indicates the potential presence of
the pathogen N. fowleri, and that preventive measures and barriers have failed.

Immediate response should include the following:

I. Notify the health authority and as a priority, take immediate action to render the water supply safe.To re-establish control of the
water supply system, utilities should aim for free chlorine and chloramine residuals of at least | mg/L throughout the distribution
system. Actions to increase residual in the water supply system include increasing disinfection (e.g. chlorine dose rate), tank
disinfectant dosing, mains flushing, and localised dosing.

2. Check chlorine or chloramine residuals frequently to provide assurance that this barrier to contamination is being continuously
maintained in the distribution system during the incident. This may be achieved by grab sampling or, where available, by installing
mobile chlorine monitors.

Arrange speciation of the Naegleria if not provided with the original laboratory notification.

4. Take a repeat sample for Naegleria from the sample point to assess the effectiveness of remedial actions. Naegleria samples should
also be taken concurrently from all other sample points within the supply zone (e.g. at the reservoir/tank outlet, downstream,
and adjacent points in the distribution). The purpose is either to confirm that the supply zone is free of Naegleria, or to indicate
the extent of the problem.

5. Investigate from catchment to tap to identify possible barrier breaches or contributing causes. This includes gathering relevant
information on water treatment performance and other operational data such as consumer complaints of dirty water, burst
mains, tank running empty, or flow reversals in water mains. Any disturbance of sediments increases the likelihood of Naegleria
detection.

6. Communicate the results of the speciation immediately to the health authority. If N. fowleri is detected, consider further actions
to protect public health, depending on the penetration and consistency of chlorine residuals in the distribution system.

7. Report outcomes of the repeat samples immediately to the health authority. If any of the repeat samples are positive, then
further actions to protect public health will be determined.

8. Take another set of repeat samples from all sample points in the zone over the following week to provide assurance that the
system has returned to operating within specification.

9.  Take short-term corrective actions to eliminate any identified source of Naegleria or reasons for the positive result.

Close liaison should be maintained with the health authority throughout the incident. The health authority will determine the need to
initiate emergency response plans, including issuing a public advisory.

At the conclusion of the incident, a debrief should be held to assess the problem and response and agree on any short and long-term
actions needed to prevent a recurrence. Responsibility for undertaking those actions should be clearly established.

Actions that should be considered following a Naegleria detection include:

*  Review operational limits for chlorine/chloramine residuals in the distribution system to ensure a minimum of 0.5 mg/L is
maintained at all times;

*  Review the frequency of cleaning to minimise sediment build-up in tanks and reservoirs;

*  Introduce flushing and scouring programs to control sediment build-up in water mains;

*  Install temporary chlorine boosters to ensure continuous residual above 0.5 mg/L;

*  Modify system operation to reduce water age and stagnation to promote maintenance of chlorine residuals; and

ake proactive measures to strengthen barriers when the challenge temporarily increases (e.g. increase chlorine residuals in
. Take cti to st hen b hen the chall t I il dual

the distribution system following a flow reversal event).
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Evaluating short-term health-related chemical quality

The short-term performance measure for health-related chemical characteristics is detailed in Table 10.2.

Table 10.2 Performance measure for health-related chemical characteristics within the distribution system

*  Chemical characteristics should not be detected in drinking water at concentrations above the relevant health-related
guideline value.

*  If a chemical characteristic is detected at a concentration above the relevant health-related guideline value, follow-up action

must be taken.

Water suppliers should take all reasonable actions to ensure that drinking water does not contain any
chemical characteristic in excess of a health-related guideline value, or an agreed level of service.

As described in Chapter 6, guideline values in the ADWG are generally rounded to a single significant
figure. When interpreting monitoring results, water regulators and suppliers need to be aware that the
guideline values are the results of rounding, and that the level of precision is one significant figure. When
comparing a monitoring result with the guideline value the comparison should occur at the level of one
significant figure. In determining compliance, state and territory water regulators can provide guidance.

Table 10.3 Examples of comparing monitoring data to guideline values

Guideline value Monitoring data Single significant figure = Consequence

of monitoring data
2 mg/L 1.6 mg/L 2 mg/L Does not exceed guideline.
I mg/L |.4 mg/L I mg/L Does not exceed guideline.
I mg/L 1.5 mg/L 2 mg/L Exceeds guideline.
500 mg/L 547 mg/L 500 mg/L Does not exceed guideline.
0.05 mg/L 0.0523 mg/L 0.05 mg/L Does not exceed guideline.

With a few exceptions (e.g. nitrate, copper, sulfate, fluoride), all health-related guideline values relate to
lifetime exposure, such that a single result above the guideline value is unlikely to present an immediate
health risk. Nonetheless, each result above a health-related guideline value or an agreed level of service
should be investigated to ensure that it does not pose any short-term acute effects or represent an
emerging issue. Such results may at least indicate that a problem has occurred somewhere in the system
with respect to barrier performance, and this should be investigated.

The recommended response to any detection of a chemical characteristic at concentrations above the
relevant health-related guideline value is as follows:

*  The detection is to be reported to the relevant health regulator, following established reporting
protocols. Any health implications of the exceedance or non-conformity should be quickly assessed
in relation to any short-term acute effects of the chemical in question, as this will influence the
response.

*  The water supply system should be inspected, and treatment records should be reviewed to ensure
that if treatment barriers have been applied to manage the particular chemical characteristic (e.g.
arsenic removal), they have not been compromised.

*  Further sampling should be undertaken to verify the persistence and extent of the contamination.
Sampling should also be undertaken to verify that corrective actions have been effective. The
additional sampling should include a repeat sample from the point where the non-conforming
sample was collected and, as appropriate, samples from source waters, upstream points (e.g. a
service reservoir or system entry point) and a downstream or adjacent location (e.g. a nearby
sampling point).

. All actions taken in relation to the detection should be documented.
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A public advisory would not normally be required unless the concentrations found are so high that
an acute health impact is possible. However, if any of the follow-up samples return a result above the
relevant health-related guideline value, the issue needs to be discussed with the relevant health regulator.
Depending on the circumstances, the discussions may result in:
*  additional, more widespread monitoring of the supply system to improve understanding of
the problem;
. operational changes to reduce the exposure;
. provision of an alternative water supply;

. longer-term improvements (e.g. additional treatment); and

. issuing of public advice.

Evaluating short-term aesthetic quality

The short-term performance measure for chemical and physical characteristics with aesthetic guideline
values is detailed in Table 10.3.

Table 10.4 Performance measure for aesthetic chemical and physical characteristics within the distribution system

*  Aesthetic chemical and physical characteristics should not be detected in drinking water at levels outside relevant aesthetic

guideline values or agreed levels of service.

. If an aesthetic chemical or physical characteristic is detected at a level outside relevant aesthetic guideline values or agreed

levels of service, follow-up action should be taken.

Whilst not presenting a health risk, the aesthetic guideline values ensure that drinking water is
aesthetically pleasing and pleasant to drink. Many customers equate aesthetics with the safety of drinking
water, so every effort should be made to meet the aesthetic guideline values.

The recommended response to any detection of a characteristic outside the relevant aesthetic guideline
value is as follows:

* Inspect the water supply system and review treatment records to ensure that barriers have not
been compromised.

. Undertake further sampling to verify the persistence and extent of the issue. Sampling should be
from the point where the non-conforming sample was collected plus, as appropriate, an upstream
sample (e.g. a service reservoir or system entry point) and a downstream or adjacent sample
(e.g. a nearby sampling location).

It should be noted that some aesthetic characteristics, such as pH and turbidity, have an association with
the safety of drinking water supplied as they affect treatment effectiveness.

Some water supply systems may consistently not meet an aesthetic guideline value because of the nature
of the source water (e.g. high total dissolved solids). In these specific cases, investigating the reason for
each elevated result is not recommended; rather, a normal operating limit or range should be established
based on historical data. Any monitoring results outside these limits would then be assessed as unusual
and would indicate a change in system operation that requires further investigation.

In many of the supplies where the nature of the source water results in ongoing non-compliance with an
aesthetic guideline for a chemical or physical characteristic, an agreed level of service may be established
with regulators and consumers. The agreed levels of service then become the values against which
performance is measured.
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10.3 Assessing performance: long-term evaluation of monitoring

The systematic review of monitoring results over an extended period of time (typically 12 months) is
necessary to evaluate whether existing system management practices are effective in reducing risk, and
to identify opportunities for improvement. The long-term evaluation of performance provides an essential
feedback loop and comparison to the hazard identification and risk assessment process, and assists in
corroborating or modifying assumptions and increasing system knowledge (see Figures 9.1 and 9.2).

The long-term evaluation of microbial, health-related chemical and aesthetic performance includes the
assessment of all available monitoring information from catchment to consumer, including observational
activities. The assessment should compare the monitoring information against objectives and criteria, such
as guideline values or agreed levels of service.

Mechanisms should be developed for the long-term evaluation of microbial, health-related chemical and
aesthetic performance. Useful tools to facilitate analysis of data sets include graphs, trend charts and,
where appropriate, statistical evaluation.

The results from the long-term evaluation of performance should form an input to the senior
management review (see Element 11 of the Framework, Section 3.11). Some aspects will be reported
externally to consumers, stakeholders and regulatory authorities in accordance with requirements. It

is an important due-diligence function that provides assurance that data are reviewed regularly and
improvements are made in response to identified problems. Such assurance contributes to consumer and
stakeholder confidence in the quality of the water being supplied and the actions being taken to manage
the water supply system proactively.

10.3.1 LONG-TERM EVALUATION OF MICROBIAL PERFORMANCE

The long-term evaluation of microbial performance is a system-wide assessment that includes a
performance evaluation of microbial monitoring data for the distribution system, including the point

of supply to consumers, over a defined period, supplemented by all available operational monitoring data
relevant to microbial system performance, from catchment to consumer. The purpose is to confirm the
robustness of the system to deliver, reliably and continuously, drinking water that is free of microbial
contamination.

Assessment of long-term microbial performance of the water supply system is undertaken to understand
microbial challenges, and assess the effectiveness of preventive measures and barrier performance and
whether they are being implemented appropriately. Any unacceptable increase in risk to consumers
from changes in microbial challenge, barrier performance and/or system operation should be mitigated
through short- and long-term improvements.

Information from any investigations, validation monitoring or incidents that may have occurred during the
period of assessment should be included in the evaluation, for insights into problems and lessons learnt.

Where the long-term evaluation indicates deficiencies or opportunities to strengthen barriers to
contamination, it is essential that short-term and long-term improvements are assessed, planned and
implemented as a priority.

Review of microbial monitoring within the distribution system

Assessing the microbial quality of drinking water supplied to consumers over the long term is necessary
to verify system performance and identify possible vulnerabilities in the water supply system or emerging
trends of concern that may have gone unnoticed. This involves primarily an evaluation of E. coli
monitoring data for the distribution system, including the point of supply to consumers.

As detailed in Section 10.2.3, the performance measure is that no E. coli should be detected in drinking
water. Recognising the uncertainty attached to some E. coli results, the performance measure also
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includes the requirement that corrective action be undertaken and documented in response to each
detection, to prevent recurrences of potential faecal contamination.

E. coli results should be reported per water quality monitoring zone, detailing the number of samples
collected, and the percentage of samples that were free of E. coli detections. The reporting statistics
should not include results derived from repeat samples, or from emergency or investigative samples
undertaken in response to detections.

In assessing and reporting on long-term microbial performance, the number of samples that contained
E. coli should also be detailed. If E. coli was detected in any drinking water quality samples, the
long-term review should report each investigation and the corrective actions taken.

Where a water quality monitoring zone records more than one sample positive for E. coli during the
reporting period, a more detailed description of the actions taken to investigate and resolve the multiple
detections should be prepared.

The rationale behind this reporting approach is that not all detections of E. coli can be directly linked to
instances of faecal contamination, but all detections need to be investigated and appropriate remedial
action taken.

A long-term target for E. coli may be determined in consultation with the relevant health regulator.

For water systems where drinking water temperatures in service tanks/reservoirs and the distribution system
can consistently reach temperatures greater than 25°C, the long-term evaluation of microbial performance
should also include a similar review of Naegleria monitoring data.

For the long-term evaluation of microbial quality, it is important to assess concurrently al/l operational
monitoring data relevant to microbial system performance, to provide assurance of the microbial data
derived from water quality monitoring and confirm the robustness of the system to meet current and
foreseeable challenges. Key aspects to include in this evaluation include performance of critical control
points, source water, reservoir and catchment monitoring, and distribution system integrity monitoring.

Review of critical control point performance

The continuous operation of critical control points (CCPs), such as disinfection and filtration, within target
criteria and critical limits is the single most important factor in ensuring the supply of water that is free of
microbial pathogens.

Performance of CCPs over the long term should be assessed against the specified target criteria and
critical limits by reviewing and reporting, for example:

*  percentage of time, or volume of water supplied, where critical limit(s) were met;
*  percentage of time, or volume of water supplied, where target criteria were met;
*  number of alarms that occurred over the review period; and

*  number of shut-downs to operation that occurred over the review period due to critical limit
breaches.

Water suppliers should strive to supply water that has complied with critical limit criteria 100 per

cent of the time. Where any performance objectives are not met, the review should try to understand
the underlying nature of the problems. Any potential upstream and downstream factors that may be
associated with objectives not being met should be considered. The review should confirm whether the
apparent microbial challenge is within the design specification of the treatment process.

Any documented or anecdotal reports of malfunctions or incidents at CCPs will provide additional
insights into problems and the actions required to improve performance. Review of CCP performance
should also include the percentage of the planned routine preventive maintenance that has been
undertaken, including instrument calibration.
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Corrective actions to improve performance should then be planned, implemented, and monitored.

Box 10.5 provides an example of the long-term evaluation of filtration plant performance, which is an
important part of the long-term evaluation of microbial performance of the system and the ongoing
provision of safe drinking water.

Box 10.5 Example of the long-term evaluation of filter performance

Real-time turbidity monitoring is necessary to ensure that filtration is optimised and that the required pathogen removal is achieved
at all times. In addition to routine review of filtration performance in the short-term to assess drinking water safety, the long-term
review of filtration performance, over periods of months to years, is essential to demonstrate whether the barrier has operated
effectively and continuously under a full range of challenges.

The assessment of filtration performance should include the percentage of time that target criteria and critical limits were met

and whether any trends or problems can be identified. A cumulative frequency graph (Figure 10.5.1) or a frequency histogram
(Figure 10.5.2) provide useful visual representations of filter performance over long time periods. Figure 10.5.1 indicates that for
this particular filter, treated water met the turbidity critical limit of 0.5 NTU approximately 92% of the time, and the turbidity target
criterion of 0.2 NTU approximately 65% of the time. A performance objective should be to achieve critical limits 100% of the time,
while the target criterion may have some allowance for filter ripening after routine backwash events. In this example, however, the
poor performance achieved from filtration, with the potential that unsafe water may have been supplied, would require that the
operation of the filter be thoroughly examined and an improvement plan developed.

In conjunction with other microbial monitoring data from throughout the system, this filtration performance should be further
evaluated to understand the causes of exceedances of established criteria and why corrective actions that were taken may not
have been effective. Challenges from the source water; assessment of the design capabilities of the filtration plant, observational
monitoring of the filters during backwash, operator training, instrument calibration, and preventive maintenance activities should
also be reviewed to understand overall filtration performance, and identify improvements needed to meet current and foreseeable
changes to challenges.

In Figure 10.5.2, turbidity data are compared to those from a previous year. The shift of the bars to the left in 2007 indicates
improved operation and performance of the filter over time. The presentation of data in these formats provides a clear assessment
of filtration performance over the long term; it allows filter problems to be identified early and provides or an early indication of
deteriorating filter performance (Mosse and Murray 2008).

Figure 10.5.1 Cumulative frequency graph of filtered water turbidity
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Figure 10.5.2 Turbidity histogram
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Review of other operational monitoring — catchment to consumer

The long-term evaluation of microbial performance should also include a review of all other operational
monitoring undertaken throughout the system. Source water (and reservoir) monitoring data should be
reviewed to assess any changes in the microbial challenge to the water supply system and whether any
trends of concern can be determined. Any significant hydrological or other events should be reviewed
to assess any associations that may relevant to system management (e.g. the response of turbidity and
E. coli to rainfall events; the response of algae to increases in reservoir water temperatures).

Observational and investigative monitoring results from the catchment area should be reviewed to
provide insight into changes in the level of challenge/risk (e.g. from changes in land use, recreation,
climatic and natural events). Review of incident reports can also highlight any new hazards and problems,
and should be incorporated in the review.

The long-term evaluation of microbial performance is supported by reviewing monitoring activities in the
distribution system. Chlorine residual performance in the distribution system provides useful information
on potential problems and risks that may not have been revealed through microbial monitoring. Hence,
chlorine residual penetration and consistency should be evaluated and any areas of concern identified.
System integrity should be verified by reviewing preventive maintenance activities, as well as any
monitoring and inspection records undertaken during the period.

Risk mitigation measures or system management improvements identified from the long-term evaluation
of microbial performance should be planned and implemented as necessary.

10.3.2 LONG-TERM EVALUATION OF HEALTH-RELATED CHEMICAL PERFORMANCE

The long-term evaluation of health-related chemical performance is a system-wide assessment that
includes evaluation, against guideline values, of chemical monitoring data for the distribution system,
including the point of supply to consumers over a period, supplemented by all available operational,
investigation and validation monitoring data from catchment to consumer.

The objective of the long-term evaluation is to understand system performance and confirm the
robustness of the system to deliver drinking water reliably with concentrations of chemicals below the
recommended maximum concentrations. The long-term evaluation of chemical performance should
inform any short- and long-term actions required to improve the management of risk.
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Review of health-related chemical monitoring within the distribution system

In assessing and reporting long-term chemical performance against health-related guideline values, the
number of monitoring results available for the reporting period needs to be considered.

In most cases, monitoring of chemical characteristics is monthly, although in some cases it may only
be quarterly. Therefore, there may only be between 4 and 12 data points available to assess system
performance.

Additionally, there is strong evidence that water quality data is not normally distributed, therefore it is
not appropriate to use statistics that are based on the assumption of normality. More information on the
statistical issues can be found in Information Sheet 3.3 - Statistics — Statistical Principles.

In assessing and reporting long-term chemical performance against health-related guideline values,
monitoring results for each chemical characteristic should be assessed and reported per water quality
monitoring zone, listing the number of samples collected per zone, the minimum, maximum and mean
result, and the number of results above the health-related guideline value.

Given that generally few data points will be available for evaluation, performance against the guideline
value is determined based on the maximum result.

If a longer data set is being evaluated, or there are sufficient sample results from the 12 month review
period to support a statistically valid evaluation of the results, then the 95" percentile statistic should
also be listed and used to determine performance against the guideline value. Information Sheet 3.5 —
Number of Samples Required provides advice on the number of samples required for a statistically valid
evaluation. Advice from a statistician could also be sought.

The reporting statistics should not include results derived from repeat samples, or from emergency or
investigative samples undertaken in response to an elevated result.

Monitoring data that are to be averaged or otherwise numerically adjusted should not be rounded prior
to averaging or other manipulations®’. Comparing monitoring data with a guideline value is described in
Table 10.3, Section 10.2.2.

Any investigations and corrective actions arising from individual results that exceed a health-related
guideline value should be incorporated into the long-term review and reported, to ensure that the cause
of the exceedances is understood and appropriate actions have been taken or planned to prevent a
recurrence. Where these investigations indicate that the system lacks robustness to provide confidence
that exceedances will not recur, actions to improve system performance should be evaluated.

If a health-related guideline value is exceeded or regularly close to being exceeded, this may indicate

a system deficiency, and the drinking water supplier needs to determine what is required to meet the
guideline values and agreed levels of service consistently. Operational corrective actions to reduce the
risk of health-related chemical exceedance should be implemented as quickly as practicable. Where
corrective actions include major capital works, an acceptable schedule should be agreed in consultation
with the health authority and/or other stakeholders, based on the risk to public health.

Review of operational monitoring — catchment to consumer

In Australian drinking water systems, many of the chemicals listed in these Guidelines are either not
present or present at concentrations that are stable and sufficiently low that the risk of exceeding
the health-related guideline value is very low. In these cases, the long-term evaluation of chemical
performance consists primarily of confirming and reporting concentrations against the relevant
guideline value.

5 Water suppliers may wish to retain monitoring data in its original state in order to permit future calculations.

Australian Drinking Water Guidelines Version 3.5 171



Monitoring for Specific Characteristics in DrinkingWater Chapter 10

There are likely to be a small number of chemicals that are consistently close to the guideline value, that
exhibit high variability, or for which a control, such as treatment, has been implemented to manage the
hazard. For these chemical characteristics, the long-term evaluation should incorporate review of any
associated operational monitoring data throughout the system, to enhance system understanding and
confirm the reliability of delivering drinking water that meets the specified requirements.

Depending on the chemical characteristic, relevant operational monitoring could include, for example:
*  observational catchment monitoring, such as observation of pesticide and fertiliser application;

*  events such as bushfires, which may increase organic load in source water, and subsequently, THMs
in the distribution system;

. operational characteristics related to the performance of any treatment process used to remove a
specific chemical (e.g. nitrate or arsenic removal); or

*  operational characteristics relevant to the management of microbial quality that may, indirectly,
have an impact on chemical quality (e.g. increasing chlorine dose to deal with higher source water
turbidity resulting in elevated THMs).

For any chemical characteristics where there is risk of exceeding specified guideline values, it may be
useful to establish target criteria or an operational limit at some value below the guideline value to provide
warning and trigger prompt investigation before a health-related chemical exceedance occurs. Box 10.6
provides an example illustrating how these principles may be used to manage THMs concentrations in the
distribution system.

The long-term evaluation of chemical performance, with inputs from drinking water quality monitoring
data and any associated operational data, should increase understanding of overall system performance
and provide input to any short- and long-term improvements to improve the management of any risk of
exceeding health-related guideline values.
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Box 10.6 Assessing system performance for management of THMs

Setting target criteria

The health-related guideline value for THMs at the point of supply to consumers is 0.250 mg/L.To ensure that the guideline value

is not exceeded, an operational target for THM concentration in the distribution system can be set below this level, for example at
0.175 mg/L. If a drinking water quality result greater than 0.175 mg/L is obtained, then this can trigger a more detailed evaluation of
the sample result and possible corrective action.

Short-term evaluation and response

If, for example, a drinking water quality monitoring resutt of 0.200 mg/L for THM s is obtained, the operational target is exceeded,
and this will trigger a response.The first action may be to increase sampling frequency for a period to obtain a more comprehensive
understanding of THM concentrations in the distribution system. If results are consistently above the target criterion, then further
investigation is warranted to determine the THM formation potential of the source and treated water; and the relationship between
chlorine dose and THM formation.

Operators can then set a maximum chlorine dose rate to avoid THM exceedances, as long as the dose rate does not compromise
effective disinfection. This chlorine dose rate is then the operating target for disinfection. If the source water quality is highly variable,
however, it may be necessary also to establish a surrogate for the organic content of the source water (e.g. UV absorbance), with
target criteria and routine monitoring of this characteristic in the source water.

Long-term evaluation of THM performance

The objective of the long-term health-related chemical evaluation is to determine whether the water supply system can consistently
deliver water that meets specified requirements. As one aspect of this long-term review, the long-term evaluation of THM
monitoring data used in this example would involve reviewing:

*  drinking water quality monitoring for guideline and target criterion exceedances;

*  THM formation potential of source water and the likelihood of this changing in the future;

*  whether the recommended maximum chlorine dose was adversely affecting disinfection or chlorine residuals in the
distribution system, creating other health risks.

If the long-term evaluation concludes that the risk of THM exceedances is unacceptably high, then improvements should be

considered. Considered first are operational options such as source water blending, lowering tank levels to reduce water age, or not

using the source water when risk of THM formation is at its greatest. Alternatively, capital solutions may be required such as tank

aeration or treatment to remove organics.

10.3.3 LONG-TERM EVALUATION OF AESTHETIC PERFORMANCE

The long-term evaluation of aesthetic performance is a system-wide assessment that includes evaluation

of monitoring data for the distribution system, including the point of supply to consumers over a period

against aesthetic guideline values, supplemented by all available operational, investigation and validation
monitoring data from catchment to consumer.

The objective of the long-term evaluation is to understand system performance and confirm the
robustness of the system to reliably deliver drinking water with characteristics that meet the physical
and non-health-related chemical guideline values and/or requirements agreed with customers and other
stakeholders. In addition, it is necessary to confirm that aesthetic water quality is not having an adverse
impact on health-related system performance.

Review of aesthetic quality monitoring within the distribution system

When assessing and reporting the long-term performance of characteristics against aesthetic guideline
values, each characteristic should be reported per water quality monitoring zone, listing the number of
samples collected per zone, the minimum, maximum and mean result, and the number of results outside
the relevant aesthetic guideline value. Any corrective actions that have been taken should also be listed.

The mean of the previous 12 months’ monitoring results should be compared to the aesthetic guideline

Australian Drinking Water Guidelines Version 3.5 173



Monitoring for Specific Characteristics in DrinkingWater Chapter 10

value. If the mean for any aesthetic characteristic falls outside the guideline value, it should be further
investigated to understand the reason for this outcome, and identify any trends that may be developing
and the actions required to prevent recurrences. In such cases, investigative studies and additional
monitoring may be required to improve characterisation of the water quality.

Review of operational monitoring — catchment to consumer

To ensure and/or improve aesthetic water quality performance and assess possible health impacts, review
of operational monitoring data from catchment to consumer is required.

An important consideration in long-term evaluation is to assess if the overall performance of any aesthetic
characteristic is likely to be associated with an adverse effect on the safety of the water supplied to
customers (e.g. pH can affect chlorination effectiveness and the corrosiveness of the water). Typically

this requires evaluating the aesthetic monitoring data in conjunction with other data, such as microbial
monitoring data. If the safety of drinking water is unacceptably affected, then corrective actions should be
included in the water quality improvement plan. If there is uncertainty about whether these characteristics
are affecting system performance, additional operational monitoring should be planned.

The review should also assess the acceptability of the aesthetic quality of water received by

consumers, taking into account that most non-health-related characteristics relate to the palatability and
amenity of the water and, as such, that there is a degree of subjectivity involved in setting the guideline
values for these characteristics. Where there is ongoing non-conformance with aesthetic guideline values,
water suppliers should review customer complaints and consider consulting with customers to determine
the impact.

Consumers notice and do not appreciate large variations in aesthetic water quality. Drinking water
supplies subject to large variations in aesthetic quality should be assessed to identify the actions or
investments needed to achieve greater consistency (e.g. selection of bore combinations, improved
treatment). The decision to proceed with any aesthetic water quality improvements will depend on a
number of factors including cost, technical difficulty, operator capability, and consumer feedback and
willingness to pay for improvements. Where aesthetic quality improvements are programmed, progress
on the improvements and their effectiveness should be reported.
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10.3.4 LONG-TERM EVALUATION OF CONSUMER SATISFACTION

From the consumer’s point of view, changes from the norm are particularly noticeable. At present,
there are no guidelines for consumers’ overall impressions or perceptions of physical water quality.
Furthermore, consumer satisfaction may have a regional or even local context, and it needs to be
assessed at this level.

The objective of the long-term evaluation of consumer satisfaction is to confirm that the complaint
handling system is effective for picking up complaints, and particularly any clusters of complaints, related
to water quality, and that action plans are adequate and linked suitably to operations.

Drinking water quality complaints by type (e.g. alleged illness, taste and odour, dirty water, stained
laundry) should be reported over the period and evaluated against any internal or external performance
targets (e.g. fewer than x complaints per 1000 households per year), noting any potential trends of
concern. Investigations and response actions should be reviewed to ensure the actions were satisfactory,
particularly with respect to any complaints of alleged illness, and that staff are adequately trained to
respond effectively.

The long-term evaluation should include any reports of routine or one-off surveys of customer
satisfaction and/or attitudes. Experience from major water suppliers indicates that consumer satisfaction
has the following characteristics:

*  Complaints and concerns about ‘healthiness’ are driven more by sudden noticeable changes in
quality, particularly in taste, odour, colour and turbidity, than by the long-term average.

*  Taste and odour associated with disinfectants are tolerated up to a point because they are associated
with the protection of public health, although concerns sometimes arise about the health effects of
added chemicals.

* It is unrealistic to expect to achieve complete satisfaction. For example, it is unlikely that more than
90 per cent of consumers will give a ‘good to excellent’ rating on taste and odour.

*  The bulk of consumer complaints relate to taste and odour, discolouration and stained washing,
many of which can stem from household plumbing or may be very localised. It is the unusual
complaints such as the fishy smell generated by the presence of certain algae in source water, or
blue discolouration due to corrosion of the consumer’s copper service pipes, that may have wider
implications for the water supply system, and these require immediate attention. In the event of blue
discolouration linked to copper corrosion, a more detailed investigation should be undertaken to
determine if the copper corrosion is widespread, or related to characteristics of the water being
supplied.

Where programs are in place to improve consumer satisfaction or awareness, these should be evaluated
in the long-term review for progress and effectiveness.

10.3.5 IMPROVEMENT PLAN

Any actions identified in the long-term review of performance that are needed to improve system
management and overall drinking water safety and consumer satisfaction should be documented and
incorporated into an improvement plan. Actions may apply in the short-term (e.g. enhanced mains
flushing programs, provision of alarms on critical control points), or may be longer-term capital works
projects (e.g. covering water storages, upgrading treatment).

The implementation of corrective and preventive actions will often have significant budgetary implications
and may therefore require detailed evaluation and careful priority setting. Implemented actions should

be documented and methods for monitoring the improvements should be developed, carried out, and
subsequently reviewed for overall effectiveness and improvement.
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10.3.6  PERFORMANCE REPORTING

Performance assessment, based on the long-term review of monitoring data, should be reported internally
to relevant staff and departments, as well as to senior management.

Performance reporting on water supply systems is also an important issue for health and regulatory
authorities, and for consumers. Providing assurance that performance is reviewed regularly and that
improvements are made in response to identified problems contributes to confidence in the water
supplied and the water supply organisation. External reporting ensures that system management and
drinking water quality performance remains open and transparent. External reporting may be done
through an annual report, the contents of which may be determined by a regulatory agency.

10.3.7 SUMMARY OF GUIDELINEVALUES FOR MICROBIAL, CHEMICAL AND PHYSICAL

AND CHARACTERISTICS

Tables 10.4 and 10.5 summarise of the guideline values for microbial, chemical and physical and
characteristics, to provide a ready reference when monitoring results are being evaluated. More detailed
information on each characteristic can be found in the relevant fact sheet.

Table 10.5 Performance measure for Escherichia coli within the distribution system

»  Escherichia coli (E. coli) should not be detected in a minimum 100 mL sample of drinking water.

. If detected, immediate corrective action must be taken

Table 10.6 Guideline values for physical and chemical characteristics

Guideline values
(mg/L unless
otherwise specified

Characteristic Health Aesthetic | Comments

Acephate 0.008 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.
Acrylamide 0.0002 Minor impurity of polyacrylamide, used sometimes as a flocculant aid.

Aldicarb 0.004 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Aldrin & Dieldrin 0.0003 Pesticide, unlikely to be found in drinking water at levels that may
(combined) cause health concerns.

Aluminium c 0.2 Guideline value based on post-flocculation problems;

(acid-soluble) < 0.1 mg/L desirable. Lower levels needed for renal dialysis.

No health-based guideline value can be established currently.

Ametryn 0.07 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Amitraz 0.009 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Amitrole 0.0009 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.

Ammonia c 0.5 Presence may indicate sewage contamination and/or microbial activity.
(as NH3) High levels may corrode copper pipes and fittings.

Antimony 0.003 Exposure may rise with increasing use of antimony—tin solder.
Arsenic 0.0l From natural sources and mining/industrial/agricultural wastes.
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Guideline values
(mg/L unless
otherwise specified

Characteristic Health Aesthetic | Comments

Asbestos [ From dissolution of minerals/industrial waste, deterioration of
asbestos-cement pipes in distribution systems. No evidence of cancer
when ingested (unlike inhaled asbestos).

Asulam 0.07 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Atrazine 0.02 Pesticide, has occasionally been reported in Australian drinking waters,
but unlikely to be found at levels that may cause health concerns.

Azinphos-methyl 0.03 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Barium 2 Primarily from natural sources.

Benomyl 0.09 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns

Bentazone 04 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Benzene 0.001 Could occur in drinking water from atmospheric deposition (motor
vehicle emissions) and chemical plant effluent. Human carcinogen.

Beryllium 0.06 From weathering of rocks, atmospheric deposition (burning of fossil
fuels) discharges.

Bioresmethrin 0.1 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Boron 4 From natural leaching of minerals and contamination. <| mg/L
in uncontaminated sources; higher levels may be associated with
seawater intrusion.

Bromacil 0.4 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Bromate 0.02 Possible by-product of disinfection using ozone, otherwise unlikely to
be found in drinking water.

Bromophos-ethyl 0.01 Pesticide, unlikely to be found in drinking water at levels that may

f cause health concerns.

Bromoxynil 0.01 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Cadmium 0.002 Indicates industrial or agricultural contamination; from impurities in
galvanised (zinc) fittings, solders and brasses.

Captan 0.4 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Carbaryl 0.03 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Carbendazim 0.09 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Carfentrazone-ethyl 0.1 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Carbofuran 0.01 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Carbon tetrachloride 0.003 Sometimes occurs as impurity in chlorine used for disinfection (it is

not a disinfection by-product).
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Guideline values
(mg/L unless
otherwise specified

Characteristic Health Aesthetic | Comments

Carbophenothion 0.0005 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Carboxin 0.3 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Chloral hydrate 0.1 By-product of chlorination.

(Trichloroacetaldehyde) | . Action to reduce chloral hydrate is encouraged, but must not
compromise disinfection, as non-disinfected water poses significantly
greater risk than chloral hydrate.

Chloramine — see

monochloramine

Chlorantraniliprole 6 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Chlorate ce By-product of chlorination. Insufficient data to set a health-related
guideline value.

Chlordane 0.002 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Chlorfenvinphos 0.002 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Chloride c 250 From natural mineral salts, effluent contamination. High
concentrations more common in groundwater and certain
catchments.

Chlorinated furanones ce By-product of chlorination. Insufficient data to set a health-related

MX) guideline value.

Chlorine 5 0.6 Widely used to disinfect water; and this can produce (free)
chlorinated organic by-products. Odour threshold generally 0.6 mg/L,
but 0.2 mg/L for a few people. In some supplies it may be necessary
to exceed the aesthetic guideline in order to maintain an effective
disinfectant residual throughout the system.

Chlorine dioxide c 04 Oxidising agent and disinfectant in water treatment.

Chlorite 0.8 By-product of chlorine dioxide disinfection.

Action to reduce chlorite is encouraged, but must not compromise
disinfection, as non-disinfected water poses significantly greater risk
than chlorite.

Chloroacetic acids e By-product of chlorination.

chloroacetic acid 0.15 Action to reduce chloroacetic acids is encouraged, but must not

dichloroacetic acid 0.1 compromise disinfection, as non-disinfected water poses significantly

trichloroacetic acid 0.1 greater risk than chloroacetic acids.

Chlorobenzene 0.3 0.01 Could occur in drinking water from spills or discharges.Taste/odour
threshold (0.01 mg/L) is well below health level.

Chloroketones e By-product of chlorination.

I,1-dichloropropanone c

1,3-dichloropropanone c

I,1,1-trichloropropanone c

1,1,3-trichloropropanone c

Australian Drinking Water Guidelines Version 3.5 178



Monitoring for Specific Characteristics in DrinkingWater Chapter 10

Guideline values
(mg/L unless
otherwise specified

Characteristic Health Aesthetic | Comments

Chlorophenols e By-product of chlorination of water containing phenol or related

2-chlorophenol 0.3 0.0001 chemicals.

2,4-dichlorophenol 02 0.0003 Action to reduce chlorophenols is encouraged, but must not

2,4,6-trichlorophenol 0.02 0.002 compromise disinfection, as non-disinfected water poses significantly
greater risk than chlorophenols.

Chloropicrin c Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns. Data are inadequate to set a health-based
guideline.

Chlorothalonil 0.05 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Chloroxuron 0.0l Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Chlorpyrifos 0.0l Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Chlorsulfuron 0.2 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Chromium (as Cr(VI)) 0.05 From industrial/agricultural contamination of raw water or corrosion
of materials in distribution system/plumbing. If guideline value
exceeded, analyse for hexavalent chromium.

Clopyralid 2 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Colour (true) 15 HU An important aesthetic characteristic for customer acceptance.
Treatment processes can be optimised to remove colour.

Copper 2 | From corrosion of pipes/fittings by salt, low pH water.Taste threshold
3 mg/L. High concentrations colour water blue/green.>| mg/L may
stain fitings. >2 mg/L can cause ill effects in some people.

Cyanide 0.08 From industrial waste and some plants and bacteria.

Cyanogen chloride 0.08 By-product of chloramination.

(as cyanide) Action to reduce cyanogen chloride is encouraged, but must not
compromise disinfection, as non-disinfected water poses significantly
greater risk than cyanogen chloride.

Cyfluthrin, 0.05 Pesticide, unlikely to be found in drinking water at levels that may

Beta-cyfluthrin cause health concerns.

Cypermethrin isomers | 0.2 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Cyprodinil 0.09 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

2,4-D 0.03 Pesticide, has occasionally been reported in Australian drinking waters,

[(2,4-Dichlorophenoxy) but unlikely to be found at levels that may cause health concerns.

acetic acid]

DDT 0.009 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Deltamethrin 0.04 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.
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Guideline values
(mg/L unless
otherwise specified

Characteristic Health Aesthetic | Comments
Diazinon 0.004 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Dicamba 0.1 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Dichlobenil 0.0l Pesticide, unlikely to be found in drinking water at levels that may
f cause health concerns.
Dichlorobenzenes
1,2-dichlorobenzene 1.5 0.001 Could occur in drinking water from spills, discharges, atmospheric
|,3-dichlorobenzene c 0.02 deposition, leaching from contaminated soils. Health levels are well
|,4-dichlorobenzene 0.04 0.0003 above offensive taste/odour thresholds.
Dichloroethanes
I,1-dichloroethane c Could occur in drinking water from industrial effluents, spills,
|,2-dichloroethane 0.003 discharges.
Dichloroethenes Rarely found in drinking water; found occasionally in groundwater
I,1-dichloroethene 0.03 from wells heavily contaminated by solvents.
1,2-dichloroethene 0.06
Dichloromethane 0.004 Widely used solvent, commonly found in ground and surface waters
(methylene chloride) overseas.Volatilises from surface waters and biodegrades in the
atmosphere.
1,3-Dichloropropene 0.1 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Dichloroprop / 0.1 Pesticide, unlikely to be found in drinking water at levels that may
Dichlorprop-P cause health concerns.
Dichlorvos 0.005 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Diclofop-methyl 0.005 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Dicofol 0.004 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Dieldrin see Aldrin
Difenzoquat 0.1 Pesticide, unlikely to be found in drinking water at levels that may
f cause health concerns.
Diflubenzuron 0.07 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Dimethoate 0.007 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Diphenamid 0.3 Pesticide, unlikely to be found in drinking water at levels that may
f cause health concerns.
Diquat 0.007 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Dissolved oxygen Not >85% Low concentrations allow growth of nuisance microorganisms (iron/
necessary manganese/sulfate/nitrate-reducing bacteria), causing taste and odour

problems, staining, corrosion. Low oxygen concentrations are normal

in groundwater supplies and the guideline value may not be achievable.
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Guideline values
(mg/L unless
otherwise specified

Characteristic Health Aesthetic | Comments

Disulfoton 0.004 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Diuron 0.02 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

2,2-DPA 0.5 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

EDB 0.001 Pesticide, unlikely to be found in drinking water at levels that may
f cause health concerns.
Endosulfan 0.02 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.

Endothal 0.1 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Epichlorohydrin 0.0005d Used in manufacture of some resins used in water treatment.
EPTC 0.3 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Esfenvalerate 0.03 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Ethion 0.004 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Ethoprophos 0.001 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.

Ethylbenzene 0.3 0.003 Natural component of petrol and petroleum products.
Ethylenediamine 0.25 Metal-complexing agent widely used in industry and agriculture, and as
tetraacetic acid (EDTA) a drug in chelation therapy.

Etridiazole 0.1 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.

Fenamiphos 0.0005 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.

Fenarimol 0.04 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Fenchlorphos c Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Fenitrothion 0.007 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Fenoprop 0.01 Pesticide, unlikely to be found in drinking water at levels that may
f cause health concerns.

Fensulfothion 0.01 Pesticide, unlikely to be found in drinking water at levels that may
f cause health concerns.

Fenthion 0.007 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.

Fenvalerate 0.06 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
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Guideline values
(mg/L unless
otherwise specified

Characteristic Health Aesthetic | Comments
Fipronil 0.0007 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Flamprop-methyl 0.004 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Fluometuron 0.07 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Fluoride 1.5 Occurs naturally in some water from fluoride-containing rocks. Often
added at up to | mg/L to protect against dental caries.
>|.5 mg/L can cause dental fluorosis.
>4 mg/L can cause skeletal fluorosis.
Fluproponate 0.009 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Formaldehyde 0.5 By-product of ozonation.
Formothion 0.05 Pesticide, unlikely to be found in drinking water at levels that may
f cause health concerns.
Fosamine 0.03 Pesticide, has occasionally been reported in Australian drinking waters,
f but unlikely to be found at levels that may cause health concerns.
Glyphosate | Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Haloacetonitriles e By-product of chlorination.
dichloroacetonitrile c
trichloroacetonitrile c
dibromoacetonitrile c
bromochloroacetonitrile c
Haloxyfop 0.001 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Hardness Not 200 Caused by calcium and magnesium salts. Hard water is difficult to
(as CaCO;) necessary lather.
<60 mg/L CaCO; — soft but possibly corrosive.
60-200 mg/L CaCO; — good quality.
200-500 mg/L CaCO; — increasing scaling problems.
>500 mg/L CaCO; — severe scaling.
Heptachlor 0.0003 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Hexachlorobutadiene 0.0007 Industrial solvent.
Hexaflurate 0.03 Pesticide, unlikely to be found in drinking water at levels that may
f cause health concerns.
Hexazinone 0.4 Pesticide, has occasionally been reported in Australian drinking waters,
but unlikely to be found at levels that may cause health concerns.
Hydrogen sulfide c 0.05 Formed in water by sulfate-reducing microorganisms or hydrolysis of
soluble sulfide under anoxic conditions. Obnoxious ‘rotten egg’ odour,
threshold 0.05 mg/L.
Imazapyr 9 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
lodide 0.5 From mineral and salt deposits.
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lodine c Can be used as an emergency water disinfectant.
Taste threshold 0.15 mg/L.

Iprodione 0.1 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Iron c 0.3 Occurs naturally in water, usually at <I mg/L, but up to 100 mg/L
in oxygen-depleted groundwater.Taste threshold 0.3 mg/L. High
concentrations stain laundry and fittings. Iron bacteria cause
blockages, taste/odour; corrosion.

Lanthanum 0.002 Rare earth element. Occurs naturally in water from rock weathering.
Other sources include use as a phosphate binder to reduce algal
blooms in water reservoirs, an agriculture fertiliser or leaching from

the tailings of rare earth mining.

Lead 0.0l Occurs in water via dissolution from natural sources or household
plumbing containing lead (e.g. pipes, solder).
Lindane 0.01 Pesticide, has occasionally been reported in Australian drinking waters,

but unlikely to be found at levels that may cause health concerns.

Maldison (Malathion) 0.07 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Mancozeb for ETU: Mancozeb degrades in the environment to ethylene thiourea (ETU),
0.009 hence the health-based guideline is based on the toxicity of ETU.

Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Manganese 0.5 0.1 Occurs naturally in water; low in surface water, higher in oxygen-
depleted water (e.g. groundwater at bottom of deep storages).
>0.1 mg/L causes taste, staining.

<0.05 mg/L desirable.

MCPA 0.04 Pesticide, has occasionally been reported in Australian drinking waters,

but unlikely to be found at levels that may cause health concerns.

Mercury 0.001 From industrial emissions/spills.Very low concentrations occur
naturally. Organic forms most toxic, but these are associated with

biota, not water.

Metaldehyde 0.02 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Metham for MTIC: Metham degrades to methylisothiocyanate (MITC) in the environment,
0.001 hence the health-based guideline is based on the toxicity of MITC.

Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Methidathion 0.006 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.

Methiocarb 0.007 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.

Methomyl 0.02 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Methoxychlor 0.3 Pesticide, unlikely to be found in drinking water at levels that may

f cause health concerns.
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Methyl bromide 0.001 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Metiram for ETU: Metiram degrades in the environment to ethylene thiourea (ETU),

0.009 hence the health-based guideline is based on the toxicity of ETU.
Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Metolachlor/s- 0.3 Pesticide, unlikely to be found in drinking water at levels that may

Metolachlor cause health concerns.

Metribuzin 0.07 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns

Metsulfuron-methyl 0.04 Pesticide, has occasionally been reported in Australian drinking waters,
but unlikely to be found at levels that may cause health concerns.

Mevinphos 0.005 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Microcystins 1.3 pg/L Hepatotoxic peptide produced by a range of cyanobacteria, expressed
as microcystin-LR toxicity equivalents.

Molinate 0.004 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Molybdenum 0.05 Concentrations usually <0.01 mg/L; higher concentrations from
mining, agriculture, or fly-ash deposits from coal-fuelled power
stations.

Monochloramine 3 Used as water disinfectant. Odour threshold 0.5 mg/L.

Monocrotophos 0.002 Pesticide, unlikely to be found in drinking water at levels that may

f cause health concerns.

Naphthalophos c Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns. No value set, as the health concerns have not
been fully evaluated.

Napropamide 0.4 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Nicarbazin | Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Nickel 0.02 Concentrations usually very low; but up to 0.5 mg/L reported after
prolonged contact of water with nickel-plated fittings.

Nitralin 0.5 Pesticide, unlikely to be found in drinking water at levels that may

f cause health concerns.

Nitrate (as nitrate) 50 Occurs naturally. Increasing in some waters (particularly
groundwater) from intensive farming and sewage effluent.
Guideline value will protect bottle-fed infants under 3 months from
methaemoglobinaemia. Adults and children over 3 months can safely
drink water with up to 100 mg/L nitrate.

Nitrilotriacetic acid 0.2 Chelating agent in laundry detergents (replacing phosphate).

May enter water through sewage contamination.

Nitrite (as nitrite) 3 Rapidly oxidised to nitrate (see above).
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N-Nitrosodimethylamine | 0.000] mg/L By-product of chloramination and to a lesser extent chlorination.

(NDMA) (100 ng/L) Action to reduce N-Nitrosodimethylamine is encouraged, but
must not compromise disinfection, as non-disinfected water poses
significantly greater risk than N-Nitrosodimethylamine

Norflurazon 0.05 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Omethoate 0.001 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Organotins Stabilisers in plastics. May leach from new polyvinyl chloride (PVC)

dialkyltins c pipes for a short time. Tributyltins are biocides used as antifouling

tributyltin oxide 0.001 agents on boats and in boiler waters.

Oryzalin 0.4 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Oxamyl 0.007 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns (for further information, see Information Sheet
1.6).

Ozone As ozone used for disinfection leaves no residual, no guideline value
or fact sheet has been provided.

Paraquat 0.02 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Parathion 0.02 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Parathion-methyl 0.0007 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Pebulate 0.03 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Pendimethalin 04 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Pentachlorophenol 0.01 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Sum of 0.07 pg/L Per- and poly-fluoroalkyl substances (PFAS) are manufactured

perfluorooctane (70 ng/L) chemicals that do not occur naturally in the environment.

sulfonate (PFOS) PFAS chemicals include perfluorooctane sulfonate (PFOS),

and perfluorohexane perfluorooctanoic acid (PFOA) and perfluorohexane sulfonate

sulfonate (PFHXxS) (PFHxS) amongst a large group of other compounds. PFAS are

Perfluorooctanoic acid | 0.56 pg/L persistent in the environment, show the potential for
bioaccumulation and biomagnification, and are toxic in animal studies

(PFOA) (560 ng/L) ) 8 ) o
(potential developmental, reproductive and systemic toxicity).
They have been used in a wide range of consumer products including
surface treatments such as non-stick cookware, and notably in aqueous
film forming foam used to extinguish fires.

Permethrin 0.2 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
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pH c pH 6.5-8.5 | While extreme pH values (<4 and >1 1) may adversely affect health,
there are insufficient data to set a health guideline value.
<6.5 may be corrosive.
>8 progressively decreases efficiency of chlorination.
>8.5 may cause scale and taste problems.
New concrete tanks and cement-mortar lined pipes can significantly
increase pH and a value up to 9.2 may be tolerated provided
monitoring indicates no deterioration in microbial quality.

Picloram 0.3 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Piperonyl butoxide 0.6 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Pirimicarb 0.007 Pesticide, has occasionally been reported in Australian drinking waters,
but unlikely to be found at levels that may cause health concerns.

Pirimiphos-ethyl 0.0005 Pesticide, unlikely to be found in drinking water at levels that may

f cause health concerns.

Pirimiphos methyl 0.09 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Plasticisers

di(2-ethylhexyl) phthalate 0.01 Used in all flexible PVC products, and may leach from these over a

di(2-ethylhexyl) adipate c long time. Could also occur in drinking water from spills.

Polihexanide 0.7 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Polycyclic aromatic 0.00001 Widespread. Contamination can occur through atmospheric

hydrocarbons (PAHs) (10 ng/L) deposition, or leaching from bituminous linings in distribution systems.

Benzo-(a)-pyrene

Profenofos 0.0003 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Promecarb c Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Propachlor 0.07 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Propanil 0.7 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Propargite 0.007 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Propazine 0.05 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Propiconazole 0.1 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Propyzamide 0.07 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Pyrasulfotole 0.04 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Pyrazophos 0.02 Pesticide, unlikely to be found in drinking water at levels that may

cause health concerns.
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Pyroxsulam 4 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Quintozene 0.03 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Selenium 0.0l Generally very low concentrations in natural water..
Silica 80 An important characteristic for both aesthetics and treatment
processes. Can form films on glass and can also affect reverse osmosis.
Silver 0.1 Concentrations generally very low. Silver and silver salts occasionally
used for disinfection.
Simazine 0.02 Pesticide, has occasionally been reported in Australian drinking waters,
but unlikely to be found at levels that may cause health concerns.
Sodium Not 180 Natural component of water. Guideline value is taste threshold.
necessary
Spirotetramat 0.2 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns
Styrene (vinylbenzene) 0.03 0.004 Could occur in drinking water from industrial contamination.
Sulfate c 250 Natural component of water, and may be added via treatment
chemicals. Guideline value is taste threshold.
>500 mg/L can have purgative effects.
Sulprofos 0.01 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns
2,4,5-T 0.1 Pesticide, unlikely to be found in drinking water at levels that may
f cause health concerns
Taste and odour Not Not May indicate undesirable contaminants, but usually indicate problems
necessary offensive such as algal or biofilm growths.
to most
people
Temephos 04 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Temperature Not No value Generally impractical to control; rapid changes can bring complaints.
necessary set
Terbacil 0.2 Pesticide, has occasionally been reported in Australian drinking waters,
but unlikely to be found at levels that may cause health concerns
Terbufos 0.0009 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Terbuthylazine 0.0l Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Terbutryn 0.4 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.
Tetrachloroethene 0.05 Dry-cleaning solvent and metal degreaser. Could occur in drinking
water from contamination or spills.
Tetrachlorvinphos 0.1 Pesticide, unlikely to be found in drinking water at levels that may
f cause health concerns.

Australian Drinking Water Guidelines Version 3.5 187



Monitoring for Specific Characteristics in DrinkingWater Chapter 10

Guideline values
(mg/L unless
otherwise specified

Characteristic Health Aesthetic | Comments

Thiobencarb 0.04 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Thiometon 0.004 Pesticide, unlikely to be found in drinking water at levels that may

f cause health concerns.

Thiophanate 0.005 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Thiram 0.007 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Tin Not Concentrations in water very low; one of the least toxic metals.

necessary

Toltrazuril 0.004 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Toluene 0.8 0.025 Occurs naturally in petrol and natural gas, forest-fire emissions. Could
occur in drinking water from atmospheric deposition, industrial
contamination, leaching from protective coatings in storage tanks.

Total dissolved solids Not 600 Based on taste:

necessary <600 mg/L is regarded as good quality drinking water.
600-900 mg/L is regarded as fair quality
900-1200 mg/L is regarded as poor quality
>1200 mg/L is regarded as unacceptable.

Triadimefon 0.09 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Trichlorfon 0.007 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Trichlorobenzenes 0.03 0.005 Industrial chemical.

(total)

I,1,1-Trichloroethane c Could occur in drinking water from contamination/spills.

Trichloroethylene c Industrial solvent, cleaning fluid, metal degreaser. Could occur
in drinking water from direct contamination or via atmospheric
contamination of rainwater.

Triclopyr 0.02 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Trifluralin 0.09 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Trihalomethanes 0.25 By-product of chlorination and chloramination.

(THMs) (Total) e Action to reduce trihalomethanes is encouraged, but must not
compromise disinfection, as non-disinfected water poses significantly
greater risk than trihalomethanes.

Turbidity c 5NTU 5 NTU is just noticeable in a glass.
<0.2 NTU is the target for effective filtration of Cryptosporidium
and Giardia.
<| NTU is the target for effective disinfection.

Uranium 0.017 Occurs naturally, or from release from mill tailings, combustion of coal

and phosphate fertilizers.
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Vernolate 0.04 Pesticide, unlikely to be found in drinking water at levels that may
cause health concerns.

Vinyl chloride 0.0003 From chemical spills. Used in making PVC pipes. Human carcinogen.

Xylene 0.6 0.02 Could occur in drinking water as a pollutant, or from solvent used for
bonding plastic fittings.

Zinc c 3 Usually from corrosion of galvanised pipes/fittings and brasses.

Natural concentrations generally <0.01 mg/L.

Taste problems >3 mg/L.

HU = Hazen units; NTU = nephelometric turbidity units;THMs = trihalomethanes.

a Aesthetic values are not listed if the compound does not cause aesthetic problems, or if the value determined from health considerations
is the same or lower:

b If present at all in Australian drinking waters, concentrations of all organic compounds other than disinfection byproducts are likely to be
very low relative to the guideline value.

C Insufficient data to set a guideline value based on health considerations.
d The guideline value is below the limit of quantitation. Improved analytical procedures are required for this compound.
e The concentration of all chlorination byproducts can be minimised by removing naturally occurring organic matter from the source water;

reducing the amount of chlorine added, or using an alternative disinfectant (which may produce other byproducts). Action to reduce
trihalomethanes and other byproducts is encouraged, but must not compromise disinfection.

f No corresponding fact sheet for these pesticides. Guideline values for these pesticides appeared in a previous version of the ADWG and
have been retained in Table 10.5 for information purposes only.

Note: All values are as ‘total’ unless otherwise stated.

Note: Routine monitoring for these compounds is not required unless there is potential for contamination of water supplies (e.g. accidental spillage).

Table 10.7 Guideline values radiological quality of drinking water

Guideline value

The total estimated dose per year from all radionuclides in drinking water, excluding the dose from potassium-40, should not
exceed 1.0 mSv.

If this guideline value is exceeded, the water provider, in conjunction with the relevant health authority, should evaluate possible
remedial actions on a cost-benefit basis to assess what action can be justified to reduce the annual exposure.

Screening of water supplies

Compliance with the guideline for radiological quality of drinking water should be assessed, initially, by screening for gross alpha and
gross beta activity concentrations. The recommended screening level for gross alpha activity is 0.5 Bq/L.The recommended screening
level for gross beta activity is 0.5 Bq/L after subtraction of the contribution from potassium-40.

If either of these activity concentrations is exceeded, specific radionuclides should be identified and their activity concentrations determined.
The concentrations of both radium-226 and radium-228 should always be determined, as these are the most significant naturally occurring
radionuclides in Australian water supplies. Other radionuclides should be identified if necessary to ensure all gross alpha and beta activity is
accounted for; after taking into account the counting and other analytical uncertainties involved in their determination.

10.4 Reference

Mosse P, Murray B (2008). Practical Guide to the Operation and Optimisation of Media Filters.
Water Industry Operators Association, Shepparton.
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Information Sheets Disinfection

Introduction to water treatment

INFORMATION SHEET 1.1

Most Australian source waters require treatment prior to being supplied to consumers as drinking water.
The level of treatment that is required will be a function of the quality of the source water and should be
informed by a risk assessment process that is consistent with the approach described under Element 2
(Assessment of the drinking water supply system) of the Framework for Management of Drinking Water
Quality (the Framework), which is detailed in Chapter 3 of the Guidelines.

Water treatment processes are covered by Element 3 (Preventive measures for drinking water quality
management) and Element 4 (Operational procedures and process control) of the Framework.

Water treatment processes can be roughly divided into two groups of processes: the physical removal of
particulate matter and other contaminants (that is, coagulation, sedimentation, clarification and filtration),
and the inactivation of pathogenic microorganisms (that is, disinfection).

Some of the important concepts that need to be considered in relation to water treatment are:

the application of multiple barriers (section 3.3.1), which helps ensure that a failure of one barrier may
be compensated by the effective operation of the remaining barriers, particularly where multiple hazards
need to be managed, thus minimising the likelihood of contaminants passing through the entire treatment
system and being present in sufficient amounts to cause harm to consumers;

identifying which treatment processes will be considered critical control points (section 3.3.2), and
establishing target criteria and critical limits for each treatment process which is identified as a critical
control point (section 3.4.2);

preparing and implementing operational procedures (section 3.4.1) and operational monitoring (section
3.4.2) for each treatment process;

preparing corrective action procedures (section 3.4.3) in the event that there are excursions in the
operational parameters; and

undertaking employee training (section 3.7.2) to ensure that the treatment processes operate to the
established target criteria and critical limits.

The following Information Sheets provide an overview of the primary inactivation processes used to
disinfect water to a drinking water standard. The information provided in the Information Sheets is
general in nature and the specific disinfection processes for individual water supply systems should be
determined by a risk assessment, and in consultation with water treatment specialists.
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Overview of disinfection

INFORMATION SHEET 1.2

Disinfection of public water supplies commenced early in the 20" century and together with filtration
is credited with substantial reductions in waterborne disease (Cutler and Miller 2005, CDC 1999).

Most Australian public water supplies are disinfected and it is recognised as a fundamental barrier to
microbial contamination.

Disinfection may be practiced alone in circumstances where the source water is of a high quality or as
the final step in a water treatment process that utilises multiple barriers. The decision to use disinfection
alone, or in combination with other water treatment processes, is determined by a system-specific risk
assessment, which includes an assessment of the quality of the source water. In most cases disinfection
will be used as part of a multiple barrier approach to the production of safe drinking water.

In all cases disinfection should be treated as a critical control point (CCP) (see section 3.3.2 for more
information on CCPs). This means the failure of the disinfection process may lead to the water being
unsafe to drink.

Common agents used to disinfect water include chlorine, chloramine, chlorine dioxide, ozone and
ultra violet (UV) light. Information sheets 1.3 - 1.7 describe these disinfectants. This information sheet
on disinfection should be read in conjunction with the relevant fact sheets for each disinfectant, which
discuss the chemical by-products produced by each disinfectant.

PROPERTIES OF AN IDEAL DISINFECTANT

An ideal disinfectant should:
Effectively inactivate pathogenic micro-organisms over a wide range of physical and chemical conditions;
Be able to have its efficacy continuously monitored;

Provide ongoing protection from pathogenic micro-organisms that may be introduced into the distribution
system;

Provide a disinfectant residual that is stable and easily measured in the field,

Produce minimal levels of by-products;

Be readily available, safe to handle and suitable for widespread use;

Not degrade in quality or strength during storage; and

Be affordable (in terms of both capital and operating costs).

No single disinfectant currently meets all these criteria. Despite the limitations, disinfectants are an
essential step and widely used in the production of safe drinking water. Choosing the appropriate
disinfectant is an important decision for effective drinking water quality management in any water supply
system. Factors which influence that decision include:

The quality of the source water being treated including:

The type of micro-organisms present (e.g. pathogenic bacteria, viruses, and/or protozoa)

The type and concentration of organic matter present in the source water

Propensity of the source water to form disinfection by-products

Turbidity, colour, UV absorbance, pH, alkalinity and water temperature (i.e., factors that affect disinfectant
effectiveness)
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The characteristics of the water supply system including:

Volume and dose rate of disinfectant required to maintain effective disinfection
The type and concentration of organic matter present in the treated water
Propensity of the treated water to form disinfection by-products

Retention time within the distribution system

Pipe condition

Size and complexity of the distribution system

Specific local circumstances such as:

Personnel safety

Public safety

Supply logistics

Technical capacity of staff to operate the disinfection facility

Technical support for operators to operate and maintain the disinfection facility

Cost

EFFECTIVENESS OF DISINFECTION

Determining the effectiveness of chemical disinfectants

The C.t concept describes the relative effectiveness of a specific aqueous disinfectant against different
microorganisms under specified conditions. It is determined by multiplying the concentration or
residual of the disinfectant (in mg/L) by the contact time (in minutes). The C.t concept is expressed
mathematically as:

k = Cn.t
where: C = concentration of residual disinfectant
n = constant (also called the coefficient of dilution)

¢ = contact time required for a fixed per cent of inactivation

k= constant for a specific microorganism exposed under set conditions.
Reported values for “n” range from 0.5 to 1.8 for most aqueous disinfectants. Generally, however, “n”
approximates 1, and the equation is simplified to k = C.z.

C.t values for specific organisms exposed to particular disinfectants can be calculated. A low C.t value
indicates a strong primary disinfectant.

Comparative effectiveness of disinfection, based on the C.t concept, for the four major disinfectants for
a range of micro-organisms, are given in Information Sheets 1.3 to 1.6. The figures presented represent
published C.t values that achieve 99% (or 2 log) inactivation of the target microorganism. In summary,
the published C.z values show that ozone and chlorine dioxide are very effective at inactivating most
microorganisms. Chlorine is effective at inactivating bacteria and viruses, but is less effective against
Giardia, and not effective at inactivating Cryptosporidium at a C.t value that could be applied to a
drinking water supply. Chloramine requires a considerably higher C.f value than chlorine to inactivate
bacteria and viruses; it is ineffective against Cryptosporidium and Giardia at C.t values that could be
applied to a drinking water supply.

The relative merits of various disinfectants, and ultraviolet light (UV), are summarised in Table 1S1.2.1.
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Table I1S1.2.1 - Applicability of disinfection techniques to different situations

Consideration | Chlorine Chloramination | Ozone Chlorine Ultraviolet
dioxide light

Relative complexity | Simple to Simple to Complex Moderate Simple to

of technology Moderate Moderate Moderate

Safety Concerns Yes Yes Yes Yes Minimal

Bactericidal Good Good Good Good Good

Virucidal Moderate Poor Good Good Good

Protozocidal Poor Poor Good Moderate Good

By-products of Yes Yes Yes Yes No

possible health

concern

Persistent residual | Moderate Long None Moderate None

Contact Time Moderate Long Short Moderate Short

pH dependent Yes Yes Slightly Slightly No

Process control Well developed Well developed Developed Developed Well developed

Where contact tanks or clear water storages are used to achieve the desired contact time, the Ty, contact
time needs to be taken into consideration (Church and Colton 2013; USEPA 2003). The T, contact time

is the minimum detention time experienced by 90 percent of the water passing through the tank, and is
based on a baffling factor or tracer studies (Church and Colton 2013).

Determining the effectiveness of ultraviolet disinfection

The C.t concept does not apply to UV disinfection. UV disinfection relies on exposure of pathogens to
UV irradiation, measured as UV fluence or UV dose, in mJ/cm?. Different pathogens respond differently
to UV irradiation so the target UV dose is typically selected based on the main pathogen/s of concern for
a given source water.

The UV dose achieved by a given unit is a function of the following:

UV transmittance (UVT %), i.e. water quality;

lamp power (Watts); and

exposure time (which is typically related to flow rate).

Wherever possible, a validated UV system should be used, and preferably those systems that have been
validated in accordance with the requirements of the USEPA Ultraviolet disinfection guidance manual for

the final long term 2 enbanced surface water treatment rule (UVDGM) (2006). Other validation processes
for UV systems also exist (DVGW, 2006a, 2006b, 2006c; ONORM, 2001, 2003; and NWRI, 2012).

The monitoring, operation and maintenance requirements that must be applied to ensure the ongoing
performance of the UV unit at the required dose, as detailed in USEPA UV Disinfection Guidance Manual
(2006) include:

flow, UVT and lamp power set points;

maintenance and calibration of essential UVT or UV intensity instrumentation; and

UV lamp monitoring, cleaning and replacement.

Finally, it should be recognised that energy consumption is a significant contributor to operating cost for
UV disinfection systems, particularly large scale systems. Consequently, the accurate and efficient setting
and control of the UV dose is important to avoid any undue overdose and therefore energy wastage.
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Ensuring the effectiveness of disinfection

As one of the most important processes in assuring safe drinking water, disinfection will always be a CCP
(see section 3.3.2). This means the disinfection process should be continuously monitored to provide
assurance that it is functioning correctly (see Appendices Al.7 and A1.8).

For chlorination, chloramination and chlorine dioxide this is best achieved by permanent online chlorine
residual analysers installed downstream of disinfection.

With disinfection processes that do not provide a residual other parameters can be monitored to confirm
disinfection effectiveness, e.g. the intensity of UV dose can be monitored for UV performance. A key
consideration is ensuring that effective disinfection is achieved under the most extreme operating
conditions of maximum flows and minimum detention times.

Given that disinfection will be a CCP, other important issues that will need to be considered to ensure the
effectiveness of the disinfection process are:

establishing target criteria and critical limits for the disinfection process (section 3.4.2);

preparing and implementing operational procedures (section 3.4.1) and operational monitoring (section
3.4.2) for the process;

preparing corrective action procedures (section 3.4.3) in the event that there are excursions in the
operational parameters; and

undertaking employee training (section 3.7.2) to ensure that the treatment process operates to the
established target criteria and critical limits.

It is important to note that when chlorine, chloramine, ozone and chlorine dioxide are used as
disinfectants, if the disinfectant comes into contact with organic matter a range of disinfection by-products
(DBP) can be formed. The by-products produced by individual disinfectants, and their potential health
significance, are described in the Fact Sheets for each disinfectant

It is also important to note that the possible presence of microbial contaminants in drinking water poses
a greater risk to public health than the possible presence of DBP. Therefore, disinfection should not be
compromised in order to control DBP.

FACTORS AFFECTING DISINFECTION

Disinfection processes, and their associated C.t values, are affected by a range of external factors, such as
the pH and temperature of the water. Particle shielding can also reduce disinfection.

Water quality operators and managers need to understand the factors which can adversely impact on
effectiveness of the disinfection process and monitor these parameters, in order to achieve effective
disinfection.

The table below summarises the parameters which might impact on the effectiveness of disinfection
which should be monitored for common disinfectants.

Disinfectant Parameters which may impact the effectiveness of disinfectants

Chlorine Turbidity, pH, temperature
Chloramine Turbidity, pH, temperature
Chlorine dioxide Turbidity, pH, temperature
Ozone Turbidity, pH, temperature
Ultraviolet irradiation Turbidity, colour, iron and UV absorbance or UV transmissivity (UVT)
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Ideally these parameters should be monitored continuously, especially for source waters where water
quality can change rapidly. If source waters are very stable (such as confined groundwater) it may be
acceptable to monitor with regular grab samples.

The table above does not include all the operational parameters which should be monitored to
demonstrate the effectiveness of disinfection process. Further details can be found in the Information
Sheet for each disinfectant.

If the target criterion for an operational parameter is breached, it does not necessarily mean that
disinfection has been compromised. In such instances the water utility needs to:

Validate that disinfection is still effective, specifically in the circumstance where supply has to be
maintained during the period that the operational parameter is outside the target range;

Where possible, use an alternative source water;

Where possible, only take raw water that is within, or has returned to within, the target range for the
water treatment processes that are being used; and

Verify that the water within the distribution system is still of a satisfactory quality.

DISINFECTION AND RESIDUAL MANAGEMENT

When operating a distribution system it is important to understand the difference between effective
disinfection and maintaining a disinfectant residual. The water is effectively disinfected when the required
C.t value has been achieved. After effective disinfection, enteric pathogens should not reappear within
the distribution system, unless there is a failure in the integrity of the system. Therefore, unless there is a
barrier breach within the distribution system the water should remain safe to drink even in the absence
of adequate disinfectant residual. Barrier breaches could include such things as ingress, backflow, loss of
pressure within the distribution system, or contamination within post-treatment storage tanks.

Operationally, a sudden loss of chlorine residual within the distribution system can also warn of an
unusual event or potential contamination, such as backflow, within the distribution system.

Most Australian water utilities use chlorine as their disinfectant of choice with C.f target of at least 15
mg/L.min which is consistent with the World Health Organization’s recommendation that effective
disinfection can generally be achieved by maintaining a free chlorine concentration of 0.5 mg/L for 30
minutes (WHO, 2011). Based on data contained in Information Sheet 1.3 a C.t of 15 mg/L.min should
achieve effective inactivation of enteric bacteria and viruses. With chlorinated/chloraminated supplies,
it is common practice in Australia to endeavour to maintain adequate chlorine residual throughout the
entire distribution system. Maintaining chlorine residual provides protection from backflow, ingress and
Naegleria, and helps inhibit biofilm growth.

Where the aim is to maintain adequate disinfectant residual across the entire distribution system, the
target chlorine residual set at the chlorinator will be based on achieving a desired residual concentration
through most of the distribution system, including, where possible, the extremities of the system, after
allowing for chlorine decay. As most chlorinators are designed to achieve a set residual to ensure a

minimum C.# near the point of dosing the resultant C.z values will increase with longer contact time in the
distribution system achieving a margin of safety.

The chlorine decay from the point of disinfection to the extremity of the distribution system is influenced
by many factors including:

Water travel time/age

Chlorine demand of the water being disinfected

Water temperature

Biofilm growth

Asset condition of pipes and storages
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All of these factors are dynamic. It is necessary to monitor the chlorine residual frequently within the
distribution system, to enable adjustments of the chlorinator dosing rate to achieve the desired residual
within the system.

If maintaining a consistent residual is difficult to achieve, or chlorine demand changes frequently, the
water supplier should seek to understand the factors that are driving these changes. Some factors, such
as water temperature, may be outside the water supplier’s control. However, other factors which may
contribute to a sudden increase in chlorine demand (e.g. algal growth) may indicate an adverse event in
the source water.

Whilst the absence of sufficient disinfectant residual does not necessarily mean the water is unsafe to
drink, if the desired chlorine residual is not being achieved then corrective action needs to be taken to
ensure the target value is achieved.

MANAGING WATER SUPPLIES WITH NO RESIDUAL

When used as disinfectants, ozone and UV light do not produce residuals within the distribution system.
As discussed in the previous section, after effective disinfection, enteric pathogens should not reappear
within the distribution system, unless there is a failure in the integrity of the system. In systems which
lack residual disinfection, there is an increased need to ensure the integrity of the system to compensate
for the absence of a residual.

In the Australian context, distribution systems that are suited to operating with no residual are those
which have high quality source water (e.g. groundwater from a confined aquifer), or are small distribution
systems, with a low water age within the distribution system, and which do not have embedded post-
treatment storage tanks.

The attractions of operating distribution systems with no residual disinfection are that costs associated
with maintaining residual disinfection are avoided, there are no issues with disinfection by-products,
and it addresses the concerns of some consumers in relation to the use of chlorine. The main issues
with no residual are that if the integrity of system is breached, there is no effective barrier to microbial
contamination, and there can be additional costs involved with the cleaning and disinfection of the
distribution system.
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Disinfection with chlorine

INFORMATION SHEET 1.3

The possible presence of microbial contaminants in drinking water poses a greater risk to public health
than the possible presence of disinfection by-products (DBP). Therefore, disinfection should not be
compromised in order to control DBP.

Where the concentrations of chlorinated DBP consistently exceed associated health-based guideline
values, the methods of water treatment, disinfection and distribution should be reviewed.

GENERAL DESCRIPTION

Chlorine was introduced widely as a water disinfectant early in the 20th century and still remains the
most common drinking water disinfectant used around the world. It is a strong disinfectant with excellent
bactericidal and virucidal properties and is effective at short contact times. Chlorine is less effective
against protozoa and while it can inactivate Giardia at moderate doses and contact times it has little
effect against Cryptosporidium at doses that can be practically used in drinking water. It is also a strong
oxidising agent that can bleach colour compounds in water, oxidise soluble iron, manganese and sulfides,
and remove the tastes, odours and some toxins produced by algae.

In water, chlorine reacts to form hypochlorous acid (HOCD (see below), a very effective disinfectant
which can dissociate to form the hypochlorite ion (OCI) in a pH dependent reaction with no dissociation
below pH 6.5 and complete dissociation above pH 8.5. From a disinfection standpoint lower pHs are
preferred as the hypochlorite ion is estimated to be 150 to 300 times less effective as a disinfectant than
hypochlorous acid.

Cl; (gas) + H,O H* + CI” + HOCI
NaOCl + H,O NaOH + HOCI
Ca(OCD), + 2H,O Ca(OH), + 2HOCI

HOCI then dissociates to the hypochlorite ion (OCl-) in a pH dependent reaction:
HOCI H+ + OCI- pKa=7.5

APPLICATION

Chlorine is the most versatile of disinfectants used to treat drinking water supplies. It can be applied:
as a primary disinfectant at the point of entry into the drinking water distribution system,;

as a secondary disinfectant within distribution systems to boost concentrations of chlorine residuals in
the system as a barrier against regrowth of opportunistic free-living pathogens and ingress of faecal
contamination;

to disinfect new and repaired water mains; and

to disinfect storage tanks as part of cleaning and maintenance or following the detection of
contamination.

Chlorine can be applied alone or in combination with other disinfectants. For example, it can be used

in combination with UV light disinfection as joint primary disinfectants where UV light is used primarily
to inactivate Cryptosporidium and Giardia, and chlorine is used to inactivate viruses and bacteria. In

this combination chlorination also provides a residual disinfectant to provide protection of distribution
systems against regrowth and recontamination. Chlorine can also be used for this purpose in conjunction
with ozone and chlorine dioxide.
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Chlorine can also be used in combination with chloramines either as a primary disinfectant before
production of persistent chloramine residuals or as a secondary disinfectant in subsections of water
distribution systems.

PRACTICAL CONSIDERATIONS

Chlorine can be applied as a gas, liquid (sodium hypochlorite) or solid (calcium hypochlorite). Due to
the strict safety requirements associated with the use of gaseous chlorine, liquid chlorine, which is easier
to use, is often used in preference to gaseous chlorine. The disadvantages of sodium hypochlorite are that
concentrations degrade over time, chlorate can be formed during storage and it is a corrosive solution.
Calcium hypochlorite needs to be stored in a cool dry environment and kept away from moisture and
heat. Chlorine residuals and chlorination by-products can produce distinctive tastes and odours (see Taste
and Odour Fact Sheet).

Advantages of chlorination include its common and long-standing use and the availability of reliable
dosing and monitoring equipment. Reliable and robust field kits for measuring chlorine residuals within
the distribution system are also available. In addition to being a proven disinfectant against most enteric
pathogens (excluding Cryptosporidium) chlorine is also a strong oxidising agent that can bleach colour
compounds in water, oxidise soluble iron, manganese and sulfides, and remove the tastes and odours
and some toxins produced by algae.

PERFORMANCE VALIDATION

Table 1S1.3.1 presents published C.f values for chlorine that have been demonstrated as achieving a
two log reduction in the target microorganism. These values are supplied for illustrative purposes only.
For chlorine C.z values that achieve a greater log reduction, the cited references should be consulted.
The C.t value that is applied at a particular water treatment plant should be based on the microbial risk
assessment for that particular water supply system.

Table IS1.3.1 Published C.t values for 99% (2 log) inactivation of various microorganisms by chlorine 1,2

Microorganism Free chlorine C.t value Reference
(mg/L.min)
Escherichia coli <l (10-15°C) LeChevallier and Au 2004
CBS5 virus 3.29 (10°C) Keegan et al. 2012
Naegleria fowleri 30 (30°C) Robinson and Christy 1984
Giardia 60 (15°C) USEPA 1991
Cryptosporidium 7200 (25°C) Korich et al. 1990

Notes: (1) pH is within the range of 6-9 for E.coli and pH7 for the other organisms.

(2) The values in the table are based on published values and should be viewed as the minimum

values necessary to achieve effective disinfection.

The important conclusion to draw from Table 1S1.3.1 is that, at the typical chlorine C.z values used

in Australian drinking water supplies, which are usually based on the World Health Organization’s

recommendation that effective disinfection can generally be achieved by applying a 30 minute contact
time to a free chlorine concentration of 0.5 mg/L (WHO 2011) (i.e. equivalent to a chlorine C.z value
of 15 mg/L.min), chlorine will inactivate bacteria and viruses, but will not inactivate Giardia or

Cryptosporidium.
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Chlorine is also effective against Naegleria fowleri, but the elevated C.t requirement means dosing must
be adjusted to provide a sufficient residual throughout the distribution system. Naegleria can encyst and
when in this state are more resistant to disinfection. Unless the chlorine residual is continuous, the cysts
are also able to survive in tank sediments and pipe biofilm. A free chlorine residual at 0.5 mg/L or higher
will control N. fowleri, provided the disinfectant residual persists throughout the water supply system at
all times.

WATER QUALITY CONSIDERATIONS

Evidence from various studies indicates that pH influences disinfection, with lower pHs being optimal,

as the hypochlorous acid is far more effective than the hypochlorite ion. Temperature also influences
efficacy, with disinfection times reduced at higher temperatures. Although it has been suggested that
particles may act as a protective shield for micro-organisms, and that turbidity should be kept below 1
NTU for effective disinfection, the relationship between turbidity and the effectiveness of chlorine has not
been established for all pathogens. Increasing the turbidity from <1 to 20NTU increased the Ct for 2 log
inactivation of CB5 from 3.29 to 5.95 mg.min/L at pH 7 (Keegan et al. 2012).

Whilst many water suppliers often achieve satisfactory inactivation of bacteria at turbidities that are
greater than 1 NTU, generally, the lower the turbidity of the water at the time of chlorination the more
effective chlorination will be. Where chlorination is routinely occurring at turbidities that are greater than
1 NTU, the effectiveness of the chlorination process should be validated.

Relationships with other parameters, such as natural organic matter or colour, have not been well studied;
however, it is known that these parameters adversely impact on the chlorine dose required to achieve a
free chlorine residual and effective disinfection.

Where contact tanks or clear water storages are used to achieve the desired contact time, the Ty, contact
time needs to be taken into consideration (Church and Colton 2013; USEPA 2003). The T, contact time
is the minimum detention time experienced by 90 percent of the water passing through the tank, and is
based on a baffling factor or tracer studies (Church and Colton 2013).

PERSISTENCE

A major advantage of chlorination is that it produces a residual disinfectant that is moderately persistent,
with longevity limited by chlorine being a highly reactive oxidant. Chlorine can be used to provide a
residual disinfectant in distribution systems, with persistence dependent on the chlorine demand imparted
by natural organic matter (and inorganic compounds, such as iron) in drinking water, and other factors
such as temperature and sunlight (if the system incorporates open storages). The persistence of chlorine
also makes it suitable for the control of themophilic Naegleria, including N. fowleri, particularly where a
sufficient residual can be maintained throughout the distribution system.

Chlorine will not persist in long distribution systems, particularly those incorporating long above-ground
pipelines, because of the elevated water temperature that occurs in these pipelines. Such distribution
systems lend themselves to chloramination (see Disinfection with chloramine Information Sheet).

BY-PRODUCTS

Chlorine, in reaction with natural organic matter present in source water, can form a wide range of
halogenated disinfection by-products, with over 600 identified to date (Hrudey 2009, Itoh et al. 2011).
These include trihalomethanes, haloacetic acids, haloacetonitriles and trichloroacetaldehyde (chloral
hydrate). The chemistry of the reactions is complex and not fully understood. Factors that influence

the formation of disinfection by-products include the chlorine dose, the concentrations and types of
natural organic matter that are present, temperature, pH and detention time. Chlorate can be produced in
association with degradation of concentrated sodium hypochlorite solutions.
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Guideline values have been developed for a number of disinfection by-products (see Chapter 10 and
associated Fact Sheets). While every effort should be taken to minimise the formation and concentration
of chemical disinfection by-products this should never be done in a manner that compromises
disinfection, as poor microbiological quality represents a greater and more immediate risk to human
health than short term exposure to disinfection by-products (Hrudey 2009).

OPERATIONAL CONSIDERATIONS

Given that the chlorination process will be a critical control point (CCP), other important issues that will
need to be considered to ensure the effectiveness of the process are:

establishing target criteria and critical limits for the chlorination process (section 3.4.2);

preparing and implementing operational procedures (section 3.4.1) and operational monitoring (section
3.4.2) for the process;

preparing corrective action procedures (section 3.4.3) in the event that there are excursions in the
operational parameters; and

undertaking employee training (section 3.7.2) to ensure that the chlorination process operates to the
established target criteria and critical limits.

OPERATIONAL MONITORING

The table below summarises the operational monitoring that should be undertaken for chlorine.

Operational Parameter Monitoring

pH Online monitoring
Turbidity Online monitoring
Contact time Calculated
Chlorine residual (total) Online monitoring
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Chloramines

INFORMATION SHEET 1.4

The possible presence of microbial contaminants in drinking water poses a greater risk to public health
than the possible presence of disinfection by-products (DBP). Therefore, disinfection should not be
compromised in order to control DBP.

Where the concentrations of DBP consistently exceed associated health-based guideline values, the
methods of water treatment, disinfection and distribution should be reviewed.

GENERAL DESCRIPTION
Chloramines are formed when chlorine and ammonia are added to water:

NH; + HOCI —» NH,CI +H,0
monochloramine

NH,Cl+ HOCI —» NHCl, +H,0
dichloramine

NHCl, + HOCI — NCl;  +H,O
nitrogen trichloride (trichloramine)

There are three types of chloramines; monochloramine, dichloramine and trichloramine, with
production of the three types dependent on pH and the ratio of chlorine to ammonia. Monochloramine
is the preferred choice because it is the most stable and produces the lowest tastes and odours.
Dichloramine is a stronger disinfectant than monochloramine, but is less stable and produces distinctive
odours. Trichloramine is the least stable and produces offensive odours. Formation and stability of
monochloramine is favoured at Cl,/NHj ratios of 3 to 5 (with 4 typically used) and a pH above 8
(UWRAA 1990, USEPA 1999).

The primary reason for using monochloramine rather than chlorine is its much greater persistence. In
Australia chloramination has provided persistent residuals through very long drinking water pipelines
(>100kms) and provides protection against growth of free-living organisms such as Naegleria fowleri
(UWRAA 1990).

APPLICATION

Chloramination is used in drinking water supplies where persistence is a key advantage and can be
particularly useful in long or complex distribution systems that have extended detention times. It has
been particularly effective in reducing the occurrence of Naegleria fowleri in systems incorporating long
above ground pipelines, and has also been shown to reduce the occurrence of Legionella in buildings
(Flannery et al. 2000).

In conjunction with other disinfectants, such as chlorine or ultraviolet (UV) light, chloramines can also be
used as a secondary (or booster) disinfectant to provide persistent residuals within the distribution system.

Where chloramination is used as the primary disinfectant, due to the relatively high C.t values required
to inactivate microbial pathogens, it is important to determine the minimum C.t values before the first
customer in the drinking water distribution system. This is often done by calculating minimum C.¢ values
at maximum flow rates.
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An emerging practice is to dose chlorine followed by ammonia separately, at different points within the
water treatment process. The advantage of this practice is that achieves better upfront inactivation of
microbial pathogens, whilst still delivering a longer-lasting residual within the distribution system. To
maximise the benefits of the practice there needs to sufficient contact time for the chlorine to achieve
inactivation, prior to the addition of the ammonia.

PRACTICAL CONSIDERATIONS

Chloramines are formed by the addition of either liquefied anhydrous ammonia or aqueous ammonia
(UWRAA 1990, USEPA 1999), either before or after chlorine dosing. The addition of ammonia first reduces
the production of chlorinated disinfection by-products, but it also reduces initial inactivation by reducing
the contact time between the free chlorine and the treated source water.

Chloramination has a long history of use and was introduced in Brisbane in 1935. Robust and reliable
dosing and monitoring equipment is available. Reliable field kits for measuring residuals within the
distribution system are also available; these kits generally measure concentrations of chloramines as total
chlorine. There have been reports of false free chlorine readings with tablet-based methods (UWRAA
1990). The DPD-Ferrous titrimetric method is less prone to false readings (see monochloramine

Fact Sheet).

PERFORMANCE VALIDATION

Table IS 1.4.1 presents published C.t values for preformed monochloramine (that is, monochloramine
that is formed off-site) that have been demonstrated as achieving a two log reduction in the target
microorganism. These values are supplied for illustrative purposes only. For chloramine C.f values that
achieve a greater log reduction, the cited references should be consulted. The C.z value that is applied
at a particular water treatment plant should be based on the microbial risk assessment for that particular
water supply system.

Table IS1.4.1 Published C.t values for 99% (2 log) inactivation of various microorganisms by preformed monochloramine 1,2

Microorganism Preformed monochloramine C.t Reference

value (mg/L.min)

Escherichia coli 95-180 (5°C) LeChevallier and Au 2004
Adenovirus 2 1688 (10°C at 2 NTU) Keegan et al.2012
Giardia 1470 (5°C) USEPA 1999
Naegleria fowleri 320 (30°C) Robinson and Christy 1984

Notes: (1) pH is within range of 8-9 for E. coli, pH 7 for Adenovirus 2 and Naegleria fowleri,

pH 6-9 for Giardia.

(2) The values in the table are based on published values and should be viewed as the minimum

values necessary to achieve effective disinfection

The important conclusion to draw from Table 1S1.4.1 is that chloramines require a much higher C.t value

than chlorine to inactivate microorganisms. Therefore, for distribution systems where chloramine is going

to be used, the need for much greater C.f values will be an important consideration (i.e. water needs to

be held in the pipe network and/or tanks for longer to allow sufficient time for effective disinfection).
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WATER QUALITY CONSIDERATIONS

The influence of pH on the effectiveness of disinfection appears to be variable (UWRAA 1990, USEPA
1999, Cromeans et al. 2010) and could depend on the target microorganism. Varying the pH will
influence the species of chloramine present and this could impact on the effectiveness of disinfection.
The target range for pH during chloramination is usually 8.5 + 0.2. Monochloramine stability improves
with increased pH, with optimum stability occurring at pH 9. There is no benefit from chloramination at a
pH greater than 9 (UWRAA 1990).

As for chlorine, C.t requirements are reduced at higher temperatures (USEPA 1999, Kahler et al. 2011).
Monochloramine appears to remain effective at high turbidity but inactivation rates decrease as turbidity
increases (UWRAA 1990). This finding was confirmed by more recent work by Keegan et al. (2012), using
water that varied from 2 to 20 NTU.

PERSISTENCE

Persistence is the principal advantage of chloramination, and it has been used successfully to produce
disinfectant residuals through long pipeline systems exceeding 100km in length.

Persistence can be reduced by nitrification, particularly at the ends of distribution systems. Nitrification
is caused by bacterial oxidation of ammonia to nitrite, and nitrite to nitrate (Cunliffe 1991). Nitrifying
bacteria are naturally-occurring sediment and biofilm organisms. Nitrification can accelerate chloramine
decay, and at the ends of distribution systems can lead to complete loss of residual and the replacement
of chloramines with oxidised nitrogen (nitrate and nitrite). A number of factors have been associated
with nitrification including detention times, excess ammonia (low chlorine:ammonia ratios) and low
chloramine residual. The common practice to reduce the likelihood of nitrification is maintaining
minimum chloramine residuals of 1.5-2 mg/L (Cunliffe 1991, USEPA 1999).

Work in South Australia indicates that the risk of nitrification can be mitigated by ensuring that the
concentration of free ammonia after chloramination does not exceed 0.3 mg/L. Additionally, the
concentrations of nitrate and nitrite can be monitored within the distribution network to given an early
indication of the onset of nitrification.

The replacement of chlorination with chloramination improves the microbiological quality of the water
in large distribution systems (UWRAA 1990). The general reason for this is that biocidal residuals of
monochloramine travel further into the system, providing effective disinfection. If nitrification occurs
within the system, then a return to chlorination for about a week may be necessary in order to control
nitrifying bacteria.

BY-PRODUCTS

Chloramination generally reduces chlorinated DBP, including trihalomethanes (THMs), but does

not eliminate them. A similar range of DBP will be produced as when chlorine is used, particularly
when chlorine is added before the ammonia (WHO 2000). Dichloroacetic acid can be formed from
monochloramine and cyanogen chloride formation is greater than with free chlorine (USEPA 1999).

In addition, chloramination can be associated with the production of nitrosamines, including NDMA
(see NDMA Fact Sheet). Factors that influence the formation of NDMA include the chloramine dose, the
concentrations and types of organic nitrogen-containing compounds that are present, pH and detention
time (WQRA 2013).

Health-based guideline values have been developed for a number of DBP (see Chapter 10 and associated
Fact Sheets). Whilst every effort should be taken to minimise the formation and concentration of DBP
this should never be done in a manner that compromises disinfection as poor microbiological quality
represents a greater and more immediate risk to human health than short term exposure to DBP

(Hrudey 2009).
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OPERATIONAL CONSIDERATIONS

Given that the chloramination process will be a critical control point (CCP), other important issues that
will need to be considered to ensure the effectiveness of the process are:

establishing target criteria and critical limits for the chloramination process (section 3.4.2);

preparing and implementing operational procedures (section 3.4.1) and operational monitoring (section
3.4.2) for the process;

preparing corrective action procedures (section 3.4.3) in the event that there are excursions in the
operational parameters; and

undertaking employee training (section 3.7.2) to ensure that the chloramination process operates to the
established target criteria and critical limits.

OPERATIONAL MONITORING

The table below summarises the operational monitoring that should be undertaken for chloramine.

Operational Parameter Monitoring

pH Online monitoring
Turbidity Online monitoring
Chlorine-to-ammonia ratio Calculated
Contact time Calculated
Chlorine residual (total) Online monitoring
Chloramine concentration Field kit
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Disinfection with chlorine dioxide

INFORMATION SHEET 1.5

The possible presence of microbial contaminants in drinking water poses a greater risk to public health
than the possible presence of disinfection by-products (DBP). Therefore, disinfection should not be
compromised in order to control DBP.

Where the concentrations of DBP consistently exceed associated health-based guideline values, the
methods of water treatment, disinfection and distribution should be reviewed.

GENERAL DESCRIPTION

Chlorine dioxide is a strong oxidant that in addition to being an effective biocide can be used to oxidise
iron and manganese, and control taste- and odour-causing compounds. It has also been used as a
secondary disinfectant in many European countries (Le Chevallier and Au 2004).

Chlorine dioxide is highly soluble in water (particularly at low temperatures), and is effective over a range
of pH values (pH 5-10). Theoretically, chlorine dioxide undergoes five valence changes in oxidation to
chloride ion:

ClO; + 5¢- = Cl- + 20*
However, in practice, chlorine dioxide is rarely reduced completely to the chloride ion (White 1999).

Chlorine dioxide is thought to inactivate microorganisms through direct oxidation of tyrosine, methionine,
or cysteine-containing proteins, which interferes with important structural regions of metabolic enzymes or
membrane proteins (Gates 1998). In water treatment, chlorine dioxide has the advantage of being a strong
disinfectant, but of not forming trihalomethanes (THMs) or oxidizing bromide to bromate (Le Chevallier
and Au 2004). Whilst not producing THMs, the by-products chlorate and chlorite can be produced.

APPLICATION

Chlorine dioxide is a suitable disinfectant for a small to medium sized water treatment plant. It has been
used mainly as a preoxidant (rather than as a primary disinfectant, due mainly to its relative cost, and
lack of a persistent residual) to control taste and odour, oxidise iron and manganese, and more recently,
remove the precursors of THMs and total organic halogen (TOX). In some supplies chlorine dioxide has
been used in combination with chloramination.

PRACTICAL CONSIDERATIONS

Reliable equipment is available for disinfection with chlorine dioxide. However, the technology involved
is moderately complex, but more effective controls for the process are developing. Chlorine dioxide is
highly reactive and can be rapidly consumed.

PERFORMANCE VALIDATION

Table IS 1.5.1 presents published C.t values for chlorine dioxide that have been demonstrated as
achieving a two log reduction in the target microorganism. These values are supplied for illustrative
purposes only. For chlorine dioxide C.t values that achieve a greater log reduction, the cited references
should be consulted. The C.t value that is applied at a particular water treatment plant should be based
on the microbial risk assessment for that particular water supply system.
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Table I1S1.5.1 Published C.t values for 99% (2 log) inactivation of various microorganisms by chlorine dioxide 1,2,3

Microorganism Chlorine Dioxide C.t value Reference
(mg/L.min)

Escherichia coli 0.4-0.75 USEPA 1999

Enteric viruses 5.6 USEPA 1999

Giardia 17 USEPA 1999

Cryptosporidium 858 USEPA 2010

Notes: (1) Water temperature is 5°C.
(2) pH is within the range of 6-9.
(3) The values in the table are based on published values and should be viewed as the minimum

values necessary to achieve effective disinfection

The important conclusion to draw from Table 1S1.5.1 is that the C.7 values required to inactivate bacteria
and viruses, and to some extent Giardia, are comparable to those for chlorine, but the C.t value
required to inactivate Cryptosporidium is unlikely to be able to be achieved in most drinking water
supply systems.

WATER QUALITY CONSIDERATIONS

Chlorine dioxide is a reactive gas that cannot be easily stored or transported, and must be generated on
site; this is usually done by acid treatment of sodium chlorite, which generates the gas with little or no
chlorine contamination and so avoids the formation of chlorinated by-products during disinfection.

It has excellent oxidising ability, which reduces taste, minimises colour and oxidises iron and
manganese complexes.

Turbidity at the time of disinfection should be less than 1 NTU.

The effectiveness of chlorine dioxide is also not as sensitive to changes in pH as chlorine. There is some
evidence that effectiveness against protozoa increases from pH 6 to 8 (USEPA 1999).

PERSISTENCE

Chlorine dioxide provides a moderately persistent residual.

BY-PRODUCTS

By-products from the use of chlorine dioxide include chloride ions, chlorite ions, chlorate ions (see Fact
Sheet on Chlorine dioxide/ chlorate/ chlorite for more information). Whilst not a by-product, in some
cases residual chlorine dioxide may also be present.

OPERATIONAL CONSIDERATIONS

Given that the dosing point for chlorine dioxide will be a critical control point (CCP), other important
issues that will need to be considered to ensure the effectiveness of the process are:

establishing target criteria and critical limits for the dosing process (section 3.4.2);

preparing and implementing operational procedures (section 3.4.1) and operational monitoring (section
3.4.2) for the process;

preparing corrective action procedures (section 3.4.3) in the event that there are excursions in the
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operational parameters; and

undertaking employee training (section 3.7.2) to ensure that the dosing process operates to the
established target criteria and critical limits.
OPERATIONAL MONITORING

The table below summarises the operational monitoring that should be undertaken for chlorine dioxide,
based on recommendations from the New Zealand Ministry of Health (NZ MoH 2008).

Operational Parameter Monitoring

pH Online monitoring
Turbidity Online monitoring
Chlorine dioxide concentration Online monitoring

Regular monitoring for chlorite and chlorate should also be undertaken.
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Disinfection with ozone

INFORMATION SHEET 1.6

The possible presence of microbial contaminants in drinking water poses a greater risk to public health
than the possible presence of disinfection by-products (DBP). Therefore, disinfection should not be
compromised in order to control DBP.

Where the concentrations of DBP consistently exceed associated health-based guideline values, the
methods of water treatment, disinfection and distribution should be reviewed.

GENERAL DESCRIPTION

Ozone is generated on site by passing an electric discharge through clean dry air or oxygen. The resultant
ozone is a very strong biocide and oxidising agent, and is effective in reducing colour, taste and odour,
and oxidising iron and manganese.

The mechanism by which ozone inactivates microorganisms is not well understood. Ozone in aqueous
solution may react with microorganisms either by direct reaction with molecular ozone or by indirect reaction
with the radical species formed when ozone decomposes (Le Chevallier and Au 2004). Ozone is known to
attack unsaturated bonds, forming aldehydes, ketones or carbonyl compounds (Langlais et al. 1991).

Free radicals formed by the decomposition of ozone are generally less effective for microbial inactivation
than molecular ozone, because microbial cells contain a high concentration of bicarbonate ions

that quench the free radical reaction, and many microbial cells also contain catalase, peroxidase, or
superoxide dismutase to control free radicals produced by aerobic respiration. In addition, some bacteria
contain carotenoid and flavonoid pigments that protect them from ozone. These factors can account for
reports that heterotrophic bacteria may be less susceptible to ozone inactivation than Giardia

(Wolfe et al. 1989).

APPLICATION

Ozone can be used in medium to large treatment plants, although it has not been used in Australia to
date for the primary disinfection' of a sizeable drinking water supply. It reacts with natural organics to
produce lower molecular weight compounds that are more biodegradable and promote the growth of
bacteria in distribution systems, which may have significant consequences for many Australian distribution
systems where elevated water temperatures create a predisposition for bacterial growth. To avoid fouling,
a biological filtration step is advisable after ozonation of water containing a DOC concentration of >1
mg/L (von Gunten, 2003).

The production of lower molecular weight compounds has been used to advantage in biological filtration
processes. Ozonation can break up high molecular weight organics before filtration through a bed

of granular activated carbon. The resulting low molecular weight compounds increase the amount of
assimilable organic carbon (AOC) that can be used by bacteria that grow on the carbon, thereby reducing
organic concentrations in the water. Ozone has a long history of use for disinfection, and for the control

of taste, odour and colour. Ozone is more expensive than chlorine and has low solubility in water.

1 Ozone has been used in NSW for removal of algal toxins and for taste and odour control by Orange Council for over ten years. Similarly,
ozone has been used for such control by MidCoast Water, Rous Water and Tweed Council for over four years.

Australian Drinking Water Guidelines Version 3.5 212



Information Sheets Disinfection

PRACTICAL CONSIDERATIONS

Even though ozone systems are complex, using highly technical instruments, the process is highly
automated and very reliable, requiring only a modest degree of operator skill and time to operate (USEPA
1999). Maintenance of ozone generators requires skilled technicians. If trained maintenance staff are not
available at the plant, this work can be done by the equipment manufacturer.

Ozone is a toxic gas and the ozone production and application facilities should be designed to generate,
apply, and control this gas, so as to protect plant personnel. Ambient ozone levels in plant facilities

should be monitored continuously.

PERFORMANCE VALIDATION

Table IS 1.6.1 presents published C.t values for ozone that have been demonstrated as achieving a two
log reduction in the target microorganism. These values are supplied for illustrative purposes only. For
ozone C.f values that achieve a greater log reduction, the cited references should be consulted. The
C.t value that is applied at a particular water treatment plant should be based on the microbial risk

assessment for that particular water supply system.

Table IS1.6.1 Published C.t values for 99% (2 log) inactivation of various microorganisms by ozone 1,2,3

Microorganism Ozone C.t value Reference
(mg/L.min)
Escherichia coli 0.02 USEPA 1999
Enteric viruses 0.6 USEPA 1999
Giardia 0.5-0.6 Wickramamayake et al. 1984
Cryptosporidium 32 USEPA 2010

Notes: (1) Water temperature is 5°C.
(2) pH 7 for Giardia and within the range of pH 6-9 for the other organisms.

(3) The values in the table are based on published values and should be viewed as the minimum
values necessary to achieve effective disinfection.

The important conclusion to draw from Table 1S1.6.1 is that ozone is more effective than chlorine,
chloramines, and chlorine dioxide for the inactivation of viruses, Cryptosporidium, and Giardia.

WATER QUALITY CONSIDERATIONS

Ozone is highly sensitive to turbidity. Turbidity should be less than 1 NTU at the time of ozonation. The
pH should be less than 8 for effective disinfection because ozone is unstable above pH 8 (at pH 8, half of
the ozone is lost in less than 30 minutes).

PERSISTENCE

Due to its low solubility in water and instability above pH 8, an ozone residual cannot be maintained in a
distribution system, particularly as temperature increases.

BY-PRODUCTS

Ozone is a powerful oxidant and can convert naturally-occurring bromide to bromine, and this can

lead to the formation of brominated trihalomethanes (THMs), brominated acetic acids, bromopicrin,
brominated acetonitriles, as well as the formation of bromate (USEPA 1999). However, the brominated
THMs produced in ozonation usually occur in lower concentrations than chlorinated THMs produced by
chlorination. The ADWG health-based guideline value for bromate is 0.02 mg/L, and bromate formation
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can become a serious problem for waters containing bromide levels above 0.1 mg/L (von Gunten,
2003). Bromate formation can be reduced to a certain extent by ammonia addition and pH depression,
but bromate is very difficult to remove once formed (von Gunten, 2003). An alternative method of
disinfection should be used with high bromide waters.

Low molecular weight aldehydes, such as formaldehyde and acetaldehyde, have also been detected as
by-products of ozonation.

OPERATIONAL CONSIDERATIONS

Given that where ozonation is used as a primary disinfectant it will be a critical control point (CCP)
important operational considerations to ensure the effectiveness of the process are:

establishing target criteria and critical limits for the ozonation process (section 3.4.2);

preparing and implementing operational procedures (section 3.4.1) and operational monitoring (section
3.4.2) for the process;

preparing corrective action procedures (section 3.4.3) in the event that there are excursions in the
operational parameters; and

undertaking employee training (section 3.7.2) to ensure that the ozonation process operates to the
established target criteria and critical limits.
OPERATIONAL MONITORING

The table below summarises the operational monitoring that should be undertaken for ozone, based on
recommendations from the New Zealand Ministry of Health (NZ MoH 2008).

Operational Parameter Monitoring

pH Online monitoring
Turbidity Online monitoring
Ozone concentration Online monitoring
Residual Concentration(1) Online monitoring

(1) measured at a point representing the end of the contact period
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Disinfection with ultraviolet light

INFORMATION SHEET 1.7

GENERAL DESCRIPTION

Germicidal ultraviolet (UV) light is generated by low and medium pressure mercury vapour lamps. UV
irradiation disrupts the chemical bond of many organic molecules and damages nucleic acid and hence
can be a potent disinfectant. The UV light effective for inactivating microorganisms is in the UV-B and
UV-C ranges of the spectrum (200-300 nm), with maximum effectiveness around 265 nm.

The mechanism of disinfection by UV light differs considerably from the mechanisms of chemical
disinfectants such as chlorine and ozone. Chemical disinfectants inactivate microorganisms by destroying
or damaging cellular structures, interfering with metabolism, and hindering biosynthesis and growth

(Snowball and Hornsey 1988). UV light inactivates microorganisms by damaging their nucleic acid,
thereby preventing them from replicating and disrupting their ability to infect hosts.

UV irradiation has a minimal effect on the chemical composition or taste of water. Unlike chemical
disinfectants, high dosage or over-dosing with UV light presents no danger, and is sometimes considered
as a safety factor.

APPLICATION

UV light disinfection is a treatment option that can contribute to the effective implementation of a multi-
barrier approach that reduces microbial risk in drinking water supplies. UV light disinfection can be used
as the primary disinfectant for the inactivation of chlorine resistant pathogens (e.g. Cryptosporidium and
Giardia), thereby reducing disinfection by-product formation.

However, UV light disinfection typically should not completely replace the use of chemical disinfection.
This is because there are a number of other aspects to consider in managing the microbial risk of
drinking water supplies, such as:

maintaining a disinfection residual within the distribution system;
management of taste and odour compounds;

controlling cyanobacteria;

deactivation of viruses that are not easily treated by UV light alone; and

ensuring there is an adequate multi-barrier approach for the entire drinking water system.

PRACTICAL CONSIDERATIONS

The equipment required for UV irradiation is fairly reliable, the technology required is relatively simple
and controls for the process are being developed.

There are a number of factors that should be considered in relation to UV light, such as:

reliability of power supply, in particular the start-up and restart times should be factored into operational
and response plans;

water quality aspects, such as algae, high colour and turbidity, hardness and organic matter, as they can
reduce the amount of UV irradiation reaching microorganisms and necessitate higher doses of applied
irradiation for effective disinfection (which can be managed if the percentage UV transmittance is
known);

a site-specific mercury spill response plan should be established to minimise mercury release in the rare
event of a lamp breakage;
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units require regular cleaning and maintenance to remain effective; and

once the appropriate UV dose is determined and matched to the flow rate, exceeding the validated flow
rate could result in the application of an insufficient UV dose, as a result of short-circuiting.

PERFORMANCE VALIDATION

Table 1S1.7.1 presents published dosage rates for UV light that have been demonstrated as achieving a
two log reduction in the target microorganism. These values are supplied for illustrative purposes only.
For UV dosage rates that achieve a greater log reduction, the cited references should be consulted.
Further information can be obtained from a review of existing data on the effectiveness of UV light
against a range of specific pathogens undertaken by Chevrefils et al. (2006). The UV dosage rate that is
applied at a particular water treatment plant should be based on the microbial risk assessment for that
particular water supply system.

Table IS1.7.1 Published dosage rates to achieve 99% (2 log) inactivation of various microorganisms by UV irradiation

Dosage for drinking water
Target Pathogen (m}/cm?) to achieve
2 log removal

Cryptosporidium 5.8
Giardia 5.2
Viruses 100
E.coli 9

Based on Hijnen et al.(2006) and USEPA (2006)

The important conclusion to draw from Table IS1.7.1 is that, UV light will effectively inactivate protozoa
and bacteria, but is less effective against viruses.

Wherever possible, a validated UV light system should be used, and preferably those systems that have
been validated in accordance with the requirements of the USEPA Ultraviolet disinfection guidance
manual for the final long term 2 enbanced surface water treatment rule (UVDGM) (2006). Other
validation processes for UV light systems also exist (DVGW, 2006a, 2006b, 2006¢; ONORM, 2001, 2003;
and NWRI, 2012).

WATER QUALITY CONSIDERATIONS

The performance of UV disinfection is not affected at turbidity levels of 1 NTU, and UV light may remain
effective at higher turbidities than 1 NTU, as long as the transmittance of UV light through the water is
not compromised. However, the lower the turbidity of the water the more effective the performance

of UV light will be. This reinforces the importance of percentage UV transmittance as a measure of the
effectiveness of the applied UV dose to inactivate targeted pathogens.

UV irradiation is not pH dependent and the temperature effect between the ranges of 5 to 35°C

is minimal (USEPA 20006). The presence of algae in the water being treated may reduce the UV
transmittance and interfere with the UV disinfection process and should be considered in the design
phase if the supply is prone to algal blooms.

Highly coloured water is not suitable for UV disinfection as the dissolved organic matter which gives the
water its colour strongly absorbs the UV light, greatly reducing the effectiveness of the UV disinfection
process. This again highlights the importance of measuring UV transmittance.
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PERSISTENCE

At the proper dosage, UV light requires only a short contact time, but has the disadvantage that it leaves
no residual disinfectant, which would provide an additional barrier within the distribution system.

BY-PRODUCTS

Few data are available on the by-products of UV disinfection. At the UV doses typical for drinking
water supplies (less than 200 mJ/cm2), there is no evidence of the formation of by-products (DBP) or
exacerbation of DBP if post UV disinfection occurs (USEPA 20006).

UV light has been reported to convert nitrate to nitrite (Sharpless and Linden, 2001). Given the typical
values of Australian waters, the nitrate to nitrite conversion is unlikely to result in the exceedance of
health guidelines for drinking water.

OPERATIONAL CONSIDERATIONS

Given that the UV process will be a critical control point (CCP), other important issues that will need to
be considered to ensure the effectiveness of the process are:

establishing target criteria (section 3.4.2) and critical limits for the UV irradiation process, including UV
transmittance and intensity;

preparing and implementing operational procedures (section 3.4.1) and operational monitoring (section
3.4.2) for the process;

preparing corrective action procedures (section 3.4.3) in the event that there are excursions in the
operational parameters; and

undertaking employee training (section 3.7.2) to ensure that the UV irradiation process operates to the

established target criteria and critical limits.

It is recommended that validation is undertaken for each system to ensure appropriate treatment is in
place for the water quality and level of risk.

OPERATIONAL MONITORING

As there is no disinfection residual to measure following UV light treatment, other operational aspects
of UV light systems should be monitored to ensure that the treatment system is operating as expected.
Examples of monitoring parameters are listed below, recognising that each system will need to develop
its own operational monitoring specifications reflecting its unique circumstances.

UV dose

Flow rate

UV transmittance

Lamp outage

Lamp age

UV intensity

Another issue that needs to be considered with respect to UV light is that the performance of the UV

lamps deteriorates over time, so that lamps should be changed at the frequency recommended by the
manufacturer. Typically the loss of UV light output is around 25% over 12,000 hours operation.

Furthermore, biofilm, which can accumulate on the sleeve surrounding the lamp, should be regularly
removed from the sleeve. Many UV light systems now have automated cleaning systems.
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Other disinfectants

INFORMATION SHEET 1.8

This information sheet provides information on a number of other chemicals that have been used, or are
proposed for use, as disinfectants of drinking water. Currently, these chemicals are not recommended for
use as disinfectants in municipal water systems, but may be of use in specific, small scale applications,
where the use of more traditional disinfectants may not be practical. Prior to use, expert advice should be
sought regarding the appropriateness of using these chemicals as disinfectants.

BROMINE

Definition and uses

Bromine has been widely used to disinfect swimming pools through the addition of solid bromine-
releasing agents such as N-bromo-N-chloro-5,5-dimethylhydantoin or dibromocyanuric acid. Bromine
chloride (BrCD is under investigation for large-scale use, such as the control of biofouling in cooling
towers or wastewater disinfection, as it is much less corrosive than liquid bromine and has sufficient
vapour pressure to enable it to be metered in equipment similar to that used for chlorine.

Relative to chlorine, bromine is costly to use on a municipal-scale water supply system.

Health effects

Bromine is corrosive to human tissue in a liquid state and its vapours irritate the eyes and the throat.
Bromine vapours are very toxic if they are inhaled. Bromine concentrations of around 0.5 mg/L in
swimming pools cause eye and mucous membrane irritation and can lead to odour nuisance. Bromine
aggressively reacts with metals and it is a corrosive material. Security measures should be taken when
bromine is transported, stored or used.

IODINE

Definition and uses

Iodine has been used as a disinfectant for small drinking water supplies; however, like bromine, it

is costly to use on a municipal scale. It is not recommended for regular use as a disinfectant due to
possible health effects associated with long-term consumption. It can, however, be used for emergency
water disinfection.

Health effects

Iodine is an essential trace element for humans and is used in the synthesis of thyroid hormones. The
recommended dietary intake for adults ranges from 0.03 mg/day to 0.15 mg/day. Iodine is efficiently
absorbed by the gastrointestinal tract and deposited in the thyroid gland, the eye, and muscle tissue. More
than 70% is found in the thyroid gland. High oral doses (more than 30 mg/kg body weight) of iodine

can be lethal. Lower doses (3.3 mg/kg body weight) have been used to treat asthmatic patients without
adverse effects.

Chronic exposure to high amounts of iodide in the diet (over 2 mg/day) can result in a condition known
as iodism. Symptoms resemble those of a sinus cold. Long-term consumption of iodinated drinking water
has not been associated with adverse health effects in humans. Experiments with humans who drank
water containing up to 1 mg/L iodine for five years showed no signs of iodism or hypothyroidism, but
some changes in uptake of iodine by the thyroid gland were observed.
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Animal studies using chickens susceptible to autoimmune thyroiditis reported an increase in the
incidence of the disease when they were given high doses of iodide in their drinking water (200 mg/L).
Excessive iodide consumption may increase the incidence of this disease in humans.

Iodide has not been shown to increase the incidence of cancer of the thyroid in laboratory animals.
No data are available on the mutagenic activity of iodine.

For further information refer to the Iodine Fact Sheet contained in Part V of these guidelines.
SILVER

Definition and uses

Silver is a weak biocide/bacteriostat that has been used occasionally for disinfection, particularly in
point-of-use devices. However, there is no reliable evidence that these products worked effectively to kill
micro-organisms. A long exposure time of several hours to days is required for any biocidal effect to be
observed (Bosch et al, 1993). This is generally not practical in the supply of potable water. In addition,
for protozoan pathogenic microorganisms, antiprotozoan activity does not appear to be significant for
metal ions acting alone (Cassels et al. 1995). The Australian Pesticides and Veterinary Medicines Authority
provide a comprehensive review on the effectiveness of silver as a disinfectant (http://www.apvma.gov.
au/use_safely/pool/background.php).

For the reasons outlined above silver is not recommended for use as a disinfectant for municipal drinking
water supplies.

Health effects

Although silver can be found in many biological substances, it is not considered an essential trace
element for mammals. It has been estimated that less than 10% of dietary silver is absorbed by the
gastrointestinal tract.

Silver is stored mainly in the liver and skin and is capable of binding to amino acids and proteins. The
best-known clinical condition of silver intoxication is argyria, which results in a bluish-grey metallic
discolouration of the skin, hair, mucous membranes, mouth and eye. Most cases have been associated
with self-administration of silver preparations, or occupational exposure to silver and silver compounds.

Experiments with laboratory rats and mice have reported similar results. Very high concentrations of silver
in drinking water (over 600 mg/L) for a lifetime caused discolouration in the thyroid and adrenal glands,
the choroids of the eyes, the choroid plexus of the brain, and the liver and kidney. Some hypoactive
behaviour was also reported.

No data are available on the carcinogenicity of silver. Silver salts are not mutagenic in tests with bacteria,
but can induce damage in mammalian DNA.

For further information refer to the Silver Fact Sheet contained in Part V of these guidelines.

REFERENCES

Bosch, A., Diez, J].M.and Abad, EX. (1993). Disinfection of human enteric viruses in water by copper:silver
and reduced levels of chlorine. Water Science and Technology, 27, 3-4: 351-356.
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Technology,31: 119-122.
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Sampling Information - handling requirements and preservation

INFORMATION SHEET 2.1

This information sheet gives information on general handling requirements in sampling for chemical,
physical, radiological and microbial characteristics.

SAMPLING FOR CHEMICAL, PHYSICAL AND RADIOLOGICAL CHARACTERISTICS

Table 1S2.1.1 provides general advice on the handling requirements for chemical, physical and
radiological characteristics, based on Australia Standard AS/NZS 5667.1:1998 Water Quality — Sampling
Part 1: Guidance on the design of sampling programs, sampling techniques and the preservation and
bandling of samples. To ensure that samples are collected and transported in an appropriate manner,
advice of an analyst should be sought before taking a sample.

Metal Fractions

Metals can be divided into various fractions as determined by the analytical information:

filterable metals (soluble or dissolved, macromolecular and colloidal metals) — those constituents of an
unacidified sample that pass a 0.45pm membrane filter;

suspended metals — those constituents of an unacidified sample that are retained on a 0.45pm membrane
filter;

total metals — the concentration of metals determined on an unfiltered sample after vigorous digestion,
or the sum of the concentrations of metals in both the filterable and suspended fractions. Total metals
include all metals inorganically and organically bound, both filterable and particulate;

acid-extractable metals — the concentration of metals in solution after treatment of an unfiltered sample
with hot mineral acid,;
readily acid-soluble aluminium — see Fact Sheet on Aluminium.

The fraction(s) to be analysed will determine the requirements for sample handling and preservation. It is
generally advisable to collect two samples, one for total metals and one for dissolved metals.

SAMPLING FOR MICROBIAL CHARACTERISTICS

As per Australian Standard AS/NZS 2031:2012 — Selection of containers and preservation of water samples
for microbiological analysis, when sampling for microbial characteristics the following dot points must be
taken into consideration:

The sample container used to collect the sample must be sterile.

Sufficient sodium thiosulfate should be added to the sterile sample container to neutralise all residual
chlorine.

When collecting water samples that may contain concentrations of heavy metals that may be toxic to
bacteria, addition of EDTA to the sample containers is recommended.

The size of the container used depends upon the number and type of tests to be carried out, but the
containers must be of sufficient volume for the all the tests required, with adequate head space to allow
for sample mixing.

All samples should be refrigerated or chilled in ice coolers during transport.
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Drinking water samples should be taken directly from a service pipe, or a dedicated sampling point, not
from an intermediate tank or cistern. As described in AY/NZS 5667.5:1998 Water Quality — Sampling Part
5: Guidance on sampling of drinking water and water used for food and beverage processing, sampling
taps should be sterilised by flame or alternative methods of equivalent efficacy, for example soaking in
chlorine solution, and should be maintained in good order. The water discharged by flushing should be
able to run off freely.

On days of total fire ban, where sterilisation by flame is not possible, an alternative method of equivalent
efficacy should be used.

Samples should be analysed within six hours of collection. If this is not possible, then the samples must
be transported and stored at between 2°C and 10°C. Samples must not be frozen.

Where logistics do not allow examination within six hours, storage may be prolonged and samples may
be examined up to 24 hours after collection, provided that they are kept cool (between 2°C and 10°C)
and in the dark.

As noted in AS/NZS 2031:2012, if samples are to be analysed for free-living protozoans, including
amoebae, the samples should not be refrigerated during transport and storage, but should be held at
ambient temperature, preferably near 20°C, but the sample temperature should not exceed 30°C.

Further advice on appropriate sampling technique can be found in Australian Standards AY/NZS

5667.1:1998 and AS/NZS 5667.5:1998.

Table IS2.1.1 Special handling requirements in sampling for chemical, physical and radiological characteristics
(data compiled from ASINZS 5667.1:1998)

Characteristic Container Minimum | Preservation Maximum | Comments
sample procedure holding
size (mL) period
Aluminium P(A), G(A) 100 Add HNO; to pH <2 28 days
Arsenic P(A), G(A) 500 Add HNO; to pH <2 28 days
Boron P 100 None required 28 days Fill container
completely to
exclude air
Cadmium P(A), G(A) 100 Add HNO; to pH <2 28 days
Chloride PG 100 None required 28 days
Chlorine residual PG 500 Analyse immediately 5 minutes Keep sample out of

direct sunlight

Chromium (total) P(A), G(A) 100 Add HNO; to pH <2 28 days
Chromium (VI) P(A), G(A) 100 Refrigerate 24 hours Sample container
should be thoroughly
rinsed.Avoid adding
reagents
Colour PG 500 Refrigerate and store in 2 days
the dark
Copper P(A), G(A) 100 Add HNO; to pH <2 28 days
Cyanide PG 500 Add NaOH to pH >12. 24 hours Remove sulfide
Refrigerate in the dark
Fluoride P 200 None required 28 days PTFE containers are
not suitable
Hardness P 100 None required 7 days Fill container

completely to
exclude air
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Characteristic Container Minimum | Preservation Maximum | Comments
sample procedure holding
size (mL) period
Add HNO; to pH <2 and | 28 days Fill container
refrigerate completely to exclude
air.Acidification permits
the determination
of calcium and other
metals from the same
sample
Iron P(A), G(A) 100 Add HNO; to pH <2 28 days
Lead P(A), G(A) 100 Add HNO; to pH <2 28 days
Manganese P(A), G(A) 100 Add HNO; to pH <2 28 days
Mercury G(A) 500 Add HNO; to unfiltered 28 days Consult analyst for
sample to pH <I. further instruction
Add chr203
Metals (general) P(A), G(A) 100 Add HNO; to pH <2 28 days
Metals (filterable) P(A), G(A) 100 Filter immediately, add 28 days 0.45 m filter
HNO3 to pH <2
Nitrate PG 500 Refrigerate 24 hours Unfiltered samples
Filter on site | month Consult analyst —
(0.45 m cellulose acetate depends on analytical
membrane filter) method
and freeze
Odour PG 500 Refrigerate 6 hours Analyse as soon as
possible
Oxygen, dissolved Por G 300 None required Determine in | Avoid excessive
the field turbulence, to minimise
oxygen entrainment
G Winkler acidification 24 hours Store in dark
Pesticides G(s) 1000 to 3000 | Refrigerate' 7 days Extract on site where
(organochlorine, practical. Consult with
organophosphorous, analyst
and nitrogen-
containing)
pH PG 100 Refrigerate 6 hours
Poly aromatic G(S) 1000 Refrigerate and store in 7 days Extract on site where
hydrocarbons dark? practical. Consult with
(PAHs) analyst
Radioactivity gross PG 1000 Add HNO; to pH <2 28 days Fill container
alpha and beta completely to exclude
activity air. Consult with analyst
Selenium P(A), G(A) 100 Add HNO; to pH <2 28 days
Sodium P 100 None required 28 days
Sulfate PG 200 Refrigerate 7 days
Taste G 500 None required 24 hours Analyse as soon as
possible
Temperature - - None required Analyse Determine in situ
immediately
Total dissolved solids | PG 500 Refrigerate 24 hours Fill container
completely to
exclude air
Trihalomethanes G, vials with PTFE- | 100 Add 2 mL of 5% ascorbic 14 days Fill container

faced septum

acid solution

completely to exclude
air
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Characteristic Container Minimum | Preservation Maximum | Comments
sample procedure holding
size (mL) period
Turbidity PG 100 None required 24 hours Preferably determine on
site or in situ
Zinc P(A), G(A) 100 Add HNO; to pH <2 28 days
Container P = Plastic (polyethylene or equivalent)
G = Glass
G(B) = Glass, borosilicate
P(A), G(A) = Rinsed with 50% HNO;
G(S) = Glass, rinsed with organic solvent, PTFE cap liner
PTFE = Polytetrafluoroethylene
Preservation Refrigerate = Store between |° and 4°C in the dark, do not freeze
HNO; = Nitric acid (hydrochloric acid may be used in this context but nitric acid is preferred)
NaOH = Sodium hydroxide solution (40% w/v)
K,Cr,O3 = Potassium dichromate

2 1If sample is chlorinated, for each 1000 mL of sample add 80 mg of sodium thiosulfate to container prior to sample collection.
3 If sample is chlorinated, for each 1000 mL of sample add 80 mg of sodium thiosulfate to container prior to sample collection.
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Radiological monitoring and assessment of performance

INFORMATION SHEET 2.2

SCREENING OFWATER SUPPLIES

The process of identifying individual radioactive species and determining their concentration requires
sophisticated and expensive analysis, which is normally not justified because concentrations in most
circumstances are very low. A more practical approach is to use a screening procedure, where the total
radioactivity present in the form of alpha and beta radiation is determined without regard to the identity
of specific radionuclides.

The ‘screening’ levels that are recommended for both gross alpha and gross beta activity are 0.5
becquerels per litre (Bq/L). The gross beta measurement includes a contribution from potassium-40, a
natural beta emitter, which occurs naturally in a fixed ratio to stable potassium. Potassium is an essential
element for humans, and is absorbed mainly from ingested food. Potassium-40 does not accumulate in
the body but is maintained at a constant level independent of intake. The contribution of potassium-40
to beta activity is therefore subtracted following a separate determination of total potassium. The
specific activity of potassium-40 is 30.7 becquerels per gram of potassium. However, not all the radiation
from potassium-40 appears as beta activity. The beta activity of potassium-40 is 27.6 becquerels per
gram of stable potassium, which is the factor that should be used to calculate the beta activity due to
potassium-40. Although potassium-40 can make a significant contribution to the gross beta activity of
drinking water (in Bq/L), this translates into a trivial dose in mSv. For example, assuming potassium-40
activity was at the 0.5 Bq/L screening level for total beta activity, the dose would only be 0.003 mSv per
year, based on the calculation given in Section 7.6.2 and using the ICRP (1996) ‘dose per unit intake’
value for potassium-40 of 6.2 x 10-6 mSv/Bq.

If the ‘screening’ levels are not exceeded, there is no need for further assessment. The recommended
screening levels provide a good margin of safety against the dose-based guideline values. The likely
worst case leading to the highest exposure is where these gross activities are due entirely to radium-226
(an alpha emitter) and radium-228 (a beta emitter). The total dose corresponding to total alpha and total
beta activities that are just within the respective screening level of 0.5 Bq/L will be approximately 0.35
millisieverts (mSv) per year, with 0.1 mSv from radium-226 and 0.25 mSv from radium-228. Water that
meets the screening guideline will result, at worst, in an annual dose of approximately one-third of the
minimum dose at which intervention should be considered (see Table 1S2.2.1). The worst case exposure
is based on a combination of the likelihood of occurrence in the Australian environment and the
relatively high mSv/Bq ratio.

If either or both screening levels are exceeded, further investigation is necessary to identify the nature of

the radioactivity. It should be emphasised that the screening level is intended only as a practical means to
ascertain if further consideration of the radiological quality of the water supply is needed. It should never
be regarded as a guideline value, or even as an indicative water quality target.

DOSE ASSESSMENT

If the screening level for gross alpha or gross beta activity is exceeded, specific radionuclides should be
identified and their activity concentrations determined. This may involve taking a resample if the volume
of the original sample is inadequate to allow specific radionuclide analysis. Activity concentrations for
the most common sources of emissions, radium-226 and radium-228, should be evaluated at this stage.
If radium does not account for all the gross alpha and beta emissions, then additional radionuclides will
need to be identified. In accounting for all gross alpha and beta activity, the analytical service provider
needs to provide information on counting and other errors associated with the determinations.
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The annual dose rate from each radionuclide can be calculated using the method described in Section 7.6.2.

If the sum of the annual doses from all radionuclides is less than 0.5 mSv, no further action is required
and routine monitoring can continue. If the sum of the annual doses from all radionuclides exceeds

0.5 mSy, it is not appropriate to rely on a single analysis to determine annual exposure. In this case,
radionuclides should be sampled quarterly to obtain a profile of radiological water quality, as some water
supplies show seasonal variations.

The quarterly results should be reviewed as they become available, to ensure that there are no immediate
problems. Otherwise, a final assessment of annual dose can be made when at least four results are
available and the average concentration of each radionuclide can be used to calculate the annual doses.

OPERATIONAL RESPONSE

The operational response will depend on the estimated annual dose determined by the sum of the
contribution from each radionuclide present in the water.

If the total annual dose is less than 0.5 mSy, the guideline level for intervention has not been exceeded
and routine monitoring can be maintained.

If the total annual dose lies between 0.5 and 1.0 mSy, the guideline value for intervention has not been
exceeded; however, discussions should be held with the relevant health authority to determine the
frequency of ongoing sampling.

If the total annual dose exceeds 1.0 mSv, the guideline exposure for considering intervention has been
exceeded. The water service provider and the relevant health authority should assess the results and
examine options to reduce the levels of exposure. Water supply providers should consider operational
changes that can be implemented at minimal cost to reduce annual exposures. For example, water could,
wherever possible, be taken preferentially from bores with the lowest radionuclide concentrations.

A total annual dose that exceeds 10 mSv is unacceptable for drinking water and immediate action should
be taken to reduce the dose to below guideline levels.

Recommendations on the response process are presented in Table IS2.2.1. The monitoring and
assessment process is further illustrated in Figure 1S2.2.1.

Table 1S2.2.1 Summary of operational responses

Dose level Response
(mSyv per year)

<0.5 I. Continue routine monitoring.
0.5-1 I. Consult with relevant health authorities.
2. Review frequency of ongoing sampling.
3. Evaluate operational options to reduce exposure.
P P p
>|-10 |. Consult with relevant health authorities.
2. Assess in detail possible remedial actions, taking into account potential cost-effectiveness of actions.
P g P
3. Implement appropriate remedial action on the basis of the cost-benefit evaluation.
P pprop
> 10 I. Water not suitable for consumption on the basis of radioactivity levels.

2. Consult with relevant health authorities.

3. Immediate intervention is expected and remedial action must be taken to reduce doses to below the

guideline value of 1.0 mSv.
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Figure 1S2.2.1 Flowchart showing how to determine whether the radiological quality of drinking water complies with

the Guidelines

Step Activity Process flow Guidance note
| Determine gross alpha and — Activity Level
[gross beta excluding - K40] <05 Ball
g g . Activity Level
<0.5 Bq/L
2 Retest for gross alpha and
[gross beta excluding - K40]
and determine Ra-226 and
Ra-228 activity levels. i
3 Are all gross alpha and gross — Yes
beta accounted for? |
No
4 Determine the activity levels
of additional radionuclides.
I
5 Calculate annual exposure.
Annual Exposure
>0.5 mSv
6 Complies with Guidelines. E— Annual Exposure
Continue rountine monitoring. l <05 Bqll
Monitoring includes
7 Commence quarterly monitoring. steps 2 to 4.
8 Calculate annual exposure based
on quarterly monitoring.
Annual Exposure
<0.5-1.0 mSv
9 Complies with ADWG. Continue
monitoring at frequency agreed Annual Exposure
with health departement. v >1.0mSv
10 Exceeds guideline. )
Consider intervention.

METHODS OF ANALYSIS

Gross alpha and beta activity concentration

For analysis of drinking water for gross alpha and beta activity, the most common approach is to evaporate

a known volume of the sample to dryness and measure the activity of the residue. As alpha radiation is
easily absorbed within a thin layer of solid material, the reliability and sensitivity of the method for alpha

determination may be degraded in samples with a high content of total dissolved solids.

Where possible, standard methods should be used to determine concentrations of gross alpha and beta

activities. Table 1S2.2.2 lists the three procedures that are recommended.
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Table 1S2.2.2 Recommended methods for the analysis of gross alpha and beta activities in drinking water

Method reference Technique Detection limit Application

ISO 9696 (2007) Evaporation 0.02-0.1 Bq/L Groundwater with TDS greater than
0.1 g/L

AS 3550.5 (1990) Evaporation 0.02 Bq/L Surface water and groundwater with
TDS 0.1 g/L

APHA, AWWA WEF(1998) Co-precipitation 0.02 Bq/L Surface and groundwater (low Fe)
(TDS not a factor)

AS = Australian Standard (of Standards Australia)
AWWA = American Water Works Association
APHA = American Public Health Association

Bq = becquerel

ISO = International Organization for Standardization
TDS = total dissolved solids

WEF =Water Environment Federation.

The determination of gross beta activity using either of the evaporation methods in Table 1S2.2.2 includes
the contribution from potassium-40. An additional analysis of total potassium is therefore required.

The co-precipitation technique shown in Table 1S2.2.2 excludes the contribution due to potassium-40,
so determination of total potassium is not necessary. This method is not suitable for assessment of
water samples containing fission products such as caesium-137. However, under normal circumstances,
concentrations of fission products in Australian drinking water supplies are so low that they cannot

be detected.

Analytical methods for specific radionuclides

Generally, Australian standard or international standard methods are not available for key natural
radionuclides such as radium-226 and radium-228; however, suitable methods have been published
in the literature. Suggested methods for specific radionuclides are included the relevant Fact Sheets.

Sample handling and pretreatment

Water samples should be pretreated to prevent significant losses of radionuclides from solution following
collection and in transit to a laboratory.

Details of appropriate procedures for the handling of water samples, including suitable containers and
pretreatment methods, are described in the relevant Australian/New Zealand Standards (AS/NZS 1998a
and 1998b).

Analytical methods for potassium-40

It is impractical to use a radioactive measurement technique to determine the concentration of
potassium-40 in a water sample. This is because gamma ray analysis is not very sensitive and it is

difficult chemically to isolate the radionuclide from solution. Because the ratio of potassium-40 to stable
potassium is fixed, chemical analysis for potassium is recommended. A measurement sensitivity of 1 mg/L
for potassium-40 is adequate for monitoring purposes; this can readily be achieved by atomic absorption
spectrophotometry or specific ion analysis. The activity due to potassium-40 can then be calculated using
a factor of 0.0276 Bq of beta activity per milligram of potassium.
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Sampling frequency

New water supplies and those not previously sampled should be sampled often enough to characterise
the radiological quality of the water supply and to assess any seasonal variation in radionuclide
concentrations. This should include analysis for radon. Quarterly sampling over the first year should
provide sufficient data to establish the baseline. Once the radiological quality of a supply has been
established, sampling can be less frequent — every two years for groundwater supplies, every five years
for surface water supplies.

Reporting of results

The analytical results for each sample should contain the following information:
sample identifying code or information;
reference date and time for the reported results (e.g. sample collection date);

identification of the standard analytical method used or a brief description of any non-standard method
used;

identification of any radionuclides or type of total radioactivity determined,

calculated concentration or activity value using the appropriate blank for each radionuclide;
estimates of the counting uncertainty and total propagated uncertainty;

decision level (in units consistent with the counting uncertainty) and nominal minimum detectable

concentration for each radionuclide or parameter analysed.

The estimate of total propagated uncertainty of the reported result should include the contributions
from all the parameters within the analytical method (i.e. counting and other random and systematic
uncertainties).
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AS/NZS (Australia and New Zealand Standards) (1998b). AS/NZS 5667.5:1998 Water quality — Sampling —
Guidance on sampling of drinking water and water used for food and beverage processing.

ICRP (International Commission on Radiological Protection) (1996). Age-dependent doses to members
of the public from intake of radionuclides: Part 5 Compilation of ingestion and inhalation dose
coefficients. ICRP Publication 72, Pergamon Press, Oxford, United Kingdom.

ISO (International Organization for Standardization 9096 (2007). Water quality — measurement of gross
alpha activity in non-saline water — thick source method. International Standard 9696. International
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Statistics — Visualising data

INFORMATION SHEET 3.1

Visualization is critical to data analysis. While tables are necessary to record the data, it is usually very
difficult to distinguish pattern in tables of numbers, particularly for large data sets. Graphs, however,
allow the reader to see complex data sets simply and concisely. Plots can reveal hidden structure in the
data, and outlying or unusual results, and they enable preconceived ideas to be challenged. Visualization
of data is best described using an example.

Table 1S3.1.1 contains a typical water data set that may have been collected as part of an operational
monitoring program. A simple graphical representation of one analyte (iron in this case) from these data
is presented in Figure 1S3.1.1. The graph makes clear a number of features of the data that are lost in the
table. The average of the data can be seen to be close to 0.2 mg/L and the majority of data lie between

+ one standard deviation of the mean. Of note are 4 data points that exceed the aesthetic guideline value
listed in the Guidelines, as well as periods where consecutive increases or decreases in the data have
occurred. Such a chart is often referred to as a quality control or Shewhart chart, and is discussed further
in Information Sheet 3.5.

Table 1S3.1.1 Example of a water quality data set

Date Iron Manganese | Total Hardness | Colour Turbidity Electrical
(mg/L) (mg/L) as CaCO; (mg/L) | (PCU) (NTU) Conductivity
(US/cm)
28/11/1999 0.08 0.02
28/11/1999 0.1 0.005
30/01/2000 0.13 0.02
5/03/2000 0.09 0.01 37 15 0.5 125
16/04/2000 0.1 0.0l
21/05/2000 0.13 0.0l 18 105
25/06/2000 0.14 0.0l 29 24 | 10
6/08/2000 0.12 0.005 35 12 0.7 120
3/09/2000 0.42 0.02 15 145 13 75
3/10/2000 0.16 0.0l ) 27 1.6 99
6/11/2000 0.21 0.0l 26 9 0.6 120
4/12/2000 0.25 0.0l 27 18 0.6 125
8/01/2001 0.35 0.03 27 0.5 125
5/02/2001 0.26 0.02 24 0.8 120
5/03/2001 0.29 0.01 14 58 4.6 84
9/04/2001 0.22 0.01 24 0.9 1o
15/05/2001 0.21 0.0l 25 0.6 15
17/06/2001 0.21 0.01 26 0.6 15
16/07/2001 0.12 0.01 23 0.9 105
12/08/2001 0.11 0.01 23 8 0.7 15
9/09/2001 0.07 0.0l 33 0.9 130
15/10/2001 0.16 0.0l 24 19 0.8 10
1171172001 0.19 0.0l 29 5 0.6 120
3/02/2002 0.36 0.03 28 5 0.9 136
11/03/2002 0.22 0.01 32 6 I 155
28/04/2002 0.8l 0.04 43 5 2.6 218
26/05/2002 0.07 0.0l 28 8 0.3 125
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Date Iron Manganese | Total Hardness | Colour Turbidity Electrical
(mg/L) (mg/L) as CaCO; (mg/L) | (PCU) (NTU) Conductivity
(HUS/cm)

16/06/2002 0.11 0.0l 25 6 0.6 16
21/07/2002 0.14 0.0l 27 4 04 112
11/08/2002 0.24 0.0l 18 18 12 82

8/09/2002 0.13 0.0l 24 7 1.2 10
13/10/2002 0.12 0.0l 31 5 0.4 131
10/11/2002 0.13 0.0l 31 5 0.5 130

2/02/2003 0.18 0.0l 16 19 1.7 85
16/03/2003 0.2 0.01 21 6 0.6 98
20/04/2003 0.17 0.01 24 5 0.5 108
11/05/2003 0.2 0.01 24 4 0.5 10
22/06/2003 0.17 0.0l 31 3 0.9 I
21/07/2003 0.14 0.0l 21 10 | 92
24/08/2003 0.14 0.01 27 4 0.5 106

7/09/2003 0.13 0.0l 27 5 0.4 108
12/10/2003 0.14 0.0l 32 5 0.5 125
16/11/2003 0.13 0.0l 27 7 0.4 105

7/03/2004 0.16 0.01 31 4 0.6 128

Figure 1S3.1.1 Graphical presentation of iron data from Table 1S3.1.1
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Date

Another useful graphical representation of data is a frequency histogram (Figure 3.1.2) which can identify
individual features of the distribution of the data and their relationship with other analytes. Frequency
histograms can provide an indication of the normality of the data (or lack thereof in most cases). For
example, compare the frequency histogram for total hardness with that for iron and manganese; the latter
two show significant departure from normality. Tests of normality (e.g. using Anderson’s test or Maximum
Likelihood) can be considered but are unlikely to be definitive when sample sizes are small, as is usually
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the case in water quality data. Further aspects of the distribution (e.g. skewness and kurtosis) also need
to be considered. In practice, however, water quality data are rarely normally distributed. Accordingly,
the use of alternative distributions (most notably, lognormal distributions) should be considered when
significant departures from normality are observed.

Figure 1S3.1.2 Histogram of data for selected analytes from Table I1S3.1.1. Note that most data sets shown are evidently
non-normal and skewed
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In summary, the first step in data analysis is to present the data graphically, ideally both for the
12-month reporting period and for the full period for which data is available, or for a ten-year period.

If more detailed or involved data analysis techniques are to be considered the advice of a statistician
should be sought.
REFERENCE

AS/NZS 5667.1:1998 (1998). Water Quality — Sampling Part 1: Guidance on the design of sampling
programs, sampling techniques and the preservation and handling of samples. Standards Association
of Australia
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Statistics — Assessing performance

INFORMATION SHEET 3.2

PRELIMINARY CONSIDERATIONS

In deciding how the performance of a water supply system should be assessed, it is necessary to consider:
the statistical implications of the assessment mechanism;
possible health implications of using different statistical measures;

community perceptions of what constitutes good quality water.

Three commonly used procedures measure performance respectively against a maximum value, a mean,
or a percentile (Ellis 1989).

ASSESSING PERFORMANCE AGAINST A MAXIMUM VALUE

Using this approach, performance is measured by quoting the percentage of scheduled samples tested
that are below the guideline value. Although the approach is used often and is superficially easy to
understand, it has some serious deficiencies:

While measurements will show how a system is performing at the time of sampling, there is no way of
determining what the water quality is like between sampling events. Statistical procedures cannot be
used to indicate whether or not the measurements are representative of the quality at other times. (Other
methods of assessing performance, however, can provide this information.)

There is no way of reliably estimating what the true maximum value is, as this may well occur between
samples. Any sampling program can only provide a biased estimate of the true maximum value, which
it will invariably underestimate. There is always the possibility that the next sample analysed may have a
higher value.

ASSESSING PERFORMANCE AGAINST A MEAN

Performance is assessed by comparing the mean value of measurements with the guideline value over a
period (usually 12 months). Such an approach has a number of attractions:

For characteristics not related to health, the guideline values are generally set at values that have the
potential to generate a change that is noticeable by the customer. In many cases, it is sudden large
increases in a value that can bring an increased number of consumer complaints. Therefore, when
looking at trends over time, it can be argued that it is the mean or average value that is the significant
value in relation to system performance.

Simple and well recognised statistical procedures can be used to provide statistically unbiased estimates
of the mean with a known degree of confidence. The degree of confidence (expressed as the confidence
interval) will indicate how much the values are likely to vary from the mean between sampling events.

The disadvantage of this approach is that a few high values can be offset by a number of low values.

ASSESSING PERFORMANCE AGAINST A PERCENTILE

Using this approach, performance is satisfactory if a large percentage of results (although not necessarily
alD) are less than the guideline value. Like the use of a mean, this approach has a number of attractions:

For health-related characteristics, performance could not be regarded as satisfactory if the guideline
values were exceeded more than rarely. This is consistent with using a high percentile such as a
95" percentile.

It is possible, using statistical procedures, to estimate with a known degree of confidence how well the
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results of sampling represent the quality of water at other times.

Using a percentile to assess performance against the guideline is consistent with the requirement that

the upper control limit of the control chart be equal to or less than the guideline value. For example,

for normally distributed data, if the 95" percentile is used, control limits can be placed at 1.64 times the
standard deviation on either side of the mean. These control limits will then encompass about 90% of the
data, and of the remaining 10%, about 5% will be above the upper control limit and 5% below the lower.
This means that if the upper control limit is the same as, or less than, the guideline value, then 95% or
more of the data should be below the guideline value.

More samples need to be analysed to assess performance against a percentile than are needed for a mean.
This is reasonable for health-related characteristics, as exceeding the guideline may, in some cases, have
significant health effects. More sampling provides a greater degree of protection.

The main disadvantage of this approach is that estimates of percentiles are inherently more uncertain than
estimates of means.

If more detailed or involved data analysis techniques are to be considered the advice of a statistician
should be sought.
REFERENCE

Ellis JC (1989). Handbook on the Design and Interpretation of Monitoring Programmes. Water Research
Centre, Medmenham, United Kingdom, Technical Report NS29.
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Statistics — Statistical principles

INFORMATION SHEET 3.3

This information sheet sets out some general statistical principles and considerations for designing

and interpreting water quality monitoring programs. Ideally, expert statistical advice should be sought
in devising and interpreting such a program. Further information and references can be found in the
Australian Guidelines for Monitoring and Reporting, National Water Quality Management Strategy Paper
No. 7 (ANZECC/ARMCANZ 2000).

SUMMARY STATISTICS

A fundamental task in many statistical analyses is to characterise the location and variability of a data
set. This is usually described by the mean (1) and standard deviation (c). Most statistical packages can
produce these values for a given data set. In addition, percentiles are simple to derive. None of these
three statistics require an underlying assumption of normality and all can be derived using simple
statistical tools and commonly available spreadsheet packages. However, there are a number of data
transformations that are usually required before the statistics can be estimated, as follows.

OUTLIERS AND ‘LESS THAN’ VALUES

Two persistent problems cause difficulties in the use of the mean in assessing water quality data:

outliers — that is, numbers that appear to be extreme when compared with other data in the data set.
These are not numbers generated by some malfunction of measuring equipment or transcription errors,
which clearly ought to be discarded. They are numbers that seem anomalous, although there is no
obvious explanation and they cannot be discarded on technical grounds; and

values that are recorded as less than the limit of detection.
As an example, consider the following set of data:
<0.5, <0.5, 1.2, 1.4, 1.45, 2.1, 21.3

The first problem is what to do about the less-than values. Should they be ignored, replaced by 0.25,
replaced by 0, or should the < symbol be ignored? There is no clear answer except that it can be shown
that using L/2, where L is the limit of detection, is effectively a worst-case method and not the even-
handed approach it appears to be at first sight (Ellis 1989). If the values below the limit of detection

are critical in determining how a supply performs against the guidelines, then steps should be taken to
reduce the limit of detection. Statistical treatment of values below the detection limit is possible but is
complex and not entirely satisfactory. In the absence of any alternative, however, it is recommended that
detection limit values be replaced by L/2, as a conservative approach. The original data set should be
kept intact so that it can be seen which data were substituted in this way, and when presenting results,
the substitution should be noted. Further information on dealing with less than values can be found in
Croghan and Egeghy (2003) and Smith et al. (2000).

For determining the 95" percentile, up to 95% of the reported results can be less than the limit of
detection and the statistic can still be found readily. The lowest 95% of reported values simply identify
which value is reported as 95" ranked value and do not arithmetically contribute to it. If more than 95%
of the reported values are below the detection limit, the 95" percentile should be reported simply as less
than the limit of detection. Percentiles are discussed further in the following section.
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For determining averages, it is necessary to substitute the values at less than the detection limit with

L/2 and to note that this substitution was made, as well as noting what proportion of data was below
the detection limit; for example: Average: 0.3 mg/L (notes: detection limit 0.2 mg/L, 12 samples taken,

3 samples below detection limit which were substituted with a value of 0.1 mg/L). The substitution of
censored data will necessarily introduce biases to the calculated means and standard deviations, and this
approach should be used only when the proportion of censored data is relatively low (e.g. 3 out of 12
results, in the above example).

The second problem with the data set is the very high 21.3 value. Is it genuine, or an analytical error?
If it is genuine, is it valid to include it in the calculation of the mean (and hence the 95th percentile)
when it will clearly have a marked effect on the result? The answer is that it must be included in the
calculation as it may have an impact on the health of people receiving the water. To remove it would
have the same effect as censoring the data set. Only those data points that have been clearly shown to
be in error should be removed.

Simple worksheet packages, such as Excel™, will have some difficulty in deriving percentiles and
averages if some of the data are shown as <x;, since the software may simply ignore these values and see
them as non-numerical. Therefore, substitution with numerical values, such as L/2, or manual calculation,
may be necessary, to avoid producing misleading results.

If the detection limit is above the guideline value, the assay should be changed to provide a more
sensitive one. Detection limits are also discussed in Chapter 9 (Section 9.10.3).

SKEWNESS AND KURTOSIS
A further characterization of the data can include the measure of skewness and kurtosis.

Skewness is a measure of symmetry, or more precisely, the lack of symmetry. A distribution, or data set,
is symmetrical if it looks the same to the left and right of the centre point.

The skewness for a normal distribution is zero, and any symmetrical data should have a skewness
near zero. Negative values for the skewness indicate data that are skewed left (i.e. the left tail is long
compared to the right tail); positive values indicate data that are skewed right (i.e. the right tail is long
compared to the left tail). Further advice on how to treat strongly skewed data sets can be found in
McBride (2005).

Kurtosis is a measure of whether the data are peaked or flat relative to a normal distribution. Data sets
with high kurtosis tend to have a distinct peak near the mean, decline rather rapidly, and have heavy tails.
Data sets with low kurtosis tend to have a flat top near the mean rather than a sharp peak. A uniform
distribution would be the extreme case.

There are different definitions used for kurtosis. The standard normal distribution has a kurtosis of zero.
Which definition of kurtosis is used is a matter of convention. When using software to compute the
sample kurtosis, it is necessary to be aware of which convention is being followed.

The histogram (Information Sheet 3.1) is an effective graphical technique for showing both the skewness
and kurtosis of a data set. This may be sufficient to indicate whether the data are approximately normal,
or are skewed and need further statistical treatment (e.g. transformation) before statistics are calculated
and performance assessments undertaken.

MEASUREMENT ERROR

A set of results is no more than a series of snapshots of some process over the period of sampling.

A statistic calculated from these results, such as a percentile, a mean, or a standard deviation, can never
exactly coincide with the true statistic, except by chance. The true statistic could only be determined by
continuous error-free measurement of every drop of water — an impossibility in water quality analysis.
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Values determined experimentally from a set of measurements are, thus, often referred to as estimates

of the true statistic. These estimates may be too high or too low — there is no way of knowing. This
uncertainty is known as the measurement error (although the term ‘error’ is unfortunate as it really means
‘small departures from the true result’, not mistakes made in analysis), and quantification of this error is
an important component of statistical methods.

If more detailed or involved data analysis techniques are to be considered, the advice of a statistician
should be sought.
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Statistics — Control charts and trends

INFORMATION SHEET 3.4

PURPOSE AND CONTENTS OF A CONTROL CHART

A control chart displays monitoring data for a given characteristic against either time or sample sequence
number® It has the following important features clearly marked:

control limits;
each measured data point;

the mean value of the measurements.

PURPOSE OF CONTROL LIMITS

Control limits can be based on long-term monitoring data (including data from the reporting period).
They are horizontal lines parallel to the mean but shifted from it by a number of standard deviations (at
least 1.64 times the standard deviation), and they are calculated from the long-term standard deviation.
They thus define the area within which most of the long-term data fall. Provided that the system is ‘in
control’, most of the data for the reporting period will also lie between these limits. In addition, an alert
limit can also be set, which is more stringent than the control limit. The alert limit is the point at which
corrective action is initiated to avoid breaching a control limit.

Alternatively, the control limits can be set at some pre-determined target criteria or critical limits (see
Sections 9.4.2 and 9.4.3). The target criteria reflect the effectiveness of a process. A critical limit is a
prescribed tolerance that distinguishes acceptable from unacceptable performance.

Control charts can also be used to assess long-term performance on an ongoing basis (rather than for
a given reporting period), in which case the control limits and mean should be calculated from all the
available data over previous years, and recalculated periodically. They should be used in relation to

operational monitoring data, but are of no use when assessing drinking water quality monitoring data.

ADVANTAGES OF USING CONTROL CHARTS TO ASSESS PERFORMANCE

When using control charts to assess long-term operational performance:

It is easy to see if data exceed an alert limit (target criteria) or control limit (critical limit), and by what
amount.

The variability in the data can be quickly determined. Characteristics with low variability may be of less
concern than those that vary markedly. Trends or ‘runs’ of consecutive high or low values in the data may
also be observable.

SETTING CONTROL LIMITS

A decision must be made on where to place the control limits; that is, on the percentage of the long-
term measured data that they will contain (see Table 1S3.4.1). Tt is suggested that the control limits
should be not less than 1.64 times the long-term standard deviation; for normally distributed data, this
will encompass approximately 90% of the long-term data and, provided the system remains in control,
approximately 90% of the data for the reporting period. The distances for other percentages of the data
are shown below. These figures are constants for any normal distribution curve, and can be determined
from cumulative normal probability tables given in most statistical textbooks.
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Alternatively, the control or alert limits can be set based on an operational target or limit that must be
met, for example, the need to maintain a fluoride concentration below 1.0 mg/L. In this example, the
upper control limit may be 0.8 mg/L and the alert limit 1.0 mg/L. By plotting the data on a control chart,
emerging trends in fluoride concentrations can be identified, and preferably managed before either the
control limit (critical limit) or alert limit (target criteria) is reached.

Table 1S3.4.1 Relationship between control limits and multiples of the standard deviation*

Standard deviations(s) % of data expected to fall within the bounds
1.64xs 90.00
1.96 x s 95.00
3.00x s 99.85

DETERMINING THE STANDARD DEVIATION

In order to establish control limits, it is necessary to determine a reliable mean and long-term standard
deviation. To obtain initial estimates of these statistics, no less than 7 and preferably 15 or more
measurements are required from independent representative samples. Therefore, a monthly sampling
program would collect sufficient data to allow for meaningful control limits to be set after a 12-month
period. Tt is clearly unsatisfactory to bias the results by selecting sampling times or locations that are
favourable (or unfavourable).

To ensure the ongoing relevance of the control limits that are set, the mean and standard deviation
should be periodically recalculated based on either a longer data set, or another representative period of
collected data.

EXAMPLE OF A CONTROL CHART

Figure 1S3.4.1 shows an example of a control chart using trihalomethanes data, using 12 monthly
measurements. In the example, the control limits have been placed at two standard deviations away
from the mean. The guideline value would act as the critical limit. Excursions above either the control
limit or the critical limit would prompt an investigation. The control chart shows that, except for the
one excursion above the critical limit, trihalomethanes levels were generally under control during the
period under review.

4 Taylor JK (1987). Quality assurance of chemical measurements, Lewis Publishers, Chelsea, Michigan.
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Figure 1S3.4.1 Example of a control chart for trihalomethanes data
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Number of samples required

INFORMATION SHEET 3.5

NON-MICROBIAL

Poor quality water supplies should be more frequently monitored than good quality water supplies; this
is supported by statistical arguments as shown below.

If the data are normally distributed, the minimum number of samples required to achieve a desired level
of precision with a known degree of confidence can be determined using the following formula:

[t(a) xhxs }2
n = _
D

Where:

@) = Student’s t statistic with infinite degrees of freedom corresponding to a single tail
probability of a. At the 95% confidence level this value is 1.96

h = an uncertainty factor in estimating percentiles: for the 95th percentile the value is 1.64
(at the 95% confidence level): for means the value is 1.0

s = standard deviation

D = precision in measurement

n = number of samples required.

Most water quality data are skewed. Where the data are skewed, it is still possible to calculate the number
of samples required but the calculation is more complex (Ellis 1989). Boxes 153.5.1 to
IS 3.5.3 detail this more complex method.

Box 1S3.5.1 Samples required to meet a guideline based on a 95% percentile

Suppose that in the past a characteristic has been running with a mean of 0.02 mg/L with a standard deviation of 0.02 mg/L, and
that for this characteristic the guideline value is 0.1 mg/L.The 95th percentile can be estimated as follows:

95% percentile = mean + .64 xs = 0.02 + 1.64 x 0.02 = 0.0528

This is well below the guideline value. It would be possible to take fewer samples and still be confident that the guideline has

been met.

To estimate the minimum number of samples necessary, the first step is to calculate the necessary precision by halving the difference
between the 95" percentile and the guideline value:
(0.1 - 0.0528)/2 = 0.0236 mg/L
The lower limit of the confidence interval is the estimated 95" percentile, and the upper limit is the guideline value. The number of
samples required to achieve this can then be calculated as follows:
1.96[x .64 x0.02 ? : )

——— | = 8 samples with rounding up
00236

Thus, a precision of 0.0236 mg/L can be achieved (with 95% confidence) by taking 8 samples over the year. Alternatively, 8 samples
per year will be sufficient to be sure (with 95% confidence), that the 95" percentile is less than the guideline value.
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Box 1S3.5.2 Samples required to meet guidelines based on 95th percentile, with a different mean

Suppose that after taking these 8 samples it is found that the mean has drifted up to 0.04 mg/L, but the standard deviation remains
the same at 0.02 mg/L.The 95" percentile is now:

95" percentile = mean + 1.64 xs =0.04 + 1.64 x 0.02 = 0.0728

The precision now required is 0.014 mg/L (as (0.1-0.072/2)=0.014 mg/L).This is a smaller value and hence the number of samples
required to achieve it with the same degree of confidence will increase:

196 164 002 (with rounding
= samples (with roundin,
0014 3 .

Therefore, the sampling frequency would have to be increased to 22 per year, or about | per fortnight, to meet this change

in precision.

Box IS3.5.3 Number of samples based on meeting a mean

Using the same data given in Example 2 above, the precision required can be calculated by halving the difference between the mean
and the guideline value, i.e. (0.100— 0.040)/2 = 0.03 mg/L (the lower limit of the confidence interval in this example is the mean, and
the upper limit is the guideline value). The number of samples required is then:

196 0.022 ) | " y
- samples (with roundin,
003 ples ( 2)

Thus, 2 samples per year would be sufficient to be sure (with 95% confidence) that the mean is less than the guideline value. Using

a mean instead of a 95" percentile can make a substantial difference to the number of samples required.

MICROBIAL

One of the aims in any sampling program, particularly microbiological sampling, is to have a high degree
of confidence that the water quality as measured in the laboratory is representative of that actually

used by the consumer, not just at the time of sampling, but all the time. Unless all water is sampled, it

is not possible to be 100% confident that this condition is met. A properly designed sampling program,
testing only a very small percentage of the total amount of water in a system, can give a high degree of
confidence about the overall water quality. The degree of confidence is related to the number of samples
analysed. (This assumes, of course, that the sampling locations selected are representative of the water
supplied to the consumer.)

Even if all samples tested are free of bacterial indicators, no sampling program can guarantee that all the
water in a system is free of indicator organisms. In fact, it can be shown that for any reasonable sampling
program, the degree of confidence in achieving a situation where 100% of the water in a system is free of
bacterial contamination is close to zero (Ellis 1989).

It is far better to have a high degree of confidence that a large proportion of the water is free of
contamination, than to have no confidence that all the water is uncontaminated. Realistic monitoring
programs can give a high degree of confidence that 98% of all the water in a system is fee of
bacterial contamination.

This does not mean that the other 2% of water is contaminated. All it indicates is that the sampling
program is statistically unable to show a high degree of confidence that more than 98% of all the water
in the system is free of contamination.

Even if all samples tested are uncontaminated, it does not follow that there is necessarily a high degree
of confidence that the water is free from contamination. The number of samples required to meet a
target, and the degree of confidence that this confers when all samples are free of contamination, is
shown in Figure 1S3.5.1 (Ellis 1989).
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For example, if 50 samples are tested per year and all are free of contamination, then there is only 65%
confidence that 98% of the water in the system is free of contamination. It would be necessary to take
150 samples, each free of contamination, before the degree of confidence reached 95%. Fewer than

50 samples per year, even if each sample was free of contamination, give a low degree of confidence
that the water system as a whole is 98% free of contamination.

If one or more samples taken over a year are positive, then the degree of confidence that 98% of water
in the system is free of contamination is reduced. This is shown in Figure 1S3.3.2 (Ellis 1989). Suppose,
for example, that 150 samples were collected in a year but some of those samples showed faecal
contamination. The degree of confidence that 98% of the water in the system is free of contamination
drops from 95% with a positive result to 80% with one positive result, and 60% with two positive results.

The plateau shown in Figure 2 at the 50% confidence level is an artefact of the difficult computation
procedure used to derive these graphs. The graphs should only be regarded as an approximate guide,
but they nevertheless provide a highly informative summary.

Figure 1S3.5.1 Level of confidence that 98% of water in a supply is free of faecal contamination for different numbers
of samples when all samples tested are free of faecal contamination (Source: Ellis 1989, reprinted with permission of the
Water Research Centre, Medmenham)
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Figure 1S3.5.2 Level of confidence that 98% of water in a supply is free of faecal contamination for different numbers
of samples when 1, 2, 3 or 4 samples give positive results (Source: Ellis 1989, reprinted with permission of the Water
Research Centre, Medmenham)
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Guidance for issuing and lifting boil water advisories

This guidance will help water suppliers, in conjunction with public health authorities, develop procedures
for boil water advisories.

Boil water advisories are public announcements advising that drinking water should be boiled (or
otherwise disinfected) before being consumed or used to wash uncooked food (e.g. salad vegetables and
fruit), make ice, gargle or clean teeth. They are generally issued on the basis of suspected or confirmed
contamination by potentially pathogenic micro-organisms.

Boil water advisories are serious measures and although they are intended to protect public health they
can also have adverse consequences including risks of scalding (Mayon-White and Frankenberg 1989) and
non-compliance particularly when issued frequently or for extended periods of time (consumer fatigue)
(Hrudey and Hrudey 2004, WHO 2011). The decision to issue a boil water advisory should follow the
same risk management principles applied in ensuring safe drinking water. A boil water advisory should be
used when consideration of all available information leads to the conclusion that the risk to public health
is persistent, unacceptably high and is greater than the adverse consequences of an advisory.

Although the decision to issue a boil water advisory needs careful consideration timeliness is also
important with delays potentially leading to increased disease (Powell et al. 2002, O’Connor 2002).
Preparation is essential to prevent unnecessary delays. Drinking water suppliers and public health
agencies should have contingency plans dealing with the issuing and lifting of boil water advisories.
Contingency plans should be included in incident and emergency protocols (see Chapter 3.6). Plans
should include reporting criteria and procedures for ensuring ongoing communication between water
suppliers, public health agencies, and the public during events.

In order to be adequately prepared for the implementation of a boil water advisory, it may be useful for
water suppliers and health authorities to run mock boil water exercises.

POTENTIAL CAUSES

A number of factors may lead to consideration of a boil water advisory including environmental
emergencies, failure of critical control points and other preventive measures, adverse results from
monitoring, detection of pathogenic micro-organisms or detection of drinking water-borne disease
(confirmed or suspected).

Environmental emergencies/events

Environmental events such as severe storms, flooding, bushfires or earthquakes can lead to:

inundation or failure of water treatment plants

inundation and contamination of distribution systems

destruction/damage of infrastructure

deterioration in physical or microbiological quality of source waters that overwhelms treatment capability

loss of power, which results in treatment processes failing to work.

Matters to consider include the level and duration of impact.

Failure of critical control points/preventive measures

Issues that may lead to the failure of critical control points and other preventive measures include:
impaired or inadequate filtration due to mechanical breakdown or operational failure

impaired or inadequate disinfection
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failure to protect distribution system integrity from ingress of contamination (e.g. through mains breaks
or unintended cross-connections).

In most cases failure of critical control points/preventive measures should be detected by well-designed
operational monitoring programs. For example:

impaired or inadequate filtration should be detected by failure to comply with operational criteria and
critical limits for turbidity

impaired or inadequate disinfection should be detected by failure to comply with operational criteria and
critical limits for disinfectant residuals, C.t or UV light transmission

failure to protect distribution system integrity may be detected by unexpected loss of chlorine residual,
loss of pressure, changes in turbidity and other physical characteristics or increased customer complaints.

The duration of faults, the extent of non-compliance, performance of other relevant preventive measures,
availability of buffering water storages and available data and information on source water quality should
be considered when assessing the impacts of poor performance or failure on safety of drinking water
supplies. For example:

minor deviations in filtration performance may be compensated for by downstream disinfection.
However, where filtration is being used as the primary control against Cryptosporidium, downstream
disinfection with chlorine or chloramines will not be effective

impacts of interruptions to chlorination may be reduced by buffering in downstream treated water
storages.

Detection of E. coli and pathogens

Adverse results from monitoring could lead to consideration of a boil water advisory. For example:
repeated or persistent detection of E. coli in distribution systems

the detection of enteric pathogens (e.g. Cryptosporidium) in samples collected for investigative purposes.

As described in Chapter 10 occasional detections of E. coli may occur and in the absence of evidence
of any other failures (e.g. inadequate disinfection), should not trigger a boil water advisory. The initial
response should be to urgently identify and rectify any sources of contamination and immediately
collect further samples. If repeat samples contain E.coli the response should be escalated, and could
include increased or supplementary disinfection as well as more widespread monitoring to determine
the extent of contamination. If investigations indicate that a systematic failure exists a boil water
advisory should be considered.

Similarly, detection of low numbers of Cryptosporidium oocysts in a single sample of drinking water in
the absence of evidence of any other failures/incidents (e.g. increased or new challenges in source water,
major rainfall events, impaired filtration) would not normally trigger a boil water advisory, but should lead
to further investigations and immediate re-sampling. Potential viability and infectivity of detected oocysts
is important information to enhance risk assessment. If speciation is not available on the original sample
this should be considered for follow-up samples.

The repeated detection of enteric pathogens should lead to consideration of a boil water advisory.

Detection of waterborne disease

Detection of confirmed disease associated with drinking water from a community water supply means
that a major fault has occurred. A boil water advisory should be issued, unless there is a high level of
certainty that the fault has been rectified and all contaminated water has been flushed/removed from the
distribution system.

In the case of disease suspected to be associated with drinking water the decision to issue a boil water
advisory will depend on a number of factors including the strength of evidence that drinking water is the
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cause, when and where the disease occurred and information about the water supply, including changes
in operation/faults/rectification etc.

Guidance in a boil water advisory

Bringing water to a rolling boil® is sufficient to inactivate enteric micro-organisms (see Attachment C).
The advisory should indicate that the affected drinking water can be made microbiologically safe by
bringing the water to a rolling boil. This can be achieved by a number of methods, although care should
be taken to avoid scalding. Kettles with automatic shut off switches are sufficient for this purpose and
should reduce the risk of scalding, although their use relies on a power supply being available. Variable
temperature kettles should be set to boil.

Water should be boiled before being used for drinking, mixing of cold beverages, washing of uncooked
food (e.g. salad vegetables and fruit), making ice, brushing teeth and gargling. Water must be cooled
before use.

Under most circumstances it is not necessary to boil water used for other household purposes., As a
guide, if water complies with the NHMRC Guidelines for Managing Risks in Recreational Water highest
two categories for primary contact (<200 enterococci or E. coli per 100 mL) it should be safe for
showering and bathing for all except the very young, who can swallow more bath or shower water than
older children and adults. As a precaution toddlers and infants should be sponge bathed.

Washing of dishes by machine or hand is acceptable, provided dishes are air-dried. No additional
precautions are required for washing clothes.

When it is not possible to boil water

If it is not possible to boil water, for example if there is no electricity, commercial products are widely
available for point-of-use disinfection. These include “chlorine tablets”, which have been widely used in
disaster relief situations and also by travellers in areas without good water sanitation.

Alternatively, unscented household bleach (containing sodium hypochlorite) can be used. This will be
effective against bacteria, viruses and some protozoa (but not Cryptosporidium). For clear water add one
teaspoon (about 5 mL) of household bleach containing 4-5% available chlorine per 30 litres of water

(or two drops bleach per litre of water). For cloudy water add one teaspoon of bleach per 15 litres (or
four drops bleach per litre of water). Further information on how to use sodium hypochlorite and other
methods of disinfection for water is provided in Table 6.1 of the World Health Organization’s Guidelines
for Drinking Water Quality (2011).

LIFTING A BOILWATER ADVISORY

Criteria for lifting a boil water advisory will require a risk assessment based on the cause of the advisory.
It is difficult to provide prescriptive guidance for all events and circumstances. In general terms, lifting an
advisory requires evidence that the identified environmental or operational causes of contamination that

led to the boil water advisory being issued have been resolved/rectified and that contaminated water has
been cleared from the water supply.

5 A rolling boil is defined as a continuous and rapid stream of air-bubbles rising from the bottom of a pot or kettle.
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There must be evidence that contaminated water has been cleared from the distribution system by
flushing and/or disinfection. This should include results for disinfectant residuals and E. coli from
affected zones of distribution systems. Sample locations should be chosen to ensure adequate coverage
of the affected area and not necessarily be limited to collection of samples from routine locations. It
may be possible to lift boil water advisories on a single set of E. coli results providing there is sufficient
supporting data to justify such a decision. For example, data demonstrating persistent chlorine residuals
being present in affected zones. However, in cases of major contamination, the advisory should not be
lifted until two sets of samples, collected on separate days, have returned negative results

Where a boil water advisory has been issued because of detection of an enteric pathogen (e.g.
Cryptosporidium) it will generally be necessary to demonstrate that a treatment barrier (e.g. filtration) has
been restored and that the organism is no longer present. This will require absence of the organism from,
ideally, consecutive sets of samples and a review of barrier performance.

COMMUNICATION

Appropriate communication with water consumers and users is key to ensuring a boil water advisory is
effective and consumers are protected. Communication procedures should be prepared in advance of any
incident or emergency and should include:

who is responsible for issuing the boil water advisory
how it should be implemented
templates for communicating information on boil water advisories and

establishing communication networks with major water users.

Boil water advisories should include the reason for the advisory, recommended actions to be taken by
consumers, potential health consequences of disregarding advice, and action being taken by the water
utility and the health agency. A contact phone number for enquiries should be included. Evidence has
shown that providing clear explanatory information from the outset improves compliance with advisories
(Angulo et al. 1997, O'Donnell et al. 2000). A generic template for communicating with consumers is
provided in Attachment A.

Large water users and specialist users should be contacted directly (see section on “How should the boil
water advisory be issued?”).
Who should issue the boil water advisory?

Responsibility for issuing a boil water advisory will vary and may rest with the water utility, the relevant
health authority or a separate regulatory agency. Who is responsible needs to be clearly identified in pre-
established incident protocols. A boil water advisory should only be issued after consultation between the
drinking water supplier and the relevant health authority.

When should the boil water advisory be issued?

When required, boil water advisories should be issued as soon as possible after detection of evidence of
a serious fault. Delays will result in prolonged exposure of consumers to potentially unacceptable levels
of risk and undermine the confidence of consumers.
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How should the boil water advisory be issued?

Generally, boil water advisories will be issued through a broad range of media outlets including
print, radio and television. These should include media outlets directed toward non-English speaking
communities. Where available, electronic/social media and communication tools should also be used.
Consideration should be given to the development of graphics for low literacy consumers (see for
example http://www.health.qld.gov.au/disaster/documents/safe-water-poster.pdf), and to providing
translations for culturally and linguistically diverse communities.

Large water use customers (e.g. food manufacturers), vulnerable users (e.g. hospitals, residential care
facilities), specialist users (e.g. medical practitioners and dentists) and agencies and organizations
that provide support services for those with limited vision or hearing, should be notified directly.
Consideration should be given to notifying water carters (who may have carried contaminated water
outside the affected area).

While it is expected that large water use customers will have developed their own response plans for
water contamination incidents, water suppliers should establish and maintain contact lists for these users,
and ensure they are informed of the advisory so they can implement these management plans.

For smaller community-based supplies, other mechanisms of communication with consumers including
posting signs, door knocking, door hangers or letter box drops should be used where practical in
addition to issuing advice through traditional media outlets.

Consideration should also be given as to how to deal with publicly-accessible water supply points, such
as drinking fountains/bubblers. This may be managed through appropriate signage.

Hotels, motels and other accommodation businesses should be reminded to provide the boil water advice
to all customers.

If large areas are affected or if the advisory is likely to be in place for many days, issuing specific
advice to specific users may be considered (e.g. hotels, food businesses, GPs, dentists, schools,
swimming pool operators).

Regular reminders should be issued throughout the incident.

How should a boil water advisory be lifted?

A similar approach to that taken in issuing a boil water advisory should be applied when lifting it. A
decision to lift a boil water advisory should only be taken after agreement between the water supplier
and the relevant public health agency.

The actions taken to ensure drinking water safety and to minimise the likelihood of recurrence of
the incident should be provided in notices lifting the advisory. This is important to underpin public
confidence in the drinking water supply and the overall management of water quality.

Guidance should be provided to consumers about measures they are required to undertake to clear
potentially contaminated water from private plumbing systems including residential properties, for
example flushing systems to ensure contaminated water is removed. In buildings used by vulnerable
populations (e.g. hospitals) testing for E. coli and/or chlorine residuals could be required to verify that
contaminated water has been removed.

A generic template is provided in Attachment B.

After the event

As described in Chapter 3.6.2, following the lifting of a boil water advisory, a full investigation, debrief
and review of the event/incident should occur. All staff, functional groups and agencies involved in the
event/incident should be included in this process.
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In addition to identifying operational, technical or environmental causes and responses, the review
should include an assessment of the timeliness and effectiveness of communications, and the level of
compliance with the advisory. In the case of large scale events an external review could be useful.

The review should identify what worked well, what failed, what needs to be changed and whether
additional resources were required.
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Attachment A

GENERIC BOIL WATER ADVISORY TEMPLATE

This template can be used as the basis for informing consumers that a boil water advisory has been
issued. The water supplier or public health agency issuing the advisory can add or delete information
as appropriate.

Boil waterl advisory T’Lr (name arealwater supply)

The (Water Supplier or Public Health Agency) advises that consumers in (identify affected area, list
towns/suburbs) should boil drinking water until further notice. A map of the affected area is available at
(identify web-site — a map should also be attached to the advisory)

This advice has been issued following (state reason for the advice, including when the fault was detected).

Customers should bring water to a boil by heating the water until a continuous and rapid stream of
air-bubbles is produced from the bottom of a pan or kettle. Kettles with automatic cut-off switches are
suitable. Variable temperature kettles should be set to boil. After heating, water must be allowed to cool

before uiting }t, and be stored in a clean, closed container for later use. Care should be taken to avoid
scalding finjurjes.

Customers should boil all water used for:

drinking

brushing teeth

washing and preparing food or beverages

preparing baby formula

making ice.

Unboiled water can be used for:

showering and bathing (avoid swallowing water). As a precaution babies and toddlers should be sponge
bathed to prevent them swallowing water

washing dishes by hand or in a dishwasher, providing dishes are air-dried before being used after
washing

washing clothes.

Consumption of unboiled water could lead to (provide list of symptoms). If you are concerned that you
may have been affected by contaminated water please contact your GP and advise them about this
notice. There have been (state number) illnesses reported to date (if any identified)The water supplier
is working closely with the public health agency to identify conditions that will enable the boil water
advice to be lifted. To correct the problem the (water supplier) is (state what is being done and why). Tt
is expected that this will take (if possible give estimated times to resolve problem). The advisory will be
in effect until the (water supplier) and the (public bealth agency) are confident that there is no longer a
public health concern.

Please share this advice with neighbours and friends in the affected area.

For more information go to (identify web-site) or call (phone number of water utility, public health agency
or dedicated bot-line if established). Regular updates will be provided.
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Attachment B

GENERIC TEMPLATE FOR LIFTING A BOIL WATER ADVISORY

This template can be used as the basis for informing consumers that a boil water advisory has been
lifted. The water supplier or public health agency responsible for the advisory can add or delete
information as appropriate.

Boil water advisory for (name arealwater supply) has been lifted

The (Water Supplier or Public Health Agency) advises that the boil water advisory issued on (identify
date) has been lifted and there are no restrictions remaining on the normal uses of drinking water
supplied to Gidentify affected area, list towns/suburbs). This action has been taken following consultation
with (Public bealth agency) or based on advice provided by the (water supplier).

The boil water advice was issued following (state reason). It has been lifted after (state remedial action)
has restored water safety. This has been confirmed by tests results showing (state resuits).

Home owners and residents are advised that internal taps should be run for 2-3 minutes to ensure

that any contaminated water is flushed from their plumbing. Owners and managers of large buildings
should ensure that their entire system is flushed and that storage tanks are drained and refilled. Building
managers and owners can contact (water supplier’s phone number) if advice is required.

The (public health agency) has advised that there have been (include number) illnesses reported
(if any identified).

The (water supplier) is working closely with the (public health agency) to investigate the causes of the
contamination/incident and to identify procedures to prevent recurrence.

For more information go to (identify web-site) or call (phone number of water utility, public bealth agency
or dedicated hot-line if established).
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Attachment C

INACTIVATION OF MICRO-ORGANISMS AT ELEVATED TEMPERATURES

Organism | Temp (°C) | Inactivation time (secs) | Reference
Bacteria
Campylobacter spp 60 16.2 (3.9 logl0) D’Aoust et al. (1988)
63 16.2 (> 5logl0) D’Aoust et al. (1988)
62 I5 (3.5-5l0g10) FSANZ 2007
Coxiella burnettii 794 25 (>5logl0) FSANZ 2007
E. coli 60 16.2 (1.5 logl0) D’Aoust et al. (1988)
65 1800 (6 logl0) Moce-Llivina et al. (2003)
<2 (per logl0) Spinks et al. (2006)
E.coliO157 64.5 16.2 (> Slogl0) D’Acust et al. (1988)
65 3 (per logl0) Spinks et al. (2006)
62 I5 (<I — 5log10) FSANZ 2007
Enterococcus faecalis 65 7-19 (per log10) Spinks et al. (2006)
Klebseilla pneumoniae 65 <2 (per logl0) Spinks et al. (2006)
L.pneumophila 65 9 (per logl0) Dennis et al. (1984)
Legionella spp 80 18-42 (per log10) Stout et al. (1986)
Mycobacterium paratuberculosis 72 15 (>4 logl0) FSANZ 2007
Pseudomonas aeruginosa 65 5 (per log10) Spinks et al. (2006)
Salmonella spp (mixed) 68.3 16.2 (> 5logl0) D’Aoust et al. (1987)
Salmonella Typhimurium 65 <2 (per logl0) Spinks et al. (2006)
Salmonella Cholerasuis 60 300 (per logl0) Moce-Llivina et al. (2003)
Serratia marcesans 65 <2 (per logl0) Spinks et al. (2006)
Shigella sonnei 65 3 (per logl0) Spinks et al. (2006)
Yersinia enterocolitica 63 16.2 (> 5logl0) D’Aoust et al. (1988)
Viruses
Adenovirus 5 70 1260 (>8 log10) Maheshwari et al. (2004)
Coxsackievirus B4 60 1800 (5.1 logl0) Moce-Llivina et al. (2003)
Coxsackievirus B5 60 1800 (4.8 log10) Moce-Llivina et al. (2003)
Echovirus 6 60 1800 (4.3 logl0) Moce-Llivina et al. (2003)
Enteroviruses 60 1800 (4.3 log10) Moce-Llivina et al. (2003)
Hepatitis A 63 1800 (>6 logl0) Millard et al. (1987)
65 120 (2 logl0) Parry & Mortimer (1984)
1320 (3 logl0) Bidawid et al. (2000)
75 30 (>5 logl0) Parry & Mortimer (1984)
30 (>6 logl0) Millard et al. (1987)
80 5 (5logl0) Parry & Mortimer (1984)
85 <30 (>5 logl0) Bidawid et al. (2000)
5 (>6 logl0) Millard et al. (1987)
Poliovirus | 60 1800 (5.4 logl0) Moce-Llivina et al. (2003)
62 1800 (>5 logl0) Strazynski et al. (2002)
72 30 (>5 logl0) Strazynski et al. (2002)
95 15 (>5 logl0) Strazynski et al. (2002)
Protozoa
Cryptosporidium parvum 60 300 (3.4 logl0) Fayer.R. (1994)
72 60 (3.7 logl 0) Fayer.R. (1994)
5-15 (>3 logl0) Harp et al. (1996)
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Giardia 55 | 300 | Jarrol et al. (1984)
70 | 600 (100%) | Ongerth et al. (1989)

The results show that bacteria are particularly sensitive to heat and rapid kills (less than 1 minute per log)
are achieved at temperatures above 65 °C. Viruses are inactivated at temperatures between 60 and 65 °C
but more slowly than bacteria. However, as shown for poliovirus and hepatitis A that as temperatures
increase above 70 °C greater than 5 log inactivations are achieved in less than a minute.

Cryptosporidium parvum is inactivated in less than 1 minute once temperatures exceed 70 °C.
Data is more limited for Giardia but it is generally more sensitive to environmental pressure than
Cryptosporidium (Sattar et al. 1999) and it is likely that it would at least be as sensitive to thermal
inactivation as Cryptosporidium.

Based on these results it is considered that the process of heating water to a rolling boil and then cooling
it to room temperature or below would provide more than enough time to inactivate pathogenic bacteria,
viruses and protozoa. This approach is endorsed by the World Health Organization (WHO 2011).
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MICROORGANISMS -

(endorsed 201 1)

GUIDELINE

No guideline value bas been establisbed for Bacteroides in drinking water. If used as an
indicator and detected in drinking water, immediate action should be taken including
investigation of potential sources of faecal contamination. The primary value of these
organisms is as a tool for tracking and identifying sources of contamination.

GENERAL DESCRIPTION

Bacteroides is an anaerobic Gram-negative, non-spore-forming rod from the family Bacteroidaceae.
Bacteroides is primarily found in the intestinal tract of humans and other animals, comprising up to one
third of faecal flora and far outnumbering concentrations of Escherichia coli (Finegold et al. 1983, Layton
et al. 2006). Bacteroides can be present at concentrations of up to 10'° to 10" per gram of faeces. It is
involved primarily in digestion and plays a role in excluding potential pathogens from the human gut.
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Due to its anaerobic nature, Bacteroides does not survive or grow in aerobic conditions, including in
water supplies.

Although Bacteroides is not a frank pathogen, some species, for example B. fragilis, are opportunistic
pathogens and can cause bacteraemias and abscess formation at multiple body sites (Wexler 2007).

Recent advances in molecular technology have resulted in the development of several human- and
animal-specific genetic markers for Bacteroides. These methods have the potential not only to identify
faecal contamination but also to discriminate between sources of contamination. Specific Bacteroides
markers for humans and ruminants have been developed (Layton et al. 2006) and work is in progress on
a marker specific to birds.

SOURCE AND OCCURRENCE

Bacteroides is present in very high numbers in faecal material from animals and humans. It does not
grow or survive in oxygenated water. There appears to be a high degree of host specificity.

METHOD OF IDENTIFICATION AND DETECTION

Bacteroides can be cultured using anaerobic media (Kator and Rhodes 2003). In addition there is a rapid
fluorescent antibody technique that can be used (Fiksdal and Berg 1987).

Specific molecular methods can distinguish various specific markers within Bacteroides. These techniques
have been published but are not yet available as routine diagnostic methods. Most Bacteroides methods
involve quantitative PCR of the 16SrRNA of the organism (Bernard and Field 2000, Layton et al. 2000,
Reischer et al. 2007, Kildare et al. 2007, Ahmed et al. 2009).

INDICATOR VALUE AND APPLICATION IN PRACTICE

Bacteroides has been proposed as a suitable indicator of contamination of water supplies. It is present
in high numbers in faeces and does not grow in water supplies. In addition, Bacteroides can be used as
a tool in faecal source tracking (USEPA 2005). Understanding sources of contamination in source waters
is important in developing sound risk management plans. Bacteroides can be used to assess source
water quality and the relative impacts of human and livestock waste. Such information can improve the

NOTE: Important general information is contained in PART Il, Chapter 5
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accuracy of microbial risk assessments and identification of appropriate control measures. Faecal source
tracking can also be used to investigate sources of post-treatment ingress of human and animal waste into
distribution systems.

The presence of Bacteroides provides evidence of recent faecal contamination. Detection in drinking
water should always lead to investigation of the cause, which could include inadequate treatment or
ingress of contamination.
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NOTE: Important general information is contained in PART II, Chapter 5
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Coliphages should not be detected in any 100 mL sample of drinking water. If used as an
indicator and detected in drinking water, immediate action should be taken including
investigation of potential sources of faecal contamination.

GENERAL DESCRIPTION

Bacteriophages (also known as phages) are viruses that exclusively use bacteria as their hosts for
replication. Coliphages use Escherichia coli and closely related coliform bacteria as hosts and can be
released by these bacterial hosts into the faeces of humans and other warm-blooded animals.

Coliphages used in drinking-water quality assessment are divided into two major groups: somatic
coliphages and F-RNA coliphages. Differences between the two groups include the route of attachment
and infection of bacterial cells.
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Somatic coliphages initiate infection by attaching to receptors permanently located on the cell wall

of host bacteria. The somatic coliphages replicate more frequently in the gastrointestinal tract of
warm-blooded animals and could potentially replicate more readily in water environments than F-RNA
coliphages. Somatic coliphages have DNA genomes that can be single or double-stranded. They comprise
a wide range of phage families (Myoviridae, Siphoviridae, Podoviridae and Microviridae) with a spectrum
of morphological types (Grabow 2001).

F-RNA coliphages initiate infection by attaching to fertility (F-) fimbriae on E. coli hosts. These F-fimbriae
are produced only by bacteria carrying the fertility (F-) plasmid. Since F-fimbriae are produced only

in the logarithmic growth phase at warmer temperatures, typically above 30°C, F-RNA coliphages are
unlikely to replicate in environments other than the gastrointestinal tract of warm-blooded animals. F-RNA
coliphages comprise a restricted group of closely related phages, which belong to the family Leviviridae
and consist of a single-stranded RNA genome and an icosahedral capsid that is morphologically similar to
that of picornaviruses (Grabow 2001).

SOURCE AND OCCURRENCE

Both somatic coliphages and F-RNA coliphages are routinely found in sewage. Somatic coliphages are
found more commonly than F-RNA coliphages in the gastrointestinal tracts of humans and are typically
found at higher numbers in sewage. This can be advantage in source water assessment. On the other
hand, because F-RNA coliphages are unlikely to grow in the environment, they can be used as specific
indicators of faecal contamination.

METHOD OF IDENTIFICATION AND DETECTION

There are standard methods for detection of somatic and F-RNA coliphages (ISO 1995, 2000) using
plaque assays. The assays are based on growing lawns of specific host bacteria on agar-based media.
Plaques represent holes within the lawn where coliphage infection has lysed the bacterial cells.

Somatic coliphages are detectable by relatively simple and inexpensive plaque assays, which yield results
within 24 hours. Plaque assays for F-RNA coliphages are not quite as simple, as the culture of host
bacteria has to be in the logarithmic growth phase at a temperature above 30°C to ensure that F-fimbriae
are present.

NOTE: Important general information is contained in PART Il, Chapter 5
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INDICATOR VALUE AND APPLICATION

Phages share many properties with human viruses, notably composition, morphology, structure and
mode of replication. As a result, coliphages are useful models or surrogates to assess the behaviour of
enteric viruses in water environments. In this regard, they are superior to faecal bacteria. However, there
is no direct correlation between numbers of coliphages and numbers of enteric viruses. Coliphages are
sensitive to disinfectants such as chlorine (Grabow 2001, WHO 2004)

The presence of coliphages is indicative of the likely presence of faecal contamination, and they are more
robust than bacterial indicators. Coliphages can be used in source water quality assessment to help detect
the presence of possible viral contamination. They are particularly suitable for groundwater assessment,
where the larger bacterial indicators might not be found due to natural filtration and adsorption
processes. Coliphages are less useful for assessing surface waters, where concentrations tend to be low.

Coliphages are widely used in validation of treatment processes. The physical similarities between
coliphages and viruses are particularly useful in validating efficacy of filtration (e.g., USEPA 2005) and
they can also be used to validate disinfection processes (e.g., USEPA 2000).

Although testing is more costly than for bacterial indicators, coliphages can be valuable components of
verification monitoring. The presence of coliphages in drinking water indicates shortcomings in treatment
or in the protection of distribution systems, and detection should always lead to further investigations.
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No guideline value bas been set for Clostridium perfringens in drinking water. If used as
an indicator and detected in drinking water, immediate action should be taken, including
investigation of potential sources of faecal contamination.

GENERAL DESCRIPTION

Clostridium spp are anaerobic, sulfite-reducing, spore-forming bacilli. There are a number of species, of
which C. perfringens is uniquely of faecal origin. Largely because it is anaerobic, C. perfringens rarely
multiplies in water environments.

The spores are smaller than protozoan cysts and oocysts. They are exceptionally resistant to unfavourable
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conditions in water environments, including temperature and pH extremes, and are also resistant to
disinfection processes such as chlorination.

SOURCE AND OCCURRENCE

C. perfringens is a member of the normal intestinal flora of 13-35% of humans, and is relatively common
in dogs but less so in other warm-blooded animals (Leeming et al. 1998). The numbers excreted in
faeces are normally substantially lower than those of Escherichia coli. C. perfringens and its spores are
commonly present in sewage.

METHOD OF IDENTIFICATION AND DETECTION

There are standard methods for the detection and enumeration of C. perfringens using membrane
filtration and multiple tube dilution methods (AS/NZS 4276.17.1 2000, AS/NZS 4276.17.2 2000).
The assays involve incubation in selective media under anaerobic conditions. While assays for

C. perfringens are more complicated than assays for other bacterial indicators such as E. coli or
heterotrophic plate counts, they can be undertaken by standard microbiology laboratories.

INDICATOR VALUE AND APPLICATION

Due to their small size and exceptional resistance to disinfection processes and other unfavourable
environmental conditions, C. perfringens spores have been proposed as potential indicators for enteric
viruses and protozoa in drinking-water supplies (Payment and Franco 1993). However, usefulness

in routine monitoring of source water quality is limited by the fact that concentrations in faeces and
sewage are far lower than E. coli. In addition, the survival of C. perfringens is much longer than that of
enteric viruses and protozoa; hence detection in treated drinking water needs to be treated with caution,
as the spores could be present long after faecal pollution and after death of other enteric pathogens
(WHO 2004).

Monitoring of C. perfringens in drinking water could be undertaken to assess the likelihood of
intermittent faecal contamination in distribution systems. If C. perfringens is detected, potential sources of
contamination should be immediately investigated.

C. perfringens could be a useful indicator for validating removal of protozoa by filtration (WHO 2004).

NOTE: Important general information is contained in PART Il, Chapter 5

Australian Drinking Water Guidelines Version 3.5 264



Fact Sheets — Microorganisms Microbial Indicators

REFERENCES

AS/NZS 4276.17.1 (2000). Water Microbiology Method 17.1: Spores of sulfite-reducing anaerobes
(clostridia) including Clostridium perfringens — Membrane filtration method. Standards Australia,
Standards New Zealand.

AS/NZS 4276.17.2 (2000). Water Microbiology Method 17.2: Spores of sulfite-reducing anaerobes
(clostridia) including Clostridium perfringens — Estimation of most probable number (MPN) using the
multiple tube dilution technique. Standards Australia, Standards New Zealand.

Leeming R, Nichols PD, Ashbolt NJ (1998). Distinguishing sources of faecal pollution in Australian inland
and coastal waters using sterol biomarkers and microbial faecal indicators. Research Report 204, Water
Services Association of Australia.

Payment P, Franco E (1993). Clostridium perfringens and somatic coliphages as indicators of the
efficiency of drinking-water treatment for viruses and protozoan cysts. Applied and Environmenital
Microbiology, 59:2418-2424.

WHO (World Health Organization) (2004). Guidelines for Drinking-water Quality, Section 11.6.5,
Clostridium perfringens. Geneva: World Health Organization.

NOTE: Important general information is contained in PART II, Chapter 5

Australian Drinking Water Guidelines Version 3.5 265



MICROORGANISMS -

(endorsed 201 1)

GUIDELINE

Escherichia coli should not be detected in any 100 mL sample of drinking water. If detected
in drinking water, immediate action should be taken including investigation of potential
sources of faecal contamination.

GENERAL DESCRIPTION

Coliforms are Gram-negative, non-spore-forming, rod-shaped bacteria that are capable of aerobic and
facultative anaerobic growth in the presence of bile salts or other surface active agents with similar
growth-inhibiting properties. They are found in large numbers in the faeces of humans and other
warm-blooded animals, but many species also occur in the environment.
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Thermotolerant coliforms are a sub-group of coliforms that are able to grow at 44.5 + 0.2°C. E. coli is the
most common thermotolerant coliform present in faeces and is regarded as the most specific indicator of
recent faecal contamination because generally it is not capable of growth in the environment. In contrast,
some other thermotolerant coliforms (including strains of Klebsiella, Citrobacter and Enterobacter) are
able to grow in the environment and their presence is not necessarily related to faecal contamination.
While tests for thermotolerant coliforms can be simpler than for E. coli, E. coli is considered a superior
indicator for detecting faecal contamination.

Thermotolerant coliforms, including E. coli, can ferment lactose (or mannitol) at 44.5 + 0.2°C with the
production of acid within 24 hours. Thermotolerant coliforms that produce indole from tryptophan at
44.5 + 0.2°C are regarded as being E. coli. E. coli also gives a positive result in the methyl-red test and a
negative Voges-Proskauer test, and it cannot use citrate as the sole source of carbon. Most E. coli produce
the enzyme f3-glucuronidase.

SOURCE AND OCCURRENCE

E. coli is a normal inhabitant of the intestine, generally present in high numbers in human and animal
faeces, and it generally does not grow in natural waters, although there have been reports that it can
multiply in tropical waters (Fujioka et al. 1999) and three atypical strains were reported as being able to
grow in two Australian lakes (Power et al. 2005). Two of the three atypical strains were 3-glucuronidase
negative. While most E. coli are non-pathogenic, there are some pathogenic subtypes that can cause
enteric illness, including enteropathogenic, enteroinvasive, enterotoxigenic and enterohaemorrhagic
strains (Bopp 1999). These are described in the fact sheet on Pathogenic Escherichia coli.

METHOD OF IDENTIFICATION AND DETECTION

The presence of E. coli in water samples can be determined using a number of methods. A common
method involves membrane filtration (MF) for concentration of the organisms from water, followed
by growth in enrichment/selective media or multiple tube dilution (most probable number — MPN)
procedures (AS/NZS 4276.6 2007, AS/NZS 4276.7 2007). Specific secondary tests are used with both
MF and MPN procedures to confirm the identification of E. coli.

Alternatively, E. coli can be detected by testing for the production of the enzyme 3-glucuronidase
(AS 4276.21 2005). Test media include enzyme substrates such as 4-methylumbelliferyl-3-D-

NOTE: Important general information is contained in PART Il, Chapter 5
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glucuronide (MUG) which is hydrolysed by 8-glucuronidase to produce the fluorogenic metabolite
4-methylumbelliferyl. Both enumeration and presence/absence tests are available from a number of
commercial suppliers.

INDICATOR VALUE AND APPLICATION IN PRACTICE

E. coli is used as a specific indicator of recent faecal contamination. It can be used to assess:
*  source water quality and potential impacts of human and animal waste;

*  inadequate treatment;

. post-treatment ingress of human and animal waste into distribution systems;

*  the effectiveness of risk management plans in assuring delivery of safe drinking water at
consumers’ taps.

E. coli is not an effective indicator for the presence of enteric protozoa or viruses.

E. coli should not be present in any 100 mL sample of drinking water. Risk management plans should
incorporate corrective actions in the event of the detection of E. coli in drinking water. The presence
of these organisms can indicate faecal contamination of the water supply, and if they are detected in
drinking water, the cause should always be investigated. Possible causes include inadequate treatment
or ingress of contamination. Investigation will generally require further testing.
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No guideline value bas been set for beterotrophic plate counts in drinking water. Immediately
after disinfection, numbers would be expected to be low. If used as an indicator of distribution
system cleanliness, numbers should be establisbed on a system-specific basis. Marked increases
in numbers after disinfection or within distribution systems should be investigated.

GENERAL DESCRIPTION

Use of heterotrophic plate counts (HPC) has a long history. In the 19" century Robert Koch referred to
use of total bacterial counts in assessing performance of sand filtration (Bartram et al. 2003).
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Heterotrophs are broadly defined as microorganisms that require organic carbon for growth. They
include bacteria and fungi. HPC refer to numbers of organisms grown on non-specific culture media
without inhibitory or selective agents. Even though the test is non-selective, only a small proportion of
the microorganisms present in water will be recovered. The types of organisms detected by HPC tests
vary widely with location and time of year. Tests detect microorganisms that grow over a specified
incubation period and at a defined temperature. Incubation periods can range from one day to weeks,
and temperatures from 20°C to 40°C.

Microorganisms detected within HPC include:

*  vegetative bacteria such as coliforms and other Enterobacteriacae that are sensitive to disinfection
processes;

*  fungi and bacteria such as Bacillus spp that form disinfectant-resistant spores; and

*  bacteria and fungi that grow in water.

Although HPC can include enteric pathogens and opportunistic pathogens such as Aeromonas spp and
Pseudomonas spp, the vast majority are non-pathogenic.

HPC are one of the simplest tests that can be performed in monitoring of water quality. Other names
used for HPC include total plate counts or colony counts.

SOURCE AND OCCURRENCE

Heterotrophic microorganisms include the naturally occurring microbial flora of water and soil
environments (typically non-hazardous) and organisms present in a range of pollution sources.

They occur in large numbers in raw water sources. Some drinking-water treatment processes, such as
coagulation and sedimentation, reduce the number of HPC organisms in water but growth can occur

in other processes such as sand filtration. Numbers of HPC organisms are reduced significantly by
disinfection processes; however, they can grow rapidly in drinking water once disinfection residuals
have dissipated. Heterotrophs can also grow on surfaces in contact with water as biofilms. The principal
determinants of growth or “regrowth” are temperature; availability of nutrients, including assimilable
organic carbon; lack of disinfectant residual; and stagnation.

METHOD OF IDENTIFICATION AND DETECTION

No sophisticated laboratory facilities or highly trained staff are required. HPC are determined using
aerobic incubation of non-selective nutrient agar.

NOTE: Important general information is contained in PART Il, Chapter 5
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Various nutrient media are available to determine HPC, including tryptone glucose yeast agar, R2A agar,
and yeast extract agar (APHA et al. 2005, AS/NZS 4276.3.1 2007). It is standard practice to perform two
different tests, one at 20-22°C for 3-5 days and a second at 35-37°C for 1-2 days.

INDICATOR VALUE AND APPLICATION IN PRACTICE

The use of HPC as an indicator of safety declined with the adoption of testing for faecal indicators such
as E. coli. There is no evidence that HPC alone can be used as an index of pathogen presence or directly
relate to health risk through normal uses of drinking water by the general population (Bartram et al. 2003).

They can, however, be a useful component of operational monitoring. HPC can be used in conjunction
with measuring disinfectant residual or dose for operational monitoring of disinfection processes. In this
case, the objective is to keep HPC numbers as low as possible. They can also be used to monitor the
integrity, cleanliness and maintenance of distribution systems and the presence of biofilms. For this type
of monitoring, absolute numbers are less important than changes in numbers and the objective is to
keep HPC numbers within defined limits. Marked increases, measured in orders of magnitude, provide
evidence of deteriorating conditions that should be investigated. The causes could include inadequate
treatment, loss of disinfection residual, and stagnant water.
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Intestinal enterococci should not be present in drinking water. If used as an indicator and
detected in drinking water, immediate action should be taken, including investigation of
potential sources of faecal contamination.

GENERAL DESCRIPTION

Intestinal enterococci are a functional group of organisms from the Enterococcus and Streptococcus
genera that are excreted in human and animal waste. Species include Enterococcus faecalis, E. faecium,
E. durans, E. birae, E. cecorum, E. columbae, E. avium and E. gallinarum together with Streptococcus
bovis and S. equinus (ISO 1998, Ashbolt et al. 2001, WHO 2003).
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Use of the terms intestinal enterococci, faecal streptococci, enterococci and streptococci has been a source of
some confusion. This has been exacerbated by revisions of taxonomy. The older taxonomy described faecal
streptococci as a subgroup of the genus Streptococcus. The group including S. faecalis, S. faecium, S. bouvis, S.
equinus, S. avium, and S. gallinarum all possess the Lancefield group D antigen. The enterococci S. faecalis,
S. faecium, S .avium and S. gallinarum represented a smaller subgroup of the faecal streptococci, which was
differentiated by an ability to grow in 6.5% sodium chloride, at pH 9.6 and at both 10°C and 45°C (APHA et
al. 2005). The nomenclature of this subgroup has been changed and they are now identified as Enterococcus
spp: E. faecalis, E. faecium, E. avium and E. gallinarum (LeClerc et al. 1996). These species are principal
members of the intestinal enterococci, together with other enterococci of faecal origin.

The similar membership of the various groups means that tests for intestinal enterococci, faecal
streptococci, enterococci and streptococci often provide the same results.

SOURCE AND OCCURRENCE

Intestinal enterococci are excreted in the faeces of humans and other warm-blooded animals, including
livestock, domestic animals and birds (Ashbolt et al. 2001). Most species do not grow in water but the
standard test for intestinal enterococci can detect environmental species such as E. casseliflavus and

E. mundtii (ISO 1998).

Intestinal enterococci are present in large numbers in sewage and can be present in water environments
polluted by sewage or wastes from humans and animals.

METHOD OF IDENTIFICATION AND DETECTION

Intestinal enterococci can be detected by a liquid- or agar-based culture method requiring standard
microbiology laboratory facilities.

A standardised test for intestinal enterococci in water has been described by the International
Organization for Standardization (ISO 1998). The test is based on the capability of growing at 44°C and
of hydrolysing 4-methylumbelliferyl- -D-glucoside (MUD) in the presence of thallium acetate, naladixic
acid and 2,3 5-triphenyltetrazolium chloride (TTC). The test is performed in a liquid medium. It detects
enterococci of faecal origin and may occasionally detect strains of S. bovis and S. equinius. It also detects
non-faecal species such as E. casselifalvus and E. mundlii.

A membrane filtration method is also available (AS/NZS 4276.9, 2007) using initial isolation on m-Enterococcus
agar (36 + 2°C for 44 + 4 hrs) followed by confirmation on Bile Aesulin Azide Agar (44 + 0.5°C for 2 hrs).

NOTE: Important general information is contained in PART Il, Chapter 5
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INDICATOR VALUE AND APPLICATION IN PRACTICE

Numbers of intestinal enterococci in sewage are generally about an order of magnitude lower than those
of E. coli. An important advantage of this group is that they tend to survive longer in water environments
than E. coli (Ashbolt et al. 2001, WHO 2004), and they have been used as an index of faecal pathogens
that survive longer in water than E. coli. While they are more resistant to disinfection than E. coli, they are
readily removed by disinfectants used to treat drinking water.

It has been suggested that intestinal enterococci (faecal streptococci) to E. coli ratios could be used to
indicate whether faecal waste is of human or animal origin, but this is confounded by a number of factors
including different rates of die-off for the various species in water environments, and it is not considered
reliable (Sinton and Donnison 1994, Ashbolt e al. 2001).

The presence of intestinal enterococci provides evidence of recent faecal contamination. They can be
used to assess:

*  source water quality and potential impacts of human and animal waste;

*  the adequacy of treatment;

*  whether there is post-treatment ingress of human and animal waste into distribution systems; and

* the effectiveness of risk management plans in assuring delivery of safe drinking water at consumer

taps (verification).

Although the intestinal enterococci as a group survive longer than E. coli they are not effective indicators
for the presence of enteric protozoa or viruses.

The detection of intestinal enterococci in drinking water should always lead to investigation of the cause,
which could include inadequate treatment or ingress of contamination. Investigation will generally require
further testing.
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Thermotolerant coliforms should not be detected in any 100 mL sample of drinking water.
If detected in drinking water, immediate action should be taken including investigation of
potential sources of faecal contamination.

GENERAL DESCRIPTION

Coliforms are Gram-negative, non-spore-forming, rod-shaped bacteria that are capable of aerobic and
facultative anaerobic growth in the presence of bile salts or other surface active agents with similar
growth-inhibiting properties. They are found in large numbers in the faeces of humans and other
warm-blooded animals, but many species also occur in the environment.

s403ed1puU| [B1qO4DI

Thermotolerant coliforms are a sub-group of coliforms that are able to grow at 44.5 + 0.2°C. E. coli is the
most common thermotolerant coliform present in faeces and is regarded as the most specific indicator of
recent faecal contamination because generally it is not capable of growth in the environment. In contrast,
some other thermotolerant coliforms (including strains of Klebsiella, Citrobacter and Enterobacter) are
able to grow in the environment and their presence is not necessarily related to faecal contamination.

Thermotolerant coliforms, including E. coli, can ferment lactose (or mannitol) at 44.5 + 0.2°C with the
production of acid within 24 hours.

SOURCE AND OCCURRENCE

Thermotolerant coliforms are normal inhabitants of the intestine, generally present in high numbers in
human and animal faeces;. However, environmental thermotolerant coliforms, can occur in natural waters.
These organisms are of lesser significance.

METHOD OF IDENTIFICATION AND DETECTION

The presence of thermotolerant coliforms in water samples can be determined using a number of
methods. A common method involves membrane filtration (MF) for concentration of the organisms

from water, followed by growth in enrichment/selective media or multiple tube dilution (most probable
number — MPN) procedures (AS/NZS 4276.6 2007, AS/NZS 4276.7 2007). Specific secondary tests are used
with both MF and MPN procedures to confirm the identification of thermotolerant coliforms.

INDICATOR VALUE AND APPLICATION IN PRACTICE

Thermotolerant coliforms can be used as an indicator of faecal contamination but they are not as specific
as E. coli, which is the preferred indicator. The group includes types that can grow in the environment
and be present in the absence of faecal contamination.

The presence of thermotolerant coliforms may provide evidence of recent faecal contamination.
Thermotolerant coliforms can be used to assess:

*  source water quality and potential impacts of human and animal waste;

*  inadequate treatment;

*  post-treatment ingress of human and animal waste into distribution systems;
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*  the effectiveness of risk management plans in assuring delivery of safe drinking water at
consumers’ taps.

Thermotolerant coliforms are not an effective indicator for the presence of enteric protozoa or viruses.

Thermotolerant coliforms should not be present in any 100 mL sample of drinking water. Risk
management plans should incorporate corrective actions in the event of the detection of thermotolerant
coliforms in drinking water. The presence of these organisms may indicate faecal contamination of the
water supply, and if they are detected in drinking water, the cause should always be investigated. Possible
causes include inadequate treatment or ingress of contamination. Investigation will generally require
further testing.
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No guideline value bas been set for total coliforms in drinking water. If used as an indicator,
numbers should be established on a system-specific basis. Increased concentrations should
be investigated.

GENERAL DESCRIPTION

Coliforms are Gram-negative, non-spore-forming, rod-shaped bacteria that are capable of aerobic and
facultative anaerobic growth in the presence of bile salts or other surface active agents with similar
growth-inhibiting properties. They are able to ferment lactose with the production of acid within 48 hours
at 35-37°C. Fermentation by these organisms begins with the cleavage of lactose into galactose and
glucose by the enzyme 3-galactosidase. Coliforms are oxidase-negative. These characteristics are not
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taxonomic criteria, but practical working definitions used for water examination purposes.

Coliforms are a diverse group of bacteria including Escherichia coli and other thermotolerant coliforms
(see also Fact Sheets on Escherichia coli and Thermotolerant Coliforms, under Microbial Indicators,

and Pathogenic Escherichia coli, under Bacteria). Human and animal faeces contains large numbers of
coliform bacteria, but there are many species that occur naturally in the environment. For this reason,
coliforms can be present and grow in biofilms in drinking-water distribution systems. Coliforms that have
been recovered from distribution systems include the non-thermotolerant genera Serratia, Hafnia and
Pantoea as well as thermotolerant genera including Klebsiella and Enterobacter. Their presence in water,
in the absence of E. coli, does not necessarily indicate faecal contamination.

SOURCE AND OCCURRENCE

Total coliform bacteria (excluding E. coli) occur in both sewage and natural waters. Some of these
bacteria are excreted in the faeces of humans and animals, but many coliforms are heterotrophic and
able to multiply in water and soil environments. Total coliforms can also survive and grow in water
distribution systems, particularly in the presence of biofilms.

METHOD OF IDENTIFICATION AND DETECTION

Total coliforms can be quantified in water by a number of techniques. Membrane filtration (MF) can be
used for concentration of the organisms from water, followed by growth in enrichment/selective media or
multiple tube dilution (most probable number — MPN) procedures (AS/NZS 4276.5. 2007, AS/NZS 4276.6.
2007). Specific secondary tests are used with both MF and MPN procedures to confirm the identification
of coliform organisms.

Alternatively, the presence of coliform bacteria can be detected by testing for the production of the
enzyme -galactosidase (AS 4276.21 2005). Enzyme substrate tests incorporate chromogenic substrates
such as ortho-nitrophenyl-3-D-galactopyranoside (ONPG) or chlorophenol red-8-Dgalactopyranoside
(CPRG). When the substrates are hydrolysed, a colour change is produced.

It has been reported that more coliform bacteria may be detected using enzyme substrate-based
methodology than with MF-based methodology (Adcock and Saint 1997).

NOTE: Important general information is contained in PART Il, Chapter 5
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INDICATOR VALUE AND APPLICATION IN PRACTICE

Total coliforms (excluding E. coli) are not considered useful as indicators of the presence of faecal
contamination and enteric pathogens, as there are many environmental coliforms that are not of faecal
origin. The presence of these coliforms may represent release from pipe or sediment biofilms, and may
be part of the normal flora of the drinking-water distribution system.

No guideline value has been set for total coliforms in drinking water. If used as an indicator, numbers
should be established on a system-specific basis, taking into consideration relevant historical data and an
understanding of the characteristics of the system. While coliforms can be used in operational monitoring
to indicate inadequate treatment, breakdowns in system integrity, or the presence of biofilms, there are
better indicators for these purposes. As a disinfection indicator, the test for total coliforms is far slower
and less reliable than direct measurement of disinfectant residual. Heterotrophic plate count tests detect
a wider range of microorganisms and are generally considered a better indicator of distribution system
integrity and cleanliness.

REFERENCES
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AS/NZS 4276.5 (2007). Water Microbiology. Method 5 Coliforms — Membrane filtration method. Standards
Australia, Sydney, NSW,; Standards New Zealand.

AS/NZS 4276.6 (2007). Water Microbiology. Method 6: Coliforms, Escherichia coli and thermotolerant
coliforms — Determination of most probable number (MPN). Standards Australia, Sydney, NSW; Standards
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MICROORGANISMS -

(endorsed 1996)

GUIDELINE

No guideline value bas been set for Aeromonas in drinking water. The absence of Escherichia
coli (or alternatively thermotolerant coliforms) does not indicate the absence of Aeromonas.

GENERAL DESCRIPTION

Aeromonas spp are Gram-negative, rod-shaped, nonsporing bacteria which are presently classified in

eLI9)OEg

the family Vibrionaceae, although they also bear many similarities to the Enterobacteriaceae. They are
isolated from certain patients with diarrhoea and may cause septicaemia.

The genus Aeromonas is divided into two groups. The group of psychrophilic nonmotile aeromonads
consists of one species A. salmonicida, an obligate fish pathogen that will not be considered further here.
The group of mesophilic motile aeromonads consists of three biochemically distinguishable groups:

A. hydrophila, A. sobria and A. caviae. Each of these three species consists of at least three different
DNA-hybridisation groups.

Aeromonas is a normal inhabitant of fresh water, and occurs in water, soil and food, particularly meat,
fish and milk.

AUSTRALIAN SIGNIFICANCE

Aeromonas spp have been isolated from several drinking waters in Australia but the relationship between
the isolates and clinical disease is not clear.

TREATMENT OF DRINKING WATER

Free available chlorine residuals of 0.2-0.5 mg/L are generally sufficient to control Aeromonas in
distribution systems.

METHOD OF IDENTIFICATION AND DETECTION

The numbers of Aeromonas in drinking water can be quantified using membrane filtration and anaerobic
incubation (Cunliffe and Adcock 1989).

HEALTH CONSIDERATIONS

Mesophilic aeromonads have long been known to be pathogenic for cold-blooded animals such as fish
and amphibians. In humans, three types of infections are described: systemic infections, usually in people
who are seriously immunocompromised; wound infections (mainly surface contact); and diarrhoea (Jana
et al. 1988). They have given rise to serious cases of septicaemia, often in people with underlying disease;
and they have been linked with gastroenteritis in children (Gracey et al. 1982), although no causative

role has been established, and their significance as an enteropathogenic organism is not clear. In animal
test models, such as the suckling mouse test and the rabbit ileal loop test, pure cultures of Aeromonas
have been found to cause marked fluid accumulation. This can partially be ascribed to the production of
extracellular cytotoxins; however, despite the strong toxin production by Aeromonas strains in vitro, it has
not been possible to induce diarrhoea in test animals or human volunteers.

NOTE: Important general information is contained in PART Il, Chapter 5
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It is assumed that Aeromonas strains are only poorly able to colonise the gastrointestinal tract. Little
information is available on adhesion factors of Aeromonas or their interaction with receptors in the
gastrointestinal tract.

Epidemiological investigations on the significance of Aeromonas as an enteropathogenic organism have
been contradictory. In some studies the occurrence of Aeromonas in faeces of patients with diarrhoea
was higher than in control groups, whereas other studies showed no difference. Sometimes the bacterium
was even found more often in control groups. Aeromonads have sometimes been associated with acute
self-limiting gastroenteritis.

DERIVATION OF GUIDELINE

No specific guideline value can be established for Aeromonas because of difficulties in determining the
pathogenicity of an isolate and its relevance to human health. Further work in the area is currently under
way in Australia. Water must be tested directly for Aeromonas if their presence is suspected.
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GUIDELINE

No guideline value bas been establisbed for Burkholderia pseudomallei in drinking water.

GENERAL DESCRIPTION

Burkbolderia pseudomallei, which causes the disease melioidosis, is a motile Gram-negative bacillus
commonly found in soil and muddy water in tropical regions. B. pseudomallei can survive in water for

eLI9)OEg

prolonged periods in the absence of nutrients, and is acid tolerant (Wuthiekanun et al. 1995).

Melioidosis is most common in northern Australia and South-East Asia. Infection usually results

from contact with soil or surface-accumulated water (muddy water). Exposure to environmental

B. pseudomallei after heavy rainfall presents the greatest risk. Most infection appears to be through skin
cuts or abrasions; however, infection may also occur via other routes, particularly through inhalation or
ingestion. The relative importance of these routes of infection is not known.

AUSTRALIAN SIGNIFICANCE

Melioidosis is an endemic disease in northern Australia and although generally a tropical illness it has
been detected in the southwest of Western Australia (Golledge et al. 1992). The first human case was
diagnosed in Australia in 1950. Melioidosis is reported with increasing frequency in the Top End of

the Northern Territory and B. pseudomaillei is the most common organism isolated in fatal community
acquired pneumonia. Cases appear throughout the year but peak during the rainy season (Currie 2000).

Two outbreaks of melioidosis have been reported in Australia: in 1990-91 in the Northern Territory and
in 1997 in Western Australia (Inglis et al. 1999). In the latter outbreak, indistinguishable isolates of
B. pseudomallei were cultured from cases and the potable water supply (Inglis et al. 1999, 2000).

MANAGEMENT

Standard disinfection procedures should be sufficient to eliminate B. pseudomallei from water supplies.

METHOD OF IDENTIFICATION AND DETECTION

Selective culture techniques have been described (Brook et al. 1997). Confirmation of identity as
traditionally been done by biochemical tests (Inglis et al. 1998) but polymerase chain reaction (PCR)
based methods may be more accurate. Genetic typing can be performed by several methods, including
ribotyping and pulsed fi eld gel electrophoresis (Haase et al. 1995; Inglis et al. 2000).

HEALTH CONSIDERATIONS

Melioidosis is a potentially fatal disease. Pneumonia is the most common presentation. Many patients
present with milder forms of pneumonia, which respond well to appropriate antibiotics, but some may
present with a severe septicaemic pneumonia. Other symptoms include skin abscesses or ulcers, abscesses
in internal organs and unusual neurological illnesses such as brainstem encephalitis and acute paraplegia.
Individuals without symptoms or known history of disease may also be positive on serological testing. Late
onset disease, including acute septicaemia, can occur months or years after initial exposure.

NOTE: Important general information is contained in PART Il, Chapter 5
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Although melioidosis can occur in healthy children and adults, it mainly occurs in people whose
defences against infection are impaired, due either to an underlying condition (e.g. diabetes, chronic
renal or lung disease, or alcoholic liver disease), or to poor general health associated with poor nutrition
or living conditions.

DERIVATION OF GUIDELINE

No guideline is proposed for B. pseudomallei because there is limited evidence for the involvement of
drinking water in its transmission in Australia. The numbers of organisms that would be significant for
human health are unknown.

If a water supply is implicated as a possible source of melioidosis, investigations should be undertaken
to assess whether the supply has been well managed and continually disinfected. The supply should be
tested for the presence of the organisms.

REFERENCES

Brook MD, Currie B and Desmarchelier PM (1997). Isolation and identification of Burkholderia
pseudomallei from soil using selective culture techniques and the polymerase chain reaction. Journal of
Applied Microbiology, 82, 589-596.

Currie BJ (2000). The epidemiology of melioidosis in Australia and Papua New Guinea. Acta Tropica, 74,
121-127.

Haase A, Smith-Vaughan H, Melder A, Wood Y, Janmaat A, Gilfedder J, Kemp D and Currie B (1995).
Subdivision of Burkbolderia pseudomaillei ribotypes into multiple types by RAPD analysis provides new
insights into its epidemiology. Journal of Clinical Microbiology, 33, 1687-1690.

Inglis TJJ, Garrow SC, Adams C, Henderson M, Mayo M and Currie BJ (1999). Acute melioidosis outbreak
in Western Australia. Epidemiology and Infection, 123, 437-443.

Inglis TJJ, Garrow SC, Henderson M, Clair A, Sampson J, O'Reilly L and Cameron B (2000). Outbreak
strain of Burkholderia pseudomallei traced to water treatment plant. Emerging Infectious Diseases, 0,
56-59.

Inglis TJJ, Chiang D, Lee GSH and Lim CK (1998). Potential misidentification of Burkholderia
pseudomaillei by API 20NE. Pathology, 30, 62-64.

Golledge CL, Chin WS, Tribe AE, Condon RJ and Ashdown LR (1992), A case of human melioidosis
originating in south west Western Australia. Medical Journal of Australia, 157, 332-334.

Wauthiekanun V, Smith MD and White NJ (1995). Survival of Burkbolderia pseudomallei in the absence of
nutrients. Transactions of the Royal Society of Tropical Medicine and Hygiene, 89, 491.

NOTE: Important general information is contained in PART II, Chapter 5

Australian Drinking Water Guidelines Version 3.5 280



MICROORGANISMS -

(endorsed 1996)

GUIDELINE

Escherichia coli (or alternatively thermotolerant coliforms) can be used to indicate the
possible presence of pathogenic Campylobacter. If explicitly sought, Campylobacter spp
should not be detected. If detected, advice should be sought from the relevant bealth autbority.

yoeg

GENERAL DESCRIPTION

el

Thermophilic Campylobacter spp are transmitted by the oral route, and cause gastrointestinal illness.
Wild birds and poultry are the most important reservoirs of Campylobacter. Other domestic animals,
such as pigs, cattle, dogs and cats, are also reservoirs of thermophilic Campylobacter organisms, and so
meat, and particularly poultry products and unpasteurised milk, are important sources of Campylobacter
infection. Milk may be contaminated with faeces or by secretion of organisms into the milk of cows with
mastitis. Recent studies have shown that raw sewage frequently contains from 10 to 105 thermophilic
Campylobacter organisms per 100 mL; high counts can be reduced by wastewater treatment processes.
Thermophilic campylobacters have been found in crude sewage sludge, but were not detectable in
digested conditioned sludge or filter effluent. Their occurrence in surface waters is dependent on rainfall,
water temperature and the presence of water fowl.

Several waterborne outbreaks caused by Campylobacter spp have been reported in the past decade
worldwide. The number of people involved ranged from a few to several thousand. Water was implicated
in the only two of these outbreaks where Campylobacter was isolated from patients the main sources
were found to be unchlorinated surface water and faecal contamination of water storage reservoirs

by wild birds. Communities are at risk of outbreaks of campylobacteriosis from the consumption of
unchlorinated or inadequately chlorinated surface waters. Contamination of drinking water reservoirs by
excrement of water fowl should be controlled, particularly if Campylobacter contamination is suspected.
Hygienic precautions should be improved in case the water is distributed without disinfection, or
disinfection is interrupted.

Campylobacter spp, like other bacterial pathogens, survive well at low temperatures, and can survive for
several weeks in cold groundwater or unchlorinated tap water.

The presence of thermophilic Campylobacter organisms in piped water supplies, whether treated or
untreated, suggests a serious fault in the design or management of the system.

Two closely related genera, Helicobacter and Archobactor, include species previously identified in the
Campylobacter genus. Helicobacter pylori may be differentiated from Campylobacter spp by a strong
urease activity. It is a cause of gastritis in humans.

AUSTRALIAN SIGNIFICANCE

Campylobacter have been identified in some Australian water supplies, but there have been no reports of
infections from drinking water in Australia. No information is available on Helicobacter spp in Australian
water supplies.

NOTE: Important general information is contained in PART Il, Chapter 5
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TREATMENT OF DRINKING WATER

Provided the water has low turbidity, standard disinfection procedures are sufficient to prevent the spread
of Campylobacter in distribution systems.

METHOD OF IDENTIFICATION AND DETECTION

Campylobacter are Gram-negative, slender, comma-shaped rods which show a characteristic corkscrew-
like motion which can be easily seen by phase contrast microscopy. They also appear S-shaped and
gullwinged when in pairs. They are microaerophilic, requiring a low oxygen tension (3-6%) for growth.

The numbers of thermophilic Campylobacter spp in water can be determined by concentration, followed
by enrichment, isolation and confirmation (AS4276.19 2014).

HEALTH CONSIDERATIONS

Some of the 14 described species are pathogens for humans and animals (for example C. jejuni, C.
coli, C. fetus), while others are considered to be nonpathogenic (for example C. sputorum, C. concisus)
(Penner 1988). Most the members of the thermophilic group (growing at 42°C) of campylobacters
cause enteritis in humans. In Australia, Campylobacter are very important bacterial causes of acute
gastroenteritis.

Several major outbreaks of Campylobacter enteritis have been linked to the ingestion of contaminated
food, milk or water.

DERIVATION OF GUIDELINE

Campylobacter in drinking water can cause acute gastroenteritis and should be absent from drinking
water supplies.

REFERENCES

AS4276.19 (2014). Australian Standard. Water microbiology: Examination for thermophilic
Campylobacter spp. — Membrane filtration. Standards Australia, Sydney, NSW.

Penner JL (1988). The genus Campylobacter: A decade of progress. Clinical Reviews in Microbiology,1,
157-172.

NOTE: Important general information is contained in PART II, Chapter 5

Australian Drinking Water Guidelines Version 3.5 282



MICROORGANISMS -

(endorsed 201 1)

GUIDELINE

No guideline value bas been set for pathogenic Escherichia coli and its inclusion in routine
monitoring programs is not recommended.

A multiple barrier approach from catchment to tap is recommended to minimise the risk
of contamination. Protecting catchments from buman and animal wastes is a priority.
Operation of barriers should be monitored to ensure effectiveness.
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GENERAL DESCRIPTION

Escherichia coli (E. coli) is used as the primary indicator of faecal contamination of drinking-water
supplies, due to its prevalence in the gut of warm-blooded animals. Most E. coli are non-pathogenic,
normal inhabitants of the gut, but there are several types that are pathogens and have been responsible
for waterborne disease outbreaks. Pathogenic E. coli are classed into six groups: enterotoxigenic

E. coli (ETEC), enterohaemorrhagic E. coli (EHEC) [also known as Shig-toxin producing E. coli STEC],
enteroinvasive E. coli (EIEC), enterpathogenic E. coli (EPEC), enteroadherent-aggregative E. coli
(EA-AggEQ), and diffuse adherent E. coli (DAEC) (Nataro and Kaper 1998, Rice and Degnan 2006).

All strains of pathogenic E. coli other than EHEC have the human gastrointestinal tract as a primary
reservoir; EHEC is predominately found in ruminants. Toxigenic E. coli (including O157 and other related
strains) are carried by 10-15% of healthy ruminants, including cattle, sheep, goats and deer. In cattle,
toxigenic EHEC strains have been found at colonisation rates as high as 60% and typically in the range
10-25% (Nataro and Kaper 1998).

The bacteria may be transmitted to humans by eating raw or undercooked meats, or via foodstuffs

or water supplies contaminated with faeces from infected humans or animals. Outbreaks have been
attributed to drinking-water supplies as well as recreational water bodies and direct contact with animals.
For EHEC, the infectious dose may be as low as 10 to 100 organisms (Teunis et al. 2004).

AUSTRALIAN SIGNIFICANCE

There have been no reported outbreaks of waterborne disease associated with pathogenic E. coli in
Australia. A significant food-borne outbreak of E. coli O111:NM occurred in Adelaide in 1995, associated
with the consumption of uncooked semi-dry fermented sausages (Cameron et al. 1995). Twenty-three
cases of Haemolytic Uraemic Syndrome (HUS) and a further 30 cases of bloody diarrhoea were reported.

PREVENTING CONTAMINATION OF DRINKING WATER

Protecting source waters from contamination by human and livestock waste will reduce the potential
presence of pathogenic E. coli. Like other E. coli strains, they are highly sensitive to disinfection.
Distribution systems should be protected from ingress of faecal contamination.

NOTE: Important general information is contained in PART Il, Chapter 5
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METHOD OF IDENTIFICATION AND DETECTION

There is no standard method for detection of pathogenic E. coli. They can differ from non-pathogenic

E. coli in a number of ways that make traditional detection methods unsuitable. For example, some
pathogenic groups, such as EIEC, do not ferment lactose; and EHEC do not ferment sorbitol or
rhaminose, or contain beta-glucuronidase and they grow poorly at 44.5°C. Hence defined substrate
technologies that rely on beta-glucuronidase activity to detect E. coli will not detect all pathogenic strains.

Standard Methods for the Examination of Water and Wastewater (APHA et al. 2005) describes different
methods for EHEC, EPEC, ETEC and EIEC strains. Each of the methods involves initial isolation using
standard liquid or agar-based media used for total coliforms, thermotolerant coliforms or Sa/monelia.
Confirmation requires biochemical testing and serotyping. Commercial kits are available for detecting
some toxins, including the shiga toxins produced by EHEC.

HEALTH CONSIDERATIONS

The most significant pathogenic E. coli for the water industry are the enterohaemorrhagic E. coli (EHEC).
EHEC comprise more than 100 different serotypes, including O157:H7, which has been responsible for a
number of waterborne disease outbreaks.

EHEC, including serogroups such as O111 and O157, are relatively rare strains which produce

large quantities of shiga-like (or vero) toxins that can cause illness ranging from mild diarrhoea to
haemorrhagic colitis. Haemorrhagic colitis is characterised by blood-stained diarrhoea accompanied by
abdominal pain. In addition, EHEC strains can cause HUS, which is characterised by acute renal failure
and haemolytic anaemia. The infectious dose may be very low (Teunis et al. 2004) and the incubation
period ranges from 2 to 8 days.

Several waterborne disease outbreaks have been caused by E. coli O157:H7, including the
groundwater outbreak in Walkerton, Canada, in May 2000. This outbreak resulted in an estimated 2300
individuals becoming ill, with 65 hospital admissions and 7 deaths. The causal agents were E. coli
O157:H7 and Camplyobacter, attributed to manure contamination of the groundwater supply (Hrudey
and Hrudey 2004).

Enteropathogenic E. coli (EPEC) have been primarily associated with outbreaks of infantile
gastroenteritis, but investigations have shown that they also cause disease in adults (Nataro and Kaper
1998). The pathogenic mechanisms employed by these organisms are not fully understood.

Enteroinvasive E. coli (EIEC) produce dysentery by a mechanism similar to Shigella spp. These organisms
invade the colonic mucosa and cause bloody diarrhoea. This property seems to be restricted to a few
O serogroups.

Epidemiological evidence suggests that enterotoxigenic E. coli (ETEC) are responsible for most episodes
of E. coli diarthoea, particularly in developing countries. ETEC strains can cause a cholera-like syndrome
in infants, children and adults, producing a heat-labile enterotoxin (LT) related to cholera enterotoxin,
and/or a heat-stable enterotoxin (ST). The action of LT is the same as the cholera toxin. The ability of
ETEC to cause disease depends not only on the production of enterotoxin but also upon the organisms’
ability to colonise the small intestine. Various colonising factors or adhesins have been described.

DERIVATION OF GUIDELINE

No guideline value is proposed for pathogenic E. coli and inclusion in routine verification monitoring
programs is not recommended. The focus should be on monitoring of control measures for pathogenic
E. coli, including prevention of source water contamination by human and animal waste, effective
disinfection, and protection of distribution systems from ingress of faecal material. Escherichia coli can be
used as a reliable indicator for the presence/absence of pathogenic E. coli.

NOTE: Important general information is contained in PART II, Chapter 5
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GUIDELINE

No guideline value bas been set for Helicobacter pylori in drinking water and its inclusion in
routine monitoring programs is not recommended.

A multiple barrier approach from catchment to tap is recommended to minimise the risk of
contamination. Protection of water supplies from buman waste is a priority. Operation of
barriers should be monitored to ensure effectiveness.
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GENERAL DESCRIPTION

Helicobacter pylori, originally classified as Campylobacter pylori, is a Gram-negative, micro-aerophilic,
spiral-shaped, motile bacterium that is able to colonise the stomach. Although not an acidophile, it is able
to tolerate the acidic conditions in the stomach. There are at least 14 species of Helicobacter, but only

H. pylori has been identified as a human pathogen. It has a narrow host range and is found primarily in
humans and some other primates.

H. pylori has been detected in water. Although it is unlikely to grow in the environment, it has been
found to survive for more than 4 days in water (Azevedo et al. 2008) and there is evidence that it can be
present in biofilms (Park et al. 2001). In a US study, H. pylori was found in a majority of surface water
and shallow groundwater samples; its presence was not correlated with the presence of Escherichia coli
(Hegarty et al. 1999).

The community prevalence of H. pylori varies: in developing countries it can exceed 80%, while in
developed countries, prevalence is typically below 40% and is decreasing. In developing countries
infections have been associated with poor and overcrowded living conditions. Interfamilial clustering is
common (Kusters et al. 2006).

H. pylori has been detected in saliva, vomit and faeces, but there is evidence that it is sensitive to bile
salts, and this will reduce faecal excretion. Person-to-person contact within families has been identified as
the most likely source of infection through oral-oral transmission. Faecal-oral transmission is considered
possible and consumption of contaminated drinking water has been suggested as a potential source

of infection; however, evidence to date is limited to developing countries and further investigation is
required to determine whether waterborne transmission occurs (Percival et al. 2004).

AUSTRALIAN SIGNIFICANCE

Surveys of seroprevalence have indicated a pattern similar to that found in other developed countries.
Antibodies to H. pylori have been detected in about 30% of Victorian adults, with seropositivity increasing
with age (Robertson et al. 2003).

PREVENTING CONTAMINATION OF DRINKING WATER

H. pylori has been detected in human vomit and faeces but the organism does not grow or survive
indefinitely in water. Hence protection of drinking water supplies from human waste will minimise the
likelihood of contamination. H. pylori is sensitive to chlorination (Johnson et al. 1997).

NOTE: Important general information is contained in PART Il, Chapter 5
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METHOD OF IDENTIFICATION AND DETECTION

There is no standard method for isolating and culturing H. pylori from water; however, it can be grown
on culture media.

HEALTH CONSIDERATIONS

H. pylori is found in the stomach; although most infections are asymptomatic, the organism is
associated with chronic gastritis, which may lead to complications such as peptic and duodenal ulcer
disease and gastric cancer. The majority of H. pylori infections are initiated in childhood and, unless
treated, are chronic.

DERIVATION OF GUIDELINE

No guideline value is proposed for H. pylori and inclusion in routine verification monitoring programs

is not recommended. The focus should be on monitoring of control measures for H. pylori, including
prevention of contamination by human waste, and effective disinfection. E. coli is not a reliable indicator
for the presence/absence of H. pylori.
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GUIDELINE

Coliforms detected in a water supply may include Klebsiella spp.

GENERAL DESCRIPTION

Klebsiella spp are inherently environmental organisms that survive and sometimes multiply in suitable
waters. They are associated with roots of plants and can grow to high levels on the leaves of vegetables.

eLI9)OEg

They are frequently present in raw waters, and can increase to high levels in waters containing pulp
mill wastes.

They are also found in the faeces of a significant proportion of healthy people.

K. pneumoniae and K. oxytoca are significant opportunistic pathogens in hospitals, but the relationship
between infections and drinking water is at best dubious, given the wide distribution of members of this
genus in the environment.

The genus is heterogenous and has been difficult to classify. Four species are now included:

K. pneumoniae, K. oxytoca, K. planticola, and K. terrigena. A fifth species, K. mobilis, has been proposed,
but it remains controversial whether this should be classified in this genus or that of Enterobacter
(Grimont et al. 1991).

As the organisms have similar sensitivity to disinfection to E. coli and some bacterial enteric pathogens,
their presence in drinking water indicates that disinfection has been inadequate.

AUSTRALIAN SIGNIFICANCE

Klebsiella spp have been detected in Australian drinking water, but there is no evidence that they have
caused disease.

METHOD OF DETECTION AND IDENTIFICATION

Klebsiella spp are Gram-negative nonsporing oxidase-negative rod-shaped bacteria, capable of aerobic
and facultatively anaerobic growth in the presence of bile salts or other surface active agents with similar
growth-inhibiting properties. They are able to ferment lactose, with the production of acid and gas within
48 hours at 35-37°C.

Most Klebsiella spp can be quantified in water by either multiple tube dilution, or membrane filtration
methods (AS1095.4.1), which are followed by suitable tests for identification of the genus.

HEALTH CONSIDERATIONS

Klebsiella may colonise patients in hospital, being spread mainly by the frequent handling which
occurs in intensive care units. Those most at risk are people with impaired defence mechanisms,

such as the elderly or the very young, people with burns or excessive wounding, those undergoing
immunosuppressive therapy, or those with acquired immune deficiency syndrome (AIDS). From
colonisation, invasive infections may occur. On rare occasions Klebsiella may cause infections, including
destructive pneumonia, in apparently healthy people. These problems appear to be associated with

K. pneumoniae and K. oxytoca.

NOTE: Important general information is contained in PART Il, Chapter 5
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DERIVATION OF GUIDELINE

No guideline value is established, if used for operational monitoring, numbers should be established on
a system specific basis, taking into consideration relevant historical data and an understanding of the
characteristics of the system. Klebsiella spp form a significant proportion of the organisms identified as
coliforms in standard tests for indicator bacteria, and these organisms are thus covered by the guideline
for coliforms.

REFERENCES

AS1095.4.1 (1981). Microbiological examination of water for dairy purposes. Microbiological methods for
the dairy industry. Australian Standard, Standards Association of Australia, Sydney, NSW.
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GUIDELINE

No guideline value bas been set for Legionella in drinking water.

GENERAL DESCRIPTION

The family Legionellaceae contains a single genus, Legionella, with 26 currently reported species, of
which L. pneumopbhila serogroup 1 is most frequently associated with human disease. Other serogroups
of L. pneumophila and occasionally other Legionellae have also been reported to cause disease.
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Legionella organisms are widespread in natural sources of freshwater and may also be found in soils.
They occur commonly in man-made water systems, particularly in hot water and cooling water systems.

Legionella spp appear to infect humans by inhalation, and their presence in drinking water per se seems
irrelevant until they are amplified by growing in specific sites under specific conditions (usually thermal
enrichment), from which infective aerosols, and droplet nuclei, may be created.

Conditions in cooling towers, spas, warm water systems in buildings, hot water systems operated below
60°C, or ‘dead legs’ of hot water systems operated at higher temperatures, may favour the growth of
Legionella organisms. Spraying water in cooling towers or water agitated in spas may then produce
aerosols; water from hot water systems can also form aerosols in showers, through nozzle heads, or by
splashing in sinks, baths etc.

Legionella organisms can be ingested by the trophozoites of certain amoebae (Acanthamoeba,
Hartmanella, Valkampfi a and Naegleria) and then grow intracellularly and become incorporated in their
cysts. This may explain the difficulty in eradicating Legionella organisms from water systems, and it could
be a factor in the aetiology of Pontiac fever.

AUSTRALIAN SIGNIFICANCE

Legionella spp have been found in cooling tower waters in many parts of Australia. However, very few
Legionella organisms have been isolated from drinking waters. No published reports are available on the
presence of L. pneumophila in drinking waters.

TREATMENT OF DRINKING WATER

Treatment of water with chlorine or chloramines will eliminate these organisms.

METHOD OF IDENTIFICATION AND DETECTION

Legionella spp are Gram-negative, rod-shaped, nonsporing bacteria that require L-cysteine for growth and
primary isolation. Cellular fatty acids in Legionella organisms are unique for Gram-negative bacilli in that
they contain primarily branched chains.

An Australian Standard has been developed for the detection of Legionella organisms in water

(AS3896 1991).

Isolation of Legionella spp from environmental samples may require pre-concentration if numbers are
low. Immunofluorescence techniques may also be used to detect Legionella spp in the environment.

NOTE: Important general information is contained in PART Il, Chapter 5
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HEALTH CONSIDERATIONS
Legionella spp are not known to cause disease by the ingestion of drinking water.

Legionella infections can lead to two types of disease: legionellosis and Pontiac fever. The epidemic

form of legionellosis associated with a common infection source is also known as Legionnaires’ disease.
This is a form of pneumonia with an incubation period usually of 3 to 6 days. Males are more frequently
affected than females, and most cases occur in the 40 to 70 year age group. Risk factors include smoking,
alcoholism, cancer, diabetes, chronic respiratory or kidney disease, and severe immunosuppression, as in
transplant recipients. Ten per cent or more of cases are fatal, even though Legionnaires’ disease can be
treated effectively by antibiotics such as erythromycin and rifampicin.

Pontiac fever is a milder disease with a high attack rate. The incubation period is 5 hours to 3 days,

and symptoms are similar to those of influenza: fever, headache, nausea, vomiting, aching muscles and
coughing. No fatal cases have been reported and few outbreaks have been recognised, possibly because
the nonspecific nature of the symptoms of the disease hinders its detection.

Infection through human-made water systems such as cooling towers and hot water supplies proceeds
through inhalation of aerosols which are small enough to penetrate lungs and be retained by the alveoli
— the degree of risk depending on four factors: the density of the bacteria in their source, the extent of
aerosol generation, the number of inhaled bacteria, and the susceptibility of the exposed individual.

The number of inhaled bacteria depends on the size of the aerosol generated (<5 um being most
dangerous), the dispersal of the aerosol in the air, and the duration of the exposure. Host defence is
important in determining whether exposure to Legionella organisms will lead to clinical disease, and
differences in susceptibility largely explain the fact that in some cases, high counts of L. pneumopbhila
in water systems have been reported in the absence of disease, whereas in other cases similar or lower
counts have been associated with epidemics. It is also likely, although not yet adequately proven, that
differences in virulence between strains account partly for these observations.

ADVICE ON DISINFECTION

It is not necessary to monitor water systems for Legionella spp routinely or to disinfect all environmental

sites where Legionellae are detected. The following are generally accepted indications for disinfection:

*  sites which are implicated in an outbreak of Legionnaires’ disease or Pontiac fever

*  hospital wards housing high-risk patients, such as organ transplant units

*  buildings in which the water system has not been used for some time and where high numbers are
likely to be found.

Vulnerable systems should be designed and maintained in such a way that colonisation by Legionella spp
is prevented or minimised. The main points to consider are:
. preventing the accumulation of sludge, scale, rust, algae and slime and removing such
deposits regularly
*  maintaining hot water temperatures permanently above 60°C or at intervals above 70°C, and
keeping cold water supplies below 20°C

. selecting materials in contact with water which do not release nutrients that support the growth of
Legionella spp.

These measures are preferable to, and more effective than, the use of biocides to control Legionella
organisms in water supplies within buildings; however, biocides are essential to prevent the build-up

of microbial slimes in airconditioning systems that use wet evaporative cooling towers. Such systems
should be kept clean and well maintained. They should be inspected weekly for fouling and accumulated
slime, scale and corrosion, and thoroughly cleaned and disinfected twice yearly. Biocides are best used
intermittently in clean systems.

NOTE: Important general information is contained in PART II, Chapter 5
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DERIVATION OF GUIDELINE

No specific guideline value can be established for Legionella spp. The absence of test mechanisms
does not guarantee the total absence of the organism. Warm-water handling systems should always be
regarded as being at risk of contamination by Legionella spp.

REFERENCE

AS 3896, (1991). Waters — Examination for legionellae. Australian Standard, Standards Association of
Australia, Sydney, NSW.
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GUIDELINE

No guideline value bas been set for Mycobacterium spp in drinking water and its inclusion in
routine monitoring programs is not recommended.

A multiple barrier approach from catchment to tap is recommended to minimise the risk of
contamination. Minimising biofilm growth and maintaining cleanliness of distribution
systems is a priority. Operation of barriers should be monitored to ensure effectiveness.
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GENERAL DESCRIPTION

Mycobacteria are saprophytic, aerobic, rod-shaped and acid-fast bacteria. The “typical” species

M. tuberculosis, M. bovis, M. africanum and M. leprae, which are associated with diseases such as
tuberculosis and leprosy, have only human or animal reservoirs and are not transmitted by water. In contrast,
the non-tuberculous or “atypical” species of Mycobacterium grow slowly in a variety of water environments
including biofilms. One of the most commonly occurring atypical species, M. gordonae, is known as the

“tap water bacillus”. Other species associated with water include M. avium, M. intracellulare, M. kansasii, M.
marinum, M. scrofulaceum, M. xenopi and the (relatively) more rapid growers M. chelonae and M. fortuitum.
The term “M. avium complex” has been used to describe a group of pathogenic species including M. avium
and M. intracellulare. However, other atypical mycobacteria are also pathogenic.

Principal routes of infection are inhalation, contact, and ingestion of contaminated water. Infection by
various species has been associated with their presence in drinking water supplies. Aerosols generated
from showerheads were linked to M. kansasii infections in the Czech Republic (Chobot et al. 1997).
Infection by other species has been associated with contaminated water in spas and ice machines
(Lumb et al. 2004, Pedley et al. 2004).

The ecology of environmental Mycobacterium spp is poorly understood; however, there is increasing evidence
that they can survive and grow in water distribution systems. In a similar fashion to Legionella, resistance to
disinfection is enhanced by the ability of mycobacteria to survive intracellularly within amoebae and to grow in
biofilms (Pedley et al. 2004). In water distribution systems, the presence of mycobacteria has been associated
with increased turbidity, dissolved organic carbon and biofilms (Falkinham et a/. 2001, Pedley et al. 2004).

AUSTRALIAN SIGNIFICANCE

An Australian survey in 2000 provided a conservative estimate of 1.8 infections with atypical mycobacteria
per 100,000 people (Haverkort 2003). Many of the infections were asymptomatic, with the most common
sites of disease being the respiratory tract, soft tissue and the lymphatic system. It is considered that most
infections arise from environmental exposure, although sources are typically not identified. Water was

a possible source of M. kansasii infection in Portland, Victoria (Huang et a/l. 1991) and infections were
linked to spa pools in Adelaide (Lumb et al. 2004).

PREVENTING CONTAMINATION OF DRINKING WATER

Mycobacterium spp are relatively resistant to treatment and disinfection (LeChevallier 2004) and this

is exacerbated by growth in biofilms. Control measures that are designed to minimize biofilm growth,
including removal of organic carbon, restriction of residence times of water in distribution systems and
maintenance of disinfectant residuals, should reduce growth of these organisms.

NOTE: Important general information is contained in PART Il, Chapter 5
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METHOD OF IDENTIFICATION AND DETECTION

Mycobacterium spp have a high lipid content in cell walls, which enables them to retain specific dyes in
staining procedures that employ an acid wash (i.e., acid-fast). Most of the Mycobacterium spp including

the “M. avium complex” are characterised by slow growth, with optimum generation times ranging from 2
to 48 hours. The rapid-growing species (e.g. M. chelonae and M. fortuitum ) can be detected after 5 days.
Concentration and culture methods are available, but the slow growth of mycobacteria adds to the difficulty
of growth and identification. DNA and antibody-based methods are also available (Stinear et al. 2004).

HEALTH CONSIDERATIONS

Atypical Mycobacterium spp can cause a range of diseases involving the skeleton, lymph nodes, skin

and soft tissues, as well as the respiratory, gastrointestinal and genitourinary tracts. Manifestations include
pulmonary disease, skin ulcers (e.g., Buruli and Bairnsdale ulcers), osteomyelitis and septic arthritis in
people with no known predisposing factors. Mycobacteria are a major cause of disseminated infections in
people who are immunocompromised and are a common cause of death in people who are HIV-positive.

DERIVATION OF GUIDELINE

No guideline value is proposed for Mycobacterium spp and inclusion in routine verification monitoring
programs is not recommended. The focus should be on monitoring of control measures designed to
minimize biofilm growth, and monitoring the cleanliness of distribution systems.
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GUIDELINE

No guideline value bas been establisbed for Pseudomonas aeruginosa in drinking water.

GENERAL DESCRIPTION

Pseudomonas aeruginosa is commonly found in faeces, soil, water and sewage. It cannot be used as an
indicator of faecal contamination, as it is not universally present in faeces and sewage, and it may also
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multiply in an enriched aquatic environment and on the surface of suitable organic materials in contact
with water. Its presence, however, can be used to assess the general cleanliness of water distribution
systems and the quality of bottled waters.

P, aeruginosa has also been found in various foods.

AUSTRALIAN SIGNIFICANCE

Though P, aeruginosa occurs in Australian drinking water supplies, it has only been associated with cases
of folliculitis (inflammation of the hair follicles) in health-spa whirlpools.

TREATMENT OF DRINKING WATER

Free available chlorine residuals of 0.2-0.5 mg/L are generally sufficient to control P aeruginosa in water.

METHOD OF IDENTIFICATION AND DETECTION

P aeruginosa is a member of the family Pseudomonadaceae and is a polarly-flagellated, Gram-negative
rod. When grown in suitable media it is capable of producing pigments, the most significant of which
are the nonfluorescent phenazine pigments, pyocyanin and fluorescin. Pigment may not be produced
by strains of P. aeruginosa recovered from clinical specimens and the ability to produce pigment may be
lost on subculture. Like other fluorescent pseudomonads in natural waters, P. aeruginosa strains produce
catalase and oxidase, produce ammonia from arginine, use citrate as the sole source of carbon, and
areaerobic.

P, aeruginosa can grow at 41-42°C (AS 1095.4.1.13 1981). The blue-green pigment produced differs from
the fluorescent pale green pigment (fluorescin) produced by other species of fluorescent pseudomonads
found in water. The organism can also grow anaerobically in stab cultures of nitrate agar.

HEALTH CONSIDERATIONS

P, aeruginosa is a classical opportunistic pathogen. It rarely becomes established in, and even more rarely
infects, the intact host but colonises damaged systems, for example burn wounds, the respiratory tract of
people with underlying disease, physically damaged eyes etc. From these it may invade the body, causing
destructive lesions or septicaemia. Immunosuppressed people, particularly those with low polymorph
counts, are at risk. Contaminated ‘irrigation’ fluids or pharmaceutical agents (e.g. eye drops) delivered to
damaged areas have caused severe infection.

NOTE: Important general information is contained in PART Il, Chapter 5
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While it is clearly undesirable for water supplies to hospitals to have high counts of this organism (or
other opportunistic pathogens), a direct association of hospital infections with drinking water sources

is yet to be established. High counts of this organism in spa and swimming pool water have been
linked with rashes and superficial infections of the outer ear canal (Calderon and Mood 1982, Jones and
Bartlett 1985).

DERIVATION OF GUIDELINE

Owing to the widespread occurrence of the organism and its opportunistic pathogenicity, it is difficult

to set a guideline for drinking water. However, the presence of the organism in drinking water may
indicate a serious deterioration in bacteriological quality, often accompanied by taste, odour and turbidity
complaints associated with low rates of flow and increased water temperatures.
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GUIDELINE

Escherichia coli (or alternatively thermotolerant coliforms) are used to indicate the possible
presence of Salmonella spp. If explicitly sought, Salmonella spp should not be detected.
If detected, advice should be sought from the relevant bealth autbority.

GENERAL DESCRIPTION
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Salmonella spp are widely distributed in the environment and gain entry into water systems though faecal
contamination from livestock, native animals, drainage waters and incompletely treated waste discharges.

Faecal contamination of water which is inadequately treated or inadequately disinfected is the main cause
of waterborne outbreaks of salmonellosis.

AUSTRALIAN SIGNIFICANCE

Salmonella has been isolated from a number of source waters in Australia and occasionally from
reticulated waters. However, published associations between the isolation of Sa/monella from drinking
water and health effects in the community are mainly anecdotal.

Most illnesses resulting from Salmonella infection are derived from contaminated foodstuffs, e.g. poultry
and livestock. Waterborne Salmonella spp play only a minor role in causing disease.

TREATMENT OF DRINKING WATER

Treatment by disinfection using chlorine is usually effective against Sa/monella spp, provided the water
has low turbidity.

METHOD OF IDENTIFICATION AND DETECTION

The numbers of Salmonella in water can be determined by concentration followed by enrichment,
isolation and confirmation (AS4276.14 2014).

HEALTH CONSIDERATIONS

Salmonella spp, with the exception of those that cause enteric fever in humans (Lloyd 1983),
are pathogens of animals, which provide important reservoirs for the infection of humans.

Salmonella Typhi, however, is a specific human pathogen. In particular, S. Typhi, §. Paratyphi A, and

S. Paratyphi B are able to invade tissues and cause a septicaemia with high temperature rather than
diarrhoea. This is known as enteric fever. In humans, most of the other serovars cause a transient intestinal
infection which results in acute gastroenteritis with diarrhoea. Certain serovars are highly pathogenic for
humans, while others appear nonpathogenic. Many Salmonella infections are symptomless.

Epidemiological and volunteer studies show that the infective dose of Sal/monella varies considerably.
Method of intake, individual host susceptibility, and virulence of the particular strain are important in
determining the dose required to produce an infection.

NOTE: Important general information is contained in PART Il, Chapter 5
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Waterborne outbreaks due to substantial contamination are usually characterised by rapid onset. The majority
of cases develop over a period of a few days, and these may be followed by secondary cases. The spatial
distribution of infections in major outbreaks is often strongly correlated with the water supply system.

DERIVATION OF GUIDELINE

The presence of faecal indicator bacteria is useful to determine the possible presence of Salmonella spp.
However, as with many other pathogens, Sa/monella spp may occasionally be present when indicators
are absent, particularly where a supply may have been subject to faecal contamination by amphibians
(frogs) and reptiles. It is also important, therefore, to test directly for Salmonellae if contamination is
suspected.

The direct effect on the community of noncompliance with the guideline will depend on the Salmonella
species involved. The numbers of Sa/monella may be amplified through contamination of foodstuffs.

REFERENCES
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Escherichia coli (or alternatively thermotolerant coliforms) are used to indicate the presence
of patbogenic Shigella spp. If explicitly sought, pathogenic Shigella spp should not be detected.
If detected, advice should be sought from the relevant bealth autbority.

GENERAL DESCRIPTION
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Bacteria of the genus Shigella cause bacillary dysentery. Although shigella infection is not often
waterborne, major outbreaks resulting from waterborne transmission have been described. The isolation
of Shigella spp from drinking water indicates recent human faecal contamination, but this occurs only
rarely. This possibly indicates the limitations of the method rather than absence of the organisms, as there
is no useful enrichment or selective medium for isolation of these bacteria. Techniques used have been
designed for isolation of Salmonella spp and are not optimal for Shigella spp.

AUSTRALIAN SIGNIFICANCE

No conclusive evidence for the transmission of shigellosis through water supplies in Australia has been
reported. The incidence of infection by Shigella in Australia is low except in central Australia, and among
travellers returning from abroad.

TREATMENT OF DRINKING WATER

Standard disinfection procedures eliminate Shigella spp from water, provided that turbidity is low.

METHOD OF IDENTIFICATION AND DETECTION

Shigella spp are Gram-negative, nonsporing, nonmotile rods, growing both aerobically and anaerobically.
Metabolism is both respiratory and fermentative; acid, but usually not gas, is produced from glucose but
lactose is seldom fermented. Catalase is usually produced, except by Shigella dysenteriae type 1, while
oxidase is produced by one serotype only. Nitrates are reduced to nitrites (APHA method 9260 E 1992).

Shigella spp are serotyped on the basis of their somatic O antigens. Both group and type antigens are
distinguished, group antigenic determinants being common to a number of related types. Serological
typing is adequate for all species except S. sonnei.

HEALTH CONSIDERATIONS

Shigella spp have a low infective dose and are highly pathogenic for humans. Characteristic bloody
diarrhoea results from the invasion of the colonic mucosa by the bacterium; the process is probably
highly species-specific. Shigella spp have no natural hosts other than the higher primates, and effectively,
humans are the only source of infection in the community. Among the enteric bacterial pathogens,
Shigellae seem to be the best adapted to cause human disease. Transmission occurs directly between
susceptible individuals, and the infectious dose is lower than for other bacteria.
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DERIVATION OF GUIDELINE

The isolation of Shigella spp from drinking water indicates recent human faecal contamination and, in
view of the extreme virulence of the organisms, is of crucial public health significance.

The effect on the community of noncompliance with the guideline will depend on the Shigella
strain involved, the numbers, and the susceptibility of the population. Cases of shigellosis will almost
certainly result.

REFERENCE

APHA Method 9260E, (1992). Detection of pathogenic bacteria: Shigella. Standard Methods for the
Examination of Water and Wastewater, 18th edition. American Public Health Association, Washington DC.
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GUIDELINE

Escherichia coli (or alternatively thermotolerant coliforms) are used to indicate the presence
of patbogenic Vibrio spp. If explicitly sought, pathogenic Vibrio spp should not be detected.
If detected, advice should be sought from the relevant bealth autbority.

GENERAL DESCRIPTION
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Vibrio species may be waterborne. Cholera (V. cholerae O1 and O139), for example, is usually a water-
associated disease and numerous such outbreaks have been documented. Food-borne outbreaks,
however, are also common and person-to-person transmission may occur under conditions of extreme
crowding and poor hygiene. The transmission of cholera has been extensively reviewed, and although
water is undoubtedly an important vehicle for transmission, many aspects of the epidemiology of
cholera remain open to debate (Miller et al. 1985). There is evidence to suggest that in some
circumstances, V. cholerae, including serotype O1 and O139, may occur naturally in some surface waters.

AUSTRALIAN SIGNIFICANCE

Vibrio spp have been isolated from a number of source waters in Queensland, but not from reticulated
waters. There are no published associations between the isolation of Vibrios from source water and
health effects in the community.

TREATMENT OF DRINKING WATER

Standard disinfection procedures eliminate V. cholerae O1 and O139 (the source of the classic cholera
epidemics) from reticulated water, provided turbidity is low.

METHOD OF IDENTIFICATION AND DETECTION

Vibrio spp are nonsporing, slightly curved Gram-negative rods, motile by a single polar flagellum. Their
metabolism is both respiratory and fermentative without the production of gas, while their growth is
aerobic and facultatively anaerobic. Both catalase and oxidase are formed and nitrates are reduced to
nitrites (APHA method 9260H 1992, AS4276.15 2014).

HEALTH CONSIDERATIONS

Vibrio cholerae is a well-defined species frequently found in source waters. While cases of diarrhoea are
caused by other types, only the serovars O1 and O139 are associated with the classical cholera symptoms
in which a proportion of cases suffer fulminating and severe watery diarrhoea. The O1 serovar has been
further divided into ‘classical’ and ‘El Tor’ biotypes, the latter distinguished by (inter alia) the ability to
produce a dialysable, heat-labile haemolysin, active against sheep and goat red blood cells.

When present in large numbers in the intestinal mucosa, V. cholerae O1 produces an enterotoxin
(cholera toxin) that alters the ionic fluxes across the mucosa with resulting catastrophic loss of water
and electrolytes in liquid stools.
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Almost all the organisms that are known to cause epidemic cholera are members of the serogroups O1
and 0139, though the very similar V. mimicus (sucrose nonfermenter) has been isolated from cases of
clinical cholera.

DERIVATION OF GUIDELINE

The isolation of V. cholerae O1 and O139 from water used for drinking is of major public health
importance. However, other serogroups of V. cholerae are part of the normal flora of some waters.
V. cholerae and other pathogenic Vibrio spp should be absent from drinking water supplies.
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GUIDELINE

Escherichia coli (or alternatively thermotolerant coliforms) are used to indicate the presence
of Yersinia. If explicitly sought, pathogenic Yersinia spp should not be detected. If they are
detected, advice should be sought from the relevant bealth autbority.

GENERAL DESCRIPTION

eLI9)OEg

The genus Yersinia is currently placed in the family Enterobacteriaceae and comprises seven species.
Strains of Y. enterocolitica can cause gastrointestinal disease if ingested.

A special feature of Y. enterocolitica and Y. enterocolitica-like organisms is their ability to grow at
temperatures as low as 4°C. Accordingly, long survival of these organisms in water habitats can be
demonstrated. For example, Y. enterocolitica was detected in distilled water for over 18 months at 4°C.
Such long survival makes it difficult to find the origin of contamination.

Many domestic and wild animals are considered to be possible reservoirs of Y. enterocolitica, due to the
high isolation rates of the organism from such sources. Wild animals, particularly hares and foxes, are
probably a source of the bacteria, and swine have been implicated as a source of serotypes involved in
human infections. The major vehicle of transmission is probably food, especially meat and meat products,
milk and dairy products (Lloyd 1983). While Y. enterocolitica has also been isolated from a variety of
environmental samples, especially from water, the isolated serotypes differ from those associated with
human disease.

Ingestion of contaminated food and water is probably the most likely route of transmission of

Y. enterocolitica. Direct transmission from person to person and from animals to people also occurs,

but its relative importance has not been clarified. Further research is needed to define the epidemiological
importance of ‘environmental’ strains of Y. enterocolitica.

AUSTRALIAN SIGNIFICANCE
The prevalence of notified cases of Yersinia infection varies between states. There has been a marked
increase in the number of cases recorded in South Australia in recent years.

TREATMENT OF DRINKING WATER

Standard disinfection procedures are sufficient to avoid transmission of Yersinia, provided the water has

a low turbidity when treated. Free chlorine in the range required for water disinfection (0.2-0.5 mg/L) for
10 minutes at pH 7 completely eradicates the bacterium. Ozone eradicates the organism after contact with
0.05 mg/L for 1 minute, regardless of pH.

METHOD OF IDENTIFICATION AND DETECTION

Y. enterocolitica is a Gram-negative rod, motile at 25°C but nonmotile in cultures grown at 37°C
(APHA Method 9260K 1992).

NOTE: Important general information is contained in PART Il, Chapter 5
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HEALTH CONSIDERATIONS

Some serovars of Y. enterocolitica are human pathogens. Atypical strains within Y. enterocolitica, isolated
most frequently from environmental samples, are separated as Y. enterocolitica-like organisms. They are
not pathogenic for humans and can be subdivided into Y. intermedia, Y. fredereksenii, Y. kristensenii, and
Y. aldovae by biochemical means.

Yersiniosis generally presents as an acute gastroenteritis with diarrhoea, but other human diseases caused
by Y. enterocolitica are also known. Y. enterocolitica may be waterborne.

DERIVATION OF GUIDELINE

Water samples yielding Y. enterocolitica often show only light coliform contamination. One study
indicated that 25% of Y. enterocolitica-positive samples were negative for both total and thermotolerant
coliforms. Other studies showed a close relation between faecal pollution and Y. enterocolitica isolation
rates. As it is not possible, at this stage, to determine an infectious dose, Y. enterocolitica should be absent
from drinking water supplies.
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MICROORGANISMS -

(endorsed 1996)

GUIDELINE

No guideline value is set for Acanthamoeba species in drinking water.

GENERAL DESCRIPTION

Acanthbamoeba spp are small free-living amoebae that are common in aquatic environments and are
among the predominant protozoa in soil. Several of approximately 20 known species are virulent, causing
the cerebral infection granulomatous amoebic encephalitis (GAE), or the corneal infection amoebic
keratitis, or both. One or both diseases have occurred in most temperate and tropical regions of the
world. Acanthamoeba spp may also be significant as host cells for the proliferation and dispersal of

©0Z03044

Legionella species.

The relative importance of water as a source of infection is unknown. The wide distribution of
Acanthamoeba in the natural environment makes soil, airborne dust and water all likely sources.

Delays in the diagnosis of GAE and keratitis cases have made it difficult to investigate possible sources
of infection, while the lack of a stable classification of Acanthamoeba inhibits identification of individual
isolates, including the matching of amoebae from infections with organisms from the environment.

Regular monitoring for Acanthamoeba is not appropriate, but these organisms need to be considered
when planning the maintenance of eyewash stations that use mains water.

AUSTRALIAN SIGNIFICANCE

Amoebic keratitis has been recorded in New South Wales, Queensland, South Australia, Victoria and
Western Australia (e.g. Roussel et al. 1985). Currently, four cases of GAE have been diagnosed in Australia
(Victoria and Western Australia, e.g. Harwood et al. 1988). Data have also been collected on the diversity
and density of Acanthamoeba species in water and sediments, mainly in South Australia; the organisms
are likely to proliferate over a wide temperature range in water where organic carbon levels promote
significant bacterial production. Contamination of environments that may become sources of infection
(swimming and spa pools, cooling towers etc) cannot be assumed to originate with organisms from the
water supply, given the wide distribution of Acanthamoeba in the natural environment.

TREATMENT OF DRINKING WATER

Acantbamoeba species are usually less numerous in surface source waters than Naegleria species, but
often contaminate piped water supplies at a low level, even when chlorine is present. Their cysts are
among the most resistant of protozoan cells to oxidative disinfectants, making removal difficult at the
levels of disinfectant generally used for drinking water. In any case, control of Acanthamoeba may

be most important in specialised uses of water: distribution in hospitals, renal dialysis or industrial
eye-wash stations.

METHOD OF IDENTIFICATION AND DETECTION

Detection of amoebae, concentrated from water samples, requires relatively simple growth media and
standard laboratory incubation facilities. Identification of Acanthamoeba species is more specialised.
These amoebae are most likely to be significant in specific investigations of sources of infection, when
comparison with reference strains would be essential to their identification.

NOTE: Important general information is contained in PART Il, Chapter 5
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HEALTH CONSIDERATIONS

Acanthamoeba species are opportunistic pathogens. GAE usually occurs in immunocompromised
patients, secondary to infection of another organ (often lungs or subcutaneous tissue). Most cases have
been recognised at post-mortem after protracted illness, making any investigation of the circumstances
of infection difficult. Amoebic keratitis occurs in two groups of people: those who sustain a corneal
lesion before or at the time of infection and who often have outdoor occupations (Roussel et al. 1985);
and people who wear contact lenses. A specific source of infection has rarely been confirmed, but
circumstances suggest that the first group are often infected by cysts from airborne dust or soil, while
tap water, used incorrectly to wash lenses, may often be the source for the second group.

DERIVATION OF GUIDELINE

No guideline value is proposed for Acanthamoeba species, given the uncertainty about sources of
infection, but water authorities should be aware of the direct health significance of these organisms and
their possible role in the ecology of Legionella.
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GUIDELINE

No guideline value bas been set for Blastocystis in drinking water and its inclusion in
routine monitoring programs is not recommended.

A multiple barrier approach from catchment to tap is recommended to minimise the risk
of contamination. Protecting catchments from buman and animal wastes is a priority.
Operation of barriers should be monitored to ensure effectiveness.

©0Z03044

GENERAL DESCRIPTION

Although Blastocystis was first described in the early 1900s, its pathogenicity and taxonomy remains
uncertain. Blastocystis has been detected in a range of animal hosts but speciation has not been
established. Isolates from humans are generally referred to as B. hominis, while isolates from other
animals are referred to as Blastocystis spp. However, there is some evidence that Blastocystis spp may
not be host-specific and that animal-to-human transmission is possible. A survey in Malaysia showed that
animal handlers and abattoir workers had an increased risk of infection (Rajah et al. 1999).

Blastocystis hominis is probably the most common protozoan detected in human faecal samples
worldwide. Reported prevalence ranges from 2% to 50%, with the highest rates reported for developing
countries with poor environmental hygiene (Stenzel and Boreham 1996). Infection appears to be more
common in adults than in children.

While prevalent, the pathogenicity of B. hominis is controversial because of the non-specific symptoms.
There have been contradictory reports on clinical significance: some reports suggest pathogenicity, but
the frequency of asymptomatic infections is very high (Stenzel and Boreham 1996).

Although not confirmed experimentally, faecal-oral transmission is considered to be the main mode
of infection. Blastocystis cysts have been detected in sewage (Suresh et al. 2005). These cysts could be
environmentally persistent in a similar fashion to other protozoan cysts, but there are no data on its
survival in the environment. The role of drinking water as a source of Blastocystis infections has been
suggested but not established (Leelayoova et al. 2004).

AUSTRALIAN SIGNIFICANCE

An Australian study found no correlation between clinical symptoms and infection with Blastocystis
hominis (Leder et al. 2005). There is no evidence of waterborne transmission in Australia.

PREVENTING CONTAMINATION OF DRINKING WATER

Control measures applied to other infectious protozoa will also reduce risks associated with Blastocystis.
The likely source of Blastocystis is faecal waste, and prevention of contamination of water sources by
human and animal waste is a priority. There is little information on the removal and/or inactivation of
Blastocystis by water and wastewater treatment processes. The morphology of Blastocystis varies over

a broad range, but faecal cysts can be as small as 3-10 pm in diameter. These should be removed by
filtration in a similar manner to Cryptosporidium oocysts (4-6 pm in diameter). It has been reported that
Blastocystis cysts are relatively resistant to chlorine (Suresh et al. 2005).

NOTE: Important general information is contained in PART Il, Chapter 5
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METHOD OF IDENTIFICATION AND DETECTION

A method for concentrating cysts has been reported together with an in vitro culture method (Suresh
et al. 2005). Clinical samples are examined by light microscopy.

HEALTH CONSIDERATIONS

The pathogenicity of B. hominis has not been established. A broad range of symptoms has been
attributed to B. hominis, including watery or loose stools, diarrhoea, abdominal pain, cramps and nausea;
however, as mentioned above, the frequency of asymptomatic infections is very high (Stenzel and
Boreham 1996).

DERIVATION OF GUIDELINE

No guideline value is proposed for Blastocystis and inclusion in routine verification monitoring programs
is not recommended. The focus should be on monitoring of control measures, including prevention of
contamination by human and animal waste, and (where used) filtration. Escherichia coli is not a reliable
indicator for the presence/absence of Blastocystis.
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GUIDELINE

No guideline value is set for Cryptosporidium due to the lack of a routine method to identify
buman infectious strains in drinking water. If such a guideline were established, it would
be well below 1 organism per litre and would involve testing of impractically large volumes
of water.

A multiple barrier approach from catchment to tap is recommended to minimise the risk of
Cryptosporidium contamination. Protection of catchments from buman and animal wastes is
a priority. Operation of barriers should be monitored to ensure effectiveness.

©0Z03044

Although routine monitoring for Cryptosporidium is not recommended, investigative testing
may be required in response to events that could increase the risk of contamination

(e.g., beavy rainfall, increased turbidity, treatment failure). If Cryptosporidium is

detected in drinking water, the relevant bealth authority should be notified immediately.
All necessary measures to assess and minimise public bealth risks should be implemented
as soon as possible.

GENERAL DESCRIPTION

In recent years, Cryptosporidium has come to be regarded as one of the most important waterborne
human pathogens in developed countries. Over 30 outbreaks associated with drinking water have been
reported in North America and Britain, with the largest infecting an estimated 403,000 people (Mackenzie
et al. 1994). Recent research has led to improved methods for testing water for the presence of human
infectious species, although such tests remain technically demanding and relatively expensive.

Cryptosporidium is an obligate parasite with a complex life cycle that involves intracellular development
in the gut wall, with sexual and asexual reproduction. Thick-walled oocysts, shed in faeces are
responsible for transmission. Concentrations of oocysts as high as 14,000 per litre in raw sewage and
5,800 per litre in surface water have been reported (Madore et al. 1987). Oocysts are robust and can
survive for weeks to months in fresh water under cold conditions (King and Monis 2007).

There are a number of species of Cryptosporidium, with C. bominis and C. parvum identified as the main
causes of disease (cryptosporidiosis) in humans. C. hominis appears to be confined to human hosts,
while the C. parvum strains that infect humans also occur in cattle and sheep. C. parvum infections

are particularly common in young animals, and it has been reported that infected calves can excrete

up to 10 billion oocysts in one day. Waterborne outbreaks of cryptosporidiosis have been attributed

to inadequate or faulty treatment and contamination by human or livestock (particularly cattle) waste.

C. hominis and C. parvum can be distinguished from one another and from other Cryptosporidium
species by a number of genotyping methods. Infectivity tests using cell culture techniques have also
been developed.

Consumption of contaminated drinking water is only one of several mechanisms by which transmission
(faecal-oral) can occur. Recreational waters, including swimming pools, are an important source of
cryptosporidiosis and direct contact with a human carrier is also a common route of transmission.
Transmission of Cryptosporidium can also occur by contact with infected farm animals, and occasionally
through contaminated food.

NOTE: Important general information is contained in PART Il, Chapter 5

Australian Drinking Water Guidelines Version 3.5 310



Fact Sheets — Microorganisms Protozoa

AUSTRALIAN SIGNIFICANCE

The most publicised incident of drinking-water contamination in Australia occurred in July-September
1998 in Sydney. High numbers of Cryptosporidium and Giardia (see Fact Sheet) were reported in treated
water, and boil-water notices were issued for three million residents. No increase in illness was detected
in association with the contamination, despite increased epidemiological surveillance. The incident
highlighted the lack of a method (at that time) to determine whether detected organisms were infective
for humans.

Cryptosporidiosis is a notifiable condition in all Australian states and territories. A case-control study of
sporadic cases in Adelaide and Melbourne from 1998 to 2001 indicated that person-to-person contact
and public swimming pools were the most common risk factors for infection (Robertson et al. 2002).
Outbreaks associated with contaminated swimming pools have occurred in several Australian states.

In South Australia, a relatively large number of illnesses were recorded in 1990-91 but no source was
identified (Weinstein et al. 1993). The only known outbreak of illness associated with drinking water
occurred in Victoria, when a mixture of infections due to Cryptosporidium and Giardia followed
contamination of a private water supply by overflow from a septic tank (Lester 1992).

PREVENTING CONTAMINATION OF DRINKING WATER

A multiple barrier approach operating from catchment to tap should be implemented to minimise the risk
of contamination by Cryptosporidium. Protection of water catchments from contamination by human and
animal wastes is a priority. Water from unprotected catchments is likely to be subject to contamination by
Cryptosporidium and treatment, including effective filtration, will be required to remove these organisms
and ensure a safe supply. The lower the quality of source water, the greater the reliance on water
treatment processes.

Water catchments should be surveyed for potential sources of contamination, and source water should be
subject to investigative and event-based testing for Cryptosporidium, to:

. assess risk factors for contamination;

*  provide a basis for catchment management to reduce these risks; and

*  determine the level of water treatment required.

It has been reported that increases in turbidity associated with rainfall events may signal increased
numbers of Cryptosporidium (Atherholt et al. 1998), although Australian data indicate that there is no
uniform relationship that is applicable across different catchments (CRC 2007).

Groundwater from confined aquifers or from depth should be free from contamination by Cryptosporidium.
However, bores need to be well maintained and protected from intrusion of surface and subsurface
contamination. Integrity should be monitored using traditional indicators of faecal contamination.

Cryptosporidium oocysts are extremely resistant to chlorine and will not be killed by concentrations that
can be practically used in drinking water. Other chemical disinfectants such as ozone are more effective
(Bouchier 1998). More recently it has been shown that ultraviolet (UV) light disinfection is effective
against Cryptosporidium, and this technology is being increasingly adopted for drinking-water treatment.
The United States Environmental Protection Agency (USEPA) has developed detailed guidance on the
application of UV for inactivation of Cryptosporidium, including the relationship between dose and log
reduction as well as aspects of plant design, process validation and operational issues (USEPA 2000).
Ensuring that UV light doses are at all times greater than specified values provides a practical means of
ensuring that Cryptosporidium oocysts are inactivated and are not a threat to public health.

NOTE: Important general information is contained in PART II, Chapter 5
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Due to their small size (4-6 pm), Cryptosporidium oocysts can challenge removal by granular media-based
filtration processes; however, well designed and operated systems can provide a high level of removal.
Membrane filtration processes that provide a direct physical barrier can represent a viable alternative for
the effective removal of Cryptosporidium. Where Cryptosporidium oocysts are suspected or known to be
present in the raw water, the design and operation of water treatment plants should be carefully examined
to ensure that required performance is achieved and maintained. For granular media-based systems, there
should be particular attention to ensuring that coagulation/flocculation is optimal, turbidity is monitored
from all filters, backwash water is handled appropriately, and increases in turbidity are minimised during
filter start-up and operation, to avoid sudden flow surges (see Badenoch 1995, Bouchier 1998). A turbidity
limit of 0.2 NTU or less for effluent from individual filters has been shown to provide optimal removal of
Cryptosporidium and other classes of enteric pathogens (Xagoraraki et al. 2004).

The performance of filtration plants should be monitored continuously and treated water of a constant
quality should be produced, irrespective of the quality of the raw water.

Filtration plants should be operated by trained and skilled personnel. Failure of water treatment
processes, including failure to meet specified targets for turbidity (or particle counts), represents a
potential risk of oocyst contamination of the drinking-water supply.

The integrity of distribution systems should be maintained. Storages for treated water should be roofed,
backflow prevention measures should be applied, and faults and burst mains should be repaired in a way
that will prevent contamination.

METHOD OF IDENTIFICATION AND DETECTION

There are a number of different methods for isolating Cryptosporidium oocysts from water. Most
quantitative methods involve concentration of relatively large volumes of water and fluorescent staining
of the concentrated material. Many methods are adapted from USEPA Method 1623 (USEPA 2005),
which uses immunomagnetic beads to separate oocysts from contaminating debris. The use of any
method should include exacting quality control procedures and determination of recovery efficiencies.
The Cryptosporidium Proficiency Testing program operated by the National Association of Testing
Authorities, Australia sets out performance requirements for laboratories undertaking Cryptosporidium
testing, but does not mandate a specific test methodology.

Different species and strains of Cryptosporidium may be distinguished using a range of genotyping
techniques, which have been developed by different laboratories. An international trial has been
undertaken to compare the utility of six techniques to characterise C. hominis and C. parvum isolates
(Chalmers et al. 2005).

In the past, techniques such as excystation and vital dye staining have been used to assess oocyst viability
or infectivity; however it is now recognised that these methods are unreliable and may overestimate
human infection risks. Cell culture techniques provide more accurate measures of human infectivity
although correlation can be variable (Rochelle et al. 2002; Schets et al. 2005). Cell culture may be coupled
with a number of molecular techniques using the polymerase chain reaction to amplify genetic markers.
This provides more rapid and sensitive tests for infectivity (Di Giovanni et al. 1999, Keegan et al. 2003).

Although there have been considerable advances in methodology, identification of human infectious
Cryptosporidium oocysts in water remains a technically demanding and relatively expensive process.

NOTE: Important general information is contained in PART II, Chapter 5
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HEALTH CONSIDERATIONS

Infection of normally healthy people by Cryptosporidium can result in self-limiting diarrhoea that usually
resolves within a week but can last for a month or more. Illness varies according to age and immune
status. Chronic infections may occur, and can be life threatening, in some severe immunodeficiency
conditions (advanced stages of AIDS, severe combined immune deficiency, specific T-cell deficiency)
(Bouchier 1998, Chief Medical Officer 1999). People with severe immunodeficiency conditions may also
be more susceptible to infection by species other than C. hominis and C. parvum.

DERIVATION OF GUIDELINE

No guideline value is proposed for Cryptosporidium and routine monitoring of distribution systems,
including outlets from water treatment plants, is not recommended because of the lack of a reliable and
efficient method to identify human infectious C. parvum. In addition, current risk assessment models
suggest that impractically large volumes of water would need to be tested to provide a meaningful
indication of health risk (Haas et al. 1996). Human dose response trials have indicated that infectivity for
different isolates of Cryprosporidium varies widely (Chappell et al. 2000).

Investigative testing of drinking water may be required if Cryptosporidium contamination is suspected.
This could occur in association with a major rainfall event, which could lead to a marked decrease

in water quality and a marked increase in the numbers of Cryptosporidium in source water, sub-
optimal operation of treatment processes, a breakdown in treatment plant operations, or a fault
within the distribution system. Monitoring may also be required in response to suspected waterborne
cryptosporidiosis.

When an incident of concern leads to the testing of distribution systems for Cryptosporidium, the relevant
health authority should be notified immediately. If Cryptosporidium is detected in finished water, the
relevant health authority should again be notified immediately.

Comprehensive protocols should be developed by water and health agencies to deal with detections
of Cryptosporidium in drinking water and should describe approaches for interpreting the health and
operational significance. In responding to incidents or detection, the health authority may choose to
do so in consultation with the water authority and/or an expert panel. Credible public communication
is essential. Responses could include: further sampling to confirm the presence and source of the
organisms; testing for the presence of infectious organisms and the specific presence of C. hominis or
C. parvum, issuing advice, including boil-water notices, to the public; and enhanced surveillance to
detect possible increases in community cryptosporidiosis.

NOTE: Important general information is contained in PART II, Chapter 5
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GUIDELINE

No guideline value bas been set for Cyclospora in drinking water and its inclusion in routine
monitoring programs is not recommended.

A multiple barrier approach from catchment to tap is recommended to minimise the risk
of contamination. Protecting catchments from buman and animal wastes is a priority.
Operation of barriers should be monitored to ensure effectiveness.

©0Z03044

GENERAL DESCRIPTION

Cyclospora cayetanensis is a single-cell, obligate, intracellular, coccidian protozoan parasite. It produces
thick-walled oocysts of 8-10 pm in diameter that are excreted in the faeces of infected individuals.
Humans are the only host identified. The unsporulated oocysts are excreted in faecal material and
undergo sporulation, which is complete in 7-12 days, depending on environmental conditions. Only the
sporulated oocysts are infectious.

C. cayetanensis is an emerging pathogen, having first been identified as a human pathogen in the 1970s
and 1980s (Herwaldt 2000). The organism increased in profile following several food-borne outbreaks in
the United States in the 1990s. It has also been associated with waterborne outbreaks (Herwaldt 2000).

C. cayetanensis is transmitted by the faecal-oral route. Person-to-person transmission is virtually
impossible, because the oocysts must sporulate outside the host to become infectious. The primary
sources of infection are contaminated water and food.

The origin of organisms in food-borne outbreaks has generally not been established, but contaminated
water has been implicated in several cases. Drinking water has also been implicated as a cause of
outbreaks. The first report was among staff of a hospital in Chicago, USA, in 1990 (Herwaldt 2000, WHO
2002). The infections were associated with drinking tap water that had possibly been contaminated with
stagnant water from a rooftop storage reservoir. In Nepal, infection of 12 of 14 soldiers was linked to
drinking water consisting of a mixture of river and municipal water (Herwaldt 2000, WHO 2002). In 2005
a waterborne outbreak of cryptosporidiosis and cyclosporiasis was reported in Turkey (Aksoy et al. 2007).

There is limited information on the prevalence of Cyclospora in water environments. The cysts could be
environmentally persistent in a similar fashion to other protozoan cysts but there are no data on survival
in the environment. Cyclospora has been detected in sewage and water sources (Herwaldt 2000, WHO
2002, Dowd et al. 2003).

AUSTRALIAN SIGNIFICANCE

There have been no outbreaks recorded in Australia. Sporadic cases in Australia are typically associated
with travellers’ diarrhoea (Pinge-Suttor et al. 2004). This is consistent with the cause of sporadic cases in
regions such as North America and Europe (Sterling and Ortega 1999, WHO 2002)

PREVENTING CONTAMINATION OF DRINKING WATER

Control measures applied to other infectious protozoa will also reduce risks associated with Cyclospora.
The likely source of Cyclospora is human faecal waste, and prevention of contamination of water sources
is a priority. There is little information on the removal and/or inactivation of Cyclospora by water and
wastewater treatment processes. Qocysts are intermediate in size between Cryptosporidium oocysts

NOTE: Important general information is contained in PART Il, Chapter 5
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and Giardia cysts, and removal by physical processes such as filtration should be similar. There is little
information on sensitivity to disinfection.

METHOD OF IDENTIFICATION AND DETECTION

No specific method has been developed for concentration of Cyclospora from water. However,
methods developed for Cryptosporidium and Giardia should be effective. Identification is based on
light microscopy and acid-fast staining of smears. Autofluoresence of Cyclospora has also been used to
facilitate detection by microscopy (Herwaldt 2000, WHO 2002).

HEALTH CONSIDERATIONS

Sporozoites are released from the oocysts when ingested and they penetrate epithelial cells in the
small intestine of susceptible individuals. Clinical symptoms of cyclosporiasis include watery diarrhoea,
abdominal cramping, weight loss, anorexia, myalgia and occasionally vomiting and/or fever. Relapsing
illness often occurs.

DERIVATION OF GUIDELINE

No guideline value is proposed for Cyclospora. The focus should be on monitoring of control measures,
including prevention of contamination by human waste and (where used) filtration. Escherichia coli is not
a reliable indicator for the presence/absence of Cyclospora.

REFERENCES

Aksoy U, Akisu C, Sahin S, Usluca S, Yalcin G, Kuralay F (2007). First reported waterborne outbreak of
cryptosporidiosis with Cyclospora co-infection in Turkey. Eurosurveillance 12(7). (www.eurosurveillance.
org/ViewArticle.aspx?Articleld=3142, accessed August 2008).

Dowd SE, John D, Eliopolus J, Gerba CP, Naranjo J, Klein R, Lopez B, de Mejia M, Mendoza CE,
Pepper IL (2003). Confirmed detection of Cyclospora cayetanensis, Encephalitozoon intestinalis and
Cryptosporidium parvum in water used for drinking. Journal of Water and Health, 1:117-123.

Herwaldt BL (2000). Cyclospora cayetanensis: A review, focusing on the outbreaks of cyclosporiasis in the
1990s. Clinical Infectious Diseases, 31:1040-1057.

Pinge-Suttor V, Douglas C, Wettstein A (2004). Cyclospra infection masquerading as coeliac disease.
Medical Journal of Australia, 180(6):295-296.

Sterling CR, Ortega YR (1999). Cyclospora: an enigma worth unravelling. Emerging Infectious Diseases,
5(1):48-53.

WHO (World Health Organization) (2002). Protozoan parasites (Cryptosporidium, Giardia, Cyclospora).
In: Guidelines for Drinking-Water Quality, 2™ edition, Addendum: Microbiological agents in drinking
water. World Health Organization, Geneva, pp. 70-118.

NOTE: Important general information is contained in PART II, Chapter 5

Australian Drinking Water Guidelines Version 3.5 317



MICROORGANISMS -

(endorsed 201 1)

GUIDELINE

No guideline value is set for Giardia due to the lack of a routine method to identify buman
infectious strains in drinking water. If such a guideline were establisbhed, it would be well
below 1 organism per litre and would involve testing of impractically large volumes of water.

A multiple barrier approach operating from catchment to tap is recommended to minimise the
risk of Giardia contamination. Protection of catchments from buman and animal wastes is a
priority. Operation of barriers should be monitored to ensure effectiveness.

©0Z03044

Although routine monitoring for Giardia is not recommended, investigative testing may be
required in response to events that could increase the risk of contamination (e.g., beavy
rainfall, increased turbidity, treatment failure). If Giardia is detected in drinking water, the
relevant bealth autbority should be notified immediately. All necessary measures to assess
and minimise public bealth risks should be implemented as soon as possible.

GENERAL DESCRIPTION

Although known as a human parasite for 200 years, Giardia has been regarded seriously as an agent of
disease only since the 1960s. It has been identified as an important waterborne pathogen, and linked to
many outbreaks of illness associated with drinking water, particularly in North America. Although the
importance of this organism has been established, there are large gaps in knowledge about it, and there
are no tests for identifying the presence of human infectious species in water.

Giardia has a relatively simple life cycle involving two stages: a flagellate that multiplies in the
intestine, and an infective thick-walled cyst that is shed intermittently but in large numbers in faeces.
Concentrations of cysts as high as 88,000 per litre in raw sewage and 240 per litre in surface water have
been reported (Wallis e al. 1996). Giardia is typically present in larger numbers in Australian sewage
than Cryptsoporidium. Cysts are robust and can survive for weeks to months in fresh water.

There are a number of species of Giardia, but human infections (giardiasis) are usually assigned to

one, G. intestinalis (= G. lamblia and G. duodenalis). G. intestinalis infections have been reported

from domestic and wild animals, but the host range of human infectious species is uncertain. Although
substantial advances have been made in the sampling and counting of cysts, there are currently no
established methods to identify human infectious organisms in water. Waterborne outbreaks of giardiasis
have generally been linked to consumption of untreated or unfiltered surface water and contamination
with human waste.

Consumption of contaminated drinking water is only one of several mechanisms by which transmission
(faecal-oral) can occur. Recreational waters, including swimming pools, are also emerging as an important
source of giardiasis. However, excluding outbreaks, by far the most likely route of transmission is by
direct contact with a human carrier. Transmission of Giardia can also occur by contact with infected
animals and occasionally through contaminated food.

NOTE: Important general information is contained in PART Il, Chapter 5
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AUSTRALIAN SIGNIFICANCE

Outbreaks of giardiasis in Australia often involve close communal groups. In day-care centres, for
instance, as many as 20% of children may carry Giardia without symptoms (Grimmond et al. 1988).
Infection is endemic and is significant among children and adults in the wider community, and sources of
this infection are difficult to identify. Giardiasis is notifiable in some states and territories.

The most publicised incident of drinking-water contamination in Australia occurred from July to
September 1998 in Sydney. High numbers of Cryptosporidium (see Fact Sheet) and Giardia were
reported for treated water, and boil-water notices were issued for three million residents. No increase in
illness was detected in association with the contamination despite increased epidemiological surveillance.
An epidemiological study in Queensland showed no correlation between infection and source of drinking
water, point-of-use treatment (boiling or filtration) or recreational contact with water (Boreham and
Phillips 1986). Another study identified contact with septic tank waste or contaminated soil as a possible
mechanism of infection (Boreham et al. 1981). An outbreak of illness associated with drinking water was
reported in Victoria when mixed infections due to Cryptosporidium and Giardia followed contamination
of a private water supply by overflow from a septic tank (Lester 1992).

PREVENTING CONTAMINATION OF DRINKING WATER
Approaches applied to Cryptosporidium will usually be as or more effective against Giardia.

A multiple barrier approach operating from catchment to tap should be implemented to minimise the
risk of contamination by Giardia. Protection of water catchments from contamination by human and
animal wastes is a priority. Water from unprotected catchments is likely to be subject to contamination by
Giardia and treatment, including effective filtration or enhanced disinfection, will be required to remove
these organisms and ensure a safe supply. The lower the quality of source water, the greater the reliance
on water treatment processes.

Water catchments should be surveyed for potential sources of contamination, and source water should be
subject to investigative and event-based testing for Giardia, to:

. assess risk factors for contamination;
*  provide a basis for catchment management to reduce these risks; and

*  determine the level of water treatment required.

It has been reported that increases in turbidity associated with rainfall events may signal increased
numbers of Giardia (Atherholt et al. 1998), although Australian data indicate that there is no uniform
relationship that is applicable across different catchments (CRC 2007).

Groundwater from confined aquifers or from depth should be free from contamination by Giardia.
However, bores need to be well maintained and protected from intrusion of surface and subsurface
contamination. Integrity should be monitored using traditional indicators of faecal contamination.

Giardia cysts are more resistant than enteric bacteria to chlorine, but not as resistant as Cryptosporidium.
The time required for a 90% (1 log 10) kill at 1 mg/L free chlorine is of the order of 25-35 minutes. Other
chemical disinfectants such as ozone are more effective. The United States Environmental Protection
Agency (USEPA) has published C.# tables specifying chlorine concentrations (C) and contact times (£)
required to inactivate Giardia cysts over a range of conditions (see USEPA 1999). In addition, C.t tables
have been provided for chloramines, ozone and chlorine dioxide. More recently it has been shown that
ultraviolet (UV) light disinfection is effective against Giardia and this technology is being increasingly
adopted for drinking-water treatment. The USEPA has developed detailed guidance on the application of
UV for inactivation of Giardia, including the relationship between dose and log reduction as well as

NOTE: Important general information is contained in PART II, Chapter 5
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aspects of plant design, process validation and operational issues (USEPA 2006). Ensuring that UV light
doses or chemical disinfectant concentrations and contact times are at all times greater than specified
values provides a practical means of ensuring that Giardia cysts are inactivated and are not a threat to
public health.

The USEPA National Primary Drinking Water Standards prescribe comprehensive treatment (including
filtration and disinfection) of most surface waters to protect drinking water from contamination by
Giardia. Operational procedures in water treatment plants should be carefully examined where Giardia
cysts are suspected or known to be present in the raw water, to ensure that optimum removal is achieved
and maintained. Filtration plants should be operated by trained and skilled personnel.

The integrity of distribution systems should be maintained. Storages for treated water should be roofed,
backflow prevention measures should be applied and faults and burst mains should be repaired in a way
that will prevent contamination.

METHOD OF IDENTIFICATION AND DETECTION

USEPA has published a standard method for Giardia applying the same principles as those used for
isolating Cryptosporidium oocysts from water (USEPA 2005). Testing for Giardia should include exacting
quality control procedures and determination of recovery efficiencies.

In the past, techniques such as excystation and vital dye staining have been used to assess cyst viability
or infectivity; however it is now recognised that these methods are unreliable and may overestimate
human infection risks. There are currently no established methods to identify human infectious organisms
in water.

HEALTH CONSIDERATIONS

Infection by Giardia may reduce absorption of nutrients and cause diarrhoea. In most cases, illness
is self limiting, but in some cases chronic infection with intermittent diarrhoea can occur. Specific
treatments are available.

DERIVATION OF GUIDELINE

No guideline value is proposed for Giardia, and routine monitoring of distribution systems, including
outlets from water treatment plants, is not recommended because of the lack of a reliable and efficient
method to identify human infectious organisms. In addition, current risk assessment models suggest that
impractically large volumes of water would need to be tested to provide a meaningful indication of health
risk.

Investigative testing of drinking water may be required if Giardia contamination is suspected. This

could occur in association with a major rainfall event, which could lead to a marked decrease in water
quality and a marked increase in the numbers of Giardia in source water, suboptimal operation of
treatment processes, a breakdown in treatment plant operations, or a fault within the distribution system.
Monitoring may also be required in response to suspected waterborne giardiasis.

When an incident of concern leads to the testing of distribution systems for Giardia, the relevant health
authority should be notified immediately. If Giardia is detected in finished water, the relevant health
authority should again be notified immediately.

Comprehensive protocols should be developed by water and health agencies to deal with detections of
Giardia in drinking water and should describe approaches for interpreting the health and operational
significance. In responding to incidents or detection, the health authority may choose to do so in
consultation with the water authority and/or an expert panel. Credible public communication is essential.

NOTE: Important general information is contained in PART II, Chapter 5
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Responses could include further sampling to confirm the presence and source of the organisms; testing
for the presence of viable organisms; increased disinfection; the issuing of advice, including boil-water
notices, to the public; and enhanced surveillance to detect possible increases in community giardiasis.
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GUIDELINE

No guideline value is set for Naegleria fowleri in drinking water, but an ‘action level’ is
recommended for water supplies likely to be contaminated. If the organism is detected,
advice should be sought from the relevant bealth autbority.

GENERAL DESCRIPTION

©0Z03044

Naegleria fowleri is a free-living, thermophilic amoeboflagellate which causes the waterborne disease
primary amoebic meningoencephalitis (PAM). This rare but fatal condition has followed use of water for
swimming, or domestic bathing. The organism occurs naturally in freshwater of suitable temperature,
feeding on bacteria. Its occurrence is only indirectly related to human activity, inasmuch as such activity
may modify temperatures or promote bacterial production. PAM has been reported from many countries,
usually associated with thermally polluted environments, geothermal water or heated swimming pools.
N. fowleri is almost exclusively aquatic, and water is the only known source of infection. Numerous
nonvirulent Naegleria species are known in Australia.

AUSTRALIAN SIGNIFICANCE

PAM cases have been recorded from South Australia, Western Australia, Queensland and New South
Wales; Naegleria fowleri has been detected in water in each of these states and in the Northern Territory.
Australia is the only country where N. fowleri has been detected in public water supplies (Dorsch et al.
1983). Most of the available data on the density of N. fowleri in water relates to water supplies in South
Australia (including the highest reported densities). In temperate Australia, significant seasonal cycles of
density occur, from below one organism per litre to hundreds or thousands per litre in poorly disinfected
water (Robinson and Christy 1984). N. fowleri detected at water temperatures below 18°C is likely to be
present as cysts, which are not infectious, but which may seed a suitable environment.

TREATMENT OF DRINKING WATER

Free chlorine or chloramines at 0.5 mg/L or higher will control N. fowleri, provided that the disinfectant
persists throughout the water supply system. Chloramination is the preferred process in extensive rural
water supplies, owing to its stability (Robinson and Christy 1984).

METHOD OF IDENTIFICATION AND DETECTION

Detection of amoebae, concentrated from water samples, requires relatively simple growth media and
standard laboratory incubation facilities. Identification of Naegleria species, particularly recognition

of N. fowleri, is more specialised. In routine or investigative analyses, presence of any thermophilic
amoebae (able to grow at 42°C or above) is evidence that conditions are suitable for N. fowleri should it
be introduced. If samples include any Naegleria, remedial action should be taken immediately without
waiting for specific identification.

Prospective studies directed at water supplies that are susceptible to colonisation by N. fowleri can be
valuable since the mortality rate of infection is so high, but universal monitoring is not appropriate.

NOTE: Important general information is contained in PART Il, Chapter 5
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HEALTH CONSIDERATIONS

N. fowleri is apparently an accidental pathogen. Its unusual route of infection (intranasal) means that PAM
is associated with bathing rather than with ingesting water. Treatment is rarely effective, even in cases
diagnosed early, and PAM is almost invariably fatal. Most Australian victims have been children (Dorsch
et al 1983).

Recreational bathing presents the greatest risk of infection by N. fowleri, owing to the nature and duration
of exposure, but domestic bathing can also lead to infection (Dorsch et al. 1983). Public water supplies
can therefore be important as sources of contamination of public or private swimming pools, or as direct
sources of infection. The infectious dose is unknown, but the frequency of infections has been low,

even in populations that seem to have been widely and repeatedly exposed. A density of around 100
organisms per litre may present an immediate risk of infection but rapid density changes of this free-
living organism can occur (Robinson and Christy 1984).

DERIVATION OF GUIDELINE

No guideline value is proposed for N. fowleri, given its irregular distribution in Australia and its
dependence on relatively high water temperatures. However, any water supply that seasonally exceeds
30°C or that continually exceeds 25°C can support the growth of V. fowleri. In such cases, a periodic
prospective study would be valuable, but regular monitoring is not warranted unless N. fowleri is
detected. A density of 2 organisms per litre (or detection in a 500 mL sample) is an appropriate threshold
for action, given the rapid density changes that can occur. Other thermophilic Naegleria can be useful
‘proxy’ organisms for N. fowleri, allowing early remedial action.
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GENERAL DESCRIPTION

Cyanobacteria are Gram-negative bacteria that contain chlorophyll. The presence of chlorophyll allows
them to undertaken photosynthesis, hence their historical identification as blue-green algae. Their primary
health significance is that many species of cyanobacteria produce toxins, which can be either contained
intracellularly, or expressed extracellularly and therefore present in the surrounding water.

Monitoring programs developed by water suppliers are typically based in the first instance on detecting
the presence of cyanobacteria. These tests are generally more sensitive and less expensive than tests for
toxins. Testing for toxicity is generally not implemented until cell numbers are in the 1000s per mL.

The two main types of toxin are:
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*  Cycdlic peptides (microcystins and nodularin). Microcystins cause damage to the liver and are
possibly carcinogenic. Nodularin has an identical mode of action to microcystin in animals and is
considered to present at least the same risk to human health as microcystin.

¢ Alkaloids (neurotoxins and cylindrospermopsin). Neurotoxins produced by cyanobacteria
include anatoxin a, anatoxin a-s and the saxitoxins. Only saxitoxins have been detected in Australian
waters.

Cylindrospermopsin is a general cytotoxin that blocks protein synthesis. The major pathological effects
are damage to the liver, kidneys, lungs, heart, stomach, adrenal glands, the vascular system, and the
lymphatic system. Acute clinical symptoms are kidney and liver failure.

The table below lists potentially toxin-producing cyanobacteria found in freshwater.

Cyanobacteria Toxin(s) produced

Cylindrospermopsis raciborskii, Abhanizomenon ovalisporum, Cylindrospermopsins
Aphanizomenon flos-aquae, Raphidiopsis curvata, and Umezakia natans. Cylindrospermopsis raciborskii is the most common producer

of cylindrospermopsins in Australian water sources.

Microcystis, Anabaena, Planktothrix (Oscillatoria), Nostoc, Anabaenopsis Microcystins

and Radiocystis Microcystis sp. and M. aeruginosa in particular is the most
common producer of microcystins in Australian water

sources.
Nodularia spumigena Nodularins
Anabaena, Lyngbya, Oscillatoria, Cylindrospermopsis, Cylindrospermum, Saxitoxins, anatoxin-a and anatoxin-a(s)
and Aphanizomenon In Australia neurotoxin production appears to be limited to

saxitoxins from Anabaena circinalis (Velzeboer et al. 2000).

Being Gram-negative bacteria, all cyanobacteria contain lipopolysaccharides in their cell walls. The
lipopolysaccharides can have inflammatory and irritative effects if contact exposure occurs, and have also
been proposed as a causative agent for allergic reactions observed in sensitive individuals (skin rashes,
eye irritations etc). A study in Australia indicated that about 12% of the population could be sensitive
(NHMRC 2008).

The rest of this section contains detailed Fact Sheets on the specific toxins produced by cyanobacteria in
Australian freshwaters, arranged in alphabetical order by toxin.
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GUIDELINE

Due to the lack of adequate data, no guideline value is set for concentrations of
cylindrospermopsin. However given the known toxicity, the relevant bealth authority should
be notified immediately if blooms of Cylindrospermopsis raciborskii or other producers of
cylindrospermopsin are detected in sources of drinking water.

GENERAL DESCRIPTION

Cylindrospermopsin is tricyclic guanidine alkaloid cytotoxin with a molecular weight of 415, produced
by the freshwater cyanobacteria Cylindrospermopsis raciborskii, Aphanizomenon ovalisporum,
Apbanizomenon flos-aquae, Raphidiopsis curvata, and Umezakia natans. There are two structural
variants identified in addition to the most common form. It was first characterised and named from
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an Australian isolate of C. raciborskii (Ohtani et al. 1992). Subsequently cylindrospermopsin has been
detected in two other cyanobacteria: Umezakia natans in Japan (Harada et al. 1994, Terao et al. 1994),
and Apbanizomenon ovalisporum in Israel (Banker et al. 1997) and Australia (Shaw et al. 1999). In

pure form, cylindrospermopsin is predominantly a hepatotoxin, although extracts of C. raciborskii
administered to mice induced pathological symptoms in the kidneys, spleen, thymus, heart and eye.
Two other structural variants of cylindrospermopsin have been identified (Banker et a/. 2000, Norris et al.

1999).

The production of toxins and therefore the presence of toxicity in individual populations of some
cyanobacterial species is known to be variable (Chorus and Bartram 1999 Chapter 3). In the case

of C. raciborskii, however, the majority of the strains tested so far in Australia appear to produce
cylindrospermopsin. It is therefore likely that most blooms of C. raciborskii will have some degree of
toxicity. The natural breakdown of cylindrospermopsin in natural waters is influenced by a number of
factors including previous occurrence. Degradation occurs within a few weeks in surface water subject
to repeated occurrence, but is far slower in waters with no recorded history of occurrence (Chiswell

et al. 1999, Smith et al. 2007).

AUSTRALIAN SIGNIFICANCE

Cylindrospermopsin is believed to have been the causative agent in the Palm Island “mystery disease”
poisoning incident in Queensland in 1979, in which 148 people were hospitalised (Byth 1980). It

was subsequently shown that water from Solomon Dam on Palm Island contained blooms of toxic

C. raciborskii (Hawkins et al. 1985). C. raciborskii has been found in many water supply reservoirs

in northern, central and southern Queensland. Although C. raciborskii and A. ovalisporum are both
considered to be predominantly tropical/sub-tropical in terms of habitat, with most Australian blooms
occurring in Queensland, C. raciborskii also occurs in the Murray-Darling River system (Baker and
Humpage 1994). In recent years there has been increasing evidence of detection in the River Murray and
C. raciborskii was detected in the major blooms that affected several hundred kilometres of the River
Murray on the border between New South Wales and Victoria in 2009 and 2010 (NSW Office of Water
2009, MDBA 2010). C. raciborskii is not a scum-forming organism, but forms dense bands below the
water surface in stratified lakes, while A. ovalisporum may form thick brown surface scums (Shaw et al.
1999). Although no reports of human poisoning attributable to cylindrospermopsin have appeared since
the Palm Island incident, recent cattle deaths in Queensland are attributed to this toxin (Saker et al. 1999).
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TREATMENT OF DRINKING WATER

The first line of defence against cyanobacteria is catchment management to minimise nutrient inputs

to source waters. Source water management techniques to control cyanobacterial growth include
maintaining flow in regulated rivers; water mixing techniques, both to eliminate stratification and reduce
nutrient release from sediments in reservoirs; and the use of algicides in dedicated water supply storages.
Destratification has been used to attempt to reduce bloom intensities of C. raciborskii in reservoirs in
Queensland, however it has not yet been possible to determine the efficacy of this treatment method.
Caution is necessary in using algicides if a bloom has developed because these agents will disrupt cells
and liberate intracellular cylindrospermopsin that could otherwise be removed by cell removal, as noted
below. Once these intracellular toxins are released they are more difficult to manage. The extracellular
release of cylindrospermopsin will increase when a developed bloom declines and algal cells lyse,
reinforcing the need to prevent blooms as far as possible. Algicide use should be in accordance with local
environment and chemical registration regulations. Where multiple intakes are available, withdrawing
water selectively from different depths can minimise the intake of high accumulations of cyanobacterial
cells at the surface.

The right combination of water treatment processes can be highly effective in removing both
cyanobacterial cells and cylindrospermopsin. In contrast to other cyanotoxins, a high proportion of
cylindrospermopsin in actively growing C. raciborskii blooms may be found free in the water, i.e.

non cell-bound (Chiswell et al. 1999). Only the proportion of cylindrospermopsin that is cell-bound

can be removed by coagulation and filtration in a conventional treatment plant (Chorus and Bartram

1999 Chapter 9). It should be noted that using oxidants such as chlorine or ozone to treat water
containing cyanobacterial cells, while killing the cells, will also result in the release of free toxin; therefore
pre-chlorination or pre-ozonation are not recommended without a subsequent step to remove dissolved
toxins.

Cylindrospermopsin is readily oxidised by a range of oxidants including ozone and chlorine. Adequate
contact time and pH control are needed to ensure optimum removal of these compounds, and this

will be more difficult to achieve in the presence of whole cells (Chorus and Bartram 1999 Chapter 9).
Cylindrospermopsin is also adsorbed from solution by both granular activated carbon and powdered
activated carbon. Because powdered activated carbon may be a more practical option for intermittent

or emergency use, it is important to seek advice and carefully select the most appropriate type for toxin
removal, as carbons vary significantly in performance for different compounds. Boiling is not effective

for the destruction of cylindrospermopsin. Based on current knowledge, the recommended best-practice
treatment scheme for removal of cylindrospermopsin would include conventional treatment (coagulation/
filtration) followed by an adsorption or oxidation step.

METHOD OF IDENTIFICATION AND DETECTION

Animal bioassays (mouse tests) have been used to determine the toxicity of C. raciborskii (Falconer

et al. 1999, Seawright et al. 1999). These tests provide a definitive indication of toxicity, although they
cannot be used for precise quantification of compounds in water. Instrumental analytical techniques are
available for determining the presence of cylindrospermopsin in water, including high performance liquid
chromatography (HPLC) with UV detection (Harada et al. 1994) and HPLC-Mass Spectrometry (Eaglesham
et al. 1999).

Cyanobacteria are detected by light microscopy, identified using morphological characteristics, and
counted per standard volume of water (Hotzel and Croome 1999). Practical keys for the identification are
provided in Baker and Fabbro (2002).

NOTE: Important general information is contained in PART II, Chapter 5
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HEALTH CONSIDERATIONS

The major pathological effects of cylindrospermopsin are damage to the liver, kidneys, lungs, heart,
stomach, adrenal glands, the vascular system, and the lymphatic system (Falconer and Humpage 20006).
Liver damage is likely to be severe and dose dependent. Cylindrospermopsin is a slow-acting toxin,
commonly requiring between 5 and 7 days to produce maximum toxic effect in experimental animals.
It has been shown that the LD, for cylindrospermopsin decreases greatly between 24 hours and 5

days. The 24-hour LDs, for mice (i.p.) is 2 mg/kg, while the 5-6 day i.p. LD 5, is 0.2 mg/kg (Ohtani et al.
1992, Terao 1994). The 5-day LDs, for mice by oral administration is approximately 6 mg/kg (Seawright
et al. 1999).

A range of sub-chronic oral toxicity studies have demonstrated that the most sensitive responses in

mice are in increased liver, kidney, and testis weights, together with a decrease in urine protein content.
These studies can be used to derive the maximum no observed adverse effect level (NOAEL) for oral cell
extracts of C. raciborskii or purified cylindrospermopsin.

The most detailed sub-chronic oral dosing study was undertaken by Humpage and Falconer (2003). In
two trials, mice were exposed to various doses of cylindrospermopsin for 10-11 weeks. Body weights
were significantly increased at low doses (30 and 60 ug kg™ d™) and decreased at high doses (432 and
657 pg kg' d™). Liver and kidney weights were significantly increased at doses of 240 ng kg™ d*! and

60 ug kg' d*, respectively. Serum bilirubin levels were significantly increased and bile acids significantly
decreased at doses of 216 pg kg” d™ and greater. Serum cholesterol levels were significantly increased
at 30 and 60 pg kg d*. Urine total protein was significantly decreased at doses above 60 pg kg™ d™.

In contrast to previous findings from studies using higher doses and/or shorter exposure times, the
kidney rather than the liver appeared to be the more sensitive organ in this trial, although both were
clearly affected.

Shaw et al. (2000) calculated a NOAEL of 50 pg kg d” based on fatty infiltration of the liver. Reisner et al.
(2004) reported increased serum cholesterol, changes in red blood cell membrane cholesterol, distortion
of cell morphology and increased hematocrits in a 21- day oral exposure trial with male mice drinking
water containing 600 ng L' cylindrospermopsin (estimated daily cylindrospermopsin intake of 66 pg kg™.
Sukenik et al. (2006) reported impacts from giving mice increasing concentrations of cylindrospermopsin
in the drinking water over 42 weeks, ranging from initial doses of approximately 10 pg kg™ d to 58

pg kg? d! Relative kidney weights were significantly increased at 20 weeks whereas liver weights were
significantly increased only at 42 weeks. Effects on cholesterol, red cell morphology and hematocrit were
observed.

The variations in experimental design of these studies makes an interpretation of dose-response difficult,
but overall these findings are in agreement with the 11 week trial described above, both in terms of
adverse effects and dose levels producing them.

A NOAEL based on these studies above is estimated to be around 30 pg/kg body weight per day.

NOTE: Important general information is contained in PART II, Chapter 5
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DERIVATION OF HEALTH ALERT

The strength of data is insufficient to establish a guideline value. However, an initial health alert can be
estimated using the results described above.

0.945 pg/L rounded to | pug/L = 30 ug/kg bodyweight per day x 70 kg x 0.9
2 L/day x 1000

where:

* 30 ug/kg body weight per day is the No Observed Adverse Effect Level (NOAEL) from the 10 and 11
week ingestion studies with cylindrospermopsin in mice based on liver histopathology, body organ
weight and serum enzyme level changes (Humpage and Falconer 2003);

. 70kg is the average weight of an adult;
. 0.9 is the proportion of total daily intake attributed to the consumption of water;
* 2 L/day is the average amount of water consumed by an adult;

. 1000 is the safety factor derived from extrapolation of an animal study to humans (10 for
interspecies variability, 10 for intraspecies variability and 10 for limitations in the database,
related particularly to the lack of data on chronic toxicity, genotoxicity and carcinogenicity).

In situations where C. raciborskii occurs in drinking water supplies and toxin monitoring data are
unavailable, cell numbers may be used to provide a preliminary orientation to the potential hazard to
public health. This type of assessment has been used for Microcystis aeruginosa. However, this is slightly
more problematic for C. raciborskii, as, at any time, a significant proportion of cylindrospermopsin toxin
may be extracellular and free in solution, and this cannot be accounted for in the assessment of cell
counts from the raw water.

Nevertheless, in the case of C. raciborskii, local knowledge and experience can allow the development
of local thresholds. For example, in Queensland both water and health authorities have extensive
monitoring data and experience for a range of populations of toxic C. raciborskii (G McGregor, personal
communication). Data from 23 reservoirs indicated that most of the cylindrospermopsin was found

in the cell-bound fraction and that concentrations of approximately 1 ug/L were associated with cell
concentrations in the range of 15,000-20,000 cells/mL, which is equivalent to a biovolume of

0.6-0.8 mm?>/L (based on a mean cell volume of C. raciborskii 42 um3). These numbers are indicative
only and for health risk assessment, total toxin determination, including both intracellular and
extracellular concentrations, is required.

NOTIFICATION PROCEDURE

It is recommended that a notification procedure be developed by water and health authorities. A tiered
framework should be considered. Initial notification to health authorities could be provided when
numbers of C. raciborskii reach 30% of the density equivalent to 1 pg/L cylindrospermopsin (4,500 cells/
mL; biovolume 0.2 mm?/L), while an alert could be provided when cell numbers are equivalent to 1 pg/L
cylindrospermopsin (15,000 cells/mL; biovolume 0.6 mm?/L). For cylindrospermopsin-producing species
other than C. raciborskii, notifications and alerts should be based on biovolumes.

In all cases, cell numbers should only be used as preliminary signals and as triggers for toxin testing to
enable assessment of potential health risks.

NOTE: Important general information is contained in PART II, Chapter 5
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MICROORGANISMS -

(endorsed 201 1)

GUIDELINE

Based on bealth considerations, the concentration of total microcystins in drinking water
should not exceed 1.3 ng/L expressed as microcystin-LR toxicity equivalents (TE).

GENERAL DESCRIPTION

Microcystins are a large group of hepatotoxic peptides that are produced by a range of cyanobacteria.
They were first characterised in the early 1980s and named after the cyanobacterium Microcystis
aeruginosa, from which they were initially isolated. This group of cyanotoxins includes over 90 structural
variants of cyclic heptapeptides (consisting of seven amino acids in a ring structure), with molecular
weights in the range 800-1100 (Chorus and Bartram 1999 Chapter 3). Within this common structure there
can be modifications in all seven amino acids, but the most frequent variations are substitution of L-amino
acids at positions 2 and 4. The nomenclature of microcystins is based on the variable amino acids in

ela3deqoueLD) dIxo|

position 2 and 4; for example, using the amino acid abbreviations for the L-amino acids, microcystin-LR

possesses leucine (L) in position 2 and arginine (R) in position 4. Microcystin-LR is the best characterised
and one of the most toxic variants of microcystin. Most of the structural variants are highly toxic within a
narrow range, although some non-toxic variants have been identified (Chorus and Bartram 1999 Chapter

3.

Microcystins are most commonly produced by species of the genus Microcystis. They have, however,
been shown to be produced by species of the planktonic genera Anabaena (Dolichospermum)’,
Planktothrix (Oscillatoria), Nostoc, Anabaenopsis and Radiocystis and also by a terrestrial (soil) species
Haphalosiphon hibernicus, indicating the potential for their widespread occurrence in the environment.
Within these genera and species, there can be both toxigenic (toxin-producing) and non-toxigenic
genotypes. Nevertheless, the majority of human and animal microcystin-related poisonings worldwide
are associated with the presence of Microcystis.

The toxicity of individual populations of M. aeruginosa is variable, and one extensive survey of the
toxicity across the Murray-Darling Basin indicated that 56% of field samples tested were hepatotoxic
(Baker and Humpage, 1994). A natural population may consist of a mixture of toxic and non-toxic
genotypes, and this is believed to explain why population toxicity may vary over time and between
samples (Chorus and Bartram 1999 Chapter 3). Environmental factors are regarded as the driving force
determining these processes.

These cyanotoxins are largely water-soluble and are therefore, with a few exceptions, unable easily

to penetrate biological membranes. Microcystins are thought to enter the bloodstream of mammals
from the intestine, predominantly through the bile acid transport system. The absorbed toxins are then
concentrated into liver cells, and cause hepatoenteritis. Microcystins are extremely stable chemically and
remain potent even after boiling; however they are biodegraded by a range of aquatic bacteria found
naturally in lakes and rivers. The half-lives for breakdown of microcystins in natural water have been
shown to range from 5 to 20 days (Jones et al. 1994).

1 A change of nomenclature has been proposed for Anabaena to Dolichospermum (Wacklin et al, 2009). Both names are cited due
to common usage of Anabaena and recognising that references cited use the name Anabaena
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AUSTRALIAN SIGNIFICANCE

Microcystins are the most significant drinking water quality issue in relation to cyanobacterial blooms in
south-eastern Australia. In Australia, they are produced predominantly by Microcystis aeruginosa, but can
occasionally be produced by Anabaena (Dolichospermum) spp, although this appears to be rare.

The growth of cyanobacteria and blooms are favoured by nutrient enrichment (largely phosphorus but
also nitrogen), combined with warm temperatures and calm, stable water conditions, such as those
occurring in slow-flowing rivers and thermally stratified lakes.

The water supply problems associated with cyanobacteria include offensive tastes and odours and the
production of toxins.

TREATMENT OF DRINKING WATER

The first line of defence against cyanobacteria is catchment management to minimise nutrient inputs

to source waters. Source water management techniques to control cyanobacterial growth include
maintaining flow in regulated rivers; water mixing techniques, both to eliminate stratification and reduce
nutrient release from sediments in reservoirs; and the use of algicides in dedicated water supply storages.
Caution is necessary in using algicides if a bloom has developed because these agents will disrupt cells
and liberate microcystins which largely occur as intracellular toxins that could otherwise be removed

by cell removal as noted below. Once intracellular toxins are released they are much more difficult to
manage. Microcystins will eventually be released into the water phase when a developed bloom declines
and algal cells lyse, reinforcing the need to prevent blooms as far as possible. Algicide use should be

in accordance with local environment and chemical registration regulations. Where multiple intakes

are available, withdrawing water selectively from different depths can minimise the intake of high
accumulations of cyanobacterial cells at the surface.

Water treatment processes can be highly effective in removing both cyanobacterial cells and microcystins.
As with other cyanotoxins, a high proportion of microcystins remain intracellular unless cells are lysed or
damaged, and can therefore be removed by coagulation and filtration in a conventional treatment plant
(Chorus and Bartram 1999 Chapter 9). It should be noted that using oxidants such as chlorine or ozone
to treat water containing cyanobacterial cells, while killing the cells, will also result in the release of free
toxin; therefore pre-chlorination or pre-ozonation are not recommended without a subsequent step to
remove dissolved toxins.

Microcystins are readily oxidised by a range of oxidants, including ozone and chlorine. Adequate

contact time and pH control are needed for optimal removal of these compounds, and this will be more
difficult to achieve in the presence of whole cells (Drikas et al. 2002). Microcystins are also adsorbed
from solution by both granular activated carbon and, less efficiently, by powdered activated carbon.
(Drikas et al. 2002). Because powdered activated carbon may be a more practical option for intermittent
or emergency use, it is important to seek advice and carefully select the most appropriate type for toxin
removal, as carbons vary significantly in performance for different compounds. Boiling is not effective for
destruction of microcystins.

If treatment is instituted in response to the presence of toxin-producing cyanobacteria, the effectiveness
of the process needs to be confirmed by testing for toxin in the product water.

NOTE: Important general information is contained in PART II, Chapter 5
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METHODS OF IDENTIFICATION AND DETECTION

Animal bioassays (mouse tests) have traditionally been used for detecting the entire range of cyanotoxins,
including microcystins. These tests provide a definitive indication of toxicity, although they cannot be
used for precise quantification of compounds in water or for determining compliance with the guideline
value. A number of techniques are available for determining microcystins in water (Chorus and Bartram
1999 Chapter 13) The analytical technique selected needs to allow quantitative comparison with the
guideline value in terms of toxicity equivalents. When quantitative standards are available, the most
precise technique in this regard is liquid chromatography with confirmation by mass spectrometry
(LC-MS/MS); although this technique still involves estimation of the concentration and therefore toxicity
of some microcystins in a sample against microcystin-LR as the analytical standard, which may result in a
slight overestimate of total microcystins (as microcystin-LR, toxicity equivalents).

A range of commercially available immunoassay (ELISA) kits offer a rapid technique for screening
and semi-quantitative measurement of toxins in cyanobacterial cell material and in water. A potential
limitation of these assays is the poor cross-reactivity of the antibodies between variants of microcystin,
which can lead to underestimation of total toxicity.

Cyanobacteria are detected by light microscopy, identified using morphological characteristics, and
counted per standard volume of water (Hotzel and Croome 1999). Practical keys for their identification
are provided in Baker and Fabbro (2002).

HEALTH CONSIDERATIONS

Microcystins are primarily hepatotoxins. The mechanism of toxicity involves inhibition of protein
phosphatase enzymes in eucaryotic cells. Acute exposure to high doses of microcystin administered either
intravenously (i.v.) or by intraperitoneal (i.p.) injection causes severe liver damage and is characterised by
a disruption of liver cell skeletal structure, a loss of sinusoidal structure, increases in liver weight due to
intrahepatic haemorrhage, haemodynamic shock, heart failure and death.

There is a significant number of reports describing animal poisonings from ingesting water that contains
Microcystis, with some examples confirming hepatotoxicity and the associated presence of microcystins
(Ressom et al. 1994). Significant human illness has been strongly associated with exposure to microcystins
in recreational waters (Turner ef a/. 1990). In an unfortunate incident in 1996, a large number of dialysis
patients in Caruaru, Brazil, were exposed to microcystins intravenously and experienced a range of
symptoms including headache, eye pain, blurred vision, nausea and vomiting (Jochimsen et al. 1998).
This incident showed that human sensitivity is similar to that found in animal studies. The patients’ livers
were painfully enlarged and many experienced subcutaneous, nasal or uterine bleeding. Liver samples
from 52 of the 76 people who died in this incident were examined; they showed disruption of liver plates
and liver cell morphology, necrosis, apoptosis, and cholestasis; and intracellular structures were also
deranged. Using various assumptions, the patients who died were exposed to an estimated raw water
microcystin concentration of 19.5 pg L™ by dialysis, but much higher exposure levels would be required
to cause these serious health outcomes by ingestion because of the much lower uptake of microcystin
across the gut (Carmichael et al. 2001D).

Microcystins are also toxic when inhaled. A study with mice showed that intranasal introduction of
microcystin-LR resulted in extensive necrosis of the epithelium of the nasal mucosa of both the olfactory
and respiratory zones, progressing to destruction of large areas of tissue down to levels of deep blood
vessels (Fitzgeorge et al. 1994). The LDs, by this route of administration was the same as the i.p. LDsp,
and dose-dependent liver lesions were observed. The same authors also demonstrated cumulative liver
damage after repeated dosing.

NOTE: Important general information is contained in PART II, Chapter 5
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In experimental animal studies, microcystin-LR can produce extreme acute toxicity. In mice the LDsy is

in the range of 0.025 to 0.15 mg/kg bodyweight for the i.p. route, and 5 and 10.9 mg/kg bodyweight
respectively for oral administration for two different strains of mice. These differences show that much
higher levels of exposure are required by ingestion compared with i.p. injection. Even higher values have
been demonstrated in rats (Chorus and Bartram 1999 Chapter 4).

Microcystins promote the growth of tumours in experimental animals (Falconer 1991, Nishiwaki-
Matsushima et al. 1992). The significance of this for humans, who may be subject to chronic exposure
via drinking water, is unclear.

Microcystins have been implicated in causing liver damage in an Australian population exposed via
reticulated town water supply where the source water contained blooms of Microcystis (Falconer et al. 1983).

The International Agency for Research on Cancer (IARC) convened an expert Working Group in 2006
to assess the evidence for the carcinogenicity of microcystins. Their conclusion after considering all of
the evidence but emphasising the strength of the mechanistic data, was that microcystin-LR is “possibly
carcinogenic to humans” (group 2B) (Grosse et al. 2006).

Microcystins are currently regarded as non-genotoxic.

DERIVATION OF GUIDELINE

1.3 ug/lL = 40 ug/kg bodyweight per day x 70 kg x 0.9
2 L/day x 1000

where:

* 40 ug/kg body weight per day is the No Observed Adverse Effect Level (NOAEL) from a 13-week
ingestion study with microcystin-LR in mice, based on liver histopathology and serum enzyme level
changes (Fawell et al. 1994);

e 70kg is the average weight of an adult;
* 0.9 is the proportion of total daily intake attributed to the consumption of water;
* 2 L/day is the average amount of water consumed by an adult;

. 1000 is the safety factor derived from extrapolation of an animal study to humans (10 for
interspecies variability, 10 for intraspecies variability and 10 for limitations in the database, related
particularly to the lack of data on chronic toxicity and carcinogenicity).

The guideline is derived for total microcystins and expressed as microcystin-LR toxicity equivalents
(TE). This is because the total microcystin concentration should be considered in relation to potential
health impacts.

The World Health Organization (WHO) evaluation of the health-related information for cyanobacterial
toxins (Gupta 1998, WHO 1998, Chorus and Bartram 1999 Chapter 5) concluded that there are insufficient
data to allow a guideline value to be derived for any cyanobacterial toxins other than microcystin-LR. The
guideline recommended by the WHO for drinking water is 1 ug/L (rounded figure) for total microcystin-
LR (free plus cell-bound), based on the Fawell et al. (1994) sub-chronic study. This guideline value for
microcystin-LR is provisional, as the database is regarded as limited (WHO 1998).

The approach being taken for guideline derivation here is essentially similar to that used by WHO
(Chorus and Bartram 1999 Chapter 5). The same ingestion study in mice was used to calculate the
NOAEL. The difference between the Australian guideline of 1.3 ug/L total microcystin (as microcystin-

LR TE) and the WHO provisional guideline of 1 pug/L microcystin-LR is due to use of a different

average body weight for an adult (70 kg versus 60 kg), and a different proportion of the daily microcystin
intake attributed to drinking water (0.9 in the Australian guideline versus 0.8 selected by WHO).
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Australian Drinking Water Guidelines Version 3.5 336



Fact Sheets — Microorganisms Toxic Cyanobacteria

The higher figure is due to lower potential exposure in Australia from other environmental sources,
such as contaminated bathing water, and via dietary supplements potentially containing microcystins.

Where M. aeruginosa occurs in drinking water supplies and toxin monitoring data are unavailable, cell
numbers can provide a preliminary indication of the potential hazard to public health. For a highly toxic
population of M. aeruginosa (toxin cell quota of 0.2 pg total microcystins/cell; mean cell volume of 87
um?), a cell density of approximately 6,500 cells/mL (biovolume of 0.6 mm?/L) would be equivalent to
the guideline of 1.3 ug/L microcystin-LR (TE) if the toxin were fully released into the water. This number
is indicative only; toxin determination is required for health risk assessment.

NOTIFICATION PROCEDURE

It is recommended that a notification procedure be developed by water and health authorities. A tiered
framework should be considered. Initial notification to health authorities could be provided when
numbers of M. aeruginosa reach 30% of the density equivalent to the guideline value of 1.3 pg/L
microcystin (2,000 cells/mL; biovolume 0.2 mm?®/L), while an alert could be provided when cell numbers
are equivalent to the guideline value (6,500 cells/mL; biovolume 0.6 mm?/L). For microcystin-producing
species other than M. aeruginosa, notifications and alerts should be based on biovolumes.

In all cases, cell numbers should be used only as preliminary signals and as triggers for toxin testing to
enable assessment of potential health risks.
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GUIDELINE

Due to the lack of adequate data, no guideline value is set f